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We made it: the 4th Equine Nutrition and Training Conference is up 
and running! Proof is this book. My congratulations and gratitude to all 
those involved, with special mention of our partners from Vetoquinol/ 
Equistro as well as Lohmann Animal Health/Lonza! I thoroughly 
enjoyed organising and even more so the hosting of this meeting and 
wish to be able to hold another one in 2013! With a ‘little help of my 
friends’ this should be made possible!

The aim of the articles in this book is to present and discuss the latest 
scientific findings on nutrition and training of horses (News) and 
to provide practical advice to the readers. It would be too much of 
a challenge to present everything on nutrition and training in one 
conference, and therefore, the selection of the references in the 
articles on News depends on the authors’ choices. Combined with the 
discussions during the conference these presentations should allow 
the participants a good insight into each one of the selected subjects 
(please also join us in 2013!). The articles on practical advice are very 
informative and functional, including in some cases that (practical) 
information is lacking or statistically insignificant but practically very 
relevant.

Finally, the expanded abstracts on actual and focused research 
aspects are of excellent additional value to the section on nutrition 
and training of horses in the book. Thank you very much to these 
authors for submitting the work in the definite format, going through 
the reviewing process to present at the conference and the willingness 
to publish the work in this book!

I wish that all those reading the articles find lots of interesting and useful 
information! Please send me an e-mail (arnolindner@t-online.de) 
and comment on what you would be interested in! Maybe we can 
consider it for 2013!

Wish you health and fun!
Arno

mailto:arnolindner%40t-online.de?subject=


Géraldine Blanchard
Animal Nutrition Expertise SARL, 33, Av. de l´ile de France, 92160 Antony, 
France; gb@vet-nutrition.com

After wide considerations of the foal’s growth in the early 2000’s, 
recent publications concerning breeding have focused on a variety 
of topics that we’ll consider in the chronology of breeding. Starting 
with mares and stallions, the potential interactions of nutrition and 
fertility can be examined considering the athlete or racing career 
on one hand, and the body condition and metabolism on the other 
hand. The relationship between nutrition and the oestrus cycle and 
fertility, especially in the maiden mare is an interesting and practical 
approach. Then the interaction between the mare’s nutrition and the 
foal’s metabolism has been studied. The third topic is on the selenium 
supplementation of the stallion or the mare, and the consequences on 
the foal’s health. Clinical nutrition will close this review.

Stallions and mares may have two parallel careers, one as a genitor, 
and one as an athlete, that could affect each other. To evaluate the 
effects of racing on fertility in Standardbred and Finnhorse, the career 
of stallions and mares were followed in not less than 75,000 mares 
(Sairannen et al., 2011). In these two breeds the genetic correlation 
between best racing record and fertility was weak or negligible, at 
least in this study. It showed also that the stallion fertility did not 
suffer from racing during the mating year. But for mares, the situation 
may be much more diverse. The most negative situation was for 
mares, racing after the first mating or more than 10 times during 
the mating year, as it diminished the foaling outcome. However, 
racing only before the first mating or 1 to 5 times during the mating 
year had positive effects on mare fertility. Finally, the mares with 
the best career racing records had the highest foaling rates. The 
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authors emphasized that this feature was probably due to preferential 
treatment (nutrition, environment, close follow up of fertility…). If 
this explanation is confirmed, that would signify that the best care 
may compensate a demanding situation in the mares with the best 
potential. But to estimate the variable with the highest impact, more 
data will be necessary including studies of other breeds or race types 
than Finnhorse and Standardbred.

Mares can suffer from being overweight, with consequences on their 
glucose and insulin metabolism and the risk for metabolic syndrome. 
Standardbred maiden mares are considered stressed and in poor 
physical condition at the end of their racing careers, due to incorrect 
management (Vecchi et al., 2010). The estimation of body condition 
score (BCS) and fat thickness by ultrasound method provided similar 
results. In Standardbred maiden mares of various ages, both BCS and 
fat thickness were significantly and reciprocally correlated to the time 
of first seasonal ovulation. In other terms, in stressed maiden mares 
with low condition score, a flushing or nutrition plane started about 
3 weeks before the breeding season may stimulate ovarian activity 
(Vecchi et al., 2010). These data, together with data on pony mares 
(Dugdale et al., 2010) which confirm the huge potential appetite of 
mares, should encourage feeding mares properly but not excessively 
all year long, adapting the diet to maintain a proper body condition.

Even if in breeding areas, the use of pasture is maximized, concentrate 
feeding is usually considered beneficial to mares (Karren et al., 2010), 
and often necessary, at least to provide minerals, trace-elements 
and vitamins lacking in forage. Beside forage, supplement feeds may 
be provided. But the mare’s tolerance for starch might differ with 
pregnancy.

Starch-rich feed supplements appear to be better tolerated by pregnant 
than non-pregnant mares (George et al., 2011). This applies for mares 
of optimal body condition. The fact that pregnancy enhances glycemic 
and insulinemic effects of starch-rich concentrate may be explained 
by the increased requirements, including energy and glucose 
requirements associated with pregnancy in all mammal females. But 
if the mare receives a high level of starch-rich feeds, the effects on the 



mare and the foal’s metabolism have to be considered. The number of 
meals may also have an impact. This has been partly answered in foals 
from mares receiving two-thirds of their diet from low or high starch 
feed in late gestation. The offspring showed a significant difference 
in blood glucose 80 days after birth, but always within normal range, 
and a trend in insulin sensitivity at 160 days (George et al., 2009). 
More data on the long-term consequences of this trend are required to 
understand the importance of the findings.

Anti-oxidant supplementation of stallions may have an impact on 
the semen characteristics. In the case of a basic diet, the addition 
of organic selenium, vitamin E and zinc in stallions lead to an 
improvement of various sperm characteristics: velocity, straightness, 
viability, progressive motility, accompanied by an increase of the 
total seminal plasma antioxidant level and a decrease of abnormal 
sperm morphology (Contri et al., 2011). These positive consequences 
may appear quite late, only after 30 to 60 days of supplementation. 
However, to prevent any negative over supplementation, at first, the 
composition of the entire diet of the stallion must be considered before 
adding selenium and other anti-oxidants.

Mares and foals benefit from receiving a grain mix fed providing 100% 
and furthermore 120% of the selenium amount recommended by the 
NRC (National Research Council, USA). The mare’s colostrum and the 
foal’s plasma and muscle show a higher selenium concentration with 
supplementation of the mare during the 110 days preceding parturition 
(Karren et al., 2010). But selenium supplementation had no effect on 
foaling variables and on the composition of colostrum (Thorson et al., 
2010). Furthermore, mares on pasture with no feed supplementation 
showed the greatest IG concentration in colostrum. However, this 
must be interpreted with caution, considering the composition of the 
feed. The supplementation with anti-oxidants can not be limited to 
the concentration of the trace-element in body fluids (Calamari et al., 
2010; Muirhead et al., 2010). Finally, in mares as in stallions, prior to 
adding supplemental selenium, concentrate feed must be evaluated in 
order to consider the total amount of nutrients.



Two reviews are of interest, one for pregnant and lactating pony 
mares, especially overweight ones, at risk of hyperlipemia while 
losing appetite (McKenzie, 2011), and one for feeding management of 
the sick foal (McKenzie and Geor, 2009).

Due to the lack of information on the young foal requirements especially 
when sick, foals’ nutrition is a challenge for breeders, practitioners and 
even nutritionists. A review of the feeding management of the sick foal 
is available (McKenzie and Geor, 2009), including enteral nutrition, 
enteral support and how to provide it, from the neonate to weaning, 
parenteral nutrition including short term caloric supplementation, 
formulation, administration and monitoring of parenteral nutrition 
and insulin therapy when required. As an example, the foals energy 
requirement, including basal metabolism and growth, is about 150 
kcal/kg body weight/day in neonates, and decreases progressively to 
80 to 100 kcal/kg body weight/day by 1 to 2 months of age. Due to the 
difference between mare’s (about 64%, 22% and 13% of dry matter as 
sugar, protein, and fat, respectively) and cow milk (about 38%, 26% 
and 30% of dry matter as sugar, protein, and fat, respectively), the 
feeding of the foal has to be specific and requires the endogenous 
production of insulin by the pancreatic b-cells. This function is related 
to endocrine function, itself linked to the nutrient composition of the 
milk. The foal’s nutrition characteristics are still not fully known, and 
the management of the sick foal must include at least what is already 
understood, even if it would require further work.
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Hilary M. Clayton
Mary Anne McPhail Chair in Equine Sports Medicine, Professor of Large 
Animal Clinical Sciences, College of Veterinary Medicine, Michigan State 
University, East Lansing, MI 48824, USA; claytonh@cvm.msu.edu

The rider communicates with the horse on several levels, some of 
which can be measured mechanically. To date, most of these studies 
have involved using electronic pressure mats to measure pressure 
distribution on the horse’s back and strain gauge transducers to 
measure tension in the reins. The results are providing information 
that can be used to develop an understanding of the mechanics of the 
rider’s interaction with the horse.

The horse’s thoracolumbar spine behaves as a beam suspended at 
each end by the forelimbs acting through the thoracic sling muscles, 
primarily serratus ventralis, and by the hind limbs acting through the 
pelvic girdle. The middle part of the beam tends to sag due to extension 
of the intervertebral joints under the influence of gravity. The amount 
of intervertebral extension is controlled by passive (ligamentous) and 
active (muscular) tension. When a weight is added to the horse’s back, 
it causes the intervertebral joints to extend further bringing the dorsal 
spinous processes and the articular facets into closer approximation 
with the consequent risks of impinging spinous processes and facet 
arthritis. Thus, trainers should teach the horse to maintain roundness 
of the back under the rider’s weight to reduce the risk of spinal injury 
and associated back pain. The head and neck act as a beam that 
extends out in front of the body mass and stabilized at its base. During 
locomotion the base of the neck moves with the horse’s shoulders 
but the upper neck oscillates under the effects of gravity and inertia. 
These movements affect the horse’s contact with the bit.

The force of the saddle acting on the horse’s back is measured using an 
electronic pressure mat inserted between the saddle and the horse’s 
back. In the McPhail Equine Performance Center, we use the Pliance 
mat (Novel Electronics Inc., St. Paul, MN, USA) which has been shown 
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to provide accurate and reliable data (De Cocq et al., 2009), which 
is not the case for all types of pressure mats. The Pliance mat has 
256 sensors distributed in two rectangular mats that are placed on 
the left and right sides of the horse’s back. They are separated across 
the dorsal midline to avoid the problem of having sensors activated 
by the sides of the mat being pulled downwards which might suggest 
that the saddle is impinging on the dorsal spinous processes when 
this is not the case. Forces registered by the sensors are transmitted 
to a laptop computer using Bluetooth technology. Since there are 
no wires connecting the mat to the computer, the horse and rider 
can move freely while pressures are being measured. The Pliance 
software calculates the total force on the horse’s back by adding the 
forces on all the individual sensors and provides a colour-coded map 
of the pressure distribution. A drawback in the use of the saddle mat 
is that the sensors only register forces that are applied perpendicular 
to their surface. Shear forces are not measured but can contribute 
significantly to damage to the skin.

The pressure pattern on the horse’s back is displayed in color on the 
computer screen with black representing the lowest pressure and 
increasing through blue, cyan, green, yellow, red and pink, which 
represents the highest pressure. Three types of graphs display the 
pressure patterns (Figure 1). Numerical analyses are facilitated by 
subdivision of the total area of the mat transversely (left and right 
halves) or longitudinally (front, middle, rear sections). The mat 
provides dynamic data during ridden exercise with real time display 
of the changing pressure patterns on the computer screen. However, 
this also complicates the process of analysis since each stride is 
represented by numerous data points for each sensor. One of the 
challenges for researchers is to develop analytical procedures that 
take account of both the spatial and temporal distribution of the forces 
and pressures on the horse’s back.

Saddle fit can be evaluated qualitatively by an experienced saddle 
fitter under static conditions. The electronic pressure mat has the 
advantages of measuring the pressure not only at rest but also during 
locomotion at different gaits.

A well-fitting saddle shows pressure distributed evenly over long, 
wide panels. When the tree is either too wide or too narrow, the 



pressure is concentrated over a smaller area. With a narrow tree, a 
common problem is bridging, in which pressure is concentrated in the 
front and back of the panels with the middle part being unweighted 
(Harman, 1997) and particularly high pressure at the back of the 
saddle (Meschan et al., 2006). If the tree is too wide, pressure increases 
in the middle part of the panels (Meschan et al., 2006). Focal pressure 
concentrations most often occur over the shoulders when the tree is 
too narrow, beneath the stirrup bars if the bars are too tight, and along 
the edge of the panels if their slope does not match the slope of the 
horse’s back (Figure 2).



The use of a pad between the saddle and the horse’s back may even 
out the pressure in saddles that are basically the correct size and 
shape. Sheepskin has performed particularly well in my own studies 
(Figure 3) and Kotschwar et al. (2010a) have shown a similar beneficial 
effect with reindeer fur pads in saddles that are basically a good fit for 
the horse. In poorly fitting saddles, however, different types of pads 
were beneficial at different gaits. For example, when the saddle tree 
was too wide, foam and gel pads were most effective at walk whereas 
gel and reindeer fur were more effective at trot (Kotschwar et al., 
2010b).

The tree of the saddle distributes the weight of saddle and rider over 
a large area of the horse’s back. This is in contrast to riding with a 
treeless saddle or riding bareback when the forces are concentrated 
beneath the rider’s ischial tuberosities.

One of the essentials of riding is to mount the horse. During mounting, 
the highest total force occurs as the rider’s leg swings over the horse’s 
back and this force was significantly higher when the rider mounts 
from the ground compared with using a mounting block. More 
importantly, the pressure distribution during mounting is highly 
asymmetrical on the left and right sides. Pressure is highest on the 
right side of the withers, which stabilizes the saddle as the rider puts 
weight on the left stirrup. The left side of the withers is unweighted but 
there is an area of high pressure on the horse’s left shoulder. The horse 



braces himself to withstand this asymmetric loading pattern, and it is 
easy to speculate that this could be associated with uneven muscle 
development in the left and right shoulders, which is frequently 
identified by veterinarians and saddle fitters. It is recommended that 
riders should mount without using the stirrup by either getting a leg 
up or by using a high enough platform to step onto the horse without 
using the stirrup. If there is no option to mounting using the stirrup, 
a mounting block should be used and the rider should switch between 
mounting from the left and right sides. This will be a positive step 
toward making the horse straight and symmetrical.

There are large differences between riders in how much force they 
apply to the horse’s back when they land in the saddle; a soft landing 
is definitely preferable from the horse’s standpoint. Some riders have 
a habit of stepping down forcefully into the right stirrup to center the 
saddle which has been pulled to the left side during mounting. This is 
associated with high forces on the horse’s back.

Rein tension is easily measured using strain gauges inserted into 
the rein (Clayton et al., 2005). These sensors measure rein tension 
dynamically but are unable to distinguish whether the tension 
originates in the rider pulling on the rein or the horse pushing against 
the bit. A study using side reins in horses trotting in a straight line 
showed that there are two peaks in rein tension during each stride of 
trot and these occur during the diagonal stance phases. The tension 
increases are caused by the fact that the head and neck nod downwards 
under the influence of gravity and inertia during the stance phases. 
Minimal tension, maximal tension and mean tension are all useful 
measurements that provide different types of information about the 
rein contact. All three tension variables increase as the reins are 
shortened. Minimal tension increases and maximal tension decreases 
with elasticity of the rein (Figure 4) (Clayton et al., 2011).

When a rider is present, riding style has a large effect on tension 
recordings. For example, dressage training requires the horse to seek 
contact with the bit resulting in higher rein tension values than for 
horses trained, for example, in Western riding in which the reins hang 
loosely. These stylistic differences make it difficult to compare results 



across different studies. My own studies using horses trained in 
dressage have shown two distinct tension peaks during each stride of 
trot, whereas at canter there are three peaks per stride, one large peak 
flanked by two smaller peaks that represent the three-beat rhythm of 
the canter. In some riders the left and right reins show very similar 
magnitude and timing of the rein tension oscillations, other riders 
have differences in the magnitude of left and right rein tensions or in 
the timing of the tension changes on the left and right sides.



Radiographic and fluoroscopic studies (Clayton and Lee, 1984; Manfredi 
et al., 2005) have investigated the position and action of different bits 
in the horse’s mouth. The more recent series of studies used the bits 
shown in Figure 5. The corresponding lateral radiographs are shown 
in Figure 6.

The mouthpiece of the single jointed snaffle hangs downwards on the 
tongue with the joint protruding toward the roof of the mouth where 
it can put pressure on the underlying bone of the hard palate. When 
tension is applied to the reins, the mouthpiece becomes more deeply 
embedded in the tongue, so it moves away from the palate.

The KK Ultra is a double-jointed bit with a short oval-shaped middle 
piece. Unlike a single jointed snaffle, it has a smooth surface facing 
toward the palate. Rein tension moves the entire mouthpiece of this 
bit away from the palate by compressing the tongue. The relatively 
large separation of the metal from the palate, combined with the 



smoothness of the surface of the central link, may explain why many 
horses perform well in this bit.

The Baucher bit has an upper ring for attachment of the cheek pieces 
and a lower ring for attachment of the reins, which gives the bit a 
more stable position in the horse’s mouth when tension is applied to 
the reins. The joint lies close to the palate and, since the mouthpiece 
has relatively little mobility, it is difficult for the horse to move this bit 
inside the oral cavity. Consequently, this may be an uncomfortable bit 
for some horses.



The two arms of a Myler bit meet within a central barrel that allows a 
swiveling motion but does not permit any nutcracker action. All three 
Myler mouthpieces were positioned relatively high on the tongue and 
the barrel prevents any squeezing action on the tongue. The horse 
may be able to use his tongue to push against the mouthpiece, giving 
him a degree of control over the position of the bit and the areas 
affected by pressure.

Fluoroscopic analysis of the horses’ behaviours with the different 
bits with loose reins and with tension applied to the reins showed 
a range of intra-oral behaviours that included opening the mouth, 
retracting the tongue beneath the bit, bulging the middle part of the 
dorsum of the tongue over the bit and using the tongue to raise the bit 
between the premolar teeth (Manfredi et al., 2010). Behaviours other 
than holding the bit quietly in the mouth or chewing gently increased 
when tension was applied to the reins. The behaviours shown were 
consistent within each individual horse when wearing different bits 
but were not specific for the type of bit.
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Hilary M. Clayton
Mary Anne McPhail Chair in Equine Sports Medicine, Professor of Large 
Animal Clinical Sciences, College of Veterinary Medicine, Michigan State 
University, East Lansing, MI 48824, USA; claytonh@cvm.msu.edu

The horse’s back plays a crucial role in locomotion and performance. 
Injuries and diseases of the back occur frequently and are most 
commonly manifest as a reduction in performance rather than overt 
lameness, which may pose a diagnostic dilemma. One of our areas of 
research focus in the McPhail Center is the diagnosis, treatment and 
prevention of back pain in horses.

Horses usually have 18 thoracic vertebrae, 6 lumbar vertebrae and 5 
fused sacral vertebrae, though the number may vary and anomalies 
may be found especially in the transitional zones. Conformational 
differences in the length of the horse’s back are a result of differences 
in either the number of vertebrae or the length of the bodies of the 
individual vertebrae. Long-backed horses usually have longer vertebral 
bodies than short-backed horses. This affects the amount of deviation 
resulting from a change in angle at the joint(s); longer vertebrae 
deviate further than shorter vertebrae. This means that a long-backed 
horse shows more lateral displacement for the same angular change at 
the joints than a short-backed horse. In practical terms, a long-backed 
horse requires less change in angle at the intervertebral joints than 
a short-backed horse to achieve the same amount of displacement of 
the shoulders relative to the haunches when performing a shoulders-
in or of the haunches when performing a travers or renvers. It is not 
unusual for the last lumbar vertebra to be fused to the sacrum so that 
there are, effectively, only five lumbar vertebrae.
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The ‘bow and string’ theory indicates that the horse’s spine acts like a 
bow that can be flexed by contraction of the muscles below the spine. 
These include the abdominal muscles and the sublumbar muscles. 
The abdominal muscles (transverse, internal oblique, external oblique, 
rectus abdominis) surround the horse’s belly in layers. Their actions 
include supporting and protecting the internal organs, pressurizing 
the abdominal cavity and moving the back. The transverse muscle 
is particularly important for stabilizing the spine in preparation for 
and during movement. It acts in concert with the epaxial muscles, 
specifically the multifidi. The oblique abdominal muscles assist in 
stabilizing, flexing and bending the back. The rectus abdominis muscle 
also plays a role in flexing the back.

The sublumbar muscles (iliopsoas, psoas minor) are inside the horse’s 
abdomen running from the underside of the vertebrae in the area 
behind the saddle to the front of the horse’s pelvis and femur. Their 
actions are to pull the front of the pelvis forward (tilt the pelvis) and 
pull the femur forward (flex the hip). These actions engage the hind 
limb under the horse’s body.

The back muscles lie on either side of the dorsal spinous processes  
(Figure 1). They can be divided functionally into two groups: the long 
back muscles and the short back muscles. The long back muscles 
(longissimus, iliocostalis) have long fibers spanning the entire length 
of the back. When these muscles contract simultaneously on the left 
and right sides they hollow the back. When they contract unilaterally, 
they assist in bending the back sideways. The long back muscles 
have a global effect along the length of the back but they are not able 
to isolate their effect to a specific spinal segment. The short back 
muscles (m. multifidi) are underneath the long back muscles and lie 
adjacent to the vertebral spine (Figure 1). The short back muscles act 
on a single intervertebral joint or up to four adjacent joints, so they 
have a much more localized effect on a specific joint than the long 
back muscles. During locomotion, the short back muscles act together 
with the transverse abdominal muscle to stabilize the horse’s back, 
especially during highly collected movements and in movements 
such as flying changes in which the back must provide stability to 
transmit propulsive forces from the hind limbs. An important point 



to note is that the stabilizing muscles (transverse abdominal muscle 
and the short back muscles) should be preactivated in anticipation of 
movement.

Horses and their riders need to develop strength and control of their 
core musculature both to perform effectively and to protect against 
developing back pain.

The thoracolumbar spine is supported by the forelimbs at the withers 
and by the hind limbs at the croup. Between these supports, the back 
tends to sag due to the weight of the internal organs. When a rider 
sits on the horse’s back, the extra weight causes the back to extend 
even more. As the back hollows, the intervertebral joints extend 
which brings the dorsal spinous processes and articular facets into 
closer approximation with the consequent risk of bony impingement. 



The weight of the rider should be appropriate to the size of the horse 
to avoid over-extension of the intervertebral joints. As a general 
recommendation, the rider should not exceed 20% of the horse’s 
weight.

During training, the horse is taught to use the core muscles to maintain 
flexion of the intervertebral joints even under the rider’s weight. This 
implies using the abdominal and sublumbar muscles to overcome 
the natural tendency of the back to extend. At the same time, the 
transverse abdominal muscle and the short back muscles stabilize 
the intervertebral joints in that rounded position. The horse needs to 
learn when and how to activate and use these muscles to round the 
back and then must strengthen the muscles so that the roundness can 
be maintained throughout the training session.

Lateral bending is achieved by differential contraction of the left and 
right long back muscles and oblique abdominal muscles. When a 
horse bends correctly around a turn or circle, the limbs should remain 
vertical while the intervertebral joints bend to match the curvature 
of the turn. The smaller the radius of the turn, the more bending is 
required and the harder the muscles must work to create that bend. 
This supports the practice of working on large circles and then 
decreasing the diameter as the bending muscles become stronger. The 
natural way for a horse to turn is to lean his body to the inside while 
swinging the neck to the outside of the circle line as a counterbalance. 
A young horse under saddle falls onto the inside shoulder rather than 
lifting the shoulder and bending to the inside. Again, the horse must 
learn to activate the appropriate muscles and coordinate their action 
with other stabilizing muscles.

The thoracolumbar spine is the site of numerous pathological lesions 
(Haussler et al., 1999; Stubbs et al, 2010). Many of these injuries are a 
consequence of the effects of the rider’s weight causing extension of the 
horse’s back, which predisposes to impingement of the dorsal spinous 
processes (kissing spines) and facet joint arthritis. Kissing spines vary 
in their clinical presentation; some cases are asymptomatic, others are 
exquisitely painful. Affected horses may resent being saddled, refuse 
to stand to be mounted, appear cold-backed or show bad behavior, such 



as bucking or rearing, when ridden. Facet arthritis causes pain and/or 
stiffness during movement, often resulting in limited range of motion 
at the affected level on the affected side. However, the majority of 
horses with back pain show only a reduction in performance (Denoix, 
1998; Haussler, 1999)

In people who have unilateral low back pain, the multifidi are inhibited 
and atrophied at the affected spinal segment on the ipsilateral side 
(Hodges et al., 2006). Cross-sectional area of the multifidi can be 
measured ultrasonographically. Individuals with back pain have 
significant asymmetry in left:right size of the multifidi compared to 
healthy asymptomatic subjects (Hides et al., 2008) with muscular 
atrophy on the painful side of the back. Atrophy occurs within days, 
is selective for multifidi and does not involve other epaxial muscles 
(Danneels et al., 2001). When the multifidi are inhibited they no 
longer stabilize the intervertebral joints in preparation for movement. 
The resulting instability may allow micromotion of the joints that 
predisposes to the development of further pathologies, such as 
osteoarthritis (Hides et al., 1996). Even after the initial episode of back 
pain resolves, the multifidi remain dysfunctional and atrophied unless 
specific therapeutic exercises are performed (Hides et al., 1996).

Horses with back pain seem to follow the same pattern as human 
patients. Severe osseous pathology has been associated with atrophy 
of ipsilateral multifidi at the same spinal level (Stubbs et al., 2010). 
Thus ultrasonographic asymmetry of multifidi may be important as a 
diagnostic indicator that a horse currently has back pain or has had 
back pain in the past. It is reasonable to assume that the multifidi 
will not restore their size and function spontaneously, so special 
therapeutic exercises may be needed to activate and strengthen these 
muscles in order to restore their protective function in horses.

Therapeutic exercises that are effective for restoring function of 
the multifidi in people combine stability with mobility. It has been 
suggested that exercises that incorporate a static holding component 
between the concentric and eccentric phases of muscle contraction 
are most effective in restoring size of multifidi (Danneels et al., 2001). 
The benefits of performing therapeutic exercises include a significant 
reduction in the risk of recurrence of back pain within 12 months 
from >80% to 30% (Hides et al., 2001). In horses dynamic mobilization 



exercises are believed to be effective for activating and strengthening 
the muscles that move and stabilize the spine (Stubbs and Clayton, 
2008). In a group of riding school horses that performed dynamic 
mobilization exercises regularly for 3 months, cross-sectional area of 
the multifidi increased on both the left and right sides at all six spinal 
levels that were evaluated (T10, T12, T14, T16, T18, L5). Furthermore, 
left:right symmetry of multifidi also improved at all 6 spinal levels 
(Stubbs et al., 2011).

One of the best ways to both prevent and to treat back pain in 
horses is through the regular use of core training exercises (Stubbs 
and Clayton, 2008). Dynamic mobilization exercises are a subset of 
the core training exercises that are used specifically to activate and 
strengthen the horse’s core musculature. The term dynamic indicates 
that the horse is actively using his muscles to move his body. The 
term mobilization implies that the exercises require stretching and 
therefore have a suppling effect. However, we believe the main benefit 
of these exercises lies in their ability to stimulate the muscles that flex, 
bend and stabilize the spine.

In these exercises, the horse is taught to follow a controlled movement 
pattern using a bait (usually a carrot) or a target through a specific 
movement pattern that involves rounding and/or bending the neck 
and back. Rounding exercises move the chin to the horse’s chest, 
between the knees, or between the fetlocks, a neck extension exercise 
stretches the neck forward, and bending exercises take the chin around 
to the side toward the girth, the flank, the hip, or the hock (Figure 2). 
In order to achieve and maintain these positions, the horse must move 
his neck to the required position while, at the same time, stabilizing 
his back and limbs to keep his balance. A large number of muscles 
are recruited. If you watch closely as a horse does the dynamic 
mobilization exercises, you can see contractions in the abdominal and 
back muscles, as well as the pelvic, hamstring and chest muscles.

Core strengthening exercises are a progression from the dynamic 
mobilization exercises. In these exercises pressure is applied to a 
specific anatomical area and the horse responds by rounding and/
or bending the spine. For example, pressure on the sternal midline 



results in rounding through the base of the neck, the withers and the 
saddle region. Pressure on the caudal vertebral spinous processes 
results in rounding of the caudal thoracic, lumbar and lumbosacral 
joints. Unilateral pressure to one side of the sacrocaudal region results 
in rounding and lateral bending. These exercises are described in 
detail in Stubbs and Clayton (2008).

Core training exercises should be used in young horses to activate the 
core musculature in preparation for ridden exercise. By strengthening 
these muscles prior to starting work under saddle, the horse is better 
able to cope with the effects of the rider’s weight. It will also be easier 
for the rider to teach the horse to move with the back rounded during 
ridden exercise.

Core training exercises should be continued throughout the horse’s 
career to maintain strength in the core muscles. When horses must be 
rested due to illness or injury, the exercises can usually be continued 
so that core strength is maintained and the core musculature will be 
strong when the horse returns to ridden exercise.
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Feed and feeding are leading environmental factors that create direct 
or indirect impact on equine health. Horse owners/riders, trainers and 
veterinarians rank nutrition on the top regarding the role for health 
and performance. This general view on equine nutrition is contrasted 
in many cases by the daily care for feed quality and safe feeding 
management as well as by the effort to elaborate precise information 
on nutrition in case of low performance or disease in an individual 
horse or a group of horses. It should be noticed that animals do not 
respond to a mismatch in nutritional demands by visible changes in 
certain indicators. Even high performance horses can compensate 
defects in feed quality and nutrient supply without loosing their 
actual condition. Therefore, the absence of disease and/or of lack of 
performance is no proof for a safe nutrition and is no reason to not 
change the diet based on state of the art knowledge.

A simple list characterizes basic needs for a diet:
1. covering requirements;
2. ingestible in terms of volume and palatability;
3. adequate regarding the specific conditions of digestion and 

metabolism;
4. good hygienic quality;
5. compatible with the individual;
6. safe regarding the quality of products (meat, milk);
7. minimizing impact on the environment.
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The available scientific information about the energy and nutrient 
requirements ensures that there is no reason for health problems 
due to deficiencies or excesses. The bottleneck is the application of 
available data on requirements.

Feral horses or extensively ranged horses may have a suboptimal 
nutrient intake due to the available forage; this holds specifically for 
the protein, copper (Cu), zinc (Zn), selenium (Se) intake. However, 
the majority of equines are held under close human supervision or are 
even urbanized. These horses are faced by human driven decisions on 
nutrition which can override proven facts on requirements.

Examples of clinical relevance:
 ■ mismatch of mineral provision to lactating mares on pasture;
 ■ undesirable trace element and vitamin supply to performance 

horses;
 ■ urolithiasis;
 ■ trace element toxicosis;
 ■ obesity.

A valuable estimate for the maximum rate of feed intake is 0.63 g DM 
min-1 kg BW0.71 (DM=dry matter; BW=body weight); this figure is 
taken from an interspecies study including horses fed with fresh alfalfa 
(Shipley et al., 1994). That means that the estimated rate of intake for 
a 500 kg horse is 52 g min-1. Having access to poor pasture grass with 
8 MJ digestible energy (DE) kg-1 DM a horse would need to ingest 
the feed at the max. rate of intake in ~2.6 h. In fact the horse will 
spend >12 h on feed intake. Consequently there is a huge difference 
between the minimum of time required for the intake and the 
normal behaviour related to feed ingestion. If feed is freely available 
the amount of ingested feed DM varies between ~55 (foals) and 
150 (lactating mares) g DM kg BW0.75 d-1; 130-140 g DM kg BW0.75 d-1 
can be set for exercising horses. In conclusion, horses will consume 
feed DM >20 g kg-1 BW d-1. Although the proportion of time spend for 
feed intake compared to the time available for feed exploration and 
selection has not been sufficiently well investigated it seems to be 



of minor relevance. The estimated DM intake of a 500 kg exercising 
horse is ~14.3 kg d-1. If the time for intake is restricted to 10 h d-1 the 
horse needs to ingest ~ 1.4 kg DM h-1 = 24 g DM min-1. This is far 
below the maximal rate of intake.

These data allow to conclude that:
 ■ feed intake is not a limiting factor for high performance horses (in 

contrast to dairy cows) as long as feed is provided;
 ■ loosing BW indicates:

 — a health problem;
 — or shortage in feed supply;
 — or straw as the only roughage.

Examples for clinical relevance: see next section.

It needed surprisingly long time to become accepted that the gastro-
intestinal tract (GIT) requires a specific architecture of the diet and 
communicates with the endocrine and central nervous system while 
processing the diet. The following facts make clear what is helpful to 
define the required dietary architecture:
 ■ Saliva determines the intragastric environment.
 ■ Saliva volume depends on chewing and chewing is simply the 

result of time for ingestion × chews/unit of time. The latter is 
remarkably constant (~1.5-1.8 Hz); the type of feed therefore 
determines saliva volume by the time for intake (e.g. 45 min kg-1 
roughage vs. ~10 min kg-1 grain).

 ■ Cell wall constitution is dependent on:
 — speed of intake as well as the balance between gastric uptake 
and emptying;
 — passage rate in small intestine;
 — microbial activity in the entire GIT;
 — microbial digestion in the hindgut;
 — provision of products from microbial digestion:
 › water soluble vitamins;
 › volatile fatty acids;

 — nitrogen trapping in microbial protein;
 — intraintestinal water and electrolyte turnover.

 ■ Mono-, disaccharides and starches depend on:



 — the provision of monosaccharides (mainly glucose) to 
intermediary metabolism;
 — gut hormone responses;
 — insulin secretion.

 ■ Hydrolysable carbohydrates (oligosaccharides, starches) can 
escape small intestinal decomposition and absorption:

 — due to their:
 › origin (ileo-caecal flow of starch [ICFS]: Corn>barley>oats);
 › processing (ICFS: native starch>mechanical>thermal 

starch processing);
 › quantity;

 — and result in:
 › lactic acid producing bacteria promotion;
 › depression of lactic acid consumers and cellulolytic acting 

bacteria;
 › loss of protozoa.

Fibrous feeds serve complex mechanisms of the GIT and are strictly 
linked to behaviour. Feeds high in non structural carbohydrates can 
counteract effects of fibre related carbohydrates and – in addition – 
induce endocrine responses that take immediate influence on target 
tissues like liver, muscle and adipose tissue. A minimum of structural 
carbohydrates and a maximum of non-structural carbohydrates have 
to be considered. Although several aspects have not been sufficiently 
well examined yet, a minimum of roughage has to be provided daily 
(balancing 100% of maintenance requirement in energy or minimum 
20 g kg-1 BW d-1 [referring to 84-90% DM; equivalents for grass or 
ensiled products can be calculated in dependence on DM]) and a 
maximum of starch per meal (max. 1 g kg-1 BW meal-1). These data can 
be used as guideline to prevent problems from the GIT, the behaviour 
of the horse and endocrine responses.

Examples of clinical relevance:
 ■ abnormal behaviour (e.g. crip biting);
 ■ damage of the gastric mucosa (EGUS);
 ■ caecal dysfermentation;
 ■ laminitis;
 ■ low performance.



Feed can not be and should not be a sterile substrate. A certain 
microbiota attached to the feed belongs to the normal quality. 
Organisms evaluated as specific pathogenic microbes are absent or 
negligible in the microbial community mentioned above. However, an 
elevated count of bacteria, moulds and yeasts indicates:
 ■ risk for the feed:

 — spoilage – to be expected or existing already;
 ■ risk for the animal:

 — by respirable particles;
 — ingestion of feed related microbes and their competition with 
the autochtone microbiota;
 — uptake of toxins of microbial origin:
 › bacterial toxins (e.g. toxins from Clostridia sp.);
 › mycotoxins (e.g. aflatoxin).

Toxicological events are impressive and characterized for the most 
important toxins but the mechanisms of damage in the GIT simply 
by elevated numbers of bacteria, moulds and yeasts are still not 
well understood. The definition of safe hygiene standards for feeds 
therefore is not based on experimental data like the upper safe level 
for Se but on data about the average quantity and quality of microbes 
on feed which are not incriminated to produce a health risk. Those 
data are available for most equine feeds and are an extremely helpful 
tool to perform risk assessment of a feeding condition.

Examples of clinical relevance:
 ■ gastric tympany;
 ■ spastic colic;
 ■ hindgut tympany and/or displacement;
 ■ toxicosis (mycotoxins, bacterial toxins).

Individual horses may have individual set points to respond on a 
diet. The ‘easy keeper’ is a simple example. The genetic background, 
age history in nutrition and history of disease are major factors for 
a natural variation that requires adjusting a ration that is properly 
designed but not completely covering the needs of an individual 



horse. An undesirable feeding condition evaluated by body condition 
scoring and loss of performance are non-specific outcomes. A refusal 
of hay is a quite common event in some horses; up to now there is 
no satisfying explanation for this e.g. based on botanical composition.

The age-effect is mostly created by erosions of teeth or bad shape of 
teeth. The incomplete feed processing during intake results in a risk 
for GIT function and loss in feeding value. This can be associated with 
an age dependent loss on the availability of digestive enzymes and in 
gut motility.

In the case of a disease there can be an extra need for a nutrient. Most 
diseases related to infections are linked to elevated energy and protein 
metabolism and turnover respectively. There is no model to create 
factors for corrections of diets to consider the side effects of disease. A 
loss of fluids from a wound can result in high protein loss and a drop 
in plasma protein fractions.

The stress of disease includes a challenge for antioxidative capabilities 
of the organism; little is known about the effects e.g. chronic 
pulmonary dysfunction on antioxidative systems. However it has 
been shown in ruminants that antioxidative support after treating a 
displaced abomasum enhances postsurgical recovery. Case orientated 
feed selection, feed processing and dosing as well as selected nutrients 
for enforced supply are sufficient countermeasures.

The principles for the adaptation of a diet for an individual horse can 
be summarized as follows:
 ■ in the case of feed refusal:

 — change feed;
 — moisten feed;
 — add some oil;
 — pelleted feed;

 ■ consider age:
 — roughage processing (cubes);
 — thermal grain processing;
 — selection of carrots or sugar beet pulp;
 — addition of oil (max 1 ml kg-1 BW d-1);
 — 25% of protein requirement in addition to proteins of high 
quality;



 ■ side effects of disease:
 — balance specific needs for disabled organs (e.g. renal insufficiency);
 — avoid off feed periods;
 — adjust energy and protein supply:
 › preference of thermally processed grain;
 › add protein of high quality;

 — ensure intake of carotine, vitamin E, copper, zinc, selenium at 
the recommended level for high performance horses;
 — feed the microbiota of the GIT (carrots, sugar beet pulp, brewers 
yeast).

Examples of clinical relevance:
 ■ wound infection;
 ■ chronic inflammation;
 ■ repeated episodes of colic;
 ■ specific dysfunctions of certain tissues/organs (e.g. kidney, liver, 

skin, muscle, bone);
 ■ weight loss;
 ■ loose faeces;
 ■ insufficient chewing in aged horses.

The use of horse meat for human consumption requires the 
consideration of the same security measures as for other food 
producing animals (e.g. utilisation of drugs). The protein of meat 
cannot be influenced by nutrition as far as in general there is no 
deficit of amino acids. However, the fat:protein ratio can be influenced 
by diets high in energy but limited in protein.

More important is the impact of nutrition on milk composition 
regarding the primary use for the foal or the secondary utilisation by 
humans as specific dietary ingredient or for other purposes. The trace 
element and vitamin intake of the mare is partially reflected by milk.

It should be noted that covering the requirements of the lactating 
mare ensures proper milk composition and enforced nutrients in the 
diet of mares does not provide benefits.

Examples for clinical relevance: rare



The negative impact of horse feeding practice on the environment 
has become a matter of concern. Oversupply of protein and minerals 
results in elevated faecal or renal excretion and transfer of nitrogen, 
macro and trace elements to the soil. In addition, volatile compounds 
may be liberated; ammonia is the most relevant. Provision of nutrients 
adjusted to the requirements ensures keeping the emissions from 
horse husbandry within an acceptable range.

The major reasons are due to:
1. wrong feed selection and dosing;
2. disadvantageous feed processing;
3. risks created by feeding technique;
4. contamination of feeds:

 — biotic;
 — non-biotic contamination.

Most nutrition related health problems are related to one or more of 
the following causes:
 ■ Hay with 35% crude fibre in dry matter is suitable for horses at 

maintenance level but not for performance horses. The critical 
point in practice is simply the lack of objective information on 
feed composition. Roughage should represent a minimum of 
60% of dietary dry matter, in most cases ~80%. It is evident that 
information about this part of the ration is a leading factor. If 
missed, concentrate selection in particular for high performance 
horses remains imprecise or even risky.

 ■ The quantity of roughage is a problem of first order in feeding 
practice (see points 1-3 above). Diets low in hay reduce the effect 
of unknown chemical composition of the entire diet because 
concentrate (e.g. grain) is more uniform or has been even analyzed. 
This ‘bad feed’ dosing impacts the behaviour of horses and induces 
alternative strategies for the horse to be more entertained e.g. by 
increasing straw consumption.

 ■ The use of supplements needs to be the result of a ration calculation. 
Many mineral feeds are used without precise rationing. The result 



is an unbalanced macro element supply (e.g. Ca-intake at 3fold of 
requirement) but still marginal Zn-intake.

 ■ The use of supplements often negates scientific data on 
requirements and efficiency (e.g. enforced Fe-supplementation 
which is at least useless).

The aims of processing feed are to:
 ■ improve digestibility (e.g. starch digestibility by thermal 

processing);
 ■ ensure intake;
 ■ inhibit separation of ingredients;
 ■ improve stability (e.g. small surface of pelleted feed vs. coarse 

feed);
 ■ compensate specific behaviour of feed architecture during intake 

(e.g. volume expansion of pelleted sugar beet pulp).

The feeding technique is directed to ensure intake (e.g. in a herd), 
to limit the rate of intake and to maintain safe gastric function. No 
roughage at night will speed up concentrate ingestion at the following 
morning. This is associated with low saliva production and challenges 
gastric function. The load of the stomach by feed is of special interest 
in case of discontinuous pasturing. A starchy meal before turnout of 
the horses on pasture predisposes the animal to become affected by 
dysfermentation and uncontrolled gas production in the stomach.

An often neglected aspect in feeding technique is the stimulation of 
compensatory straw intake if hay is low in quantity or badly distributed 
over meals with long intermeal periods. This can increase the risk for 
colic by impaction.

The contamination of feeds fits with point 4 in the first section. The 
strong link between dust levels in stables and feed quality explains 
the need for feed evaluation regarding the hygiene standard. This 
aspect of feed quality is an issue for GIT function. It is of great 
interest that after challenging exercise the defence capabilities of the 
respiratory tract are severely depressed and the small intestine may 
show a reduced integrity. The mechanisms on how the intestinal tract 
is affected by bacteria and moulds is not clear (s. first section); the 
phagocytosis in the respiratory tract obviously is becoming overridden 
while in the gut the interaction with the physiological microbiota and 



the communication with the gut wall and associated compounds like 
serotonin is still a matter to be scrutinized.

As mentioned above, microbial toxins can induce intestinal and extra 
intestinal damages. Toxins from Clostridia and some moulds are of 
practical relevance. As mycotoxins are naturally ubiquitous occurring 
substances, they are detectable in many cases. It needs a specific 
evaluation of the detected toxin regarding type and concentration in 
order to define the risk level.

Basic guidelines that define safe nutrition are needed to check the 
equine diet to reduce or even avoid feed or feeding related health 
and behavioural risks. In many cases nutrition is not the only driving 
force for a disease but risk assessment and avoidance requires the 
management of nutritional factors.

Shipley LA, Gross JE, Spalinger DE, Hobbs NT, Wunder BA (1994) The scaling of 

intake rate in mammalian herbivores. Am Nat 143:1055-1082.
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Our AgroSup Dijon research team aims at improving the feeding 
energy system for exercised horses. That means defining more 
precisely feeding recommendations in terms of energetic nutrition 
for those horses that are in the real world of training and competition. 
To reach that goal, the need for other equine models than horses at 
maintenance soon arose and we created an experimental endurance 
equestrian team. This is how doing research led us to manage 
endurance equine athletes.

This story started ten years ago when Anne-Gaëlle Goachet joined our 
research group as a young student in agricultural engineering. At that 
time, we were conducting experimental trials to better understand the 
impact of feeding practices on the digestibility of dietary energetic 
constituents and on the microbial balance of the hindgut ecosystem. 
However, because our horses were at maintenance, we could not 
feed them athletic horses’ diets. For instance, our sedentary horses’ 
intakes were lower than those of trained horses, bringing non- 
comparable data in terms of digestion. This limited the application 
of our nutritional observations towards the exercised horse. Anne-
Gaëlle Goachet, as an endurance rider keen on completing a PhD on 
equine nutrition, saw here a unique opportunity to combine both her 
passion and her work and offered to start an experimental endurance 
horses team. This project looked feasible as it did not require specific 
animal facilities, but ‘only’ good horses, good riders and good training 
tracks and grounds. As head of the research team, Véronique Julliand, 
subscribed to that challenge and shared with Anne-Gaëlle Goachet 
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the set-up of a new research project about the impact of endurance 
conditioning on the digestion. Luckily we obtained the major support 
of Marcel Mézy, a French breeder of Arabian horses, who accepted to 
leave six of his horses to us in our animal facilities. Also, we had both 
a pool of good riders among the Agrosup students, and the support of 
our general director. In September 2002, the AgroSup endurance team 
was born.

From there, our experimental endurance team served as a support for 
many research projects: one PhD, three Master research projects and 
a one-year collaborative project with French and Belgium colleagues. 
We generated many data regarding the nutrition of the endurance 
horse which was our scientific objective. Because our horses were 
kept under experimental conditions, we recorded lots of observations. 
This allowed us to generate also many ‘by-products’ regarding the 
management of endurance horses during training and also during 
competition, such as for instance feeding, training program, shoeing 
of the horses. The present paper aims at sharing what science brought 
to us and could be of interest for people involved in equestrian 
endurance.

From 2002 to 2010, 23 horses were accommodated and trained in our 
animal facilities: 8 mares and 15 geldings (Table 1). Most of them 
were pure-bred Arabians, only one being cross-bred Arabian. Their 
height ranged from 149 to 160 cm, and was 153±3 cm in average. 
Their average body weight (BW) was 434±25 kg, with the lightest 
and heaviest horses weighing 361±5 kg and 512±15 kg respectively 
(Table 1). Height and BW ranged within typical values observed in 
Arabian horses (Pietrzak and Strzelec, 2002; Métayer et al., 2003; 
Barnes et al., 2010). At arrival, horses were adult, but relatively young: 
16 were less than seven years old (Table 1). Only half of the horses had 
experienced endurance training prior to their arrival. Three mares, 
Naya, Samira and Bemira, were not broken, being broodmares for 
several years before entering our team.

Horses were selected according to three main criteria: breed, 
physical characteristics, and, if any, anterior performances in 







endurance. Arabians or Arabian crosses were chosen as they are 
the most competitive horses in endurance events (Crandell, 2005; 
Cerchiaro et al., 2004; Liesens, 2009). Due to muscular, metabolic 
and morphological predispositions, Arabians are better adapted to 
endurance work compared to other breeds. Their specific muscle fibre 
composition (Lopez-Rivero et al., 1991) allows them superior oxidative 
capacity. Their energetic metabolism is particularly adapted to 
endurance exercise (Prince et al., 2002). And also their conformational 
and locomotor profile increases their endurance ability: they are 
small and thin, with a short back, an inclined pelvis, open haunch 
and closed hock (Métayer et al., 2003) which allows an efficient 
running economy (Cottin et al., 2010). As lameness is the first cause 
of elimination in endurance events (69% of all eliminations in FEI 
elite endurance rides; Burger and Dollinger, 1998; Nagy et al., 2010), 
our second criteria was the soundness and straightness of legs and 
feet. When horses had already experienced endurance rides, we did 
not select them if they had been eliminated for lameness. Contrary to 
common practice, we did not take into account the cardiac recovery 
power in our selection criteria.

By definition, ‘endurance riding is a competition to test the 
competitor’s ability to safely manage the stamina and fitness of the 
horse over an endurance course in a competition over the track, the 
distance, the climate, the terrain and the clock. The competition 
consists of a number of phases. No phase may exceed 40 km and 
should, in principle, be not less than 20 km in length. At the end of 
each phase, there will be a compulsory halt for veterinary inspection. 
The combination that finishes the course in the shortest time will 
be classified as the winner of the competition after successfully 
completing all final Veterinary Inspections and medication control as 
well as other protocols in place for the safety of the horse and rider’ 
(www.fei.org). In total, our horses competed in 108 rides, from 20 to 
160 km, registered in FFE (Fédération Française d’Equitation) and FEI 
(Fédération Equestre Internationale) endurance events. According to 
the qualification procedure required by the FFE and the FEI rules, 
they had to successfully complete one ride of 20 km, one ride of 
40 km, one ride of 60 km and two rides of 90 km to be eligible to 
participate to elite level rides (130 and 160 km in one day). Over the 
108 rides, 40 rides were from 20 to 60 km, 29 rides of 90 km; 34 were 
2 stars CEI, and 5 were 3 stars CEI. That represented something like 
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9,500 km! To complete a ride, one horse has to pass all the veterinary 
inspections and examinations, before, during (vet-gates) and at the 
end of the ride, and to demonstrate its fitness to continue. Fitness is 
evaluated by pulse recovery, metabolic stability and gait (www.fei.org; 
www.ffe.com). We got a global completion rate of 80%, which is in 
accordance with results observed in French endurance rides (Burger 
and Dollinger, 1998). This completion rate differed according to the 
competition level: for 20, 40 and 60 km rides, it was 100%, which is 
very close to the results from the last four years of FFE endurance 
events data (superior to 90%); it was 79%, 65 and 60% for 90 km 130 
km events and 160 km events respectively, which was close to those 
obtained from European and international surveys and data analysis 
(Burger and Dollinger, 1998; Robert et al., 2002; Meyrier, 2003; Munoz 
et al., 2006; Nagy et al., 2010), where it ranged from 40 to 67%. Under 
field conditions, many horses are able to compete 20, 40 and 60-km 
endurance events, without a specific individual capacity, training or 
feeding programme, while performing in 90-km level races and above 
is more selective. These data suggest that the endurance effort really 
begins from 90 km rides on.

When our horses did not complete the race, it was mostly due to 
elimination for lameness (55%) and retirement by the rider (36%) 
(Table 2). Lameness concerned the forelegs (8 of 12 cases) mainly 
and hind legs in a lesser extent, as observed by Meyrier (2003). 
Elimination for metabolic reasons concerned only one horse (9%), 
which was eliminated because he did not recover pulse within the 
time, the first time at the final inspection of a 90 km ride, and the 
second time at the recovery check of the third loop of a 130 km ride. 
This horse did not require medical treatment to recover. These results 
are representative for elimination causes in endurance rides (Robert et 
al., 2002; Meyrier, 2003; Nagy et al., 2010) and confirm that locomotion 
is the major limiting factor in endurance.

Depending on the duration of our experiments, and also according to 
their performances (too low or on the contrary, too high), horses stayed 
from one to seven years at AgroSup, on average two years and a half. 
Four horses, Dar Es Salam, Djerifa de Bozouls, Bemira de Bozouls and 
Djid de Bozouls, were bought and joined elite endurance stables in UAE 
and Bahrein. After having being trained at AgroSup from 2004 to 2006, 
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Djour de Bozouls was enrolled in the French national endurance team 
and participated at the 2009 European Championship (Assisi, Italy).

When our AgroSup endurance team started on September 2002, six 
Arabian horses joined our animal facilities. At that time, we had no 
specific equipment for sport horses but we gradually purchased the 
basics for riding. Two years later, our research team moved into more 
convenient facilities. On October 2006, we moved again and became 
established in brand new facilities which we had largely contributed 
to build in accordance with our specific needs. Today these facilities 
can accommodate up to twenty sport horses and have individual 
paddocks, and an automatic horse walker. In addition, these facilities 
are located in a very hilly countryside, which offers better training 
tracks compared to the plain ground we had before. Because we 
experienced all these different environments, we were able to make 
some comparisons.

In many countries, the majority of endurance horses are maintained in 
pasture or in a stall with access to pasture (Nieto et al., 2004; Marguet, 
2009). However, when our horses arrived at AgroSup in 2002, we only 
had a stable with individual free stalls, but no turn-out. Except when 
they were ridden, horses were maintained in stalls, and because of 
the confinement, they became nervous and very difficult to train 
in outdoor tracks, which was really insecure for riders and horses. 
When we moved to the next stable, we had the opportunity to build 
individual paddocks which allowed to turn-out horses all day long. 
Thus, they became calmer and worked a lot better. Managing horses 
in individual paddocks rather than in collective ones enabled to avoid 
injuries among horses that could compromise performances and to 
monitor water and feed intake individually.

Few data are available regarding training strategies for endurance. 
The training programs we applied were established from our personal 



experience combined with the advices of endurance trainers: Julien 
Goachet, who spent several years in UAE endurance stables, and 
Jean-Louis Leclerc, who was the trainer and selector of the French 
endurance team from 2005 to 2010. From 2002 to 2010, the daily 
monitoring of exercise (date, rider, and duration of exercise…) allowed 
us to determine a posteriori the training programs we had applied to 
prepare the horses for 60, 90 and 130 km. The training season should 
theoretically match competitive season which takes place between 
March and October in France. In practice, our start was delayed due 
to the cold climate during winter in our region. As the outdoor tracks 
were frozen and slippery, our training program could not start before 
March-April. So our horses had a resting period from December to 
March-April, and began competition in June.

Three different kinds of exercises

Outdoor rides: contrary to other equestrian sports where horses are 
trained on racetracks or in arenas (Clayton, 1991; Authié, 2009), 
endurance training happens outdoor with rides in trails. In accordance 
with field practices in France (Leclerc, 2009; Liesens, 2009), we choose 
a duration of two hours on average for these outdoor rides. From 
2002 to 2006, horses were trained in very flat areas and outdoor rides 
were mainly at trot at 14 km/h, and with approximately 20% walk 
at 6 km/h, and 10% gallop at 20 km/h. From 2006, the countryside 
was a lot hillier with very hard grounds. Then, the average training 
ride comprised a lot more walk (80%), and only 15% trot plus 5% 
gallop. Consequently, the average exercise speed decreased from 13 
to 8 km/h. The distance of the rides was 12 km at least and 30 km 
at most (Figure 1). According to the stage of training, the hills were 
climbed at walk (at the beginning of the training season), or at trot, in 
order to increase exercise intensity. Horses always went down the hill 
walking in order to avoid tendon and joint injuries. During outdoor 
rides, horses spent 55% of the time working at heart rate (HR) between 
80 and 110 bpm. Physiologically, these outdoor rides can be classified 
as long-lasting endurance exercises (Bergero et al., 2005). The outdoor 
ride efforts were less intense than event efforts (performed mainly 
within 110 and 130 bpm; Figure 2), being so safer for the legs.

Canters on racetrack: these canter exercises aimed at working at 
higher speed and intensity than the outdoor rides. Two hours canters 



at 18-20 km/h were included in the training program, only for horses 
preparing 130 and 160 km events. These exercises were done within 
the last month and two weeks minimum before the competition. As 
recommended by Leclerc (2009), canters were done on racetracks, 



and not on hard surfaces, in order to limit concussions and avoid joint 
injuries.

Horse walker: as there is limited scientific data about the use and 
the potential benefits of horse walker (Parkins, 2009), we followed 
professional trainers’ recommendations and field practices. Our horses 
were walked one hour at 7 km/h five days a week, 3 months prior to 
and all along the training period, in addition (and not substitution) of 
the basal training. This enabled us to exercise the horses earlier in the 
endurance season, (i.e. in January instead of April), and to increase 
the workload per week from 6h45 to 10h00 hours (Table 3).

Training programs

According to Clayton (1991), in the early years of conditioning, 
competitions are incorporated into the conditioning schedule when 
the horse reaches an appropriate level of fitness, and they are regarded 
as a part of the conditioning process rather than an end in themselves. 
On the other hand, an experienced endurance horse is prepared for 
specific races each year, and the annual conditioning program is 
planned so that the horse reaches peak fitness at these predetermined 
times.

Generally, our un-experienced horses competed in 20, 40 and 60 km 
rides in the first season of training, and in two 90-km races the second 
year of training. After two years of conditioning at minimum, our 
horses were able to compete in elite levels. At those levels, horses 
were prepared to compete in two races per year on average. The 
training programs were different depending on whether the horse was 
un-experienced or experienced.

Training for 20, 40 and 60 km rides: at these lower stages of 
competition, horses were ridden twice a week, during 1h30 and 2h30 
hours, with a relatively low weekly workload (Table 3). Horses did not 
complete canters on racetracks and were not exercised in the walker. 
A posteriori, we counted 12 weeks of training on average to prepare 
horses to compete in 20, 40, 60 km endurance rides.

Training for 90 km rides: to prepare horses for 90 km rides, exercise 
type and frequency was similar to the training program for 20, 40 and 





60 km rides, except that the duration of the rides increased to 2h15 on 
average. Consequently the weekly workload increased to 4h30 instead 
of 3h30 (Table 3). The training period was of 19 weeks.

Training for 130 and 160 km: for the highest levels of competitions, 
we used two different training programs with or without the walker. 
In both programs, canters were added before the events, and exercise 
frequency increased compared to the lower stages of training. This 
significantly impacted the total workload, which was 6h45 without 
walker and up to 10h00 with the walker (Table 3). With both programs, 
20 weeks of training were necessary to prepare horses for 130 and 160 
events.

The feeding program of our endurance horses changed over the 
years and probably improved as we went along and accumulated 
experience. The first year, we set the ratio forage/concentrate at 60/40 
on a dry matter (DM) basis. This was the ratio we used previously for 
our experimental horses. Because we wanted our horses to receive at 
least 8 kg hay per day, the quantity of pelleted feed was 5.5 kg per day 
and the total ingestion level reached 2.8% BW. Hay was given in two 
equal meals at 10:00 and 16:00 and pelleted feed in two equal meals 
at 08:00 and 17:30. Theoretically, this ration covered the nutritional 
needs recommended by INRA for horses providing a moderate 
exercise (INRA, 1984), as our horses were trained to compete in 90 km 
rides. However, our horses gained weight and body condition score. 
They looked nervous and one even developed muscular pathology 
resembling rhabdomyolysis, probably due to the high amount of 
concentrate they were fed. We thus decided to readjust our rations 
by increasing the ratio forage/concentrate, keeping a high dry matter 
intake, and to use BW and BCS as monitoring tools instead of INRA 
recommendations. On average, our horses received approximately 10 
kg DM of hay daily, whatever the training level. The daily supply of 
concentrate increased progressively from 1 to 2.4 kg DM per horse 
and per day with training in order to maintain optimal BW and BCS. 
On average, the level of feed intake varied from 2.5 to 2.9% BW, 
and hay represented at least 80% of the total DM intake. This is in 
complete agreement with feeding practices commonly reported in the 
field (Ralston, 1988; Crandell, 2005, 2010), and represents probably the 



specificity of endurance horse feeding, in contrast to other equestrian 
disciplines, such as flat racing (Gallagher et al., 1992), eventing (Burk 
and Williams, 2008), or jumping (Valle et al., 2009). The hay we fed 
our horses was first-cut meadow hay, providing an average digestible 
energy of 2 Mcal/kg DM which corresponds to 0.5 UFC/kg DM 
(Table 4). We are aware that whatever the level of training, it is essential 
to provide large quantities of good quality forages to endurance 
horses. It ensures the behavioural integrity of the animal (Nicol, 2000; 
Goodwin et al., 2001 cited by Geor, 2005) as well as the optimal health 
of its hindgut microbial ecosystem (Julliand and Ralston, 2006) which 
largely contributes to the energetic supply of the animal. Thanks to 
the fibrolytic communities inhabiting the hindgut, the horse can take 
advantage of the cell-wall polysaccharides that are broken down by 
enzymes excreted by the micro-organisms into sugars that are then 
hydrolyzed and lead to the formation of Volatile Fatty Acids (VFA). 
The VFA solely produced in the cecum have been reported to provide 
an average of 30% of the total energetic allowances in equine (Glinsky 
et al., 1976). Moreover forages contribute to increase the water 
consumption and also the function as a fluid and electrolyte reservoir 
of the equine hindgut (Meyer et al., 1987; Danielsen et al., 1995; 
Warren et al., 2001) which is very useful for endurance horses having 
high fluid losses during competition. Also, the physical presence of 
fiber in the digestive system will help maintain the blood flow to the 
gut tissue during exercise and could prevent colic (Duren, 1998). Our 
horses had free access to a salt block and did not receive any other 
supplement. They also had free access to water and drank in average 
25 l per day.

For the purpose of one experiment run by Stéphanie Zentz, a Master 
student in 2009, we monitored the BW, the BCS, the feed and water 
intake of six horses before, during and after the 130 km race which 
data will be partly reported here.

Whereas horses were transported to the event place the day of the race 
for the lower levels of competition (20, 40, and 60 km), they arrived 





several days (3 days) before the race for higher levels of competition 
(90 km and more). Individual stalls with straw bedding were offered 
by the event organizer but we choose to keep our horses on artificial 
bedding as usual, in order to avoid excessive ingestion of straw. 
Also, we wanted them to have access to paddock and free exercise 
on the event place, in order to avoid muscular problems (exertional 
rhabdomyolysis) during the race. If there was no possibility to build 
paddocks, our horses were walked in hand or ridden at walk.

To our knowledge, there are no data reported on the type of shoes used 
for endurance horses. This is why we conformed to field practices in 
France. If regular steel shoes were used for training, a specific shoeing 
was necessary for competitions, especially for 90 or longer km events. 
In endurance, shoeing has to take into account the duration of exercise 
and the trails’ characteristics. Except in Gulf countries, where rides 
are run faster, a 130 km ride last between 6 and 10 hours, and a 160 
km ride between 8 and 13 hours in many countries (www.atrm.com). 
Also, characteristics of the ground can vary a lot, according to area and 
climate. Sometimes our horses had to run on very hard surfaces as 
asphalt, on stony tracks, or on slippery surfaces, as wet grass-covered 
tracks. That is why as recommended by Pelissier (2009), we chose 
shoeing being comfortable and light, absorbent, non-slip, protective, 
solid and durable, that should maintain the horse proprioception. 
Then, the running shoes we used for our horses had an important 
rolling on the external front border to ease the process of break over 
in front feet (Van Heel et al., 2006) and wide coverage thanks to wide 
branches to protect the sole. Depending on the nature of the track, we 
selected shoes in steel or in aluminium. Aluminium was used for many 
events because it’s lighter than steel, and reduces the fatigue (Benoit 
et al., 1993). However, steel was chosen in some cases, especially 
for races on stony tracks (Florac for example), as it is more resistant 
than aluminium. Hoof pads were used to improve shock absorption 
and avoid concussion (Benoit et al., 1993). Contrary to the leather 
pads used in many other equestrian disciplines (O’Grady, 2008), the 
pads used in endurance are of polyurethane (Pelissier, 2009). The 
technical properties of these pads depend on their thickness, weight, 
and density (simple or bi-density pad). We had the opportunity to use 
different pads, as the regular Shock Tamer pads (full flat pad covering 
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the entire sole, 4,5 mm, dual density), the MV2 dynamic enduro (80 
g, 3 mm, dual density), and the blue plastic pads (115 g, 3 mm, simple 
density). Packing materials (ultra-soft silicone) were also used to fill 
the hollow between the sole and the pad to avoid sand, earth or stone 
intrusion. As recommended by Pelissier (2009), packing materials 
have to be as soft as possible (10 shore D) to avoid any pressure on the 
sole. However, we had some horses having highly sensitive sole, flat 
hoofs or being long-pasterned that did not support any pressure on the 
sole, getting lame after being shoed with pads and silicone. For those 
horses, the farrier cut the pads in V-notched to keep the frog exposed, 
or opened the pad on the toe.

The couple of days before the ride

During the couple of days before the ride when our horses were on 
the event place, we aimed at maintaining the feeding program as 
close as possible to the previous one: same feeds (our concentrate and 
our hay) that we transported from home; same concentrate quantity 
fed to the horses; same feeding schedule. The only change was the 
quantity of hay that was offered ad libitum, during the night before 
the ride. Even if hay was often provided by the organizer, we preferred 
to bring hay from home in order to prevent hay refusals or digestive 
disturbances. On the event place, we provided horses free access to 
drinking water and salt block. We observed that whereas the average 
level of intake was 2.6% BW the days before the ride, it went down to 
2.3% BW on average one and two days before the race. This decrease 
was due to a lower consumption of hay (from 2.1 to 1.9% BW) but not 
to the concentrate intake. We observed high individual variations the 
day before the ride within three horses diminishing their intake by 
30% whereas two did not change and one even increased it by 20%, 
suggesting different individual management of stressful conditions.

The racing day

Before departure, we offered our horses hay ad libitum but no 
concentrate. During the ride, one kilogram of the same concentrate 
as fed usually and hay was presented at each vet gate. Also we offered 
other types of concentrates in the case that the horses would refuse 



to eat. As underlined by Crandell (2010), perhaps the single most 
important key to successful completion of the race is the ability of the 
horse to eat whenever it has a chance. Water was offered to our horses 
every 20 minutes on the track and at vet-gates. Although it was a very 
common practice to supplement horses with electrolytes (Goachet, 
2006), our horses were not.

We measured a decrease in feed intake the day of the race that was on 
average 2.0% BW, mainly due to a decrease in hay intake (from 2.1 pre-
ride to 1.4% BW). We also observed important individual variations, 
with some horses being able to maintain a pre-ride intake while 
others reduced hay intake to 0.5% BW. Contrary to the other days, 
the day of the race, horses had a lower time budget for feeding. Also, 
the required physical effort, the excitement and the fatigue probably 
contributed to decrease the appetite during the day and the evening. 
The day of the race, the water intake increased significantly compared 
to that measured at our animal facilities five days earlier. On average, 
horses increased their intake by 80% (from 25 to 45 l on average) and 
depending on the individual this variation varied from 42 to 122%. 
However 75% of the water was consumed during the vet-gates, within 
the arrival and the veterinary inspection.

After the race

At the end of the ride and the day after (during the travel back to 
home), our horses received only hay ad libitum. Interestingly the 
horses that had the lowest intake the day before the race also had the 
lowest intake the day of the race and the day after it. When our horses 
were back home, they had the same feeding program as initially and 
their level of intake returned to initial values.

We were guided by the same scientific demands as usual because we 
were doing experimental trials, even if it was conducted partly in 
the field. This is why among other things we recorded so many data 
regarding training, feeding, and shoeing. Honestly we did not think 
this would ever be useful for other purposes than our research. Today, 
we realize that our observations allowed generating new knowledge 
that can be of interest for better managing the endurance horse during 



training and competition. And we are pleased that science can serve 
the practitioners in the field.
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Pat Harris
WALTHAM Centre for Pet Nutrition, Freeby lane, Waltham on the Wolds, 
LEI2 4RT Melton Mowbray, United Kingdom; pat.harris@eu.effem.com

The best way to manage an obese horse or pony is to prevent it from 
becoming obese in the first instance! When managing an animal that 
has become obese it is obviously key to recognise that it is obese and 
to put in place a diet and management plan that includes regular 
monitoring and reviewing. In some individuals initial weight loss may 
not be accompanied by an obvious change in the externally assessed 
body condition score.

Key practical management strategies of obese/overweight animals 
include: (1) promotion of weight loss and improved insulin sensitivity 
via dietary restriction and, where possible, an increase in physical 
activity; (2) avoidance of certain feeds that may exacerbate insulin 
resistance and hyperinsulinemia (feeds rich in non-structural 
carbohydrates such as grains, high starch containing feeds and ‘lush’ 
or stressed pasture forages) and, in some cases (3) treatment with 
levothyroxine sodium (and potentially other medications – although 
the efficacy of all of these needs to be proven).

Any weight loss programme needs to be targeted to the individual 
animal and a process to monitor and review, during and after, the 
weight loss has been achieved must be established.

A US survey (USDA, 2008) suggested that around 4.5% of their horse 
population was overweight or obese, but this is likely to be a significant 
underestimate as it was owner reported. In a prospective US study 
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of 300 randomly selected mature horses, 57 (19%) were classified 
as obese (Body Condition score [BCS] of 7.5-9.0/9) (Thatcher and 
colleagues, unpublished data, 2007). In a study of 319 pleasure riding 
horses in Scotland, 32% were found to be obese (BCS 6 on a 6-point 
scale) and a further 35% were considered fat (BCS 5/6; Wyse et al., 
2008). In a more recent survey, 62% of animals were categorised as 
being overweight, fat or obese, with a BCS >5/9 and 21% were 7/9, 
despite being in regular work and competing in a national unaffiliated 
championship show in a variety of equestrian disciplines (Harker et 
al., 2011).

Chronic obesity may induce a low-grade inflammatory state and equine 
obesity has been associated with an increased risk of developmental 
orthopaedic disease (DOD), hyperlipaemia, heat intolerance, insulin 
insensitivity, increased bone and joint injuries, placental restriction 
and lowered birth weights (Geor and Harris, 2009). Recently, interest, 
however, has focused on the apparent increased risk of laminitis in 
obese ponies (Treiber et al., 2006, 2007; Geor and Harris, 2009; Carter 
et al., 2009a).

A recently published consensus statement suggested that the majority 
of equids with equine metabolic syndrome (EMS; Frank et al., 2010) 
exhibit the following characteristics:
 ■ Generalized obesity or increased adiposity in specific locations, 

such as the nuchal ligament region (cresty neck).
 ■ Insulin resistance characterized by hyperinsulinaemia or abnormal 

glycaemic and insulinaemic responses to oral or intravenous 
glucose and/or insulin challenges.

 ■ A predisposition towards laminitis. Clinical or subclinical laminitis 
that has developed in the absence of recognized causes such as 
colic, colitis or retained placenta.

It is important to recognize, however, that not all obese horses are 
insulin resistant (IR) and that IR can occur in non-obese animals and 
without raised basal plasma insulin concentrations (Bailey et al., 2008, 
Carter et al., 2009a,b).



In most cases, the reason why a horse is overweight is because they 
have stored excess energy/calories as fat, i.e. they have been overfed 
relative to their activity level. Many horses that spend most of their 
time in stables with occasional hacks may require no more than 
maintenance energy intakes, yet many are fed much more than this. 
Similarly, animals turned out to pasture at certain times of the year 
may have an intake several times their energy/calorie requirement. 
It is perhaps surprising that more animals do not become overweight, 
and this may reflect individual differences in activity levels when out 
in the field, as well as the ability to convert feed to fat. Certain breeds 
(e.g. Quarter Horses and Morgans) and types (ponies) are perhaps 
more prone to obesity and benefit from even closer attention to their 
diet and exercise.

Native UK pony breeds for example retain strong seasonality with 
respect to their appetite and under ‘feral’ conditions tend to gain weight 
during the summer months when food is abundant before losing it 
again during the winter. Such cyclical changes may not occur when 
food intake and quality is maintained during the winter resulting in 
further weight gain. Recent work has shown differences according to 
season and initial BCS on weight gain when welsh mountain ponies 
were fed a fibre based ration ad libitum (Dugdale et al., 2011a).

Horses are however, individuals; the amount and type of feed they 
require to maintain bodyweight plus the desired level of condition 
and provide the type of ride required therefore depends upon several 
factors, including:
 ■ age, health and temperament;
 ■ amount and type of work the horse is being asked to carry out;
 ■ environmental conditions;
 ■ body condition required;
 ■ type of ride preferred;
 ■ metabolic and digestive efficiencies.

If a horse is thought to be working hard, as we all recognise, it does 
not mean that it is actually working hard and even if it is, it does 
not necessarily mean that more feed or one providing higher energy 
levels is needed. Hard work does not necessarily mean high energy 



requirements; similarly, light/medium work does not necessarily 
mean low energy requirements. Amounts of complementary feed 
recommended by feed manufacturers can therefore obviously only 
be a guide.

As we learn more about this condition we will be able to provide more 
detailed and relevant advice but based on our current knowledge this 
would be the author’s advice today.

Key practical management strategies of obese/overweight animals 
include: (1) promotion of weight loss and improved insulin sensitivity 
via dietary restriction and, where possible, an increase in physical 
activity; (2) avoidance of feeds that may exacerbate insulin resistance 
and hyperinsulinemia (feeds rich in non-structural carbohydrates 
such as grains, high starch containing feeds and ‘lush’ or stressed 
pasture forages); and, in some cases (3) treatment with levothyroxine 
sodium (and potentially other medications – although the efficacy of 
all of these needs to be proven, e.g. Tinworth et al., 2011).

Any weight loss programme needs to be targeted to the individual 
animal but to have a chance to work requires initially:
 ■ Most importantly, the owner/feeder recognising that the animal is 

overweight, that it needs to lose weight and that this will take time 
and effort. It is recommended that all veterinarians and owners/
keepers of horses learn to use and apply one system of Body 
Condition Scoring but appreciate the limitations to such systems 
(Henneke et al., 1983; Dugdale et al., 2011a,b,c).

 ■ Understanding exactly what is currently being fed (Scoops and 
haynets should be weighed etc.) Analysing the forage may be 
required especially in resistant cases (or the decision made to use 
low energy forage replacers).

 ■ Recognising that potentially up to 40% of the daily dry matter 
intake can be ingested during just a few hours of turn out (Ince 
et al., 2011) and up to 1% Body Weight (BW) as Dry Matter (DM) 
intake within 3hrs (Longland et al., 2011a,b).

 ■ Recognising that some individuals when allowed free access to 
grass, preserved forage or forage replacers may ingest up to 5% BW 
of DM per day (Dugdale, 2011a; Longland et al., 2011a,b).



 ■ Being realistic about the amount and type of work the horse 
actually does and can do.

Look at the overall diet; if the horse is overweight but still being fed a 
manufactured diet with plenty of hay or other fibre sources, consider 
the following feeding strategies. The preferred option will depend 
on the present and desired bodyweight as well as the individual 
circumstances.
 ■ Replace the manufactured feed with one providing lower energy, 

i.e. a high-fibre, low-starch and low-sugar feed, preferably one that 
has been specifically formulated to help promote weight loss yet 
maximise the time spent chewing.

 ■ Check the analysis of the current forage; if necessary, change 
to one providing lower energy levels, such as late seed-cut hay 
(avoiding high-energy forages such as alfalfa or haylage but also 
avoid highly indigestible forages). A low-calorie hay replacer may 
be useful at this stage.

 ■ Restrict access to grass, especially lush pasture, but maintain 
turn-out by, for example: carefully using appropriate restrictive 
but not complete exclusion grazing muzzles – appropriately fitted 
and monitored (Longland et al., 2011b), using strip grazing behind 
other horses or sheep; mowing and removing clippings; putting a 
deep layer of woodchips over a small paddock; or using dry lots/
indoor schools. Grazing muzzles must be used with care, should be 
properly fitted and horses and ponies should be adapted gradually 
to wearing them. Group and individual behaviour should be 
monitored closely to observe any potential concerns caused for 
example by changes to the herd dynamics. Total exclusion muzzles 
are not advised.

The next stage would be to reduce or remove all energy-providing 
supplementary feed and provide a measured amount of a low energy 
forage-only diet with minimal intake of grass but the provision of a 
vitamin- mineral supplement.



 ■ Caution is required when feeding restricted forage intakes on 
sandy soils for example as potentially there could be an increased 
risk of sand colic.

Ideally, a combination of one or more of the above measures along 
with an increase in exercise or activity is recommended. An increase 
in exercise may be achieved by increasing the number, length or 
intensity of exercise occasions, or changing the type of formal activity 
(riding/lunging, etc.), as well as prolonging free activity in the paddock 
(with a grazing muzzle if required).

Where appropriate, the diet can be made up to near appetite levels 
by adding low-energy forages, but caution when feeding poorly 
digested (e.g. high lignin/silicated) forages (especially in significant 
amounts) which may increase the risk of impaction and gastric 
ulcers (Luthersson et al., 2009). Consider the use of meal extenders 
and techniques such as small-holed haynets or haylage nets/double 
haynets or haylage nets to ensure the horse takes as long as possible 
to eat the forage provided.

Compound manufactured feeds are formulated to be fed at certain 
levels. If the amount of feed needed to enable maintenance of a 
desirable body condition for the horse and preferred type of ride for 
the rider is less than the manufacturer’s recommendation for that 
workload, an appropriate vitamin and mineral supplement may be 
necessary. Alternatively, a diet which is less energy-dense should be 
fed, with appropriate vitamin and mineral fortification.

Establishing a programme to promote weight loss may just require 
restricting grazing, changing the type of forage fed or using a low 
energy forage replacer and/or reducing the amount or change the 
type of complementary feed provided as described above – whilst 
maintaining vitamin and mineral intake to support health.

For some individuals however, more severe restrictions may be 
required, e.g. as a general guide, for the more obese animals or for 
those where appropriate changes in the ration as outlined above have 
not been successful, consider:



 ■ Providing low energy hay (~8 MJ/kg as fed) or forage substitutes 
initially at ~1.5% of current BW daily (on a Dry-matter intake basis; 
DMI) with subsequent further reductions if required but the author 
currently recommends not to decrease to less than 1.0% BW DMI 
as an absolute minimum unless under appropriate supervision; 
feeding reduced amounts of fibre may increase the risk for hindgut 
dysfunction, stereotypical behaviours, gastric ulcers, coprophagy, 
etc. (Dugdale et al., 2010).

 ■ Straws generally have lower energy contents than good quality 
horse hays and may be of value to help calorie dilute the ration of 
some obese animals. But it is important to select clean, carefully 
harvested straw with minimal cereal heads (also shake thoroughly 
to remove any loose cereal grains). Straw needs to be introduced 
into the diet very slowly which helps to reduce the risk of impaction 
– although this remains a significant risk with certain breeds (eg 
thoroughbreds) and individuals. The risk of gastric ulceration 
was also increased in one study when straw was the main forage 
(Luthersson et al., 2009).

 ■ The ration should be divided throughout the day and strategies 
to prolong feed intake time should be considered, (e.g. nets with 
multiple small holes).

 ■ It is very important to maintain an appropriate vitamin and mineral 
intake.

 ■ It is also thought to be important to maintain a good quality protein 
intake (amino acid profile) to help prevent unwanted muscle loss 
during more severe weight restriction programmes. The inclusion 
of exercise in such programmes may be of additional/more value 
with respect to helping to maintain muscle mass (Dugdale et al., 
2010).

 ■ Finally when the management system means that there are animals 
within sight or hearing that are being fed it may be advisable from 
a behavioural standpoint to provide a small meal at the same meal 
times. Ideally ensure any meal fed is sufficiently small in size and 
low in starch/sugar/energy content.

In a recent study, when 12 overweight and obese horses and ponies, 
were fed 1.25% BW (of fibre based feed ~8 MJ/Kg DM) as DMI 
over a 16 week controlled weight loss programme, weight loss was 



unremarkable in four of the animals but quite marked in others 
(Curtis et al., 2010). This highlights the individual responses to dietary 
restriction. Even further dietary restriction may be required to achieve 
significant weight loss in the more ‘resistant’ animals when increased 
exercise is not possible. However, currently the author emphasises 
her recommendation not to reduce fibre intake to <1.0% BW on a DM 
intake basis unless under appropriate experienced supervision and 
management. Much more work is needed in this area.

It is possible that, like other species, as equidae reduce their body 
weight as a result of restricted energy intake they will reduce their 
energy expenditure making it difficult to continue to maintain weight 
loss. The need to reduce the energy intake over the course of the 
study to maintain BW loss is a common theme in some of the studies 
reported to date (Van Weyenberg et al., 2008; Gordon et al., 2009). This 
emphasises the need to individually tailor any weight loss programme 
and monitor it closely.

Weight management strategies, for obese animals, usually include 
restricting feed intake and in particular the forage/fibre intake. 
Especially in the more resistant animals actual feed intake from any 
source needs to be tightly controlled. Whilst the ingestion of straw 
from straw beddings may reduce the risk of stereotypical behaviours 
developing it may result in an increased risk of impaction in certain 
breeds/individuals and may in fact reduce the effectiveness of any 
weight management programme due to the amount ingested.

Wood shavings are often advised as an alternative bedding source 
to help prevent dietary supplementation from this non-controlled 
non-feed source. Unfortunately, recent work has shown that some 
individuals may ingest significant amounts of wood shavings when 
on a weight management programme (Curtis et al., 2011). Up to an 
estimated 3.5 kg/day was being ingested by one individual in this 
study without any apparent ill effects. However, impaction remains 
a risk and further work is required before, scientifically evaluated, 
recommendations with respect to the optimal bedding for animals 
within a weight management programme can be given.



The importance of exercise with or without a weight loss regimen on 
body weight and/or level of insulin resistance has been discussed over 
the years (Freestone et al., 1991, Treiber et al., 2008, Gordon et al., 
2009). A very recent study looking at the effect of exercise in obese 
animals concluded that ‘moderate exercise training without concurrent 
dietary restriction does not mitigate insulin resistance in overweight 
or obese horses. A more pronounced reduction in adiposity or higher 
volume or intensity of exercise may be necessary for improvement 
in insulin sensitivity in such horses’ (Carter et al., 2010). Much more 
work is needed to determine the quantity of physical activity required 
to positively influence insulin sensitivity in obese animals and to 
evaluate the effect of weight loss with and without exercise on IR.

In the meantime a program of regular exercise is likely to be beneficial 
in the management of obese, insulin resistant (but sound) horses and 
ponies. In the author’s experience, weight reduction and subsequent 
control are improved when dietary restriction is combined with 
a program of riding or lunging. For those already in work this may 
involve just increasing the number, length or intensity of the exercise. 
For those not in work any exercise program needs to be developed in 
conjunction with the horse/ponies veterinarian and introduced slowly.

Treatment with levothyroxine sodium (e.g Thyro L®, Lloyd Inc., 
Shenandoah, IA, USA) has been recommended for horses or ponies 
with recalcitrant obesity and IR and/or animals with ongoing 
episodes of laminitis not controlled by more conservative approaches 
(Frank et al., 2008). Preliminary studies in healthy and EMS horses 
have demonstrated weight loss and improved insulin sensitivity in 
some animals following a 3-6 month period of levothyroxine sodium 
treatment. It has been recommended that treated animals should be 
gradually weaned from the drug when treatment goals have been 
attained and put on a diet and management program to prevent regain 
of weight.



More work is needed to evaluate the true efficacy, optimal dose and 
program for thyroxine and other medications such as metformin 
(Tinworth et al., 2011).

 ■ Do not attempt to make rapid changes to the horse’s weight – the 
absolute maximum amount we would recommend you aim to 
achieve is 1% body weight per week after the first week, when any 
weight loss may be due to reduced gut fill. A more realistic (but 
often still difficult to achieve in the more resistant cases) target is a 
weekly weight loss of 0.5% (again after the first week) ie 20 kg for 
a 500 kg horse in ~8-10 weeks.

 ■ Set realistic targets and monitor (under identical conditions) the 
horse’s weight and condition on a regular basis, i.e. every 2-4 
weeks.  Note that appropriate levels of weight loss may not always 
be accompanied by significant change in body condition score in 
the first few months (Dugdale et al., 2010).

 ■ Make all dietary changes gradually and avoid prolonged periods 
of feed withholding. Abrupt starvation especially in obese ponies, 
donkeys, and miniature horses (especially pregnant animals) 
carries the risk for hyperlipemia.

 ■ Develop, and continually update, an appropriate weight 
maintenance program once the target weight and body condition 
have been achieved to avoid a return to weight gain. This will 
include monthly assessment of body weight and condition to 
ensure that the feeding program is appropriate to the current level 
of physical activity and other environmental influences on energy 
requirements (e.g. ambient conditions).

 ■ Calibrated (over the weight range of the horses to be weighed) 
weighbridges for horses are the most accurate means of monitoring 
body weight. However, normal fluctuations (up to ~5 kg) may 
still occur due to feed and water intake, defecation, urination, 
as well as hydration status (Webb and Weaver, 1979). These can 
be minimised by measuring at the same time of day/time post 
feeding, exercise, etc.



 ■ Weigh tapes/formulae may be useful for monitoring purposes 
– providing they are used by the same person under the same 
circumstances (position, place of measurement, time post feeding/
exercise, etc.). Note that the accuracy of weigh tapes/certain 
formulae is decreased for adult horses at the extreme ends of 
the scale, and they may not be applicable for certain classes of 
horses, including pregnant mares, and thin, fit horses (Gee and 
Harris, 2005). Formulae/tapes for adults should not be used for 
foals/growing youngsters (Staniar et al., 2004) and there are now 
formulae targeted towards specific breed types eg warmbloods 
(Kienzle and Schramme, 2004).

 ■ Much of a horse’s body fat is subcutaneous but it is not spread 
evenly around the body and therefore tends to accumulate in 
specific areas. It is these specific and identifiable areas that are 
examined more closely when using a Body condition scoring (BCS) 
system. Currently, there are a number of differing systems that 
can be used to determine condition score (Gee and Harris, 2005). 
The author currently uses the 1-9 point BCS scale adapted from the 
original work of Henneke et al. (1983) where a score of 1 represents 
an emaciated animal and 9 an obese animal. Practically an average 
score is obtained, by dividing the total score by 6 (reflecting the 
number of body areas examined). Recent work has suggested that 
in animals with a stable BCS there can be a very close correlation 
between the BCS using this system and the total soft tissue mass 
(Dugdale et al., 2011b). In the authors’ experience, this system of 
condition scoring is more able to allow for the changes in body 
shape often seen for example in older horses, rather than these 
changes erroneously affecting the score. This helps to reduce the 
risk that changes within just one part of the body significantly affect 
the outcome. However, this system was originally developed from 
work carried out predominantly using Quarter Horse broodmares 
and is therefore more suited to a lighter breed type of animal, 
including the Thoroughbred. It has been adapted slightly for the 
warmblood type of horse (Kienzle and Schramme, 2004).

 ■ Most importantly the amount of total body fat does not increase 
linearly with increasing body condition score (See Dugdale et 
al., 2011b). The accuracy for estimating total body fat decreases 
significantly for animals with a BCS above 6 in the 9 point scale 
based on the Henneke et al. (1983) system. This provides additional 
support for the exponential relationship described between the 



INRA BCS system of 0 to 5 and body fat content in 20 French Sport 
horses (Martin-Rosset et al., 2008).

 ■ Recently, as least in welsh mountain pony mares, the use of 
deuterium oxide dilution has been validated for the determination 
of the % body fat (Dugdale et al., 2011c) and this method has been 
used in a research setting to monitor weight loss in ponies and 
horses (Carter et al., 2010; Dugdale et al., 2010) – although it is 
unlikely to be a routine tool for use in the field.

 ■ Fat ultrasound measurements have been used to provide a guide to 
the total fat content of a horse but recent work has suggested that 
this may not be as accurate as previously thought. The various fat 
depots may behave differently during weight loss or gain and various 
other parameters including nutritional history, physiological status 
and even season may influence how fat is distributed within an 
individual. This means that changes in the depth of a particular 
fat deposit may not reflect accurately the changes in fat content 
as measured using deuterium oxide dilution (Dugdale et al., 2010, 
2011a,b,c). However, this is a potentially useful monitoring tool and 
more work is needed to understand how the various depots change 
under different circumstances.

 ■ The use of bio-impedance analysis (BIA) as a tool to monitor fat 
loss in the individual animal over time has yet to be proven (and 
validated against the D2O dilution method for example), although 
some interesting preliminary results have been presented (Van der 
Aa Kuhle et al., 2008).

 ■ Other measurements such as belly girth (with or without correction 
for height) may prove of more practical value in the future (see 
Dugdale et al., 2010, 2011a).

Pasture turnout can be a trigger factor for laminitis even in the lean, 
non-obese animal, which does not have raised basal plasma insulin 
concentrations. Obesity, however, may increase the risk as does 
turning out on a pasture with a high non-structural carbohydrate 
content (simple sugars, fructans, and starch).

Currently based on existing knowledge and scientific reports the 
author would recommend the following for an obese animal that is 
also prone to laminitis:



 ■ Base the horse’s diet on forage/fibre.
 ■ Especially for horses or ponies that have experienced repeated 

episodes of laminitis, it is recommended to analyse the forage and to 
feed a forage with <10% non-structural carbohydrate (NSC:starch, 
sugar and fructan) content. Many hays will be higher than this. 
Soaking grass hay in clean water (>8 °C: winter tap water and 
ideally around 16 °C: summer tap water) for at least 3hrs may help 
to reduce the water-soluble carbohydrate (WSC) content (Longland 
et al., 2010, 2011). However, as the results from soaking are variable 
it is advisable, if concerned, to ensure the original forage has a low 
NSC content or feed an appropriate forage replacer.

 ■ Feed a broad-spectrum vitamin and mineral supplement if no or 
low levels of hard feed are given (or forage is the main component 
of the diet). Ensure an adequate and balanced intake of magnesium. 
There is no published scientific evidence, however, to suggest that 
high levels of magnesium will be protective and reduce the risk of 
laminitis.

 ■ As the context for these animals is that they are obese – this means 
that additional energy sources will not be required.

 ■ When the management system means that there are animals 
within sight or hearing that are being fed it may be advisable from 
a behavioural standpoint to provide a small meal at the same meal 
times. Ideally ensure any meal fed is sufficiently small in size and 
low in starch/sugar/energy content and that it only produces a 
low/low-moderate insulin response.

 ■ Prevent horses/ponies from having access to grain bins.
 ■ Maintain regular exercise wherever possible.

Advice regarding turn-out:
 ■ Consider zero grazing (whilst providing the horse with suitable 

forage alternatives) if it is essential that the horse ingests minimal 
levels of sugar, starch and fructans or you need a strict weight 
management programme.

 ■ Turn horses out to pasture when fructan/WSC levels are likely to 
be at the lowest, such as late at night to early morning, removing 
them from the pasture by mid-morning.

 ■ Do not graze on pastures which have not been properly managed 
by regular grazing or cutting. Try to maintain a young leafy sward 
as mature stemmy grasses contain higher levels of stored fructans. 



But be aware that herbage yield as well as WSC content per kg dry 
matter will be important with respect to the overall intake.

 ■ Avoid/restrict turning out in spring (before flower development) 
and autumn. At any time, consider restricted turnout to pastures 
during flowering and early seeding.

 ■ Do not allow horses to graze on pastures that have been exposed to 
low temperatures (e.g. frosts) followed by warm, bright sunny days 
or those that have been ‘stressed’ through drought.

 ■ Be aware that ponies have been estimated to be able to eat up to 1% 
of their bodyweight as dry matter within 3hrs of turnout (Longland 
et al., 2011a,b).

 ■ Consider maintaining turnout by use of grazing muzzles (Longland 
et al., 2011b; ensure that horses can obtain sufficient water intake 
and be aware of possible behavioural issues); strip grazing behind 
other horses; mowing and removing clippings; putting a deep 
layer of wood chips over a small paddock or using dry lots/indoor 
schools, etc.

 ■ Rotate use of paddocks regularly, preferably with other species 
such as sheep or cattle, to keep the grass levels at an appropriate 
height to avoid the paddocks becoming ‘stressed’ through either 
under or over-grazing.

There is considerable variation in the ageing process in all species and 
therefore there is no set age at which an individual is automatically 
considered to be ‘geriatric’ as opposed to ‘aged but healthy’. Some 
horses remain physically active and healthy well into their twenties 
and yet others become ‘geriatric’ by mid teens. These individual 
differences need to be taken into consideration when determining 
optimal management and feeding practices. Older healthy horses 
do not necessarily require any different diet than their younger 
colleagues – although issues with IR and changes to inflammatory 
status may occur even in the healthy older animals (See below).

Although the two main clinical situations which are often associated 
with difficulty in maintaining weight (loss of teeth and abnormal wear 
patterns; Pituitary pars intemedia dysfunction: PPID) are common 
in the older horse, in a recent UK survey, ~8% of old horses were 
reported to be underweight but 10.5% were overweight (Ireland et al., 



2011). In Australia, owners of horses and ponies aged 15 years (mean 
20.5 years) reported that 30% were overweight (BCS 3/5) compared 
with only 2% which were underweight (BCS<2/5; McGowan et al., 
2010). This suggests that obesity may be as much an issue with older 
equines as it is in the general horse population.

Peripheral blood mononuclear cells from old horses have increased 
inflammatory cytokine production compared with those from young 
animals (‘inflamm-aging’). Obese old horses have even greater 
frequencies of lymphocytes and monocytes producing inflammatory 
cytokines than do thin old horses and it has been suggested that obesity 
may play an important role in the apparent age-related dysregulation 
of inflammatory cytokine production (Adams et al., 2009). Reduction 
of body weight and body condition in fat old horses significantly 
reduced the percentage of IFN  and TNF  positive lymphocytes and 
monocytes as well as circulating concentrations of TNF  (Adams et 
al., 2009).

In humans, there is a progressive decrease in insulin sensitivity with 
age. Recent work (Rapson et al., 2011) reported that there was no 
difference in the glycemic response to a sweet feed meal in association 
with age. Healthy aged horses, however, had a greater peak insulin 
concentration and area under the curve for insulin, than adult horses, 
regardless of the background diet they had been fed for 5 weeks prior 
to the meal challenge. These animals were not obese but it could be 
anticipated that obese older horses may potentially be even more 
insulin resistant.

 ■ It would seem even more important to prevent the older horse 
from being overweight than its younger colleague – but practically 
this has to be balanced with the often increased difficulties of 
maintaining body weight of older horses during the winter – 
especially when they have dental issues. For many older horses, 
especially if not prone to laminitis, having them in a slightly 
higher body condition (perhaps 6-7/9) just prior to entering the 
winter period may be the preferred option. But this does need to 
be proven.



 ■ However, current advice would be that it might be advisable not to 
obtain such a body condition score, even if desirable, through the 
use of meals that promote high insulin responses but to:

 — Consider the use of more digestible forage (i.e. less mature grass 
hay).
 — Consider including highly digestible fibre sources such as 
unmollassed sugar beet pulp, soya hulls as a means to increase 
the energy intake if required without using starch or sugar. The 
author tends to recommend soaking and throwing away the 
water even from unmolassed sugar beet pulp to reduce as far as 
possible the WSC (and fructose) content.
 — If there are no contraindications, consider using oil as an energy 
source rather than cereal starch – especially for those animals 
not being exercised (remember to add gradually, balance the 
overall diet and add additional Vitamin E at 100-150 iu/100 ml of 
oil). Not more than 1 ml oil/kg BW should be added unless advice 
has been obtained from a qualified nutritionist or veterinarian.
 — If any cereals, other than oats, are fed make sure they are 
processed by cooking (e.g. steam flaking, micronising) to make 
the starch more easily digested, reducing the risk of starch 
overload.
 — Avoid feeding large grain based meals: restrict meal sizes to 
<0.3 kg/100 kg BW of a cereal-based feed. For all horses ensure 
overall starch intake is <1 g starch /kg BW per meal.
 — Ideally ensure any meal/forage fed is sufficiently small in size 
and low in starch/sugar content that it only produces a low (to 
low-moderate) insulin response.
 — However, again practically it is important to note that for many 
older horses with poor dentition – access to grazing seems to 
be the most consistent way to promote a good body condition 
during the late summer/autumn in preparation for winter.

There is a great deal of exciting and relevant work being undertaken 
all over the world into this topic. The advice we can give regarding 
optimal management will therefore be improved and refined as this 
work is translated into practical application. Until then the above is 
the author’s guide to managing the obese horse and pony but stresses 



that the above needs to be tailored to the individual animal, owner, 
and environment.
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In a simplified view, physical capacity during dynamic work or 
athletic effort lasting for a period of a few minutes can be divided into 
two ranges:
1. The range of endurance in which energy demands are met entirely 

through oxygen intake (aerobic range).
2. The range of endurance in which the energy demands for muscle 

contraction can only be satisfied by additional formation of lactic 
acid (anaerobic lactic acid range). The resulting increase in the 
levels of lactate (LA) in the muscle and in the blood (lactate 
accumulation) leads to metabolic work acidosis. This has an 
important influence on the performance limit and the resulting 
state of exhaustion.

Without endurance training, if the maximum capacity during dynamic 
work for a period of several minutes is measured as the maximum 
oxygen uptake (VO2max = 100%), about 70% of this VO2max is free 
from net lactate formation and LA build-up (endurance range; [52]). 
For an individual with extremely highly developed endurance, such 
as a marathon runner, this range can extend up to 95% of the VO2max 
[52].
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Between the aerobic and the anaerobic lactic acid ranges of 
performance, there is a range in which a disproportionately large 
increase in the blood lactate concentration (LA) with increasing 
performance marks the start of net lactate formation. This range is 
usually referred to as the ‘transition range’ [21] or as the ‘aerobic-
anaerobic threshold’ [54] based on a particular threshold concept (an 
outline of the various threshold concepts is given in [20]).

It may be accepted as established that if the blood LA concentration 
curve is recorded during exercise on an ergometer or treadmill with 
a stepwise or other suitable protocol with increasing effort, the ‘limit 
of endurance’ [52, 54] can be determined with reasonable accuracy 
on the basis of the maximum lactate steady state (MaxLass) during 
continuous effort, provided that certain basic conditions (durations of 
steps, duration of intervals, state of nourishment, etc.) are taken into 
account.

Depending on the course of the test method, this limit lies in the 
region of the steep increase in the LA concentration [20, 54]; an LA 
concentration of 4.0 mmol/l may be taken as a reference value for the 
performance at the ‘anaerobic threshold’ [52, 54]. It may be assumed 
that at a constant performance corresponding to an LA level in the 
region of 4.0 mmol/l, determined with increasing effort and with a 
step duration of at least five minutes, even prolonged effort still leads 
on average to a MaxLass in the range from 3.0 to 5.0 mmol/l [20, 21, 
54]. The MaxLass can be expected to settle after about 8 to 12 minutes.

If the MaxLass settles in the range 4.0±1.0 mmol/l, the effort can be 
sustained until the glycogen reserves are exhausted (about 1 to at most 
2 hours) [6], provided that there is no delayed further LA increase that 
forces an earlier termination of the effort [49, 52, 54].

If performance is increased further, the resulting condition of 
net lactate formation and build-up, associated with the increase in 
‘lactacidosis’, is marked by a more or less steep increase in the LA 
concentration with time after the first 8 to 12 minutes of effort [49]. 
The volunteer cannot generally sustain further constant effort for 
more than 15 minutes [21, 49, 54] if the LA concentration rises above 8 
to 12 mmol/l. This is supported by the values found after competitions 
[18, 38].



It should be mentioned in this context that lactate steady state values 
higher than 4 mmol/l have been observed in specific exercise studies 
[2, 40], but these arise partly from the specificity of the sport in 
question [20].

Determination of the anaerobic threshold by recording the LA 
performance curve (LPC) in an ergometer test with increasing effort 
avoids e.g. the risk of a ‘vita maxima’ effort in the case of a patient 
or individual with a pathologically reduced performance. Since its 
reproducibility is generally good, the LPC also provides an objective 
measure of the lactate-free performance of the volunteer or patient; 
this can then be used as a measure of endurance.

With the knowledge of the performance at the ‘anaerobic threshold’, 
the intensity of endurance training, in both high-level and recreational 
sports, can be regulated carefully and specifically according to the 
capacity of the individual, the particular point in the season, and the 
current training regime.

It has to be mentioned that according to comparative studies, the 
information provided by MaxLass values based on ‘individual 
anaerobic thresholds’ (IATs) or other threshold concepts is no more 
precise or definite than that obtained by threshold determinations 
at a fixed LA value of 4 mmol/l [20, 25]. It has been shown that all 
threshold concepts are subject to certain basic conditions relating 
to time, and that if these conditions are not taken into account, the 
interpretation criteria underlying the different threshold definitions 
cannot be satisfied [20, 21, 23].

A comprehensive overview of the ‘transitions’ and ‘threshold 
definitions’ found in the literature and of the associated methodologies 
and interpretation procedures can be gained from publications by 
Heck [20, 24]. It has very recently been proposed [25] that instead 
of becoming preoccupied with the validity of individual threshold 
concepts, we should forget about the threshold concepts and abandon 
the sometimes rather rigid interpretations associated with them.

As will be shown later, however, the optimum and subjectively 
comfortable training intensity for the development of endurance lies, 
not in the region of the ‘anaerobic threshold’ or of the MaxLass, but 



in a performance range that leads to only a slight elevation of the LA 
concentration above the resting value (roughly <2.0 mmol/l). This is 
only about 70 to 85% of the performance at the threshold. Compliance 
with this intensity limit in endurance training both by rehabilitation 
patients and by high-level competition athletes can be checked by LA 
determination with a direct analyzer during actual training.

The determination of the ‘anaerobic threshold’ by ergometric methods 
as a measure of endurance is subject to certain conditions.

For the LA concentration in the blood to be representative of the LA 
concentration in the working muscles, the effort in each step must be 
maintained for a sufficiently long time, certainly for at least 5 minutes 
[2, 20, 48, 54]. The increase in the effort per step should not exceed a 
certain value: 30 to 40 watts in bicycle ergometer tests or 0.5 m/s in 
treadmill tests.

With regard to the duration of the effort step, an up-to-date survey of 
laboratory test protocols for performance diagnosis [5] shows that even 
very recently, the basic conditions for test methods as formulated by 
Mader et al. [54] and confirmed by Heck [20] were still being ignored. 
The shorter the duration of the step, the more the LA distribution 
leads to a time lag in the LA concentration [21, 22, 24]. Since a short 
step duration means a shorter LA accumulation time, the LA increase 
becomes smaller at higher performance levels, and the endurance 
consequently appears to be better than it really is. It is clear from 
investigations based on simulation calculations [48] that the interval 
of about 30 seconds between steps allows partial replenishment of 
the adenosine triphosphate/creatine phosphate (ATP/CP) pool. Use 
of the ATP/CP pool is then disproportionately high during the first 30 
seconds of the next higher 3-minute effort step, a situation that bears 
no resemblance to the load conditions occurring in practice. The idea 
that multi-step tests with short step durations are less time-consuming 
than other load models is also only an incomplete reflection of reality. 
Even if this were true, or were to be employed as an argument, it 
would still be necessary to consider whether it is preferable to spend 



slightly longer e.g. on tests with longer steps, or to have shorter tests 
with short steps but less accurate results. Since tests can only be 
models in any case, we should at least try to make them as realistic as 
possible. Experience in the regulation of training in recent years has 
shown that sufficient accuracy can be achieved by the use of heart 
rates determined in tests with long steps [14, 18, 60].

Another factor that influences the behaviour of the LPC – one that is 
sometimes overestimated but nevertheless leads to misinterpretations 
– is the fullness or otherwise of the glycogen store [6]. One type of 
diet (with a high carbohydrate content) can give the impression of a 
‘poorer’ capacity, while a diet extremely low in carbohydrates leads 
to the appearance of a ‘better’ capacity. Effects of this type can be 
practically eliminated by a normal diet and avoidance of intensive 
training and competition loads for 1 to 2 days before the performance 
diagnosis.

It is also regrettable that not enough is known about the relative 
contributions made by the different types of energy metabolism 
under the competition loads specific to different sports. Consequently, 
recommendations regarding improvement targets for training are 
relatively inexact and vague as far as the energy aspect of performance 
is concerned. A survey (admittedly not quite up to date) of these 
relative contributions for many sports is given by Bompa [3].

The literature gives different values for the contributions of the 
different types of energy metabolism in the various running events 
[8, 58]. In swimming, the proportions differ according to the particular 
event, the type of swimmer (short-distance, middle-distance, and 
long-distance), and the swimmer’s condition [62, 72]. For rowing, 
the proportions have been quantified according to the performance 
group [17] or the variability during the course of the year [16]. Similar 
investigations have been conducted for cycling [34], cross-country 
skiing [62], and canoeing [74], and the results have been summarized 
in performance structure models. The triathlon events have recently 
also been the subject of similar studies [60].

Lack of knowledge and/or failure to make use of knowledge about the 
relationships between the metabolic parameters has led to considerable 
simplifications in performance diagnosis for endurance sports. Thus, 



the standard test methods are step tests with relatively short step 
durations as used in practice, the idea being to test substantially the 
full spectrum of an athlete’s performance on the basis of several 
successive steps [5]. The ‘anaerobic threshold’ is determined under 
these submaximum loads, and is then often (tacitly) equated to the 
endurance or the ‘aerobic capacity’.

The ratio of the maximum performance to the maximum metabolic 
load, as measured by the maximum post-load lactate value, is used 
as a source of information about the anaerobic lactic acid component 
of the energy metabolism or the so-called ‘anaerobic capacity’. In 
training practice itself, efforts are made to determine the maximum 
performance limit via the criterion of the maximum tolerable LA 
acidosis [36]. There is a general assumption that quasi-additive 
combination gives a sufficiently accurate indication of the metabolic 
capacity. It can be shown with the aid of a few publications that results 
of this nature are relatively unsatisfactory and vague [48, 51, 52, 54].

A strong correlation can be shown to exist between a submaximum 
and a maximum capacity in the case of endurance sports that last 
for 10 minutes or longer. For endurance sports of shorter duration, 
however, conclusions based on the result of the so-called threshold 
determination show unsatisfactory agreement with the result of the 
maximum capacity test, because of a high level of variability (and this 
situation is aggravated by the different test concepts) [48, 50, 52].

Direct experiments (ergometer testing) alone cannot therefore provide 
an accurate analysis of the provision of energy during sport-specific 
(maximum) effort or the answer to the question whether and how 
utilization of the available metabolic capacities could be optimized or 
what increases in the proportions of the three metabolic resources 
would be best for a given competition.

While some authors favour a ‘graphic determination’ of results in 
preference to ‘software-assisted evaluations’ [75], there has been an 
increase in the use of computer-controlled evaluation methods in 
recent years [27, 43, 84]. The common aim of the initiators of such 
methods is to speed up and objectify the presentation of results in 
lactate performance diagnosis with the aid of computer-assisted 



evaluation. However, this provides only a partial interpretation [64], if 
any, of the ‘underlying’ conditions of the metabolic situation.

A more profound scientifically based interpretation of test results 
therefore calls for a post-simulation of the experimental observations 
in a suitably developed simulation model. However, this requires a 
rather more complex investigation methodology than the simple 
determination of the performance at 4 mmol/l.

The possibilities offered by a computer-assisted post-simulation can 
be seen from a number of recent publications [48, 50, 51, 52]. The 
authors demonstrate how much the maximum aerobic and anaerobic 
work capacities affect one another when the duration of the event is 
taken into account and according to the condition of the individual, 
and they show how slightly varied and sometimes different metabolic 
patterns, and the consequences associated with them, can lead to 
similar performances. The resulting interpretations go far beyond the 
current range of routine performance diagnosis, which is dominated 
by a preoccupation with lactate. Though these interpretation models 
result from what appears to be a purely theoretical approach, they 
nevertheless lead, if used appropriately, to an explanation of the 
possible variability of the metabolic situations in the realization 
of a performance [48]. Another effect of the computer-assisted 
interpretation method is that subjective influences due to the observer 
are pushed largely into the background, and this leaves room for a 
much more objective assessment of a given metabolic situation.

Fundamental studies on questions of performance diagnosis have 
existed for some time for various sports in which endurance plays a 
major role. The importance of LA performance diagnosis in connection 
with running events [8, 58, 59, 68], canoeing [74], cycling [31, 34, 65], 
rowing [18, 19], swimming [62, 72], the triathlon [7, 60], and a number 
of other endurance sports [62, 66] is undisputed, and this has now 
become a part of routine management in these sports.

There have also been many studies on the use of LA in performance 
diagnosis and training management for team sports, and particularly 
for football [9, 10, 11, 13, 28, 44, 45, 56, 57, 73, 81].



There is as yet no accurate description and quantification of the basic 
conditions with regard to energy for individual team sports. Estimates 
of sprinting capacity and endurance have been published for football 
[44, 81], but this has not yet led to definite clarification of the relative 
contributions made by the various energy supply mechanisms.

In the application of lactate performance diagnosis, it must be 
assumed that running capacities similar to those found in treadmill 
tests e.g. for excellent middle-distance and long-distance runners are 
not appropriate objectives for team sports (see above; [9, 10]). It seems 
unwise to base training plans for team sports directly on findings 
relating to the improvement of metabolic capacity in endurance-
oriented sports [11].

Knowledge of a reference or threshold value is certainly necessary 
for the general assessment of individual running performance 
several times per year for team sports [10, 37, 44]. According to the 
information in the literature [56], which tends to be rather general, the 
main objective of the battery of tests consisting of several individual 
investigations should be to provide the athletes with LA-oriented 
individual estimates of their running intensities and to provide the 
trainer with an indication of the running speeds in the various load 
ranges [56]. Individual adjustment of training or training groups based 
on different physical endurance performances [13, 81] is a practice 
that is encouraged and pursued on the whole.

A search through the literature on training science reveals that 
decisive qualitative characteristics for performance development are 
ascribed to certain intensity ranges in endurance training [15, 82, 83]. 
Many general recommendations are made on this basis with regard to 
the intensities required in endurance sports.

In connection with training for middle-distance (1000 m) running 
events, one source mentions that for improved aerobic capacity it is 
necessary to ‘work in the region of the aerobic/anaerobic threshold’ 
[29]. It is also stated that ‘¼ a high quantity/low intensity training 
pattern to improve aerobic capacity’ is considered to be ‘a way of 



killing time and a pointless pursuit of km ¼‘ [29]. These and other 
opinions [36] have led to training plans centred on the ‘attainment of 
high hyperacidity’ [70] for the development of capacity over 400 m and 
for middle distances.

With the aid of a classification, Föhrenbach [9] has quantified the 
training methods for running events, and has shown the metabolic 
ranges in which middle-distance and long-distance female athletes 
trained according to the time of year. For 800 m runners, the more 
intense load units (LA >4 mmol/l) accounted for between 20 and 35% 
of all training, while the remaining 80 to 65% of running training took 
place in LA ranges up to 4 mmol/l. The corresponding ranges for 3000 
m runners were estimated to be about 0 to 15% and 100 to 85%.

Another questionnaire [9] revealed that the LA values during the 
training of female marathon runners were ‘mainly under the lowest 
possible lactic acid load of around 1.0 mmol/l ¾ corresponding to 80-
86% of the test running speed at 2.5 mmol/l ¼‘.

Vassiliadis et al. [79] have also classified the training methods of middle-
distance runners, and have shown that about 85% of all training loads 
corresponded to LA values in the range from the resting LA up to 
2.5 mmol/l. About 10% of training took place at LA levels between 
2.5 and 4 or 6 mmol/l, and the remaining 5% of all loads, including 
all competitions, are distributed over intensities above 4 or 6 mmol/l 
(oral communication).

Neumann et al. (1993) report that 60% of training for the triathlon in 
the case of high-ranking athletes, and 80% in the very highest ranks, 
takes place in a metabolic range expected to correspond to an LA level 
of less than 2.0 mmol/l.

Suggestions that training for cross-country skiing should take place at 
an LA level of about 6 mmol/l have proved to be incorrect [45]. There 
has been a report of basic endurance training for a long time in the LA 
range from 2.0 to 3.0 mmol/l [55], but it is unlikely that this would be 
feasible with large amounts of training.

Similar assumptions have been made with regard to the effectiveness 
of endurance training in rowing; thus, loads are considered to have ‘a 



stabilizing effect on aerobic capacity’ only if they ‘produce a LA value 
of between 2.5 and 3.0 mmol/l’ [12]. It is also conjectured that loads 
in this range ‘account for the majority of rowing training and allow 
rowing times of about 2.0 to 2.5 hours per training unit’ [12].

Other literature sources indicate that ‘stabilization of aerobic capacity’ 
goes hand in hand with ‘LA values around 2.5 to 3.5 mmol/l’ [77], 
that ‘the main loads’ can be expected in the LA range between 3.5 
and 6.0 mmol/l [61], and that endurance training is effective only if it 
takes place at LA values in the region of 4 mmol/l [12]. Other studies 
report that relatively low LA values were found after long-distance 
loads, despite the fact that it had been intended to reach higher values 
[47, 77].

The training aids catalogue drawn up in the former GDR (German 
Democratic Republic, East Germany) for endurance sports and 
tailored to the methodological requirements of rowing also suggests, 
through the concept ‘GAE = Grundlagenausdauer entwickelnd’ (basic 
endurance developing) (LA 3-4 mmol/l [1]) or ‘development range’ 
[39], that only training within this range can be effective.

It is reported elsewhere that ‘loads in the region of the aerobic threshold 
(LA formation approx. 2 mmol/l) and below ¼ have progressively less 
effect on the development of aerobic capacity’ [12]. A similar message 
can also be drawn from the training classifications of the former GDR, 
according to which the LA range below 2 mmol/l is of little or no 
importance [1, 39].

In the case of rowing, the intensity values deduced from or 
recommended in the literature are in conflict with many results 
from field studies [18, 19]. Thus, it has been shown that for extensive 
endurance training, long training times at rowing loads leading to 
LA values in the region of 1.5 mmol/l for up to 75% of total training 
and 90% of water training may be regarded as correct and important 
for the improvement and maintenance of performance [18]. There is 
neither any physiological basis nor any practical evidence to support 
the idea that training mainly in the LA range from 3 to 4 mmol/l, or at 
even higher intensities, is more effective.



According to Reiß et al. [67], it has been found at the highest levels of 
athletics that only work ranges above the existing limit are effective. 
It is assumed that the aerobic-anaerobic transition range can be 
improved both by exceeding the usual load duration and by increasing 
the load intensity while keeping the duration constant. No scientific 
evidence is given in support of these claims.

It appears from our own investigations [18, 19] and from practical [9, 
46, 69, 79] and theoretical studies by other authors [25, 26] that the 
majority of the literature data do not correspond to the conditions 
found in practice.

Similar results were obtained by Mader [48, 49, 51, 52] on the basis of 
simulation calculations for middle-distance and long-distance running.

From the arguments that can be gleaned from the publications (see 
above), it is possible to explain and to understand why some of the 
intensity recommendations in the literature are not feasible either in 
practice or in theory.

These observations are not intended to suggest that the intensity range 
between 2 and 6 mmol/l is not important. However, the percentages of 
training that actually take place in this intensity range fall far short of 
the values and recommendations found in the literature (see above).

The desperation that led to the erroneous intensity ideas revealed in 
the literature springs from the general problem of an insufficiency or 
a total lack of objective training data based on the actual metabolic 
demands made by the particular (endurance) sport. The intensity 
recommendations adopted in the literature of sports medicine and 
training science certainly sometimes provide definite guidance on 
training loads, but no theoretical or practical checking has taken place.

Heck et al. [25] came to the same conclusion. These authors believe 
that basic empirical investigations must be conducted in many 
branches of sport in order to establish the amounts of training and the 
lactate-based intensities that lead to the best results [25].



As has been shown above, the use of the LA parameter in the regulation 
of training sometimes leads to the impression that effective training 
must always be associated with the attainment of certain lactate ranges 
in training or with the achievement of certain LA values in relation to 
a corresponding load.

With a number of sports as example, it has been possible to show that 
the majority of training takes place in a range that is substantially 
free from LA accumulation [9, 14, 18, 60]. Our own investigations 
have revealed that in long-distance rowing, an oxygen uptake (VO2) 
corresponding to about 50 to 60% of the VO2max of about 6 l/min can 
be expected without causing the LA to rise above 1.5 to 2.0 mmol/min. 
Sporadic studies in connection with middle-distance and long-distance 
track-and-field events have led to a similar result.

On the assumption of slightly higher load intensities in accordance 
with the literature recommendations and simultaneous adherence to 
the indicated amounts of training, it would not be possible to reconcile 
the caloric demand for training, or the corresponding fraction of the 
glycogen consumption, with the available regeneration times. In 
connection with training for endurance sports of medium duration 
(duration of load >3 minutes), it is sometimes argued that by shifting 
amount-oriented training to more intensity-oriented loads it is 
possible to keep the total effort unchanged or nearly so; however, this 
is questionable on energy grounds alone.

Simulation calculations by Mader [49, 50] based on middle-distance 
and long-distance running events show that depending on the athlete’s 
condition, it may be advisable to limit O2 uptake values in endurance 
training to about 50 to 60% of the VO2max, or not more than 30 to 40% 
with a corresponding contribution from the burning of carbohydrates.

It must therefore be concluded that training stimuli or training 
adjustments cannot be decided purely on the basis of adherence to 
or attainment of specified LA values during training. The metabolic 
particulars of the individual athlete are also important factors that must 
be taken into account. General recommendations based exclusively 



on LA values lead to a generalization of training loads and a failure 
to consider the high loads to which the oxidative system is actually 
subjected.

In view of the foregoing, it could be surmised that a very sceptical 
attitude should be taken towards LA studies in recreational sports, and 
that the application of such studies seems very dubious. It may be 
assumed that endurance training for recreational sports will consist 
of 2 to 4 units per week with not more than 60 minutes of effort per 
training unit. On this basis it should be possible to expect endurance 
corresponding to a LA value of 4 mmol/l at a VO2 of about 50 to 70%. 
LA accumulation with loads in excess of 4 mmol/l can accordingly be 
expected to begin in this range (see above). Training intensities above 
this limit are certainly feasible for short periods, but it is unlikely 
that they will constitute ideal training or that they will improve the 
endurance to the desired degree.

Field studies in recreational sports have shown that LA values of up 
to 12 mmol/l [80] are by no means unusual in leisure joggers. Since 
the intervals between training units in leisure and recreational sports 
are relatively long (about 48 to 72 hours), it may be assumed that 
recovery is practically complete, based on the glycogen reserves [6]. If 
we also consider that somewhat more intensive training (LA values in 
the region of 4 mmol/l) leads to subjectively more pleasant training as 
a result of sympathetic activation, it becomes possible to understand 
the predominance of the tendency, in recreational and leisure sports, 
towards more intensive loads associated with correspondingly higher 
LA values [4]. A more detailed examination would be necessary before 
we could conclude on this basis that the LA range around 2 mmol/l is 
the lowest intensity for the improvement of endurance in recreational 
and leisure sports [4]. As other authors have demonstrated [32, 33, 
41, 42, 80], however, facilities for LA determinations with a direct 
analyzer using capillary blood from an ear lobe or from a finger tip can 
assist with the regulation of subjectively grossly incorrect estimates of 
training loads, and so help to avoid excessive physical strain. If these 
determinations are used in conjunction with individual monitoring of 
the heart rate [30, 71] or of a measure of running intensity [41] for a 
recreational athlete trained to a relatively good level of endurance, the 



result is a fairly close approach to what is regarded as practically ideal 
regulation of training in recreational sports.

Also in the area of recreational and leisure sports, or perhaps particularly 
in this area, it must be assumed that the manifest objective should not 
be the attainment of certain LA concentrations during athletic effort, 
whatever its nature, but that the emphasis should be on moving away 
from the idea of specified or even higher load intensities.

The purpose of the arguments presented was to point out the 
problems associated with performance diagnosis and the regulation 
of training based on the lactate parameter in endurance sports, but 
also to indicate the possibilities that it has to offer, which will call for 
a more discriminating approach in the future.

In view of the large body of basic findings, the importance of lactate 
for performance diagnosis cannot be denied, despite difficulties 
of interpretation due to the relationships reported above. This 
importance is shown both by the potential for practical use in routine 
performance diagnosis and by the discoveries made in recent years 
through field studies concerning the possibilities for the regulation 
of training in individual branches of sport. The idea of abandoning 
the use of the lactate parameter in sports medicine and in practical 
training science seems unthinkable.

To summarize, it must be concluded that lactate is a parameter of the 
anaerobic lactic acid energy metabolism, and that its use allows only 
an indirect and incomplete estimate or interpretation of a particular 
metabolic situation, always with a bias towards the conditions of 
one particular sport discipline. The current predominantly clinical 
approach to lactate ignores many of the recent findings, and sometimes 
leads to the propagation of erroneous ideas. For this reason, there is 
a pressing need to take into account the load structure and training 
practice in the individual sport disciplines.

Interpretation aids for better identification of given metabolic 
conditions through the use of computer-assisted methods will become 



increasingly important in the future, at least at the higher levels of 
competitive sports.
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Physiological running-specific performance ability is to a great extent 
determined by metabolic performance. During a running race of 
1000 m (top time about 2:15 min) the average speed of male top elite 
athletes can be expected to be at about 7.58 m/s (27.27 km/h), during 
a 1500 m race (top time about 3:26 min) about 7.28 m/s (26.21 km/h), 
a heart rate (HR) of about 190-200 beats/min, a maximal relative 
oxygen uptake (VO2max) around 76-78 ml/min/kg body weight (BW), 
a maximal post exercise blood lactate (LA) of about 16-12 mmol/l in 
the arterial blood after longer distances (1000 m, 1,500 m, 5,000 m) 
and of about 16-25 mmol/l after short and high intensive distances 
(100 m, 200 m, 400 m, 800 m) and a blood pH value between 7.0 and 
6.85, representing the limit value of physiologically tolerable acidosis.

A simple distribution of the energy requirement as proportions of the 
three existing energy resources (anaerobic alactic, anaerobic lactic 
and aerobic) can be calculated using the area pattern of proportional 
energy contributions (Hartmann, 1987).

Depending on the distance a high amount of the energy recruited 
during a competition is produced by the aerobic energy system, the 
rest is provided by the anaerobic lactic system and the anaerobic 
alactic nature (Hartmann, 1987; Hartmann and Mader, 1993). An 
overview on how energy can be quantified in different track and field 
events can be seen in Table 1.
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From the metabolic performance no direct inferences to competition 
velocity can be made, not even if a corresponding motivation during 
competition is taken into account. Elite athletes can use an excellent 
running technique to compensate for a lower metabolic performance 
only to some extent. Therefore, although a high metabolic performance 
is necessary, this is not a sufficient prerequisite for competition success.

Using the area calculation (Hartmann, 1987), statements about the 
development or the type of recruitment of the relevant proportions of 
energy provision are not possible. The reason for this is that, beyond 
the findings obtained, the really existent maximal aerobic performance 
(VO2max) or the maximal lactic performance (glycolytic performance 
= maximal velocity of lactate development (VLAmax)) cannot be 
determined. Therefore it is absolutely necessary to measure oxygen 
uptake and post exercise blood lactate in laboratory (and if possible 
in field) and to calculate the metabolic background of the given load. 
Certain aspects of this problem will be discussed in more detail.



Figure 1 shows schematically the behaviour of VO2 during the time 
course of a given load. From this graph also the importance of the VO2 
for the total energy supply of a running performance can be deduced. 
Generally it can be concluded that the area covered by the VO2-uptake 
describes that portion of energy which is recruited aerobically. A 
general rule in load performance, and especially in running, is that a 
relative high portion of the necessary energy requirement is covered 
by the energy equivalent of the VO2-uptake.

Because most of the energy of middle distance runners (800 m and 
longer distances) is produced by the aerobic energy system (see 
above) the determination of this portion is important to estimate the 
individual performance of a runner.

The formation of 1 mmol of ATP requires approx. 3.95 ml of O2 (Di 
Prampero, 1981). The mitochondrial volume included in a normal 
red muscle fibre is about 3%, which corresponds to an O2-uptake 
of the muscle of approx. 120 ml/min*kg (120*65/3.0 (see below) = 
2,600 ml/min = 40 ml/min/kg of measured VO2). In the case of a 
mitochondrial volume of approx. 6% in an endurance-trained runner 
(Hoppeler et al., 1991; Mader et al., 1988) this corresponds to an O2-
uptake of approx. 240 ml/min*kg (240*65/3.0 (see below) = 5,200 
ml/min = 80 ml/min/kg of measured VO2). The share of the working 
muscles in the body mass (active mass) is estimated at approx. 33%, 



while the total fluid volume (active and passive) is approx. 68-70% of 
the body mass, or about 47% as lactate distribution space (Mader, 1994; 
Mader and Heck, 1991). Taking into consideration these assumptions, 
there is a conversion factor between active muscle mass and body 
mass of approx. 3.0-3.1 for a runner weighing about 65 kg and having 
a VO2max of approx. 5,400 to 5,600 ml/min or 77-80 ml/min*kg 
respectively (Hoppeler et al., 1991; Mader et al., 1988).

Admittedly, the energy supply recruited through the oxygen uptake 
alone (Figure 1) is not enough to meet the energy needs of the whole 
running competition (Figure 2). Especially in line with the starting 
power there is an enormous energy supply needed whereas the oxygen 
uptake is still increasing and accordingly an essential energy deficit 
exists. Therefore, shares of the energy supply have to be covered by 
anaerobic-lactic and anaerobic-alactic metabolic mechanisms pro-rata.

Besides the high oxygen uptake as gross criteria for the oxidative 
energy supply mechanism ( 76 ml/kg), an accordingly high post 
exercise lactate value (16-18 mmol/l) is evidence for the importance of 
the anaerobic-lactic share for energy supply. The height of the lactate 
values is to some extent evidence for the glycolytic influence on the 
energy supply mechanism for particular running performances.



It must be pointed out that contrary to common opinion, the sole 
consideration or quantification of blood lactate provides unreliable 
information of the anaerobic-lactic or glycolytic share of energy supply. 
Table 2 clarifies the relationship of post exercise lactate concentrations 
in the blood and the calculated influence of the anaerobic energy 
supply. The estimation of the glycolytic share is considerably more 
difficult.

To estimate the so called ‘maximal glycolytic’ (anaerobic) performance 
it is necessary to estimate the (maximum) lactate formation rate 
(VLAmax)). The following example shows how the VLAmax for a not 
specific trained 100 m sprinter (time for 100 m running about 12 s, post 
exercise lactate about 14 mmol/l) and an experienced 400 m runner 
(time for 400 m about 44 s, post exercise lactate about 25 mmol/l) can 
be calculated:

12 s maximum load - 2 s free lactate load at the beginning = 12 - 2 s 
= 10 s maximal load; 14 mmol/l maximal post exercise blood lactate 
– 1.50 mmo/l blood lactate at rest = 12.5 mmol/l blood lactate netto
 ■ (14 - 1.5) / (12 - 2) = 1.25 mmol/l*s VLA



44 s maximum load - 2 s free lactate load at the beginning = 44 - 2 s 
= 42 s maximal load; 25 mmol/l maximal post exercise blood lactate 
– 1.50 mmol/l blood lactate at rest = 12.5 mmol/l blood lactate netto
 ■ (25 - 1.5) / (44 - 2) = 0.56 mmol/l*s VLA

Figure 3 shows the behaviour of VLAmax for two different groups 
of athletes (short and long distance endurance runners) and given 
distances (30 to 400 m) on average. In general it is to be seen that the 
VLAmax is in the range of 0.6 and 1.0 mmol/l*s depending of the 
group and the distance (30 m/60 m); it is higher in that group which 
consists of more sprinters than more middle distance runners. This 
means that in correlation to the time the lactate production rate (VLA) 
is higher in the sprinters/short distance endurance athletes than in 
the long distance athletes. For very fast 100 m sprinters the VLAmax 
can be expected to be in the range of about 3.0 mmol/l*s, for middle 
distance runners in the range of about 0.5 mmol/l*s. The given 
findings make sense because of the increasing glycolytic influence on 
energy supply as shorter the competitive distance is and a decreasing 
VLA as longer the competition distance is.



If the increase of post-exercise blood lactate concentration (PBLC) by 
14 mmol/l after a 1,500 m run is taken as the basis of the measurement, 
the net lactate formation is 0.06 mmol/l*s (14 mmol/l net PBLC)/(210 
s exercise duration – 3 s lactate-free interval)). However, it would be 
wrong to assume that this very low rate of lactate formation calculated 
in the 1,500 m run corresponds to a sprinter´s VLAmax. The VLAmax 
of a fast 100 m runner, for example, is 1.0-1.4 mmol/l*s (Mader and 
Heck, 1991) or even higher (3.0 mmol/l*s) for a specific trained 
sprinter, depending of the individual glycolytic performance and 
adaptation level. However, inter-individual as well as intra-individual 
variabilities may be significant.

Because the glycolysis, or anaerobic-lactic share of energy supply, 
to provide maximum energy rates for covering the energy demand 
is not immediately available either, the first actions in a running 
competition must be recruited predominantly from available rich-in-
energy phosphates.

For a differentiate examination and interpretation of endurance 
performance tests the following (practical) recommendations could 
be given:
1. Competition simulation test to acquire ‘sport specific necessities’.
 This test is in accordance with the structure and duration of the 

sport specific competition load. It is to determine the sport specific 
performance and its individual limits.

 For middle distance runners (400 m, 800 m, 1000 m, 1,500 m) this 
is a 1 to 3 or 4 min maximum all out tests in accordance to the 
real competitive load. There is a focus in estimating the individual 
maximal speed, the discipline specific VO2max, maximal blood 
lactate and also maximal heart rate. This test is to receive specific 
information about the metabolic background and the individual 
energy requirements.

2. Determination of the ‘maximal oxidative’ (aerobic) performance 
(VO2max test).

 This test consists of multiple steps, each with a short duration and 
a rapid increase of the load (vita max test) to estimate the real and 
absolute VO2max.



 To determine maximal oxidative potential it is necessary to measure 
maximum oxygen uptake. In practice it is common to measure 
this by performing a stepwise increasing test (multiple increasing 
step test) but in reality this test does not provide the necessary 
valid data. Because of the duration of the whole test procedure 
(5 to 8 steps = 25 to 35 min) the fatigue of the tested athlete is 
increasing with the amount of steps; most often it is therefore not 
possible that an athlete performs at his real individual maximum 
exhaustion when he stops a further ongoing. That means by using 
this testing model an athlete will finish the test at his/her ‘test 
specific exhaustion’ level but not at their real individual limit of 
potential performance! According to the measurement of VO2max 
this means that maximal VO2 is underestimated by using a stepwise 
increasing test. In accordance to own results also VO2 is measured 
about 200 to 400 ml lower that measuring it in a vita max test.

 The vita max test on a treadmill should be performed as follows: 
warming up period in a very low speed (easy jogging) of about 10 
min, after a 5 min resting time start at about 4.5 or 5.0 m/s; short 
duration (30 s) and rapid increase (0.5 m/s) of the steps without 
any break until total exhaustion. Measurement and determination 
of maximal speed, VO2, lactate and heart rate.

3. Determination of the ‘maximal glycolytic’ (anaerobic) performance 
(estimation of lactate formation rate (VLAmax)).

 The test is characterised by a short duration, a supramaximal load 
for a very short time (5-10 s) for estimating the VLAmax.

 In practice and under traditional points of view the maximum 
post exercise lactate values are set equal to the so called maximum 
anaerobic capacity. But the fact is that the maximal lactate values 
do not provide any clear information about the anaerobic influence 
which is very much depends on multiple other factors as the level 
of performance/adaptation resp. the VO2max, the load profile of 
the given discipline and others.

 The respective test is characterised by a short duration and a 
(supra)maximal load for a very short time (10-15 s). The higher the 
VLAmax the higher can the glycolytic influence be expected.

4. Determination of the endurance performance ability (‘endurance 
capacity’).

 This is the classical test procedure to determine endurance 
capacity of an individual. Ideally it consists of several steps of long 
duration (minimum 5 min, if possible even longer) and a small 



increase of the load; aim of this test is to estimate that what is 
called ‘endurance’ or those metabolic conditions which are close 
to the metabolic ‘steady state/maxLass’ (maximal lactate steady 
state) conditions.

 The effect of an increase in endurance are schematically described 
in Figure 4). The saturation area of VO2 of a ‘normal’ trained person 
increases from 65 to nearly 85% in a better trained individual 
(Figure 4, left graph). In the same time the accumulation of blood 
lactate as a marker for an increasing glycolytic influence is shifted 
to the right (Figure 4, right graph, dotted line). Compared to an 
untrained individual the beginning of the lactate accumulation 
increases to a 30 to 50% higher performance output value (Figure 4, 
right graph). This behaviour is the result of an increased oxidative 
influence (or a better oxidative performance) and a later and less 
intensive beginning glycolytic energy supply mechanism.

As a general test interpretation guideline we can summarise:
 ■ A high anaerobic (glycolytic) performance is mostly combined 

with a low endurance performance (low ‘aerobic capacity’, bad 
threshold; 100 m sprinter).

 ■ A high aerobic performance is mostly combined with a low glycolytic 
performance (or low lactate formation rate; marathon runner).

 ■ The ‘secret’ for a high performance level in a given sport discipline 
(per example in running) is the ‘correct’ development of the 
different patterns of energy supply mechanisms at the ‘right’ time.



In training science the relationship between load and recovery is the 
most important training principle. The former is quite dependent 
on the latter (e.g. Bompa and Jones, 1990; Hollmann and Hettinger, 
2000); therefore, it is essential to collect and analyze exercise loads, 
both in time and content accurately (e.g. Reiß and Meinelt, 1985; 
Starischka, 1988; Keizer et al., 1989; Röcker et al., 1995; Martin and 
Coe, 2001). The analysis of load, recovery and performance depends 
on its precision of documentation. In literature most studies describe 
the simple average of intensity and weekly running training volume 
(e.g. Hagan et al., 1981; Dotan et al., 1983; Foster, 1983; Bale et al., 1985; 
Svedenhag and Sjödin, 1985; Bale et al., 1986; Brandon and Boileau, 
1987; Sparling et al., 1987; Marti et al., 1988; Morgan et al., 1989), but 
unfortunately only a few the specific distinction of training (various 
categories, zones and phases) (e.g. Liesen et al., 1985; Föhrenbach, 
1986; Badtke et al., 1989, Vassiliadis et al., 1993; Hewson and Hopkins, 
1996; Martin et al., 2001), specified in percentages of physiological 
parameters or indices (e.g. HR, LA; Föhrenbach, 1986; Vassiliadis et 
al., 1993; Röcker et al., 1995).

The following exercise data should be documented, recorded and 
analyzed:
 ■ volume (VOL) like duration (h, min, s), distance (km, m), frequency 

(number of e.g. runs, lifts, jumps, throws etc.);
 ■ intensities (INT) like HR (bpm), %HRmax, LA [mmol l-1], velocity 

(v) (m s-1, km h-1) at 4 mmol l-1 LA (v4);
 ■ total amount of training, the running (RUN), the strength (STR) 

and the alternative (ALT) training; gross and net VOL; nowadays 
accelerometer based sensor technology among others (e.g. GPS 
devices, foot pods) make a real-time data-acquisition possible and 
support the objectivity of data (Niessen et al., 2006).

The categorization of the detailed training data documentation is self-
developed and based on specific code numbers of the German Track 
& Field Federation (Niessen, 2007):
 ■ regenerative, compensatory training (REG) – 40 min (INT: 75% 

v4);



 ■ endurance I (extensive continuous) (E 1) – <1.5 mmol l-1 LA (INT: 
80% v4);

 ■ endurance II (intensive continuous) (E 2) – 1.5-3 mmol l-1 LA (INT: 
90% v4);

 ■ endurance III (ext-/intensive intervals) (E 3) – 3-6 mmol l-1 LA 
(INT: 91% v4);

 ■ high Intensity Training (HIT) – >6 mmol l-1 LA (INT: 100% v4);
 ■ competition specific Training (CSZ) – high intensity and <10 km;
 ■ speed (Agility, Coordination) Training (S) – high intensity;
 ■ strength Training (STR) – power lifting, resistance training, circuit 

training;
 ■ alternative Training (ALT) – unspecific endurance training (e.g. 

cycling, etc.);
 ■ competition (C) – variable intensity spectrum.

The statements to LA-zones refer to selective literature sources (e.g. 
Liesen et al., 1985; Föhrenbach, 1986; Mader et al., 1988; Mader and 
Heck, 1991; Foster et al., 1993; Mader, 1994). The classification of RUN 
training methods is supported by a comparison with the individual, 
current performance diagnostic indices and largely in line with 
known applied physiologic classification schemes (Föhrenbach, 1986; 
Vassiliadis et al., 1993; Niessen 1995). To comprehend and verify the 
exercise intensity, e.g in profiled terrain, in many cases LA and HR were 
determined. The loading rate during RUN training and competition 
was determined and used as a criterion for the mean current specific 
intensity (%INT v4). Additional documented data both refer to passive 
and active resting times (e.g. breaks between exercises, sleep time) 
and recreation methods (e.g. sauna, physiotherapy).

Nowadays a variety of different parameters along human biology and 
physiology support the monitoring process of track and field athletes.

The loss of body weight is an indicator of catabolic processes in the 
human (Verma et al., 1978) and animal muscle (Bruin et al., 1994) 
and captured as an overload symptom in training documentation 
(e.g. Kuipers and Keizer, 1988; Lehmann et al., 1993; Smith, 2000). As 



other causes there are also cellular fluid shifts (Kirwan et al., 1988; 
O’Toole and Douglas, 1989), due to imbalance between water and 
electrolyte balance (Maughan et al., 1989) or due to a high altitude 
stay (Hartmann et al., 1994). The nutritional status and acute as well 
as chronic diseases are also mentioned as reasons for weight changes. 
As a very simple and routinely determined parameter the body weight 
can be individually collected almost daily. For detailed determination 
of the body composition (Ellis, 2000) nowadays often used methods 
are bioelectrical impedance and caliper measures.

HR is subject to a complex regulatory network through modulation of 
the autonomic nervous system as well as local and systemic mediators 
(Israel et al., 1974; Esperer, 1994) and is influenced by a variety of 
both exo- and endogene factors. Numerous field surveys described and 
discussed changes in HR and HR spectra (Abel et al., 1993) under 
resting conditions (e.g. within the circadian rhythm during night) and 
in connection with endurance training (over)load-related symptoms 
(e.g. Israel, 1976; Bigger et al., 1992; Esperer, 1992; Goldsmith et al., 
1997; Löllgen, 1999; Hedelin et al., 2000; Berbalk and Bauer, 2001; 
Melanson and Freedson, 2001; Aubert et al., 2003; Mourot et al., 2004; 
Mourot et al., 2004). One way to assess the situation of the ergotropic-
trophotropic function in endurance athletes is to determine the 
long-term control of the cardiac chronotropic control at physical rest 
position, the heart rate variability (HRV). There is a risen HR due to 
an increased sympathetic tone and therefore decreased HRV. Time 
and/or frequency domain analysis monitored cardiac activities can be 
easily displayed and evaluated.

In elite sport there is a persistent interest in the determination of 
different, venous and/or capillary blood parameters, particularly red 
cell parameters (RBC), mainly due to the discussion on the effects of 
overload training and ergogenic aids (e.g. Ekblom and Berglund, 1991; 
Casoni et al., 1993; Bodary et al., 1999; Vergouwen et al., 1999; Schmidt 
et al., 2000). The variability of easy to determine RBC measures, 
like erythrocytes (Ery), hemoglobin (Hgb) and hematocrit (Hct), is 
associated with physiological (e.g. liquid balance; Schmidt et al., 2000), 



environmental circumstances (Vergouwen et al., 1999) and training 
itself (Bodary et al., 1999; Schmidt et al., 2000). Literature findings show 
data with relative broad spectra of variability and above respective 
limit values (Hgb, Hct) (e.g. Heath et al., 1981; Hurtado et al., 1945; 
Stegemann 1984; Sutton et al., 1982). Therefore it is better to perform 
regular longitudinal RBC controls under strict standardized conditions 
to get an individual RBC-pattern (‘fingerprint’) and to prevent athletes 
with physiologically higher RBC levels from unpleasant consequences.

The immune system is one of the central functional systems, which 
affects the health and the performance significantly. It is in a steady 
area of conflict between training and competition intensity (e.g. stress 
stimuli in anaerobic metabolism, high psycho-physical performance 
pressure) and the summation of training stresses (e.g. Nieman, 2000). 
Physical work causes the proliferation of white blood cells, leukocytes 
(Leu). The behavior of the various elements of the leukocytes is 
distinguished in three phases (lymphocytic, neutrophilic and in-
toxic phase) chronologically. Although it is difficult to measure the 
immunological status of athletes sufficiently objective, the longitudinal 
provisions of the Leu populations represents at least a trend.

Serum creatine kinase (CK) and serum urea (SU) are possible markers 
of muscular stress (CK) and catabolic protein degradation (SU) (e.g. 
Lemon and Nagle, 1981; Hortobagyi and Denahan, 1989; Hartmann 
and Mester, 2000). Both parameters support the detection of stress 
symptoms due to the extent and/or intensity of training regimes. 
Until now less detailed information about load-induced reactions in 
elite sports is known (e.g. Fabian et al., 1989, 1992; Hortobagyi and 
Denahan, 1989). Individual rising of CK was detected immediately 
following loads with high intensity (e.g. middle distance event) or long 
duration exercise (e.g. marathon) (e.g. Hortobagyi and Denahan, 1989; 
Hartmann and Mester, 2000). On average CK- and SU-values of track 
and field athletes are within defined normal ranges, but with different 
inter- and intra-individual variability. Athletes with chronic low 
values only show a small variability, whereas athletes with chronic 
higher values had significant higher variance of the parameters. More 
running specific training tends to increase CK, more non-specific 



(e.g. cycling) to decrease SU. Due to a significant relation of blood SU 
and Hct a dependency to fluid balance can be assumed. In summary 
there exists inter-individual oscillations of CK (either frequency or 
amplitude) as well as inter- and intra-individual reactions of CK and 
SU due to overall training loads.

Training and competitive loads lead to a consumption of muscle 
glycogen in dependence of the intensity and duration of the exposure. 
Direct methods for its determination are ethically questionable (biopsy) 
or very expensive (NMR spectroscopy). The indirect determination 
through ammonia is a possible but also expensive blood parameter. 
Ammonia shows an opposite behavior to LA.

Numerous animal studies show a deleterious effect on muscle tissue 
of oxygen radicals during exercise. The number of investigations in 
humans is small and the findings are fragmentary. Glutathions are one 
of the most protective mechanisms against reactive oxygen (Heine 
et al., 1995). A high priority is attached to glutathione-peroxidase, 
which is present in most body cells. It reduces hydrogen peroxide and 
other organic peroxides with simultaneous oxidation of glutathione 
(GSH). This means that the consumption of reduced glutathione 
(GSH) and the formation of oxidized glutathione (GSSG) is associated. 
GSH is regenerated by means of glutathione reductase and NADPH 
for GSSG. Numerous studies show that the concentration of GSH in 
the tissues is a reliable indicator of the balance between formation 
and decomposition of reactive oxygen derivatives. The glutathione-
peroxidase has a low substrate specificity and degrades a variety of 
peroxides.

It is assumed that the signal for recovery processes after physical stress 
is induced by the increasing amounts of metabolites, while a number 
of hormones enhance anabolic processes after stress (Jakovlev, 1977; 
Viru, 1985a; 1985b). Changes in hormone levels during the recovery 
phase have an importance for the speed of recovery processes and 
for the duration of the recovery phase (Kuipers and Keizer, 1988). 
The hormonal factors that are likely to be relevant in connection with 
the regulation of regeneration processes after physical stress, are the 
catecholamines (adrenaline and noradrenaline), the hormones of the 



hypothalamic-pituitary-adrenal axis (cortisol among others) and those 
of the hypothalamic-pituitary-gonadal axis (testosterone among others).

The psycho-physical condition of athletes can be determined using 
a standardized recording sheet (e.g. Plath and Richter, 1978). It will 
examine whether there are visible differences in relation with the 
acute stress effect and compatibility before and after training. Stress 
effects are an expression of the interaction of the person, situation 
and action. They are also on the highest level of regulation of the 
intellectual processes and are reflected at the level of subjective 
experience. Individually different performance requirements lead to 
differences in the level of coping of the different stress states.

In sport practice it is assumed that for each sport and discipline the 
performance limiting factors are well known, that an exact demand 
profile is established and also a plan of a performance build up is 
existent. But what exists are mostly phenomenological descriptions 
of the performance demand: for example the description of a 1000 m 
competitive race is mainly done with terms from training methodology 
and very rarely from physiology. Another example is the (wrong) 
opinion that high lactate values are an indicator for a high anaerobic 
‘capacity’. Those phenomenological based assumptions lead to unique 
views and self-fulfilling opinions in test interpretation and training 
methodology. Under the aspect of cyclization and periodization they 
have an important and unlucky influence on training schedules and 
programs.

Also many of the (common) laboratory test procedures and the way 
how they are used are partly or in total not fulfilling the basic quality 
criteria in performance testing! The ‘simple’ transfer of laboratory 
findings, as it exists in practice, is not very helpful and deserves an 
evaluation and sophisticated studies! But it would be necessary to 
give up the existing point of view and procedures, that with a single 
(metabolic) test many questions about the (correct) training load can 
be answered! This holds only as good as we are willing to evaluate 
continuously the existing points of view in a critical way!
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Nutrition of equine athletes is critical to their performance, health, 
well-being and longevity. Despite differences in the concerns 
among the various disciplines (i.e. racing versus jumpers versus 
endurance), many areas are of general concern, such as glucose/
insulin metabolism, energy and protein intake, types of feeds, feed 
management in relation to performance, supplements and stimulants 
of various types. The objective of this paper is to critically review the 
most recent scientific literature with respect to potential changes in 
recommendations for nutritional management of performance horses.

Factors influencing glucose/insulin metabolism and responses have 
been the topic of over 33 studies in just the past year. It is becoming 
increasingly obvious that there are so many factors that influence 
glucose/insulin concentrations responses in horses that data even 
from well-controlled studies are hard to evaluate. Indeed, the safety 
and validity of the most recently accepted tests of insulin sensitivity 
and resistance are in question and need further investigation.

The ‘gold standard’ to evaluate insulin sensitivity and glucose 
metabolism in recent years has been the insulin modified frequently 
sampled intravenous glucose tolerance test (iFSIGT) or other high 
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dose intravenous challenges such as the hyperinsulinemic euglycemic 
clamp test and associated ‘proxies’ calculated from a single fasting 
glucose/insulin sample. They have been used extensively in 
experimental studies (see below) and even diagnostically (Durham et 
al., 2009) to detect insulin resistance and/or abnormalities or changes 
in glucose disposition. However, in the past two years the sensitivity 
and validity of these non-physiologic challenges and interpretation 
of a single blood sample analyzed for just glucose/insulin (‘proxies’) 
have been questioned:
 ■ It appears that the glucose/insulin doses used in the iFSIGT 

challenges should be reduced to 100 mg glucose/kg BW (instead of 
300; Toth et al., 2009) to avoid the confounding effect of glucosuria 
(loss of glucose in the urine) on the results.

 ■ The same research group reported that plasma insulin alone is 
not a good measure of ‘pancreatic beta cell function’ as commonly 
used in the ‘proxies’. They concluded that connecting peptide 
(C-peptide), which is secreted by the pancreas concurrently 
with insulin but that does not undergo hepatic degradation and 
clearance, should be measured at the same time (Toth et al., 2010). 
This is because insulin hepatic clearance may be reduced in some 
cases of insulin resistance, independent of the higher pancreatic 
secretory activity in response to challenges, contributing to higher, 
more prolonged plasma insulin concentrations that do not reflect 
true pancreatic beta cell activity.

 ■ Most studies utilizing the recommended 20 mIU insulin infusion 
in the iFSGIT have utilized unfit and/or insulin resistant horses 
without reports of adverse effects. The use of that dose, however, 
in iFSGITs administered to lean (average body condition score 
of 2/5), fit Standardbred horses resulted in clinically apparent 
hypoglycaemia that necessitated administration of intravenous 
glucose (Barton et al., 2011).

 ■ The use of intravenous infusion ‘clamp’ studies that cause extreme 
elevations (>1000 mIU/l) of plasma insulin by 5 to 48 hr has well 
been documented to alter uptake of glucose and fatty acids by 
skeletal muscle and alter glucose transporters (Suagee et al., 2011) 
and to reliably induce laminitic changes (deLaat et al., 2010) even in 
clinically normal horses. However, the relevance of these conditions 
to the physiologic elevations recorded in naturally occurring insulin 
resistance (usually <500 mIU/l for no more than 1 or 2 hours after 
a high starch meal or dextrose challenge) is unclear.



The use of a single dose of insulin (20 to 50 mu/kg/BW) in fasted, 
normal horses with only four blood samples being drawn during 
the challenge (as opposed to over twenty in the iFSIGT) proved to 
be a repeatable, sensitive and reportably safe measure of insulin 
sensitivity in both normal and insulin-resistant, unfit light-breed 
horses (Caltibilota et al., 2010; Earl et al., 2011) and could potentially 
be applied under field conditions However, the safety and efficacy of 
this challenge has yet to be determined in fit horses.

Testing horses for insulin resistance, whether or not they are 
experiencing any clinical signs of metabolic disorders, has become 
popular in recent years. However it is very important to recognize that 
if only a single, so called ‘fasting’ sample is taken for interpretation 
that there are a myriad of factors that can cause elevations in glucose, 
insulin or both that may be misinterpreted. For example, previous 
drug treatments should be taken into consideration. Haffner et al. 
(2009) reported that a single dose of 40 mg/kg BW dexamethasone 
initially (2 & 24 hr) resulted in reduced insulin sensitivity but at 72 
hr there was a rebound effect, possibly due to cortisol suppression. 
Injection of epinephrine, simulating a stress condition, also blocked 
the effect of an insulin injection on plasma glucose concentrations 
(Earl et al., 2011), essentially creating insulin resistance.

Mature Arabian horses consistently had higher insulin responses to 
a wide variety of processed feeds fed at the rate of 1.5 g/kg BW than 
did two-year olds under the same management (Nielsen et al., 2011). 
In a study comparing low protein (650 g protein/d) to high protein 
(1,600 g protein/day) intakes in adult, fit Standardbred horses using 
the iFSGIT and ‘proxies’ showed no dietary effect on the standard 
measures of the minimal model analysis but the low protein horses 
exhibited more rapid and prolonged clinical hypoglycaemia following 
the insulin injection that could have been due to leaner body mass 
or metabolic fitness (Barton et al., 2011). Therefore, in addition to 
taking into consideration the feed to which the horse was adapted (see 
below), time and content of the last meal when evaluating a single 
sample of blood glucose/insulin, it is also important to consider the 
effect of stress, age and degree of physical fitness.



Despite repeated previous reports of seasonal and diurnal variation in 
apparent insulin sensitivity in horses in both the northern and southern 
hemispheres, Place et al. (2010) reported no seasonal variation in 
serum insulin or glucose concentrations but instead a higher resting 
concentration of adrenocorticotropic hormone (ACTH) in a field 
study of 9 ‘normal’ and 10 laminitic horses residing on a single farm in 
Missouri, USA in August-October relative to other months. However 
5/9 of the ‘normal’ horses had body condition scores of 7/9 or higher 
despite no history of laminitis or evidence of ‘endocrinopathies’ and 
the laminitic horses were undergoing dramatic dietary modifications 
over the course of the study. In addition the blood samples used were 
not truly fasting samples, being drawn between 08:00 and 11:00 h from 
horses that had access to grass hay. The evidence for both seasonal and 
diurnal variation in insulin sensitivity remains strong and therefore 
should also be considered if evaluating a single or even multiple blood 
samples.

The insulin resistance commonly associated with obesity in horses 
may also be associated with high plasma concentrations of leptin, a 
hormone that is associated with control of appetite (Caltibilota et al., 
2010). Carter et al. (2009) found that increasing BCS from an average 
of 6/9 to 8/9 in adult Arab or Arab cross horses (by feeding a 60% 
sweet feed/40% forage/roughage ration that provided 156-193% of 
NRC requirements for horses at maintenance) did not alter resting 
glucose but caused significant hyperinsulinemia (compensated 
insulin resistance) and hyperleptinemia. Hyperinsulinemia has been 
repeatedly documented previously to be associated with both obesity 
and prolonged feeding of high starch/sugar rations but the association 
with high plasma leptin is relatively new. The researchers were utilizing 
the iFSGIT and ‘proxies’ to assess glucose/insulin responses and noted 
that there was a large amount of individual variation in the insulin 
responses, especially as the horses got to peak obesity. However, Van 
Weyenberg et al. (2010) reported instead an improvement in apparent 
glucose tolerance associated with elevated plasma leptin in horses 
supplemented with carnitine, so the correlation between leptin and 
glucose tolerance/insulin resistance is still not clear.



In a follow up study on the obese horses created by Toth et al. (2009), 
use of low to moderate exercise for 5 weeks without dietary restriction 
did reduce body weight but there was no change in the insulin 
sensitivity parameters being assessed (Carter et al., 2010). Both control 
and exercised horses were on alfalfa/grass mix hay at 2.5% BW with 1 
kg of grain based concentrate daily. There was an increase in resting 
insulin in both treatments that could have been a seasonal response 
and also there was a high degree of individual variability that would 
have caused lower statistical power and obscured potential benefits. 
An exercise regimen that was equivalent to the low intensity training 
in the study above (3 days/wk for 15 weeks at 60% maximum heart rate 
for 30 min), was reported to significantly improve insulin sensitivity 
in normal, previously sedentary young and old Standardbred mares 
but the ration was not described (Liburt et al., 2011).

Overweight ponies fed 1% body mass in the form of a nutritionally 
balanced, chaff based ration lost 1% of their initial body mass per 
week, predominantly as fat reduction, over 12 weeks (Dugdale et al., 
2010). The ration was divided into two daily feedings and no adverse 
health effects (i.e. Hyperlipidemia or hepatic dysfunction) were 
observed. However the ponies ate more rapidly and were more active 
in their stalls during the period of restriction relative to when they 
had had free access to the feed before the study, during which time 
they consumed on average 2.5% body mass per day. Only 3/5 of the 
ponies were hyperinsulinemic at the onset of the restriction, and by 
the end of the 12 weeks only one was mildly hyperinsulinemic (44 mu 
insulin/l plasma). Body condition scores did not correlate well with 
the measured reductions in body mass and body fat. The conclusion 
was that feeding a balanced, forage based ration providing 8.5 MJ/kg 
DM at the rate of 1% body mass (on a dry matter intake basis) was a 
safe and effective way to reduce body weight in ponies.

The now common assumption that large high starch/sugar meals for 
horses are to be avoided is also being drawn into question. Tinworth 
et al. (2011) confirmed that horses adapted to high starch rations 
tended to have higher and more rapid insulin secretion in response 



to challenges, commonly interpreted as insulin resistance (Borgia et 
al., 2010) but also documented improved disposal, so the apparent 
hyperinsulinemia in grain-adapted horses was actually fairly transient 
and adaptive and not near the excessively high and prolonged plasma 
insulin concentrations used to reliably induce laminitis experimentally 
(>1000 mu/ml for over 36 hours; de Laat et al., 2010). Gordon et al. 
(2011) also reported that feeding 3.6 kg textured grain mix (29.4% fat, 
10.6% sugar, 5% fat, 6.5% fiber) /day with 1% BW moderate quality 
grass hay had no prolonged adverse effects on insulin sensitivity in 
young horses relative to those fed the same amount of a high fat/
fiber grain-based concentrate (16.6% starch, 3.7% sugar, 9.5% fat, 
13% fiber). Vervuert et al., (2009a) however, pointed out that insulin 
responses to a meal of grain were much more variable than glycemic 
responses.

Thermal processing of corn significantly increased its glycemic 
impact relative to cracking or pelleting but it was also noted that 
reduced glycemic response, such as seen with cracked corn, may 
reflect incomplete digestion/absorption of the starches present that 
would potentially result in starch bypass of the small intestine and 
cause large intestinal fermentative disruptions (Nielsen et al., 2010). 
Therefore simply reducing the glycemic response to a meal may not, 
in the long run, be desirable.

Feeding strategies will also affect glucose/insulin measurements. 
Despite some recommendations that horses can be offered hay 
before taking ‘resting’ blood samples, forages can significantly impact 
plasma insulin. Horses given 8 hours of access to fescue pastures 
had significant increases in plasma insulin and glucose reflecting the 
diurnal fluctuation in starch content of the grasses (Sharlette et al., 
2011). The pastures used in that study varied from 13.5% NSC at 08:00h 
to 19% NSC at 20:00h. The horses turned out from 07:00h-15:00h 
had lower plasma insulin on average than when turned out from 
12:30h-20:00h when the NSC was highest. This study reinforced the 
recommendation that metabolically challenged horses be allowed 
pasture access only in the morning hour when grass NSC is lowest. If 
horses are fed a single meal of concentrate/day in the morning they 
will have higher glucose insulin responses if fed hay 15 min before the 
concentrate meal than if the hay was fed after the grain was presented 
or if the total amounts feed were spread out over 2 or 3 feedings (Saul 



et al., 2011). The use of obstacles such as bocce balls or grated inserts 
placed in feed buckets will slow feed intake and reduce postprandial 
insulin peaks (Kutzner-Mulligan et al., 2011).

There are many supplements being marketed to purportedly improve 
insulin sensitivity and reduce hyperinsulinemic responses in horses. 
There were no benefits detected to the addition of fish oil (324 mg oil/
kg BW/day) to the ration of mares in light exercise (Hoffman et al., 
2011). The lower area under the curve for the glycemic responses to 
the supplemented and control meals of grain observed was probably 
due to the fact that the amount of grain fed with oil was reduced to 
keep the rations isocaloric. Similarly Earl et al. (2011) failed to detect 
any benefit of supplementing hyperleptinemic, hyperinsulinemic 
mares with fish oil (10 ml twice a day) top dressed on textured sweet 
feed or dosing the mares with cinnamon extract. Vervuert et al. (2010) 
also failed to detect any benefit to the supplementation of either fish 
oil (0.2 ml/kg BW) or soybean oil (0.2 ml/kg BW) added to cracked corn 
fed at the rate of 2 g Starch/kg BW to normal horses. Supplemental 
leucine (0.05 to 0.2 g/kg BW) had no effect on glycemic responses 
to a meal of grain (Etz et al., 2011), though all doses significantly 
increased plasma leucine but decreased plasma isoleucine and valine, 
a potentially detrimental effect. Chameroy et al. (2011) also failed to 
detect any benefit of supplementation of chromium (5 mg/day) and 
magnesium (8.8 mg/day) in a yeast based supplement top dressed on 
0.25 kg oats fed to previously laminitic obese horses, 12/14 of which 
had compensated insulin resistance.

Psyllium (90 g/day) fed with a hay (1.5% BW mixed grass) and 
commercial whole grain concentrate (0.5% BW) ration for 60 days did 
reduce both postprandial glucose and insulin responses to a meal of 
the concentrate and to an IV dextrose challenge (10% dextrose infused 
at 0.5% BW after an overnight fast; Moreaux et al., 2011). Increasing the 
dose of psyllium to either 180 or 270 g, however, did not significantly 
increase the effects on glucose metabolism so it is unclear if an even 
lower dose may have been effective.

Tinworth et al. (2010) found that chronic daily administration of 
metformin (15 mg/kg per os twice a day) had poor bioavailability that 
would limit its usefulness as a therapeutic drug in ponies. Durham et al. 
(2010) used metformin in combination with glibenclamide, pergolide 



and dietary alterations to successfully restore normoglycemia in 3 
cases diagnosed by iFSIGT to have type 2 Diabetes mellitus, but it is 
not clear which of the drugs used in combination with diet changes 
were responsible for the improvements observed.

There are many resources available that give energy and nutritive 
values for different feedstuffs as well as horse energy requirements 
and recommendations for feeding. In Europe the different feeding 
systems used are based on digestible energy (DE), metabolizable 
energy (ME), or net energy (NE). Each of these systems has some 
limitations that are currently the subject of research and the German 
system has recently been reviewed (Coenen, 2011).

There are limitations in the accuracy of most energy requirement 
recommendations. In the French energy system (INRA, 1990) four 
work categories (very light, light, moderate and heavy) were defined 
for exercised horses. From data provided with saddle and leisure 
horses these categories were based on the utilisation type (indoor 
or outdoor), on the daily duration of the activity and on its intensity 
estimated with the different gaits used during the exercise. However 
the activity provided (intensity, length and frequency) at a similar 
work level varies highly depending on the discipline (flat racing, 
harness racing, jumping, endurance, etc.). In the United States the 
National Research Council (NRC) 2007 recommendations for the four 
categories of effort (light, moderate, heavy and very heavy) were also 
based on the average duration of the daily work and its intensity but 
intensity was evaluated by the average heart rate (HR) measured 
during the exercise (NRC, 2007). For example, for the category ‘very 
high’, the average weekly duration of exercise can vary from one to 
twelve hours with very high or low speeds at average HR between 150 
and 110 beats/minute respectively during the exercise. However the 
recommendations still need refinement to better evaluate intensity, 
especially in anaerobic work.

Recent works have explored new methodologies to measure the 
intensity of energy expenditure (EE) of exercising horses. New 



perspectives have been opened thanks to the validation of a new 
portable device consisting of a respiratory mask (Equimask) and 
a portable respiratory gas analyser (K4b2) which allows field 
measurements of volume of oxygen consumption (VO2) in exercising 
horses (Art et al., 2006). The aerobic exercise intensity can be 
estimated by measuring VO2 that reflects the requirement for ATP by 
muscle activity via oxidative processes. Cottin et al. (2010) measured 
VO2 and carbon dioxide production (VCO2) using the K4b2 on Arabian 
horses during a track exercise test at increasing speeds up to 12.5 m/s. 
Similarly a continuous incremental exercise test was conducted on 
a racetrack with French trotters harnessed to a sulky equipped with 
the K4b2 system (Goachet et al., 2011). The velocity reached at the 
last completed step went up to 11.1 m/s. In both studies, the portable 
devices were successfully used: the mask was well accepted by the 
horses and the data obtained were comparable to reference values 
obtained with a fixed respiratory gas analyser on a treadmill.

Another way of measuring exercise intensity is to record heart rate 
(HR) which has been proven to be highly correlated to VO2 (Coenen, 
2008). HR can be recorded by commercially available instruments 
under practical conditions during any type of exercise. Coenen (2010) 
considered HR to be a very accurate reflection of exercise intensity 
because this is a biological signal that integrates both intrinsic (breed, 
body weight, individual muscle fiber profile, etc.) and extrinsic (rider’s 
capability, track surface, temperature, etc.) factors. In Australia, 
heart rate was monitored to quantify the energy expenditure (EE) 
of horses during the four periods of a polocrosse game (Buzas et al., 
2009). Those measurements were used to calculate that the horses 
had an average EE of 0.55±0.124 MJ Net Energy (NE) per minute 
of play. Also the authors could discriminate among horses playing 
in position 1 (attack) which tended to have higher rates of energy 
expenditure than those playing in position 2 (center) or 3 (defence). 
In Italy a similar study was conducted with horses competing in 3-day 
eventing (dressage, jumping and cross-country) either at the expert or 
intermediary level (Valle et al., 2009). For the intermediate levels, the 
EE was estimated to average 3.76, 2.24 and 4.44 MJ NE for dressage, 
jumping and cross-country competitive efforts, respectively. For the 
expert levels, the average EEs were 3.01, 2.42 and 6.19 MJ NE for the 
same events, respectively.



Using VO2 or HR data allows a first estimation of EE for different 
types of exercise. However the EE estimation further needs to take 
into account whether the activity is aerobic or anaerobic and add in 
the oxygen debt for an anaerobic effort. Indeed as soon as the ATP 
synthesis is anaerobic, VO2 does not accurately reflect the energetic 
expenditure (Coenen et al., 2011) and nor does the use of HR.

This is why Coenen (2010) has suggested the use of blood lactate 
concentration to establish anaerobic EE. When exercise intensity 
increases, blood lactate levels increase also, indicating a higher 
contribution of anaerobic energy metabolism to total EE. Based on the 
caloric equivalent for accumulated lactate, a lactate accumulation of 1 
mmol/min is equivalent to 1.03-1.8 J/sec of expended energy. As an 
example, for a horse with 5.8 mmol lactate at HR 180, an anaerobic 
contribution to total energy expenditure of 18 and 46% could be 
expected for HR of 200 and 220, respectively (Coenen, 2010).

Another method recently studied was the use of maximal aerobic 
speed (MAS), which is the velocity corresponding to the achievement 
of VO2max, to quantify the horse effort. Goachet et al. (2011) evaluated 
a new test protocol to determine the MAS during a driven trotting 
exercise.

Miniature horses (MH) are sometimes used as models for exercised 
horses. Therefore it is of interest to know how comparable they 
are relative to larger horses. Legere et al. (2011) evaluated them 
in standardised exercised tests and compared their physiological 
responses to those of Quarter Horses (QH) performing the same 
tests. They detected no differences in heart rate responses to the tests 
which were equivalent to submaximal training between MH and QH. 
However hematocrit, haemoglobin and red blood cells were lower 
in MH than in QH during increasing speeds, peak, completion and 
recovery period suggesting differences between breeds as models and 
putting the use of MH as models into question.



A major way to determine horse feedstuff nutritive value is to evaluate 
its energy content. Whereas NRC (2007) relies on the digestible 
energy (DE), the German group is currently developing new feeding 
standards based on metabolizable energy (ME) because this is the 
way nutritional energy is expressed in most other domestic species 
(Coenen et al., 2011). In addition to faecal energy losses, ME takes into 
account gas losses due to fermentation (primarily methane) and urine 
losses, which in horses are higher than methane. By using regression 
analysis, Kienzle and Zeyner (2010a, b) predict that:
 ■ Mean methane energy loss is of 0.002 MJ/g crude fiber (CF) intake. 

The authors mentioned that hindgut fermentation in horses relies 
probably more on acidogenesis than does ruminant fermentation.

 ■ Mean urinary energy loss from the digestion and absorption of 
energy from hay is 0.008 MJ/g crude protein (CP) intake. The 
authors concluded that using CP was more accurate than using 
digestible crude protein (DP), which overestimated the renal losses 
for hay compared to concentrates. The presumed reason was that 
many aromatic compounds, in particular the phenolic acids of 
forage cell-walls, can be metabolized in the gut and conjugated into 
hippurate (a carboxylate) which is absorbed and excreted in urine, 
falsely elevating the organic energy source losses.

Therefore the new equation to predict ME that is proposed in the 
German system is:

ME (MJ/kgDM) = -3.54 + 0.00129 CP + 0.0420 crude fat - 0.0019 CF 
+ 0.0185 N-free extract.

With: N-free extract = Dry Matter% - (CP% + crude fat% + CF%)
Crude nutrients in g/kg DM

This equation, however, is not applicable for feeds or forages with 
>10% crude fat.

The management of equine nutrition cannot ignore the use of 
thresholds for intake of nutrients that guarantee that the ration is 



complete and will not adversely affect the animal. The main focus 
currently is on fibre and starch intake.

Regarding the roughage intake, Coenen et al. (2011) recommend at 
least 20 g roughage (84% to 90% DM) per kg BW per day, which is 
twice the previous one. This recommendation for forage was based 
on behaviour and digestive health considerations but it is not exact. 
The authors recommend to take into account the quality of forage: 
if high quality forages are used the recommended intake can indeed 
exceed the amount of energy required by horses with low energy 
requirements and result in undesirable weight gain.

As for starch intake, Geor (2010) reminded that individual meals 
should not contain more than 2.0 g starch/kg BW for optimization 
of starch digestion within the small intestine and minimization of 
gastrointestinal disturbances associated with the flow of undigested 
starch to the large intestine. Nonetheless, the new recommendation is 
that a starch intake should not exceed 1.1 g/kg BW/meal (Coenen et 
al., 2011). Feeding starch over that threshold has been associated with a 
higher risk for the development of gastric ulceration syndrome (EGUS) 
in Denmark (Luthersson et al., 2009). However this epidemiological 
study did not confirm a direct cause-effect between starch feeding and 
EGUS and it is possible that other dietary factors such as a low structural 
fibre intake contributed to this apparent association (Luthersson et al., 
2009). Coenen et al. (2011) recommend a meal size of 0.3 kg/100 kg 
BW for compound feeds or grains with a starch content of between 30 
and 40%. Even further limitation is necessary in feedstuffs with starch 
levels exceeding 40%. The relation between starch intake and insulin 
metabolism is variable and has been discussed in a previous part of 
the present review.

Data should be interpreted very cautiously because to date starch 
intake and structural fibre intake have often been confounded by 
simultaneous alterations: generally an increase in meal starch content 
is associated with a decrease in fibre content, and it is difficult to 
determine which factor had contributed to observed changes.



Processing of feeds, whether cereals or hays, can dramatically affect 
their digestibility and nutritive values. Mature geldings fed popped 
milo, whole oats or rice bran in a 60:40 ratio with coastal Bermuda 
grass hay had dramatically higher starch but lower fat apparent 
digestion on the popped milo relative to the others (Winchell et al., 
2011) but it was also noted that the rice bran treatment significantly 
reduced calcium retention (Winchell TL, in verbal presentation 2011). 
Thermal processing of corn increased digestibility relative to feeding 
whole or mechanically processed corn or oats, however it was pointed 
out that the more rapid and higher increases in postprandial glucose 
absorption may be desirable, indicating more complete digestion of 
starches/sugars in the small intestine to avoid bypass of the highly 
fermentable carbohydrates to the large intestine (Nielsen et al., 2010).

Due to differences in the chemical structure, hydrophilic balance, and 
particle size of insoluble fibres, the type and processing methods of 
roughages can alter both water hydration capacity and potential water 
releasing capacity in horses, which can potentially impact hydration 
during strenuous activity (Parsons et al., 2011). Water hydration 
capacity was positively correlated with neutral detergent fiber content 
in a comparison of alfalfa hay, grass hay, beet pulp and a fiber mix 
of chopped hays and soyhulls. Five mm particle size samples had 
a higher WHC and EPWRC than 1 mm samples. The potential for 
water release, however, was greatest in grass hay and lowest for the 
fiber mix, with alfalfa hay and beet pulp being equally intermediate 
(Parsons AM, verbal communication in presentation, 2011) suggesting 
that long grass hays might be more beneficial in competitions where 
hydration status over time is of significant concern than beet pulp or 
alfalfa based roughages or mixes.

Ponies were used as models for horses at maintenance in many trials 
for measuring the apparent digestibility of feedstuffs. Despite the 
important role in many competitive activities, they have not been 
used in exercise associated digestibility studies mainly run with 



horses. Longland et al. (2011) showed the DM and GE digestibilities of 
complementary feeds were significantly greater than those of the hay 
in exercised ponies and that the DM digestibilities were considerably 
higher than that reported for exercised Thoroughbreds fed similar 
diets. Further work should determine whether there are significant 
differences in the digestibility of complementary feeds by physically 
fit, exercised ponies and horses.

Breeds can differ in their ability to digest their rations and thus to 
maintain weight and condition on a given feed. Ragnarsson and 
Jansson (2010) documented that Standardbreds were unable to 
maintain body weight when fed haylages that caused weight gain in 
Icelandic horse fed at the same rate and under the same conditions, 
despite having comparable apparent digestion of nutrients. Jensen et 
al. (2010) however, found that Icelandic horses had significantly higher 
apparent digestibility of most nutrients (crude fiber, dietary fiber and 
starch) in a haylage/concentrate ration than did Danish Warmbloods 
fed the same rations.

Knowledge of the impact of both exercise and physical activity on 
digestion is essential to adapt the feeding practices to horses in 
training and competition. Goachet et al. (2010) assessed the influence 
of long-term endurance conditioning on cell wall digestion in horses. 
They showed that digestibility coefficients of neutral detergent fibre 
were significantly higher after 10 weeks of training, corresponding to 
the 90 km level, and tended to be higher after 17 weeks conditioning 
to reach 120 km level. The authors suggested that this increase could 
be beneficial for endurance horses as it would provide more energy 
from forage degradation.

With regard to what is known in other species, there is a great concern 
in equine nutrition for developing new concepts for more precise 
protein requirements: the theoretical ideal protein is defined by the 
balance of the essential amino-acids for the horse, which are not well 
defined. Feeding the ideal amount of protein, with no deficiency or 



excess, necessitates understanding the metabolic availability of the 
limiting amino acids and relative digestibility of the protein source.

The German group defines both the neutral detergent insoluble crude 
protein (NDICP) and the neutral detergent soluble crude protein 
(NDSCP) according to the Cornell Net Carbohydrate and Protein System 
for cattle (Coenen et al., 2011). This allows discrimination between 
cell wall protein, which cannot be broken down by autoenzymatic 
digestion, and cell content protein which may be digested by enzymes 
in the small intestine (Coenen et al., 2011).

It is considered in equines that the majority of the amino-acids are 
absorbed from the small intestine and that the amino-acids originated 
from the microbial fermentation in the hindgut play a negligible 
role. It was found recently that the equine proximal colon expressed 
specific amino-acid transporters of the brush-border membrane in 
similar abundance than that of the jejunum suggesting that it might 
contribute to both cationic and neutral amino-acids uptake and 
absorption (Woodward et al., 2010). Another in vitro study provided 
strong evidence for significant L-lysine uptake by the large colon 
showing that, on a per gram tissue basis, L-lysine uptake capacity 
in the large colonic mucosal layer was 78% that of the distal jejunal 
mucosal layer (Woodward et al., 2011). Further studies are necessary to 
determine whether the hindgut derived microbial proteins contribute 
to whole body homeostasis via large intestinal absorption, as it is the 
case in the pigs.

The impact of conditioning and exercise on the protein and amino 
acid requirements also has become an issue.

Additional muscle mass is gained via muscle hypertrophy during 
conditioning which may impact the nitrogen (N) balance in exercising 
horses. In a study where crude protein intake was kept as constant 
as possible (1.9 g/kg BW) and exercise intensity was held constant, N 
balance improved with conditioning, due to the reduction of urinary 
nitrogen loss (Graham-Thiers and Bowen, 2011a). Since there was 
no difference in fecal nitrogen loss, these data suggested that horses 
were making more efficient use of the protein that was digested 



and absorbed. However the authors could not conclude whether 
the additional retained N was due to a specific metabolic need or to 
support additional muscle mass.

Intense exercise over a distance of 2000 m influenced the concentrations 
of most plasma amino-acids in trotters compared to the basal level taken 
before the effort (Hackl, 2009). Whereas some plasma concentrations 
(alanine, aspartate, glutamate, isoleucine, leucine, lysine and taurine) 
increased, others (arginine, asparagine, citrulline, glutamine, glycine, 
histidine, methionine, serine, tryptophan and 3-methylhistidine) 
decreased after exercise or remained constant (ornithine, threonine, 
tyrosine, phenylalanine and valine). The intensity of the exercise 
also impacted some plasma amino-acids concentrations: at higher 
exercise intensities tryptophan concentration decreased and taurine 
increased. The authors suggested that these changes could reflect 
shifts between the free amino-acid compartments, but there were also 
some indications for muscle catabolism.

Nitrogen balance of exercising horses fed different diets were 
evaluated by Graham-Thiers and Bowen (2011b). Horses were fed five 
different CP intakes on a BW basis (1.4, 1.5, 1.6, 1.7 and 1.8 g/kg BW). 
Nitrogen retention (NR) was higher and the urine urea-N index was 
lower for horses fed 1.6 g CP/kg BW compared to the four other diets. 
This was also the case when NR was expressed on a BW basis. The 
authors concluded that the diet which appeared to be the best for N 
retention as well as the most efficient use of protein (1.6 g CP/kg BW) 
was close to the recommendation given by the current NRC (NRC, 
2007). In another study (Graham-Thiers and Bowen, 2011c), horses 
received similar amounts of crude protein from either grass hay (840 
g) or hay plus grain (865 g). Despite the similar amounts of crude 
protein intake, some plasma amino-acid concentrations (methionine, 
valine, lysine, phenylalanine, arginine) were increased in horses fed 
hay plus grain compared with the hay only group, reflecting likely 
the increased foregut digestibility as well as a greater quality amino-
acid profile in the grain. There was also improved nitrogen balance in 
the hay plus grain group, presumably due to the higher availability of 
amino-acids.



The impact of a high fibre and a high starch diet was compared in 
moderately trained Dutch warmblood horses (Alberghina et al., 2010). 
Plasma serotonin and pH were significantly higher in horses fed a 
high fibre diet than those fed a high starch diet. The higher serotonin 
reflects higher tryptophan availability from forages and purportedly 
may have a calming effect. Higher blood pH may reduce the adverse 
acidogenic effects of intense exercise.

Essen-Gustavsson et al. (2010) compared the influence of two high 
energy forage-only diets providing a high crude protein intake (16.6%) 
versus recommended (12.5%) on muscular glycogen and free pool 
amino-acid concentrations taken before and after intense exercise in 
Standardbred horses. They showed that muscle glycogen and leucine 
concentrations in the muscle of horses post training were higher with 
the high crude protein intake. Urschel et al. (2011) also documented 
that feeding a 33% protein supplement (2 g/kg BW) at 0 and 30 min 
after an 18 hour fast promoted indices of muscle protein synthesis. 
It may be beneficial for muscle recovery to feed horses more crude 
protein than the current recommendations during intense training.

It is becoming increasingly popular to supplement horses with amino-
acids and/or minerals on the empirical supposition that they might be 
deficient in the ration. The use of single amino-acids has been generally 
assumed to be ‘safe’ however this might not necessarily be true.

Malesky et al. (2011a) documented that supplementation of 2 times 
the recommended requirement of lysine to sedentary adult geldings 
fed a corn-based concentrate (60% of total), lysine deficient ration 
resulted in significant decreases in total plasma non-essential amino-
acids and especially in the essential amino-acids, methionine and 
threonine. The authors suggested that the decreases in methionine 
and threonine were perhaps due to increased skeletal muscle uptake 
but it could also have been a reduction in absorption, though there 
was no overall reduction in total nitrogen retention.

Concern with vitamin/mineral deficits leading to reduced immune 
function or oxidant damage is also common. Adult, sedentary horses 
fed 70% of daily recommended Se intake (LS group; <0.06 ppm 



selenium in total ration) for 28 days had lower whole blood selenium 
and glutathione peroxidase relative to both pre-trial values and to 
horses (AS) fed 140% the recommended daily selenium intake and a 
higher ratio of triiodothyronine to thyronine in the LS horses suggested 
borderline or incipient selenium deficit (Brummer et al., 2011a). 
However blood selenium and glutathione peroxidase also decreased 
in the AS horses and the indices of oxidative stress measured (serum 
total anti-oxidant capacity and serum malondialdehyde) did not 
differ between the two groups. The LS horses did have a delayed and 
reduced immune response to a novel vaccine (Bummer et al., 2011b) 
but no other indices of immune function were altered relative to AS 
horses. White et al. (2011) also found no benefit to supplementation 
of selenium as sodium selenite in excess of recommendations (0.3 
mg Se/Kg DM versus control: 0.1 mg Se/kg DM) to sedentary horses 
but reported a slight decrease in oxidative damage in unconditioned 
mares subjected to 120 min of submaximal exercise (25.8 km at walk/
trot, mean heart rate 135 beats/min) relative to controls. Haggert 
et al. (2010) reported that higher blood Se concentrations were not 
associated with improved performance in horses competing in 
endurance competitions in California. Plasma selenium concentrations 
did not differ between horses that completed a ride and those that 
were disqualified for metabolic failure or lameness, although blood 
Se concentrations were higher in horses that were reported to have 
received oral Se supplementation.
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For more than 30 years, field studies have shown that chimpanzees 
ingest items of low nutritional value such as rough leaves, bitter 
stems of Vernonia amygdalina and clay, apparently thereby protecting 
themselves against parasites and renforcing their health. Among 
animals, several species of insects and birds as well as other mammals 
have been evidenced to use secondary compounds to recover or to 
maintain health. Recently, we described the diversity and the biological 
activities of items of low nutritional value used by wild chimpanzees 
in Uganda suggesting a broad repertoire of natural substances that our 
closest relatives are able to use.

Some invertebrates have overcome the chemical barrier of noxious 
plants products. Insects can for example use plants secondary 
compounds in their antipredator strategy or as selfmedication by 
sequestering saponins or alkaloids, caterpillars later use them to kill 
endoparasites (Termonia et al., 2002). A recent study shows that the 
fitness of parasited wooly bear caterpillars (Grammia incorupta) was 
improved when they had the opportunity to use a synthetic food 
containing pyrrolizidine alkaloids. When uninfected, the fitness is 
reduced by the consumption of this diet. The caterpillars adapted 
their foraging choice differently according to their parasited status 
(Singer et al., 2009). The mechanism to explain such ingestion has 
been explored: a specific taste alteration appears when caterpillars get 
infected by parasites, increasing the likelihood that the caterpillars 
will feed on usually unpalatable plants that can provide chemical 
defenses (Bernays and Singer, 2005). However, the female behavior 
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of oviposition is determinant for the survival of descendants: in a lab 
experiment, Lefevre et al. (2010) found that female monarchs infected 
with parasites showed a strong preference for laying their eggs on top 
of a special variety of milkweed plant (Asclepias currasavica) in which 
the total content in cardenolides is 17-fold higher than in the other 
Asclepia species available. Uninfected female monarchs, however, 
showed no preference between the two species. The adult butterflies 
cannot cure themselves with the plant, but they can alleviate the 
disease in their offsprings in choosing to lay eggs on it. This is likely 
the first report to demonstrate medication process that targets a 
conspecific rather than the sick consumer itself.

Parasitism is even a higher burden in social animals especially insects 
that live in the same nests for several generations thus having a low 
genetic diversity. This can facilitate the spread and the adaptation of 
parasites to the hosts. Wood ants (Formica paralugubris) collect pieces 
of solidified resin from coniferous trees known to inhibit the growth of 
bacteria and fungi in ants nest material (Christe et al., 2003). The use 
of such material is lead by odour cues and is prophylactic rather than 
curative (Chapuisat et al., 2007).

Birds such as Sturnus vulgaris are also well known to incorporate 
in their nest aromatic plants that can inhibit the growth of bacteria 
and inhibit ectoparasite growth (Clark and Masson, 1985 and 1988). 
Olfaction was shown to be a major feature for the selection of herbal 
medicine in Blue tits in Corsica (Petit et al., 2002). Another way 
suggested to play a major role in the control of ectoparasites – or 
symptoms they produced – in birds is the application of ants in the 
feather known as «anting» behavior (Clayton, 1999).

External uses of plants has been also described in mammals: fur-
rubbing is practiced with resin (white-nose coatis; Gompper and 
Hoylan, 1993), aromatic plants (capuchins monkeys; Baker, 1996) 
or millipeds after having bitten them (Birkinshaw, 1999). Several 
explanations are proposed to explain such behaviors: besides the major 



one being to reppel insects or parasites, a role as social facilitator is 
not excluded.

A study conducted on 215 faeces of leopards collected in Ivory Coast 
revealed that more than 10% out of them contained grass (Hoppe-
Dominik, 1988). In addition, these carnivores – as chimpanzees 
– swallowed the hispid grass without chewing it. Authors did not 
investigate a possible relationship with parasitism.

Dogs are also well known to eat grass and the reason frequently 
proposed to explain this behaviour is their mechanic emetic effect. 
However, three different studies failed to find out a relationship 
between a pathologic status and the grass eating in dogs studied 
(Sueda et al., 2008; Bjone et al., 2007 and 2009; Mc Kenzie et al., 2010).

Individual learning was experimentally evidenced in domesticated 
sheep (Villalba et al., 2006). During conditioning, diseases are induced 
through special diets provided together with the medication. After this 
phase, sick sheep are able to select the correct antidote and to recover 
while sheep that were not conditioned were unable to select the 
medication. This capacity of associating disease with a medication was 
also tested in other domestic species. A PhD study conducted in USA 
tested four chronically lame horses to examine their ability to associate 
a flavour (carrots or apples), with a possible post-ingestive physiological 
consequence induced by a drug (Williams, 2008). Two drugs were tested: 
swainsonine from locoweed and butorphanol tartrate, a synthetic opiate 
analgesic (Torbugesic™). The toxin swainsonine is known to cause the 
neurological disorder described as locoism in large continuous doses 
sometimes leading to the death of horses. Some reports suggested it 
might act as an addictive substance (as the synthetic opioate analgesic) 
explaining the consumption by horses despite its noxious effect. Each 
group of two horses was assigned a respective drug throughout the 
duration of two separate trials. The first trial associated a flavour with 
each group’s respective drug treatment and the second trial involved 
the reversal of flavours while holding the drug treatments constant for 
each group. Each trial involved a conditioning period followed by test 
days when horses were challenged to make a decision between the 
treatment-associated flavour or the non-treatment-associated flavour. 
In the first trial all horses preferred the non-treatment diet whatever 
the associated flavour. In the second trial the horses that can choose 



the opiate preferred the drug diet while the other ones still fed on the 
non-treatment diet. The results of this study suggest that horses do 
have the ability to associate a taste with a post-ingestive effect induced 
by a drug and supports the hypothesis that horses may have selected 
the opiate to reduce the pain. Nevertheless, the associative process for 
wild animals facing a wide diversity of natural products in dynamic 
interaction with predators, pathogens, and climatic stress is a very high 
challenge compared to select diets proposed for experimental studies.

Records on uses of rough leaves for deworming were first observed 
decades ago (Wrangham and Nishida, 1983). They suggested that 
this is likely a common behaviour in African apes: 34 plant species 
were recorded to be used for their mechanical effect by chimpanzees, 
bonobos and lowland gorillas (Huffman and Wrangham, 1994). 
Consumption of bitter pith of Vernonia amygdalina was a first evidence 
of chemical activities of plants ingested (Huffman and Seifu, 1989). 
However, phytochemical studies have only been carried out on a 
single species, Vernonia amygdalina and apart from the mechanical 
effect of rough leaves, recorded evidences of self-medicating 
behaviour in chimpanzees were still rare until we started to combine 
phytochemistry with data on chimpanzee ecology and health.

In Kibale National Park, Uganda, I monitor the chimpanzee (Pan 
troglodytes schweinfurthii) diet since 1999. The collaborative work 
between Ugandan institutions – Makerere University (MU) and Uganda 
Wildlife Authority (UWA) – and French ones – MNHN and ICSN-
CNRS – has enabled to achieve the collection of a large part of plant 
species eaten by the Kanyawara chimpanzees (parts consumed and not 
consumed). A total number of 400 extracts of the 480 Ugandan plant 
parts collected have already been screened against different targets 
(systemic parasites, tumoral cells, etc) to evaluate their bioactivities. 
Out of them, some are rarely consumed and have a low nutritive value. 
We thus explore the relationship between health and plant selection 
to target plants and to isolate bioactive compounds. Several bioactive 
extracts of plant species eaten by chimpanzees were investigated, 
some of them leading to novel molecules. Bioguided fractionation 



of the leaves’ extract of Trichilia rubescens (Meliaceae) provided two 
new antiplasmodial limonoids, with similar levels of in vitro inhibitory 
activity as that of chloroquine (Krief et al., 2004). Additionally, we showed 
that soil when ingested almost simultaneously with T. rubescens leaves, 
increases the bioactivities of T. rubescens, suggesting that the feeding 
behaviour of apes may be more complex than simple addition of food 
items (Klein et al., 2008). From Albizia grandibracteata (Fabaceae) bark 
and leaves, 4 novel oleanane-type triterpene saponins with antitumor 
and anthelminthic properties were determined (Krief et al., 2005c). 
Two other species eaten by chimpanzees (Warburgia ugandensis and 
Markhamia platycalyx) have been studied and novel compounds were 
isolated from active extracts (Lacroix et al., 2009; Xu et al., 2009). Ten 
novel cycloartanes triterpenoids from M. platycalyx (Bignoniaceae) 
exhibiting antitrypanosomal activities were found. In addition, there is 
a large overlap between the ingested plant parts by chimpanzees and 
those used in traditional medicine (Krief et al., 2005a).

Diseases in natural populations of apes remain understudied. However 
their devastating effects on apes population have been highlighted 
(Walsh et al., 2003; Leendertz et al., 2004; 2006a; 2006b) and recently 
human diseases transmission sometimes due to spatial proximity was 
recently recognised as a major threat for their survival (Woodford et 
al., 2002, Kondgen et al., 2008; Kaur et al., 2008, Boesch, 2008, Williams 
et al., 2008).

We have been conducting a long-term monitoring of Kanyawara 
chimpanzees’ health, focusing our research on parasites. Since we 
started our work in Kibale National Park (NP), the intestinal parasite 
loads of Kanyawara chimpanzees were evaluated (Krief et al., 2003, 
2005b, 2010a). This kind of investigation revealed that parasitic burdens 
were low even if nearly all the individuals were infected. These results 
suggested a potential regulation of intestinal parasitism (Krief, 2004). 
The disease caused by the nodular worm Oesophagostomum bifurcum 
can be lethal for humans (Storey et al., 2000a; Storey et al., 2000b, 
Storey et al., 2001, Storey et al., 2002) and thus it is of major human 
health significance in certain African regions. Though prevalence of 
Oesophagostomum eggs is high in faecal samples of wild chimpanzees 
(File et al.. 1976; Hasegawa et al., 1983; Huffman et al., 1997), no 



symptoms had been recorded in chimpanzees. We recently described 
6 cases of multinodular oesophagostomosis in ex-captive chimpanzees 
and in gorillas raised in sanctuaries (Krief et al., 2008). Among other 
factors, that the access and the use of rough leaves and medicinal 
plants by orphaned apes’ is reduced may explain this difference. 
There are still gaps in the understanding of the epidemiology of 
Oesophagostomosis including the role of non-human primates as 
reservoirs of the infection. O. stephanostomum was so far the only 
species previously found in chimpanzees. We examined 311 stool 
samples of chimpanzees from Kibale NP and we detected for the first 
time O. bifurcum by PCR amplification as well as a higher parasite load 
in high ranking males (Krief et al., 2010a).

Malaria is a major parasitic infection, infecting and killing several 
million people each year. Chimpanzees and gorillas are known to 
harbour malaria parasites (genus Plasmodium) similar to those that 
infect humans. However, few studies of parasites in African apes have 
been conducted to date and few symptoms that might be attributed to 
malaria were recorded in apes. Recently, Olomo et al.. (2009) discovered 
a new malaria agent infecting chimpanzees in Central Africa, named 
Plasmodium gaboni, a close relative of the most pathogenic human 
agent P. falciparum. Using PCR amplification, we detected Plasmodium 
parasites in blood samples from 18 of 91 individuals of the genus Pan, 
including six chimpanzees (three Pan troglodytes troglodytes, three Pan 
t. schweinfurthii) and twelve bonobos (Pan paniscus). In chimpanzees, 
we identified two new parasite species closely related to P. falciparum, 
the most dangerous of the parasites in humans. We also found that 
bonobos harbour malaria parasites including P. falciparum (Krief et 
al., 2010 a). The 3 sampled chimpanzees from Kibale NP harboured 
complex mixed strain/species infections suggesting that prevalence 
of infections under natural conditions of transmission is high (Krief 
et al., 2010b). Our data indicate that chimpanzees and bonobos can 
maintain malaria parasites, to which humans are susceptible.

Except for an experimental study targeted on rough leaves supporting 
an opportunistic original acquisition later passed as a tradition 
(Huffman and Hirata, 2004), studies investigate preferences of 
primates related to items having a nutritional value, not towards 



medicinal plants. Food neophobia, the reluctance to eat unfamiliar 
food, shows heritable variation in humans (Knaapila et al., 2007) 
and was widely investigated in captive monkeys (Visalberghi and 
Addessi, 2000; Addessi and Visalberghi, 2001; Visalberghi et al., 2003) 
to explain diet acquisition and preferences. Studies on food choices 
in captive apes have been conducted (Visalberghi et al., 2002; Ueno, 
2005; Wobber et al., 2008) but are still rare. However, it seems that 
mothers rarely actively interfere with infant’s activity and mothers 
have been rarely reported discarding food from infant mouth or hand 
(Nishida et al., 1983; Goodall, 1986). Rather, infants show referencing 
behaviour to mothers when encountering a novel food (Ueno, 2005). 
We investigated in captive orangutans, individual and social learning 
involved in the discovery and ingestion of new items. We presented 
novel aromatic plants – 11 fresh plants and 4 infused plants – to 4 
captive weaned Bornean orangutans, both under isolated and group 
conditions, and recorded their behaviour and interactions between 
group members. All animals tasted by nibbling or ingested most of 
the plants presented. Regardless of the experimental condition, 
individual responses did not vary visibly across the sessions, despite 
numerous close observations, and food transfers between individuals 
were observed. Our results suggest that a low level of neophobia 
and a strong propensity to look to conspecifics for information allow 
Bornean orangutans to expand their diet after weaning. Our results 
also provide some evidence that olfaction is a key sense in determining 
food edibility based on previous experience.

Tropical forests are being threatened by accelerating rate of forest 
conversion and degradation. They contain however 50 to 90% of the 
animal and vegetal species and remain the main source for medicinal 
products. Of all the primates, 90% live in tropical forests and one in 
five is endangered or critically endangered. The unique habitat of six 
species of great apes (2 species of chimpanzees, 2 species of gorillas, 
2 species of orangutans) is tropical forest. In the framework of our 
partnership with Ugandan institutions, we aim at implementing the 
knowledge on phytochemistry and biodiversity of Ugandan plants 
using chimpanzees as ‘guides’. Studying and preserving the interactions 
between humans, animals and flora is of major interest for the human 
health and the planet welfare in the future.



It is the challenge of the seventh species of great apes, present 
worldwide and threatening the others, human beings, to save their 
closest parents, umbrella and keystone species in tropical forests.
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Recent reports in the literature confirm the links between exercise, 
inflammation, immune system response and the use of food 
components and nutraceuticals to modulate these responses 
(Franke et al., 2005). To that end, recent work conducted at Rutgers 
examined the anti-inflammatory effects of a number of food extracts. 
In vitro studies demonstrated efficacy in cell culture and a rodent 
model demonstrated efficacy in reducing experimentally induced-
inflammation model (Franke et al., 2005). Follow up studies focused on 
the most promising extracts with the horse utilized as an intermediate 
animal model (Franke et al., 2005). Those studies were funded by 
the US Department of Defense with the rationale that food extracts 
with anti-inflammatory properties could replace or reduce the use of 
non-steroidal anti-inflammatory drugs (NSAIDS) for the reduction of 
delayed onset muscle soreness in humans.

Equine athletes like their human counterparts suffer from challenges 
to the immune system and inflammation related to exercise. Published 
information and current research have sought new anti-inflammatory 
medications to replace phenylbutazone the most common NSAID 
given to horses. Work currently being conducted at several feed 
supplement and pharmaceutical companies is examining the effects 
of food extracts cytokines and other markers of inflammation. The 
endocrine and immune function responses to the challenges of 
exercise and aging are very similar in horses and humans. Much of 
the current exploration of the use of nutraceuticals in the equine 
athlete is centered on the immune enhancing and anti-inflammatory 
properties of those products. We have recently published several 
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studies that have examined the effects of various pharmaceutical and 
nutraceutical interventions on exercise capacity. Treadmill tests that 
have been used have included incremental exercise tests to measure 
aerobic and physiological markers of performance, simulated race tests 
and high intensity exercise tests, and endurance exercise tests. The 
present paper present a series of abstracts that have been published 
from studies that were used to screen the safety, pharmacokinetics, 
and efficacy, of functional food extracts.

The general goal of the research presented was to determine if the 
chosen extracts would alter markers of performance as well as cytokine 
markers of post-exertion inflammation and muscle damage in an 
animal model, the horse. The extracts examined were chosen from 
more than a dozen screened in various in vitro and rodent models 
for their ability to alter markers of inflammation. The horse was 
chosen as an animal model because of its ability to perform exercise, 
its physiological similarities to humans, the ease of administration 
of extracts, and the ability to collect blood and muscle samples to 
obtain both pharmacokinetic and pharmacodynamic information. 
Pharmacokinetic and pharmacodynamic information from these 
experiments answer the key questions that should be asked when 
considering if a supplement should be used in the care of an equine 
athlete (McKeever, 2005).

Norton RP, Lehnhard RA, Kearns CF, McKeever KH. Equine Science 
Center, Rutgers the State University of New Jersey and the Department of 
Kinesiology, University of Maine.

The dietary supplement ephedra is a potent sympathomimetic that was 
banned by the US Food and Drug Administration in 2006 because of its 
deleterious effects on cardiovascular function and thermoregulation 
during exercise. Unfortunately, extracts of ephedra can still be 
obtained via the internet and are in use worldwide. The horse is the 
only athletic species other than humans that sweats to thermoregulate 
and it controls cardiovascular function in a similar fashion. The 

1  Ephedra-induced alterations in cardiovascular function and thermoregulation during 
acute exercise in horses. Med Sci Sport Exerc, submitted for review, September, 2011).



purpose of this study was to use the horse to examine the acute effects 
of ephedra (Ma Huang) to investigate on markers of performance 
as well as effects on cardiovascular function and thermoregulation 
during acute exercise. Six Standardbred mares (~450 kg; 6-12 yrs of 
age) were used in a crossover design consisting of an ephedra (Ma 
Huang containing 8% ephedra alkaloid) and control (applesauce) 
group. All horses performed an incremental exercise test (GXT) at a 
6% fixed grade to measure maximal oxygen uptake (VO2max), run time, 
velocity at VO2max, maximal velocity, recovery time, hematocrit, total 
plasma protein concentration, heart rate, right ventricular pressure 
(RVP), pulmonary arterial pressure (PAP), rectal temperature and 
recovery. All measurements were recorded at rest, during exercise 
and post 2 and 5 minute recovery. There was a significant difference 
(P<0.05) in pre-exercise hematocrit but not in any other hematocrit 
or plasma protein sampling intervals. VO2 was significantly higher for 
the ephedra group before exercise, at each step of the graded exercise 
test (GXT), at VO2max, and during recovery compared to the control 
group. Recovery time was significantly different, but run time was 
not (P>0.05). Heart rate was significantly elevated at 2 and 5 min. 
recovery in horses administered ephedra. Significant differences were 
observed for RVP and PAP and rectal temperature during recovery. 
Recovery score (sweating response, respiration rate, behavior) was 
altered (P<0.05) by ephedra administration. This data suggests an 
increase in energy expenditure and thermogenesis when horses 
consume ephedra. However, markers of performance (run time, 
velocity at VO2max, and maximal velocity completed) were not altered 
by ephedra administration.

Streltsova JM, McKeever KH, Liburt NR, Manso HC, Gordon ME, Horohov 
D, Rosen R, Franke W. Equine Science Center, Center for Advanced 
Food Technology, and the Department of Food Science, Rutgers the State 
University of New Jersey and the Maxwell H Gluck Equine Research Center, 
University of Kentucky.

2   Abstract previously published and used with permission: Effect of orange peel and 
black tea extracts on markers of performance and cytokine markers of inflammation in 
horses. Eq Comp Exerc Physiol 3:121-130, 2006).



This study tested the hypothesis that orange peel (O) and decaffeinated 
black tea (T) extracts would alter markers of exercise performance 
as well as exercise-induced mRNA expression for the inflammatory 
cytokines IL-6, TNF-  and IFN- . Nine healthy, unfit Standardbred 
mares (age: 10+4 yrs, ~450 kg) were assigned to 3 treatment groups 
in a randomized crossover design where each horse was administered 
one of the following; placebo (O; 2 L water), black tea extract in water 
(T; 2 L), or orange peel extract in water (W; 2 L), via a nasogastric tube. 
One hour later the horses completed an incremental graded exercise 
test (GXT) on a treadmill at a fixed 6% grade with measurements and 
blood samples obtained at rest, at the end of each 1 min. step of the 
GXT and at 2 and 5 min. post GXT. An additional set of blood samples 
for PCR measurement of mRNA were obtained before exercise and 
at 5 min, 30 min., and 1, 2, 4, and 24 hr. post-GXT. The GXTs were 
conducted between 07:00 and 12:00 no less than 7 d apart. There were 
no differences (P>0.05) in VO2max, respiratory exchange ratio, run 
time, velocity at VO2max, core body temperature, hematocrit, creatine 
kinase, plasma lactate concentrations, HR, right ventricular pressure, 
or pulmonary artery pressure across treatments. A major finding 
was that orange peel extract significantly reduced post-exercise VO2 
recovery time (W=112+7, O=86+6, T=120+11 s). There was a 
significant difference in plasma total protein concentration (TP) in the 
O runs compared to water and T. TNF-  mRNA expression was lower 
in the T runs compared to water and O trials. IFN-  mRNA expression 
levels appeared to be lower in both the T and O extract runs compared 
to the water trials. The mRNA expression of IL-6 was unaltered across 
treatment groups. These data suggest that orange peel and black tea 
extracts may modulate the cytokine responses to intense exercise. 
Orange peel extract reduced post-exercise recovery time and may 
potentially enhance the ability of horses to perform subsequent bouts 
of high intensity exercise.



Liburt NR, K.H. McKeever KH, Streltsova JM, Franke WC, Gordon ME, 
Manso Filho HC, Horohov DW, Rosen RT, Ho CT, Singh AP, Vorsa N. Equine 
Science Center, Center for Advanced Food Technology, Department of Food 
Science, and the Philip E Marucci Center for Blueberry and Cranberry 
Research and Extension, Rutgers the State University of New Jersey and the 
Maxwell H Gluck Equine Research Center, University of Kentucky.

This study hypothesized that ginger (Zingiber officinale) and cranberry 
(Vaccinium macrocarpon) extracts would alter the physiological 
response to exercise as well as markers of muscle damage, and mRNA 
expression for the inflammatory cytokines tumor necrosis factor-
alpha (TNF- ), interferon-gamma (IFN- ) and interleukin-6 (IL-6) 
after an exhaustive bout of exercise in horses. Nine unfit Standardbred 
mares (age 10±4 yrs, ~450 kg) completed 3 graded exercise tests 
(GXT) in a crossover design where they were assigned to the initial 
order of treatment in a randomized fashion. The GXTs were conducted 
between 07:00 and 12:00, 7 days apart. Mares received either water 
(2 l), cranberry (~30 g in 2 l water) or ginger (~30 g in 2 l water) 
extract 1 h prior to testing. Blood samples were taken prior to dosing 
(pre-ex), at the end of each step of the GXT, end of exercise, 2, 5 and 30 
min, 1, 2, 4 and 24 h post-GXT. Plasma total protein concentration (TP) 
and hematocrit (HCT) were analyzed immediately following the tests. 
Analysis of creatine kinase (CK) and aspartate aminotransferase (AST) 
were done commercially. There was no effect of treatment (P>0.05) 
on VO2max, run-time to fatigue, core temperature, TP or HCT. CK was 
substantially elevated (P<0.05) in the ginger group at 4 h post-GXT. All 
CK levels returned to baseline 24 h post-GXT. No change (P>0.05) was 
noted in AST. A slight increase (P<0.05) in CK was seen in all groups 
at 2 h post-GXT. The cranberry group had significantly lower TNF-  
mRNA expression compared to control and ginger. Ginger appeared to 
influence (P<0.05) the upregulation and expression of IFN-  mRNA 
at 30 min-post GXT, but, more strikingly, significantly decreased 
recovery time defined as the time for VO2 to recover from the peak 

3   Abstract previously published and used with permission: Effects of cranberry and 
ginger on the physiological response to exercise and markers of inflammation following 
acute exercise in horses. Comp Exerc Physiol 6:157-169, 2009).



observed at fatigue to a post-exercise plateau (ginger = 101±3 s, water 
= 130±14 s, cranberry = 131±16 s). No effect of treatment or exercise 
(P>0.05) was seen on IL-6 mRNA expression. Results suggest that 
cranberry extract blunts the upregulation and expression of TNF-  
mRNA, while ginger extract reduces cardiovascular recovery time in 
horses completing a short, exhaustive bout of exercise.

Malone S, McKeever KH, Liburt NL, Franke WC, Singh A, Vorsa N. Equine 
Science Center, Center for Advanced Food Technology, Department of Food 
Science, Philip E Marucci Center for Blueberry and Cranberry Research 
and Extension, Rutgers the State University of New Jersey.

In our first 2005 study ethyl acetate cranberry extract was administered 
via NG tube to 1 horse. Flavanols were detected in plasma and urine 
within 15 min; however, the study did not measure in muscle the 
key end tissue. For the 2008 study cranberry 90 MX powder was 
administered to 3 horses in a crossover study (Table 1). Horses were 
administered either 0, 200, or 400 g of cranberry in 2 liters water 
via NG tube. Plasma, muscle, urine samples were collected before 
administration and at 0.5, 1, 2, 4, 6, 12, and 24 hrs post-administration. 





Each trial was performed with one month between each rounds 
to allow complete recovery from the multiple biopsies. Figure 1 
demonstrates the HPLC readout for a muscle sample taken before 
cranberry extract administration (control) and Figure 2 demonstrates 
the pattern of peaks for the key flavanols that appeared in a muscle 
sample collected 4 hours after administration.

The major conclusion of this pilot study was that there was a rapid uptake 
and clearance of the key flavanols found in cranberry extract. Some 
flavanols were detected in plasma in early samples, a minimal amount 
detected in urine, and substantial amount in muscle. These observations 
were similar to rat studies where flavanols were cleared rapidly from 
plasma with large amounts measured in the tissues (liver and kidneys). 
It was also concluded that quercetin was the major flavonol present in 
horse muscle and blood. Quercetin has been shown to be the most active 
anti-inflammatory flavanol in many functional foods.

Liburt NR, Horohov DW, Betancourt A, Adams AA, Franke WC, McKeever 
KH. Equine Science Center and the Center for Advanced Food Technology, 
Rutgers the State University of New Jersey and the Maxwell H Gluck Equine 
Research Center, University of Kentucky.

Studies have demonstrated increases in mRNA expression for 
inflammatory cytokines following exercise in horses and have 
suggested those markers of inflammation may play a role in delayed 
onset muscle soreness. However, measurement of mRNA expression 
in white blood cells is an indirect method. No studies to date have 
documented the cytokine response to exercise directly in muscle. This 
study tested the hypothesis that exercise increases cytokine markers 
of inflammation in blood and muscle. Blood and muscle biopsies 
were obtained from four healthy, unfit Standard bred mares (~500 
kg). The randomized crossover experiment was performed with the 
investigators blind to the treatment. Each horse underwent either 

4   Abstract previously published and used with permission: Exercise-induced increases 
in cytokine markers of inflammation in muscle and blood in horses. Eq Vet J Suppl 
38:280-288, 2010).



incremental exercise test (GXT) or standing parallel control with one 
month between trials. During the GXT horses ran on a treadmill (1 m/s 
increases each min until fatigue, 6% grade). Blood and muscle biopsies 
were obtained 30 min before, immediately after, and at 0.5, 1, 2, 6, 
and 24 hrs post-GXT or at matched time points during parallel control 
trials. Samples were analyzed using real time-PCR for measurement of 
mRNA expression of interferon-gamma (IFN- ), tumor necrosis factor-
alpha (TNF- ), interleukin-6 (IL-6), and interleukin-1 (IL-1). Data 
were analyzed using t-tests with the null hypothesis rejected when 
P<0.10. There were no changes (P>0.10) in IL-1, IL-6, IFN- , or TNF-  
during control. Exercise induced significant increases in IFN- , IL1, 
and TNF-  in blood and significant increases in IFN- , IL-6, and TNF-  
in muscle. There were no significant changes in mRNA expression of 
IL-1 in muscle or IL-6 in blood following the GXT. Cytokine markers of 
inflammation all returned to pre-GXT levels by 24 hrs post-GXT.

Roos J, McKeever KH, Liburt NL, Franke WC, Vorsa N. Rutgers the State 
University of New Jersey.

Previous studies have demonstrated that ginger (Zingiber officinale) 
and cranberry (Vaccinium macrocarpon) extracts alter markers of 
performance and mRNA expression for inflammatory cytokines after 
an exhaustive bout of exercise in horses. Those cytokines may alter 
the insulin response to acute intense exercise. Therefore, nine unfit 
Standard bred mares (age 10±4 yrs, ~450 kg) were used to test the 
hypothesis that ginger and cranberry would alter the insulin response 
after intense exertion. Each mare completed 3 graded exercise tests 
(GXTs) in a randomized crossover design with the investigators blind 
to the treatment. The tests were conducted between 07:00 and 12:00 no 
less than 7 d apart. Mares received either water (2 l), cranberry (~30 g 
in 2 l water), or ginger (~30 g in 2 l water) extract 1 h prior to testing. 
Blood samples were taken prior to dosing (about -1 hr to exercise), 
immediately after exercise (0 hr) and at 0.5, 1, 2, 4 and 24 h post-GXT. 
Plasma insulin concentrations were measured in duplicate using a RIA 
kit previously validated for use in horses. Data were analyzed using 
a three-way ANOVA with the null hypothesis rejected when P<0.05. 



There was a significant effect of time on plasma insulin concentration 
with a suppression immediately following GXT followed by a substantial 
(P<0.05) increase and a return to baseline (P>0.05) between 2 and 4 
hrs post-GXT. There was a significant effect of treatment on the insulin 
response to exercise with lower concentrations at 0.5, 1 and 2 hrs. 
Glucose concentrations were increased in all 3 groups due to exertion. 
However, treatment with cranberry extract resulted in significantly 
lower glucose concentrations compared to water and ginger. These 
data suggest that food extracts may modulate the glucose and insulin 
response to exertion.

Baldassari JP, Horohov DW, Betancourt A, Adams AA, Franke WC, 
McKeever KH. Rutgers, the State University of New Jersey and Maxwell H 
Gluck Equine Research Center, University of Kentucky.

Quercetin is the major flavanol in cranberries with anti-inflammatory 
activity. Studies by Davis and coworkers have demonstrated significant 
effects on mitochondrial function and aerobic capacity with improved 
performance in rats and humans. Other studies by Neiman and co-
workers have demonstrated an effect on blood cytokine markers 
of inflammation. To date, the published reports have not focused 
on high intensity exercise. Additional work by Clarkson and co-
workers and Mishniak et al. (unpublished data) has focused on the 
pharmacokinetics and pharmacodynamics of quercetin and has 
documented that quercetin is taken up into the blood stream. Their 
ongoing work is looking at the performance effects in humans. The 
protocols above did not determine if quercetin was being taken up 
into muscle or measure the effects or the effects of quercetin on the 
cytokine response in muscle. Therefore the first broad objective of the 
present study was to utilize the horse as an animal model to document 
that quercetin is taken up by the muscles and to test the hypothesis 
that quercetin administration would alter markers of performance 
and cytokine markers of inflammation in blood and muscle. Work by 
Espy et al. (presentation at the AIBS Quercetin workshop, Natick, MA, 
2008) has shown that quercetin acts on Glut 2 transporters in intestinal 
epithelium resulting in a reduction of glucose uptake. This response 



would be beneficial for individuals with insulin resistance and type 
II diabetes, but would be detrimental in warfighters performing 
endurance exercise. Our work using cranberry extracts showed a 
similar response during recovery, a period when glucose uptake would 
be very important for glycogen re-synthesis. Both of those experiments 
only focused on non-exercised individuals or recovery from exercise. 
The later response involves an increase in glucose uptake and insulin 
in an effort to get glucose into the muscles for glycogen synthesis 
during recovery. That response is different to the response during 
exertion where insulin is suppressed so as to prevent a precipitous 
decline in blood glucose during exertion. We are unaware of any data 
documenting the effects of quercetin administration on the glucose 
and insulin response first during exercise and then secondarily during 
recovery. Therefore the second objective of the present study was 
to test the hypothesis that quercetin administration would alter the 
glucose and insulin responses to exercise and recovery. Six horses were 
utilized in this experiment with the investigators analyzing the data 
blind to the treatment given. The studies were conducted in a random 
crossover experiments with the horses administered either control (2 
liters water) or quercetin (10.5 mg/kg, BID, 7 doses) followed by an 
incremental exercise test as conducted prior published experiments 
(Streltsova et al., 2006; Liburt et al., 2009). Performance data was 
collected as per prior experiments and blood samples obtained prior to 
dosing and prior to exercise and then during each step of the GXT and 
out to 24 hrs of recovery. Muscle biopsies were obtained before dosing 
and then before the GXT, and at 2 min, 30 min, 1, 2, 4 and 24 hrs post-
GXT. Blood samples were analyzed for hematocrit and plasma glucose, 
insulin, lactate, electrolytes, and total protein concentrations. Blood 
and muscle samples were also used to measure mRNA expression for 
IL-1, IL6, TNF- , IFN- , and granzyme-B (see definition below). There 
were major effects of exercise but only limited effects of quercetin. 
The major positive finding was that quercetin administration 
enhanced the runtime to fatigue and reduced the alactic or fast phase 
of recovery. This would be beneficial to a warfighter in the field 
performing repeated high intensity bouts running from point to point. 
The other major finding was that quercetin administration reduced 
the granzyme-B response to exertion. Granzyme-B is one of the first 
cytokines to increase in response to a physiological or immunological 
challenge. It is an early phase marker used in influenza and vaccine 
research (Paillot et al., 2007). Finally, quercetin administration did not 



alter the glucose or insulin response during the GXT or during the 
recovery period following exertion.
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Forage-based total mixed rations (TMR), wherein all the nutritional 
needs of the animals are met in a single feedstuff, have been used 
successfully for decades in growing and adult food animals. The 
advantages to use of TMRs over traditional long stem hay/concentrate 
rations is the ease of handling, reduced waste, ability to completely 
control/regulate nutrient intake and, in some regions cost and 
improved nutrient availability. In addition, in our increasingly non-
agricultural societies, horse owners frequently have little knowledge 
of judging hay quality and adjusting feed intakes of concentrates 
to accommodate variations in hay nutrient content. The result is 
frequently over- or underfeeding nutrients. Over feeding nutrients 
such as nitrogen (protein) and phosphorus are increasingly becoming 
environmental concerns (Williams et al., 2011; Westendorf et al., 2011). 
The use of TMRs would allow specific formulation that could meet but 
not exceed recommended intakes.

The majority of the available ‘complete’ feeds are usually provided in 
a pelleted form and are sufficiently dense calorically that they must 
be offered in very restricted (<1.5% BW) amounts to avoid obesity. 
Pelleted complete feeds have also been documented to be associated 
with a high incidence of gastric ulceration (Flores et al., 2009). 
Horses can usually consume their total daily allotment of ‘complete’ 
pellets in less than 5 or 6 hours, whereas horses allowed free access 
to feed spend 10 to 12 hours engaged in eating activity. Grain-based 
concentrates fed in distinct meals, with or without concurrent hay 
access, result in significant increases in plasma glucose and insulin 
(Ralston, 1996; Trieber et al., 2005), and may increase the incidence 
of developmental orthopedic disease (DOD) such as osteochondrosis 
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(OCD) in predisposed young horses (Ralston, 1996; Pagan et al., 
2001), though the association between non structured carbohydrates 
(NSC) intake and OCD is not 100% (Ralston et al., 2007, 2011). High 
grain/starch/sugar intakes are also commonly associated with the 
development of insulin resistance in adult horses (Frank et al., 2010) 
and aggravation of rhabdomyolysis in horses with polysaccharide 
storage myopathy (Valberg, 2011).

In a series of experiments conducted over the past 7 years we have 
documented the safety and efficacy of TMRs with or without added 
grains for use in young horses. In the three initial trials (2004-2006), in 
October of each year 12 draft cross weanlings were paired by sex and 
type and fed either TMR cubes (Next Generation™, IdleAcres, Cokato, 
MN) free choice (TMR, n=6 per year)) or Nutrena® (Minnetonka, 
MN) Life Design Youth® (HCY:2004, 2005) or SafeChoice® (HCSC, 
2006) to provide 50% of the calories recommended for growth (NRC, 
1989) with ad libitum grass/alfalfa mix hay (n=6 per year) for 6 to 
8 weeks. Feed intakes were recorded daily and height and weight 
were measured weekly. The horses were evaluated visually for the 
presence of developmental orthopedic disease before and after each 
trial by an experienced observer blind to the dietary treatments. The 
studies were repeated for 6-8 weeks each spring in a crossover design. 
The horses were given a low dose oral dextrose challenge test (0.25 gm 
dextrose/kg BW, Ralston, 2002) before treatments were initiated and 
after 6 to 8 weeks on their respective treatments and plasma glucose/
insulin responses to consuming equicaloric amounts of the TMR versus 
concentrate used were also measured. Nutrient content of the rations 
differed somewhat between years (Table 1). In the first two trials the 
TMR cubes had 10-15% cracked corn added to the formulation, in the 
third ground oats were used instead of corn.

Feed efficiency (kg gain/Mcal DE consumed) was higher (P<0.05) 
in the TMR horses relative to the traditional hay/concentrate 
horses in all three years and all trials. Growth rates tended (P<0.1) 
to be slightly higher in the TMR horses and were definitely higher 
(average of 1.2 kg/day in the draft cross weanlings, 0.8 kg/day in the 
yearlings) than predicted by NRC (1989) in all three years. The horses 
voluntarily consumed between 2.5 and 3.0% of their body weight 



daily as weanlings, in the spring trials voluntary feed intakes tended 
to decrease to 2.2 to 2.5% BW. In 2005 two weanlings had DOD (flexure 
deformities and epiphysitis) and were hyperinsulinemic before the 
treatments were initiated, one was placed on TMR, the other on HGY. 
The one on TMR resolved, the one on HGY continued to have severe 
epiphysitis and flexure deformities throughout the study and in the 
subsequent spring when placed on TMR. In 2006 two horses had DOD 
(flexure deformities and epiphysitis) that did not resolve on either 
ration. Plasma glucose responses to the dextrose challenges did not 
differ between treatments in the first two years but insulin responses 
tended (P<0.1) to be higher in HGY fed horses, suggesting somewhat 
reduced insulin sensitivity. In 2006 there were higher (P<0.05) 
glucose and insulin responses on TMR than HGSC but that was the 
year the TMR had 10% ground oats added instead of corn and the 
SafeChoice® pellets had been specifically formulated to have a low 
glycemic index. Post-prandial glucose and insulin responses to the 
meal of SafeChoice® were low compared to HCY and the TMR for the 
first 90 to 120 minutes but then tended to increase and stay higher 
(P<0.05) than the other treatments for the next 60 to 90 minutes of 
samples collection (Ralston et al., 2007). The only feed-related adverse 
event was a recurrent choke in one horse that was fed the pelleted 
ration which was prevented when the concentrate was soaked in water 
prior to feeding. The horses were not, however, evaluated for gastric 
ulceration, though there was no clinical evidence (poor appetite, colic, 
etc) of ulceration in any of the horses.



The results obtained with the draft crosses were corroborated in a 
study at another university, using Standardbred yearlings fed either 
TMR cubes with 25% oats at the rate of 3% BW/day versus equivalent 
amounts of hay cubes and oats fed separately as discrete meals. The 
same hay was used in both types of cubes. The horses on the TMR 
rations again had higher (P<0.05) growth rates (1.69 kg gain/d) and 
gain to feed ratio (0.9 kg/kg feed intake) than the meal fed animals 
(0.95 kg gain/day, 0.05 kg gain/kg feed). No gastric ulcerations were 
found on endoscopic examination in either treatment group (Warren 
et al., 2011).

In more recent studies (Ralston et al., 2009) it was hypothesized that 
grain free forage-based TMR rations could be formulated to meet 
or exceed all nutrient recommendations for rapid growth when fed 
free choice and that young horses fed the TMR ration would have 
comparable or better growth rates and feed efficiency compared to 
those fed traditional long stem hay/ grain rations. Twelve draft cross 
weanlings (6 colts and 6 fillies, initially 5 months old) were fed either 
TMR cubes (Next Generation©, IdleAcres, Cokato, MN) free choice 
(TMR, n=6) or hay/concentrate based Nutrena® (Minnetonka, MN) 
Safe Choice® (SCH, n=6) to provide 50% of the calories recommended 
for moderate growth with free choice grass/alfalfa hay (see Table 2 
for analyses). This time the TMR ration contained no added grain. 
Wheat bran (<5%) was added to increase phosphorus content 
to recommended concentrations and a trace mineral/vitamins 
supplement was also included to ensure intakes that met or exceeded 
the recommendations for growth. All weanlings maintained good 
general health. No significant DOD was observed in either treatment 
group. Though the SCH horses started out 2 cm taller than the TMR 
group (SCH: 137±1.2 cm, TMR: 135±1.3, P>0.05) and 14 kg heavier 
(SHC: 293±7 kg, TMR: 279±8 kg), there were no differences (P>0.1) 
between treatment groups with respect to average daily gain, weekly 
height increase, or feed efficiency despite lower (P<0.05) daily feed 
intakes by the TMR horses (Table 3). The TMR fed horses actually 
consumed only 85.5% of the calories recommended for growth relative 
to the 100% intake of the SCH horses.



In 2009-2010 further trials were conducted using grain-free TMR 
rations. In 2009-2010 growth rates of 4 yearling mustangs were 
compared to yearling and weanling draft crosses. The grain-free 
forage based cubes formula was again used and the TMR was fed 
free choice. The growth results for the draft crosses were identical 
to previous years, with the horses voluntarily consuming ~85% of 
the predicted necessary caloric intake yet sustaining higher growth 
rates than predicted by NRC (2007) for horses maturing at 650-750 kg. 
The mustangs consumed 100% of the recommended caloric intake 
for horses maturing at 450 kg and had the predicted rates of growth. 



Again, the horses maintained excellent body condition and there were 
no adverse effects (i.e. colic, diarrhea, woodchewing, etc.).

The daily cost, based on the commercial price (2009) of the respective 
feeds (hay: $ 0.41/kg; grain: 0.70/kg, TMR: $ 0.66/kg), was calculated 
based on actual intakes. It cost an average of $ 4.26/day for the TMR 
ration versus $ 4.18/day for the SCH. The SCH horses also wasted 0.8 
to 1 kg of hay per day, incurring an average loss of about $ 0.30/day 
in wasted hay that should be added to the daily cost. There was no 
waste with the cubes. The cost differential between the two rations 
is further reduced if labor costs are taken into consideration. It was 
the subjective observation that it took less time to feed the cubes than 
the hay/grain rations and the bags of cubes were easier to store and 
handle than the long stem hay bales.

Feeding TMR cubes formulated for growth with or without added 
grain concentrate free choice is an efficient, economic alternative to 
traditional hay/high NSC concentrate rations under the conditions of 
these trials. This type of ration may be especially appropriate for young 
horses that are predisposed to DOD. Anecdotal reports of use of TMR 
rations formulated for adult horses have been equally encouraging. 
With soaring prices for hay and, increasingly, grain in many regions of 
the world, the use of bagged TMR rations that can easily be transported 
and stored worldwide may be the most economic and practical answer 
for horse owners.
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Master CALM’ horse feed reduced intensity of behavioural responses 
to startle and novelty reactions. Moreover, feeding horses with Master 
CALM’ influenced heart rate parameters. The lower maximal heart 
rates and weaker increase percentages indicated a reduction of 
stress level. Horses were less excited and quickly calmed down after 
exposure to fearful situations.

The environment of horses used for sport and leisure has changed 
from natural. Specific living conditions of the horse like stable 
containment involve movement restrictions and change their social 
relationships. Work subjection, transport, and competition go against 
the natural horse lifestyle. All these factors are stress sources for the 
horse and may have effects on his behaviour, induce uncontrolled 
reactions (shying, bolting…), and develop chronic stress in anxious 
horses (Forkman et al., 2007). Fear reactions seem to be more violent 
in nervous horses and cause physical injuries to himself and his user. 
These behavioural problems can also affect animal performance and 
spoil health (Hausberger et al., 2008, 2009). Previous studies have 
shown that diet could be a way to influence horse behaviour. The intake 
of large amounts of starch and sugars has been suggested to cause 
excitable behaviour (Redondo et al., 2009) whereas dietary fats could 
improve reactivity of horses (Holland et al., 1996) with comparable 
intake of digestible energy (McKenzie et al., 2003). In this context, 
we have developed a new complementary horse feed (Master CALM’) 
which aims at calming nervous horses. The objective of this study was 
to assess the effect of Master CALM’ on behaviour of nervous horses.

 , 
DOI 10.3920/978-90-8686-740-0_13, © Wageningen Academic Publishers 2011 
A. Lindner (ed.), Applied equine nutrition and training

mailto:barbier.martha%40wanadoo.fr?subject=
mailto:barbier.martha%40wanadoo.fr?subject=
mailto:s.benoit%40lambey.fr?subject=


17 jumping horses from 11 French stables were selected for this study 
because they were considered as difficult to handle or to ride by stable 
manager, instructor, coach or their owner in comparison to others 
in the same stable. They were kept in 12 m2 boxes. These horses 
performed as jumpers or event horses and maintained consistent 
work levels of 6-7 h/week throughout the study period.

Horses were randomly allocated to 1 of the 2 diets that were tested 
in a parallel experimental design. They were fed with meadow hay 
complemented with concentrate in 2 or 3 meals depending on the 
stable (Table 1). The control diet consisted of the usual pelleted 
or flaked concentrate feed of the horses. The test diet consisted of 
Master CALM’ (Lambey SA, Torpes, France). The 2 types of horse 
feed contained similar crude protein and carbohydrate contents, but 
differed in the fat and starch balance: control concentrate had on 
average 4.6% fat – 33.8% starch and Master CALM’ 9.5% fat – 15% 
starch. Master CALM’ horse feed is enriched with vitamins B1, B2, 
C, E, magnesium and tryptophan. The amount of Master CALM’ was 
calculated to be iso-energetic to the usual concentrate they received 
before. Water was available ad libitum in the box. Horses were fed with 
their diet for 6 weeks before the behavioural tests were performed.

Our study focused on fear reactions which are defined as the horse 
capacity to react to the perception of potentially threatening reactions 
(Boissy, 1995; Forkman et al., 2007). Three behavioural tests were 
established to characterize fear reactions when horses were faced to 
novelty, suddenness or both. These tests were designed to measure 
fearfulness level of individuals and were always applied in the same 
order for all horses. The tests were standardized (sequence, duration, 
equipment, and operator) and they took place in the horse’s box. Each 
test was performed only once in order to avoid habituation (Jones, 
1988). The moment to perform the tests during the day was randomly 



chosen for each horse in each group. Horses were quietly manipulated 
in their own boxes by the same person in each stable.

Firstly, the horse’s propensity to exhibit fear reactions when faced with 
novelty was tested using the tarpaulin test (Wolff et al. 1997; Nicol et 
al., 2005). A bucket with food was put in a corner of a tarpaulin (1.90 
× 1.60 m) spread out in a corner of the stall. Horse was compelled to 
walk on the tarpaulin in order to eat.

Then, the umbrella test was used to characterize horse’s propensity 
to exhibit fear reactions when faced with suddenness (Holland et al., 
1996; Lansade, 2005). A colourful umbrella was abruptly opened 1 
meter from horse’s head.



Finally, the ‘duck test’ was used to characterize horse’s propensity to 
exhibit fear reactions faced with novelty and suddenness (Wolff et al., 
1997). Concentrate food on a wooden tray was placed in a corner of 
the stall. The horse was left on its own in the stall for 3 min eating on 
the tray. Then, a plastic motorized duck was put on the tray. It began 
to turn and make noise for 20 s.

Behavioural observations were conducted using 2 observers with 
previous training of collecting behavioural data from horses. These 
observers were not blind to treatment. Horse behaviours were observed 
for 5 min and recorded on a cassette recorder by a cameraman for 
later analyses.

Horse posture reflects emotional status: eyes’ expression and ears’ 
position are signals used by the horse to express fear. Indeed, when 
a horse turns both ears forward and their eyes roll to the point that 
the white of the eye is visible, it indicates alertness (Trezzani, 2004). 
During the tarpaulin and the duck tests, vigilance posture occurrence 
for each horse was noted thanks to the observation of these 2 facial 
expressions.

Furthermore, the number of breaths was recorded during 5 min after 
stimulus. Breaths are emitted in case of danger (Trezzani, 2004) and 
are positively correlated with an alertness posture in horses (Lansade, 
2005).

During the umbrella test, a reactivity score (Table 2) was assigned to 
the horse when opening the umbrella (Holland et al., 1996). These 
scores allowed the evaluation of horse reactivity degree at the moment 
of the stimulus.

Fear-related reactions are characterized by physiological reactions 
preparing the animal to deal with the danger. When a stimulus occurs, 
an adrenaline release induces a heart rate increase. That is why 
heart rate was recorded by a heart rate monitor (Polar 625x, Polar 
Electro Europe BV, Fleurier, Switzerland) during the 3 tests (Mc Cann 



et al., 1988a; Mc Cann et al., 1988b; Harper, 1997; Strand et al., 2002; 
Mckenzie et al., 2003; Nicol et al., 2005; Redondo et al., 2009). Heart 
rate was recorded every 5 s from 3 min before to 5 min after stimulus. 
Data was processed with a Polar software package. Basal heart rate, 
maximum heart rate and time of return to basal heart rate have been 
recorded. Percentage of heart rate increase was calculated using basal 
heart rate and maximum heart rate data.

Regarding quantitative variables (heart rate, number of breaths), a 
comparison test of means between the 2 groups was chosen. It was 
made with Kruskal Wallis test, a nonparametric test (Excel, Microsoft). 
For qualitative data (alertness posture), a comparison between the 2 
groups was performed using the Chi2 Test with Excel software. The 
level of statistical significance was pre-set at P<0.05.

During the tarpaulin and duck tests, horses fed with the control diet 
gave out more breaths for 5 min than with the test diet (Table 3). 
During the tarpaulin test, 8/9 horses were in alert in the control 
group against only 1/8 in the test group (Table 3). For the duck test, 
no significant difference on alertness was observed among the horses 
consuming the different diets (Table 3).





In response to the umbrella opening, horses appeared less reactive 
when consuming the test diet than consuming the control diet. Horses 
fed with the control diet jumped and tried to flee. They obtained on 
average a reactivity score of 4 out of 5 (Table 3). When fed with the test 
diet, horses only jumped without trying to escape and got on average 
a score of 3 which was significantly lower than for the control group 
(Table 3).

In response to the umbrella, maximal heart rate was significantly 
lower in horses receiving the test diet than those receiving the control 
diet (Table 3). No significant difference was detected on maximum 
heart rate during the duck and tarpaulin tests.

A smaller percentage of heart rate increase was recorded in horses 
fed the test diet compared to those fed the control diet when they 
were excited by the tarpaulin and the umbrella (Table 3). Results were 
not significantly different between the 2 groups during the duck test. 
Finally, horses fed the test diet took a shorter time to return to their 
basal heart rate than horses fed the control diet during the umbrella 
test but no difference was observed during the tarpaulin test (Table 3).

The main difficulty encountered in this type of studies is the great 
variability among individuals as noticed by the standard deviations 
calculated. Indeed, besides diet composition, other factors like 
environment (type of housing, management…), genetic, sex and 
age could have had effects on the behaviour of the horses (Roche, 
2008). The results confirm and extend those of earlier studies that 
investigated the influence of diet on horse behaviour. Diet composition 
can alter behavioural and physiological parameters related to stress 
and fearfulness reactions in horses (Holland et al., 1996; McKenzie et 
al., 2003; Redondo et al., 2009).

In this study, the Master CALM’ horse feed seems to have reduced 
intensity of behavioural responses to startle and novelty reactions. 
Horses showed weaker reactions when faced to novelty and suddenness 
and their alertness and reactivity levels were lower. Moreover, feeding 



horses with Master CALM’ influenced heart rate parameters. The 
lower maximal heart rates and weaker increase percentages indicated 
a reduction of stress level. Horses were less excited and calmed down 
quicker after exposure to fearfulness situation.
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Supérieur des Sciences Agronomiques de l’Alimentation et de 
l’Environnement (AGROSUP Dijon, France)

Boissy A (1995) Fear and fearfulness in determining behaviour. The Quarterly 

Review of Biology 70:165-191.

Forkman B, Boissy A, Meunier-Salaün MC, Canali E, Jones RB (2007) A critical 

review of fear tests used on cattle, pigs, sheep, poultry and horses. Physiology 

and Behavior 92:340-374.

Harper F (1997) Tryptophan for horses. J Eq Vet Sci 17: 357.

Hausberger M, Roche H, Henry S, Visser EK (2008) Synthèse sur la relation homme-

cheval. Applied Animal Behaviour Science 109:1-24.

Hausberger M, Gautier E, Biquand V, Lunel C, Jégo P (2009) Could Work Be a Source 

of Behavioural Disorders? A Study in Horse. PLoS ONE 4:e7625.

Holland JL, Kronfeld DS, Meacham TN (1996) Behavior of horses is affected by soy 

lecithin and corn oil in the diet. J Anim Sci 74:1252-1255.

Jones RB (1988) Repeatability of fear ranks amoung adult laying hens. Appl Anim 

Behaviour Sci 19:297-304.

Lansade L (2005) Le tempérament du cheval. Etude théorique. Application à la 

sélection des chevaux destinés à l’équitation. Thèse de Doctorat Vétérinaire, 

Tours, Université de François Rabelais, 298 p.

Mc Cann JS, Heird JC, Bell RW, Lutherer LO (1988a) Normal and more highly 

reactive horses. I. Heart rate, respiration rate and behavioral observations. Appl 

Anim Behaviour 19:201-214.

Mc Cann JS, Heird JC, Bell RW, Lutherer LO (1988b) Normal and more highly 

reactive horses. II. The effects of handling and reserpine on the cardiac response 

to stimuli. Appl Anim Behaviour 19:215-226.

McKenzie EM, Valberg SJ, Godden SM, Pagan JD, MacLeay JM, Geor RJ, Carlson 

GP (2003) Effect of dietary starch, fat, and bicarbonate content on exercise 

responses and serum creatine kinase activity in equine recurrent exertional 

rhabdomyolysis. J Vet Internal Med 17:683-701.



Nicol CJ, Badnell-Waters AJ, Bice R, Kelland A, Wilson AD, Harris PA (2005) The 

effects of diet and weaning method on the behaviour of young horses. Appl 

Anim Behaviour Sci 95:205-221.

Redondo AJ, Carranza J, Trigo P (2009) Fat diet reduces stress and intensity of startle 

reaction in horses. Appl Anim Behaviour Sci 118:69-75.

Roche H (2008) Comportements et postures que devez-vous savoir observer. Belin, 

125 p. (Connaissance du cheval) ISBN-2701141265.

Trezzani B (2004) Les phobies chez le cheval: élaboration d’un questionnaire 

d’enquête et présentation de cinq cas cliniques. Thèse de Doctorat Vétérinaire. 

Nantes, Université de Nantes, 210p.

Strand SC, Tiefenbacher S, Haskell M, Hosmer T, McDonnel SM, Freeman DA (2002) 

Appl Anim Behaviour Sci 78:145-157.

Wolff A (1997) Experimental tests to assess emotionality in horses. Behavioural 

Processes 40:209-221.



C. Brøkner1, D. Austbø2, J.A. Næsset2, K.E. Bach Knudsen3 and A.H. Tauson1,2

1University of Copenhagen, Faculty of Life Sciences, Department of Basic 
Animal and Veterinary Sciences, Grønnegaardsvej 3, 1870 Frederiksberg C, 
Denmark; stinne@life.ku.dk
2Department of Animal and Aquacultural Sciences, Norwegian University 
of Life Sciences, Box 5003, 1432 Ås, Norway
3Aarhus University, Faculty of Science and Technology, Department of 
Animal Health and Bioscience, Research Centre Foulum, Blichers Allé 20, 
830 Tjele, Denmark

The take home message is that whole barley should be avoided in 
order not to lower caecal pH; although these results do not indicate an 
effect of low pH on fibre digestibility.

Feeding 2 g barley starch per kg body weight (BW) in one meal has 
been shown to lower the caecal pH from around 7 to 6.1 (Austbø, 
2005). Several studies have shown that replacing roughages with 
barley starch has resulted in decreased fibre digestibility (Julliand et 
al., 2001, Drogoul et al., 2001), supposedly due to decreased hindgut 
pH and switch in substrate from fibre to starch. This experiment 
aimed at quantifying the effect of caecal pH on fibre digestibility. It 
was hypothesised that decreased caecal pH would lower apparent 
fibre digestibility.
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A Latin Square design with four dietary treatments, four periods 
and four horses was used to quantify the effect of caecal pH on fibre 
digestibility. Within each experimental period, a sequence of 17 days 
adaptation to the feed was followed by 2 consecutive sampling periods 
of each 4 days. The daily feed rations were divided into three meals and 
fed in the morning before sampling (at 6 am) and after end sampling 
in the afternoon (at 3.30 pm) and before the night (at 10 pm).

Four Norwegian Cold-blooded Trotter geldings (age 5-16 years) with 
an average BW of 544 kg and a mean body condition score of 6 on a 
scale from 1 to 9 were used. The horses were fitted with a permanent 
ceacal cannula close to the ileo-caecal junction. The horses were 
housed under the same conditions in individual 3 × 3 m stalls on 
wood shavings during the whole experimental period. The horses 
were exercised daily on a high-speed treadmill. The protocol consisted 
of a 10 min warm-up at 1.5-3.4 m/sec and 3% elevation followed by 
8 min at 3.8 m/sec, 5 min at 4.2 m/sec and 3 min at 4.2 m/sec. A 1.5 
min walk (1.8 m/sec) separated each sprint.

The daily amount of each feed type of the four experimental diets is 
seen in Table 1. The morning meal consisted of – in kg DM – 3.8 kg 
timothy hay (H), which served as control, 2.6 kg whole oats and 280 g 
sugar beet pulp coated with molasses (Betfor®) soaked in 1 L water + 
1.6 kg timothy hay (OB), 1.9 kg whole barley and 280 g (dry weight) 
Betfor®, soaked in 1 L water + 1.6 kg timothy hay (BB), and 1.4 kg 
EquiGard® (a loose chaff based concentrate composed of: 24% hay, 
22% apple pulp, 22% sugar beet pulp, 4.7% linseed; for more details 
http://en.hippolyt.com/Hauptfutter/Equigard.htm) + 1.6 kg timothy 
hay (M). The concentrate meals were fed at Time 1 and timothy hay 
2 ½ h later. The remaining feed was divided into two meals and fed 
after sampling ended in the afternoon and before the night. The daily 

http://en.hippolyt.com/Hauptfutter/Equigard.htm


ration fulfilled Danish feeding standards for horses at medium (1.5 × 
maintenance) work level.

A pH electrode, attached to a logger, was inserted to the caecum 
through the cannula and pH was recorded at 1 min intervals for 9 hours 
starting before the morning meal at 6:00 h. The horses were fitted with 
a harness for total collection of faeces. Faeces were collected for 4 
days, pooled and mixed thoroughly before a representative sample 
was stored at -20 °C before analysis. Feeds were analysed for neutral 
detergent fibre (NDF), non-starch polysaccharides (NSP), soluble 
non-cellulosic polysaccharides (S-NCP) and insoluble non-cellulosic 
polysaccharides (I-NCP) and faeces were analysed for NSP, S-NCP and 
I-NCP as described by Brøkner et al. (2010a).

The pH recordings from each measurements series (horse*diet) were 
averaged over 1 hour intervals. A polynomial shape for the pH profiles 
was evaluated by analysis of variance using the MIXED procedure in 
SAS version 9.2 with horse as random effect. The final model used was:



Yijk=μ + (dieti) + (dieti * timej) + (dieti * timej
2) + (horsek) + 

(residual errorijk)

where i = 1 - 4; j = 1 – 9; k= 1 - 4. The fibre digestibility was statistically 
evaluated by analysis of variance using the PROC GLM procedure in 
SAS version 9.2 with feed and period as fixed effects and horse as 
random effect in the model. The model used was:

yij(digestibility) = μ + (feedi) + (periodj) + (residuals)ij

where; i = 1 - 4; j = 1 - 4. A P-value less than 0.05 was considered 
significant.

The lowest pH was 6.62 for H, 6.56 for OB, 6.47 for BB and 6.64 for 
M and was recorded 5 hours postprandially after which, caecal pH 
began to rise (Figure 1). Whole barley fed in combination with Betfor® 
lowered the caecal pH significantly (P<0.001) more than H, OB and M 
diets (Figure 1). The OB diet lowered the caecal pH more as compared 
to H and M diets; however, the three diets did not differ significantly. 
There was an overall dietary effect (P<0.001) on lowering caecal 
pH; however, there was no correlation between low pH and fibre 
digestibility. One explanation is that the caecal pH did not remain low 
long enough to influence fibre digestibility. Furthermore, the fall in 
pH did not reach the expected low level of 6.1 as previously reported 
by Austbø (2005) after feeding barley to horses. A likely reason is, as 
discussed by Brøkner et al. (2010b), that beet pulp fed in combination 
with whole unprocessed barley prevented a fall in caecal pH. The 
effect of more feed ingredients in preventing a fall in caecal pH is 
supported by the results of the M diet, where caecal pH remained 
around 6.65 throughout the whole sampling period.

There was a strong dietary effect (P<0.01) on apparent digestibility 
(AD) of S-NCP, which ranged from 82 to 86% in BB, OB and M compared 
to 41% in H (Table 2). The difference is most likely explained by the 
high content of easily accessible uronic acid in beet and apple pulps. 
In general the AD of organic matter (OM), S-NCP and cellulose was 
lowest for the H diet, which can be explained by the lower content of 
soluble fibre and high lignin content in hay (Brøkner et al., 2010a). AD 



of cellulose ranged between 55 to 59%. Cellulose is primarily associated 
with forages, which explains the lack of dietary effect (P=0.32), as 
all horses were fed the same type of hay. The NDF digestibility was 
significantly (P=0.05) affected by diet and was highest for M and H 
(56%) as compared to OB (52%) and BB (54%). This is supposedly 
explained by the higher content of indigestible arabinoxylans in the 
aleuron and husk layers of the two cereals (Bach Knudsen, 2001). The 
AD of NSP ranged from 55% in H up to 62% in M; however, diets 
only tended to affect fibre digestibility. NSP includes the indigestible 
NCP fraction and the lack of dietary effect is most likely explained by 
the lignin content in hay and indigestible fibre fractions in cereals. 
The digestibility of I-NCP was lowest for OB and BB (5%) but did not 
differ significantly between diets (P=0.34). As expected, OM had the 
highest digestibility (ranged between 60 and 65%) as this part besides 
carbohydrates also includes fat and protein. As expected the NDF 
fraction was less digestible than NSP, which supposedly is caused by 
the method of analysis; lignin is included in the NDF analysis and not 
in the NSP analysis (Table 2). Additionally, most S-NCP is lost in the 
NDF procedure.



The lowest caecal pH was recorded 5 hours postprandial and was 
significantly lowest in the Barley/Betfor® diet compared to the 
three other experimental diets. Unexpectedly, the apparent fibre 
digestibility was unaffected by the low caecal pH. The take home 
message is that whole barley should be avoided in order not to lower 
caecal pH; although these results do not indicate an effect of low pH 
on fibre digestibility.

The authors would like to acknowledge Nordic Sugar A/S, St. Hippolyt 
Denmark A/S and the Danish Directorate for Development for 
financial support.
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In healthy Standardbreds, a 5 week period of training is associated 
with a decreased glucose response to an oat challenge test, even after 
6 days of inactivity. This suggests a more permanent increase in 
insulin sensitivity.

In man, physical activity has a beneficial effect on insulin sensitivity 
(IS) (Henriksson, 1995). There is, however, a distinction between the 
acute effects of exercise and genuine training effects (Borghouts and 
Keizer, 2000). Up to two hours after exercise, glucose uptake is in part 
elevated due to insulin independent mechanisms and a single bout 
of exercise can increase insulin sensitivity for at least 16 hours post-
exercise. Physical training potentiates the effect of exercise on insulin 
sensitivity through multiple adaptations in glucose transport and 
metabolism (Borghouts and Keizer, 2000).

In horses, some recent studies have examined the relationship between 
physical activity and IS (Pratt et al., 2006; De Graaf-Roelfsema et al., 
2006; Stewart-Hunt et al., 2006; 2010). Whilst there may be evidence 
that exercise leads to an increase in IS, the results concerning the 
effects of a long-term training period appear to be variable. Two 
studies for example (Pratt et al., 2006; De Graaf-Roelfsema et al., 2006) 
concluded that 7 and 18 weeks of training respectively did not result 
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in a change in glucose metabolism or IS when evaluated 3 days after 
the last bout of exercise. However, Stewart-Hunt et al. (2010) observed 
an improvement of IS after 7 week physical training in Standardbreds, 
which persisted after 3 days of inactivity.

The aim of this study was to determine the effects of a 5 week training 
period, and a subsequent period of inactivity (6 days) on the glycemic 
and insulinemic response in previously inactive Standardbred horses. 
Because our horses were in a training center, we selected a technique 
to evaluate the glucose and insulin response which is comparatively 
easy to undertake in practice: the oral Oat Challenge Test (OCT) 
(as compared with the euglycaemic-hyperinsulinemic clamp or the 
frequently sampled intravenous glucose tolerance test).

Eight untrained Standardbred geldings aged 4.9±1.5 years, with a 
body weight (BW) of 496±32 kg, and a body condition score (BCS) of 
3.3±0.2 (on a scale of 0 to 5 according to the method of INRA-HN-IE, 
1997) were used. All horses had not undergone forced exercise for 
one year prior to the study, having being maintained out in paddocks 
over this time period. During the study, horses were housed in 4 × 
3.5 m free stalls, on artificial bedding. They were put into paddocks 
for several hours a day for free exercise. They were fed hay and a 
pelleted concentrate (SPILLERS performance cubes) (Table 1). Hay 
was provided in 2 equal meals at 10:00 and 16:00 h, concentrate in 
3 equal meals, at 8:00, 12:00 and 17:30 h. Salt blocks and water were 
available ad libitum. For 7 days before the evaluations were carried 
out, horses were fed exactly 2.1% BW DM in a ratio of 54:46 (H:C). For 
the remainder of the study, they were fed at 2-2.3% BW DM in a ratio 
of 55:45 (H:C). Horses were weighed and their BCS recorded weekly 
throughout the study.

After 3 weeks of dietary adaptation and before the start of training (P1), 
an oat challenge test (OCT1) was undertaken in all horses. Then, 6 
horses were chosen by the trainer to go into training (T) and the other 
2 remained as non-exercising controls (C). The 2 C horses (4 years 
old; 485 and 526 kg; BCS 3.3 and 3) remained in the paddock. The T 
horses (5.2±1.6 years old; 492±35 kg; BCS 3.3±0.4) were driven 2 
times a week on a 1150 m sandy track, according to a training program 



consisting of both continuous exercise (CE) and interval running (IT), 
which increased in intensity over the 5 week study period (Table 2). 
After 5 weeks, the OCT (OCT2) was then repeated on all 8 horses. OCT2 
was performed after a 6 days period of inactivity (stall resting only).

OCTs were performed with four horses being evaluated each day. Feed 
was withheld 12 hours prior to the beginning of the test. A series of 
blood samples was then collected via a venous jugular catheter at -30, 
-5, 10, 30, 50, 60, 90, 120, 150, 180, 210, 240, 300 and 360 min after a 
1.5 kg as fed meal of rolled oats (87.2% DM; 28.2% starch – same batch 
used for each evaluation) given at time 0. Blood samples were collected 



into fluoride oxalate tubes for glucose analysis and plain tubes for 
insulin. Intake time was recorded and any residual oats were removed 
after 30 min. Blood samples were immediately centrifuged at 1,600×g 
for 10 min, and plasma (glucose) or serum (insulin) was removed and 
stored at -20 °C until analysis. Plasma glucose concentrations were 
determined by the glucose oxidase method using a RX Imola chemical 
autoanalyzer (kit GLUC-PAP). Serum insulin was determined by a 
solid phase, enzyme-labeled chemiluminescent assay (Immulite 
Insulin Assay).

The magnitude of each glucose and insulin response was calculated 
as the incremental area under the curve (AUCGLU and AUCINS, 
respectively) by graphical approximation from summed trapezoids. 
Mean ± SD values for oats intake, glucose and insulin baseline 
concentration, peak concentration, time to peak concentration and 
AUC were calculated for the trained horses as well as for the 2 additional 
control horses. A linear mixed model was used to evaluate the effect 
of group (T vs C) on the glucose and insulin responses from the OCTs 
using the equation P2 = P1 + Group + sampling time to control for 
repeated measures. Using the trained horses as their own control, this 
analysis was repeated using the equation P2 = P1 + sampling time.

Horses BW and BCS remained constant throughout the study. At 
OCT1, 5 of the 8 horses did not eat the entire oat meal within the 
30 min allocated time. For these horses, the amount of oats offered 
was then adjusted for OCT2, to be the same as consumed at OCT1. 
However, one of the trained horses (horse B) did not consume all the 
amended oat meal at OCT2 and the data were therefore evaluated 
with and without his results. For the T group, oats intake was 1.1±0.4 
kg as fed for OCT1 and OCT2, respectively. For Control Horse 1, oats 
intake was 1.5 kg as fed for OCT1 and OCT2. For Control Horse 2, oats 
intake was 1.0 and 0.6 kg as fed at OCT1 and OCT2 respectively. The 
average starch intake was 0.5-0.6 g DM/kg BW.

Basal glucose and insulin concentrations were within the normal 
physiological range (Table 3). The glucose and insulin responses 
(peak concentrations, AUC and time to peak) were in accordance with 
reported data obtained for a similar starch intake (Vervuert et al., 2009).



A training effect was observed on the glycemic response (Figure 1) 
but not on the insulin response, as shown by the significantly lower 
AUCGLU and peak glucose observed after 5 weeks of training in the T 
group but not in the C group (Table 3). The same results were seen 
whether horse B was included or excluded in the analysis. The effect 
on the glucose response was observed after a 6 day period of inactivity, 
which is in accordance with previous data obtained following 3 and 5 
days of inactivity in trained Standardbreds (Stewart-Hunt et al., 2006; 
2010). This suggests an effect of physical training on IS. However, this 
decreased glucose response in comparison to normal could be related 
to alterations in other parameters such as individual starch digestion 
and glucose absorption. Large individual variations were observed for 



AUCGLU, AUCINS and insulin peak. This has already been reported 
by Hoffman et al. (2003) who calculated 88% individual variation 
in the glycemic response after an OCT. Nevertheless, the variation 
in glycemic and insulinemic response to a particular feed may be 
more related to individual variation in systemic regulation of glucose 
and insulin, than to individual variation in digestion and absorption 
(Staniar et al., 2009). This needs further investigation.
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The equine K4b2 system is well tolerated by horses and allows O2 
and CO2 measurements in field conditions up to maximal workload. 
The relationship between maximal oxygen consumption (VO2max) and 
maximal aerobic speed (MAS) still needs to be established.

As in human athletes (Levine, 2005), measurement of oxygen 
consumption (VO2) in field conditions might be an appropriate way 
to approach energy expenditure (EE) in horses. Measurement of VO2 
during exercise is an accurate indicator of exercise intensity and could 
help to categorize the requirements of horses competing in different 
disciplines. In addition, VO2max, i.e. the upper limit of the oxygen 
uptake, corresponds to the maximal aerobic capacity of the horses. To 
date, VO2 and VO2max measurements in exercising horses have been 
mostly done during treadmill tests (Evans, 2007) due to the lack of 
validated portable devices.

The equine K4b2 is a portable system which allows continuous 
measurements of VO2, CO2 production (VCO2), and heart rate (HR) 
in field conditions. This device has been tested successfully in saddle 
horses (Votion et al., 2006) and endurance horses (Cottin et al., 
2010), but has shown some limits when used in driven Standardbred 
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trotters (van Erck et al., 2007). The first limitation is associated with 
the difficulty of driving horses with a hackamore, particularly at 
high speeds. The facemask has indeed been adapted to a hackamore 
bridle to allow control of the horse whilst ensuring air tightness. The 
second limitation is related to the difficulty of reaching VO2max during 
field exercise tests. van Erck et al. (2007) suggested that the type of 
incremental exercise test applied in their study was inadequate to 
reach VO2max. Indeed, the horses were allowed to recover at a slow 
trot for 2 min between each step. The authors also questioned the 
capacity of the system to measure accurately VO2 at maximal levels of 
exercise. A continuous incremental exercise test might be a solution 
and the determination of the MAS (Maximal Aerobic Speed) could be 
an alternative parameter to predict VO2max. The MAS is the velocity 
corresponding to the achievement of VO2max. Commonly used in 
human activities (Billat and Koralsztein, 1996), MAS could quantify 
the exercise load during a training period, for example by expressing 
running speed as a percentage of the MAS.

The aims of this preliminary study were: (1) to assess the feasibility 
of VO2 measurements using the equine K4b2 and Equimask in driven 
Standardbred trotters in field conditions; (2) to evaluate a new exercise 
test protocol to reach VO2max and MAS.

Six driven Standarbred geldings (from 4 to 7 years old, 495±47 kg) 
underwent a regular trotting training program based on interspersing 
long and short intermittent workouts on an 1,150 m sandy track.

After three weeks of adaptation to the Equimask, horses were submitted 
to a track exercise test (TET). The TET was a continuous incremental 
exercise test consisting in consecutive 3 minutes steps at increasing 
speeds, up to exhaustion: the initial velocity was 4.2 m/s, and the 
increment was 1.4 m/s between steps. The speed was controlled by 
the driver with a GPS logger (Geonaute Keymaze 300). The TET was 
performed with the horses harnessed to a sulky, equipped by the K4b2 
system (Cosmed) and HR Polar (Equine Polar RS 800 CX G3). The 
hackamore bridle was replaced by a bit. Before each test, the O2 and 
CO2 analyzers were calibrated and a pre-test was done to establish a 
delay calibration between airflow and gas signals. During each TET, 



velocity (v), HR, VO2 and VCO2 were recorded. A blood sample was 
taken from the jugular vein before and within 3 minutes after the end 
of the last step for blood lactate concentration determination.

The captured data were downloaded to a PC using the K4b2 management 
data software. VO2, VCO2 and HR data were filtered and averaged on 
5 seconds, and transferred on Excel files to calculate RER (Respiratory 
Exchange Ratio) and VCO2 (l/min)/VO2 (l/min). Results of the breath-
by-breath data were averaged over the 30 s during a steady-state period 
at the end of each step. Mean ± SD were calculated for each variable 
(VO2, VCO2, HR and RER) at each step.

All horses tolerated well the Equimask and completed the TET. The 
use of a bit instead of a hackamore bridle allowed a good control of 
the horses speed without interfering with the mask airtightness. To 
improve the security of the system, the K4b2 analyzer was fixed on 
the sulky instead of to a strap fastened around the horse’s thorax, 
as done by van Erk et al. (2007). Nevertheless, we faced another 
technical problem related to excessive head movements of horses. In 
particular, one horse knocked the Equimask on the ground which, 
by damaging the turbines, probably explains the incomplete VO2 and 
VCO2 recordings obtained for four horses. The use of a headcheck 
seems to be essential to limit excessive head movements and to ensure 
a maximal security of the Equimask.

HR and VO2 values recorded at each step were consistent with previous 
data obtained from field exercise tests in Saddle horses (Hanak et al., 
2001; Votion et al., 2006) and endurance horses (Cottin et al., 2010) 
using portable devices (Table 1). The VCO2 values observed in our 
study were not markedly underestimated, contrary to those reported 
by Votion et al. (2006) and van Erck et al. (2007). As a consequence, we 
found RER greater than 1 (Table 1), whereas the calculated RER was 
inferior to 1 at all levels of exercise in previous studies.

HRpeakvalues were close to those obtained by van Erck et al. (2007) 
(Table 2). A plateau of HR was observed during the last step for all 
horses, suggesting that HRmax was reached. Except for horse 2, the 
blood lactate concentrations were particularly higher than those 





described by van Erck et al. (2007): 20.4±3.7 vs 7.3±3.0 respectively. 
The velocity reached at the last completed step was 8.3 m/s for Horse 
2 and 11.1 for all other horses, which is consistent with van Erck et 
al. (2007). Regarding the VO2 values of horse 1, a steady state was 
achieved at the end of the TET, indicating that this particular horse had 
reached VO2max (Figure 1). The HR plateaus, the high concentrations 
of blood lactate and the fact that horses could not maintain higher 
speed suggest that the TET allowed them to reach maximal workload 
and probably MAS. However, due to the lack of VO2 and VCO2 data we 
cannot draw conclusions on VO2max.

Further investigations are needed to confirm the relationship between 
MAS and VO2max i.e to verify that when the horses reach their MAS, 
they also reach their VO2max. In the future, those measurements could 
allow quantifying the EE of driven Standardbred horses during races 
and training, particularly the relative contribution of the aerobic and 
anaerobic systems. The accurate quantification of EE could help to 
better take into account the energetic nutritional requirements of 
driven Standardbred horses.
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Horses fed on concentrate feeds which contain low starch (7%), 
show reduced reactivity compared to horses fed an isocalorific diet 
containing high levels of starch (28%).

Horses have evolved as herd-dwelling, free-ranging, trickle feeders, 
which are physiologically designed to consume high fibre, low starch 
diets. Through modern management practices, brought about as a 
consequence of domestication, many modern-day equids develop 
abhorrent behaviours that may be linked to inappropriate management 
regimes. It has been suggested that traditional feeding practices 
centred around the provision of relatively low fibre, high starch diets 
may be implicated in the development of such undesirable behaviours 
(Hothersall and Nicol, 2009). Diets high in starch have been shown 
to elicit an increased glycaemic response (Williams et al., 2001), and 
indeed may, in turn, influence behaviour and reactivity (Ralston, 
2007; Zeyner et al., 2004; Holland et al., 1996). The aim of this study is 
to consider the reactivity of horses fed either a high fibre, low starch 
concentrate diet, compared to a high starch, low fibre concentrate diet.
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Eight (n=8) mature horses of varying breeds were used in the current 
study. The treatment animals consisted of five geldings and 3 mares 
and ranged in age between 6 and 14 years (average age 9.6 yrs). All 
horses were assessed to have a moderate body condition score and 
weights ranged from 287 kg to 805 kg (mean 441 kg). All horses were 
in light work and were kept on the same yard, housed in standard 3.65 
× 3.65 m stables. Each horse was ridden for 40 minutes 5 times per 
week, achieving an average heart rate of 82 bpm. In addition to their 
ridden work, each horse was turned out in dirt paddocks for five hours 
each day.

Horses were randomly assigned to two treatment groups: treatment 
S (high starch feed; source was barley, maize and peas) or treatment 
F (high fibre feed; source was sugar beet, grass, straw, oat fibre). 
Both treatment diets were isocalorific and contained 9 MJ DE/kg. 
Treatment S contained 28% starch and 14% fibre and treatment F 
contained 7% starch and 24% fibre. All horses were fed according to 
weight and workload, as recommended by NRC (2007). Each horse 
received the concentrate portion of their ration in two meals at 7 am 
and 5 pm, with hay fed at 7 am, 3 pm and 5 pm.

Horses were fed each diet for a total of four weeks. At the end of 
the first treatment period, each group was transferred to the second 
treatment diet over a one week cross-over period. Basal heart rate was 
recorded during one hour/day over 5 days and then the average was 
calculated. For exercise average heart rate was measured continually 
during the 40 minutes of exercise for five days. At the end of each 
treatment period, each horse was individually led to a separate stable 
away from the other horses, thus placing them under mild social 
isolation conditions. This was a regular management practice for all 
the horse’s on the yard as this was where each horse would be taken 
for shoeing, clipping, grooming and for routine veterinary treatment. 
The animal’s behaviour was then monitored for 1 hour, with reactivity 
scores from 0 (no reaction) to 5 (extreme reaction) being taken every 2 
minutes and then averaged (Momozawa et al., 2003), Reactivity scores 
were analysed for significant differences using the Wilcoxons signed 
rank test. Heart rate was recorded at 5 s intervals using a Polar Heart 
Rate Monitor whilst each animal was observed. Average heart rates 



were calculated for each horse and these were then analysed, along 
with basal heart rates, using ANOVA.

It was found that the reactivity scores for all horses were significantly 
higher when fed treatment S, than when the horses were fed treatment 
F (P=0.002). Mean reactivity scores for each horse are presented in 
Table 1. The results indicate that experimental animals showed more 
stress-related behaviours when fed diet S, which can be seen by the 
higher mean reactivity scores.

Analysis of heart rate also found that heart rates were significantly 
(P<0.001) higher when the horses were fed S, compared to when they 
were fed F, or compared to basal rates (Figure 1).



Although few studies have been conducted to investigate the direct 
link between starch consumption and reactivity in horses, the 
current study appears to complement work that has alluded to such 
a link (Hothersall and Nicol, 2009). High starch diets are known to 
cause an increased glycaemic response, compared to diets high 
in fibre and/or fat (Treiber et al., 2005) and consequently produce 
lowered behavioural reactivity (Nicol et al., 2005; Holland et al., 
1996). Work carried out in rats subjected to microdialysis (Bequet et 
al., 2001) found that increased levels of blood glucose corresponded 
with increased serotonin production in the hippocampus. Wurtman 
et al. (2003) found that increased levels of serotonin can produce 
increased reactivity, often manifested as increased performance of 
appetitive behaviours. Wurtman et al. (2003) found that an increased 
glycaemic peak initiated a heightened insulin response, which, in 
turn, diverted tyrosine from competitive places on carrier proteins 
destined to cross the blood:brain barrier, thus increasing the uptake 
of tryptophan into the brain. Serotonergic neurons found within the 
hippocampus respond to increases in tryptophan levels, resulting 
in increased serotonin production. Although this current study did 
not measure levels of plasma tryptophan:LNAA ratio (Large Neutral 
Amino Acids), it is postulated that the increased reactivity seen when 
the experimental horses consumed the high starch diets is a result 
of an increased glycaemic response and corresponding activation of 
serotonergic brain systems.
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The findings suggest that supplementation of a calcified seaweed 
supplement (Aquacid™) increased bone turnover of yearlings as 
compared with supplementation of limestone that provided an 
equivalent amount of calcium when fed with a diet containing the 
National Research Council recommended amount of calcium.

A major issue faced by trainers of athletic horses is the prevention 
of skeletal injuries. Manipulation of diet and exercise are two 
management factors used to influence skeletal integrity. AquaCid™ 
(Marigot Ltd, Cork, Ireland) is a supplement produced from a calcified 
seaweed that is high in calcium and magnesium as well as other bone 
promoting minerals including silicon and boron. The objective of this 
study was to test whether supplementation of AquaCid™ can have a 
positive effect on the mineralization of the equine third metacarpus 
(MCIII) bone and markers of bone metabolism as compared with 
supplementation of limestone that provides an equivalent amount 
of calcium when fed with a diet containing the National Research 
Council (NRC) recommended amount of calcium.

Fourteen yearlings were ranked according to radiographic bone 
aluminum equivalence (RBAE) and gender, were pair matched, and 
randomly assigned to two treatment groups. Each group was provided 
one of two mineral supplements in addition to their normal diet. The 

 , 
DOI 10.3920/978-90-8686-740-0_18, © Wageningen Academic Publishers 2011 
A. Lindner (ed.), Applied equine nutrition and training

mailto:bdn%40msu.edu?subject=


treated group (Aq) received 75 g AquaCid™/horse/day, which provided 
an additional 15 g of calcium. The control group (Co) received 39.5 g of 
limestone to provide a similar amount of calcium. The study lasted for 
112 days, with blood being taken every 28 days. Additional radiographs 
were taken of the left third metacarpus of the 14 yearlings at day 56 
and 112 to track changes in RBAE. RBAE of each cortex was calculated 
to estimate mineral content. Blood was analyzed for osteocalcin (a 
bone formation marker) and serum C-telopeptide crosslaps of type 
I collagen (a bone resorption marker) to detect alterations in bone 
metabolism.

Using day 0 values as a covariate for bone markers, there was a trend 
(P=0.07) for osteocalcin concentrations to be greater in Aq horses 
than in Co. Likewise, C-telopeptide crosslaps of type I collagen 
concentrations were greater (P<0.0001) in Aq horses than in Co. 
There were minimal differences in RBAE values.

In conclusion, supplementing AquaCid™ to young horses in an amount 
designed to provide calcium above NRC requirements produced 
altered bone metabolism compared with that in horses supplemented 
with limestone. These findings suggest AquaCid™, while not altering 
bone mass, increases bone turnover and may aid in repairing damaged 
bone and preventing injuries.
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A high-level endurance season is a succession of regular slow work 
and more intense work followed by recovery periods to minimize 
exercise induced troubles. Diet is based on forage and presents few 
variations during the season resulting in small changes in condition 
score.

Endurance exercise is a high-demanding effort exposing horses to 
metabolic troubles and lameness. In all sports, prevention of exercise 
induced injuries is based on rational and adequate conditioning. 
However, very few information is available on endurance training 
in field conditions, most studies focusing either on responses to 
treadmill conditioning or endurance rides (Barton et al., 2003, Schott 
et al., 2006).

The purpose of the study was to get a picture of the management of 
elite endurance horses based on the follow-up of horses selected for 
the French national team for the European Championship in Assisi 
(2009) and the World Equestrian Games (WEG) in Lexington (2010).
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All horses selected as members of the French national team in 2009 
and 2010 entered the study. At the beginning of the year, 15 riders were 
selected based on their performance the year before. They were asked 
to participate in a first training (T1) in March and a 160 km ride at the 
end of May (either Compiègne or Rambouillet). Following the ‘selection 
rides’, only horses placed in the 10 first remained in the selection while 
new horses entered the selection following their good performance in 
these rides. Horses were then examined in July (Training 2-T2), in 
August (T3) and just before their departure for the championship (T4). 
Final selection depended on the fitness of horses at T4 with 5 horses in 
the team for the European Championship and WEG.

At each training and at the selection ride, horses were assessed for 
fitness using body measurements (girth, skin fold), body condition 
score (BCS; scoring system of the French National Studs on a 5 grades 
scale modified with 0.25 grades), medical and locomotor examinations. 
Information on training regimen, feeding practices, and general 
horses’ health were obtained from the riders using questionnaires. A 
field exercise test was performed at each training. It was adapted to 
the global fitness level of horses (Table 1). After the end of exercise, 
recovery was assessed using a heart-rate meter. Blood samples were 
collected with minimal restraint from a jugular vein into commercial 
evacuated tubes in the morning before morning meal while horses 
were in their box stall and 1 hour after the end of exercise.

Blood collected in EDTA coated tubes was used to assess haematology 
by flow cytometry on an ADVIA 120 Hematology System. Lithium 
heparin samples and serum tubes were centrifuged (10 min at 3000 
g) and harvested plasma/serum was transferred to plastic tubes that 
remained at 4 °C until measurement of biochemical parameters on a 
RX Imola analyser. Rest and post-exercise blood values were compared 
using a Student’s paired t test.



The daily nutritional supplies were calculated from the INRA tables 
(Martin-Rosset, 1990).

A total of 23 different riders entered national selection in 2009 and 
2010 with 33 different horses: 22 Arabians, 4 Anglo-Arabians, 4 cross-
Arabians and 3 Shagya (16 geldings, 17 mares). Mean age was 10.2±2.0 
years [8-16]. High level experience varied between 1 and 6 years, with 
qualifications varying from only 2 qualifications in CEI** (120 km) to 
9 qualifications in CEI*** (160 km).

From the 16-15 horses present at T1 (number of horses in 2009 and 
2010 respectively), 11-12 participated in the 160 km ride. After the 
ride, 8-3 horses from the initial selection were present at T2 and 3-8 
new horses entered the selection. Most horses present at T2 were 
present at T3. Reasons for withdrawal were a disappointing result at 
selection ride (32%), lameness either at training or during the ride 



(48%), injury (1 horse), colic (1 horse), sale (2 horses) and size of the 
final team (2 horses). From final selection, 2 horses finished (3rd and 
4th place) and 3 were eliminated for lameness at the EuCh; all horses 
finished the ride (4th, 8th, 10th, 11th and 33rd place) at the WEG.

During winter, all except the young horses were on pasture 8 to 24 
hours/day with no training at all. Training usually began in February 
depending on weather conditions. Between March and September, 
all horses had daily access to paddocks. Basal activity consisted in 
outdoor rides at walk for a mean duration of 2 hours, every two days 
or 3 days a week. For half of the horses, training also included sessions 
at trot and canter especially for horses trained in flat regions (from 10 
minutes to one hour depending on the horse, the terrain and fitness 
level). In the final preparation phase, before the rides and T3, specific 
training sessions at canter were performed by all riders every 10 days 
on average (mean of 1:07 h, range 0:45-1:30).

After the 160 km ride, horses were given one month recovery (21-45 
days).

Feeding practices were consistent with recommendations for elite 
endurance horses (Harris, 2009). For all horses, the basic diet consisted 
of good quality meadow hay regardless of the intensity of work. All 
horses except one were fed commercial feeds; 13 horses were also 
fed barley. Forage intake was impossible to estimate accurately. For 
the 18 horses fed hay ad libitum, this quantity was calculated from 
the total dry matter intake of horses in moderate to high level of 
training (2.5% BW, Martin-Rosset 1990). Forage usually represented 
more than 75% [52-93%] of total dry matter intake and supplied up to 
the 2/3 of the daily energy requirements (Table 2). During high level 
training periods, horses tended to receive a little less forage and more 
concentrates, even though, the total amount of energy per day did 
not vary significantly (mean 6.7 UFC). Only 2 of the 23 riders used 
vegetable oil to increase the energy amount of the diet during high 
intensity training periods. As a consequence, dry matter intake, fat 
percentage of the concentrates, total protein supply and MADc/UFC 
ratio did not change significantly all along the training season (Table 
2). Twelve horses received mineral and vitamin supplements and 17 



horses nutritional supplements (for muscles, joints, hoof …). Only 4 
horses were regularly supplemented with electrolytes and 4 others 
were offered electrolytes during the rides only.

After the training tests and the compétition horses were walked for 
10 to 15 minutes, given a shower then rested in a box with hay. They 
were usually fed concentrates twice a day, i.e. in the morning and the 
evening.

Riders voluntarily maintained horses over their optimal weight during 
low level training periods (T1 and T2) to achieve optimal weight 
during final intense preparation before the rides. However, body 
condition score did not show significant variations during the season 
(min 2.96±0.24 at T3 and max 3.17±0.38 at T1).

All horses completed the exercise tests without any difficulty. At T1 
and T2, respectively 12.5 and 17.6% of the horses had a recovery time 



(=time for HR 64 bpm) higher than 10 minutes. Mean recovery time 
after each loop at T3 test was 1 min 34 sec [39 sec-6 min].

Blood samples taken at rest showed consistent changes associated 
with endurance training (McGowan, 2008; McKeever, 1987; Muñoz et 
al., 2002; Robert et al., 2010), even at the beginning of the season: urea, 
total protein and alkaline phosphatase concentration was higher than 
the reference values in 100, 75 and 66% of the horses respectively. 
Training was associated with an increase in creatine kinase and 
sodium concentrations and a decrease in chloremia (P<0.05).

After exercise, horses always presented some leucocytosis and 
neutrophilia, which is a normal finding (Barton et al., 2003; Schott et 
al., 2006). Signs of dehydration were significant after the ride and T3 
only. Increases in total bilirubin, creatine kinase and serum amyloid 
A concentrations appeared proportional with the intensity of exercise 
(T2<T3<ride).

To our knowledge, this is the first study describing maintenance, 
training and fitness evaluation in elite endurance horses. Lameness 
appears to be the main reason for failure during the season. The 
results presented here can serve as training guidance for riders and 
trainers preparing horses for 120 to 160 km endurance rides.

This work was funded by the French Horse and Riding Institution 
(IFCE) and the French Ministry of Agriculture.

Barton MH, Williamson L, Jacks S, Norton N (2003) Body weight, hematological 

findings, and serum and plasma biochemical findings of horses competing in a 

48-, 83-, or 159-km endurance ride under similar terrain and weather conditions. 

Am J vet Res 64:746-753.



Harris P (2009) Feeding management of elite endurance horses. Vet Clin North Am 

Equine Pract 25:137-53.

Martin-Rosset W (1990) Alimentation des chevaux. Ed. INRA Editions, Versailles 

pp. 232.

McGowan C (2008) Clinical pathology in the racing horse: the role of clinical 

pathology in assessing fitness and performance in the racehorse. Vet Clin North 

Am Equine Pract 24: 405-421.

McKeever KH, Schurg WA, Jarrett SH, Convertino VA (1987) Exercise training-

induced hypervolemia in the horse. Med Sci Sports Exerc 19:21-27.

Muñoz A, Riber C, Santisteban R, Lucas RG, Castejón FM (2002) Effect of training 

duration and exercise on blood-borne substrates, plasma lactate and enzyme 

concentrations in Andalusian, Anglo-Arabian and Arabian breeds. Eq vet J 

Suppl 34:245-251.

Robert C, Goachet A-G, Mathews-Martin L, Grezy L, Fraipont A, Votion D, Van Erck 

E, Leclerc J-L (2010) Hydration and electrolyte balance in horses during an 

endurance season. Eq Vet J Suppl: 38:98-104.

Schott H, Marlin DJ, Geor RJ, Holbrook TC, Deaton CM, Vincent T, Dacre 

K, Schroter, RC, Cunilleras JE, Cornelisse CJ (2006) Changes in selected 

physiological and laboratory measurements in elite horses competing in a 160 

km endurance ride. Eq Vet J 36:37-42.



E. Valle1,3, R. Odore2, P. Badino2, E. Fraccaro2, C. Girardi2, R. Zanatta2 
and B. Bergero1,3

1Department of Animal Production, Epidemiology and Ecology, Faculty of 
Veterinary Medicine, Italy; emanuela.valle@unito.it
2Department of animal pathology Faculty of Veterinary Medicine, University 
of Torino, Italy
3International Centre of the Horse, Druento, Italy

Information on workload during eventing competition is provided. 
The training methods of horses should be based on exercises and skills 
required, but also on heart rate (HR) that horses reach and maintain 
during the competition.

Eventing is recognized as one of the most demanding equestrian 
disciplines (Murray et al., 2006); participants are involved in different 
tests: dressage, judged on the quality of gaits, and precision of 
movements (Williams et al., 2009), jumping, where ability skills are 
verified and cross-country, where strength and boldness of both horse 
and rider are tested (Marlin, 2007). Today most of the competitions 
are organized in the so-called short form (SF), introduced for the first 
time in 2004 in prestigious competitions such as the Rolex Kentucky 
CCI 4 (Murray et al., 2006).

Monitoring horses during competition can help to focus the training 
regimes that elicit adaptations appropriate for the sport being 
participated in (Williams et al., 2009). Measurement of heart rate (HR) 
during exercise has been shown to be an objective tool for estimating 
the workload of horses and monitoring responses to training. The 
majority of research on HR responses to exercise were conducted 
during standardized exercise tests on high-speed treadmills (Dekker 
et al., 2007).
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To the authors knowledge there is not much literature on the 
description of the effort required by horses to complete a SF event, 
both for elite horses (advanced level; AL) or general purpose horses 
(intermediate level; IL).

The present study was undertaken to get information on the workload 
of IL and AL horses during an eventing competition using HR as 
index. Moreover the duration and the intensity of warm-up (WU), and 
relationships between HR and speed (S) as well as HR recovery (HRR) 
after the cross country phase were evaluated.

Data were collected during an official two days event in Cameri 
Sport Club in the north of Italy in May 2009. The weather condition 
remained relatively constant through the two days of competition 
(mean temperature 19 °C, relative humidity 66%). In the first day 
horses performed the dressage (Dr) and show jumping (Sj) tests. On 
the second day the horses performed the cross-country (Cr). All the 
tests were between 8:30 - 11:30 a.m. and the grass ground condition, 
was similar for all horses, irrespective of starting order. The description 
of the competition features is reported in Table 1.



10 warmblood horses (7 geldings, one stallion and 2 mares; 5 AL, 5 
IL) were recruited (Table 2). All horses were kept in the same stable 
and trained by the same trainer. Horses regularly participated in 
competitions.

Horses were equipped with a HR monitor and GPS system (Polar 
Equine RS800 G3™). The belt with electrodes was placed under the 
saddle before the horses left the box for the WU and competition phase 
(C). The recording watch was set to record every 5 s. The GPS was 
applied directly to the saddle to maximize reception of the satellites. 
Veterinary students were assigned to each horse to identify the horse 
during the trial and record the time of start and finish respectively for 
WU or C phase for each test (Dr, Sj, Cr). Horses were tested two weeks 
before the competition on track in an exercise session to obtain their 
maximum HR (Table 2). Running distance was 1,250 m and riders were 
asked to run their horses at maximal speed. To encourage the riders to 
exercise their horses sufficiently they were told the calculated HRmax 
that their horses should be able to achieve by substracting the age of 
the horses from 230 bpm.

HR and GPS data were evaluated with Polar Pro trainer 5™ equine 
edition software to identify: mean HR (%HRMean), maximum HR 
(%HRMax), speed (S, m/min), duration (D, min) respectively for WU 
or C in each test. For Cr data of HRR in the first 3 minutes after the 
end of competition were used. To compare the workload of horses, all 
HR data were expressed as percentage of maximum HRmax.



All the data were analysed using SPSS 17.0® software. The level of 
significance was set at P<0.05. For each test (Dr, Sj, Cr) data were 
analyzed by one tailed unpaired t-test to check in which group (AL or 
IL) HRMean, %HRMax, speed (m/min), duration (min) during WU or 



C would be higher. The relationships between HR and S for WU and 
C phase were determined using one tailed Person’s correlations. The 
relationship between HR decrease and recovery time was investigated 
by multiple nonlinear curve estimation procedures using data from 
seven horses (4 AL, 3 IL). The model with the highest coefficient 
of determination (r2) was accepted as the optimal model for the 
relationship.

Differences during WU and C between AL and IL are reported in 
Table 3. During Dr, IL horses had higher %HRMean and %HRMax 
during WU and C. During Sj differences were recorded only for WU 
with higher values for IL horses. No significant differences between 
horse groups were observed for WU before Cr, but %HRMean was 
tendentially higher in AL than in IL horses during the C phase.

No differences were recorded in the distance worked during the WU 
before all competition phases. No differences were recorded in the 
duration of WU for Dr and Cr between AL and IL, but AL spent more 
time for WU during Sj. No differences were identified for maximum 
speed, but during the WU of Sj IL horses had higher mean speeds 
(Table 4).



No correlations were identified between speed and HR during the WU 
or C for Dr. No correlations were identified for WU before Cr, while for 
C there was one (P=0.004; r=0.78); no correlations were identified for 
WU before Sj, but for C this was the case (P=0.05; r=-0.60).

The mean percentage of HRfast at the end of the competition was 
91.6±9.72%. After 180 seconds it was 52.7±7.88. The power curve 
appeared to describe the phenomenon in the proper way (r2=0.92).

For the AL group the maximal calculated HR (230 minus age) was 
219±2 bpm while the maximal HR measured during the fast gallop on 
the 1,250 m track was 206±5. The difference between the theoretical 
and the recorded HR max was 13 bpm. For the IL group of horses the 
respective values were 221±3 bpm, 208±14 bpm and 13 bpm.

The duration of WU was similar to that observed in another study 
conducted on dressage horses (Williams et al., 2009). The %HRMax 
and %HRMean during WU were higher for IL horses. This could 
be due to the different levels of preparation of horses and riders of 
this group. Under 150-160 bpm (Williams et al., 2009) HR could be 
influenced by excitement and stress and not just by effort. This is also 
confirmed by the lack of correlation between S and HR rate for this 
phase of the competition.

The WU phase was longer in the AL group (32 vs 16 min) in agreement 
with the study on Sj horses of Whitaker et al. (2008); horses of the 
higher competitive level were warmed up more. The %mean HR 
during WU was higher for IL horses, but this could be due to the 
higher speed reached during this phase of competition. The negative 
correlation between S and HR during the C phase could be related 
to the fact that HR may be influenced by other factors than exercise 
effort such as excitation.



The WU duration was similar for both horse groups (28 minutes); 
there were no obvious differences in HR during the WU or C but for 
just a tendency for AL horses to have higher %MeanHR during C. The 
relationship between the HR and speed was stronger during this phase 
of the competition. The HRR recovery showed a decrease to 53% of 
the HRfast 180 seconds after competition (Figure 1). Similar findings 
were described by Bitschnau et al. (2010) in warmblood horses during 
a treadmill test.

Training methods should be based on exercises and skills required 
of horses, but also on the HR that horses reach and maintain during 
competition. To analyse the different workloads in terms of % of 
maximum HR it is necessary to provide objective data to the riders.
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