
C
in phosphorus (1.2%) and low in calcium (0.1%), and this
extreme difference may skew the calcium to phosphorus
ratio of the diet. Excessive phosphorus in the diet inhibits
calcium absorption. When calcium is not derived from the
diet, it is leached from the bone, and connective tissue is

used as a filler, causing the bones to enlarge. The most
obvious effect of excessive dietary phosphorus is malforma-
tion of the facial bones or “big head.” Interestingly, this
syndrome was once known as miller’s disease because over-
feeding of bran was implicated as the cause decades ago.
Some rice bran products, including Equi-Jewel (Kentucky
Performance Products, 1-800-772-1988), contain a bal-
anced calcium to phosphorus ratio. Such products are
superior to straight rice bran because they do not upset the
balance of calcium and phosphorus in the total diet. 

MOLASSES: It’s sticky, smells good, and horses love it, but
does molasses cause colic? No. Molasses is the liquid
residue that remains after the sap of sugar cane (black-
strap) and sugar beets is condensed and sugar crystals are
formed. Pure molasses is too think and gummy to be han-
dled by ordinary feed mill equipment, so it’s often diluted
before being added to grain mixes. While molasses does
increase the palatability of feed, it’s also useful for reduc-
ing dustiness of a feed and discouraging sorting of
ingredients within a mixture. 

When all other avenues of explanation fail, molasses
has been incriminated as a cause of colic. Sweet feeds
(those that contain molasses) are more likely to mold

when stored improperly in hot weather than are pelleted
feeds or straight grains. The presence of mold inhibitors in
most formulations preclude this problem, but it is wise to
buy small quantities of feed at a time during hot weather.
Rotating feed ensures that the oldest feed is used first and

this too is a sound management practice. 
Others feel the small intestine is unable to digest the

glucose typically found in a sweet feed meal, and it
squeaks by into the hindgut, possibly causing colic.
Because most sweet feeds contain only 5-10% molasses,
this is unlikely. In conclusion, do not place too much
stock in molasses as the culprit in acute or chronic colic.

OIL: Corn oil and other vegetable oils (such as soy, saf-
flower, canola, etc.) are commonly used as supplements
due to their significant caloric content and their high
digestibility. They are useful additives for increasing the
energy density of rations. However, as a safeguard against
colic, vegetable oils are not effective. Digestibility of veg-
etable oils is high (close to 90%) and usually oils are
digested before they ever reach the hindgut. This feeding
myth is likely related to the fact that mineral oil is often
given to relieve impactions in horses with colic. However,
mineral oil is completely indigestible and serves only to
lubricate the gastrointestinal tract in an attempt to dis-
lodge an obstructive mass. 

ANIMAL FAT: Controversy swirls around the use of animal
fats in horse feeds. Truth be known, feed-grade animal
fats provide the same benefits to horses as do most veg-
etable oils. They increase energy density of a meal, settle
dust in a feed, discourage sifting of fines or other materi-
al, and promote a glossy hair coat. Animal fats are slightly
less digestible than vegetable oils because they may not be
as pure. In addition, they are not as palatable to horses as
some vegetable oils, particularly corn oil, but the majority
of horses will eat them willingly. All in all, however, ani-
mal fats have proven to be just as effective as other fats.

Feeding horses properly is not difficult. Reliance upon
an educated horseman, a veterinarian, or an equine nutri-
tionist is paramount if a feeding management question
arises. This is particularly true when confronted with an
old wives’ tale. 
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alorimetry is the measurement of heat
absorbed or emitted. More specifically, indirect
calorimetry is the measurement of heat produced
by an animal as it relates to the consumption of
oxygen (O2) and the elimination of carbon diox-
ide (CO2). Scientists at Kentucky Equine Research
(KER) use indirect calorimetry to answer a vari-
ety of questions, including what energy sources
are used to sustain short-term and long-term
exercise in horses. Horses use carbohydrates,
fats, or a mixture of both to provide energy for
work. By using indirect calorimetry, researchers
can pinpoint what fuel is used for a specific kind
of work. In addition, indirect calorimetry can
also reasonably predict the exercise potential of
a horse. 

A respiration calorimeter is used to measure
gas exchange between a horse and its surround-
ing atmosphere. During calorimetry, a horse
wears a loose-fitting, padded face mask that is
attached to a motorized air pump. The mask
allows the pump to pull more air through the
system than the horse requires for each breath.
The normal ventilation rate of a horse is
approximately 80 liters of air per minute
(L/min) at rest and in excess of 1000 liters dur-
ing moderate to heavy exercise. The pump pulls
10,000 L/min through the system. Suction cre-
ated by the pump ensures that expired air is
collected and not rebreathed by the horse,
which would greatly reduce the amount of oxy-
gen available and limit performance if it were
to occur. The air in the exercise room, referred
to as ambient air, is used as the control in indi-
rect calorimetry studies.

KER conducts indirect calorimetry as horses
exercise on a high speed treadmill. Particular
research trials call for an incremental exercise
test, which requires horses to perform at
increasing speeds until maximal exertion. Other
trials use longer, slower endurance-style exer-
cise tests. Research teams can tailor exercise
tests to best fit the requirements of a study. 

Prior to exercise, the horse’s weight is mea-
sured in kilograms. One kilogram equals 2.2

pounds. During the exercise test, the airflow
rate is measured in L/min. Uptake of O2 and
expulsion of CO2 are also recorded. These mea-
surements can provide the following values:

• VO2 - Liters of oxygen consumed per minute
per kilogram of body weight. VO2 is the mea-
surement of oxygen consumption at a specific
speed or workload.

• VO2max - Liters of oxygen consumed per minute
per kilogram of body weight when at maximal
aerobic capacity (oxygen is still required in
the energy production processes). VO2max is the
maximum amount of oxygen that can be used
by the individual during intense exercise.

• VCO2 - Liters of carbon dioxide exhaled per
minute per kilogram of body weight. VCO2 is
the measurement of carbon dioxide produc-
tion at a specific workload or speed.

• RQ (respiratory quotient) - This is calculated
as the VCO2 divided by VO2 at any given speed.
The resulting ratio correlates to the substrate
or a mix of substrates being used as fuel. An
RQ of 1.0 indicates that a horse is deriving all
of its energy from carbohydrate, while an RQ
of 0.70 means that the horse is using exclu-
sively fat for energy generation.

How Do They Do It?
An Introduction to Calorimetry in Research 
BY ANDREA WHITTLE

Truth be known, feed-grade animal fats provide the same 

benefits to horses as do most vegetable oils. They increase energy

density of a meal, settle dust in a feed, discourage sifting of 

fines or other material, and promote a glossy hair coat. 

Bright, gleaming coats are the result of well-balanced nutritional
programs that often include vegetable oils or animal fats.
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These values are used for many different purposes
throughout a research trial when assessing individual
horses. VO2max calculations allow the research team to eval-
uate the fitness of a horse and its ability to utilize oxygen
for energy. As fitness progresses, the horse will be able to
attain a higher speed before reaching VO2max. An example of
this would be a lightly trained Thoroughbred hitting maxi-
mum O2 consumption at 25 mph, but after beginning a
regular training program, the same horse would eventually
be able to go 29 mph before reaching its limit. The impli-
cations to the racing world would be the difference in
speed between the horse that crosses the wire first and
the horse that comes in second.

Knowing the VO2max of an individual horse can lead to
further calculations. Certain trials require horses to run at
a particular percentage of this VO2max. An endurance test
(typically 90 minutes) is usually performed using Arabian
horses that are particularly
well-suited to longer bouts
of exercise. Endurance horses
may be required to run at
35-40% of their VO2max speed,
typically between 9 and 11
mph. A Thoroughbred sprint
test is run at 115% of the
VO2max for a two-minute peri-

od. Use of these calculations allows the treadmill speed to
be adjusted to suit each horse and takes each individual’s
level of fitness and potential into account.

Calculation of the RQ has proven useful when looking at
substrate utilization in Thoroughbreds and Arabians. This
allows the research team to assess the utilization of these
fuels at different stages of exercise. Work at KER has
shown that during low intensity exercise, a 90-minute trot
calculated to equal 35% of the VO2max, Arabians have a low-
er RQ and a higher concentration of free fatty acids (FFA)
in their blood plasma than Thoroughbreds at all times. FFA
concentration is considered proportional to the utilization
of fats as a fuel source. This highlights the different abili-
ties of breeds to utilize fuel sources from the diet; the
Arabian is renowned for its endurance capabilities whereas
the Thoroughbred is, by nature, a sprinter.

The procedures outlined above and the calculations that
can be produced using the data will allow the researchers
at KER to build a comprehensive picture of a horse’s fit-
ness, as well as potential and ability to utilize fuel sources
from its diet. These are all factors that ensure that the
research horses at KER are able to continue to work at
their current level of intensity with little or no strain dur-
ing the execution of trials. The results from many trials
using calorimetry have led KER nutritionists to advise
owners, trainers, and international competitors on how to
better manage their horses with respect to maximizing
each horse’s potential. 

My horse was diagnosed with equine protozoal
myeloencephalitis (EPM) last year. He has been treated
medically by my veterinarian for the last four months.
Can I do anything nutritionally to continue to help my
horse recover?

Most horses with EPM have spinal cord damage that leads
to incoordination, stiffness, and weakness, which in turn
may cause muscle atrophy or wasting. Conventional treat-
ment for EPM is oral administration of drugs classified as
folic acid inhibitors. These drugs are designed to prevent
folic acid production in the protozoa responsible for the dis-
ease. Folic acid deficiency results in the death of the
protozoa. Drugs that prohibit folic acid production do not
seem to cause a deficiency in the horse; therefore, supple-
mentation may not be necessary. If folic acid is to be
supplemented, it should be given several hours apart from
the drug to prevent interference with drug absorption.

The influence of nutrition on healing of spinal cord
damage and subsequent muscle atrophy is not document-
ed. Nutritional support with vitamin E has been
recommended for horses with EPM. Horses should receive
7000 IU of supplemental vitamin E per day. In addition to
vitamin E, the diet should be properly fortified with the
essential amino acid lysine and adequate total protein to
aid in muscle regeneration.

How many times a day should horses be fed?
In a free-roaming situation, horses graze throughout

the day and night. Trying to mimic this natural feeding
behavior is a good idea. Horses that are confined to stalls
or small drylots should be fed at least two times per day,
ideally with enough hay so that they can continually pick
at it between feedings. For overweight horses, less hay
should be provided at each feeding. Be careful not to
restrict hay below 1% of body weight as too little fiber can
lead to digestive upset. Horses that are in strenuous train-
ing may need to be fed the grain portion of their diet
three to four times per day to keep meal sizes small.

How much feed should be fed to a horse in a single
meal?

The grain portion of the diet should be digested in the
small intestine of the horse. When large amounts of grain
are fed in a single meal, the small intestine cannot digest
and absorb it all. Unfortunately, leftover grain is dumped
into the hindgut (cecum and colon) and fermented rapid-
ly, forming acid and gas. These two products of
fermentation can cause damage to the gut and can lead to
colic and laminitis. To minimize the amount of grain

reaching the hindgut, no more than five pounds of grain
should be offered to a 1,000-pound horse at any one meal.
If larger amounts of grain are required on a daily basis, the
grain should be divided into two or more smaller meals. 

How can I tell if my horse is choking, and what can I
feed to keep him from having this problem?

Choke is an obstruction of the esophagus and can be
caused by almost anything a horse eats. Horses with choke
often have saliva and wet feed material streaming from
their nostrils. These horses will make gagging sounds and
act distressed, frequently standing with their heads and
necks stretched out in an effort to relieve the blockage.
Repeated swallowing may relieve the blockage, but if this
fails, a veterinarian should be called to assist in clearing
the esophagus.

Horses have been known to choke on hay, pelleted
feeds, textured feeds, and treats such as apples and car-
rots. The main reason horses choke is rapid consumption
of feed; they simply do not chew and moisten the feed
properly prior to swallowing. Slowing the aggressive eater
will often prevent further choke episodes. 

Can feeding large amounts of alfalfa pellets cause an
impaction in the horse?

If proper management strategies are in place, feeding
large amounts of alfalfa pellets should not be a problem.
Any feed material can cause a digestive impaction if it is
consumed rapidly. Many horses are safely fed diets con-
sisting solely of alfalfa pellets without problems. However,
poor quality alfalfa pellets or a rapid change to an alfalfa
pellet diet can contribute to colic symptoms.

What do people mean when they refer to “foreign
material” in hay?

My definition of foreign material is anything that can-
not outrun the baler. This would include paper, plastic,
aluminum cans, insects, rodents, and snakes to name a
few. Any of these materials would make the hay unaccept-
able for horses. Foreign material can also mean weeds or
other plants that are not intended to be in a particular
type of hay. For example, grass or weeds are not supposed
to be in pure stands of alfalfa. Some weeds can be toxic if
fed to horses. It is always a good idea to carefully inspect
hay for foreign material when it is purchased and to
examine it again when it is fed to horses. 

Questions and Answers
BY STEPHEN DUREN, Ph.D.
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The results from many trials using
calorimetry have led KER
nutritionists to advise owners,
trainers, and international
competitors how to better manage
their horses with respect to
maximizing each horse’s potential. 

Figure 1. 
Thoroughbreds are far superior
to human athletes in terms of
VO2max. The calculation of VO2max

allows a comparison to be made
between species as the units of
measurement take the individ-

ual’s body weight into account.


