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Timing of Meals May Affect Performance

BY AMY JANE FITZGERALD

Looking for that edge that might make your horse run faster, jump higher,
or perform longer? Recent research done by the scientists at
Kentucky Equine Research (KER) might provide an answer.

Performance,” Dr. Joe D. Pagan and the staff at KER

designed two trials: one to determine whether
feeding grain with or without hay prior to a competi-
tion exercise test (CET) would affect substrate
utilization (how a horse uses fuel); and a second to
determine whether feeding forage but no grain prior to
a CET would affect substrate utilization and perfor-
mance. The first trial examined feeding hay, grain, or
both at four different times prior to exercise, and the
second trial investigated feeding only forages at four
different times. The results may provide the edge that
will put your horse over the top.

Competition exercise tests are designed to simulate
the demands placed on horses during strenuous activi-
ty. The two studies KER designed utilized the
high-speed treadmill to exercise the horses and to
enable researchers to draw blood from the horses while
they were working at various speeds. Using information
obtained from studying the plasma, the researchers
hoped to find how different feeds and time of feeding
would effect the horses and their performance. Plasma
variables are the key indicators as to how the body per-
forms and copes with the physiological stresses
presented during exercise. Blood samples were taken
during the last 30 seconds of each speed. These sam-
ples could only be obtained through the accessibility of
the animal on the treadmill. Researchers can stand lit-
erally right beside the horse as it is exercising and are
able to draw blood without interrupting the horse’s rate
of speed. A CET was designed to simulate the condi-
tions of a three-day event, as time of feeding is
particularly important to the event horse. The treadmill
was raised to an incline of 3° and the horses were asked
to exercise as shown in Table 1.

Performing the trials using the treadmill provided a
stable environment that remained constant for each
horse during each period. This ensured the accuracy of
the data recorded so that it could be accurately exam-
ined and valid information could be obtained.

In a study titled “Time of Feeding Critical For
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GAIT TIME SPEED PHASE
Walk 10 min 1.4 m/s A
Trot 10 min 3.7 m/s A
Gallop 2 min 10.7 m/s B
Trot 20 min 3.7 m/s C
Walk 10 min 1.4 m/s C
Canter 8 min 9.0 m/s D
Hand Walk 30 min — Warm down
Table 1.

The results from the studies indicated that feeding
hay with grain would increase gut fill and thus
increase body weight, which is detrimental to racing.
However, raising the level of gut fill is associated with
additional volume of water and electrolyte reservoir in
the hindgut, which is advantageous to endurance rid-
ing. So, for a racehorse it would be wise to feed early
enough in the day to enable the horse’s system to
eliminate most of the feed, but an endurance horse
would do better when its feed was delivered closer to
the time of competition.

If a horse is fed grain two hours before competition,
the horse will metabolize sugars rather than free fatty
acids (FFA). The sugar fuel store depletes much more
quickly than the fat fuel store, so for prolonged compe-
tition such as an endurance event or the endurance
phase of a three-day event, it is recommended to
encourage FFA metabolism. The horse’s sugar levels will
have returned to baseline before the start of the com-
petition, and the fat stores will become more accessible
as a fuel source.

As equine performance continues to become increas-
ingly more competitive, it is crucial that horses have
access to fuel at the instant of demand. This maintains
excellent performance, ensures the integrity of the
horse’s physical being, and also promotes the safety of
both horse and rider. ¥



equine research. This means that comparisons of further
exercise tests for the same horse or measurements from
other horses of similar fitness level or age can be made.

There have been many groundbreaking findings from
researchers that have used high-speed treadmills. Of major
importance was the contribution of equine exercise physi-
ology studies to the success of the equestrian disciplines
at the Olympic Games in 1996. Three years later
researchers described how laboratory treadmill studies had
assessed the limitations to performance of heat and
humidity and how fluid and electrolyte losses were docu-
mented. Energy expenditure and heat production were also
estimated, and these data allowed significant advances in
the knowledge of thermoregulation.

scientists constituted nearly 40% of papers in the nutrition
of the performance horse section. The research farm has
always been equipped with a treadmill, although the first
one was a much-simplified version of the current high-
speed treadmill (Equigym, formerly known as Stratton
Equine Enterprise, Lexington, KY) found at the modern
research facility. The treadmill has been incorporated into
numerous trials at the KER farm. (See page 4 for informa-
tion on KER's new research facility.)

The speeds at which a horse can be exercised on the
treadmill are typically measured in meters per second
(m/s). A meter is equal to 1.0936 yards. The speeds usual-
ly are: walk, 1.7 m/s; trot, 3.7 m/s; canter, 9.2 m/s; and
gallop, 10.7 m/s. During a research trial, however, these

Kentucky Equine Research began conducting equine nutrition and
sports medicine research in 1988, and the quantity of published research
rivals that of leading universities.

While most horses adapt well to treadmill exercise, the
horse must be acclimatized to its use. Each horse must be
treated as an individual during acclimatization. Some
horses will readily adjust to exercising on the treadmill
while others may take more time to become comfortable
with the equipment. Introducing the horse to the tread-
mill must be done slowly. For example, the horse is
initially led to the treadmill and given the opportunity to
become accustomed to the sights, sounds, and smells of
the area. Then the machinery is turned on one component
at a time until all are operating together. The machinery
includes the fans used to cool the horses and the treadmill
itself. The treadmill is first set at a slow speed and raised
to an incline so that the horse can become familiar with
the various noises. Once the horse has become more set-
tled in its environment, it is led on and off the treadmill,
and then the treadmill is switched on. It is necessary for
several people to be with the horse during its first few
times on the machine, so the horse may be gently encour-
aged from behind should it not move forward or try to
back off the treadmill. The speed can then be increased
over several days. Anticipation of exercise and apprehen-
sion can significantly increase heart rate levels, so the
horse should perform several complete test runs prior to
the start of the trial’s exercise test.

Kentucky Equine Research (KER) began conducting
equine nutrition and sports medicine research in 1988, and
the quantity of published research rivals that of leading
universities. KER regularly presents research findings at
both national and international conferences including the
International Conference on Equine Exercise Physiology
(ICEEP) held every four years. At the most recent confer-
ence in Utsunomiya, Japan, research coauthored by KER

speeds vary depending on the type of trial being conduct-
ed and also on the breed of horse (an endurance horse
such as an Arabian would probably not be able to travel
faster than 10 m/s, whereas a Thoroughbred would start
to fatigue after 12 m/s). A horse may be asked to perform
either an incremental exercise test or a high-speed exer-
cise test. Incremental exercise tests are more commonly
used and allow data to be collected during submaximal
and maximal exercise. The speed of the treadmill is
increased every 60-120 seconds until a predetermined
heart rate has been obtained or until the horse cannot
keep up with the speed of the treadmill. An example of an
incremental exercise test involving four submaximal steps
follows: a warm-up period of 3 minutes at 4 m/s followed
by 90 seconds at 6 m/s and then 1-minute steps at 8, 10,
11, 12, and 13 m/s. High-speed exercise tests involve
rapid acceleration by the horse to a near-maximal speed
(gallop) or intensity in a short period of time (5 seconds)
until a point is reached where the horse can no longer
maintain the intensity. For both types of exercise tests, it
is important that the horse be fully acclimatized to the
treadmill and be properly conditioned.

Many measurements are taken while the horse is exer-
cising on the treadmill. One of these is oxygen uptake
(V0.), a measurement of the body’s total aerobic metabolic
rate (cardiovascular and respiratory systems). Indirect
calorimetry is used to measure oxygen concentrations and
carbon dioxide production by collection of expired air sam-
ples during exercise. The horse wears a mask over the face
attached by tubing to the calorimeter. This enables the
calculation of total energy expenditure and the relative
amounts of carbohydrate and fat utilized by the horse. VO,
is measured as milliliters of oxygen per kilogram body

Equinews /Volume 4, Issue 3 17



All maddern race horses Tave xuperd timbs and mascles.

Buie thone Y ot the treee sonece of their sped omd power,

1t's o horse's heart and lungs and their ability 1o supply

aocwjeen to tlie sigseles thit smikes Tharonghibineds ngatbh of
reaching high speeds, Research has documented thit a

horses heart beat can jlomp from 36 heats per minute of rest

to 240 at o full gullop-an increave of nearls seven mes fo
ﬂmm

bR sty esir b (B ebleg Mhin' o ot e il froin -
it Tor o headmy heart and unes. nechato Chamond VY foast:

Cuillirs i gt herse rygerile progoom. Al patund Dl W Yesid

Culilro i anea o SHeyr=sibsity of rapno (PEnecEEEE R imeeT
palnianilty Tkl ulsh pous s pevsssmusruil Mrﬂhﬂ-ﬂﬂfhﬂluﬂ'l

Yinsa] (o I||r-|| SDL P’ Asech,

[ okl M [ glsEsion alsul e Pamnimid Y- YoasiiGulto o P
doid Mo kank, beed are] peror e b=t sall || -B00-TT AT O vl

et wsabeile. ol i dldimdd e com

Q ﬂlnmnml Vv



weight per minute. V0. is the highest rate of oxygen
consumption by an individual. It is a good indicator of
athletic potential, but the percentage of VO.... that can be
sustained during prolonged exercise must also be consid-
ered. VO.n.. occurs when oxygen uptake is monitored in a
continuous manner and does not increase despite a step-
wise increase in the workload of the horse (maximal
exercise to exhaustion). Submaximal exercise occurs when
aerobic energy supply can meet all of the energy demands
of the horse; this is mainly the case in endurance rides
where 30 to 60 percent of VO... is demonstrated.
Conversely, supramaximal exercise occurs when the work-
load of the horse is greater than that provided for by the
maximal rate of oxygen uptake (VO:n.). Energy demand
exceeds aerobic energy supply; therefore, anaerobic energy
production is required. This typically occurs in
Thoroughbred and Quarter Horse racing, which demon-
strate 125 percent of VO;max.

The ratio of carbon dioxide production to oxygen con-
sumption is called the respiratory exchange ratio.
Measuring this provides an indication of the proportions
of the metabolic fuels that are used at a specific exercise
intensity and hence allows calculation of dietary require-
ments. The R value (or respiratory quotient) is the amount
of carbon dioxide produced divided by the amount of oxy-
gen utilized. By measuring the R value it can be
demonstrated how fat acts as a fuel for low-intensity exer-
cise. The R value for fat oxidation is 0.71, while the R
value for carbohydrate oxidation is 1.0. Values between
the two indicate a mixture of carbohydrate and fat metab-
olism. R values greater than 1.0 indicate anaerobic
metabolism producing lactate.

e

e

To measure heart rate while the horse is on the tread-
mill, a monitor attached to the horse sends information
directly to a computer, which provides a readout of the
horse’s heart rate. Resting heart rate in the horse is
approximately 30-40 beats per minute (bpm). Maximum
heart rate is usually between 240-250 bpm. Heart rate
may be used as a predictor of a horse’s athletic perfor-

Valuable data are collected,
analyzed, and used by KER
researchers in the formulation
of feeds to enhance the
horse’s performance.

mance. The velocity that a horse achieves at a heart rate
of 200 bpm (V.q) provides an approximation of the maxi-
mal aerobic power that the horse can achieve. This can be
calculated from heart rates measured while the horse is
exercising at different speeds on the treadmill. The Vi is
simple to measure and provides an indication of the
horse’s adaptation both during and after training. An
increase in speed while maintaining V., indicates a favor-
able training adaptation by the horse.

Blood samples are taken routinely throughout exercise
tests and after the tests have been completed. These sam-
ples provide information about the function of a number
of body systems. Researchers can measure glycemic
response to different feeds, monitor improvements in
training, determine causes of reduced performance, and
predict athletic ability. For instance, racehorses show large
increases in lactate production during
maximal exercise, while endurance horses
have small increases in lactate production.
The rate of increase of lactate in the blood
may be used as an indirect indicator of car-
diovascular and metabolic capacity.

From these and other measurements
taken from the horse during a research tri-
al, valuable data are collected, analyzed,
and used by KER researchers in the formu-
lation of feeds to enhance the horse’s
performance. Equine sports medicine con-
tinues to grow, and KER is one of the
innovative companies that is aiming to be
at the forefront of exercise physiology
research. (W7

KER intern Amy Jane
Fitzgerald draws blood
for evaluation.
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Kentucky Equine Research
Team Member Directory

Allfarm AG

Ruttimatt 130
Pfeffingen, CH-4148
Switzerland
011-41-61-751-7501
011-41-61-753-9620 FAX

Allied Feeds, Inc.
208 Hutcheson
Cuero, TX 77954
361-275-5711
361-275-2475 FAX

Armada Grain Co.
73180 South Fulton
P.0. Box 918

Armada, MI 48005-0919
810-784-5911
810-784-5918 FAX

Aslin Finch

10424 W. Aero Road
Spokane, WA 99204
800-538-8700
509-455-5635 FAX

Bagdad Roller Mills, Inc.
5740 Elmburg Rd.

P.0. Box 7

Bagdad, KY 40003
502-747-8968
502-747-8960 FAX

Banks Mill

1270 Banks Mill Rd.
Aiken, SC 29803
803-641-0007
803-502-0600 FAX

Bartlett Milling Co.

701 South Center, 28677
P.0. Box 831

Statesville, NC 28687
800-438-6016
704-873-8956 FAX

Brandt's Mill

630 N. 9th Street
Lebanon, PA 17046
717-272-6781
717-272-7009 FAX

Brooks Feed Store

RR #4

1580 Hwy 7A

Port Perry, ONT L9L 1B5
Canada

905-985-7992
905-985-8297 FAX

Brumfield Hay & Grain
671 Bizzell Dr.
Lexington, KY 40510
859-255-0788
859-254-5722 FAX

Burkmann Feeds
1111 Perryville Road
Danville, KY 40422
859-236-0400
859-236-7307 FAX

Cooperative Plus, Inc.
638 Kane St.

P.0. Box 220
Burlington, WI 53105
414-767-2019
414-767-2026 FAX

Cache Commodities
860 W. 24th St.
Ogden, UT 84402
800-327-3234
801-392-2498 FAX

Culpeper Farmers
Cooperative

15172 Brandy Rd.
P.0. Box 2002
Culpeper, VA 22701
540-825-2200
540-825-2210 FAX

Farmers Feed Mill
251 W. Loudon Ave.
Lexington, KY 40508
859-255-7602
859-255-9815 FAX

Farmers Warehouse Co.
4367 Jessup Rd.

P.0. Box 160

Keyes, CA 95328-0160
800-400-6377
209-634-6341 FAX
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Feed-Rite

17 Speers Road
Winnipeg, MB R2J 1M1
Canada

204-233-8418
204-235-1260 FAX

Fitmin a.s.
Helvikovice 90
Zamberk 56401

Czech Republic
011-42-446-27-49
011-42-446-23-57 FAX

Flint River Mills

1100 Dothan Rd., 31717
P.0. Box 995
Bainbridge, GA 31718
800-841-8502
800-288-4376 FAX

Hubbard Feeds, Inc.
424 N. Riverfront Dr.
Mankato, MN 56002-8500
507-388-9400
507-388-9453 FAX
ASSOCIATE TEAM MEMBER:
Feed Mill Express
27920 Danville Ave.
Castle Rock, MN 55010
651-463-8041

Jenco Feeds

47 Warwick St.

Allora, QLD 4362
Australia
011-61-07-4666-3366
011-61-07-4666-3400 FAX

La Hacienda SA de CV
Homero 1804 Piso II
Los Morales, Polanco
Mexico D.F. 11510
525-557-7200
525-395-1537 FAX

Lakin Milling Co.
4456 S. Dysart Road
Avondale, AZ 85323
623-932-3970
623-932-2798 FAX

LMF Feeds Incorporated
967 Haas Rd.

Weiser, ID 83672
800-344-0563
208-549-4123 FAX

Master Blend Feeds

P.0. Box 24

0ld Harbour

St. Catherine, Jamaica, W.I.
876-983-2305
876-983-9241 FAX

Milne Feeds Pl

103-105 Welshpool Rd.
Welshpool, Western
Australia 6106
011-61-8-9351-0700
011-61-8-9351-0705 FAX

NRM NZ

100 Carlton Gore Rd.
Newmarket, Auckland
New Zealand
011-64-09-379-1869
011-64-03-300-3185 FAX

Nutribec, Ltee

2950 Rue Ontario Est
Montreal,

QUE H2K-1X3

Canada
514-527-9661
514-527-9452 FAX

Otter Co-Op

P.0. Box 4200
3600-248th Street
Aldergrove, BC V4W 2V1
Canada

604-856-2517
604-856-3598 FAX

Pennfield Feeds
711 Rohrerstown Rd.
Lancaster, PA 17603
800-995-0333
717-295-8783 FAX

Pivot Stock Feed Mill
Oaks Road

Carrick Via Launceston
Tasmania

Australia
011-61-03-6393-6655
011-61-03-6393-6771 FAX

Poulin Grain, Inc.
24 Railroad Square
Newport, VT 05855
802-334-6731

802-334-7791 FAX

Premier Feeds

238 Melvin Road
Wilmington, OH 45177
800-888-8162
937-584-4874 FAX

Producer Feeds

165 North Clay Street
Louisville, KY 40202
800-295-2836
502-568-2293 FAX

Ridley Agriproducts PL
1924 Hume Highway
Campellfield, VIC 3061
Australia
011-61-03-9357-7797
011-61-03-9357-7874 FAX

Saracen Horse Feeds
Speldhurst Mill
Speldhurst

Tunbridge Wells,

Kent TN30ONG

United Kingdom

44 (0) 1892 863236

44 (0) 1892 863478 FAX

Tottenham Feed Services
41 Mill Street

Tottenham, ONT LOG 1W0
Canada

905-936-4163
905-936-2812 FAX

Woodford Feed
498 Lexington Rd.
Versailles, KY 40383
859-873-4811
859-873-5430 FAX




