}35
10l

THE EFFECTS OF ADDED DIETARY FAT
ON YOUNG EXERCISING HORSES

by

Kathleen Marie Greiwe

Thesis submitted to the Faculty of the
Virginia Polytechnic Institute and State University
in partial fulfillment of the requirements
for the degree of

MASTER OF SCIENCE

in

Animal Science
(Equine Nutrition and Exercise Physiology)

R /)

T.N. Meacham, Chairman

QWW D. € Fregqua

74 J.P. Fontenot G.F. Fregin

) (Uabag G2 flagt

/" J.L. Walberg/ A.N. Hu

February, 1990

Blacksburg, Virginia



P

g
555

VEss
1990
LI
C.J



ACKNOWLEDGEMENTS

The author is sincerely grateful to the members of her
committee for their guidance in the completion of this
project. The assistance, patience and guidance Dr. T.N.
Meacham has extended throughout the author’s graduate study
is especially appreciated. Without Dr. G.F. Fregin’s help
this study would have never gotten off of the ground. Dr.
J.L. Walberg has given the author a greater understanding of
the subject matter involved in this study. Although Dr.
A.N. Huff was hesitant to be on the committee because of
retiring, the author appreciates his always wanting to be on
top of things. Dr. J.P. Fontenot was also supportive.
Many thanks for the advice from Dr. D.S. Kronfeld, the non-
committee member who came late but did not go unnoticed.

| Special thanks are also extended to the undergraduates,
Joan Gaidos, Beth Custalow, Byron Long, Tena Boyd and all
the others for the long hours they put in helping the "crip"
with the horses. Especially to Mary Kablick for help with
the feed analysis.
Thanks Nancy Frank, Becky Barlow, Louisa Gay and
Gbenga for all the help with the laboratory procedures. And
to Jean Eaton for use of her computer and printer.

A very special thanks to Jeff Crandell, for his self-

less dedication, constant encouragement, endless patience

and unending support.

ii



TABLE OF CONTENTS

AcknowledgementsS....cveeeeeeccconss
List of Tables......... e e tescecaas
List of Figures.......c.c.. cecasenan
List of Appendix TablesS......ceeee.
INTRODUCTION .. ccceccecccsoccsoscsccs
REVIEW OF LITERATURE
Conditioning Effects..........
Added Dietary Fat....... ceenee
OBIJECTIVES. ...t eeercesoccccanconnas
EXPERIMENTAL PROCEDURES
Conditioning Period...... cesnn
Standard Exercise Tests.......
RESULTS AND DISCUSSION
Feed Consumption and ADG......
Heart Rates........ ceeessscnnn
Trotting Times.......cee.n ceas
Blood ComponentsS.....cceeceeee
Muscle GlyCOgeN...ecvesesosssse
SUMMAYY.«eoeossacacecccsss e

REFERENCES. ...ttt ecccccacasanncens

. o @ o 0 0 0 00
L I A A I R )
o ® s o 0 0 0
® e 0 0 0 0o o o o 0
® o o 0 0 o e o o
-------- . o
® 5 ¢ 0 0 0 0 0 0 0
-------- o o
e s e o 0 0 o 0
ooooooooo .

VITA......... ceacsnna c e e escec et s e s et ecsactesnsenesenos o 74



10.

11.

12.

LIST OF TABLES

Energy Stores Available in the Horse...........

Composition of Experimental Diets.............

Exercise ProtoCol....veeeeeceeacecnsnconanoess

Daily Consumption...veeeeeeeseessseccnccancsss

Average Daily Gain..... e s e et ececaccscocenens

Weekly Mean Trotting Times..... cetessescaann

Blood Lactate (mg/dl) from the Initial,
Midpoint and Final Standard Exercise Tests..

Blood Glucose (mg/dl) from the Initial,
Midpoint and Final Standard Exercise Tests..

Blood Free Fatty Acids (meq/l) from the
Initial, Midpoint and Final Standard
Exercise TestS..iiieieeeoaonnns Cetececcenean

Blood Cholesterol (mg/dl) from the Initial,
Midpoint and Final Standard Exercise Tests..

Serum Total Protein (g/100ml) from the
Initial, Midpoint and Final Standarad
Exercise TestS...eeeeeeeeorecesssenasonsneans

Muscle Glycogen (mg/g) Depletion During
Exercise.......c.. et s eccsesscseassssscansnnan

iv

Page

3

30

33

38

39

43

49

52

55

57

59

61



LIST OF FIGURES

Figure Page
1. Weekly Mean Trotting Times to HR 160 bpm...... 44
2. Regression Equations for Mean Trotting

TiMeS.eeeeeeenesescsescsascssssanssssssssasens 46
3. A Comparison of Lactate (mg/dl) Levels

Between Treatments at Wk 0 and Wk 12.......... 50
4. A Comparison of Glucose (mg/dl) Levels

Between Treatments at Wk 0 and Wk 12.......... 53
5. A Comparison of Free Fatty Acids (meq/l)

Between Treatments at Wk 0 and Wk 12......... . 56
6. A Comparison of Cholesterol (mg/dl) Levels

Between Treatments at Wk 0 and Wk 12.......... 58
7. A Comparison of Total Serum Protein

(g/100ml) Levels Between Treatments at

WK 0 and WK 12....c000000 cececssescssesescaass 60

8. Muscle Glycogen Before and After Exercise..... 62



LIST OF APPENDIX TABLES

Figqure Page

1. Equine Free Choice Vitamin Mineral
Supplement: Guaranteed Analysis.....ceceeeveee. 72
2. Fatso-95 Nutrient Analysis ......... B e

vi



INTRODUCTION

High performance horses are conventionally fed large
amounts of grain to supply energy during exercise. However,
the capacity of the digestive tract, problems with

compaction and founder, and the excess bulk limit the level

of grain that can be fed. The main source of energy in
grain is carbohydrates. Fats supply 2.25 times as much
energy as carbohydrates. Therefore, it has been suggested

that one method to increase energy intake of the horse is to
incorporate this concentrated source of energy into the
ration.

The common practice of starting racehorses on the track
at the age of two has complicated the task of fulfilling the
energy requirements of the young horse. Not only do these
horses need extra energy for growth but also for the
exercise involved in training and racing. Adding fat to the
rations of these young horses may help the supply the
additional calories needed for optimum growth and
performance.

The experiment reported here was conducted to study the
effects of added dietary fat on the 2-yr-old horse starting

a conditioning program.



LITERATURE REVIEW

CONDITIONING EFFECTS:

"Physical exercise in the horse, as in other species,
is accompanied by changes in physiological and biochemical
parameters. The magnitude and duration of such changes may
indicate the ability of an animal to produce and utilize the
energy required to support increased muscular activity.
This ability may be enhanced, as reflected by diminution in

the magnitude of such changes, if exercise is repeated at

regular intervals. An animal may thus be said to become
increasingly ‘fit’ as a result of ‘training’." (Aitken et
al., 1974)

Training (conditioning) is a phenomenon which has been
extensively studied in the human and the horse. The
response to exercise has fascinated humans in that they are
always looking for new ways to improve performance. In
depth studies on the effects of training have revealed much
of the physiology behind this phenomenon, which in turn has
helped researchers develop techniques for improving
performance. Although much is understood about human
exercise physiology, there are still grey areas in the
understanding of this in the horse. A brief review of the

basics of physiology of exercise follow.



Movement requires muscular contraction. The processes
of muscle contraction require provision of large amounts of
energy, ultimately in the form of ATP. McMiken (1983)
indicates the horse has large reserves of energy in several

forms (Table 1).

TABLE 1. ENERGY STORES AVAILABLE IN THE HORSE

Energy Sources Enerqgy (KJ)
ATP 38
Creatine phosphate 188
Glycogen 75,000
Fat 640,000

As can be seen from the table, by far the largest single
energy source 1is that from fat reserves. However, the
relative contribution of these various energy sources and
their ultimate efficiency (i.e. how much ATP is produced),
will depend on the speed and duration of exercise. Energy
may be produced either by oxidative phosphorylation
(aerobic) or anaerobic glycolysis (anaerobic). Although one
or another of these mechanisms will be predominant in energy
liberation, it must be realized that neither one is being
used exclusively. There are other minor fuel sources for
exercise. The myokinase reaction which is restricted to
specialized areas in skeletal muscle, is believed to have a
very minor role in energy production (Hodgson, 1985a). The

participation of alanine and glutamine cycles, and oxidation



of acetoacetate and 3-hydroxybutyrate are also of trivial
importance during substantial exercise as sources of energy
(McGilvery, 1975).

Feeding high 1levels of fat (Hintz, 1983) during
training could condition horses to use body fat more
efficiently during endurance exercise because the enzymes
would be more adapted to fat metabolism. According to the
intensity of exercise and perhaps the diet, a balance of
anaerobic and aerobic pathways will occur. It is the
availability of oxygen in the cell and concentrations of the
mitochondrial enzymes that determine the extent to which the
metabolic process can proceed aerobically and(or)
anaerobically (Hodgson, 1985b).

In athletic endeavors, the major factor 1limiting a
healthy animal is the onset of fatigue. Muscular fatigue
can occur by at least two mechanisms: depletion of glycogen
within fibers during prolonged aerobic exercise or
accumulation of lactic acid within fibers during maximal
exercise. Once glycogen is depleted, exercise can only be
maintained at the rate at which free fatty acids can be
supplied to and utilized by the muscle fibers (Snow and
Vogel, 1987).

According to Hodgson et al. (1985), the major effects
of endurance training are increased use of fat, with

concomitant sparing of muscle glycogen, reduced lactate



production, and increased work capacity during prolonged
submaximal work. These changes occur even though the oxygen
uptake is the same at a given work intensity both before and
after training. An increased use of fat with a sparing of
muscle glycogen is a very important adaptation, because a
close relationship has been shown to exist between the
depletion of skeletal muscle glycogen stores and the onset
of fatigue in endurance exercise (Hodgson et al., 1985).
Gollnick and Saltin (1982) have postulated that the
increased use of fat and sparing of glycogen are the result
of metabolic regulation at the enzyme 1level, whereby the
elevation in oxidative enzyme levels retard the rate at
which glycogen is degraded. These workers suggest that the
higher mitochondrial concentrations occurring as a result of
training will result in a more effective transport of ADP
(produced from the breakdown of ATP) into the mitochondria.
If this rate 1is increased and there are elevated
concentrations of other oxidative enzymes within the muscle,
it will enhance the rate of oxidative metabolism. As a
result, there will be a smaller fall in the ratio of ATP to
ADP within the cytosol. This ratio is extremely important
in controlling a number of metabolic processes, including
regulating the flux of substrates through the glycolytic
pathway at the level of a key enzyme, phosphofructokinase.

The net result is a reduced rate of glycogenolysis, which



decreases the production of pyruvate. This serves to reduce
the competition between actylcoenzyme-A units produced from
pyruvate and those derived from beta oxidation. In
addition, even with the reduced production of pyruvate, a
greater percentage of that produced will undergo oxidative
phosphorylation in the citric acid cycle, with less spilling
over to produce lactate. Thus, the overall effect is one in
which a high ATP:ADP ratio within the cytosol will retard
glycolysis and promote the use of fat. As this alteration
in metabolic flux can occur without any alteration in oxygen
consumption, it is logical that the effects of training
include sparing muscle glycogen stores, increasing the
capacity for prolonged submaximal exercise, and delaying the
onset of fatigue.

Physiological responses to exercise can be measured in
many ways. Foreman et al. (1987) says that heart rate is
the most commonly measured variable in exercise studies.
Heart rate is highly correlated with speed, increasing in a
linear manner in the horse running on the flat at speeds
between 3.33 and 13.33 m/sec ranging from 120 to 210 beats
per minute. During maximal or near-maximal word, heart
rates in the horse may reach 240 beats per minute.

Another measurement would be respiratory quotient (RQ)
which is an indication of what substrate the body is

burning; carbohydrate, protein, or fat. At the start of



exercise, the RQ is higher because mainly carbohydrates are
oxidized. But the 1longer tﬁe exercise, the lower the RQ;
suggesting an increased utilization of fat as a major energy
source (Burke and Albert, 1978).

One of the most interesting adaptations that the horse
makes in response to exercise 1is a dramatic rise in
hematocrit and hemoglobin. The horse is capable of storing
1/3 to 1/2 of the total red cell volume in the spleen, which
becomes mobilized upon sympathetic stimulation (Thomas and
Fregin, 1981).

Other blood components measured in assessing fitness
are: lactate, for muscular fatigue; glucose and 1lipids,
for energy substrate mobilization; and total serum protein,
for dehydration. Concentrations of the above components are
all dependent on the frequency, intensity and duration of
exercise (Persson, 1983).

Muscle and 1liver glycogen, muscle triglycerides and
several catalytic enzymes can also be measured before and
after exercise by taking muscle biopsies. For example, with
an increase in intensity of exercise, an increase in the
utilization of muscle glycogen will occur (Karlsson and
Saltin, 1971).

In looking at several of the factors combined to assess
fitness, Aitken et al. (1974) found that exercise programs

lasting four wk or less are not sufficiently severe (long



enough) to produce clearly significant changes in
biochemical processes in horses. Goodman et al. (1973)
found that trotting on the treadmill for 1/2 h represented a
measurable physical stress in the unconditioned horse. The
conditioned horse was not greatly affected by stress of
trotting and was better able to call upon homeostatic
mechanisms to prevent change than the unconditioned horse.
With the recent availability of large-animal
treadmills, it has become possible to assess the horse’s
response to graded levels of exercise under laboratory
conditions, where speed, running surface, and environment
can be carefully controlled (Thomas and Fregin, 1981). For
these reasons, use of a treadmill for submaximal performance
testing of the horse was studied by Persson (1983) and Webb
et al. (1987). They found treadmill testing adequate to 1)
evaluate fitness and performance potential in the horse; 2)
evaluate the performance capacity expected of the horse; 3)
recognize disorders concerning systems involved in
performance capacity; 4) observe the effects of therapy or
treatment prescribed for the horse; and 5) evaluate training
programs.
But Persson recommends only performing submaximal
exercise on a treadmill because many horses will not perform

up to their naturally endowed potential at maximum effort in



a clinical situation and it is dangerous to put a horse on a
treadmill at top speed.

Hillidge (1987) warned that results from treadmill
exercise used to evaluate free exercise may be abnormal in
many ways. 1) Ventilation may be a 1limiting factor in
speeds above 9 m/sec. 2) Horses are not subject to air
resistance and up to 16% of the total equine power output is
required merely to overcome air resistance and far more when
running into a headwind. 3) Thermoregulation by convection
and surface evaporation is impaired during treadmill
exercise. The temperature of the working muscles would be
high and could impair contractile function. 4) Diaphragm
loading which results from the accelerative and
deccelerative forces of the free canter and gallop, and
which is believed to play a fundamental role in equine

respiration during exercise is completely different during

treadmill exercise. The above stated factors are
particularly important in cardiopulmonary studies. Jones
(1987) explained that in horses exercising under

standardized conditions on a high speed treadmill,
significant differences between breeds can be identified.
Quarter Horses have much higher post exercise blood lactate
concentrations than do Thoroughbreds, and Arabians are
capable of generating even less lactate blood levels than

Thoroughbreds.
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Regardless of the drawbacks of treadmill exercise, it
is still the method of choice for many equine studies
because one is able to control many environmental factors.

It was for this reason that it was chosen for this study.

ADDED DIETARY FAT:

Until recently, fat had not been routinely added to
equine rations, except in small amounts to improve coat
quality. Hintz et al. (1978) indicated that it was thought
that horses cannot digest high levels of fat because horses
do not have a gall bladder and negative digestion
coefficients for fat were often found when horses are fed
forage diets. The absence of a gall bladder does not
preclude fat utilization. It has been reported that the
horse secretes a continuous flow of bile. The observed
negative digestion coefficients were due to the presence of
endogenous fat in feces. When low levels of fat are fed,
such as in a forage diet, the fat in the feces is primarily
of endogenous origin. Hence, a <calculated apparent
digestion coefficient may be low or even negative. However,
the following studies have demonstrated that dietary fat may
have a high digestion coefficient.

Bryant (1969) found a mean apparent digestibility for
fat of 88% when horses were fed a semipurified diet

supplemented with 3 to 9% corn oil. In a study done by
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Bowman (1977), ponies were offered diets of 0, 5, 10, or 20%
corn oil added to a basal diet of chopped alfalfa, cracked
corn, and crimped oats. Apparent digestibility of fatty
acids increased linearly with the level of corn oil. Kane
et al. (1979) used six pony geldings to determine the
digestibility of fat and the DE, ME and NEg of fat-
supplemented diets. Corn oil was added at 5% and 10% to a
maintenance diet of oats. The animals used in this study
were able to utilize the added corn oil without inhibiting
DM and ADF digestibilities, and an increase in DE and ME
densities and ether extract digestibility were observed.
Heat production was not significantly affected by the
addition, therefore, energy balance was increased with the
addition of corn oil to the basal diet. Bowman (1980)
looked at digestibilities of diets containing a control
diet and three different fats; corn oil, inedible tallow and
an animal-vegetable fat blend. She found no significant
differences in DM digestibilities, but an increase in the
apparent digestibility of fatty acids (corn oil being the
highest). In addition, the corn o0il diet had the highest
true digestibility, 95.4%. The mean apparent digestibility
of all fats was 95%. In the second part of the study,
Bowman fed similar diets but with 7.5% and 15% fat. A
difference was noted in DM digestibilities between the

different fat levels. All of the diets with 15% fat had
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higher ether extracts digestibilities than did diets
containing 7.5% fat. From these studies, she concluded that
energy contained in vegetable o0ils is more digestible than
animal sources of fat. Snyder (1981) in a study with ponies
fed a basal diet or a diet supplemented with 15% corn oil,
blended fat, or inedible tallow found similar results. Fat
supplementation increased the ME for all three fat diets.
No difference in heat production was observed among the
diets. Fats increased the energy balance approximately 88%
over the basal. She also found supplemental fat had little
effect on the absorption of calcium, phosphorus, and
magnesium or blood levels of these minerals. Worth (1988)
studied the digestibilities of a 14% added fat diet and a
control diet in eight adult horses undergoing exercise
training. The addition of fat to the diet decreased the
apparent digestibilities of DM and NDF before and after
conditioning. Apparent digestibility of CP increased
following conditioning. Neither diet nor exercise had any
affect on digestibility of ADF and no differences were found
in physiological parameters between the two treatments.

It appears that the addition of added dietary fat up to
30% can be used to increase the energy content of equine
diets without a significant decrease in digestibility of
feed. Meyer (1987) noted that a combination of fat with

high roughage intake was adequate to keep the daily DM
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intake below 2.5% of BW (decrease bulk and increase energy
content) . But that fat should be slowly introduced and
divided into several meals. A flow of high amounts of fat
to the large intestine must be avoided, because this reduces
fiber digestibility and fat utilization.

None of the above researchers made any note of the
decrease in palatability or loose stools warned against by
Lewis (1982) with high 1levels of fat in the equine diet.
Nor did they mention if they adjusted the horses or ponies
to the diets gradually or how 1long it took before the
animals would eat the fat. So the question still remains,
will the equine consume the added fat readily?

Bowman (1977) did a 15 4 palatability trial with
varying levels of corn oil added to the diet of ponies. She
found that 20% of the total diet was the maximum level
consumed by the ponies. Pagan (1988) found that if diets
are too high in fat, palatability is compromised and the
whole purpose of feeding fat in the first place is defeated.
In another study by Bowman (1980), palatability of 10 fats
were ranked according to preference by eight Saddlebred
horses in a cafeteria style palatability trial. It appeared
that the horses preferred the corn oil when given a choice.
The 10 fats were ranked as follows: corn o0il, hydrolyzed
tallow flakes, blend #3, peanut o0il, safflower o0il, blend

#2, blend #1, cottonseed o0il, inedible tallow, and fancy
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bleached tallow. All the highest ranked fats from the
palatability trials were consumed in similar amounts when
horses were not given a choice. Although inedible tallow
was ranked next to last in cafeteria trials, it tended to be
consumed in greater amounts than corn oil in the single
mixture palatability trials. Kronfeld and Downney (1981)
state that high-fat diets have not become popular for horses
because animal feed-grade fats vary greatly in palatability.

Fat as an energy source for exercise and competition
has also been evaluated. Hintz (1983) theorized that
feeding high levels of fat during training could condition
horses to use body fat more efficiently during endurance
exercise because the enzymes would be more adapted to fat
metabolism. During long bouts of exercise, fat is much more
likely to be a source of energy than glycogen, and horses
adapted to using fat could perhaps utilize the fat stores
more efficiently. Potter et al. (1989) explained that an
increase in fat in the diet will decrease starch
fermentation in the large intestine thus decreasing heat of
fermentation and lowering thermal load on horses during
activity. They found adding 10% fat to the concentrate
portion of the ration improved the efficacy of digestible
energy for maintenance. Further, the concentrate intake and
total feed intake was lower in the fat-fed horses than in

horses fed a control diet.
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Young horses need energy for maintenance and growth and
for this reason the following researchers studied feeding
fat to increase the amount of available energy. Davison et
al. (1989) fed 15 weanling Quarter Horses a diet with 10%
fat added to the concentrate and 15 a control diet. She
found that the fat~-fed weanlings had: lower con
intakes, higher ADG, lower feed-to-gain ratios, greater gain
in heart girth circumference,‘ higher nutrient
digestibilities, and lower circulating glucose and insulin.
All other growth parameters were similar between treatments
and there was no evidence of bone abnormalities in any of
the horses on either treatment. Davison concluded that fat
can be used as an energy source to support growth and
development in weanling horses. Scott et al. (1987) fed 24
yearlings for 112 d bermudagrass hay with one of three
concentrates: control, 5% added fat, or 10% added fat. All
three diets contained the same nutrient:calorie ratio. The
horses on 10% fat diet ate significantly less feed but had
similar weight gains. The authors indicated no problems
with the consumption of the fat diet. The results of the
study indicate that in yearling horses fat can be used as a
source of energy to support the rapid weight gains seen also
in the control horses. The high-energy diet containing 10%
fat promoted faster weight gain initially when the horses

were younger and may have provided the energy needed for a
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significant amount of compensatory weight gain at the
initiation of the study. There were no clinical or
radiographic indications of skeletal abnormalities in these
horses. It appears that fat can be used in high-energy
diets for rapidly growing horses to replace some of the
carbohydrates that have been reported to causé skeletal
abnormalities. Stull et al. (1987) in a study on the
effects of common equine feeds on blood levels of glucose,
insulin and cortisol added corn oil at a rate of 10% of DE
intake to the diets of 2-yr-old horses. These reseachers
indicated that the high fat diet depressed blood glucose
levels and subsequent insulin secretion post-feeding in
horses.

The performance horse is also in need of energy to
excel. Often a horse will fade before completing a task
because of a lack of sufficient energy. It is suggested
that feeding a high fat diet may increase the oxidation of
fat in the muscle, and decrease fatigue. Slade et al.
(1975) reviewed the role of lipids and other energy sources
in prolonged submaximal exercise. These authors fed three
diets which were supplemented with starch, protein or fat.
Three horses were ridden from 1 to 2 hours daily and at the
end of three 5-week periods were ridden 35 to 40 miles over
mountainous terrain for 8 to 10 hours. Blood component

changes indicated the best performance was on the fat
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supplemented diet and the poorest performance on the protein
supplemented diet. Blood glucose levels increased on the
fat supplemented diet and decreased on the other two. Blood
gasses and pH, measured immediately following the long ride,
indicated the greatest metabolic acidosis on the protein
supplemented diet and least on the fat supplemented diet.
As indicated by the hematocrit, hemoglobin and total protein
levels, there was little dehydration on the fat supplemented
diet compared to 5 to 10% on the other two. Pulse and
respiration rates were higher following exercise for the
horses fed the protein supplemented diet. It was observed
that the horses sweat more profusely when fed the protein
supplemented diet and least when fed the fat supplemented
diet. The authors concluded that horses may Dbe
"nutritionally conditioned" for endurance type work and that
diets with fairly high levels of fat may be beneficial in
this respect. Diets with fairly high levels of protein may
be detrimental to this type of activity. In another
endurance study, Hintz et al. (1978) reported that the
addition of 8% feed-grade animal fat to a diet of 60% corn
and 40% alfalfa meal partially protected exercising horses
against a decline in blood glucose but did not influence
muscle glycogen, plasma free fatty acids, lactate, sodium,
calcium, phosphorus, PH, CO,, total plasma protein,

hematocrit, or hemogloben in Thoroughbreds ridden 60 km at a
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rate of 2.78 m/sec. The horses fed the fat diet required
about 15% less feed which indicated that the fat was
efficiently utilized. Similar results were obtained in a
study with Arabians ridden 83 km at a rate of 4.17 m/sec
(Hintz et al., 1982). However, no differences in body
weight change, body temperature or other measurements were
found in either trial. Hambleton et al. (1980) fed four
isocaloric diets containing 4, 8, 12 and 16% dietary fat
(soybean o0il) to horses during three weeks of conditioning.
The diet effects were evaluated by trotting all horses at
3.2 m/sec for 6 h. Dietary fat was highly correlated with
exercise-induced plasma glucose changes and with cholesterol
concentrations. Regardless of the diet, linoleate
concentration was about 8 times higher than that of the
other fatty acids, and it increased slightly as dietary fat
levels increased. Stearate concentration also increased
with increasing dietary fat but palmitic and oleic acid
decreased. Increases in fat intake also resulted in slight
increases in 1liver glycogen at the resting 1level.
Conditioning resulted in a significant decrease in exercise-
induced fluctuations of serum enzymes and electrolytes but
significantly increased elevations of plasma long-chain
fatty acid concentrations. Resting muscle glycogen
increased by 37% during the study as a result of

conditioning, but there was no effect on liver glycogen at
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rest or after exercise. Feeding of the four levels of
dietary fat in the form of SB oil had no adverse effects and
proved a safe and efficient method of providing concentrated
energy to working horses.

Physiologically, medium intensity-long duration
exercise would be the most 1likely to benefit from added fat
in the diet. But a horse required to do high intensity-
short duration exercise may not benefit from the added
dietary fat. Lewis (1982) tells us that carbohydrates would
be more beneficial for this type of exercise because it
provides a readily available source of energy, and
mobilization of body energy stores is not necessary.
Circulating free fatty acids require oxygen to be utilized
as an energy source. The following researchers looked at
what the benefits of added fat during anaerobic exercise
would be.

Duren et al. (1987) fed Thoroughbred horses diets that
provided 0, 5, 10, or 20 percent of their digestible energy
concentration as corn oil. When exercised strenuously every
other day on a work day-rest day rotation schedule, these
horses used corn oil efficiently at all dietary 1levels in
satisfying energy requirements. Again, the corn oil was
readily accepted by all horses, and the horses fed the corn
oil diet consumed less feed than when fed the control

ration. Fat had no negative effects on the items measured,
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and the declines in blood glucose concentration often
associated with exercise diminished. Meyers et al. (1987)
put six horses through a 21 d conditioning period by
galloping the horses 4.92 km daily at 6.83 m/sec while
feeding them either a control, 5% added fat, or 10% added
fat (of concentrate portion). A standard exercise test
(SET) was performed at the end of the three weeks. Lower
heart rates were seen during the SET for 10% fat diet horses
than the control and 5% diets. Muscle glycogen
concentration was 34% higher when the 10% fat diet was fed,
indicating a glycogen-sparing effect. Further, the 10% fat
diet horses had the lowest blood glucose concentrations over
the entire SET and lower blood lipids concentrations. This
latter effect may have been due to conditioning for more
efficient fatty acid uptake by the working muscle. RQs were
reduced during the SET for all horses, indicating an
increase in fatty acid oxidation in the fit horse. Oldham
et al. (1989) fed racehorses a 10% fat concentrate during 3
weeks of race conditioning, then performed a SET. Contrary
to previous studies, they found the fat-fed horses to have
higher blood lactate values after exercise with no effect on
glucose. The fat-fed horses also had higher resting muscle
glycogen, but more glycogen was used during exercise.
Aitken et al. (1974) found that exercise programs lasting

four wk or less are not sufficiently severe (long enough)
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to produce clearly significant changes in biochemical
parameters in horses. This may be a possible explanation
for the difference in results.

Webb et al. (1987) did a study with four aerobically
conditioned cutting horses who were fed a control or a 10%
added fat concentrate for three weeks and then asked to
perform a cutting performance test (CPT). Again, the fat
diet horses were found to have higher working lactate levels
and their heart rates were slower to recover. Regardless,
the fat diet horses were said to work harder. The riders
who worked the horses reported that the horses appeared to
feel better, have more "energy" and work harder on the CPT
during the period when they were fed the 10% fat diet. The
percentage of hind quarter turns was significantly higher
(87 vs 60) but the number of work replications and exertion
scores were similar between treatments. It appears that
adding fat to these horses diets gave them more energy to do
work.

Benefits of feeding fat to racehorses were not as clear
cut in a study by Pagan et al. (1987). Standardbred
trotters were fed isocaloric diets of haylage plus either a
basal concentrate, a 20% CP concentrate or a 15%
concentrate. The horses then underwent a four wk exercise
program. A stepwise exercise test and a high speed exercise

test were performed during wk 3. During wk 4, the horses
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performed a 1long slow exercise test. Results from the
stepwise test found that the horses fed high fat and high
protein diets had lower heart rates at rest and at all
speeds of the exercise test. Furthermore, they had lower
RQs, indicating they were using a higher percentage of fat
as an energy source. During the high speed test, the high
fat and protein diet horses used less muscle glycogen for
their performance and had lower blood lactate levels. Also
the control horses reached anaerobic threshold (when blood
lactate reaches 4 mmol/l) after 6 min as compared to 10 min
for the fat diet and 12 min for the protein diet horses.
They also found that the horses on the high fat and high
protein diets did not lose as much weight as the control
horses and had lower body temperatures thoughout the test.
During the long slow exercise test they found that diet had
no effect on heart rate, respiratory rate, and lactate.
Resting glycogen 1levels were lower for the high fat and
protein diet horses and the horses used more during the
exercise bout. Again, lower RQs, less weight loss, and
lower body temperatures were seen in the high fat and
protein diet horses. The fact that the horses on the high
fat and high protein diets responded similarily suggests
that the carbohydrate portion of the diet had the greatest

influence on exercise parameters.
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The amount of fat fed to the horses varies greatly among
the studies. It should be noted the the studies done by
Davison et al. (1987), Davison et al. (1989), Meyers et al.
(1987), Pagan et al. (1987), Potter et al. (1989), Scott et

al. (1987) and Webb et al. (1987) all fed concentrates that

contained a certain percentage of fat (5 to 15%). This is
not the percentage of added fat in the total ration. For
example, if a diet containing 50:50 ratio of

roughage:concentrate was fed, only 10% of the 50%
concentrate would be fat. In other words, a total of only
5% would be added to the total ration. If the ration was
70:30 roughage:concentrate, then there would only be an
addition of 3% fat above the fat normally found in control
diets. So by saying that 10% fat concentrate was fed makes
it appear that more fat was being fed than actually was.
Mention of the effect of added dietary fat on
temperament was brought up by Pagan et al. (1987). A common
thought thought among horsemen is that feeds high in easily
digestible carbohydrate (such as starch) are "too hot" for
performance horses. The term "too hot" does not apply to
the actual heat production from these feeds , but rather to
the anxiety and excitability that is often observed in
horses fed high carbohydrate diets. The results of Pagan’s
experiment may lend some support to this theory. When the
horses were fed a control diet they received an average of

1869 g/d of starch. When fed high protein and high fat
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diets, they consumed only 1008 and 1112 g/day of starch,
respectively. The horses had higher heart rates during a
step-wise exercise test when they consumed a control diet
than when they were fed either high protein or high fat
diets. Heart rates during recovery also tended to be higher
when the horses were fed a control diet. Subjectively, the
horses appeared more excitable and were more difficult to
handle when they were fed a control diet.

The reason for this apparent increase in excitability is
not Kknown, however, an alteration in endocrine balance
created by high levels of glucose absorption cannot be ruled
out. Munro et al. (1975) stated that in humans, brain
serotonin formation increases in response to insulin
secretion following ingestion of a meal containing high
levels of carbohydrate. Increased levels of serotonin make
humans more active and alert (Wyatt et al., 1974). The
effect of carbohydrate intake on the production of serotonin
and other regulatory hormones (such as the catecholamines),
and their subsequent role in affecting equine behavior and
metabolism deserves more attention in the future.

There does not appear to be any consistency in the
effects of a high fat diet on exercising levels of blood
components. It seem that other factors may play a role:
the amount of conditioning the horse has, the type of
exercise, the percentage of the diet that fat is fed, etc.

Muscle glycogen stores appear to increase with anaerobic
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training, and decrease with aerobic training, but
utilization varies from study to study independent of type
of exercise. Are these phenomenon really happening or is
small sample size affecting the results. Sockler (1987)
tells us that the smaller the sample size, the less power an
investigation has. And equine studies are destined to have
small sample sizes because of cost, time involvement and

facilities.



OBJECTIVES

Interest in an alternative energy source for the
performance horse has focused on fat. High 1levels of
carbohydrate and protein commonly fed in grain mixes to meet
energy requirements of working horses can sometimes lead to
azoturia, laminitis, and other digestive disturbances.
Several fats and oils have been found to be palatable and
highly digestible by the horse (Hintz et al., 1973; Rich et
al., 1981). Further, it was found to increase the
efficiency of energy utilization (Kane et al., 1979) without
increasing heat production (Snyder, 1981). The effects of
added dietary fat have been studied for weanlings (Davison
et al., 1989), yearlings (Scott et al., 1987), broodmares
(Davison et al., 1987), racehorses (Oldham et al., 1989) and
cutting horses (Webb et al., 1987). The present study
investigated the wuse of added dietary fat as a more
concentrated energy source for the 2-yr-old horse just
starting exercise training. These young animals need energy
not only for maintenance and additional exercise but also

for growth.
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EXPERIMENTAL PROCEDURE

A brief description of the experiment was as follows.
Six horses were conditioned for a period of 12 weeks. Three
of the six were fed a diet with added fat and the other
three a control diet. The purpose of the study was to see
if there was any improvement in the performance of the

horses on the added fat diet.

CONDITIONING PERIOD

The six 2-yr-old horses of light horse breeding were
brought off a strictly pasture diet and slowly adapted to
the mixed ground hay and concentrate diet (the control
diet). During this time the horses were gentled by being
handled every day. They became accustom to wearing the
surcingle used to hold the electrodes for the heart rate
monitor in place. Gradual adaptation to the inclined
treadmill (9°) slope was achieved by first putting the
horses on the treadmill and feeding them without turning it
on. Then, when they accepted going on the treadmill
readily, it was turned on at the walk for 2 min. The horses
were walked on the treadmill daily and exercise was limited
to that required to accustom the horses to the experimental
equipment. Once the horses walked on the treadmill quietly

without any significant increase 1in heart rate, the

27



28

experimental period was started. During this time only the
control diet was fed.

The horses were weighed prior to the experimental
period for three consecutive days. The horses were paired
based on the avg weight and breeding. The three members of
each pair were randomly allotted to a control diet and a
diet containing 10.5% added fat (Table 2). The initial
standard exercise test (SET) was performed before the horses
were fed the added fat diet.

After an inital SET, the horses were given a 2 wk
adaptation period to the added fat diet. Starting out with
a 50:50 mixture of control:added fat diet caused the horses
to go off feed. Meyer (1987) advises that fat should be
slowly introduced and divided into several meals. A flow of
high amounts of fat to the large intestine must be avoided,
because this reduces fiber digestibility and fat
utilization. Therefore, to adapt the horses to the new diet
a 90:10 mixture of control:added fat was used. This ratio
was changed every other day, gradually increasing the
percentage of added fat diet. Once the horses were eating
0:100 mixture, the experimental period was started. The
horses were fed the complete ground feed mixture at 2.25% of
their body weight. The feed was weighed before each
feeding, and fed twice a day to the horses in their

individual stalls. The horses were weighed weekly and feed
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was adjusted accordingly. At the end of 4 wk, the ADG was
calculated. ADG recommended (NRC, 1989) for 2-yr-olds is
.20 kg/d and these horses avg .45 kg/d. The amount fed was
cut back to 2% of their body weight for the remainder of the
experimental period. A free-choice mineral mix? was
available to all horses (Appendix Table 1). A total of 33
kg was fed during the study, with a daily avg consumption of
63 g/d for each horse. The horses were kept in stalls each
night, and turned out on a dry lot for 4 h of free exercise
daily.

The diets were balanced according to recommendations of
the NRC (1978). Batches of feed (control and added fat)
were ground and mixed 1-2 times weekly. Grab samples were
taken from randomly selected bags from each batch, and
frozen until the end of the study. Then, all the samples
were combined to perform the feed analysis (Table 2). Dry
matter, crude protein, ether extract, ADF and NDF were
analyzed following the AOAC procedures (1984).

The fat sourceb

used in this study was chosen because
of the ease in mixing into a complete ground ration.
Ingredients of the fat were unspecified animal and vegetable
fats, and lecithin. An detailed analysis of the fat can be

found in Appendix Table 2. Palatability of this fat was

low, as it took the horses a long time to accept it in their

a Equi-Choice, Wilson Enterprises Inc., Disputanta, VA 23842
b Fatso-95, Better Nutrients Inc., Paris, IL 61944
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TABLE 2. COMPOSITION OF EXPERIMENTAL DIETS

Ingredient Control Added Fat
-_-_______________-__-__-_--____-_-_-__--;; _________
Orchard grass hay 53 46
Ground corn 34 18
Soybean meal 2.5 5
Molasses 10 20

Fat 0 10.5
Limestone 0.5 0.5

3b
Dry Matter 88.96 90.41
Crude Protein 9.63 9.24
Ether Extract 2.40 12.96
Neutral detergent fiber 66.89 66.10
Acid detergent fiber 32.41 31.41
g as fed basis

dry matter basis
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feed. One of the horses never adjusted well to the added
fat diet. By personal observation, this horse never was as
enthusiastic about eating the added fat diet as he was about
the control diet, or in comparison to the other horses. He
was also more likely to leave feed in his bunk. But this
horse also had the highest ADG, so his maintenance
requirements may have been lower than the other horses.
There 1is considerable individual variation in the nutrient
requirements, much of which can be attributed to disposition
as well as the particular activity the horse is used for
(Caley, 1987). Increasing the molasses in the feed improved
palatability somewhat, but periods of high heat during the
experimental period would cause the molasses to ferment and
the fat to oxidize. This change was obvious from an
increase in heat production in the feed bag and a change in
the smell of the feed. During these periods, feed
consumption would noticeably drop among all of the horses on
the added fat diet. At this time, the feed would be
discarded and replaced with a new batch. After experience
with this type of fat, some other source with a higher
palatability (such as corn oil) is recommended to be used in
future studies. Studies done by Bowman (1977) and Duren et
al. (1987) noted that they had no palatability problems with

feeding corn oil.
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The horses were exercised on the treadmill 5 d/wk for a
conditioning period of 12 wk with the following routine:
first, horses were brushed and hooves were cleaned; then,
shaved spots for the heart rate monitor electrodes in the
horse’s coat were dampened with water and the electrodes
were placed and held on by a training surcingle. The horses
were then lead individually to the treadmill. The same
exercise protocol was used every day (Table 3). Heart rates
(HR) were constantly kept track of with the heart rate
monitor®. Work load was set at HR 160 beats per minute
(BPM) to approximate 65 to 75% of VO; max, which would
theoretically be the anaerobic threshold, or onset of blood
lactate accumulation (Fregin, personal communication). This
way, the horses would be exercising principally aerobically,
which was one of the objectives of the study. After
finishing the exercise bout, the horses were taken off the
treadmill, walked until they completely cooled out, hosed
off, and put away. The order in which they were exercised
was alternated to avoid the same horse running at the same
time every day. To avoid the heat of the day, three horses
were run in the morning from 7:00 to 10:00, and the
remaining three in the evening from 17:00 to 20:00. The
trotting time to HR 160 BPM for each horse, ambient

temperature, and weather patterns were recorded daily.

¢ EQB Heart Rate Monitor, Unionville, PA 13975
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TABLE 3. EXERCISE PROTOCOL

Gait m/sec
3 min walk 1.56
Trot to HR 160 bpm 2.90

S min walk 1.34
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STANDARD EXERCISE TEST

At 0, 6, and 12 wk of training, a SET was performed
using the same protocol. The horses were not fed the
morning of the SET, which made it at least 12 h since their
last meal. Before starting, each horse had 5 x 5 cm
patches shaven in three locations for each horse: below the
withers and behind the elbow for the electrodes, and
caudally half way between the tail head and the hock over
the biceps femoris for muscle biopsies. The biceps femoris
was chosen for muscle biopsies since it is used in all the
gaits of the horse and is massive enough to allow numerous
biopsies without any lameness or permanent injury (Burke and
Albert, 1978). Two small incisions were made at this time
for the two muscle biopsies to be taken later. Indwelling
jugular catheters were installed and horses were not
disturbed for 1 h. Then, each horse was equipped with a
heart rate monitor. Resting heart rate, the first blood
sample, and the initial muscle biopsy were taken while the
horses were in the stall. The horses were lead on to the
treadmill and exercise was started. Exercise protocol was
the same as the daily routine: 1) walk, 1.56 m/sec for 3
min, 2) trot, 2.90 m/sec until their HR stabilized at
approximately 160 BPM, 3) walk, 1.34 m/sec for 5 min to
cool down. The second blood sample was taken after 3 min of

trotting, the third was taken as the HR stabilized at 160
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BPM, and the final after 10 min at a slow walk (recovery).
The second muscle biopsy was taken as soon as the horse was
taken off the treadmill. Muscle biopsies were only
performed during the initial and final SET. Horses were
walked until completely cooled out, hosed off and then
returned to their stalls until all the horses had finished
the SET.

Blood samples were drawn from the catheters with 60 ml
syringes and separated into test tubes with perchloric acid
for the lactate analysis, and plain and heparinized test
tubes for analysis of the remaining blood components. The
tubes were cooled immediately and centrifuged for separation
of plasma and serun. Muscle biopsies were immediately
frozen in whirl bags in liquid.

Blood analysis were as follows: Serum was analyzed for
free fatty acids (FFA)d and total serum protein (Oser,

€ and cholesterol®;

1965); plasma was analyzed for glucose
and the perchloric supernatant was analyzed for lactate®.
The deep frozen muscle biopsies were analyzed for glycogen
following the procedure in Lo et al. (1970).

Statistical analysis on all of the blood components
(lactate, glucose, FFA, cholesterol, and total protein) were

performed using the SAS multi-variate analysis (MANOVA)

procedure for repeated observations. Sockler (1987)

d Wako Pure Chemical Industries, Edgewood, NY 11717
e Sigma Diagnostics, St. Louis, MO 63178
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recommends this procedure because it allows for the
simultaneous analysis of several correlated variables. This
type of data reduction is usually preferable because effects
on treatments are rarely restricted to one variable.
Investigations using MANOVA tend to yield more information
than if all the variables were considered singly. The SAS
general 1linear model procedure (SAS, 1985) was used to
conduct an analysis of covariance on muscle glycogen. A
covariate analysis was used because of the drastically
different resting glycogen levels. An analysis of variance
was also performed with SAS on the change in the daily
trotting times of the horses during the conditioning period
as compared to wk 0 to 1look at both conditioning and
treatment effects. Further, the training period was divided
into three 4 wk periods and each period was looked at
individually. Pearson correlation coefficients procedure
was used to 1look for a possible correlation between

temperature and daily running time.



RESULTS AND DISCUSSION

FEED CONSUMPTION AND ADG:

Feed consumption data (Table 4) indicated that the
added fat diet horses ate an average of .3 kg/d less than
the control diet horses (7.71 vs 8.01 kg/d). This may be a
factor of palatability and(or) the fact that the diets were
not isocaloric, the added fat diet being higher in energy
(2.92 Mcal/kg DE) than the control (2.40 Mcal/kg DE). The
total DE intake of the added fat horses (22.3 Mcal/d) was
17% higher than the control horses (19.2 Mcal/d). Horses
have been found to eat to meet their energy needs (Hintz,
1983), and fat is higher energy source, with 2.25 the amount
of energy as carbohydrate. The fat-fed horses also gained
.03 kg/d more in BW than the control (Table 5). Hintz et
al. (1978) found that exercising horses fed 8% feed-grade
animal fat required about 15% less feed, which indicated
that the fat was efficiently utilized. Other studies have
found decreased consumption with added fat diets (Davison et
al., 1987; Duren et al., 1987; Meyers et al., 1987; Scott
et al., 1987; Davison et al., 1989) without accompanying
weight loss. A greater difference in feed consumption in
this study may have been seen if the horses had been fed ad

libitum.
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TABLE 4. DAILY CONSUMPTION (kg)2

Weekly mean?

Week control  sp Fat Diet SD
1 8.41 £ 0.37 7.76 £ 1.08
2 8.73 # 0.20 8.55 £ 0.93
3 8.73 + 0.20 8.24 + 1.21
4 8.19 * 0.43 7.88 + 1.08
5 8.00 * 0.26 7.83 % 0.91
6 7.71 * 0.76 7.60 * 1.12
7 7.14 £+ 1.51 7.04 £ 1.68
8 8.00 * 0.26 7.42 + 1.23
9 8.00 * 0.26 7.30 * 1.42

10 8.04 <+ 0.27 7.81 + 0.91

11 7.20 * 1.45 7.32 % 1.65

12 8.00 * 0.26 7.84 + 0.98

Mean consumption  8.01 % 0.48 7.71 % 0.40

a

bas fed basis
during wk 1 to 4 horses were fed 2.25% BW, wk 5 to 12
horses were fed 2% BW
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TABLE 5. AVERAGE DAILY GAIN (kg)

Days Initial End

Horse Diet on feed WT WT ADG
ER Fat 87 RV 430 .18
2 Control 87 380 412 .37

3 Control 87 357 384 .31

4 Fat 87 386 431 .52

5 Control 87 382 409 .31

6 Fat 87 316 348 .37

Mean control 87 373 a0z .33
(SD) + 11 + 13 + .03

Mean fat diet 87 372 403 .36

(SD) + 41 + 39 + .14
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Hambleton (1980) found that the horse can utilize as
high as 16% fat in the total diet and 30% fat in the
concentrate portion without adverse effects. Higher 1levels
decreased feed palatability and caused loose stools. Meyer
(1987) warns that a flow of high amounts of fat to the large
intestine must be avoided, because it reduces fiber
digestibility and fat utilization. Personal observation
showed that these experimental horses on the added fat diet
were defecating more frequently than the control and stools
were looser, with a glossy sheen to them. This appears to
indicate that there was less than optimal digestion of the
fat, or that the fat source was binding calcium and(or)
magnesium and forming soaps in the cecum reducing fiber
digestion (Freeman, 1969).

The effect of added dietary fat on temperament of the
horses was noted by personal observation as the study
progressed. Horses on the fat diet appeared to become more
calm and lazy, while the horses on the control diet became
more anxious and impatient. This phenomenon was also noted

by Pagan et al. (1987) in a study with Standardbred horses.

HEART RATES
Meyers et al. (1987) found heart rates to be lower
during exercise in horses fed a 10% fat concentrate. Webb

et al. (1987) in the development of a repeatable standard
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exercise tolerance test noted that peak heart rates occurred
after 1 min of exercise and then dropped to a lower steady
state at about the 6th min of exercise. Steady state heart
rate was maintained throughout the test and was highest at
the highest intensity of exercise. During recovery, heart
rates showed a precipitous drop in the first minute post-
exercise. Time to reach resting heart rate values were
indicative of exercise intensity. Although heart rates were
not recorded during exercise in this study, the heart rate
monitor was hooked up to each horse the whole time it was on
the treadmill. A definite pattern in heart rates was
noticeable. During the first few minutes of trotting, the
heart rates jumped well up above 160 BPM, but would settle
down after 1 to 2 min to stabilize between 130 and 140. The
heart rate would stay fairly stable at this rate for a while
and gradually climb to around 150 beats per minute. It
would again stabilized there for a while until it climbed up
to 160. Each horse was consistent in the rate where they
would stabilize after the first few minutes of trotting each
day. If the horse was not feeling well, it was immediately
apparent in elevated heart rates. Also if something would
startle the horse, the heart rate would jump up above 160
for approximately one minute, then settle back down again.
Our experience was that if the electrodes for the heart rate

monitor are not in excellent condition, the monitor may give
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faulty and unstable readings. There appears to be
considerable room for improvement in the hand held heart

rate monitor as a precision experimental instrument.

TROTTING TIMES

Weekly MTT can be found in Table 6 and are plotted in
Figure 1. Although absolute values for MTT are reported in
the table and figure, all values were deviated from the
initial trotting time of each horse for statistical
analysis. There was an increase in the MTT over the 12 wk
training period (P < .001) for both groups: values for the
control horses increased 61%, while those for the fat-fed
horses increased 67%, demonstrating the training effect.
When the data was divided into three 4 wk periods
differences were seen between diets for the first 2 periods
(8 wk). Fat diet horses did not run as long before their HR
reached 160 BPM as the control horses (wk 1-4: P < .05, and
wk 5-8: P < .05) until after wk 8 when they started to show
improvement similar to the control horses. The fact that
fat-fed horses made most of their improvement in trotting
time after 8 wk of low intensity training suggests that the
horses needed a longer time to adapt to the added fat diet
than previously thought.

Improvement in trotting times found in Table 6 can be

plotted with the following two equations:
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TABLE 6. WEEKLY MEAN TROTTING TIMES TO HR 160

Average weekly trotting times (min)

Week Control SD Fat diet SD
12 15.20 * 3.97 10.33 * 3.29
2 14.13 * 5.54 11.43 % 3.11
3 17.33 + 7.51 9.40 + 2.87
4 21.67 * 7.83 14.42 * 4.52
5P 35.93 +15.20 14.47 * 5.53
6 23.57 + 7.04 14.20 * 4.57
7 21.53 % 8.37 12.40 * 2.53
8 24.87 * 9.59 13.71 * 4.07
9¢ 24.80 * 6.78 14.93 * 2.92

10 32.87 * 8.77 20.87 * 6.91

11 35.00 *10.53 21.42 * 7.74

12 38.56 +10.08 31.67 * 8.36

8wk 1-4 control vs fat diet (P < .01).
byk 5-8 control vs fat diet (P < .05).
CWwk 9-12 no difference between diets.
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Figure 1. Weekly mean trotting times to HR 160 (MTT) for
both dietary treatments. The conditioning effect can be
seen by the gradual increase in MTT (P < .001) over the 12

wk period.
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Fat Diet: y = -.511x + .147x2

Control Diet: y = 1.794x + .003x2

In this equation x = week and y = minutes. A graphic
depiction of these equations can be found in Figure 2. Upon
careful study of the equations it can been seen that
improvement in horses fed +the control diet was nearly
linear. This is what would be expected when beginning a
conditioning program. The equation for the fat diet horses
suggests a quadratic with the 1low point on the curve
occurring at 1.7 wk. The compensatory improvement after wk
8 can be seen in the right side of the curve, as the fat
diet horses were running nearly as long as the control
horses by wk 12. The 1lines beyond wk 12 are pure
extrapolation, as this study only ran for 12 wk. The
difference in these curves would tend to suggest that the
fat diet horses may have needed a longer adaptation period
before their bodies fully utilized the dietary fat as an
energy source.

When temperature was correlated with the daily running
times, a tendency was seen (P < .1) for morning running
times to decrease as temperatures increase. This result was
unusual because the horses were run early in the morning
when the ambient temperatures were cool and never rose over

26° C. No correlation was seen for evening running times
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Figure 2. Graphic illustration of the regression equations
from the change in MTT of the control and fat diet horses.
Weeks 12 through 20 are extrapolated.
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and temperatures. The mean temperatures for the study were:
15.8° C (5.91 SD) in the morning and 24.2° C (5.85 SD) in
the afternoon. Weather patterns were recorded also. In the
mornings 30% were sunny, 57% were foggy or overcast, and 13%
were raining. In the evenings 54% were sunny or partly

cloudy, 31% were overcast, and 15% were raining.

BLOOD COMPONENTS
No significant differences between horses fed the two
diets were found for any of the blood components. There
were, however, differences in the levels before and after
conditioning for both groups: lactate (P < .0l1) and glucose
(P < .001) increased, while FFA (P < .05), and cholesterol
(P < .01) increased. No time effects were seen in total
serum protein. Such results suggest that there was a
conditioning effect in all horses from the treadmill
exercise. A conditioning effect on blood parameters is well
documented in horses (Goodman et al., 1973; Persson, 1983).
Aitken et al. (1974) found that conditioning reduced
variability in parameters used to measure fitness. Each
blood component will be discussed individually below.
Conditioning effect on blood lactate is well
documented. Results of this study (Table 7 and Figure 3)
are similar to Rose and Hodgson (1982), who found

exercising and post-exercise blood lactate values to
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gradually lower as horses undergo training. This indicated
that the anaerobic threshold is raised in response to
training. Blood lactate values will increase dramatically
at exercise intensities above 9 m/sec, when anaerobic
glycolysis becomes the main source of energy (Rose, 1985).
Horses performing aercbic exercise have considerably 1lower
lactate values, but still significantly higher than resting
levels (Hintz et al., 1982). Horses fed a 10% added fat
concentrate appeared to have higher post-exercise lactate
values (Webb et al., 1987:; Oldham et al., 1989) and horses
fed 20% added fat had higher levels 15 min post-exercise,
indicating slower removal of lactate from circulation (Duren
et al., 1987). The results of this study agree with that of
Hintz et al. (1978) in that there were no differences
between dietary treatment in lactate concentration at any
time during exercise.

High-fat diets have been shown to depress blood glucose
levels (and subsequent insulin secretion) post-feeding in
horses (Stull et al., 1987). But 1levels of circulating
blood glucose during exercise depends on the balance between
glucose uptake by working muscle and the rate of hepatic
glycogenolysis and gluconeogenesis (Snow and MacKenzie,
1977). Blood glucose concentrations increase after short
distance maximal or near-maximal exercise (Snow and

MacKenzie, 1977; Rose, 1985) and decrease or stay the same
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TABLE 7. BLOOD LACTATE (mg/dl) FROM THE INITIALé MIDPOINT
AND FINAL STANDARD EXERCISE TESTS (SET)

Initial SET®  Midpoint SET Final SET

Resting® 4.82 6.58 4.36 7.25 2.67 3.12
3 min trot9f  16.86 20.71 6.56 9.40 3.42  3.61
HR 160 bpn® 28.83 19.37 9.78 16.13 11.13 9.81
Recovery 24.70 12.28 7.41 10.50 9.44 7.77

3sE = 2.905
Prnitial SET vs midpoint SET (P < .05).
Cresting vs 3 min trot (P < .05).
d3 pin trot vs HR 160 bpm (P < .05).
©HR 160 bpm vs recovery (P < .05).
Change from resting to 3 min trot for initial SET vs
midpoint SET vs final SET (P < .05).
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Figure 3. A comparison of blood lactate (mg/dl)levels
between treatments at weeks 0 and 12.
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during endurance exercise (Rose, 1985). Rose et al. (1983)
also found that blood glucose 1levels were negatively
correlated with speed in endurance horses. When horses were
fed high fat diets the glucose levels were higher (Slade et
al., 1975; Hintz et al., 1978; Hambleton et al., 1980; Duren
et al., 1987) or the same (Worth, 1988; Oldham et al., 1989)
regardless of exercise regimes. In this study, the horses
had little change in glucose levels throughout the exercise
bout after 12 wk of conditioning, as compared to a rise in
glucose levels during exercise in both fat diet and control
horses before (Table 8 and Figure 4). It has been
postulated that high fat diets may have a glucose-sparing
effect (Duren et al,. 1987). The effect of the fat diet in
this study after 6 and 12 wk of conditioning was lower
glucose levels during rest and after their HR reach 160 BPM,
but difference was not significant. This is in contrast to
findings by Hintz et al. (1978).

Conditioning resulted in significantly increased
elevations of plasma FFA concentrations (Hambleton et al.,
1980). It is well established that circulating FFAs provide
the major source of energy for working muscle during
prolonged exercise (Hodgson, 1985b) In endurance and
maximal exercise highest levels of FFA are seen during the
post-exercise recovery period (Snow and MacKenzie, 1977;

Rose, 1985). Both of these trends were seen in this study,
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TABLE 8. BLOOD GLUCOSE (mg/dl) FROM THE INITIAL, MIDPOINT
AND FINAL STANDARD EXERCISE TESTS (SET)
Initial SET®  Midpoint SETC Final SET
Control Fat  Control Fat  Control Fat
Resting®  100.53  95.85  69.82 72.21  79.98 71.61
3 min trotdf 111.93 104.69 65.13 69.54 67.77 77.89
HR 160 bpm? 137.86 125.82 74.54 71.64 89.39 79.76
Recovery 137.27 111.66 79.98 77.83 80.74 82.33

3SE = 5.4297
brnitial SET vs midpoint SET (P < .01).
CMidpoint SET vs final SET (P < .05).
3 min trot vs HR 160 bpm (P < .05).
€change from resting to 3 min trot for initial SET vs
midp?int SET (P < .05).
Change from 3 min trot to HR 160 bpm for initial SET vs
midpoint SET (P < .1).
9dchange from HR 160 to recovery for midpoint SET vs
final SET (P < .1).
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Figure 4. A comparison of blood glucose (mg/dl) levels
between treatments at weeks 0 and 12.
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but no difference was seen as a result of dietary treatment
(Table 9 and Figure 5).

Hambleton et al. (1980) found that all his horses had
normal serum cholesterol concentrations as in this study
(Table 10 and Figure 6), but unlike this study the
concentrations were highly correlated with dietary fat.
Results by Goodman et al. (1973) report a tendency also seen
in this study in the conditioning increased the resting
concentration of cholesterol in serum. Cholesterol in
horses has previously been shown to increase as a result of
exercise (Goodman et al., 1973; Hambleton et al., 1980), but
this was not seen in this study.

No differences were seen in serum total protein between
either diet or conditioning effect in this study (Table 11
and Figure 7). Similar results were found by Thomas and
Fregin (1981) when they saw no significant change in total

serum protein with increasing exercise up to 2.22 m/sec.

MUSCLE GLYCOGEN

Changes in muscle glycogen content during the final SET
(Table 12 and Figure 8) were different (P < .0l1) between
groups. Muscle glycogen 1levels in the fat-fed horses
decreased 20% (13.61 to 10.95 mg/g wet tissue) during
exercise, as compared 68% (25.44 to 8.27 mg/g wet tissue)

in the control horses (P < .1), indicating that the added



55

TABLE 9. BLOOD FREE FATTY ACIDS (meq/l) FROM THE INITIAL,
MIDPOINT AND FINAL STANDARD EXERCISE TESTS (SET)2

Initial SETP Midpoint SET Final SET

Control Fat  Control Fat  Control Fat
Resting®  0.244 0.290  0.382 0.396  0.416 0.507
3 min trot®t  0.312 0.223 0.271 0.381 0.228 0.293
HR 160 bpm99  0.553 0.394 0.621 0.575 0.800 0.969
Recovery 0.995 0.828 1.266 1.262 1.612 1.591

ASE = .0872
bInltlal SET vs midpoint SET (P < .05).
€3 min trot vs HR 160 bpm (P < .001).
dHR 160 bpm vs recovery (P < .001).
€Cchange from resting to 3 min trot for initial SET vs
midpglnt SET (P < .05). ,
Change from 3 min trot to HR 160 bpm for initial SET vs

midpoint SET (P < .05).

9dchange from HR 160 bpm to recovery for initial SET vs
midpoint SET (P < .05).
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Figure 5. A comparison of blood free fatty acids (meq/l)
levels between treatments at weeks 0 and 12.



57

TABLE 10. BLOOD CHOLESTEROL (mg/dl) FROM THE INITIAL,

MIDPOINT AND FINAL STANDARD EXERCISE TESTS (SE’I‘)a

Initial SETP

Midpoint SET®

Final SET

Resting 51.37 43.57
3 min trotd  57.67 68.73
HR 160 bpm® 63.73 60.27
Recovery 56.47 48.63

Agg = 7.1227

Prnitial SET vs midpoint SET (P < .05).
CMidpoint SET vs final SET (P < .05).
d3 min trot vs HR 160 bpm (P < .05).
©HR 160 bpm vs recovery (P < .05).
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Figure 6. A comparison of blood cholesterol (mg/dl) levels
between treatments at weeks 0 and 12.
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TABLE 11. SERUM TOTAL PROTEIN (g/100ml) FROM THE INITIAL,
MIDPOINT AND FINAL STANDARD EXERCISE TESTS (SET)?2

Initial SET®  Midpoint SET Final SET

Resting 6.00 6.42 6.10 6.37 5.57 6.17
3 min trot 5.73 6.89 6.29 6.74 5.48 6.25
HR 160 bpmc 5.78 6.66 6.29 6.53 5.92 6.15
Recovery 5.67 5.97 5.51 5.87 5.08 4.82

§SE = .2554
Initial SET vs midpoint SET (P < .1).
CHR 160 bpm vs recovery (P < .005).
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Figure 7. A comparison of total serum protein (g/100ml)
levels between treatments at weeks 0 and 12.
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TABLE 12. MUSCLE GLYCOGEN (mg/g wet tissue) DEPLETION
DURING EXERCISE FROM THE FINAL SET2

Before b After

exercise exercise
Control (mean) 25.44 8.27
Fat diet (mean) 13.61 10.95

8SE = 3.435

bpefore vs after exercise (P < .05).

Cpepletion during exercise for control vs fat
diet (P < .1).
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Figure 8. Changes in muscle glycogen levels during exercise
from the final SET.
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fat diet may have had a glycogen-sparing effect. The fact
that the fat-fed horses were using less muscle glycogen but
no more blood glucose or FFA may be accounted for by an
increase in the use of muscle triglycerides as an energy
source. A preferential use of muscle triglycerides over
muscle glycogen was seen in humans after 12 wk of endurance
training (Hurley et al., 1986).

Resting levels of stored glycogen after 12 wk of
conditioning were 47% higher (P < .001) in the control than
in fat-fed horses. Similar differences were also seen in
Standardbred horses fed high levels of fat (Pagan et al.,
1987). Even though the glycogen levels were lower in the
fat-fed horses, less glycogen was used during exercise.
Post-exercise levels differed (P < .05), the fat-fed horses
having 25% more glycogen than the control (10.95 vs 8.27
mg/g wet tissue).

Although the range of resting muscle glycogen levels
from this study were very similar to Meyers et al. (1987),
the diet effects were opposite. 1In this study, the control
diet horses had more muscle glycogen (25.44 mg/g) and the
high-fat diet horses less (13.61 mg/g); while in Meyer’s
study, the high-fat diet horses had more (25.77 mg/g) and
the control horses less (16.97 mg/g). Physiologically, high
fat diets should lower the muscle glycogen concentration as

seen in this study and Pagan et al. (1987). High-fat diets
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combined with exercise have been used in humans and horses
to deplete glycogen before giving a high-carbohydrate diet
in glycogen loading. The physiology behind this phenomenon
has been explained by Pagan (1988). Muscle glycogen is
dependent on three factors: 1) glycogen synthase activity 2)
blood glucose concentration and 3) blood insulin 1levels.
The amount of synthase a (the active form of the enzyme)
which 1is present in muscle is increased with glycogen
depletion. Therefore, exercise bouts resulting in a drop in
muscle glycogen will activate glycogen synthase. If this
exercise is followed by a diet high in carbohydrate, the
resulting elevation in blood glucose will cause an increase
in insulin secretion which will stimulate glycogenesis and
inhibit glycogenolysis. In addition, insulin exerts long-
term control over the glycogenic capacity of muscle cells by
stimulating the rate of biosynthesis of several enzymes
which are important for glycogen synthesis, including
synthase, PP-I and type II hexokinase. Insulin also
increases glycogenesis through its positive influence on
glucose uptake into muscle cells. High-fat diets have been
shown to reduce insulin secretion after a meal. Without the
glycogenic activity of insulin, fewer glycogen stores will
be built. But a high fat diet was also shown to be
glycogen-sparing in this study and by Pagan et al. (1987)

and Meyers et al. (1987). Perhaps this is because the body
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is adapted to using fats as a readily available energy
source. Training will cause the body to utilize fat (in
addition to glycogen) to meet the increased energy
requirement, thus, sparing glycogen stores (Goodman et al.,
1973). With endurance training the muscle triglycerides may
also supply a 1large portion of the energy needed for
exercise, thus, sparing glycogen stores (Hurley et al.,

1986) .

SUMMARY

Feeding added dietary fat to horses may be a reasonable
substitute to increase the energy level in the feed. There
appears to be a muscle glycogen-sparing effect. However, a
longer adaptation time may be needed to obtain full effects
from the added fat. The training period in this study may
have been too short to truly evaluate all the benefits of

added dietary fat.
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APPENDIX TABLE 1. EQUI-CHOICE VITAMIN MINERAL SUPPLEMENT:
GUARANTEED ANALYSIS?

Ingredient %

Calcium (MaX) .iceesecssccsses 9.00
Calcium (MiN) .cveeeeeacecceceas 7.00
Phosphorus .....cccccccesseeee 8.00
Magnesium .....cccc0c0s00s000. 1.00
Sulfur .....ccceccrecseccacsess 1.00
ZINC tvieeeeenteccacsanceeeass 0.500
Iron .c.cieecececessnssesssess 0.300
COPPEY cceecoecccscscscscensess 0.120
Manganese ....cccccese0e0ss00.. 0.100
Cobalt ......iceceeeceecseses 0.0020
Iodine ..iceeesseccscsanssss 0.0020
Salt (MaX) «ceeevcsccesessaaecs 36,00
Salt (Min) ...vieeeeeeeseaeacss 34.00
Sodium ....cc000c0000s0000s00s 13.65
Chlorine ....cescececesssssess 21.35
Selenium ....cceo0c0eessseee.. 0.0011
vitamin A ........... 150,000 IU/1lb
Vitamin D ¢..¢cceece... 25,000 IU/1Db
Vitamin E ...cccvveeeees. 300 IU/1b
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@ wilson Enterprises Inc.
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C:12-0 Lauric Acid ...cceceecessoceesessss 0.51
C:14-0 Myristic Acid ...ccerieeeeccncceee 2.25
C:15-0 PentadecanoiC ...cececcecseccceccss 0.28
C:16-0 Palmitic Acid ...c.ceeeececacees 22.14
C:16-1 Palmitoleic Acid ...cceeeeeeeaveeces 0.41
C:17-0 Margaroleic Acid .....ceceeeeeee. 0.17
C:18-0 Stearic Acid .c.iceececcncosness 26.30
C:18-1 Oleic AcCid .cceeevecccccassenees 12.88
C:18-2 Linoleic Acid ...cvceeececceecess 38.07
C:18~3 LinolenicC .ceeeeeececccccsscccocss 4.45
C:20-0 Arachidic Acid ....cccceeeeeeeees 0.53
Crude Fat ccccececscecssccscscncenscess 95.00
Crude Protein ...cceeeeecccccccccncceeaes 2.00
CalCiuUm coeveeveccessocsscscssossssscsssceasse 0.05
Phosphorus ....cceceeeccecccccccccsececeecss 0.10
Calories (Kcal/Kg) cesesseceescsccssss 8712.00
DE (KCAl/KQg) eescececescsssssccccssssas 7865.00
ME (Kkcal/Kg) cceeecseccscecasscsssesass 7590.00
LYSIN@ .vcceeeecsccscsccscssoccsoccsascsas 0.85
Fiber .c.cceceeeccsscscsccsccsascnnncsnscas 0.40
ASh ..t ecieeerercosacccscsscnessssssasasass 0.80
Unsaponifiable Matter ......cccee0e0ee.. 1.10

@ Better Nutrients Inc.
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(ABSTRACT)

Two groups of three horses each were fed either a
control diet of ground hay and concentrates or a similar
diet with 10.5% added fat. The horses were trotted at 2.9
m/sec to a heart rate (HR) of 160 beats per minute (BPM) 5
d/wk on an equine treadmill set at 9° for a training period
of 12 wk. A standard exercise test (SET) was performed at
wk 0, 6, and 12. Blood samples were taken before, during,
and after exercise and analyzed for lactate, gludose,
cholesterol, total serum protein, and free fatty acids
(FFA). Muscle biopsies were taken before and after exercise
during the SETs on wk 1 and wk 12. Differences between wk
0, 6, and 12 in blood levels were found: lactate (P < .01)
and glucose (P < .001) decreased, while cholesterol (P <
.01) and FFA (P < .05) for both groups, indicating a
conditioning response. However, no differences were found
in any of the blood factors between groups. In the final
SET, pre-exercise muscle glycogen 1levels in the fat-fed
horses were lower (13.61 vs 25.44 mg/g wet tissue). Post-

exercise glycogen levels, however, were higher in the fat-



fed horses (10.95 vs 8.27 mg/g wet tissue), indicating that
there may have been a glycogen-sparing effect. The fat-fed
horses avg .3 kg/d less in daily consumption, and avg .03
kg/d more in ADG (.36 kg/d for control vs .33 kg/d for fat-
fed). Differences in trotting times (time to HR 160 BPM)
between groups were seen at the end of four (P < .05) and
eight (P < .05) wk; control horses improved 39% while fat-
fed horses only 25% from wk 1 to wk 8. No differences were
seen between groups from wk 9 to 12. Improvement over the
12 wk period was similar for both groups (control 61%, fat-
fed 67%). These results seem to suggest that although fat
appears to be a reasonable source of energy for the horse,
there may be a long adaptation period for horses fed higher

levels of fat.





