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Effect of Dietary Fat on Blood Parameters
in Exercised Thoroughbred Horses

S. E. DUREN, 8. G. JACKSON, 1. P. BAKER, and D. K. AARON
Animal Science Dept. University of Kentucky, Lexington,
KY 40546, USA.

Summary

Four Thoroughbred horses, 3 geldings and I mare were used in a 4 X 4 Latin square
experiment to determine the suitability of dietary fat as an energy source for horses
performing strenuous exercise. Diets were formulated 10 meet recommended energy
requirements for exercise (NRC, 1978) such that 0, 5, 10 or 20% of the total dietary
digestible energy was provided as corn oil. Four horses were assigned to dietary rreat-
ments and were exercised on a work day, rest day rotation. Blood samples were taken,
during the work day exercise regime, at rest, after trotting, immediately after exercise,
and at 15 and 30 minutes after exercise and subsequently analyzed for glucose, glve-
erol, triglyceride, lactic acid and free farty acids. Blood pH, rectal temperature and
body weight also were recorded. Plasma glucose concentrations were higher after trot-
ting, immediately after exercise, and at 15 minutes after exercise in horses Jfed the 20%
fat diet Blood glycerol peaked 15 minutes after exercise for all horses with the highest
glycerol concentrations observed in horses fed the 10% far diet. Plasma triglyceride
levels decreased with increasing level of dietary fat. Lactic acid increased with intensity
of exercise and gradually decreased during recovery for all horses. Free farty acid
values are not reported due to sample loss resulting from storage freezer malfunction.
No differences in blood pH or rectal temperature could be attributed to dietary 1reai-
ments. There were no changes in body weights, indicating that dietary fat was utilized
effectively as an energy sowrce for horses performing strenwous exercise.

Index terms. Corn oil; nurrition; plasma glucose; plasma trighycerides, blood glveerol,

Introduction

The use of the horse for athietic competition has become increasingly popular. Equine
athletic events such as endurance riding, three-day eventing, flat track racing and nu-
merous other events require the horse to perform at high levels of physical activity.
Because of this physical activity the equine athlete is faced with extremely high energy
demands.

Traditionally, energy requirements for horses have been met with various combina-
tions of forage and forage-grain mixtures. The use of more energy-dense feedstuffs to
meet these energy requirements has attracted recent research attention, Although dietary
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fat has not been added routinely to horse rations, its merit as an energy-dense feedstuff
has been demonstrated in horses performing endurance exercise (Slade er al., 1975;
Hintz er al., 1978; Hambleton et af , 1980). The ability of the horse to utilize dietary
fat during exercise at greater intensities has not been reported. The objective of this
experiment was to determine the potential value of fat as an energy source in diets for
horses performing strenuous exercise

Materials and Methods

Four clinically heaithy Thoroughbred horses (3 geldings, I mare) ranging in age from
4-10 years, with an average weight of 510 kg, served as experimental animals. Horses
were fed diets which provided 155 keal DE/kg ”*/day pius an additional 23 kcal of
DE/kg of mass/day (NRC, 1978). Timothy hay was provided at a rate of 4.54 kg/
head/day. The remainder of the energy requirement was provided as a textured con-
centrate or a textured concentrate plus corn oil mixture (Table 1) Corn oil was top-
dressed to prevent possible rancidity problems and to assure accurate intake. The diets
were formulated such that 0, 5, 10, or 20% of the total dietary digestible energy (DE)
was provided as com oil. The DE values of the experimental diet were calculated using
table values for dietary constituents (NRC, 1978). Horses were assigned to dietary treat-
ments in a 4 X 4 Latin square crossover design (Gill, 1978).

Each horse underwent a 60-day pretrial conditioning period consisting of walking,
trotting, cantering and galloping 8.05 km/day, 6 days/week During the experiment,
horses were exercised 7 days/week on a work day, rest day rotation. The work day
consisted of trotting 4 0 km at a rate of 4 meters/sec, galloping 1.6 km at a rate of
13 4 meters/sec and sprinting .2 km at an approximate 1ate of 16 meters/sec. On rest
days, horses were trotted in pairs 4.8 km at a rate of 4.5 meters/sec alternating either
being ridden or led in an effort to minimize skeletal stress. All exercise was performed
on a 1 6-km, oval turf track Throughout the duration of the trial horses were housed
individually in 3.7 % 3.7 m box stalls, bedded on straw and provided trace mineralized
salt and water free-choice Horses were ridden by two riders of similar weight through-

TABLE 1. Composition of textured concentrate mixture

Ingredient Treatment

(% of diet) o 5 10 20
Cracked corn 50 49 45 37
Rolled oats 30 30 30 31
Soybean meal 8 9 i3 21
Molasses 9 9 9 8
Ground limestone I 1 1 1
Dicalcium phosphate I I 1 I
Trace mineralized salt® ! ! 1 !
Vitamin premix 4+ + + +

"Percent D E. supplied as fat.

*Trace mineralized salt provided 70 mg Zn, 68mg Fe, 40 mg Mn, 6 6 mg Cu, 1.4 mg 1 and
I 0 mg Co per kg of concentrate

Corn oil was top dressed daily to provide the required amount of digestible energy
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out the trial except on data collection days when all horses were ridden by one rider.
The use of one rider on test days was done to standardize work performance

The experiment was conducted from April to July in four consecutive 20-day periods
with each period consisting of two phases. These were a 10-day phase for adjustment
to diets, foliowed by a 10-day data collection phase. The horses were fed 3 hours prior
to exercise on those days when blood samples were taken and on other days shortly
after exercise. Data collection occurred on the first and tenth day of the data collection
phase of each period, with all data being collected during the work day exercise regime.
Data from day one and ten of each period served as two replications. Blood samples
were collected via jugular venapuncture and were taken: ) at rest; 2) after trotting; 3)
immediately after exercise; 4) 15 minutes after exercise; and 5) 30 minutes after ex-
ercise. Three [0-ml heparinized vacutainer blood tubes were filled at each of the five
samplings, with an additional 10 ml of blood being collected in a heparinized syringe
at rest and immediately after exercise for pH determination All blood samples were
placed in an ice bath immediately and, following collection of the last blood sample
on each sampling day, transported to the laboratory. The blood was centrifuged, the
plasma decanted and stored at - 10°C for subsequent analysis. Rectal temperatures were
recorded at rest and again 15 minutes after exercise for each horse,

Plasma samples were analyzed for glucose concentration using a modified procedure
outlined by Raabo and Terkildsen (1960). Lactate concentration was determined using
a modification of a procedure outlined by Henry (1968). Plasma glycerol and triglyc-
eride concentrations were determined using the procedure of McGowan er al. (1983)
modified to allow use of an automated system of analysis, Blood pH was determined
within 3 hours of sampling using an Instrumentation Laboratory pH and blood gas
analyzer. Data were analyzed using least-squares procedures (Harvey, 1975) assuming
a mathematical model that included effects of replication, animal, diet period, bleeding
and appropriate two-way interactions

Results

The corn oil added to the diets was readily accepted by all horses and no feed refusals
of the concentrate or hay portions of the diet were observed for any of the experimental
diets. Horses showed no indications of gastric disturbances and no changes in consis-
tency of the feces was noted.

Due to the high energy density of the corn oil, horses consumed less feed (kg/day)
when fed rations including corn oil than when consuming the conventional control ra-
tion, Horses consuming the corn oil supplemented diets maintained body weight and
showed no evidence of negative effect on heaith or performance.

As the oil was added to the feed as a top-dressing, no problems with rancidity were
encountered, however, if used in a commercially prepared feed, the use of a dietary
antioxidant is probably wartanted.

Glucose. The influence of dietary fat on plasma glucose concentration prior to and
following exercise is shown in Fig 1 Glucose concentrations at rest did not differ
between dietary treatments. After trotting, horses fed the 0% fat diet had lower (p <
-05) plasma glucose concentrations than those receiving either 5% or 20% fat diets,
while horses fed the 10% fat diet were not different from those on the 0% fat diet.
Blood glucose concentrations immediately after exercise were higher (P < .05) for
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FIGURE 1. The effect of diet on plasma glucose concentrations prior to and following exercise
in Thoroughbred horses. Standard error of least-square mean for glucose is 2.73
mg/dl.

horses fed the 20% fat diet than for those fed the 0, 5 and 0% fat diets. Horses
receiving the 10% fat diet had higher (P < .05) glucose concentrations than those fed
the 0% fat diet, but were no different from those fed the 5% fat diet. At the 15-minute
after exercise sampling, horses fed the 20% fat diet again were observed to have higher
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(P < .03} glucose concentrations than horses fed the lower fat diets. At 30 minutes
after exercise, blood glucose did not differ between the 0% and 20% fat diets. Plasma
glucose was lower (P < 07) in horses fed the 5% and 10% fat diets than those fed the
0% and 20% fat diets.

Glycerol. The influence of dietary fat on plasma glycerol concentrations, prior to and
following exercise, is shown in Fig. 2. Glycerol concentrations at rest, after trotting,
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FIGURE 2. The effect of diet on plasma glycerol concentrations prior to and following exercise
in Thoroughbred horses Standard error of least-square mean for glycero! is .13
mg/dl
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immediately after exercise and at 30 minutes after exercise did not differ between di-
etary treatments . At the 15-minute after exercise sampling, plasma glycerol concentra-
tions were higher {P < .03) for horses fed the 10% fat diet than for those fed the 0, 3
and 20% fat diets. Plasma glycerol concentrations among horses fed the 0, 5 and 20%
fat diets were not different at the 15-minute after exercise sampling.

Triglyceride. The influence of dietary fat on plasma triglyceride (TG) concentrations,
prior to and following exercise, is shown in Fig. 3. Resting plasma TG concentrations
were higher (P < 05) in horses fed the 0% fat diet than in those fed the 5, 10 or 20%
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FIGURE 3. The effect of dict on plasma triglyceride concentrations prior to and following ex-
ercise in Thoroughbred horses. Standard error of least-square mean for triglyceride
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fat diets. Horses receiving the 5% fat diet had TG concentrations no different from
horses fed the 10% fat diet, but higher (P < .05) than those fed the 20% fat diet.
Resting plasma TG concentrations for horses fed the 10 or 20% fat diets did not differ.
Blood TG concentrations after trotting were higher (P < .05) in horses on the 0% fat
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FIGURE 4 The effect of diet on plasma lactate concentrations prior to and following exercise
in Thoroughbred horses. Standard error of least-square mean for lactate is 4.17
mg/di
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diet than in those on the 5, 10 or 20% fat diets. Horses receiving the 5% fat diet had
higher (P < .05) TG concentrations than horses fed the 20% fat diet, but did not differ
from those fed the 10% fat diet. Horses fed the 20% fat diet had lower (P < .05} biood
TG concentrations than those fed the 0, 5, and 10% fat diets. Immediately after ex-
ercise, plasma TG concentrations again were higher (P < .05) in horses fed the 0% fat
diet than in those receiving the other dietary treatments. Horses fed the 5% fat diet had
TG concentrations no different from those fed the 10% fat diet, but higher (P < .05)
than those fed the 20% fat diet. Plasma TG concentrations immediately after exercise
did not differ between horses fed the 10 or 20% fat diets. During recovery from ex-
ercise, plasma TG concentrations, at both the 15 and 30-minute after exercise sampling,
were higher (P < .05) in horses fed the 0% fat diet than in those fed the 5, 10 or 20%
fat diets. Horses fed the 5% fat diet had higher (P < .05) plasma TG concentrations
during all sampling times than horses fed the 10% and 20% f{at diets. Plasma TG con-
centrations were not different between horses fed the 10 and 20% fat diets at either the
15- or 30-minute after exercise sampling times.

Lactate. The influence of dietary fat on plasma lactate concentrations, prior to and
following exercise, is shown in Fig. 4. Lactate concentrations at rest, after totting,
immediately after exercise, and at 30 minutes after exercise did not differ between
dietary treatments. At the i5-minute after exercise sampling, plasma lactate concentra-
tions were higher (P < .05) for horses fed the 20% fat diet than for those fed the O or
5% fat diet. Horses receiving the 0% fat diet had plasma lactate concentrations which
were not different from those for horses fed the 5 or 10% fat diets. Plasma lactate
concentrations among horses fed the 10 and 20% fat diets were not different at the 15-
minute after exercise sampling.

Recral temperature and pH Venous pH and rectal temperatures did not differ be-
tween dietary treatments

Discussion

Glucose. The increased plasma glucose concentrations following exercise in horses re-
ceiving dietary fat compared with those receiving none, are in agreement with results
reported by Slade er al. (1975), Hintz et af. (1978), and Hambleton er al. (1980),
despite marked differences in exercise regimes. The consistent observation that plasma
glucose concentrations are higher in horses receiving dietary fat, following exercise at
different intensities of work, seems to indicate a glucose sparing effect associated with
the feeding of fat. The mechanisms for this protection from decline in blood glucose
concentrations, glucose sparing, are not understood completely; however, a number of
possible explanations exist. Fatty acids liberated from the enzymatic hydrolysis of tri-
glyceride may be utilized for energy production. Borensztajn and Robinson {1980) re-
ported that exercise increases lipoprotein lipase activity. Lipoprotein lipase breaks tri-
glycerides down into free fatty acids and glycerol, subsequently making them available
for oxidative metabolism. Gollnick (1985) reported that in humans a notable conse-
quence of endurance training is the shift of metabolism toward a greater use of fat,
resulting in glycogen sparing. A possible explanation for the increased utilization of fat
during exercise may be increased oxidative metabolism in muscle. The increased po-
tential for oxidative metabolism is illustrated by increases in mitochondrial protein, and
concomitant activity of the enzymes associated with the citric acid cycle and for oxi-
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dative phosphorylation (Ingjer, 1979) An increased ability of the horse to utilize fat
as an energy source (Goodman er af., 1973) may be due to similar changes in muscle
metabolism associated with training. In the studies of Slade er af. (1975), Hintz er al.
(1978), and Hambleton er af. (1980), as well as in this study, pretrial conditioning
periods were included prior to data collection to allow adaptations due o training to
occur. A glucose sparing effect may result solely from consumption of high-fat diets
In work cited by Golinick (1985), ingestion of a high fat diet resulted in a decreased
respiratory exchange ratio (R) during exercise compared with increases in (R) when
exercise of the same intensity was performed after consumption of a carbohydrate-rich
diet. Therefore, the body may adapt partially to the dietary energy source provided, by
modifying enzyme systems to utilize different ratios of energy substrates. Finally, con-
version of glycerol, derived from either dietary or endogenous triglyceride hydrolysis,
to glucose in the liver may increase blood glucose levels. Glucose formed in the liver
may be stored as glycogen, or be released into circulation, depending on energy demand
and hormone balance.

Glvcerol. Changes in blood glycerol concentrations as a result of dietary treatments
were not markedly evident. The increased plasma glycerol concentrations observed 15
minutes after exercise in horses fed the 10% fat diet may have reflected an increased
rate of lipolysis, although a complete explanation of dietary treatment and resulting
blood glycerol concentration is unclear. Plasma glycerol concentrations, for all horses
across all diets, were observed to increase from resting concentrations throughout ex-
ercise, with peak values measured during recovery from exercise. This finding is in
agreement with results reported by Snow and MacKenzie (1977), Lucke and Hall (1980a),
Lucke and Hall (1980b), and Snow et al. (1983). Since glycerol is not utilized to a
large extent during exercise, plasma glycerol concentrations may reflect the extent of
lipolysis occurring during exercise (Havel er o/, 1964), and if true, the elevated plasma
glycerol concentrations observed throughout exercise and at 15 minutes after exercise
may indicate a large degree of lipolysis,

Triglyeeride. Resting blood samples, taken 3 hows after feeding, were higher in
blood TG concentrations for horses fed the 0% fat diet than for those fed the 5, 10, or
20% fat diets. Horses fed diets containing fat {corn oil} absorb a portion of the dietary
energy in the form of TG contained in chylomicrons. The half-life of chylomicrons in
circulation is only a few minutes (Kaplan and Pesce, 1984). Horses fed high carbo-
hydrate diets absotb dietary energy as glucose Circulating glucose then enters the liver
and, depending on energy need, is converted to glycogen or very low density lipopro-
teins (VYLDL) for storage in adipose tissue. The higher plasma TG concentrations for
horses fed low fat diets may have resulted from conversion of glucose to TG in the
liver, with the subsequent release of VLDL into circulation

Lactic acid Differences in plasma lactate concentrations associated with dietary treat-
ment were observed only during recovery {rom exercise at the 15-minute after exercise
sampling time. The higher (P << 05) lactate levels 15 minutes afier exercise in horses
fed the 20% fat diet, than in those fed the 0, 5 and 10% fat diets, seem to indicate a
slower removal of lactate from circulation in horses receiving the 20% fat diet. During
recovery from exercise, lactate primarily is oxidized to carbon dioxide and water, or
converted to glucose or glycogen (Astrand and Rodahl, 1977; Fox and Mathews, 1981),
The horses fed the 20% fat diet may not have converted lactate to glucose or glycogen
as rapidly as horses fed the other diets, due to the increased {P < 03) blood glucose
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concentrations already present in these horses immediately following exercise and at
15 minutes after exercise. Since plasma lactate concentrations did not differ for the
horses across all diets at the 30-minute after exercise sampling, and since blood pH
was not significantly influenced by diet, the physiological significance of the differences
observed 15 minutes after exercise remains in question. Hintz et al. (1978) reported no
differences in plasma lactate concentrations following endurance exercise between horses
fed 8% fat diet and those fed a control diet

pH . Venous pH values, for all horses across all diets, were lower immediately after
exercise than at rest, which are in agreement with results reported by Krzywanek (1974),
Milne (1974), Krzywanek et al. (1976), Snow and MacKenzie (1977), Bayly ef al.
(1983), Snow ef af (1983), and Thornton er af (1983). Milne (1974) reported that
work intensity determines the extent to which blood pH is altered. The pH values, which
were lower immediately after exercise than at rest, indicate that the buffering capacity
of the blood was overwhelmed due to the large measured increases in lactic acid con-
centrations and, presumedly the increases in carbonic acid concentration.

Rectal temperature  Rectal temperatures were elevated for all horses across all diets
following exercise. The increased rectal temperatures reflected an elevated heat pro-
duction in response to the energy demands of exercise. The dietary treatments imposed
did not significantly affect rectal temperature

Conclusion

In conclusion, corn oil may be added at a rate up to 20% of the total ration digestible
energy and used efficiently in satisfying energy requirements of horses performing
strenuous exercise. Furthermore, the addition of fat to equine diets showed no negative
effects on the parameters monitored, and did protect against a decline in blood glucose
often associated with exercise
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Summary

Three Standardbred horses were used in a 3 X 3 Latin square design trial to determine
the effect of feeding diets comtaining different levels of carbohydrate, fat, and protein
to exercised horses. During each one month period the horses were fed cither a 12%
crude protein (CP) (as fed basis) commercial horse feed {control), a 20% CP feed (high
protein diet) or an [1% CP feed containing 15% added soybean oil (high fat diet).
During week 3 of each period the horses performed a stepwise exercise test and a high
speed exercise test on a flat motor-driven treadmill. During week 4 of each period the
horses performed a long slow exercise test (105 min ar 5 m/sec). Muscle and liver
glycogen concentrations were significantly lower after the long slow exercise test when
the horses were fed the high protein and high fat diets than when fed the control diet.
Respiratory quotients were alse significantly lower than control values during sub-
maximal exercise when the horses were fed the high protein and high far diets. Type
of diet affected the glyveogen storage and metabolic response to exercise. Horses fed
the high protein and high fat diets appeared to respond similarly.

Index terms: Equine nutrition; muscle and liver glycogen; standardized exercise test;
oxygen consumption

Introduction

Energy is the factor that should be considered first when evaluating the nutrition of the
performance horse, since it is the factor most likely influenced by exercise (Hintz,
1983}, A number of studies have been conducted to evaluate different sources of energy
for performance horses. Different levels of fat (Slade er af , 1975; Hintz et al., 1978;
Hambleton ef af., 1980; and Hintz, 1983) and protein (Slade er o/, 1975; Hintz er af .,
1980; and Patterson er al , 1985) have been fed to exercised horses in an attempt to
alter performance  Also, combinations of high protein, high fat and high carbohydrate
diets have been used to alter muscle glycogen storage in horses (Kline and Albert, 1981
Topliff er al., 1983; and Topliff et /., 1985). The results of these dietary manipulations
on equine exercise performance have not been conclusive Therefore, the following
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