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Abstract

The Quarter-Horses regularly participate in non-traditional sports that simu-
late activities on cattle ranches. In the vaquejada races, the horses run at about
30 km/h, reaching maximum heart rates of around 200 bpm, indicating the
great physical effort during competitions and with that could impact welfare.
To test the hypothesis that vaquejada horses can be evaluated for the quality
of welfare through a combination of non-invasive and invasive methods, an
experiment was developed that aimed to assess the quality of welfare through
thermography and blood biomarkers before and after vaquejada races. Ten
vaquejada horses, which were in regular competition, were submitted to the
vaquejadas racing test were used. Thermography was performed in 14 regions
of interest (head, neck and thorax) in the following phases: pre-race and +1,
+4 and +24 hours of the races. Blood samples were collected in pre-race, im-
mediately after and +1, +4 and +24 hours of the races. Results were submitted
to ANOVA and Tukey’s test, with p set at 5%. Thermography showed that
local temperatures before the race and +24 hours after the races were similar
(p > 0.05), as well as between +1 and +4 hours after the races (p > 0.05), which
showed higher surface temperatures than the first group (pre-race and +24
hours) (p < 0.05). There was also an increase in red blood cells, hemoglobin
and hematocrit immediately after the vaquejada races (p < 0.05) with a return
to normality +1 hour after the races. Plasma proteins rose after the runs and
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returned to normal values within +1 hour; CK did not change (p > 0.05) after
the exercises. In conclusion, the vaquejada horses evaluated by infrared ther-
mography and blood analyses maintained the quality of well-being, with the
physiological elevation of several parameters after the races and recovery in
less than 24 hours after the races. Thermographic images were also able to help
in the analysis of the regions of interest that have contact with harnesses, de-
monstrating that the use of adequate and correct equipment does not com-
promise animal welfare.
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1. Introduction

Sports with horses are quite widespread, and in most horses, there is a direct re-
lationship with cattle raising, especially in the Americas. Competitions such as
roping, paleteada, rodeo, vaquejada and coleada are present in several countries
on these continents and involve the use of horses and cattle in the same compe-
tition. These ranch types of equestrian competitions are quite different from those
commonly known to the urban public, such as races and equestrian events. Due
to their importance for job creation and horse agribusiness, these competitions
have specific regulations to meet good sports practices and animal welfare. In
vaquejada races, the main objective is the good use of horses and cattle involved
in official competitions, complying with all official regulations [1] [2] [3], in or-
der to provide the maximum level of welfare to the participating animals.

Different articles have described vaquejada and its impacts on the welfare of
horses and cattle, addressing both physiological and behavioral aspects by inva-
sive and noninvasive methods [4] [5] [6] [7]. Some studies have shown that
horses exhibit physiological and transient elevation of muscle enzymes, recover-
ing quickly in less than 24 hours [6] [8] [9]. Studies also include epidemiological
evaluations, demonstrating the low occurrence of colic syndrome (0.63%) in
more than 2000 animals in 12 different events [10]. Additionally, with regard to
cattle in vaquejada, studies with this species showed the absence of lesions in the
tail and related muscles when they are using the tail protector harness and that
the cattle are also adapted to handling the races in the vaquejada events [7] [11]
[12].

All of the aforementioned studies used various indicators and signals to eva-
luate animal welfare [13] in horse and cattle races. However, it is known that ani-
mal welfare evaluation methods must be validated, reliable, and viable, in addi-
tion to being scientifically established [13], and therefore need to be reviewed reg-
ularly and incorporate new evaluation methods, invasive and noninvasive, which
can be combined with each other [14]. With these possible combinations, we will

be able to more quickly identify the misuse of animals or the inappropriate use
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of techniques and thus establish new practices to increase animal welfare and the
correct use of animals, in addition to promoting the integration between animal,
human, and environmental impact [15].

An example of the new processes incorporated is infrared thermography (IRT),
which has been shown to be simple and can be used in various conditions, pro-
vided that they meet the specifications for use [16]. The IRT has good accuracy
in its measurements and is accepted in the scientific community as an effective
methodology to assess animal health and welfare [17] [18]. Thus, the combina-
tion of thermography with different hematological biomarkers may improve the
identification of physiological changes in stress responses and the quality of an-
imal health [19] [20] [21] [22].

Therefore, to test the hypothesis that horses subjected to vaquejada races can
be evaluated for quality of welfare through a combination of noninvasive and in-
vasive methods, an experiment was developed to evaluate the quality of welfare
for vaquejada horses through noninvasive (thermography) and invasive methods
(blood count, plasma proteins, creatine kinase (CK)) before and after physical
effort and in the recovery period of vaquejada races. These evaluations may con-
tribute to the evaluation of the animal welfare in this group of athletes and thus
meet the current official regulation and establish new concepts to improve the ani-

mal welfare for equestrian sports.

2. Materials and Methods

All procedures were approved by the ethics and animal welfare committee of the
Ethics Committee on the Use of Animals of the Centro Universitario Cesmac
(CEUA/CESMAC) under registration number 01200702819/2016-97.

2.1. Animals and Breeding System

Ten-quarter horses were used (age: 4 - 8 years; weight: ~450 kg; body score: 5 - 6)
and housed in a training center for vaquejada races. The experimental horses were
fed 20.0 kg of fresh chopped elephant grass (Pennisetum purpureum Schum.) di-
vided into three meals, in addition to receiving concentrate supplementation
(MaxEquinos Trabalho Mix, CP: 14% (min); EE: 5% (min); FB: 10% (max); BM
10% (max); ADF 15% (max), DuRacho Nutrigdo Animal), with 6 kg/animal/day,
divided into three meals with ~2.0 kg/animal. Mineralized salt and water were
available ad libitum. Also, the experimental horses were not subjected to changes
in their diets to eliminate or reduce acute or chronic stress after the vaquejada
challenge, that is, the animals maintained their pre-experimentation diets during
whole recovery period.

All animals were housed in individual boxes measuring approximately 15 m?
ventilated and with ample view of the horses around them. The trot and canter
training was performed 3 times a week for 30 to 40 minutes on an official track
for the sport, and at least twice a week, they performed 60-minute walks and

mounted walks.
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2.2. Simulation Test of the Vaquejada Race

The vaquejada race simulation test was performed as previously described in the
literature [5] [8] [23], complying with official regulations of the Ministry of
Agriculture, the Brazilian Association of Vaquejada, the Brazilian Association of
Quarter Horse Breeders and the Brazilian Association of Technical Standards, both
for horses and cattle [1] [2] [3] [24].

For vaquejada race simulation test, the horses were warmed for 10 minutes
while trotting and cantering. Then, they performed three consecutive runs with
cattle on a soft sand track (length 130.0 meters), where the cowboy and his horse
gallop to unbalance and knock the cattle (Nelore, ~350 kg) down on a 9.0-meter
sand strip, after 90.0 meters run, along with another cowboy and his track horse.
Each run lasted 15 to 20 seconds, and then the animals returned to the starting
point at a walk until completing three runs. After vaquejada race simulation test,
a blood sample was collected, and the animals continued to walk for 15 minutes.
Each bull ran only once on the same day and used the official tail protection
harness. Both cattle and horses used in this experiment were evaluated 24 hours
before, during the test and 24 hours after performing the vaquejada race simula-

tion test using the 5-Domain system [25].

2.3. Collection and Analysis of Blood and Biometric
Measurements

Blood samples were collected by jugular puncture in vacuum tubes containing
EDTA for complete blood count and subsequent collection of plasma, which was
stored in a freezer at —20°C for further analysis (plasma protein and creatine ki-
nase). These samples were collected in the following phases: pre-race with the
animals fasting, immediately after exercise, and after 1, 4 and 24 hours of exer-
cise. Samples after 24 hours were collected with the horses fasting.

Complete blood counts were performed in semiautomatic equipment (Roche”
Poch 100iv), and plasma protein determination was obtained by refractometry.
The analyses to determine the CK concentrations were performed in semiauto-
matic equipment (Doles® D-250) using commercial kits (Doles®) following the
manufacturer’s recommendations. The weight of the horses was determined us-
ing equine tape, and the body score was determined using the model by Han-
neke et al (1983) [26].

2.4. Thermographies and Environmental Conditions

An infrared thermograph (E4 Wifi, FLIR Systems AB, Sweden) was used to per-
form the thermography in the following periods: pre-race with the animals fast-
ing for food and 1, 4 and 24 hours after the three vaquejada races. These ther-
mographic examinations were performed in a covered environment, without drafts
and with the animals dry, at an average distance of 150 cm from the target. After
the races, the animals were sent to their respective boxes with water and fresh
forage, and they were not bathed to allow the natural drying of the body to avoid
compromising the thermographic images.
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The body regions evaluated were the ocular caruncle, the corner of the mouth,
face/bridge of nose, jaw/masseter muscle region, neck/trapezius muscle region,
neck/brachiocephalicus muscle region, barrel/costal arches and flank (Table 1).
All regions of interest were photographed on the left and right sides, with the ex-

ception of the ocular caruncle and face/bridge of nose.

Table 1. Region of interest in horses to obtain thermographic images.

Region Description Location

Ocular Caruncle Region at the inner angle of the eye

Face/Bridge of Nose Region on the anterior surface of the head,
between the forehead and the nostrils

Jaw/Masseter Muscle Region on the lateral surfaces of the head,
Region with the masseter muscle
The Corner of the Mouth The point where the lips meet at the corner of the mouth
Neck/Trapezius Muscle Muscle near the upper border of the neck, near the base
Region (1-upper edge of neck; 2-withers; 3-midpoint of base of neck).
Neck/Brachiocephalicus Muscle near the lower border of the neck,
Muscle Region and dorsal to the jugular groove.
Barrel/Costal Arches Region referring to the costal arches

(1-elbow; 2-stifle; 3-point of hip)

Flank Midpoint between the point of hip and the stifle
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The emissivity for the readings was set at 0.95 &, and the procedures adopted
for performing the thermographs were in accordance with those described in the
literature [7] [27] [28]. The thermography images were processed by a software
(FLIR Tools, FLIR Systems AB, Sweden) to adjust the results for the temperature
and relative humidity of the environment at the time of images’ collection [7]
[28].

The ambient temperature and relative humidity were measured using a ther-
mohygrometer (Thermo-Hygrometer #7666.02.0.00, Incoterm Industria de
Termémetros LTDA, Brazil) with a temperature resolution of 0.1°C and accura-
cy of +1°C to 0°C. at 50°C, the relative humidity had a resolution of 1% (precision
+5%), according to the manufacturer’s instructions. The thermal stress index
(TSI) was calculated according to the formulas described in the literature [29]
[30] (Table 1), which is the sum of the ambient temperature in Fahrenheit and
the relative humidity. The following formula for converting Celsius to Fahrenheit
was used: °F = (5/6 x °C) + 32, and the following formula was used to calculate
the temperature and humidity index (THI): 0.8 x T (°C) + RH x (T — 14.4) +
46.4, with moisture expressed numerically (75% should be 0.75) [31] [32] (Table
2).

2.5. Statistical Analyses

The results were subjected to one-way ANOV A and Tukey’s test to identify possi-
ble differences between periods. In all cases, the significance level was set at 5%,
and the results are expressed as the means + mean standard error. The statistical
analysis software SigmaPlot 13.0 (Systat Software Inc., San Jose, CA, USA) was

used in all analyses.

Table 2. Thermal stress index (TSI) and temperature and humidity index (THI) risk rating.

Model Index Risk Rating Effects on the Metabolism of Horses

Normal cooling of the horse’s body, through evaporation, respiration and

1 <120/130
sweating, unless the horse is obese or very hairy
5 140 Responsible for heat loss is sweat, which can be aggravated by obesity or very
hairy
TSI 3 150 Evaporative heat loss is compromised, especially if the relative humidity is above
50%, but sweat is still important for heat loss
The natural dissipation of heat does not occur, and subsequent increases in
4 >180 body temperature may occur. There is great danger for the occurrence of
thermal stress
Licht 7 - 79 Mild risk of thermal stress and responsible for heat loss is sweat. In horses with a
1 -
& lot of hair or obese, a greater impact may occur
THI Moderate 80 -89 Moderate risk of heat stress
Severe >90 Severe risk of heat stress

Notes: TSI: thermal stress index, adapted from Cymbaluk and Christison (1990) [30] and Loving and Johnston (1995) [29]; THI:
temperature/relative humidity index, adapted from NOAA (1976) [31] and Vitali et al (2009) [32].
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3. Results

Room temperature and relative humidity varied between 22°C and 29°C and 67%
and 85%, respectively, under the conditions of the vaquejada simulation test. With
these variations, the classification of the thermal stress index (TSI) and the air
temperature/humidity index (THI) was at level 3 and mild, respectively, in the
different evaluation phases of these parameters (Table 3). The highest TSI was
observed in the +1 hour phase (160.2), while the THI was observed in the +4
hour phase (79.5) after the races.

Surface temperatures in the regions of interest were higher 1 and 4 hours after
the races compared to those obtained before the race and after 24 hours (p < 0.05).
It was also observed that the temperatures before the test and +24 hours after the
tests were similar (p > 0.05), as well as between +1 and +4 hours after the tests
(p > 0.05) (Table 3).

Table 3. Result of ambient temperature (°C), relative humidity (%), thermal stress index, temperature/humidity index and ther-

mographic image temperature (°C) in the region of interest for pre- and post-race vaquejada horses (n = 10).

Experimental Periods

Parameters Pre-race +1 Hour after the 3 +4 Hours after the +24 Hours after the 3
Races 3 Races Races
Ambient Temperature, °C (°F) 22.8 (73.0) 24.0 (75.2) 29.0 (84.2) 24.1 (75.4)

Relative Humidity, % 76.8 85.0 67.6 76.9

TSI 149.8 160.2 151.8 152.3

THI 71.11 73.76 79.50 73.20
Face/Bridge of Nose 3045+0.53B 36.51 £0.47 A 36.65+0.30 A 30.79+0.87B
Ocular Caruncle 3424+036B 36.98 £0.26 A 3748 £0.20 A 3474+ 048 B
The Corner of the Mouth L 3450+0.34B 37.15+0.20 A 37.50 £ 0.28 A 3534+046B
The Corner of the Mouth R 3468+0.30B 37.06 £0.30 A 37.59+0.22 A 3542+ 045B
Jaw/Masseter Muscle Region L 33.29+054B 3648 £0.34 A 3759+ 032 A 3444+ 0.57 B
Jaw/Masseter Muscle Region R 32.71+£0.50 B 36.00 + 0,45 A 3716 £ 0.34 A 3425+ 0.58 B
Neck/Trapezius Muscle Region L 3439+0.46 B 36.94+047 A 37.63 £ 041 A 34.62+082B
Neck/Trapezius Muscle Region R 3416 £0.40 B 3642 +0.56 A 37.00£0.32 A 3454+ 050B
Neck/Brachiocephalicus Muscle Region L  33.70 + 0.26 B 37.05+£0.34 A 3732+£0.32A 33.51+0.33B
Neck/Brachiocephalicus Muscle Region R 33.22 £ 0.36 B 3720+ 0.38 A 36.80 £ 0.28 A 33.74+0.38B
Barrel/Costal Arches L 33.17+0.46 B 36.41 £ 0.43 A 37.63£0.26 A 3323+0.60B
Barrel/Costal Arches R 33.05+0.29B 36.49 £ 0.45 A 36.04 £0.30 A 3348 +0.60 B
Flank L 33.62+0.36 B 36.97 £ 0,46 A 38.01 £0.41 A 3368+ 0.42B
Flank R 3342+0.30B 36.56 £ 0.37 A 36.78 £0.30 A 33.86 +0.53B

Notes: different capital letters on the same line indicate that p < 0.05 by Tukey’s test; TSIL: heat stress index; THI: air humidity

temperature index; L: left side; R: right side.
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The results of the hematological analyzes indicated an increase in the concen-
trations of total plasma proteins, erythrocytes, hemoglobin and hematocrit im-
mediately after vaquejada (p < 0.05), but without an increase in the other para-
meters analyzed (p > 0.05) (Table 4). In the biochemical analyses, there was an
increase in plasma proteins (p < 0.05) immediately after the races. Even so, these
also returned to normal values within 60 minutes, remaining so up to 24 hours

after the races. There was no change in CK concentrations (p > 0.05).

4. Discussion

The current study combined analyses of thermographic images, in 14 regions of
interest, and blood analyses to assess the effect of harnesses used in riding, as well
as the impact of physical exertion during vaquejada. The thermographic images
showed a similarity pattern of elevation after 1 and 4 hours of the runs and re-
covery in 24 hours of surface temperatures in the regions of interest. These re-
gions of interest are influenced by environmental conditions, physical effort,
harnesses, and the recovery model, but without compromising animal health
and welfare, as they recovered without compromising health. In the blood eval-
uations, similar patterns of variation were also found to those observed in other
studies [5] [8] [23]. Thus, it was observed that the effects on the stress system
and on general metabolism were transient when the animals participated in rac-
es following the current rules [1] [2] [3] [24] without impairment horses’ health
and well-being in the vaquejada. Thus, when these evaluations are combined,
they can promote the creation of new systems for evaluating animal welfare
during competitions and the appropriate use of equipment used by horses and
riders.

Table 4. Results of hematological and biochemical tests of vaquejada horses (n = 10), pre- and post-race.

Experimental Periods

Parameters Pre-race Immediately after +1 Hour after the +4 Hours after +24 Hours after
the 3 Races 3 Races the 3 Races the 3 Races
Plasma Proteins, mg/dL 6.56 £ 0.06 AB 6.90 £ 0.09 A 6.42 £0.09B 6.66 £ 0.14 AB 6.74 £0.10 AB
Creatinekinase, UI/L 192.45 +22.71 217.03 +29.63 218.95 + 26.13 214.80 +24.44 235.30 + 30.30
Red Blood Cells, x106/pL 8.04 £ 043 B 1146 £ 0.45 A 7.67 £0.18 B 7.96 £ 0.42 B 7.80 £0.34 B
Hemoglobin, g/dL 1250 £ 0.70 B 1791+ 0.75 A 11.94 +0.34B 21.37 £ 0.68 B 12.12+0.65B
Hematocrit, % 3511+1.82B 50.82 £ 1.99 A 33.54+0.80B 34.68 £2.00 B 3401 £1.69B
MCHC, g/dL 35.56 +£0.30 35.19+£0.34 35.56 +£0.30 35.70 £0.31 35.59 +£0.29
MCV, fL 43.72 + 0.46 44.38 + 0.49 43.76 £ 0.52 43.51 £ 0.53 43.52 + 0.54
RDW-CV, % 20.62 £0.21 20.71 £0.20 20.67 £0.23 20.69 £ 0.20 20.36 £0.21
RDW-SD, fL 35.80 +£0.40 36.01 +£0.50 35.97 £0.46 35.64 +£0.41 35.54+0.41
Platelets, 103/|,lL 116.90 + 10.59 136.80 + 18.40 126.90 + 13.3 137.50 + 14.26 126.40 + 15.54
White blood Cells, 103/pL 7.86 £ 0.45 9.56 + 0.54 8.35+0.71 8.40 + 0.56 7.99 + 0.60
Lymphocytes, 10%/pL 2.71 +0.24 3.72+0.24 2.72+0.21 2.59 +0.24 2.76 +0.24
Other White Blood Cells, 103/p.L 5.15+0.37 5.84 + 0.40 5.47 + 0.44 5.81 +0.46 5.23 +0.48

Note: different capital letters on the same line indicate that p < 0.05 by Tukey’s test.
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5. Environmental Conditions and Thermography

The vaquejada simulation tests were performed in the early morning, as the an-
imals would perform 3 races in a row, thus the horses would have a short recov-
ery interval (<2 minutes), walk at a pace, and on horseback, between races. This
system has already been described in the literature and accurately reflects regular
vaquejada competitions without harming the health and well-being of equine
athletes [5] [8] [23]. In the present experiment, the horses ran after blood collec-
tions in the pre-race and warm-up periods, when average temperatures were close
to 22.8°C and relative humidity was 76.8%. Thus, the thermal stress and temper-
ature/humidity indices would be classified around 3 and mild, respectively [29]
[31] [32], similar to what occurred in evaluations +1, +4 and +24 hours after
races periods.

The Infrared thermography (IRT) was performed in 14 regions of interest
with some relation to the driving harness and aids. The bridge of the nose (place
of action noseband), The corner of the mouth (place of action of the bridle), and
the jaw (muscular region of the impact of the jaw under pressure) are related to
the steering harness and are used to evaluate the action of the rider in these struc-
tures and the stress level in the region [33] [34]. The neck regions (reflecting the
movement of the animal on the competition track), barrel/costal arches, and
flank (reflecting the action of the spurs) [34] are more associated with the rider’s
mount, which is widely used for evaluations of well-being during competitions.
Thus, the performance of thermographs in the 14 regions of interest analyzed
various aspects of the use of horses in sports, in this case with emphasis on the
vaquejada horse.

The IRT indicated that the horses recovered less than 24 hours after vaquejada
simulation tests, as there were no differences between the temperatures in the
regions of interest in the pre-race and +24 hours. However, in phases +1 and +4
hours after the races, the surface temperatures were higher, reflecting the impact
of the physical effort of the vaquejada simulation tests, the temperature and rela-
tive humidity of the air in the environment, and the recovery model. The indi-
cators of environmental stress, TSI and THI, were higher precisely at +1 and +4
hours after the races, impacting heat loss. It is also believed that the decision not
to bathe the animals after the races, which does not occur in the vaquejadas rac-
es, also influenced the results of surface temperatures, but this methodology also
avoided possible interference with local thermal changes in the regions of inter-
est such as inflammation, excessive cooling or post-exercise injuries. The metho-
dology adopted in the recovery allowed the achievement of accurate and unim-
paired results of the thermographic images. Finally, when the results of the thermo-
graphy in the regions of interest are combined, they indicate that there were no
negative impacts of the driving and mounted harnesses used (nosebands, bridles,
and saddles) and of the aids (spurs) on the vaquejada horses during physical ex-
ertion.

Horses are bred and trained under different environmental conditions around
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the world, and thermo-neutrality is not well-defined for horses [30]. The expe-
rimental animals had been housed and trained in the training center for more
than 4 months, in addition to competing regularly in different locations in the
region. They also had a body score compatible with the sport, between 5 and 6,
were not obese, and had short hair, and no difficulty in losing heat in the test
environment was observed, even without having been bathed after exercise.

Under the current conditions of the experiment, the horses depended on sweating
to facilitate heat loss [29] [30], which made it impossible to collect thermographic
images immediately after the races in the regions of interest. The sweat resulting
from physical exertion evaporated naturally with the horses in their boxes, and 1
hour after the races, they were dry and ready to obtain the thermographic im-
ages, demonstrating that they were well adapted to the environmental conditions
in this region. This procedure precisely identified the effects of physical exercise
on heat generation, stress hormones, and post-exercise thermographic images in
the regions of interest surveyed.

Different studies have used the information from electro-myography and ther-
mography to evaluate muscle movement during exercises and the possible im-
pact of the use of driving harnesses (bites and halters) on structures that have
local contact during mounts [33] [34] [35] [36], which facilitates the understand-
ing of the impact of physical effort and the characteristics of the rider during
riding. The temperatures in the head region, at five points (bridge of the nose,
the corner of the mouth, and the jaw), showed similar patterns of variation, fol-
lowing the same pattern of elevation and recovery observed in the ocular carun-
cle, but with different values because those structures are more affected by the
environmental conditions than that evaluated in the ocular caruncle. Loss of
rise/fall patterns in surface temperature immediately after exercise may indicate
increased local stress, either from inflammation (hyperthermia) or impaired
blood supply (hypothermia) [35]. This assessment can easily be done by thermo-
graphy, provided the appropriate techniques are used [16] [27] [28], and should
be used both for assessing health and well-being in equine athletes in different

sports.

6. Blood Analysis

The present experiment showed that after three races in a row, vaquejada horses
show a rapid recovery in hematological parameters and plasma proteins, with no
variation in CK concentration, similar to other studies with race and vaquejada
horses [5] [6] [8] [37]. In the biochemical analyses, there was an increase in
plasma proteins, followed by an increase in the number of red blood cells (He)
and hematocrit (HT) immediately after the races, reflecting the movement of
fluids during physical effort; 1 hour after the action of the stressor, the concen-
trations of red blood cells returned to the values observed pre-race and 24 hours
after.

However, despite the significant increase in Ht (42%), the increase in plasma
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proteins was slight (5%), suggesting a reduction in fluid loss immediately after
vaquejada races, even with intense sweat production to help with thermoregula-
tion after racing, which is very typical of short-duration, high-intensity sports.
One hour after the exercises, the concentrations of plasma proteins and He, in
addition to Ht, were already similar to the values found in experimental animals
pre-race/fasting and 24 hours after the races (p > 0.05), indicating a quick re-
covery after physical exertion. These variations observed in vaquejada horses are
similar to those described by other authors for this sport, in addition to also oc-
curring in other equestrian sports of high intensity and short duration [5] [6]
[8]. The current experimental animals recovered in the stalls with water and fo-
rage ad libitum, in addition to mineralized salt, which may have contributed to
these results.

Creatine kinase (CK) concentrations after exercise are an indicator of the
health of the muscular system in athletic horses. Animals in good health and
well-conditioned may show a slight increase in CK concentration after physical
exertion due to changes in plasma volume, but with the recovery of pre-test val-
ues in a few hours [6] [8] [9]. For CK evaluation, the blood of the animals must
be collected between 4 and 6 hours after the exercise [38], and in the present ex-
periment, the CK concentrations remained below the limit that indicates mus-
cular injury (<400/500UI) [8] [39] after 1, 4 and 24 hours after the races, de-
monstrating that the horses used in the current experiment did not develop mus-
cle tissue injuries that would compromise their health and well-being.

Finally, carrying out simulation tests in equestrian sports when carried out un-
der real conditions of animal use is always a challenge for researchers as it presents
several limitations such as the number of animals able to be used and the impact
of local meteorological conditions. In the current experiment, the biggest limita-
tion was the number of animals used, which were 10 animals. They should be in
competition conditions, and receive very similar diets as well as training practic-
es, factors that reduce the inclusion of animals even in places with many ani-
mals. Another point that can be observed and could reduce some deficiencies in
the current experiment would be the determination of the concentration of stress
hormones, such as Cortisol, and also the heart rate during exercise for a better
understanding of the degree of physical effort to which the animals were sub-
mitted. However, as there are other publications on the subject, we opted to car-
ry out a greater number of thermography images in the areas of interest, as this

was the focus of the current study.

7. Conclusion

The animals subjected to the vaquejada simulation test, under current conditions
and following the official rules, when evaluated through the combination of infra-
red thermography and blood analyses, maintained their health and quality of
welfare. In the tests, there was a physiological elevation of the surface tempera-

ture and of some blood biomarkers after the races, but with the recovery of these
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parameters in less than 24 hours. Thermographic images were also able to assist
in the analysis of the regions of interest, which have contact with harnesses, de-
monstrating that the correct use of this equipment does not compromise the ani-

mal welfare of the vaquejada horses.
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