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Abstract: This study aimed to evaluate the effects on glycemia and lactacidemia as a function of the time 
of intake of concentrate ration in horses before a high-speed treadmill test. Fifteen eventing Brazilian Sport 
horses were used in two experimental trials in a completely randomized design. In the first trial, a glycemic 
index test was performed with four horses and the glycemic response was evaluated after concentrate 
ration intake. In the second trial, 12 horses were used, in three experimental treatments (time of supply of 
concentrate ration before the high-speed treadmill test - 2, 4 and 6h) and four horses / group, and submitted 
to test on a treadmill. Blood samples were collected for glucose, lactate and heart rate monitoring and, 
with these results, VL2, VL4 and V200 were estimated by exponential and linear regression, respectively. The 
evaluating of horse’s performance in the experimental groups it was verified that VL2, VL4, and V200 were not 
influenced by the time of supply of the concentrate ration in 2, 4 or 6 hours before the high-speed treadmill 
test. The time of supply of the concentrate ration before the high-speed treadmill test did not influence the 
glycemia, lactacidemia and heart rate of the horses before and during the test. Further studies are needed 
to understand the glucose restoration after exercise in standardized treadmill speed tests.
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Resumo:  Este estudo teve como objetivo avaliar os efeitos do tempo de fornecimento da ração concentrada, 
antes do teste em esteira de alta velocidade, sobre a glicemia e a lactacidemia em equinos. Foram utilizados 
quinze equinos Brasileiro de Hipismo da modalidade Hipismo Completo, em dois ensaios experimentais. 
No primeiro ensaio, foram utilizados quatro equinos em teste de índice glicêmico após consumo de ração 
concentrada. No segundo ensaio, foram utilizados 12 equinos agrupados em três tratamentos experimentais 
(tempo de fornecimento da ração concentrada antes do teste em esteira de alta velocidade - 2h, 4h e 6h) e 
quatro equinos/grupo, submetidos a teste de esforço físico em esteira de alta velocidade. Foram coletadas 
amostras sanguíneas para dosagem de glicose, lactato e monitorada a frequência cardíaca e, com esses 
resultados foram estimados a VL2, VL4 e a V200 por regressão exponencial e linear, respectivamente. Na 
avaliação do desempenho dos equinos nos grupos experimentais, verificou-que que VL2, VL4, e V200 não 
foram influenciadas pelo tempo de fornecimento da dieta concentrada em 2, 4 ou 6 horas antes do teste em 
esteira de alta velocidade. O horário de fornecimento da ração concentrada antes do teste incremental de 
velocidade não influenciou a glicemia, a lactacidemia e a frequência cardíaca dos equinos antes e durante o 
teste. São necessários novos estudos para elucidar os mecanismos fisiológicos envolvidos na reposição da 
glicose sanguínea após a realização de exercícios físicos em esteira de alta velocidade.
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1. Introduction

Exercise tests are valuable tools in horse fitness evaluation, as they provide a mechanism for 

assessing a range of body systems (1). Measurements of cardiorespiratory and metabolic functions during 

an exercise test provide information on the athletic performance of horses (2). The use of a standardized 

high-speed treadmill allows for greater reproducibility of sports function variables by eliminating the 

influence of environmental conditions, allowing accurate quantification of respiratory, cardiovascular, 

hematological, and biochemical variables to assess the physical fitness of horses (3, 4). The physiological 

parameters used to assess the physical performance of equine athletes are the speed at which the horse 

is running when the heart rate (HR) equals 200 bpm (V200); the speed at which the horse is running 

when the plasma lactate concentration equals 2 mmol/L (VL2), which indicates the threshold of aerobic 

metabolism (5); and the speed at which the horse is running when the plasma lactate concentration 

equals 4 mmol/L (VL4), which indicates the threshold of anaerobic metabolism (6, 7). It is important to 

consider these parameters when evaluating an animal because HR is not a sufficiently sensitive variable 

to demonstrate the physical effort required for the exercise performed or to evaluate the conditioning 

of the horse (8).

Understanding the variations in plasma glucose concentration is fundamental, not only in cases 

of nutritional disorders, but also in terms of racehorse exercise and performance, since glucose is an 

important energy source for athletes (9). As the glycemic response is influenced by several factors such 

as diet composition, schedule of meal intake before exercise, and the time interval since the previous 

meal, several studies have been conducted on this subject (10, 11). Some studies have sought to explain 

how diet composition modulates hematological and biochemical variables besides HR by manipulating 

the composition or type of diet provided to race horses (12-15). The main objective of other studies was to 

evaluate how the energy reserves in the form of muscle glycogen influence blood glucose concentration 

and, consequently, the availability of this energy substrate (16). Other researchers evaluated the influence 

of feeding schedule manipulations on blood glucose and insulin concentrations during exercise (17).

Considering the importance of glucose regulation mechanisms in exercise physiology, correlating 

glycemic values with performance results can help understand the mechanisms used by horses to obtain 

energy during physical activity. Therefore, this study aimed to evaluate the effects of concentrated feed 

consumption on glycemia and lactacidemia in eventing horses before a high-speed treadmill test.

2. Material and methods

2.1 Ethical approval

This study was approved by the Ethics Committee on Animal Use of the Veterinary Institute of the 

Universidade Federal Rural do Rio de Janeiro, under (number 6062121118).

2.2 Animals

Twelve Brazilian Sports horses from the Brazilian Army Riding School (four mares and eight geldings) 

were used in the current study. The mean age of the horses was 10.7 ± 2.6 years (range, 7–15 years), 
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and their mean weight was 492.8 ± 41.9 kg (range, 440–598 kg). The animals performed daily eventing 

training activities, namely one hour of intense activity which included walking, trotting, and galloping, 

as well as jumping on a sand or grass track. When not active, the animals remained confined to 4 ×4 m 

stalls with feeders and free access to water. All animals used in the experiments were subjected to clinical 

examination (physical examination and laboratory analysis) to obtain veterinary clearance prior to the 

study. Subsequently, they were weighed on a digital scale, and the body score was determined using a 

scale of 0–9 by evaluating the neck, withers, shoulders, ribs, back, and base of the tail (18). 

The diet was provided according to the routine feeding protocol of the Brazilian Army Riding 

School. The horses were fed coastcross hay (Cynodon spp. Coastcross) and commercial concentrated 

feed distributed five times a day (concentrated feed at 5 am, 1 pm, and 7 pm and hay at 10 am and 3 pm). 

The amounts of food were those routinely supplied by the Brazilian Army Riding School, i.e., equivalent 

to 3.0% of body weight (BW) as dry matter at a concentrate: forage ratio of 60:40, considering the daily 

energy requirement of racehorses within the “heavy work” category, which relates to the intensity of 

training to which horses were subjected (19) (Table 1). 

Table 1. Bromatological composition of equine diet foods, expressed on the dry matter basis.

Food DM1 MM1 OM1 CP1 EE1 NFC1 NDF1 HEM1 DE2

Concentrate 89.7 8.1 91.6 17.1 8.1 44.5 22.2 12.8 3.24

Coastcross hay 91.2 5.8 94.2 10.4 1.9 9.9 72.1 39.0 1.92

DM: dry matter; MM: mineral matter; OM: organic matter; CP: crude protein; EE: ether extract; NFC: non-fibrous carbohydrates; 
NDF: neutral detergent fiber; HEM: hemicellulose; DE: digestible energy.
1 %; 2 Mcal/kg.

The consumption of non-fibrous carbohydrates (NFC), which included starch, through the supply of 

commercial concentrate was estimated at 2.65 g of NFC/kg of BW using the following formula: %NFC = 

100 - (%CP +%NDF +%EE +%MM) described in the NRC (19). Digestible energy (DE) was calculated using 

the following formula: DE (kcal/kg DM) = 2,118 + 12.18 × (%CP) − 9.37 × (%ADF) − 3.83 × (% HEM) + 47.18 

× (%EE) + 20.35 × (% NFC) − 26.3 x (%MM), where R2 = 0.88 (20).

2.3 Glucose curve test

The experimental design used four repetitions (horses) and seven treatments (blood collection 

times). One sample was collected in the preprandial state (T0) and six samples were collected in the 

postprandial state (T1 to T7) with the order of sample collection occurring in a completely randomized 

manner. Blood samples were collected 30 min before the feed was provided (T0) and at 30, 60, 90, 120, 

180, 240, and 300 min (T1–T7) after the feed was supplied. The mean BW of the horses was 487.75 kg. The 

diet was supplied as a concentrated feed in a pelleted form plus coastcross hay, given regularly to horses 

according to the feeding schedule. On the test day, the concentrate was supplied at 5 am as usual, and 

the animals remained at rest in stalls until the last sample collection.
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2.4 High-speed treadmill test

The experimental design was completely randomized, with 12 horses allocated on three treatments 

(postprandial period before the test) comprising three groups of four animals. The concentrate was 

provided at a fixed time (5 am), and the start times of the exercise were 2 h, 4 h, and 6 h after feeding. 

The mean BW of the horses used in this experiment was 485.5 kg in “Group 2 hours”, 476.3 kg in “Group 

4 hours”, and 516.5 kg in “Group 6 hours”. 

The horses were previously adapted to exercise on the high-speed treadmill Galloper (Sahinco®, 

Brazil), three times a week for five weeks an exercise protocol comprising a standardized warm-up phase 

of 10 min, with 4 min walking at a speed of 1.8 m/s and 6 min trotting at 4.0 m/s. The incremental speed 

phase consisted of 1 min for each speed increased to a gallop at 6, 8, and 10 m/s. After the tests, gallop 

deceleration was standardized by returning to trotting at a speed of 4.0 m/s for 1 min and 1.8 m/s for 

5 min, followed by 25 min of walking on a lead as an active cool-down (3). During the treadmill test, the 

horses wore a HR monitor (Polar Equine, Polar®, Finland) that was positioned on the chest, in the apex 

beat area, after the hair in the area was moistened with a solution containing water and ethanol before 

the horse entered the treadmill. At the end of the test, the results were transferred to a computer using 

infrared transmission with the interface provided by the Polar® software and HR values were recorded.

Before exercise, the animals were aseptically prepared for venous catheterization using the left 

jugular vein as the collection site. An extension line was attached to the intravenous catheter to collect 

blood from the moving animals. The extension line was filled with anticoagulant solution (heparin 

sodium in 0.9% sodium chloride solution) and fixed with a 0.1 × 1.8 m cotton bandage and 10.1 × 4.5 

m white waterproof tape. Blood samples for glucose and lactate analyses were collected in Vacutainer 

tubes containing sodium fluoride. The samples were centrifuged at 300 rpm for 10 min for serum 

separation and aliquot removal. Analyses were subsequently performed using a spectrophotometer 

(A5) and commercial glucose (Labtest®) and lactate (Lactate K084-2, Bioclin) reagents. Blood samples 

were collected before the beginning of the exercise test, during the test at each speed change, at the 

end of the test, and 5, 15, and 30 min after the test.

2.5 Statistical analysis

Analyses were performed using R software (Vienna, Austria, 2018). The means, standard deviations, 

and 95% confidence intervals were calculated for each variable and group at each assessed time and 

speed. The glycemic index test was performed after calculating the mean, standard deviation, and 95% 

confidence interval for the mean plasma glucose concentration in the four horses at each time point, and 

the area under the curve (AUC) vales were calculated individually using Microsoft Office Excel software 

using the integration function.

Data on the plasma lactate concentration during the exercise test were subjected to exponential 

regression analysis to estimate VL2 and VL4. Data on HR in the galloping phase of the exercise test were 

subjected to linear regression analysis to estimate V200. Data were analysed using analysis of variance 

(ANOVA) and means were compared using the Fischer test (α<0.05). To compare the groups with respect 

to the different parameters (glucose, lactate, and HR as a function of time), the Shapiro–Wilk test of 
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normality was used to ascertain the normality of data distribution, which was found to be non-normal, 

except for the results of glucose after the high-speed treadmill test. The Kruskal-Wallis test (p<0.05) 

was used when the data distribution was non-normal. The Wilcoxon test (p<0.05) was used for pairwise 

comparisons of the groups, and the p-values of these tests were corrected using the Bonferroni method. 

The Friedman test (p<0.05) was used to compare schedules (times) and speeds and the Wilcoxon test 

(p<0.05) was used for pairwise comparisons of the groups.

3. Results

3.1 Glucose curve test

The average intake of commercial concentrated feed for each meal was 1.95 kg/dry matter (DM), 

equivalent to 1.78 g CNF/kg BW. The glucose concentration baseline (prior to feeding) was 75.3 (±10.8) 

mg/Dl. The values obtained at 30, 60, 90, 120, 180, 240, and 300 minutes postprandial were 75.8 (±8.2), 

81.3 (±5.3), 80.3 (±8.1), 70.5 (±3.8), 65.8 (±8.1), 71.3 (±8.3), and 68 (±5.0) mg/dL respectively, corresponding 

to 4.2, 4.2, 4,5, 4.5, 3.9, 3.7, 3.9, and 3.8 mmol/L (Figure 1).

Figure 1. Mean values of plasma glucose (mg/dL) in the postprandial period in horses fed with commercial concentrated feed.

No significant differences (p=0.06) were observed between the blood glucose values. Peak blood 

glucose level occurred between 60 and 90 minutes after concentrate diet intake, with values of 81.3 and 

80.3 mg/dL, respectively. The mean value of AUC in the postprandial period was 627 (± 28) mmol × min/L 

and the individual values of the AUC for each horse were 617, 663, 596, and 633 mmol × min/L.

3.2 High-speed treadmill test

The values obtained from the measurement of plasma glucose during the exercise test were 

not influenced by the feeding time of the concentrate feed (p>0.05). However, significant differences 

were observed between the different speeds (p<0.05) (Figure 2). Mean plasma glucose concentrations 

were obtained before and during the high-speed treadmill test at speeds 0, 1.8, 4, 6, 8, and 10 m/s. The 

respective values were 89 (±16), 84 (±14), 76 (±15), 75 (±16), 74 (±16), and 73 (±19) mg/dL in “Group 2 

hours”; 80 (±15), 70 (±19), 64 (±14), 58 (±17), 59 (±17), and 60 (±14) mg/dL in “Group 4 hours”; and 79 

(±13), 78 (±10), 80 (±10), 81 (±11), 83 (±13), and 86 (±15) mg/dL in “Group 6 hours”.
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Figure 2. Plasma glucose during the exercise test.

The mean plasma lactate levels at rest (baseline) were 1.36 mmol/L. Mean lactate plasma 

concentrations were obtained during the high-speed treadmill test at speeds of 0, 1.8, 4, 6, 8, and 10 m/s. 

The respective values were 1.17; 1.32; 1.49; 2.34; 3.36, and 5.65 mmol/L in “Group 2 hours”; 1.76; 1.75; 2.63; 

3.52; 4.39, and 6.14 mmol/L in “Group 4 hours”; and 1.15; 1.33; 1.82; 2.69; 5.0, and 6.80 mmol/L in “Group 

6 hours”. During the high-speed treadmill test, the correlation between plasma lactate concentration 

at different speeds (0, 1.8, 4, 6, 8, and 10 m/s) and the experimental groups showed that there was no 

significant differences among the three groups (p>0.05); however, differences were found between the 

speeds (p<0.05) (Figure 3).

Figure 3. Plasma lactate (mmol/L) during the exercise test.

The plasma lactate concentrations obtained in the high-speed treadmill test were adjusted using 

the following exponential equation: In “Group 2 hours,” the equation 0.9774exp (1.1633x) (R2 = 71%) 

(p<0.05) was obtained. In “Group 4 hours,” the equation 1.519exp (1,1366x) (R2 = 61%) (p<0.05) was 

obtained. In “Group 6 hours” the equation 0.979exp (1.194x) (R2 = 73%) (p<0.05) was obtained. There 
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were no significant differences between the groups in terms of VL2 or VL4 (p>0.05; Table 2). The estimates 

of VL2 were as follows: 4.7 m/s in “Group 2 hours”; 2.2 m/s in “Group 4 hours”; and 4.0 m/s in “Group 6 

hours”. The estimates of VL4 were as follows: 9.3 m/s in “Group 2 hours”; 7.6 m/s in “Group 4 hours”; and 

7.9 m/s in “Group 6 hours”.

Table 2. Mean values and standard deviation (SD) of VL2, VL4, and V200 in eventing horses as a function of the 
time of supply of the concentrated diet (2, 4, and 6 hours) before the high-speed treadmill test.

Pre-test concentrated feed VL2 (m/s) VL4 (m/s) V200 (m/s)

Group 2 hours 4.9 ± 1.8a 9.4 ± 2.6a 10.2 a

Group 4 hours 3.5 ± 1.3a 7.6 ± 2.4a 9.9 a

Group 6 hours 4.0 ± 1.3a 8.1 ± 2.2a 13.3 a
Means followed by the same letters did not differ from each other in relation to groups, according to Fisher's test (p>0.05)

The HR did not differ (p>0.05) between the groups; however, it differed depending on speed 

(p<0.05). The mean heart rates obtained during the high-speed treadmill test at speeds of 0, 1.8, 4, 6, 8, 

and 10 m/s were 49, 100, 120, 162, 181, and 198 bpm in “Group 2 hours”; 46, 116, 135, 170, 182, and 203 

bpm in “Group 4 hours”; and 49, 105, 131, 166, 176, and 184 bpm in “Group 6 hours”, respectively. 

Only speeds corresponding to galloping (6, 8, and 10 m/s) were selected to estimate V200 because, 

in this phase, there was a linear relationship between the HR and speed, resulting in a linear regression 

equation. There were no differences in the mean values of V200 between the experimental groups (p>0.05 

; Table 4). Estimated V200 values were 10.2 m/s (Ŷ = 108.1974 + 9.0329X [r2 = 53.0, p<0.05]) in “Group 

2 hours”; 9.9 m/s (Ŷ = 121.9211 + 8.4868 X [r2 = 21.0, p<0.05]) in “Group 4 hours”, and 13.3 m/s (Ŷ = 

137.5833 + 4.6875X [r2 = 30.0, p<0.05]) in “Group 6 hours”.

Feeding time of the concentrate feed affected the plasma glucose concentration after the high-

speed treadmill test, mainly in “Group 4 hours” (p<0.05). In addition to presenting significant differences 

at different speeds (p<0.05), the blood glucose values obtained showed differences in the distribution of 

results five minutes after the end of the physical exercise test (p<0.05) between groups, more specifically 

between “Group 6 hours” and “Group 4 hours” (p<0.10). 

The mean values of plasma lactate after the high-speed treadmill test (0, 5, 15, and 30 min post-test) 

did not differ (p>0.05) between the experimental groups; however, a significant reduction was observed 

over the post-test time (p<0.05; Table 3).
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Table 3. Mean values and standard deviation of the plasma concentration of glucose (mg/dL) and lactate (mmol/L) 
in eventing horses after the high-speed treadmill test.

Post-test time (minutes) Plasma glucose (mg/dL) Plasma lactate (mmol/L)

Group 2 hours

0 72,5 ± 18,7Aa 5,65 ± 2,32Aa

5 73,0 ± 15,2ABa 5,98 ± 4,29Aa

15 77,6 ± 9,3Aa 4,20 ± 3,30Ab

30 84,0 ± 8,5 Aa 3,32 ± 2,27Ac

Group 4 hours
0 60,0 ± 14,1Aab 6,48 ± 2,64Aa

5 57,0 ± 8,0Bb 5,62 ± 3,42Aa

15 70,6 ± 6,7Aab 2,68 ± 1,33Ab

30 79,0 ± 7,6Aa 2,16 ± 0,95Ab

Group 6 hours
0 85,8 ± 15,2Aa 6,80 ± 4,30Aa

5 87,8 ± 13,4Aa 5,89 ± 4,63Aa

15 83,0 ± 9,2Aa 3,63 ± 2,69Ab

30 88,3 ± 11,9Aa 2,45 ± 1,08Ac

Means followed by different capital letters differ for the experimental groups according to the Kruskal–Wallis test (p<0.05) and 
the Bonferroni test (p<0.10). Means followed by different lowercase letters differ from each other with respect to time after the 
Friedman (p<0.05) and Wilcoxon tests (p<0.10).

After the high-speed treadmill test, no significant differences were observed in HR (p>0.05) of the 

horses in all three test groups, with heart rate significantly decreasing as speeds decreased from 10 m/s 

to 4 m/s and further to 1.8 m/s (p<0.05). Average heart rates decreased rapidly after the high-speed 

treadmill test, from 184, 150 and 98 bpm at speeds of 10, 4, and 1.8 m/s, respectively (Figure 4).

Figure 4. Heart rate (bpm) after the exercise test.
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4. Discussion

During exercise, several physiological alterations occur that efficiently produce energy to maintain 

physical effort, such as transient hyperglycemia (21, 22). Glycemic values also vary in the postprandial 

period (23). Typically, the glucose curve has a continuously increasing slope, and after a peak, the plasma 

glucose concentration decreases markedly when the diet contains high levels of soluble carbohydrates 

(24). Because of the essential role of nutrition in the postprandial glucose curve, it is important to identify 

the associations between nutrition, biochemical parameters, and physical fitness. 

The blood glucose levels at rest obtained herein were within the physiological range for horses 

(75–115 mg/dL) (25) and within the acceptable range for racehorses (70–140 mg/dL) (26). The intake of 

different amounts of starch may influence blood glucose peaks (13, 23). When diets had a lower amount of 

starch (0.3 g of starch/kg BW), the peak was observed 75 ± 17 minutes after feed intake, and when diets 

had a higher amount of starch (more specifically 2.0 g of starch/kg BW), the peak occurred only 120 ± 

42 minutes after intake. In the present study, with horses consuming approximately 1.78 g CNF/kg BW, 

the peak plasma glucose was observed between 60 and 90 min, with mean values of 81.3 and 80.3 mg/

dL, respectively. The results obtained in the postprandial blood glucose test align with those reported 

in other studies in which the diet consisted mostly of soluble carbohydrates (24). A continuous increase 

in the concentration of plasma glucose and its reduction after a peak was expected owing to the action 

of insulin after the glucose level peaked (27). In addition, horses consuming commercial diets containing 

0.8 and 1.1 g of starch/kg BW present mean AUC values of 559 ± 49 and 732 ± 162 mmol x min/L (13), 

respectively, which were similar to the mean value obtained in the present study, 627 ± 28 mmol x min/L.

The glucose curve for horses in “Group 6 hours” had an increasing slope in comparison to those 

in “Group 2 hours” and “Group 4 hours”, whereas a decreasing curve was expected (26). It is assumed 

that the group whose feed was provided 6 hours before exercise had increased glycogenolysis and 

gluconeogenesis compared to the other groups, which led to a higher availability of glucose in the 

blood of horses in this group. 

As shown in the present study, plasma glucose concentration tends to decrease during the 

first moments of exercise owing to the mobilization of this energy substrate by skeletal muscles (28). 

Subsequently, an increase in the activity of hormones that regulate energy metabolism, mainly 

catecholamines and glucagon, leads to an increase in plasma glucose concentration through 

glycogenolysis and gluconeogenesis, which is of paramount importance in maintaining glycemia 

during physical exertion (29, 30). Five minutes post-exercise tests, plasma glucose values were higher in 

horses fed 6 h before the test (87.8 mg/dL) than in those fed 4 h before the test (57 mg/dL) (Table 3). 

This suggests that the timing of feed supply may influence glucose restoration in the bloodstream after 

effort. Knowing that normal plasma glucose in equine athletes at rest ranges from 70 to 140 mg/dL (26), 

further studies should be performed with insulin and glucagon dosages to better understand glycemia 

during and after exercise tests.

Baseline plasma lactate levels in horses typically range from 0.5 to 1.5 mmol/L (26), and the value 

obtained in this study was within this range. The correlation between lactate levels and speed is 

graphically expressed in the form of an exponential curve according to exercise intensity (26). The results 

indicated that there was no change in VL2 and VL4 associated with the feeding schedule; thus, there was 
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no influence on the performance of the horses during the test. However, anaerobic metabolism was 

predominant during most of the exercise test, especially in “Group 4 hours” and “Group 6 hours”, which 

had VL4 values lower than those in “Group 2-hours” as lactate concentration in the muscle increases 

when there is not enough oxygen available (31). In eventing horses, the mean VL2 after the initial exercise 

test has been estimated at 5.9 m/s and mean VL4 at 7.6 m/s (5). The values obtained in the present study 

were similar; however, the protocol used in the high-speed treadmill test differed with regard to time 

and speed, which may explain the differences in the results. 

The horses in the three experimental groups showed a decreasing pattern of lactacidemia five 

minutes after the end of the high-speed treadmill test. Some studies have reported a reduction in 

lactate levels in the bloodstream during the recovery phase, because this compound can be used for the 

synthesis of glucose and glycogen (26). Additionally, the fact that these horses are well trained may also 

contribute to this reduction, as training promotes metabolic adaptations that enhance the efficiency 

of lactate removal and utilization (40). This improved metabolic efficiency allows for faster conversion of 

lactate to glucose, facilitating post-exercise glucose restoration. 

The reference range for horse HR is between 28 and 45 bpm (32); however, in the present study, the 

mean baseline was 47.9 bpm, which was measured before the physical exertion test was performed. 

There is a positive linear correlation between HR and speed, depending on exercise intensity, resulting 

in an increasing slope (1, 5). The high baseline HR value obtained can be explained by psychogenic factors, 

such as anxiety triggered in the horse when it undergoes the same repetitive processes that precede 

exercise. Another reason could be that the HR monitor was placed on the horses after they were removed 

from the stalls, whereas other team members applied the protective material for physical activity. This 

may have induced a sympathetic nervous system response that led to an increase in the pretest HR (33). 

The V200 value obtained in the present study was similar to that of a study that used eventing horses 

under similar training conditions (V200 = 9.02 ± 1.45 m/s) (34), but higher than those obtained in two other 

studies that also used in eventing horses, wherein the V200 equalled 8.5 m/s (37) and the V200 varied 

between 8 and 9 m/s (38). The speed reached by a horse when its HR reaches 200 bpm is known as the V200. 

It is a performance indicator that serves as a parameter for comparison between individuals. Animals 

with better physical fitness tend to have a higher V200, that is, a higher speed is required to reach a heart 

rate of 200 bpm (39). After the physical exertion test, the heart rate decreases rapidly in the first minute 

and then gradually (1). The heart rate after a physical exercise test or competition can be used to assess 

the horse's recovery, and if the heart rate is maintained above 130 bpm for 10 min in the recovery phase, 

it indicates that the horse is insufficiently trained or has some clinical disorder such as atrial fibrillation, 

respiratory infection, or lameness (1). In the present study, it was observed that at 6 minutes post-test, the 

average heart rate of horses fed 2, 4, and 6 hours before the test were 99, 100, and 98 bpm, respectively, 

corroborating that described for horses with adequate and healthy conditioning (1).

5. Conclusion

The feeding schedule did not influence blood glucose levels in the horses before and during the 

high-speed treadmill test; however, it was able to alter the restoration of post-test glycemia. Further 

studies are needed to assess the influence of glucose replacement after exercise in standardized speed 
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tests. The time of supply of the concentrated feed before the high-speed treadmill test also did not 

have a significant effect on HR or lactate concentration. The evaluation of the performance of each 

experimental group showed that VL2, VL4, and V200 were not affected by the feeding schedule at 2, 4, or 6 

h before the high-speed treadmill test.
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