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Abstract 
The study aimed to assess the clinical, laboratory, and blood gas analysis of 
horses undergoing Marcha training and the effects of voluntary ingestion of 
hydroelectrolytic and energy replenishers after exercise. Eight horses of both 
genders aged between 5 and 10 years, were included in the study. The exercise 
consisted of a 10-min warm-up followed by 45 min uninterrupted Marcha on 
a flat dirt track in the morning. After exercise, the horses received one of the 
following treatments: Drinking water (control group); Hydroelectrolytic and 
energy replenisher containing sodium chloride, potassium chloride, calcium 
acetate, magnesium chloride, sodium citrate, dextrose, maltodextrin, and su-
crose in three different concentrations (Replenishers A, B, and C). The horses 
were distributed across the four treatments in a 4 × 4 Latin Squares design 
using a Split-plot system with 48-hr intervals. Clinical and laboratory evalua-
tions were conducted at four time points: T0 - 5 min before exercise; T1 - up 
to 5 min after exercise; T2 - 2 hr after starting treatment; and T4 - 4 hr after 
beginning treatment. Concentrations of urea, creatinine, lactate, phosphorus, 
and ionized calcium significantly changed after exercise. An increase in blood 
pH and a decrease in chloride concentrations were observed when replenish-
ers B and C were offered after exercise. The replacements were ingested 
spontaneously by the animals in a volume greater than that of the control 
group (water). Replacement B was the most ingested by the animals, demon-
strating its greatest potential. 
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1. Introduction 

The growth of equestrian sports has resulted in heightened competitiveness, lead-
ing to increased intensity in training and exercise. This escalation in physical activ-
ity can induce hydroelectrolytic, acid-base, and energetic imbalances in horses. It’s 
important to recognize that all forms of physical activity instigate changes in ho-
meostasis, eliciting an acute physiological response [1]. Physical exercise serves as 
a biological stressful stimulus, inducing reversible alterations in various homeo-
static variables, which can be identified through laboratory analysis. 

Solutions employed for hydroelectrolytic, and energy replacement ought to 
include sufficient quantities of major electrolytes lost through sweating, includ-
ing Na+ (Sodium), K+ (Potassium), Cl− (Chloride), Ca++ (Calcium), Mg++ (Mag-
nesium), and an energy source such as glucose, dextrose, or maltodextrin [2]. 
The incorporation of carbohydrates into hydroelectrolytic replenishers provides 
several advantages, as it helps prevent a drop in blood glucose levels, stimulates 
the absorption of fluid and electrolytes, and enhances palatability, particularly in 
cases where solutions are intended for spontaneous ingestion by horses. 

A diverse range of solutions and electrolyte pastes are administered to horses 
to enhance animal performance. While some rehydration and supplementation 
practices are well-founded, others lack consistent scientific support. When se-
lecting a rehydration method, it is advisable to choose the one that best aligns 
with the handling and training conditions of the athletic animal. Preference 
should be given to solutions that are safe, and practical and prioritize the welfare 
of the horse. Although there is no universally ideal replacement solution, a bene-
ficial option for enhancing electrolyte and energy absorption involves the vol-
untary or ad libitum intake of replenisher solutions. The physiological form of 
rehydration is represented by hydroelectrolytic and energy replacement through 
spontaneous ingestion [3]. 

The conditioning of horses and the replenishment of fluids, electrolytes, and 
energy after exercise are fundamental for improving performance. Ingesting only 
water after periods of body fluid and electrolyte loss is not as effective in pro-
moting hydration compared to electrolyte replacement solutions containing 
carbohydrates [4]. Therefore, this study was conducted to evaluate the use of 
hydroelectrolytic and energetic replenishers in horses undergoing Marcha 
training. The aim was to analyze the effects of these replenishers through a la-
boratory approach. 

2. Materials and Methods 

The experimental procedures were approved by the ethics committee in animal 
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use of Universidade Federal de Viçosa (CEUA/UFV process number 14/2016) 
following the guidelines of Brazilian legislation edited by the National Council 
for the Control of Animal Experimentation (CONCEA). 

Study design: The study was conducted during the first half of 2016 at a farm 
located in the state of Minas Gerais, Brazil, at an altitude of approximately 660 
meters, latitude - 20˚, 45', 16.3'', and longitude 42˚, 52', 57.02'', with an average 
temperature of 24˚C. Eight Mangalarga Marchador horses, comprising 6 males 
and 2 females, with a mean age of 7.5 years and an average weight of 414 kg, 
were included in the study. All horses were actively engaged in training, partici-
pating regularly in Marcha competitions, and were well-conditioned for the type 
and level of exercise they undertook. 

The horses were kept in stalls and were fed twice daily with 10 - 12 kg/animal 
of chopped elephant grass (Pennisetum purpureum) and twice daily with 2 
kg/animal of a commercially balanced concentrate. They had access to clean wa-
ter and mineral supplements ad libitum. During the days of the experiment, the 
horses received the same feed, excluding the mineral supplement that was with-
held. Water or the replenishers were provided ad libitum in graduated buckets 
throughout the experiment. 

All animals were ridden in the morning on a dirt track, where they underwent 
the following training regimen: Initially, a 10-min warm-up session was con-
ducted, followed by 45 min of uninterrupted Marcha exercise. Following the 
training session, the saddle and bridle were removed, and the horses received a 
bath, followed by a 10-min exposure to the sun for drying. Subsequently, the 
animals were placed in individual stalls where they remained for four hr (obser-
vational time). During this period, the animals were provided with feed and ei-
ther hydroelectrolytic and energy replenishers or potable water (control). 

Three hydroelectrolytic and energy replenisher solutions were employed, each 
comprising sodium chloride, potassium chloride, calcium acetate, magnesium 
chloride, sodium citrate, dextrose, maltodextrin, and sucrose. These components 
were diluted in water at varying concentrations, as detailed in Table 1 (hydroe-
lectrolytic and energy replenisher A (176 mOsm/l), hydroelectrolytic and energy 
replenisher B (150 mOsm/l), and hydroelectrolytic and energy replenisher C 
(131 mOsm/l). 

The four treatments (replenisher solutions A, B, C, and water) were supplied 
ad libitum over a four-hr period, using 18 l graduated plastic buckets positioned 
within the stalls. The contents of the buckets were replenished as the solutions 
were consumed. 

Eight animals were allocated to four treatments in a 4 × 4 Latin Squares design 
using a Split-plot system, with a 48-hr interval between treatment cycles. The 
experiment consisted of two phases, with a four-day gap between the first and 
second phases. In each stage, all animals underwent testing, and the same set of 
animals were subjected to all treatments throughout the entire duration of the 
experiment. 

https://doi.org/10.4236/ojvm.2024.148015


J. D. R. Filho et al. 
 

 

DOI: 10.4236/ojvm.2024.148015 206 Open Journal of Veterinary Medicine 
 

Table 1. Composition in grams and osmolarity of hydroelectrolytic and energy replenisher A, hydroelectrolytic and energy 
replenisher B, and hydroelectrolytic and energy replenisher C supplied to horses after Marcha exercise training, diluted in 1000 ml 
of water (H2O). 

Composition 
Treatments 

A B C 

Sodium Chloride (NaCl) 1.4 g 1.0 g 0.6 g 

Potassium Chloride (KCl) 0.7 g 0.5 g 0.3 g 

Calcium Acetate (C4H6CaO4) 0.7 g 0.5 g 0.3 g 

Magnesium Chloride (MgCl2) 0.35 g 0,25 g 0,15 g 

Sodium Citrate (C6H5Na3O7) 0.7 g 0,5 g 0,5 g 

Dextrose (C6H12O6) 5 g 5 g 5 g 

Maltodextrin (C6H10O5) 5 g 5 g 5 g 

Sucrose (C12H22O11) 20 g 20 g 20 g 

Osmolarity (mOsm/L) 176 150 131 

 
Collection of biological samples and laboratory evaluations: Clinical evalua-

tions and sample collections for laboratory tests were conducted at the following 
time points: T0 - five min before the beginning of exercise (without fasting); T1 - 
within five min after the conclusion of the exercise (following removal of the 
saddle and bridle); T2 - two hr after the initiation of the treatment phase (horses 
were in the stall, receiving one of the four treatments); and T4 - four hr after the 
initiation of the treatment phase (horses were in the stall, receiving one of the 
four treatments). 

The voluntary intake of the solutions was assessed using 18 l graduated 
buckets every two hr (T2 and T4) for each horse to calculate the total volume 
ingested in liters (l) during the four hr of treatments. For biochemical evalua-
tion, blood was collected using needles and vacuum tubes without anticoagu-
lant to obtain serum and with sodium fluoride to obtain plasma. An automatic 
multi-biochemical analyzer was utilized for all biochemical analyses. In the 
serum, the following variables were determined: Magnesium (Mg++), Phos-
phorus (P), Urea (UR), and Creatinine (CR). In the plasma, Lactate (LAC) and 
Glucose (GLU) were measured using commercial kits (Human® commercial 
reagent). 

Two ml of blood was collected anaerobically via jugular venipuncture using 
lithium heparin syringes. The samples were immediately placed in ice water (0˚C 
- 4˚C) and stored until blood gas analysis, which occurred within 2 hr of collec-
tion. The following variables were measured: Sodium (Na+), Potassium (K+), 
Ionized Calcium (iCa++), Chloride (Cl−), venous blood pH (pH), Partial carbon 
dioxide pressure of the venous blood (pCO2), Venous blood bicarbonate con-
centration ( 3HCO− ), Base excess concentration (BE). Additionally, the Anion 
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GAP (AG) was calculated using the formula: AG = ([Na+] + [K+]) − ([Cl−] + 
[ 3HCO− ]) and the Strong Ion Difference (SID) was determined using the formu-
la quoted by Constable [5]: SID = ([Na+] + [K+]) − ([Cl−] + [LAC]). 

Statistical Analyses: The Statistical Analysis System program was utilized, and 
the data were presented as mean and standard deviation. The experiment was 
conducted using two Latin Squares (4 × 4) in a Split-plot design. Mathematical 
models were applied for the ingested volume of treatments: 𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌 = 𝜇𝜇 + 𝐴𝐴𝐴𝐴 + 𝑃𝑃𝑃𝑃 
+ 𝑇𝑇𝑇𝑇𝑇𝑇 + 𝑒𝑒(𝑎𝑎)𝑖𝑖𝑖𝑖𝑖𝑖, and clinical laboratory variables: 𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌 = 𝜇𝜇 + 𝐴𝐴𝐴𝐴 + 𝑃𝑃𝑃𝑃 + 𝑇𝑇𝑇𝑇𝑇𝑇 + 
𝑒𝑒(𝑎𝑎)𝑖𝑖𝑖𝑖𝑖𝑖 + 𝑇𝑇𝑇𝑇𝑇𝑇 + (𝑇𝑇𝑇𝑇 * 𝑇𝑇𝑇𝑇)𝑘𝑘𝑘𝑘 + 𝑒𝑒(𝑏𝑏)𝑙𝑙, where 𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌 = observed response; μ = gen-
eral constant; 𝐴𝐴𝐴𝐴 = effect of the animal; 𝑃𝑃𝑃𝑃 = period effect; 𝑇𝑇𝑇𝑇𝑇𝑇 = treatment ef-
fect; 𝑒𝑒 (𝑎𝑎) 𝑖𝑖𝑖𝑖𝑖𝑖 = parcel error (residue a); 𝑇𝑇𝑇𝑇𝑇𝑇 = time effect; (𝑇𝑇𝑇𝑇 * 𝑇𝑇𝑇𝑇) 𝑘𝑘𝑘𝑘 = treat-
ment and time interaction; 𝑒𝑒 (𝑏𝑏) 𝑙𝑙 = error concerning the subplots (residue b). 
Data were subjected to analysis of variance, and the LS-means were compared 
using the Tukey-Kramer method at a 5% probability [6]. 

3. Results 

All horses remained well throughout the experimental period. After exercise, 
they showed intense sweating, but without signs of fatigue. The volume ingested 
by horses showed a difference between treatments (P < 0.05). Animals that in-
gested replenishing solution B showed higher consumption in T4 (9 liters) when 
compared to animals in the Control group (4, 7 liters) (Table 2). 
 
Table 2. Mean values and standard deviations of ingested volume (l) over time in horses 
undergoing Marcha training and subsequently treated with water (control) or 
hydroelectrolytic replenisher. 

 T2 T4 (Total Volume) 

Control (water) 2.70 ± 2.80A 4.7 ± 2.66B 

Replenisher A 5.00 ± 3.46A 7.5 ± 4.63AB 

Replenisher B 6.20 ± 5.76A 10.8±7.43A 

Replenisher C 5.25 ± 2.88A 9.0 ± 4.46AB 

Mean values and standard deviations followed by capital letters are different in the same 
column and differ statistically (P < 0.05). 
 

Urea (UR) concentration did not change significantly between treatments and 
over time (P > 0.05), except treatment C which showed a significant increase (P 
< 0.05) after Marcha training (T1) (Table 3). Concentrations of Creatinine (CR) 
did not display significant variation between treatments (P > 0.05), although the 
interaction of treatments with time revealed an increase (P < 0.05) after training 
(T1) in treatment Control, B, and C (Table 3). Lactate (LAC) levels increased 
after Marcha training (T1) only in treatment B (P < 0.05). No significant differ-
ences in LAC were observed between treatments (P > 0.05). Glucose (GLU) lev-
els did not vary (P > 0.05) over time or between treatments (Table 3). 
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Table 3. Mean values and standard deviations of Urea (UR), Creatinine (CR), Lactate (LAC), and Glucose (GLU) in horses 
undergoing Marcha training and subsequently treated with water (control) or with hydroelectrolytic repositories. 

Treatment 
 Time  

T0 T1 T2 T4 

  UR (mg/dl)  

Control (water) 30 ± 3.96Aa 31 ± 2.28Aa 31 ± 5.25Aa 31 ± 7.40Aa 

Repository A 31 ± 4.21Aa 30 ± 4.79Aa 32 ± 5.79Aa 31 ± 4.05Aa 

Repository B 30 ± 4.03Aa 33 ± 5.68Aa 31 ± 5.88Aa 31 ± 6.78Aa 

Repository C 27 ± 9.70Ab 32 ± 2.48Aa 30 ± 4.41Aab 30 ± 3.62Aab 

  CR (mg/dl)  

Control (water) 1.55 ± 0.21Ab 1.74 ± 0.17Aa 1.64 ± 0.19Aab 1.54 ± 0.19Ab 

Repository A 1.58 ± 0.23Aa 1.74 ± 0.27Aa 1.68 ± 0.28Aa 1.60 ± 0.26Aa 

Repository B 1.53 ± 0.23Ab 1.71 ± 0.20Aa 1.65 ± 0.34Aab 1.53 ± 0.18Ab 

Repository C 1.50 ± 0.23Ab 1.71 ± 0.19Aa 1.56 ± 0.28Aab 1.53 ± 0.29Ab 

  LAC (mmol/l)  

Control (water) 0.70 ± 1.00Aa 2.21 ± 24.29Aa 0.80 ± 1.77Aa 0.76 ± 1.19Aa 

Repository A 0.66 ± 0.92Aa 1.46 ± 6.30Aa 1.09 ± 2.92Aa 0.88 ± 1.83Aa 

Repository B 0.63 ± 1.41Ab 2.69 ± 29.00Aa 1.20 ± 4.79Aab 1.00 ± 2.95Aab 

Repository C 0.68 ± 1.31Aa 1.64 ± 6.90Aa 1.05 ± 1.51Aa 0.95 ± 2.07Aa 

  GLU (mg/dl)  

Control (water) 107 ± 11.26Aa 99 ± 16.08Aa 95 ± 14.97Aa 94 ± 7.68Aa 

Repository A 107 ± 17.25Aa 100 ± 11.69Aa 112 ± 27.45Aa 92 ± 19.06Aa 

Repository B 104 ± 12.67Aa 100 ± 8.70Aa 113 ± 30.70Aa 98 ± 13.06Aa 

Repository C 103 ± 8.97Aa 103 ± 8.18Aa 123 ± 32.70Aa 100 ± 19.54Aa 

Mean values and standard deviations, followed by different lowercase and uppercase letters in the same row and column, differ 
statistically (P < 0.05). 

 
There were no significant differences in sodium (Na+), potassium (K+), and 

magnesium ion (Mg++) concentrations between treatments and across the evalu-
ated time points (P > 0.05) (Table 4). Phosphorus (P) concentrations decreased 
significantly in horses after Marcha training (T1) only in treatment A (P < 0.05). 
In turn, ionized calcium (iCa++) decreased significantly in horses after Marcha 
training (T1) across all treatments (P < 0.05) but did not differ between treat-
ment groups (P > 0.05) (Table 4). 

As can be seen in Table 4, chloride (Cl−) concentrations exhibited significant 
variation over time (P < 0.05), except treatment A. Chloride decreased after ex-
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ercise (T1), but a significant decrease was observed at T2 and T4 in the Control 
group and treatment C, while in treatment B this only occurred in T4. Signifi-
cant differences in Cl− were noted between treatments A and C at T2 and T4, 
with treatment C reaching the lowest values (P < 0.05). 
 

Table 4. Mean values and standard deviations of Sodium (Na+), Potassium (K+), Magnesium (Mg++), Phosphorus (P), Ionized 
Calcium (iCa++) and Chloride (Cl−) in horses undergoing Marcha training and subsequently treated with water (control) or with 
hydroelectrolytic replenisher. 

Treatment 
 Time  

T0 T1 T2 T4 

  Na+ (mmol/l)  

Control (water) 137 ± 1.89Aa 137 ± 1.98Aa 138 ± 1.77Aa 137 ± 1.41Aa 

Repository A 137 ± 0.93Aa 137 ± 1.13Aa 137 ± 1.28Aa 137 ± 0.64Aa 

Repository B 137 ± 0.64Aa 137 ± 1.13Aa 137 ± 1.91Aa 137 ± 0.89Aa 

Repository C 137 ± 1.46Aa 137 ± 1.81Aa 136 ± 1.07Aa 136 ± 1.36Aa 

  K+ (mmol/l)  

Control (water) 4.07 ± 0.30Aa 3.90 ± 0.50Aa 4.08 ± 0.48Aa 4.23 ± 0.52Aa 

Repository A 4.22 ± 0.30Aa 3.86 ± 0.36Aa 3.95 ± 0.30Aa 4.20 ± 0.33Aa 

Repository B 4.21 ± 0.25Aa 3.98 ± 0.42Aa 3.77 ± 0.37Aa 4.01 ± 0.21Aa 

Repository C 4.25 ± 0.41Aa 3.89 ± 0.46Aa 3.93 ± 0.36Aa 4.13 ± 0.25Aa 

  Mg++ (mmol/l)  

Control (water) 2.01 ±  0.48Aa 1.90 ± 0.55Aa 2.11 ± 0.54Aa 2.06 ± 0.63Aa 

Repository A 2.00 ± 0.69Aa 1.94 ± 0.63Aa 2.03 ± 0.59Aa 1.67 ± 0.72Aa 

Repository B 1.86 ± 0.65Aa 1.95 ± 0.69Aa 1.93 ± 0.49Aa 1.99 ± 0.53Aa 

Repository C 1.76 ± 0.47Aa 1.83 ± 0.42Aa 1.92 ± 0.44Aa 1.96 ± 0.50Aa 

  P (mmol/l)  

Control (water) 3.19 ± 0.43ABa 2.98 ± 0.45Aa 3.03 ± 0.48Aa 3.39 ± 0.44Aa 

Repository A 4.01 ± 1.62Aa 2.70 ± 0.73Ab 3.11 ± 0.56Aab 3.44 ± 1.07Aab 

Repository B 3.03 ± 0.33ABa 2.89 ± 0.48Aa 2.39 ± 0.34Aa 2.75 ± 0.50Aa 

Repository C 2.80 ± 1.03Ba 2.84 ± 0.59Aa 2.63 ± 0.55Aa 2.96 ± 0.70Aa 

  iCa++ (mmol/l)  

Control (water) 1.68 ± 0.08Aa 1.50 ± 0.06Ab 1.62 ± 0.10Aa 1.61 ± 0.11Aab 

Repository A 1.68 ± 0.05Aa 1.48 ± 0.09Ab 1.65 ± 0.08Aa 1.66 ± 0.11Aa 

Repository B 1.66 ± 0.08Aa 1.47 ± 0.12Ab 1.65 ± 0.07Aa 1.66 ± 0.08Aa 

Repository C 1.67 ± 0.09Aa 1.49 ± 0.09Ab 1.66 ± 0.10Aa 1.67 ± 0.09Aa 
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Continued 

  Cl− (mmol/l)  

Control (water) 100 ± 3.52Aa 99 ± 4.11Aab 97 ± 4.00ABb 97 ± 3.94Ab 

Repository A 100 ± 4.29Aa 99 ± 3.87Aa 99 ± 5.10Aa 98 ± 4.96Aa 

Repository B 100 ± 4.45Aa 99 ± 3.77Aab 98 ± 4.47ABab 97 ± 3.44Ab 

Repository C 100 ± 1.91Aa 98 ± 2.97Aab 95 ± 2.50Bbc 95 ± 2.39Bc 

Mean values and standard deviations, followed by different lowercase and uppercase letters in the same row and column, differ 
statistically (P < 0.05). 

 
As can be seen in Table 5, following Marcha training (T1), venous pH in-

creased significantly in the control group and treatment C (P < 0.05). Treatment 
B showed a significant increase in pH only at T4. No significant changes in pH 
were observed between groups. Partial carbon dioxide pressure (pCO2), bicar-
bonate concentration (HCO3

-) base excess (BE), anion gap (AG), and strong ion 
difference (SID) did not show significant changes between treatments and with-
in treatments over time (P > 0.05). 
 

Table 5. Mean values and standard deviations of venous blood pH (pH), carbon dioxide partial pressure (pCO2), blood 

bicarbonate ( 3HCO− ), base excess (BE), anion gap (AG), and strong ion difference (SID) in horses submitted to Marcha training 
and subsequently treated with water (control) or with hydroelectrolytic replenisher. 

Treatments 
Times 

T0 T1 T2 T4 

 pH 

Control (water) 7.41 ± 0.02Ab 7.44 ± 0.03Aa 7.43 ± 0.02Aab 7.43 ± 0.03Aab 

Replenisher A 7.42 ± 0.02Aa 7.44 ± 0.02Aa 7.43 ± 0.02Aa 7.42 ± 0.03Aa 

Replenisher B 7.41 ± 0.02Ab 7.43 ± 0.03Aab 7.42 ± 0.02Aab 7.44 ± 0.02Aa 

Replenisher C 7.40 ± 0.03Ab 7.44 ± 0.03Aa 7.41 ± 0.02Aab 7.43 ± 0.02Aab 

 pCO2 (mmHg) 

Control (water) 47.1 ± 3.13Aa 43.0 ± 3.26Aa 44.8 ± 3.52Aa 45.7 ± 3.61Aa 

Replenisher A 46.2 ± 3.16Aa 43.7 ± 3.23Aa 43.7 ± 1.22Aa 45.0 ± 3.45Aa 

Replenisher B 45.4 ± 3.28Aa 43.4 ± 4.04Aa 44.0 ± 3.14Aa 42.8 ± 2.96Aa 

Replenisher C 46.4 ± 4.83Aa 44.1 ± 4.21Aa 45.5 ± 3.08Aa 45.6 ± 3.52Aa 

 3HCO−  (mmol/l) 

Control (water) 28.8 ± 1.56Aa 28.1 ± 2.34Aa 28.7 ± 2.28Aa 29.4 ± 1.79Aa 

Replenisher A 28.8 ± 1.02Aa 28.4 ± 1.22Aa 27.8 ± 1.20Aa 28.4 ± 0.96Aa 

Replenisher B 28.0 ± 1.17Aa 27.5 ± 2.51Aa 27.9 ± 2.19Aa 28.6 ± 1.31Aa 

Replenisher C 28.2 ± 1.17Aa 28.6 ± 1.94Aa 28.2 ± 2.23Aa 29.4 ± 1.75Aa 
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Continued 

 Base Excess (mmol/l) 

Control (water) 4.1 ± 1.35Aa 4.8 ± 2.33Aa 4.5 ± 2.07Aa 5.1 ± 1.66Aa 

Replenisher A 4.3 ± 0.74Aa 5.1 ± 0.89Aa 3.7 ± 1.33Aa 4.1 ± 0.65Aa 

Replenisher B 3.6 ± 1.04Aa 4.2 ± 2.18Aa 3.7 ± 1.91Aa 4.6 ± 1.30Aa 

Replenisher C 3.7 ± 0.84Aa 5.19 ± 1.51Aa 3.8 ± 2.09Aa 5.1 ± 1.50Aa 

 AG (mmol/l) 

Control (water) 12.06 ± 3.61Aa 14.07 ± 3.95Aa 15.59 ± 3.10Aa 15.30 ± 2.35Aa 

Replenisher A 12.04 ± 4.57Aa 13.42 ± 4.28Aa 14.38 ± 5.16Aa 14.66 ± 4.43Aa 

Replenisher B 13.18 ± 4.40Aa 14.84 ± 4.88Aa 15.12 ± 3.77Aa 15.09 ± 3.73Aa 

Replenisher C 13.41 ± 2.51Aa 14.55 ± 1.71Aa 16.37 ± 1.94Aa 15.84 ± 1.55Aa 

 DIF (mmol/l) 

Control (water) 40.14 ± 3.83Aa 39.95 ± 2.99Aa 43.55 ± 2.76Aa 44.00 ± 2.69Aa 

Replenisher A 40.22 ± 4.98Aa 40.39 ± 3.56Aa 41.12 ± 4.92Aa 42.21 ± 4.54Aa 

Replenisher B 40.58 ± 8.83Aa 39.66 ± 2.95Aa 41.81 ± 3.33Aa 42.65 ± 2.78Aa 

Replenisher C 40.96 ± 1.77Aa 41.50 ± 1.52Aa 43.50 ± 1.92Aa 44.31 ± 1.92Aa 

Mean values and standard deviations, followed by different lowercase and uppercase letters in the same row and column, differ 
statistically (P < 0.05). 

4. Discussion 

Hydroelectrolytes and energy replenishers for horses are solutions that contain 
carbohydrates such as glucose, sucrose, and maltodextrin, along with electro-
lytes. By combining water, electrolytes, and energy replenishment, these solu-
tions contribute to hydration in addition to nutritional support [7]. In this test, 
hydroelectrolyte and energy replenishers were consumed in greater quantities 
than water, demonstrating that all of them had good palatability, especially re-
plenisher B. The average volume ingested by animals that ingested replenisher B 
during the four hours of supply (T2 to T4) was 10.8 L, while treatments A and C 
had averages of 7.5 and 9 L, respectively. Meanwhile, the animals in the control 
group consumed 4.7 liters (Table 2). 

In pilot studies that preceded this trial, it was observed that horses demonstrated 
a preference for solutions with sweet flavors, mild aromas, and no color. There-
fore, no aromas, artificial flavors, or palatalizing agents were used, as some of 
them, when tested in pilot studies, always caused a decrease in the voluntary intake 
of the solutions. These results are in line with other studies that found animals less 
receptive to the inclusion of these substances. The flavor and aroma of the solu-
tions developed in this test resulted from the combination of the composition of 
electrolytes (salts) and carbohydrates and their respective quantities. Certainly, one 
of the factors that most contribute to the consumption of replacement solutions is 

https://doi.org/10.4236/ojvm.2024.148015


J. D. R. Filho et al. 
 

 

DOI: 10.4236/ojvm.2024.148015 212 Open Journal of Veterinary Medicine 
 

their palatability [8], [9]. It is mainly responsible for the increase in voluntary in-
take of sports drinks compared to water. In this respect, replenisher B was the 
highlight, demonstrating its great potential among the solutions tested. 

The results of the present test are similar to those obtained by Avanza et al. 
[3], who reported higher ingested volumes of experimental replenishers com-
pared to water after the Marcha exercise, and by Monteiro et al. [10] in polo 
horses. On the other hand, Puoli Filho et al. [11], in a study comparing the in-
take of water and isotonic solution containing carbohydrates and electrolytes, 
observed greater water consumption compared to isotonic solution in horses 
undergoing resistance exercise. Meanwhile, Butudom et al. [12] and Nyman et 
al. [13] observed significant voluntary consumption of saline solutions (0.45% 
and 0.9%) instead of water, concluding that saline treatment is a more effective 
rehydration strategy than water alone. 

Activities that induce fluid loss through sweat cause a reduction in renal blood 
flow and glomerular filtration rate that reflects the transient elevation of 
post-exercise urea (UR) and creatinine (CR) concentrations. These changes are 
dependent on the intensity of the exercise and their increase is typically associ-
ated with muscular activity and the workload to which animals are subjected 
[14]. In this study, all animals showed increased post-exercise CR values (T1), 
which decreased at T4. Replenishers B and C likely caused a more pronounced 
decrease in CR values at T4 due to their higher ingestion rate, as can be seen in 
Table 3. The control treatment also caused the greatest decrease in CR values, 
despite its lower rate of ingestion, demonstrating its high rate of intestinal ab-
sorption. Unfortunately, urinary volume was not measured; perhaps if it had 
been done, we would have had a better explanation for this result. 

Depending on the intensity of the exercise, there is an increase in plasma lac-
tate (LAC) values. However, in the present study, the animals demonstrated a 
mean plasma LAC level of 2.0 mmol/L at the end of Marcha training, indicating 
aerobic exercise with a tendency to transition from aerobic to anaerobic muscle 
activity, confirming that Marcha is predominantly a low-intensity and medi-
um-duration aerobic exercise [15], [16]. 

There was an increase in lactate values in T1 in animals from all treatments, 
although a significant difference occurred only in animals from treatment B. In 
T2 and T4, there was a gradual decrease in LAC in all treatments. Although the 
replenishers contain sucrose, dextrose, and maltodextrin, there was no excessive 
production of acidic substances resulting from fermentation by the intestinal 
microbiota, demonstrating their safety.  

Changes in blood glucose concentration depend on exercise type, duration, 
intensity, and the horse’s training and feeding status. According to Votion [17], 
the plasma concentration of GLU usually increases during short and 
high-intensity exercises, despite varied results in the literature. In long-duration 
and endurance exercises (>3 hr), GLU tends to decrease. In the present trial, the 
combination of dextrose, maltodextrin, and sucrose present in the replacements, 
although not significant, caused a small increase in the glycemic rate of treat-
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ments A, B, and C in T2. If the amount of these carbohydrates in the replace-
ments had been greater, the glycemic rate could have increased. However, larger 
quantities might have reached the large intestine, causing more fermentation 
and production of acidic substances, which could lead to dysbiosis in animals. 
Although replenishers are also important as precursors [7], it is necessary to be 
careful with the amount of carbohydrates these solutions contain. 

There were no differences in serum concentrations of Na+, K+, and Mg++ 
throughout the experimental phase (T0 to T4) in animals from all treatments. 
During exercise, depending on its intensity and duration, there is a decrease in 
K+ due to its loss through sweating and increased renal excretion of Na+. Renal 
reabsorption of Na+ occurs at the expense of the excretion of K+ and H+, and 
consequently, the retained ions increase the expansion of extracellular fluid in 
response to dehydration [18]. However, as this event was not detected by the se-
rum values of these electrolytes, it is believed that Marcha, being a low-intensity 
and medium-duration exercise, did not cause sufficient electrolyte losses to trig-
ger this type of mechanism. It should be noted that if the concentration of these 
electrolytes had been measured in urine, we might have observed a difference 
between animals that received replacements and those in the control group. 

In the present study, a decrease in serum P concentrations was observed after 
exercise, but it was significant only in animals in treatment A, which may indi-
cate an attempt to restore intracellular P reserves. Furthermore, the lower serum 
P concentration may be due to increased carbohydrate metabolism, which de-
pends on the duration and intensity of exercise [19]. During the treatment peri-
od (T2 and T4), P values showed changes. None of the three replenishers tested 
contained a source of phosphorus; perhaps for this reason, variations in serum 
phosphorus values were recorded in animals from all treatments. These results 
point to the possibility of incorporating a phosphate source into the composition 
of these replenishers. 

There was a decrease in iCa values in animals from all treatments at T1. Gar-
cía et al. [20] found a significant decrease in iCa after exercise, as in the present 
study. In T2 and T4, values recovered in animals from all treatments. Despite the 
lack of statistical significance, it can be seen that in animals that received replen-
ishers, iCa values were slightly higher at those times, demonstrating the positive 
effect of the calcium contained in treatments A, B, and C. Therefore, in animals 
subjected to exercises that may generate greater decrements in calcium, the use 
of electrolyte and energy replenishers containing a source of calcium in specified 
amounts may be more appropriate to treat exercise deficit in athletic animals 
compared to water alone. 

The lack of a significant decrease in plasma Cl− concentration after gait train-
ing (T1) can be explained by the exercise’s inability to cause major changes in 
the dynamics of this ion. When comparing treatments, the animals that received 
treatment C recorded the lowest chloride values. When evaluating treatments 
over time, the lowest chloride values during the treatment period (T2 and T4) 
were also detected in the animals that received solution C. This event occurred 
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because treatment C contains the lowest concentrations of chloride in its com-
position, indicating that in animals that have decreased serum chloride due to 
the action of exercise, solution C is not the best choice. 

Marcha training in the animals in the present study caused a slight increase in 
pH values in animals from all treatments. Despite this increase, the values re-
mained within the reference range [18], [21]. During the treatment phase (T2 
and T4), the values showed similar results, demonstrating the absence of signifi-
cant clinical changes. In low-intensity exercise, such as walking, there are gener-
ally no changes in acid-base status, anion gap, and strong ion difference. When 
changes do occur, they are discreet. This can be seen in the small changes de-
tected in pH values and the absence of changes in pCO2, 3HCO− , BE, anion gap, 
and strong ion difference in the animals in the present test. The absence of these 
changes was due to the lack of significant electrolyte imbalances. These results 
demonstrate that the tested solutions do not cause significant changes in the ac-
id-base balance, confirming their safety. 

The limitations of the present research are the small number of animals used, 
the intensity of exercise imposed on the animals, and the lack of measurement of 
urinary volume and electrolytes in urine. 

It is concluded that the hydroelectrolytes and energy replenishers were in-
gested spontaneously by the animals in a greater volume than that of the control 
group (water). However, replenisher B, by restoring and maintaining electrolyte 
concentrations after exercise and being the most palatable, as indicated by the 
greater volume ingested by the animals, demonstrated its greatest potential. De-
spite these results, new trials subjecting animals to greater intensity exercises are 
needed to prove the effectiveness of the tested replacements. 
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