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Abstract 
The welfare assessment of horses includes the evaluation of their ability to cope with the challenges of their 
environment and of work given to them. The aim of this study was to evaluate the welfare of 12 clinically healthy 
horses from a riding school, using physiological indicators. Double determinations were made (in winter and in 
spring of 2011) by a set of two tests each time, before and after physical effort. The clinical parameters (heart and 
respiratory rate) were in the normal range at 20 minutes after effort, decreasing towards the resting values. Slightly 
higher values were recorded in the spring comparing with the winter, but the differences were not statistically 
significant (P>0.05). Even if were in the normal range, the results of the haematology tests and the blood sugar 
values showed clearly the response of the horses’ organisms to exercise. The serum cortisol concentrations presented 
an effort dependent elevation and higher values of the basic level were observed in the spring than in winter. The 
other stress-response indicator recorded, the neutrophyle-lymphocyte ratio, showed dynamics correlated with that of 
the cortisol level. The physiological indicators tested in this study proved their real value in the riding horses’ 
welfare assessment. 
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1. Introduction 
 
The welfare of animals, including the welfare of 
horses is an important issue nowadays, raising 
socio-ethical concerns on international level. All 
the rules and regulations of the equestrian sports 
state that all the times the welfare of the horse 
must be paramount and must never be 
subordinated to competitive or commercial 
influences [1]. Even if not compete, safeguarding 
the welfare of the riding horse should be a key 
feature in all situations. Besides the demands 
regarding the general care and management of 
horses, the welfare requirements of the riding 
horses involve special connotations. Thus, for the 
judicious usage of these animals the fitness and 
training level of each horse should be always 
considered.  

                                                 
*Corresponding author: Silvana Popescu, Tel: 
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The importance of the physiological indicators’ 
measurement was sometimes over-estimated in the 
welfare assessment of the animals. Yet, certain 
parameters of this type could indicate the ability 
of riding horses to cope with the challenges to 
which they are subjected, including the physical 
effort of their specific workload, in different 
environmental conditions. Some of the indicators 
considered by EFSA [2] (such as hormonal, 
biochemical, hematologic and immunological 
indicators or the variations of some physical 
parameters) to be used in the welfare assessment 
of the animals, are widely recognized to inform 
about the fitness of the riding horse or the degree 
of the stress perceived by it [3].  
The aim of this study was to evaluate the welfare 
of 12 clinically healthy horses from a riding 
school, in different environmental and working 
conditions, using physiological indicators.   
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2. Materials and methods 
 
For this study 12 horses of mixed breed (unknown 
origin) were selected; all of these were clinically 
healthy during the whole study period. The 
physical parameters were determined twice, in 
different seasons (in winter and in late spring), 
each time by two batches of tests, before and after 
physical effort. The same protocol was followed: 
each horse was brought from the pasture, the 
clinical parameters were recorded, a blood sample 
was collected, the horse was put to exercise, and 
then the clinical parameters were recorded again 
(after 10 minutes) and another blood sample was 
taken (after 20 minutes). The testing was done in 
the morning (between seven and 10 o’clock), the 
order of the horses was the same. The animals 
were handled gently and treats were given to 
them, in order to minimize the stressfulness of the 
procedure. The recorded clinical parameters were 
heart rate, respiratory rate and rectal temperature. 
For blood sampling sterile Vacutest Kima needles 
were used (21G x 1 ½”) and Englober Vac tubes 
(with EDTA K3 and without anticoagulant). 
The blood analysis consisted in the haemo-
leukogram (red blood cell count, haemoglobin, 
hematocrit, white blood cell count, leukocyte 
formula) with the calculation of the neutrophyle – 
lymphocyte ratio; in the serum the glycaemia and 
the cortisol concentration was measured. The 
haemo-leukogram was determined with a Counter 
Coulter type apparatus, Abacus Junior vet 5 
(Diatron Messtechnik GmbH, Austria) and for the 
glycaemia measurement a Ciba Corning 550 
Express device (GMI Inc, USA) device was used. 
The serum cortisol concentration was determined 
by the immunochemical method, with detection by 
electrochemiluminescence (ECLIA). The same 
laboratory performed the assays both times and 
the blood samples were analysed in maximum 
four hours. All the results were compared with the 
reference values for horses given in the Merck 
Veterinary Manual [4]. 
In order to see the effort-linked variation of the 
parameters, the values of the testing before 
exercise were compared with those obtained after 
exercise, and to observe the variation of the 
indicators due to the environmental conditions the 
values of the first testing were compared with 
those of the second testing (by categories: before 
and after exercise) both in winter and in the 
spring. The comparison was made using the SPSS 

version 17 software (Mann-Whitney test). The 
significance level was simply set to 0.05.  
For the purpose of knowing the differences of the 
environmental conditions at the two 
determinations the mean temperature and the 
mean humidity values were noted for the past five 
days. During the five days, the air humidity and 
temperature were recorded three times per day, 
using an electronic thermo-hygrometer. Than the 
mean values per day were computed and finally 
the overall mean value per five days was 
calculated for the winter and also for the spring 
testing.  
 
 
 
3. Results and discussion 
 
The results of the physiologic parameters’ 
determinations are shown for each tested horse in 
tables 1-3.  
The physiological indicators were determined by 
two batches of testing, in different environmental 
conditions. The mean temperature for five days in 
winter was -3°C and +12.5°C in spring and the 
mean relative humidity for five days was 76% in 
winter and 68% in spring, respectively.  
Comparing the resting values for the three clinical 
indicators with the reference values in healthy 
adult horses (heart rate: 28-40 beats per minute; 
respiratory rate: 10-14 breaths per minute; rectal 
temperature: 37.3-38.3°C for mares and 37.1-
38.1°C for stallions and geldings) [4] no 
abnormalities were found.  
The same indicators were measured 20 minutes 
after exercise in order to allow their normalisation. 
Depending on the intensity and duration of the 
effort, but also depending on the environmental 
conditions and the training level of the horse, the 
physiological response recorded immediately at 
the end of the effort (or during it) may show high 
variability. The heart rate, for example, often 
reach to 80-100 beats per minute [5], even 250-
260 beats per minute can be recorded [6]. 
Focusing on horse welfare, it is not that important 
the performance than the proof of the best possible 
adaptation of the animal to the demands of its 
usual work. Irrespective on the effort type, it is 
considered that the fast re-establishment of the 
clinical indicators’ resting values is a relevant 
indicator of the horse’s training level and fitness 
[3, 7], proving the adaptation of the cardio-
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vascular, respiratory and musculoskeletal 
apparatus. 
The rectal temperature values did not exceed the 
reference range at 20 minutes after exercise. The 
highest heart rates were 58 and 62 beats per 
minute and the maximal respiratory rates were 42 
and 44 breaths per minute, respectively.  
 

It is considered that the heart rate of a mature, well 
trained horse should not exceed 62 beats per 
minute at 10-15 minutes after exercise [3, 7]. The 
respiratory rate, even if it can be of 60-80 breaths 
per minute during a whole hour post exercise, 
should have a decreasing tendency and should not 
exceed the heart rate [5].  

Table 1. The values of the physiological indicators before and 20 minutes after exercise 
 in two different seasons in the horses 1, 2, 3 and 4 

Parameter 

Horse 1 
(mare, 11 years) 

Horse 2 
(mare, 8 years) 

Horse 3 
(gelding, 6 years) 

Horse 4 
(mare, 10 years) 

Winter Spring Winter Spring Winter Spring Winter Spring 
A B A B A B A B A B A B A B A B 

t° (°C) 37.6 37.8 37.6 38.0 37.4 37.6 37.2 37.8 37.5 37.8 37.6 37.9 37.5 37.4 37.6 38.1 
R.R. 
(rpm) 

11 28 12 32 12 36 11 34 12 29 13 33 13 32 16 44 

H.R. 
(bpm) 

29 48 40 52 29 50 40 58 28 47 41 51 30 52 36 62 

Glycemia 
(mg/dL) 

87 107 106 112 85 109 104 111 88 106 105 113 105 112 106 111 

Cortisol 
(nmol/L) 

146 172 148 182 128 149 105 209 143 172 148 184 196 215 121 260 

RBC 
(x1012/L) 

6.94 7.63 7.89 8.46 7.24 7.84 8.39 9.86 6.91 7.62 7.9 8.45 8.76 9.22 9.05 9.93 

PCV 
(%) 

33 36.3 37.6 40.5 34.5 36.9 39.5 47 34 36.3 37.5 40.6 39.5 41.6 40.8 44.8 

HGB 
(g/dL) 

12.3 13.5 14.1 15.7 12.7 13.7 14.7 17.9 12.6 13.4 14.2 15.9 14.8 16 15.3 16.8 

WBC 
(x109) 

7.5 8.1 6.4 7.3 8.7 9.2 9 10.1 7.6 8.2 6.3 7.2 8.4 8.8 8.5 9.3 

N (%) 47 52 43 49 44.5 49 56 60 46 53 44 50 48 51 46 57 
L (%) 39 37 38 33 39 39 37.5 31 38 36 37 32 35 36 33 29 
E (%) 6 3 10 10 9 6 2.5 3 7 3 10 10 9 8 10 3 
M (%) 8 8 7 7 6 6 4 6 8 8 7 7 7 5 9 9 
B (%) 0 0 2 1 1.5 0 0 0 1 0 2 1 1 0 2 2 
N/L 1.2:1 1.4:1 1.1:1 1.4:1 1.1:1 1.2:1 1.5:1 1.9:1 1.1:1 1.4:1 1.1:1 1.4:1 1.3:1 1.4:1 1.4:1 1.9:1 

A = before exercise; B = after exercise; R.R. = respiratory rate; H.R. = heart rate; RBC = red blood cell count; PCV = packed cell 
volume (hematocrit); HGB = haemoglobin; WBC = white blood cell count; N, L, E, M, B = leukocyte species 
 
Even if we recorded a heart rate of 62 beats per 
minute in two horses, we can consider that the 
animals tested in our study had normal values of 
the clinical indicators. 
The highest values of the clinical parameters were 
recorded at the testing performed in the spring. 
Even if the variations are low, a slight increase of 
the heart and respiratory rates can be observed in 
all of the horses in the spring, comparing with the 
winter testing, both before and after exercise. 
However, these differences were not statistically 
significant (P < 0.05). Besides the concentrations 
of the blood oxygen and carbon dioxide, in the 
regulation of these two functions’ frequency occur 
also the need to dissipate the heat produced in the 
skeletal muscles. Evaporation (pulmonary and 
cutaneous) realises about 65-70% of the total heat 
loss in horses, the rest being provided by 
convection and radiation [5]. In warm and humid 
environments, besides the quicker raise and slower 

recovery to normal of the internal temperature, 
also the contribution of the respiratory and cardio-
vascular systems to the heat dissipation will be 
more intense [8]. The low difference comparing 
the values recorded in the winter and spring could 
be explained by the fact that even in the spring the 
environmental temperatures were higher; the 
values of the relative humidity were lower.  
The results of the haematological assays were 
compared to the reference ranges for mature 
horses. According to the Merck Veterinary 
Manual the haematologic reference ranges for 
horses are: red blood cells 6-12×1012/L; 
hematocrit 32-48%; haemoglobin 10-18 g/dL; 
white blood cells 6-12×109/L; neutrophils 30-
75%; lymphocytes 25-60%; monocytes 1-8%; 
eosinophils 1-10% and basophils 0-3%  [4]. Even 
if all these indicators were found to be normal 
(irrespective to the season or in relation to 
exercise), the physiological response to the effort 
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can be observed in all of the horses. The effort-
related contraction of the spleen releases in the 
bloodstream a high number of figurative elements, 
both red and white blood cells. The increased 
number of the circulating red blood cells responds 
to the increased oxygen need during the effort and  

explains the increase of the hematocrit value.  
The increase in the white blood cell count was 
moderate in our study. If the effort is perceived to 
be high by the regulatory systems of the horse 
(depending on its training level) the white blood 
cell count could be doubled in a few minutes [4].  

Table 2. The values of the physiological indicators before and 20 minutes after exercise 
 in two different seasons in the horses 5, 6, 7 and 8 

Parameter 

Horse 5 
(mare. 10 years) 

Horse 6 
(gelding, 8 years) 

Horse 7 
(mare, 12 years) 

Horse 8 
(mare, 5 years) 

Winter Spring Winter Spring Winter Spring Winter Spring 
A B A B A B A B A B A B A B A B 

t° (°C) 37.3 37.5 37.3 37.8 37.6 37.9 38.0 38.2 37.5 37.8 37.7 38.2 37.6 37.5 37.5 38 
R.R. 
(rpm) 

13 37 11 32 12 28 15 32 13 28 17 38 14 33 17 45 

H.R. 
(bpm) 

31 52 39 56 31 45 38 53 39 46 38 52 31 53 34 61 

Glycemia 
(mg/dL) 

86 110 103 109 89 107 106 113 94 114 101 106 104 110 107 110 

Cortisol 
(nmol/L) 

126 148 105 209 129 188 113 142 106 164 112 184 195 215 121 160 

RBC 
(x1012/L) 

7.23 7.86 8.4 9.84 7.69 8.2 8.43 8.73 8.2 9.2 6.9 9.2 8.7 9.21 9.1 9.92 

PCV 
(%) 

34.4 36.8 39.6 45 36.7 38.8 40.3 41.9 39.2 44.6 32.5 44.3 39.4 41.7 40.7 44.7 

HGB 
(g/dL) 

12.5 13.6 14.8 17.0 14 14.5 14.9 15.9 15.5 16.2 12.4 15 14.9 15.9 15 15.6 

WBC 
(x109) 

8.6 9.2 9 10 8.2 9.1 9.4 9.5 8.4 9 7.5 9.3 8.3 8.6 8.4 9.1 

N (%) 43 49 56 60 47 51 49.5 52 51 56 54 58 48 51 47 58 
L (%) 38 39 37.5 30 37.5 36 41 41 43 40 41 35 36 37 31 29 
E (%) 9 5 2.5 4 9 6.5 2.5 4 3 1 2 4 9 8 10 3 
M (%) 6 7 4 5 6.5 6 7 3 2 2 3 3 6 4 9 8 
B (%) 1.5 0 0 1 0 0.5 0 0 1 1 0 0 0 0 2 2 
N/L 1.1:1 1.2:1 1.5:1 1.9:1 1.2:1 1.4:1 1.2:1 1.3:1 1.1:1 1.4:1 1.3:1 1.6:1 1.3:1 1.4:1 1.4:1 1.9:1 

A = before exercise; B = after exercise; R.R. = respiratory rate; H.R. = heart rate; RBC = red blood cell count; PCV = packed cell 
volume (hematocrit); HGB = haemoglobin; WBC = white blood cell count; N, L, E, M, B = leukocyte species 
 
In the cases of physiological leukocytosis mature 
neutrophylia occur, without the deviation of the 
Arneth curve to the left, and the possibility of 
lymphocytosis, especially in young horses. The 
leukocyte formula in our study showed a slight 
increase of the neutrophyle proportion, but the 
lymphocyte ratio decreased slightly, excepting one 
horse (Tables 1-3). The leukocytosis of horses, 
constantly presented as mature neutrophylia, 
lymphopenia, eozionpenia and frequently 
monocytosis, is induced by endogenous or 
exogenous corticosteroids; it is known as the 
stress leukogram [4]. Besides the fact that the 
counts of the white blood cell species were within 
the reference ranges (thus we can not consider 
either leukocytosis or leucopoenia), the variation 
of the eozinophyle and monocyte numbers is 
different from a horse to another. 
The value of the serum cortisol showed in all of 
the horses an effort-dependent increase. Excepting 
one horse higher values of the cortisol basic level 

(before exercise) were observed in the spring, 
comparing with the winter. The cortisol represents 
the major circulatory corticosteroid in the horse 
[9], but the relevance of its determination is 
controversial. Part of the scientific literature 
concludes that, in the same manner than in other 
species, the increase of the serum cortisol is a 
stress indicator in the horse [10, 11]. Other authors 
[12] are more circumspect and state that this 
hormone is a useful indicator of the short-acting 
stress. Many studies in which the serum cortisol 
was determined describe the effect of 
transportation on horses, and these effects can not 
be compared with those induced by regular 
exercise. Some authors [13] consider that it is not 
that important the absolute concentration of the 
serum cortisol after the horse’s exposure to stress 
but the the variation magnitude (the difference 
between the basic level and the post-exposure 
concentration). It is well-known the fact that there  
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is a circadian fluctuation of the serum cortisol 
basic concentration in horses. The highest values 
can be measured in the morning [14] or around  

noon [15], the only consensus between different 
authors states that the lowest concentrations are 
recorded during the night.  

 
Table 3. The values of the physiological indicators before and 20 minutes after exercise  

in two different seasons in the horses 9, 10, 11 and 12 

Parameter 

Horse 9 
(mare, 10 years) 

Horse 10 
(gelding, 4 years) 

Horse 11 
(mare, 7 years) 

Horse 12 
(mare, 4 years) 

Winter Spring Winter Spring Winter Spring Winter Spring 
A B A B A B A B A B A B A B A B 

t° (°C) 38.0 38.0 37.8 38.0 37.6 37.8 37.8 38.3 37.9 38.1 37.6 37.8 37.5 37.8 38.0 38.1 
R.R. 
(rpm) 

10 36 16 42 12 29 16 37 18 34 19 40 13 27 16 31 

H.R. 
(bpm) 

32 50 37 56 38 49 40 56 35 46 31 50 32 44 36 56 

Glycemia 
(mg/dL) 

98 102 103 114 97 104 101 116 87 100 98 105 90 106 108 112 

Cortisol 
(nmol/L) 

112 147 146 223 108 175 111 196 114 138 140 201 128 187 110 136 

RBC 
(x1012/L) 

7.47 7.95 7.85 8.4 8.26 9.3 6.95 9.1 7.43 7.9 7.7 8 7.7 8.1 8.4 8.6 

PCV 
(%) 

35.6 37.9 37.4 40 39.1 44.9 32.9 44.6 35.5 37.6 37.3 39.6 36.6 38.7 40.1 41.1 

HGB 
(g/dL) 

13.7 14.2 14.1 14.8 15.6 16.1 12.3 15.9 13.8 14 14.1 14.6 14.2 14.4 14.8 15.6 

WBC 
(x109) 

9.6 10.1 8.4 9.7 8.6 9.1 7.6 9.2 9.9 11 8.5 9.2 8.1 9.1 9.2 9.5 

N (%) 53 58 47.5 52.5 50.5 56.5 54.5 58 56 58 46 52 47 51 49 52 
L (%) 42 36.5 32.5 32.5 43 40 40.5 35.5 40 36 34 32 37 36 41 42 
E (%) 2 3.5 10 7 3.5 1.5 2 4 2 3 10 7 10 6 3 4 
M (%) 3 1 8 8 2.5 2 3 2.5 2 2 8 8 6 6 7 2 
B (%) 0 1 2 0 0.5 0 0 0 0 1 2 1 0 1 0 0 
N/L 1.2:1 1.5:1 1.4:1 1.6:1 1.1:1 1.4:1 1.3:1 1.6:1 1.2:1 1.5:1 1.4:1 1.6:1 1.2:1 1.4:1 1.2:1 1.3:1 

A = before exercise; B = after exercise; R.R. = respiratory rate; H.R. = heart rate; RBC = red blood cell count; PCV = packed cell 
volume (hematocrit); HGB = haemoglobin; WBC = white blood cell count; N, L, E, M, B = leukocyte species 
 
Even if in this study the testing of the horses was 
done in the same period of the day and both the 
testing protocol and the order of the horses was 
the same, the value of the results is limited by the 
fact that the circadian cortisol fluctuations differ 
from a horse to another and even in the same 
horse [16]. Even more, the normal circadian 
rhythm might be suppressed for different time 
periods by the intervention of any stress [17], even 
by simple changes in the living environment [18]. 
The blood sampling is recognized as a procedure 
which can induce stress in horses and through this 
the activation of the hypothalamic-pituitary-
adrenal axis. For this reason the research is 
focusing more and more on the determination of 
the salivary cortisol concentration [15] or on the 
analysis of the natural corticosteroid metabolites 
in faeces [19]. Yet we can assume that our basal 
cortisol values (before exercise) are correct, 
because cortisol is a time-dependent parameter, 
which need about 20 minutes to reach to the 
maximal values in the circulating blood. The post-
exercise concentrations, indeed, could be slightly 
increased as result of the blood sampling induced  

stress, even if all the procedures were performed 
with the highest care to reduce this effect.  
The comparison of the serum cortisol values 
obtained in our study (between 104.6 and 260 
nmol/L) with the published data [20, 21] (83-359 
nmol/L) does not show great differences. Also the 
differences between the values before and after 
exercise does not show any relevance of the 
season’s influence and per totality of the samples 
were between 18.9 nmol/L and 138.9 nmol/L. It is 
interesting the fact that these extremes of the 
differences were recorded in the same horse, the 
smallest variation being recorded in the winter and 
the greatest in the spring. Based on the above 
aspects, it can be assumed that in the moment of 
the spring sampling certain, unidentified stress 
factor acted on that specific mare.  
The glycaemia values were within the reference 
range in all of the horses (62-114 mg/dL) given in 
the Merck Veterinary Manual [4], irrespective to 
exercise or season. The higher post exercise 
values are explained by the hyperglycaemia effect 
of the cortisol, which stimulate the 
gluconeogenesis and glycogenolisis. 



 
 

 
Popescu S. et. al./Scientific Papers: Animal Sciences and Biotechnologies, 2012, 45 (2) 

 
 
 
 

 

 261

The neutrophyle: lymphocyte ratio is about 1.1:1 
in healthy mature horses [4]. Even if the 
percentages of the different leukocyte species are 
normal, the neutrophyle:lymphocyte ratio can vary 
and its increasing is considered a good indicator of 
short-term stress in horses [22, 23]. Some authors 
[23] state that this ratio is even a more precise 
stress indicator than the serum cortisol 
concentration, because it may change before or in 
the absence of the cortisol level modifications. In 
our study these two indicators showed similar 
dynamics, as it is described in literature.  
 
 
4. Conclusions 
 
The physiological indicators tested in this study 
proved their real value in the riding horses’ 
welfare assessment. Thus, a relatively simple and 
quick health check may show a significant 
dimension of the riding horse’s welfare – its 
training level and its ability to cope with the 
demands of the specific working conditions. The 
blood tests performed in this study complete the 
clinical exam of the horses, adding more subtle 
information to the image of the horse’s welfare 
status. The analyses of this type can show the 
effect of certain negative factors in the early stage, 
before obvious alteration in the horse’s well being 
occur. The main negative factors which can be 
identified using this type of assessment are 
especially the stress of different origins and the 
work overload.  
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