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 Abstract 
The administration of pycnogenol (PYC) prior to physical exertion had earlier shown to 
improve gait variables after work. The aim of this study was to determine the effect of 
PYC on kinematic parameters of donkeys subjected to packing during the dry season. 
Ten male donkeys served as experimental subjects. Five donkeys were administered 
with PYC (10 mg/kg) in feed (test group) while another five donkeys were given feed 
only (control group) for one week pre-packing. Thermal environmental parameters of 
ambient temperature (AT), relative humidity (RH) and temperature humidity index (THI) 
were recorded. Kinematic parameters of speed (SP), stride length (SL), stride frequency 
(SF) and stride duration (SD) using videographic recordings 5 minutes post-packing with 
each animal walking at a self-selected speed were recorded. The THI values obtained 
pre- (95.4 ± 3.9) and during (85.3 ± 1.6) packing in the cold-dry season were significantly 
lower than the values of 148.8 ± 1.8 and 134.8 ± 1.1, respectively obtained during the 
hot-dry season. The speed recorded in test group (2.0 ± 0.3 m/s) was significantly (P < 
0.05) higher when compared to the value (1.3 ± 0.2 m/s) obtained in control group 
during the hot-dry season while, during the cold-dry season, the test group recorded a 
significantly (P < 0.05) higher speed (1.3 ± 0.3 m/s) when compared with 1.0 ± 0.2 m/s 
recorded in control group.The increased speed recorded in the test group indicated that 
the group performed better as they were less fatigued when compared with the control 
group. Thus, PYC could be used as a potential agent in the management of fatigue in 
donkeys used for packing purposes in the region.  
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Introduction
Donkeys (Equus asinus) are important economically 
as pack animals especially during the dry season in 
northern Nigeria where they are used for transporting 
harvested farm produce (Talla & Song, 2014; Gelaye 
& Fesseha, 2020). They are used for carrying or pulling 
heavy loads over long distances (Bennett & Pfuderer, 
2020). They are also used for draught purposes such 

as ploughing to make ridges in preparation for 
planting by subsistence farmers (Nengomashaet al., 
1999) which may lead to stress in the donkeys 
because they are usually overstressed (Bale et al., 
2003). The dry season is divided into the cold- and 
hot-dry seasons and spans from November to April 
(Dzenda et al., 2015). The cold-dry season, also known 

http://dx.doi.org/10.4314/sokjvs.v20i5.7


Sokoto Journal of Veterinary Sciences, Volume 20 (Special Issue), 2022 

64 
 

as harmattan is characterized by low ambient 
temperature (AT) and low relative humidity (RH). It is 
also a cold-dusty period in the region and it has been 
reported to be stressful (Okeahialam, 2016; Balogun 
et al., 2019) while the hot-dry season characterized 
by high AT and low RH, is a transition period between 
the dry and rainy seasons (Vathana et al., 2002) and 
has also been reported to induce heat stress in 
donkeys (Olaifa et al., 2013). Donkeys are also 
subjected to work in difficult terrain and mostly 
during adverse ambient conditions (Burden & 
Thiemann, 2015; Addis & Megra, 2017). These factors 
contribute to inducing oxidative stress (Olaifa et al., 
2012) which increases generation of reactive oxygen 
species and enhance lipid peroxidation which may 
cause tissue fatigue in working muscles, thereby 
leading to poor work performance and reduced 
walking speed (Serra Braganca et al., 2020). 
Pycnogenol (PYC) is a potent antioxidant and anti-
fatigue agent (Cerbo et al., 2017) and may be useful 
in ameliorating these oxidative stress effects in 
donkeys subjected to packing during the dry season. 
Occurrence of muscle fatigue during physical exertion 
is usually manifested as a reduced ability to develop 
force and power (Vaz et al., 2020) and may also result 
to muscular incoordination after physical exertion 
(Margolis & Pasiakos, 2013). Thus, evaluating changes 
in the locomotion of donkeys especially after 
subjecting them to packing is pertinent in order to 
detect fatigue. Kinematic analyses have been used to 
study speed in Equidae, especially horses (Michael et 
al., 2007; Egenvall et al., 2020) and it describes the 
geometry of animal movement including changes in 
the positions of the body parts (Volchenkov et al., 
2014; Vemula et al., 2019). Quantitative analytical 
methods which include standard motion capture 
systems and a high-speed treadmill (Algheshyan et 
al., 2014) have been used to study locomotion in 
Equidae under laboratory conditions. However, even 
though these systems are highly accurate, they are 
very expensive and require a dedicated facility for 
data collection and this makes them unsuitable for 
studying locomotion in animals especially under field 
conditions. This informed the use of videographic gait 
analysis in this study (Vemula et al., 2019), in order to 
evaluate fatigue which may be caused by physical 
exertion. Kinematic analysis can be used to perform 
standard lameness assessment by observing walking 
gait in order to implement and monitor interventions 
in working donkeys (Serra Braganca et al., 2020). The 
aim of the study was to use videographic gait analysis 
to determine the effects of PYC on kinematic 
parameters of working donkeys. The experimental 

hypothesis is that administration of PYC prior to 
physical exertion will improve gait variables after 
work. 
 
Materials and Methods  
Study area 
The study was performed at the donkey farm of the 
Equine and Camel Research Programme of the 
National Animal Production Research Institute 
(NAPRI), Shika-Zaria, located in the Northern Guinea 
Savannah zone of Nigeria (11o 12/ N; 7o 33/ E). The 
institute is located at an altitude of about 610 mm 
with average annual maximum and minimum AT of 
31.0 ± 3.2 ºC and 18.0 ± 3.7 ºC, respectively. Data 
collection for this study was carried out during the 
cold- and hot-dry seasons, between November and 
June. 
 

Measurement of thermal environment conditions 
AT was recorded throughout the period of packing at 
the experimental site, using a wet- and dry-bulb 
thermometer (Brannan, England), and RH was 
obtained using Osmond’s hygrometric table (Narindra 
Scientific industries, Haryana, India). Temperature-
humidity index (THI) was calculated using the method 
of Bennett-Wimbush et al. (2014). 
 

Experimental animals and management 
Ten, apparently healthy, free-ranging non-neutered 
jacks, weighing 141 ± 1.2 kg, between 4.6 ± 0.2 years 
old, were used as experimental animals. The donkeys 
were pre-conditioned for two weeks, during which 
they were screened and treated against ectoparasites 
and endoparasites. They were kept under semi-
intensive management system. They were subjected 
to packing during the day, after which they were 
allowed to graze on natural pasture, comprising 
mainly bermuda grass (Cynodon dactylon), gamba 
grass (Andropogon gayanus), Egyptian crowfoot grass 
(Dactyloctenium aegyptium) and supplemented with 
maize and sorghum bran. In addition, 1 kg of whole 
sorghum grain were fed to each donkey per 
experimental day. Salt licks were also provided and 
the donkeys had access to water throughout the 
experimental period except while they were being 
subjected to packing.  
 

Experimental design 
The experimental animals were divided into two 
groups consisting of 5 donkeys each. The groups were 
made up of the control (donkeys were loaded and 
performed packing work without PYC pre-
supplementation) and the test (donkeys were loaded 
and performed packing work with seven days PYC 
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pre-supplementation) donkeys. A standard workload 
was performed that involved packing the donkeys 
over a distance of 10 km, for three days (at one day 
interval). Kinematic parameters were observed by 
videographic recordings about 5 minutes after 
packing. 
 

Administration of pycnogenol 
PYC (a registered trademark of Horphag Research 
Ltd., Geneva, Switzerland) was purchased from Viva 
Naturals Inc., New York, USA. The control group (n=5) 
received feed only while the test group (n = 5) 
received feed mixed with PYC at a dose of 10 mg/kg 
(Yang et al., 2008) before subjecting them to packing. 
The administration of PYC was for 7 consecutive days, 
before subjecting all the donkeys to packing. 
 

Packing procedure 
Prior to packing, donkeys were saddled at 07:00 h, 
with a locally made saddle pack frame, filled with 
chopped dry grasses to provide a cushion effect on 
their back (Minka & Ayo, 2007). The donkeys were 
loaded with sand at a loading rate of 50% of their 
body weight (Pearson, 2003). The loads were 
balanced evenly with similar weight bulk on their left 
and right sides, and the paddings were arranged so 
that it was thickest along the sides of the vertebral 
spinous processes overlying the longissimus muscles 
(Oudman, 2002). All loaded donkeys were trekked 
over a distance of 10 km on each day of the 
experiment as described by Pal et al. (2002). The 
donkeys were subjected to packing every other day to 
and from NAPRI (11o 12/ N; 7o 33/ E) and its environs. 
They were allowed to rest on the intervening days. 
 

Walking gait assessment 
About 5 minutes post-packing, the donkeys were 
recorded while walking over a short linear straight 
line of about 50 metres, using a camcorder 
(Handycam DCR-SR42, Japan) according to the 
methods of Clayton (1991) and Catavitello et al. 
(2018). Briefly, the camera was fixed on a tripod stand 
to limit vibrations during recordings, and was 
oriented roughly orthogonal to the direction of the 
donkey walk. The distance between the camera and 
the donkey was about 5 m for all recordings. The 
donkeys were led in hand by an experienced handler 
throughout the study. From the videos, successful 
sequences of strides were identified when the gait 
occurred in a sagittal plane steadily and on a straight 
part roughly perpendicular to the optical axis of the 
camera to minimize errors in 2-D kinematic analysis. 
Only complete strides were analysed using hindlimb 
touchdown as the onset. Kinematics of the right side 

was obtained by recording locomotion in right 
direction (relative to the camera). The videos were 
decomposed into images and analyzed frame by 
frame to determine quantitative parameters using a 
free proprietary software (Kinovea software, version 
0.8.15). Stride length (SL), stride duration (SD), stride 
frequency (SF) and speed (SP) were measured and 
calculated using the formula below (Clayton, 1991): 
a) Stride length = Distance in the direction of 

movement between successive hoof prints of the 
same hoof. 

b) Stride duration = Time elapsing between 
successive footfalls of the same hoof. 

c) Stride frequency =Inverse of stride duration 
(1/SD) expressed as strides per second (S/s). 

d) Speed =The product of stride length and stride 
frequency (SL x SF). 

 

Data analyses 
Data were expressed as mean ± standard deviation 
(Mean ± SD). Statistical differences between and 
within groups were analysed by a one-way analysis of 
variance (ANOVA), followed by Tukey’s multiple 
comparison post-hoc test. Pearson’s correlation 
analysis was utilized to compare between thermal 
environmental parameters and kinematic 
parameters. GraphPad Prism 5.3 for Windows 
(GraphPad Software, San Diego, California, USA) was 
used for analyses. Values of P < 0.05 were considered 
significant. 
 
Results 
Table 1 shows the thermal environment conditions 
during the period of packing. The overall AT during 
the experiment was 20.1 ± 0.7oC and 32.1 ± 0.9oC 
during the cold and hot-dry seasons, respectively. 
While the overall RH was 18.9 ± 2.2% and 49.9 ± 2.7%, 
during the cold and hot-dry seasons, respectively. 
During cold-dry season, the mean values of AT 
recorded pre- and during packing were 13.8 ± 0.8oC 
and 19.2 ± 1.4oC. The values obtained increased 
significantly (P < 0.05) during the hot-dry season to 
27.6 ± 0.5ºC and 36.0 ± 0.9ºC pre- and during packing, 
respectively. The values of RH recorded during the 
cold- and hot-dry seasons pre-packing were 35.8 ± 
4.0% and 67.1 ± 2.5%, respectively which decreased 
during packing period to 13.0 ± 1.6% and 38.0 ± 2.4%, 
respectively. The THI obtained pre- and during 
packing in the cold-dry season were 95.4 ± 3.9 and 
85.3 ± 1.6, respectively, however, a significantly (P < 
0.05) higher THI was recorded during the hot-dry 
season with values of 148.8 ± 1.8 and 134.8 ± 1.1, 
respectively. 
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Table 2 shows the effect of pycnogenol and season on 
some kinematic variables of packed donkeys.    
During the hot-dry season, there was no significant 
difference in SL between experimental groups. The SL 
recorded in the test group was 0.9 ± 0.1 m/s, which 
was the same with the value obtained in the control 
group during the cold-dry season. There was no 
significant (P > 0.05) difference between groups with 
regard to SD and SF. The SP recorded in the test group 
was significantly (P < 0.05) higher (2.0 ± 0.3 m/s) when 
compared to the value of 1.3 ± 0.2 m/s obtained in 
the control group during the hot-dry season. 
Furthermore, during the cold-dry season, the test 
group recorded a significantly (P < 0.05) higher SP of 
1.3 ± 0.3 m/s when compared with 1.0 ± 0.2 m/s 
recorded in the control group. Overall, the control 
and the test groups recorded higher (P < 0.05) SP 
values during the hot-dry season when compared 
with the cold-dry season. 
Table 3 shows the correlation coefficient between 
thermal environmental parameters and kinematic 
variables of packed donkeys. There was a significant 
and negative correlation between SP and AT in 
control (r = -0.7068, P < 0.5) and test (r = -0.6963, P < 
0.5) donkeys during the hot-dry and cold-dry seasons, 
respectively. There was a negative and significant 
relationship between SF and AT (r = -0.6885, P < 0.5) 

in the test donkeys during the cold-dry season. The 
relationship between SD and AT was positive and 
significant (r = 0.7302, P < 0.5) during the cold-dry 
season. 
 
Discussion 
The changes in SF, SL and SP are key parameters in 
animal locomotion research (Dewhirst et al., 2017). 
There is a paucity of information about donkey 
kinematics in the literature, but one study of freely-
walking, unloaded donkeys has reported SF of around 
1.0 S/s at walking speed of around 1.0 m/s (Heglund 
& Taylor, 1988), which are similar to the values 
obtained in both groups of this study. The average SL 
of donkeys during packing is unknown; however, in 
this study SL was shorter than that of the horse 
reported by Galisteo et al. (1996). 
On evaluating walking SP during the seasons, the 
donkeys walked faster during the walking gait 
assessment after packing during the hot-dry season 
than the cold-dry season. These differences may be 
due to seasonal variation. The finding establishes the 
fact that donkeys are cope better during the hot-dry 
season than during the cold-dry season, despite the 
harsh conditions they were subjected to (Proops et al., 
2019).

 

Table 1: Thermal environment conditions during the dry season 

Season Packing period AT (ºC) RH (%) THI 

Cold-dry Pre-packing 13.8 ± 0.8a (8.0-16.5) 35.8 ± 4.0a (22-70) 95.4 ± 3.9a (82.0-130.8) 

 During Packing 19.2 ± 1.4a (8.0-26.0)  13.0 ± 1.6b (5.0-39.0) 85.3 ± 1.6b (74.0-112.4) 

Hot-dry Pre-packing 27.6 ± 0.5b (24.9-29.4) 67.1 ± 2.5c (56.0-84.0) 148.8 ± 1.8c (140.9-160.8) 

 During Packing 36.0 ± 0.9b (29.8-42.1) 38.0 ± 2.3d (26.0-58.0) 134.8 ± 1.1d (127.8-143.6) 

Values in parenthesis are minimum-maximum 
a,b,c,d= Values with different superscript letters are significantly (P < 0.05) different 
AT = Ambient temperature 
RH = Relative humidity 
THI = Temperature humidity index 

 

Table 2: Kinematic variables at walking gait after packing the donkeys during the dry season 

Kinematic Parameters Season Test group (n=5) Control group (n=5) 

SL (m/s) Cold-dry 0.9 ± 0.1     0.9 ± 0.1 
 Hot-dry 1.6 ± 0.1     0.9 ± 0.1 

SD (s) Cold-dry 1.2 ± 0.1     0.9 ± 0.1 
 Hot-dry 0.9 ± 0.2     0.6 ± 0.1 

SF (S/s) Cold-dry 1.0 ± 0.2     1.3 ± 0.2 
 Hot-dry 1.4 ± 1.3     1.6 ± 0.3 

SP (m/s) Cold-dry 2.0 ± 0.3a     1.3 ± 0.3b 

 Hot-dry 1.3 ± 0.2c     1.0  ± 0.2d 

Values with different superscripts (a,b,c,d) are significantly (P < 0.05) different between seasons and between 
groups.` 
SL = Stride length; SF = Stride frequency; SD = Stride duration; SP = Speed   
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During walking gait, the SP of 
an animal is self-selected, and 
it is determined by two major 
factors: SL and SF (Dewhirst et 
al., 2017). In this study, the 
control donkeys increased 
their SP by increasing their SF 
while the pycnogenol-treated 
donkeys increased their speed 
by increasing their SL. The 
increased SL denotes that the 
test donkeys were more 
energetic and less fatigued 
after packing when compared 
to the control donkeys. 
There are three important 
systems involved in rate of 
contraction of muscles during 
walking gait, in which when 
fatigue occurs, the 
functionality of these systems 
are compromised, and the rate 
of contraction of exercising 
muscles reduces, resulting in 
reduced SP. These systems 
include the muscular system, 
skeletal system and nervous 
system (Murphy et al., 2018). 
The cardiovascular and 
respiratory systems are also 
included. The muscular system 
Is directly involved with  

Table 3: Correlation coefficient between thermal environmental parameters 
and kinematic variables at walk of packed donkeys 

Donkey Correlated parameters Cold-dry season (r)  Hot-dry season (r) 

Test  AT and SL -0.6531 -0.2219 
 RH and SL 0.4019 0.3845 
 THI and SL 0.0235 0.3252 
Control  AT and SL -0.0546 -0.2798 
 RH and SL 0.1908 -0.0544 
 THI and SL 0.2577 0.0233 
Test  AT and SD 0.7302* -0.0043 
 RH and SD -0.5225 -0.5272 
 THI and SD -0.1388 -0.5178 
Control  AT and SD -0.3142 0.5347 
 RH and SD 0.1062 -0.4794 
 THI and SD -0.1302 -0.5401 
Test  AT and SF -0.6885* 0.0124 
 RH and SF 0.5729 0.5068 
 THI and SF 0.2543 0.5216 
Control  AT and SF 0.2584 -0.5998 
 RH and SF 0.0263 0.5371 
 THI and SF 0.2791 0.6052 
Test  AT and SP -0.6963* 0.2134 
 RH and SP 0.5210 0.3469 
 THI and SP 0.1672 0.3548 
Control  AT and SP 0.1612 -0.7068* 
  RH and SP 0.0995 0.3875 
 THI and SP 0.3172 0.4518 

*= Significant (P < 0.05) 
AT = Ambient temperature; RH = Relative humidity; THI = Temperature 
humidity index; 
SL = Stride length; SF = Stride frequency; SD = Stride duration; SP = Speed 

 

contraction of muscles. These muscles are attached 
to bones and once the muscles contract the bones 
move concurrently (Walker, 2020). However, when 
there is shortage of oxygen supply to exercising 
muscles, there is decreased production of adenosine 
triphosphate (ATP), which is essential for muscle 
contraction (Hargreaves & Spriet, 2020). The 
deficiency of ATP reduces the contractile ability of the 
exercising muscles thereby leading to peripheral 
fatigue (Wan et al., 2017). Furthermore, nervous 
signals are sent from the exercising limb to the spinal 
cord and brain in order to control locomotion (Grillner 
& El Manira, 2020), however in the case of central 
fatigue which is a general feeling of tiredness, the 
firing of nervous impulses reduces (De Russi de Lima 
et al., 2018). The result of the present study 
demonstrates that the test group was less fatigued 
after being subjected to strenuous exercise and this 
may be attributed to the effect of PYC. Pycnogenol 
may have indirectly reduced fatigue by improving 

muscle fitness and recovery (Vinciguerra et al., 2013; 
Volpe, 2014). Study has shown that PYC improves 
fitness and muscle recovery by improving blood flow 
to muscles, alleviating cramping, muscle pain and 
soreness and controlling oxidative stress (Vinciguerra 
et al., 2013).  
The negative and significant relationship observed 
between AT with SF, SD and SP denotes that AT may 
strongly have an influence on locomotion of the 
donkeys. This study showed that as AT increased, SP 
and SF decreased and vice versa. This denotes that 
increased AT may reduce performance and vice versa. 
This finding agrees with that of Bryce & Halsey (2021), 
who reported that SP of movement deteriorated with 
hotter temperatures in the equine and this was 
attributed to their large body size which makes them 
have a lower surface area-to-volume ratio and 
greater thermal inertia thereby loosing heat to a 
cooler environment slowly. The reduced SP observed 
during the hot-dry season in both groups suggests 
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that increased AT can affect locomotion. The donkeys 
while being exposed to high AT may have 
hyperthermia which may lead to exhaustion. 
Therefore, measures that will help in improving 
performance when donkeys are exposed to high AT 
should be researched on to improve the overall 
welfare of working donkeys.  
In conclusion, packing the donkeys during the dry 
season induced fatigue; however, PYC may have 
reduced it. However, more studies are needed to 
evaluate PYC further as an ergogenic aid in work 
animals. 
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