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Introduction: Donkeys (Equus asinus, Perissodactyla) are inevitably exposed to environmental stress dur-

ing work. They are commonly used for work during the harvest periods which coincide with harmattan in 

northern Nigeria. Experiments were performed to investigate the effect of ascorbic acid on respiratory and 
drinking responses of donkeys subjected to packing during harmattan.  

Methods: Twelve apparently healthy donkeys served as subjects. Six donkeys administered orally with 

ascorbic acid and subjected to packing were used as test animals, while another six donkeys, not adminis-
tered with ascorbic acid, served as controls. The respiratory rate, drinking responses and thermal environ-

ment parameters were evaluated before packing, during packing and after packing.  

Results: The peak value (83.40 ± 6.9) of temperature humidity index (THI) was recorded at 30 min after-
packing. The respiratory rate (RR) value recorded at 30 min post-packing in the control donkeys was higher 

(p < 0.05) than in test donkeys. The maximum value of RR recorded at 14:30 h in both control and test don-

keys coincided with when THI was at its peak value of 83.4 ± 6.9. The mean percentage frequency of drink-
ing in the control group (64.5 ± 2.2%) was significantly higher (p < 0.05) than the value (35.6 ± 2.2%) ob-

tained in the test group. The overall work output obtained in the test and control donkeys were not signifi-

cantly (p > 0.05) different.  
Significance: Ascorbic acid (AA) reduced post-packing RR and drinking frequency, which gave credence to 

the anti-stress property of AA in the donkeys. Thus AA may have ameliorated the adverse effect of work 

stress during the stressful harmattan. 
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Introduction 

Donkeys (Equus asinus, Perissodactyla) are the most fre-

quently used animals due to their easy maintenance and man-

agement by most farmers (Rubenstein, 2011). The harmattan 

season has been observed to be thermally stressful to livestock 

in the Northern Guinea Savannah zone of Nigeria (Minka and 

Ayo, 2014). It is characterised by low dry-bulb temperatures 

(DBTs) during the morning and late evening hours, but very 

high DBT during the afternoon hours (Dzenda et al., 2011). 

The harmattan is a dry and dusty north easterly trade wind 

which blows from the Sahara desert between the end of No-

vember and the middle of March. The season is characterised 

by low dry-bulb temperatures (DBTs) during the morning and 

late evening hours, but very high DBT during the afternoon 

hours and has been observed to be stressful in the Northern 

Guinea Savannah zone of Nigeria (Dzenda et al., 2011; Minka 

and Ayo, 2016).  

It was previously reported that donkeys may be stressed, when 

subjected to load carrying (packing). Donkeys are used mainly 

for transportation of water, and for packing of farm produce 

and 

 

and firewood (Nininahazwe, 2017); especially in the Savannah 

and arid zones, there are other likely hazards such as dust and 

debris in the environment (Regan et al., 2014). Donkeys used 

for transportation in such environments may develop respiratory 

problem disorders (Sheta and Ashour, 2017). Preventive 

measures to improve work performance are paramount. Behav-

ioural changes in livestock are usually a major sign of distress 

(Ratnakaran et al., 2017). Donkeys exhibit changes in behav-

iour after being subjected to hard work for hours (Minka and 

Ayo, 2007). The use of donkeys for packing has been reported 

to be stressful (Ayo et al., 2013). This might exert a deleterious 

effects on their health, well-being and work performance.  

Stress increases the generation of reactive oxygen species 

(ROS) (Luschak, 2014; Yaqub et al., 2014), scavenged by po-

tent low-molecular antioxidants such as ascorbic acid (AA) 

(Kumar et al., 2014). Parson et al. (2013) also suggested that 

dietary supplementation with AA prevented exercise-induced 

respiratory disorders during the course of exercise. AA may 

therefore be suggested to mitigate the negative effects of dust of 
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harmattan weather that may challenge the respiratory function 

of donkeys during work, thereby improving work output. The 

donkeys have also been reported to experience multiple welfare 

problems, associated with overloading, overworking and poor 

management practices (Kumar et al., 2014). This study involv-

ing the evaluation of respiratory rate (RR) and drinking behav-

iour in the donkey would enhance work efficiency of the don-

keys. This would eventually be beneficial to the public and 

have impact on the agrarian economy of the country. The aim 

of this present study was to evaluate the antistress effect of AA 

on RR and drinking behaviour of donkeys when exposed to 

work stress in the harmattan.  

Materials and methods 

Ethical considerations 

The handling, packing and trekking were carried out humanely 

in accordance with the guidelines governing the welfare of re-

search animals by the Ahmadu Bello University, and as ap-

proved by the Ethics Research Committee, Ahmadu Bello Uni-

versity, Zaria under the permit number 5154. 

Experimental design 

The experimental animals were sub-divided into two groups 

consisting of 6 donkeys each. Group I comprised donkeys with 

loading and without AA pre-supplementation and subjected to 

packing (control group). Group II consisted of donkeys with 

loading and pre-supplementation with AA and subjected to 

packing (Test group). All donkeys in the group were subjected 

to packing for three days, one day apart. Respiratory rate and 

behavioural events were evaluated before and after packing. 

Study, location and experimental animal management 

The study was carried out during the harmattan season from 

21st to 25th January, 2012. The study location covered an area 

from the Faculty of Veterinary Medicine, Ahmadu Bello Uni-

versity (ABU), Zaria (11º 10N, 7º 38E) to Panhauya village 

(11º 7N, 7º 37E), approximately 20 km south of Samaru-Zaria, 

located in the Northern Guinea Savannah zone of Nigeria. The 

donkeys trekked a distance of 20 km (to and fro daily, for 3 

days), from the research pen to Panhauya village on the outskirt 

of ABU, Samaru-Zaria. The terrain of the route was narrow, 

rocky and undulating, typical of the trekking route, taken by 

pack donkeys in the zone. Twelve apparently healthy pack don-

keys between 3-4 years, comprising of three males and three 

females in the control and test groups, respectively, served as 

experimental subjects. The donkeys were purchased at the same 

time from a market at Sheme, near Faskari (11º 43N, 7º 02E), 

Nigeria. They were reared under the traditional extensive man-

agement system, without the provision of shelter. The donkeys 

were in good body condition with a score of seven (Pearson and 

Ouassat, 2000). They were fed with guinea corn straw and 

groundnut hay in the proportion of 4:1 and supplemented with 

wheat bran. In addition, 1 kg of whole sorghum grain was fed 

to each donkey per day throughout the experimental period. 

The donkeys were given access to water ad libitum during and 

outside the experimental period. They had free access to salt-

lick outside the working hours. Adequate measures were taken 

to address the welfare of the donkeys involved.  

Recording of thermal environmental conditions 

The pre-packing values of dry-bulb temperature (DBT) and 

relative humidity (RH) were taken at 06:00 h; while post-

packing values were recorded at 14:30 h, 16:00 h and 18:00 h; 

after completion of packing at the experimental site, using a 

dry- and wet-bulb thermometer (Brannan, England). The RH 

was determined using a centigrade scale (Centigrade Table of 

Relative Humidity or Percent Saturation, New York Product 

Testing and Services Inc., New York). Temperature-humidity 

index (THI) was calculated using the following formula 

(Yousef, 1975): 

THI = (0.35 td + 0.65 twb) x 1.8 + 32 

Where td = dry-bulb temperature (ºC), 

Twb = wet-bulb temperature (ºC) 

Administration of ascorbic acid 

The administration of AA was carried out 30 min before pack-

ing the donkeys on each day of the experiment. The test don-

keys (n = 6) were administered with AA (Sigma Chemical, St 

Louis, Mo, U.S.A.) orally and individually at 200 mg/kg 

(Chervyakov et al., 1977), dissolved in 20 ml sterile water. The 

control donkeys (n = 6) were given 20 ml of sterile water only. 

Packing procedure 

The donkeys were packed according to the standard procedure 

for packing (Pal et al., 2002). All the donkeys were saddled 

with a locally-made saddle pack frame; a sac moderately 

stuffed with dry grasses to provide a cushion effect on the back 

of the animals as routinely carried out in Northern Nigeria. The 

saddles were slung over the body of each donkey and filled 

with sand, weighing 50% of their body weight. The loads were 

balanced evenly with similar weight bulk on either side of the 

animal, and paddling was arranged such that it was thickest 

along sides of the backbone (Oudman, 2001). The donkeys be-

gan the journey after loading at 10:00 h on each experimental 

day. They were subjected to packing for three days; 4 h (from 

10:00 h to 14:00 h) each day, every alternate day. 

Measurement of respiratory rate (RR) 

The pre-packing value of RR was recorded on each working 

day from each donkey using a standard method (Milan et al., 

2016). The RR was taken by observation and counting the 

number of respiratory flank movements for one minute. Pack-

ing trials were carried out three times on different days and RR 

was measured on each donkey before and after packing. The 

overall average at each time for three days was calculated. The 

pre-packing values of RR were recorded at 6:00 h (pre), while 

those of post-packing were obtained at 14:30 h (post 30 min), 
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16:00 h (post 2 h) and 18:00 h (post 4 h) after completion of 

work. 

Measurement of behavioural responses 

The behavioural responses of the animals were observed by 

continuous recordings for 4 h post-packing. During the obser-

vations, the number of donkeys exhibiting a particular event 

and the frequency of the event were recorded (Minka and Ayo, 

2008). The events monitored were lying down (LD), eating (E), 

braying (B), standing (S), drinking (D) and eliminations (EL) 

and were defined as follows (Regan et al., 2014): LD – lying 

down on sternum, legs folded and underneath body frame; E – 

prehension of food into mouth, with respective chewing and 

swallowing; B – series of short duration, loud inhalation fol-

lowed by a prolonged noisy exhalation; S – standing on four 

limbs; D - muzzle touched water source followed by at least 

one visible swallow and EL – defaecation and urination. 

Determination of draught performance 

The distance covered per day was 20 km. The velocity with 

which the donkeys travelled was recorded as the time taken to 

cover the distance of 20 km during the working period: 

Velocity (m/s) = Distance ÷ Time (Minka and Ayo, 2007). 

Work output (W) = Force x Working speed (Tim and Richard, 

2002). 

Data analysis 

The RR values obtained were subjected to one-way analysis of 

variance (ANOVA), followed by Tukey’s multiple comparison 

post-hoc test to compare differences between the means ob-

tained from the control and test donkeys. The percentage fre-

quencies of behavioural events in test and control groups were 

subjected to Mann-Whitney test to compare significance of the 

differences. The velocity, duration and work performance data 

obtained were subjected to Pearson’s correlation analysis. Val-

ues of p < 0.05 were considered significant. GraphPad Prism 

4.0 for Windows was used for analysis (GraphPad Software, 

San Diego, California, USA). Data were expressed as mean ± 

standard error of the mean (Mean ± SEM).  

Results 

Table 1 shows the thermal environmental conditions from the 

study period. The overall mean DBT recorded during the exper-

iment was 26.4 ± 3.0ºC, while that of the RH was 22.7 ± 5.1%. 

The THI recorded 30 min after packing (83.4 ± 6.9) was signif-

icantly higher than other periods.  

 

Table 1. Thermal environmental conditions from the study period (Mean ± SEM) 

Period Dry-bulb temperature (ºC) Relative humidity (%) Temperature humidity index 

Pre-packing (6:00 h) 13.7 ± 1.3 20.7± 3.3 46.5 ± 2 

 

Post-packing 

   

14:30 h 36.5 ± 5.2 41.7 ± 6.8 83.4 ± 6.9 

16:00 h 28.8 ± 4.7 13.3 ±3.8 77.9 ± 2.4 

18:00 h 26.5 ± 2.6 15 ± 2.1 64.2 ±5.8 

Overall mean ± SEM 26.4 ± 3.0 22.7 ± 5.1 67.5 ± 8.7 

 

 

Table 2. Respiratory rate of donkeys subjected to packing during the harmattan season and administered with ascorbic acid 

Packing Period Time of Measurement RR (breaths per minute)  

  Control Test 

Before Packing 6:00 h (Pre) 

 

 7.70 ± 0.75 (12-6) 8.10 ± 0.9 (12-5) 

After Packing 14:30 h (Post 30 min)  79.8 ± 5.2
a 
(153-40) 54.80 ± 6.2

b 
(107-32) 

 16:00 h (Post 2 h)  63.9 ± 8.3
a 
(113-20) 46.30 ±10

b 
(124-16) 

 18:00 h (Post 4 h)  27.0 ± 3.2 (48-10) 26.20 ± 4.8 (48-9) 

Data were expressed as Mean ± SEM (Max-Min) 
All donkeys were packed at 7.00 h and subjected to work from 10:00 h to 14:00 h
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Table 2 shows the effect of ascorbic acid on respiratory rate of 

pack donkeys. At 30 min and 2 h post-packing, significantly 

higher (p < 0.05) RR values of 79.8 ± 5.2 breaths per minute 

and 63.9 ± 8.3 breaths per minute respectively, were recorded 

in control donkeys; compared to corresponding values of 54.8 ± 

6.2 breaths per minute and 46.3 ± 10 breaths per minute, re-

spectively, obtained in test donkeys. The RR values in both 

control and test donkeys 4 h post-packing were 27.0 ± 3.2 

breaths per minute and 26.2 ± 4.8 breaths per minute, respec-

tively. There was a significant relationship between hours of the 

day and RR in both control (r = 0.6087, p < 0.05) and test (r = 

0.5821, p < 0.05) donkeys (Table 3). 

At post-packing, the mean percentage frequency of drinking in 

the control group (64.5 ± 2.2%) was significantly higher (p < 

0.05) than 35.6 ± 2.2% obtained in the test group (Table 4). 

  

 

 

Table 3. Relationship between thermal environment parameters, respiratory rate in donkeys subjected to packing during the harmat-

tan season. 

Correlated parameters Control (n = 6) Test (n = 6) 

Dry-bulb temperature and respiratory rate 0.0226 0.0226 

Relative humidity and respiratory rate -0.4384 -0.3880 

Hour of the day and respiratory rate 0.6087
** 

0.5821
** 

Dry-bulb temperature and heart rate -0.3719 -0.2071 

Relative humidity and heart rate -0.0289 -0.2241 

Hour of the day and heart rate -0.1081 0.2353 

** = Very significant (p < 0.01) correlation. 

Table 4. Behavioural responses of tested and control donkeys subjected to packing during the harmattan season. 

Behavioural events Test (%) Control (%) 

Lying down 37.2  ± 15.1 62.7 ± 15.1 

Eating 47.6 ± 9.9 50.5 ± 9.6 

Braying 47.3 ± 6.7 52.6 ± 6.8 

Standing 51.4 ± 12.5 48.6 ± 12.5 

Drinking 35.6 ± 2.2
a 

64.5 ± 2.2
b 

Elimination 56.5 ± 22.5 43.5 ± 22.5 

a,b =Values with different superscript letters are significantly (p < 0.05) different. 

 

Table 5. Liveweight, speed, duration and work output of control and test donkeys subjected to packing during the harmattan season 

 Control (n = 6) Test (n = 6) 

Liveweight (Kg) 96.9 ± 4.5 99.9 ± 8.9 

Speed (m/s) 1.788 ± 0.001 1.791 ± 0.002 

Duration (min) 270 ± 4.6 267 ± 9.3 

Work output (W) 1625 ± 4.6 1808 ± 9.3 

 

Table 6. Relationships between speed, duration and power output 

Correlated parameters Control (n = 6) Test (n = 6) 

Speed and duration -0.9935
*** 

-0.9935*** 

Speed and power output 0.5594* 0.7062** 

Duration and power output -0.5139* -0.6792** 

*= Significant (p < 0.05) correlation; **= Very significant (p < 0.01) correlation; *** = Very highly significant (p < 0.001) correlation.
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The overall mean speed of 1.791 ± 0.002 m/s recorded in the 

test donkeys was not significantly different (p > 0.05) from the 

value of 1.788 ± 0.001 m/s obtained in the control donkeys. The 

time spent on the journey by the control and test donkeys (270 

± 4.6 minutes and 267 ± 9.3 minutes respectively) were not 

significantly different (p > 0.05). The overall mean value of 

work output obtained in the test animals was 1808 ± 9.3 W and 

the value was not significantly different (p > 0.05) from that of 

1825 ± 4.6W recorded in the control donkeys (Table 5). Table 6 

shows the correlation between velocity, duration and work out-

put in the donkeys. The relationships between speed and dura-

tion were negatively significant in both control (-0.9935
***

) and 

test donkeys (-0.9935
***

). There was a positive relationship 

between speed and power output in the control (0.5594
*
) and in 

the test (0.7062
**

) donkeys. The relationship between duration 

and power output was negative in both control (-0.5139
*
) and 

test (-0.6792
**

) donkeys.  

Discussion 

The result obtained in the present study agreed with the find-

ings of Dzenda et al. (2011), who reported that the harmattan 

season is characterised by high DBT and low RH. The THI 

value obtained in the present study was above the normal (com-

fortable) value of 80 for the donkey (Yousef, 1975) demonstrat-

ing that the donkeys in the afternoon hours were subjected to 

heat stress during the harmattan season. The significant in-

crease in RR values post-packing in both test and control don-

keys agrees with the findings of Pal et al. (2002) and Lemma 

and Moges (2009), who demonstrated an increase in the param-

eter after subjecting donkeys to work. The rise of above twice 

of the pre-packing RR values, showed that the donkeys were 

stressed based on the finding of Singh (2000), who demonstrat-

ed that a rise of more than twice of pre-packing values of RR in 

donkeys denotes stress. This increase may be due to a compen-

satory mechanism by the animals to loose heat by evaporation, 

produced from chemical oxidation of energy during trekking in 

order to maintain homeostasis (Minka and Ayo, 2007).  

The AA administered to the test donkeys may be responsible 

for the lowered RR value. Increased breathing leads to in-

creased oxygen pressure which causes increased free radical 

production (Rahal et al., 2014), however, AA plays a role in 

lung function by influencing the production of various pros-

tanoids in lung tissues, which induce bronchodilation (Parson et 

al., 2013). The AA which is contained in the respiratory fluid 

provides an initial defence against inhaled environmental tox-

ins. However, their role in modulating normal functions under 

conditions of oxidative stress is unknown (Cross, 1994). The 

correlation result showed that the THI had a strong relationship 

with respiratory rate in both the control and test animals. Po-

poola et al. (2014) demonstrated that a high THI value exerts 

adverse effects on physiologic parameters of West African 

Dwarf goats. The result of the behavioural responses of the 

donkeys to packing agreed with the report of Beery and Kaufe 

(2015) that changes in behaviour occur following a single ex-

posure to stress in one day; and in the case of the present study, 

there is a significant rise in THI and packing. From the study, 

the control donkeys drank more than the test donkeys. AA may 

have reduced the rate at which the test donkeys drank water, 

compared to the control donkeys and the result agreed with the 

findings of Abejide et al. (2013) who reported that AA alleviat-

ed the negative effects of water restriction in Yankasa sheep. 

AA may indirectly influence drinking by modulating respira-

tion. It plays a role in lung function, influencing the production 

of prostanoids thereby decreasing the level of prostaglandins. 

This allows for bronchodilation and ensures a relatively stable 

respiration, especially after exertion. This may explain the low-

er RR observed in this study and invariably, lower water loss. 

In the present study, it was observed that the frequency of water 

intake in the control donkeys rose within the first 3 h of the 

post-packing period; when the THI was high, but not in the test 

donkeys. This result agreed with the findings of Padalino et al. 

(2014), who reported an increase in drinking activities soon 

after intense exercise in horses. The result also agreed with the 

findings of Pearson (2000), which showed that water intake in 

donkeys is strongly correlated with DBT and it increases with a 

rise in THI.  

A combination of insensible loss of water through respiration 

and loss of water through eliminations (urination and defaeca-

tion) may account for the inevitable water loss, which needed to 

be compensated for by the increased drinking activity, recorded 

in the control donkeys (David, 2011). The THI is a measure of 

the actual heat felt by the donkeys which also served as a 

stressor to stimulate the excitatory neurons possessing receptors 

for angiotensin II located in the hypothalamus to stimulate 

drinking (McKinley, 2004). Decreased body water has been 

associated with fatigue during prolonged exercise (Hodgson 

and Rose, 1994). Animals generally have been observed to con-

sume more when the chance arises to replace deficiencies, 

which are achieved by a series of more complex system regulat-

ing search for food, feeding and satiation. Thus, in the present 

study, the control donkeys ate more than the test donkeys.  

The physiological mechanism of standing lies on the adequate 

functioning of the nervous system and musculo-skeletal system. 

In the present study, the test donkeys stood more. On the over-

all, AA may ameliorate fatigue in the test donkeys, thereby 

facilitating their ability to stand more and laid down less than 

their counterparts. AA has been reported to enhance bowel tol-

erance if taken in amounts short of the doses to produce diar-

rhoea (Cathcart, 1994). The insignificant positive relationship 

obtained between the speed and work output in the test than 

control donkeys disagreed with the findings of Singh (2000) 

who demonstrated that the speed of an animal has a pronounced 

effect on the work output, which means that a faster donkey 

will expend less energy. Singh (2000) also reported that envi-

ronmental stress may decrease the working speed of draught 

animals, thereby exerting a pronounced inhibitory effect on the 

work output. The result of the present study showed that AA 

did not exert a significant effect on work performance. This 

result agreed with the findings of de Quadros and Brandao 

(2016), who reported that AA may not play a significant role 

during physical activity with regards to performance. Apparent-

ly, the optimal dose of AA to exert significant effect on the 

donkey was not administered in the present study. Consequent-

ly, AA though a potent antioxidant and anti-stress agent (Nimse 

and Pal, 2015) may not have hit the ‘therapeutic window’ (Sa-
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dowska-Bartosz and Bartosz, 2014). Kathleen (2000) reported a 

similar observation in horses and enumerated that the lack of 

improvement in performance cannot justify the ineffectiveness 

of AA. However in this study, AA had a significant effect on 

RR and drinking behaviour. In the test donkeys, AA as a potent 

antioxidant, may ameliorate the adverse effects of stress due to 

packing during the harmattan season established to be thermally 

stressful to livestock, by stabilizing blood flow and depressing 

the central nervous system.  

Conclusion 

In this study, AA (200 mg/kg) most likely enhanced respiratory 

and drinking responses and enhanced homeostatic regulation in 

pack donkeys in the harmattan. Thus, ascorbic acid should be 

administered to donkeys pre-packing in order to alleviate the 

risk of adverse effects of severe and prolonged work stress. 
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