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االمستخلص
ذسرخذو انحًيش فى انسوداٌ الغشاض شرى .يًثم ادساس انذخم فى واليح انخشطوو أْى ْزِ االغشاض.
نقذ ذى اجشاء دساساخ عذج راخ صهح تانحًيش تواليح انخشطوو اال أٌ دوس انحًيش فى ادساس انذخم
وعالقرح تانُواحى انًشظيح وانفسيونوجيح نى يهق حظاً يٍ انثحث ْ .ذفد ْزِ انذساسح انى يعشفح دوس
انحًيش فى ادساس انذخم وذأثيش انطفيهياخ انذاخهيح عهى ادساسِ تاالظافح انى يعشفح عالقح انطفيهياخ
انذاخهيح وانذخم انيويى تثعط انقياساخ .اسرخذيد عيُح يكوَح يٍ  203وحذج نجًع تياَاخ انذخم
وانرعشف عهى انطفيهياخ انرى ذصية انحًيش وتعط انقياساخ .ذوصهد انذساسح انى أٌ يروسط
انذخم انيويى تهغ ) (20.00±15.0جُيّ سوداَى وأٌ يثهغ  15جُيّ ْو انذخم انغانة في انيوو  .وجذ
أٌ ُْاك عالقح عكسيح راخ دالنح احصائيح تيٍ االصاتح تذيذاٌ انًعذج وااليعاء وانذخم انيويى.
وعالقح طشديح راخ دالنح احصائيح تيٍ انذخم انيويى واسرخذاو طاسداخ انذيذاٌ،انحانح انعايح نهجسى،
يعذل يكذاط انذو  .واٌ انعالقح غيش راخ دالنح احصائيح تيٍ االصاتح تذيذاٌ انًعذج وااليعاء وعًش
،وصٌ انحيواٌ ،انحانح انصحيح وانًقذسج عهى انعًم ويعذل يكذاط انذو .انعالقح تيٍ طفيهياخ انذو
وانذخم انيويى غيش راخ دالنح احصائيح .ذوجذ عالقح راخ دالنح احصائيح تيٍ االصاتح تطفيهياخ انذو
وانحانح انصحيح وانًقذسج عهى انعًم.تيًُا َجذ اٌ انعالقح غيش راخ دالنح احصائيح تيٍ طفيهياخ انذو
وعًش ،وصٌ انحيواٌ ويعذل انًكذاط .خهصد انذساسح انى اٌ نطفيهياخ انًعذج وااليعاء ذأثيش سهثى
عهى انذخم انيويى .و أٌ السرخذاو طاسداخ انذيذاٌ ،انًعذل انعانى نًكذاط انذو وانحانح انعايح انجيذج
اثش ايجاتى عهى ادساس انذخم .وأوصد تضيادج وعى اصحاب انحًيش تأًْيح اسرخذاو طاسداخ
انذيذاٌ.

65

Tamador E.E. Angara et al.

Abstract
Donkeys in Sudan have been used for different purposes, among which
income generation in Khartoum State is the main stay. This Study was
conducted to evaluate the role of donkeys in income generation and to
examine the impact of endoparasites on the income generation together with
the association between endoparasites, daily income and some selected
measures. The study revealed that the average daily income was SDG
20.00±15.00 and the most frequent income was SDG 15.00 per day per
donkey. There was a significant (P < 0.05) negative correlation between the
daily income and infection with gastrointestinal parasites. A significant (P <
0.05) positive correlation between the daily income and the use of
anthelmintics was also revealed. The correlation between the daily income
and blood parasites was insignificant(P < 0.05) . The daily income has a
significant (P < 0.05) positive correlation with the Body Condition Score
(BCS) and The Pack cell Volume (PCV %). The relationship between the
daily income and the age, body weight and health status and working ability
is insignificant (P > 0.05). The study concluded that donkeys play an
important role as a mean of income generation in Khartoum state and that
gastrointestinal parasites do adversely affect the income generation and
recommended rising the awareness of donkeys’ owners on the importance of
deworming.
Keywords: donkeys, income generation, endoparasites, PCV. BCS, health
status and working ability.
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Introduction
Sudan possesses a large and diversified animal wealth consisting of
domesticated animals and wild life. The domesticated animals are mainly
ruminants which accounted to141 million head (MARF, 2009). The donkey
population was estimated at 7.5 millions (MARF, 2009). Been located in
north east region of Africa, the country was identified as the origin of the
Nubian wild ass (Beja-Pereira et al., 2004) where it has been domesticated
and used for different purposes. The most common role of donkeys is
transport, whether riding, pack ,transport, or pulling carts. They may also be
used for farm tillage, threshing, raising water and milling. (Starkey and
Starkey, 1997). Donkeys are widely distributed throughout Northern Sudan.
The official data in Sudan showed an annual increase in donkey population
by 3% (MARF, 2009). In Kenya donkeys are found in all ecological zones
where they provide transport and draught power. In the Lamu archipelago
where there is no motorized transport donkeys are virtually the only available
means of pack and riding transport (Mukiria, 2010). In Nigeria the estimated
overall mean annual income from the use of donkeys and camels was N 8500
(Hassan and Ibitoye, 1999) and in Makete, Tanzania the total annual benefit
generated by donkeys ranged between US$ 55 and US$ 124 per household
(Sieber, 2004).
The welfare of working horses, mules and donkeys is usually assessed by the
direct observation and the body condition scoring grid (BCS). Vall et al.,
(2003) used (BCS) for the working donkey in Northern Cameroon on a scale
of 1 to 4 (emaciated, thin, average, and good) whereas Pritchard et al.,
(2005) developed a protocol on a scale of 1-5 (1 = very thin; 5 = very fat) for
working horses, mules and donkeys in Afghanistan, Egypt, India, Jordan and
Pakistan.
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Although donkeys should not be worked until they are three years old when
they are physically mature, in Mexico, they are often worked earlier than that
(de Aluja & Lopez 1991).
The donkeys have often been described as sturdy animals, yet they are
subjected to a variety of diseases and usually remain asymptomatic carriers
(Kumar et al., 2009). Heavy internal parasitic burden can affect the health of
a donkey adversely, (Herd, 1990; Love et al., 1992; Mair, 1994;and Krecek
and Gouthrie, 1999). In many African countries helminthes being an
important constraint to growth and productivity (Ayele et al., 2006, Saul et
al., 1997, Githiori et al., 1998). According to Seri et al., (2004) intestinal
nematods in Khartoum State, Sudan accounted to 70.1% of the infections.
Blood parasites were reported in many studies e.g, (Kumar et al., 2009;
Mekibib et al., 2010; and Balkaya et al., 2010). Piroplasmosis in donkeys
caused by Theileria equi and Babesia caballi has been recognized to affect
animals working capacity and manifest loss of appetite (Kumar et al., 2009).
Trypanosomiasis and babesiosis are attributed in reduction of donkeys’
draughts power and even their survival (Svendsen, 1997).
Ambawat et al., (1999) and Kumar et al., (2002) reported that haemoglobin
concentration, red cell counts and PCV levels were reduced significantly in
donkeys infected with B. equi parasite. Mukiria et al., (2010) reported
significant association between trypanosome infection and mean body
condition score of the donkeys. The infection was found to be independent of
sex and age. However, the mean PCV was significantly associated with age,
sex and body condition scores. In another study Mekibib et al., (2010)
reported insignificant association between the prevalence of either of the
babesia or trypansomes and the age and body condition score. The mean
packed cell volume (PCV) in trypanosome infected donkeys was significantly
lower than that of non-infected. Conversely, no significant difference was
observed between babesia positive and babesia free animals.
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Ayele et al., (2006) found that the body condition score and packed cell
volume were negatively correlated (r= -0.67 & -0.6, respectively) with the
total egg per gram (epg) count.
Although the number of donkeys in Khartoum is declining with urbanization
(Rabeh, 2009), yet they are still been used for transport inside and at the
outskirts of the three towns with profitable returns. The role of donkeys in
income generation in the state needs to be evaluated and to what extent do
endoparasitic burden affects income generation?. The present study was
conducted to evaluate and answer these questions.

Material and Methods
Study area:
The study was conducted in Khartoum State. The State lies in the semi desert
region between the latitude 15. 47′ N and the longitude 32. 43′ E and located
at the confluence of the White Nile flowing north from lakeVictoria and the
Blue Nile flowing west from Ethiopia. Divided by the Niles, Khartoum is
tripartite metropolis with total area of 22.122Km2 and estimated population
of 6.2 in 2009 (Statistical Year Book, 2009). Khartoum State has seen rapid
urbanization since 1970s largely as a result of a mass rural-urban migration
of a young population, caused by the combined impact of the civil war with
the south, desertification and draught in the north. Furthermore, the poverty
in the post- conflict environment has manifested itself in difficulty of access
to basic needs (food, water, shelter, clothing, health, education and
productive jobs). An estimated 2 million informally displaced persons (20%)
are found within the state many without jobs and skills.
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Study populations:
A total of 203 donkey drawing carts which attended veterinary clinics in 8
administrative units in the three districts of Khartoum were selected using
quota sample. Out of these 108 from Omdurman, 54 from Khartoum and 41
from Khartoum North. Data on donkey’s age, utiliy, daily income generated
and deworming practice were obtained using structured questionnaire. Health
status and working ability of donkeys and the body condition were evaluated
by the interviewers’ observations. Body condition was scored as 1= very thin,
2= thin, 3 = fat and 4 = very fat (Oudman, 2004). Health and working status
was scored as 1= ill not working, 2 = ill working and 3 = healthy working.
The weights of donkeys were estimated using the following formula based on
Miniature Mediterranean Donkey Association (M. M. D. A., 2011) after
measuring the required parameters.
Weight (Kgs) = (Height - Belly height) x Girth x Length
3,500

:
Figure 1: Height, length, girth and belly high of the donkey Source: (M. M. D. A.,
2011)
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Faecal and blood samples collection:
(a) Faecal samples collection:
Faecal materials was taken directly from the rectum and placed in
plastic bags, preserved with a drop of 10% buffered formalin.
(b) Blood samples collection:
5 ml of blood were withdrawn from the jugular vein using sterile
syringes. The blood was immediately transferred to heparinised
containers, and placed in cold chest. The faecal and blood samples
were then transferred to the Parasitology Lab., College of Veterinary
Medicine, Sudan University of Science and Technology for
hematological examinations.
Laboratory examination:
(a) Faecal samples:
Faeces were gross examined for morphological changes, odour and
clour. Thereafter, floatation and sedimentation methods were used to
identify and count eggs or larvae of parasitic helminthes (Urquhart et
al. 1996; Soulsby, 1986). Modified McMaster slide technique was
used to count egg per gramme faeces to assess the worm burden. The
levels of worm infection were extrapolated from infection severity
index defined by Soulsby (1986).
(b) Blood parasites:
Thin smear, Geimsa stained slides were examined for blood
parasites. Piroplasm, Anaplasma, Trypansomes and Microflariae
were the major parasites of interest.
The anaemic statuses of the donkeys were evaluated using Pack Cell
Volume (PCV) and haemoglobin concentration.
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Molecular detection, parasite speciation and characterization were
also carried out at the Institute of Tropical Medicine (ITM), Antwerp,
Belgium.

Data analysis:
The collected data were analyzed using SPSS version 16. Descriptive
statistics mainly frequencies, mean, mode and correlation were used.

Results
Utilization of donkeys:
The study revealed that working donkeys in Khartoum State are utilized
either as pack or draught animals. About 91.1% of the investigated donkeys
were used for pulling carts, while 8.9% were utilized as pack animals.
Significant (P<0.05) difference between Khartoum North and Khartoum,
Khartoum North and Omdurman were found in the use of donkeys as pack
animal was more practiced in Khartoum North. Insignificant difference
(P>0.05) between Khartoum and Omdurman was found. The donkey drawn
carts, transport of building materials, farm products, and consumer goods. etc
(fig 2) They were also used for public transport (fig 3). Pack donkeys, on the
other hand were used for distributing milk and transport of light goods and
plastic containers ( fig 4). Different designs of carts were observed to fulfill
above working purposes. Carts with flat surfaces which are used as
multipurpose cart. Carts with wooden boxes mainly for bread transport.
Special design with two metal barrels attached together was used for water
transport and yet another special design for milk containers.
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Figure 2: The use of donkeys for transport of consumer goods

Figure 3: The use of donkeys for public transport
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Figure 4: The use of donkeys as pack animals

The age of the investigated donkeys:
The age of the investigated donkeys ranged between 1 to 20 years. The most
frequent age fall within the mean of 6.2 years. There was insignificant
difference (P >0.05) in the age of the investigated donkeys between the three
districts.
The estimated body weight:
The estimated body weight of the investigated donkeys ranged between 101
to 418 Kg with a mean weight of 242.2±224.2 and the most frequent weight
was 242 Kg. There was significant difference (p <0.05) in the body weight
between the three districts with higher weight in Khartoum district than in the
other two ones.
Health status and working ability:
The study revealed that 13.3% of the investigated donkeys were working
although they were ill. While 9.3% were ill but not working and those which
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were healthy and working accounted for 77.7%. There was insignificant
difference (P > 0.05) in the health status and working ability between the
three districts.
The body condition:
The body condition of the investigated donkeys varied between very thin to
very fat. Most of the investigated donkeys were fat (41.4%) whereas 35.5%
were thin and 19.7% were very fat and 3.4% were very thin (emaciated).
Significant difference (P <0.05) in the body condition was observed.
Khartoum district had a significantly lower body condition score than
Omdurman and Khartoum North districts, whereas there was insignificant
difference (P >0.05) in the body condition scores between Omdurman and
Khartoum North.
Infection with Gastrointestinal Parasites:
As shown in table 1 the microscopic examination revealed that 56.7% the
examined donkeys were infected with gastro-intestinal parasites. There was
insignificant difference (P> 0.05) in the infection between the three districts.
Table 1: Infection with Gastrointestinal Parasites
infection

Not
infected
Infected
Khartou
m State

Omdurman
Frequenc
y
42
66
108

Khartoum
%
39.
3
60.
7
100

Frequenc
y
23

%
42.
6
57.
4
100

31
54

Khartoum
North
Frequenc
y
23

Total
%
55

Frequenc
y
88

18

45

115

41

10
0

203

%
43.
3
56.
7
100

As a management practice about 32.5% of the investigated donkeys were
subjected to deworming while 67.5% didn’t receive any prophylactic
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treatment. There was significant difference (P <0.05) in deworming practice
between Khartoum North district and the other two districts with Khartoum
North being superior in deworming.
Infection with Blood parasites:
Table (2) shows that the rate of infection with blood parasites was 23.2% and
there was insignificant difference between the three districts. The study
revealed that there were three types of blood parasites encountered in the
investigated donkeys.
Table 2: Infection with Blood parasites
infection

Not
infected
Infected
Khartou
m State

Omdurman
Frequenc
y
88
20
108

Khartoum
%
81.
2
18.
8
100

Frequenc
y
40
14
54

%
74.
1
25.
9
100

Khartoum
North
Frequenc %
y
28
68.
3
13
31.
7
41
100

Total
Frequenc
y
156
47
203

%
76.
8
23.
2
100

According to their dominance these were: Piroplasm (19%), Microflaria
(2.6%) and Anaplasm (1.6%) in order and dominance. There was
insignificant difference (p>0.05) between the three districts in infection with
blood parasites.
The Packed Cell Volume:
The Packed Cell Volume of the donkeys under study ranged between 20 to
44% with a mean value of 31.2±4.3% and the modal value was 31.2%.
Insignificant difference (P>0.05) was found between the three districts.
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The Daily income generated (SDG) using the investigated donkeys:
The study revealed that there was a wide range in the working hours per day
(2-18hr). The average was 8.7 hours. Table (3) presents the daily income
generated by working donkeys. It ranged from SDG 4.00 to 80.00 with a
mean value of SDG 20.00. The most frequent income was SDG 15.00 per
day. This accounted to about (2,880 US$) per annum. The working
days/annum were 360 day and the exchange was SDG 2.5 for $1(2009).
There was insignificant difference (P>0.05) in income generated in the three
districts.
Table 3: The Daily Income Generated using the Working Donkeys (SDG)
Measure
Mean
Mode
Range

Omdurman

20.5±9.8
15.0
4.0-80.0

Khartoum Khartoum
North

17.5±9.8
15.0
5.0-80.0

21.9±5.0
21.9
10.0-40.0

Khartoum
State

20.0±15.0
15.0
4.0-80.0

Association between the daily income and Gastrointestinal parasites, and
Blood parasites:
The study revealed that there was significant (P< 0.05) negative correlation
(r=-0.146) between the daily income generated and infection with
gastrointestinal parasites. The association was insignificant (P> 0.05) and
negatively correlated between the daily income and egg burden (r = -0.048).
There was a weak insignificant (P > 0.05) relation (r= .098) between the daily
income and the infection with blood parasites.
Association between the daily income and some selected parameters:
There was insignificant (P > 0.05) correlation(r= 0.068) between the daily
income and the age of the donkey and insignificant (P > 0.05) correlation (r=
-.004) between the daily income and the body weight (r=-0.004).
There was a significant low positive correlation (P < 0.05) between the daily
income and deworming and between the daily income and the PCV. The
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correlation coefficient was 0.169 and 0.172 respectively. There was
insignificant (P > 0.05) positive correlation between the daily income and
health status and working ability.
Association between the infection with gastrointestinal, Blood parasites
and some selected parameters:
The relationships between infection with gastrointestinal, blood parasites and
the age, body weight, body condition scores, health status and working
ability, deworming and the packed cell volume (PCV %) were examined. The
relationship was positive and significant (P< 0.01) between the egg burden
and the age of the donkey(r=0.226). A negative significant relationship (P<
0.01) existed between deworming and the infection with gastro-intestinal
parasites (r= -0.214), deworming and egg burden (r=-0.202). The relationship
was insignificant (P > 0.05) between the infection with gastrointestinal
parasites and body weight (r=-0.004), body condition score(r=-0.069), health
status and working ability (r=0.028) and the PCV(r=-0.111). The relationship
was significant (P< 0.05) between infection with blood parasites and the
health status and working ability of the donkey (r=-0.182). The relationship
was insignificant (P > 0.05) between infection with blood parasites and body
weight (r=0 .053), body condition score (-.066) and the PCV (r= -0.076).

Discussion
Like other African countries such as Ethiopia, Kenya, Nigeria and South
Africa (Sisay, and Tilahun (2000); Hanekom (2000); Blench et al (2000); and
Mukiria et al (2010), Donkeys were widely used in Khartoum State.
Although their use is considered as backwardness (Marshal et al., 1997), yet
their role in the urbanization process in Khartoum State cannot be overseen.
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There was no single building material shop without donkey drawn cart
waiting beside. Moreover, special parking place was devoted to donkey carts
in Sajana market at the center of Khartoum town. Transport of domestic
materials in central markets and from wholesale to retailing shops is the usual
task of donkey carts all over the State. They are cheaper and at disposal. As
we move away from the center, donkeys contribute to solve the problems of
underdevelopment where water need to be carried from wells to the domestic
households and from one place to another. Unconstructed roads provide a
good chance for donkey cart to operate as public transport. In addition to
providing such services donkeys carts constitute a source of income
generation to a good number of families especially at the outskirts of the
three towns.
The age of working donkeys ranged between1-20 years with a mean 6.2.This
finding was in consistence with those of Mexico (de Aluja & Lopez 1991).
The use of immature donkeys was encountered in this study. Working
donkeys of one year old were found in Omdurman. This might be due to the
owners having little idea about the maturity age of the donkey or most
probably the poverty of the owner lag behind the utilization of immature
animals.
The weight of the donkeys investigated in this study ranged between 101 and
418Kg. This finding was different from that reported by Oudman (2004) for
African donkeys which ranged between 120 and 180 kg. Furthermore, the
maximum weight far exceeded the maximum weight reported by this author
while the minimum weight was far less than that reported. He attributed the
difference in weight to the good management which affected the growth rate
and final body characteristics. This was better reflected in the present study in
addition to breed difference in live weight.
The mean daily income generation reported in the present study was US$
2,880 per annum which was more than double the minimum annual wage
rate in Sudan (US$ 1,101) (absolute astronomy, 2011). This indicates that
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operating a business using donkey is more profitable than some jobs in public
or private sectors. The case resembled that in Addis Ababa where the
minimum monthly net income of a Donkey Pack Transport Operations (Birr
125) in 1997 which was higher than the minimum salary of a civil servant of
Birr 105 (Sisay and Tilahun, 2000). The average annual income generated by
using donkeys in Khartoum State is much higher than the highest income
generated in Makete, Tanzania which ranged between US$ 55 and US$ 124
per household (Sieber,2004).
The prevalence rate of gastrointestinal parasites reported in the present study
was less than that reported by Seri et al., (2004) in Khartoum State.
The prevalence of blood parasite was relatively low. Parasites found
constitute Piroplasm (19.0%), Microfliarea (2.6%) and Anaplasm (1.6%).
These are in agreement with results reported by Saul et al. (1997) in Eastern
Ugand. No trypanosomes were found in the donkeys investigated in the
present study. Conversely, donkeys in Burkina Faso and Ethiopia (Bengaly,
et al. 2007; Mekibib et al. 2010) were found to be naturally infected with
trypanosomes.
The average level of the packed cell volume reported in this study was 31.2 ±
4.3%. This was slightly less than the normal PCV of donkey of 32.42 ±
4.38% reported by Gull et al., (2007). This indicated that the general health
of the investigated donkeys in this study was within the range of normal.
Although donkeys are considered as beasts of burden in many developing
countries (Crossley, 1991; Svendsen, 1997), yet this study proved that
infection with gastrointestinal parasites had a significant negative impact on
the daily income generated. Deworming on the other hand, has a significant
positive relation with the daily income. Herd, (1990), Love, et al., (1992),
Mair, et al., (1994) and Krecek and Gouthrie, (1999) all reported that heavy
internal parasitic burden can affect the health of a donkey adversely. This
study was in agreement with their findings. However, the negative
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relationship between gastrointestinal parasites and the PCV was insignificant.
This might be due to the fact that the rate of infection with gastrointestinal in
this study could be considered as moderate (56.7 %).
Gastrointestinal parasite has significant negative relation with the health
status and working ability in spite of the infection rate. i.e the donkey can be
infected and still working but generate lower income. Ahmed et al (2008)
reported similar findings in Borno State, Nigeria.
The body score condition (BCS) has a significant relationship with the daily
income. Internal parasites in this study had insignificantly negative
correlation with BCS. The overall impact of BCS on income is an
accumulation effect of all health conditions including internal parasites.
Asefa, et al (2011) reported similar finding.
The significant positive relationship between the daily income and PCV%
and the indication that health status is a determining factor in income
generation. The insignificant relationship between the daily income and the
age of the donkey, daily income and the weight of the donkey were due to the
fact that nearly all the donkeys investigated were mature and could perform
their work regardless of age or weight. This in addition to the fact that owners
were not so keen about the age and weight of the donkeys, and that the
donkey should work and generate income regardless to its age or weight. De
Aluja et al., (1991) reached to the same conclusion.
Moreover, the significant positive relationship between the daily income and
the health status and working ability of a donkey, reflected the importance of
keeping a donkey in a good health in order to generate high return. Those
who pay little attention to their sick donkeys underutilize the working power
of the animal. Many owners paid little care to their sick animals. This finding
was consistent with that reported by Wells et al.( 1997) who stated that 20%
of the owner never treated their donkeys.
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Conclusion
The study concluded that donkeys play an important role as a mean of
transport in the state. The average annual income generated was higher than
the minimum wage level. In the study area gastrointestinal parasites were
more prevalent than blood parasites. Gastrointestinal parasites had negative
impact on income generation. The General health status of the investigated
donkeys in Khartoum State was below normal reflected in the PCV been
below the normal. The income generation was positively correlated to PCV
hence the general health, so improvement of donkeys health would increase
the income generated. Health status and working ability of donkeys was more
related to blood parasites even under low prevalence, accordingly infection of
blood parasites was more serious than gastrointestinal parasites. The study
recommended application of deworming protocol in the state to improve the
income generated by using donkeys.
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