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ABSTRACT

Transportation is often considered as one of the main causes of stress raising considerable
interest, both in animal welfare and economic fields. Stressful transportation of camel may
cause severe welfare consequences and economic losses. Therefore, this study was
conducted to assess the stress resulting from transportation of Dromedary Camel (Camelus
dromedarius) by measuring some behavioural and physiological responses. Camels were
imported from Dongola quarantine in Sudan to Arqueen (at the borders between Egypt and
Sudan) by walking for about 450 km. After that, camels are transported from Arqueen to
Abu Simble quarantine in Aswan. According to method of transportation, camels were
randomly assigned into three groups; group 1 (camels were transported by trucks for about
150 km, taking about 2-3 h), group 2 (camels were transported by walking for about 90 km,
lasting for about 24 h), and group 3 (non-transported camels). In Abu Simble quarantine, 30
healthy males (5-7 years and 300-400 kg b.wt.) were selected for each group (three
replicates for each). Some behaviours were selected from the ethogram and are used in the
analysis which include comfort (recumbency and standing), ingestive (feeding and
rumination), eliminative (defecation and urination) and body care (rubbing, scratching and
nipping). All behaviours were recorded in the morning and afternoon by direct personal
observation for 60 min with an interval of 5 min and calculated as a frequency per total
observation time. Furthermore, blood samples were collected just after arrival of camels
(TO) and at 18 h after arrival (T18) for hematological examination (PCV%, total RBCs and
WBCs) and measurement of some blood parameters including total protein, albumin,
globulin, glucose and cortisol. The results revealed that the frequency of standing, feeding,
defecation, urination, scratching and total body care behaviours, were significantly
decreased in group 1(81.24, 33.51, 6.48, 9.12, 3.87 and 12.80) and group 2 (10.80, 31.67,
1.40, 2.19, 1.25 and 10.96) including transported camels in comparison to control group
(97.26, 47.62, 12.16, 16.44, 12.88 and 21.06) respectively. The frequency of recumbancy
was increased in transported groups as compared to control one. The results of
haematological examination indicated that there is a significant increase in PCV% and
neutrophil count and a significant decrease in lymphocyte count in groups 1 and 2 as
compared to control one. Camels transported by trucks had a significant high level of
cortisol at TO (17.21 pg/dl) and T18 (6.14 pg/dl) in comparison to other groups. In
conclusion, transportation of camels either by trucks or walk imposes a marked stress upon
them as indicated by behavioural and physiological measures.
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INTRODUCTION
Dromedary camel (Camelus dromedarius) is one
of the most important domestic animals in the arid and
semiarid regions as it is equipped to produce high
quality food at comparatively low costs under
extremely harsh environments (Yagil, 1982; Yousif
and Babiker, 1989). It can survive well on sandy

terrain with poor vegetation and may chiefly consume
feeds unutilized by other domestic species (Shalah,
1983).

The increasing demand in proteins to feed the
ever-growing world population has necessitated the
industrialization and transportation of livestock using
different means of transportation across several
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ecological zones with different climatic conditions
(Minka and Ayo, 2010). Transportation is often
considered as one of the main causes of stress raising a
considerable interest, both in animal welfare and
economic terms (Saeb et al., 2010). Long term
transportation of animals by walking or trucks may
induce severe stress such as removal from the home
environment, loading and unloading, confinement,
fasting, water deprivation, social mixing, forced
physical exercise, handling, noise and vibration
(Warris 1990 and Grigor et al 2001). In addition,
transportation stress may reduce animal fitness by
inducing dysfunctions of the pituitary, adrenal and
thyroid glands (Hartung, 2003). Thus, the resulted
stress might have deleterious effects on health,
welfare, performance and product quality of farm
animals (Borell, 2000).

The adjustment to stress induces a broad range of
behavioural, physiological and neuroendocrine
changes to allow for a rapid recovery or adaptation to
the change (Borell, 2000). Behavioural and
physiological measures are widely used as indicators
of stress (Grandin, 1993; Mason and Mendl 1993;
Fraser and Broom, 1990). Behavioural changes are
often recorded as the first sign of distress (Ayo et al.,
2002). Normal maintenance behaviours such as
ingestive, comfort and body care are necessary for
survival of animals (Fraser and Broom, 1990).
Therefore, alterations of these behaviours may lead to
welfare problems and economic losses in livestock
animals. Red and white blood cell counts, blood
glucose and plasma cortisol can be used as indicators
for short term stress problems such as transportation of
camel (Zapata et al., 2004; EI Khasmi et al., 2013).

The objective of this study was to assess the stress
resulting from transportation of camels by using some
behavioural measures including comfort, ingestive,
eliminative, body care and aggressive behaviour; and
physiological measures including some
haematological work and blood levels of proteins,
glucose and cortisol.

MATERIALS AND METHODS

Animals and transportation

Camels were imported from Dongla quarantine in
Sudan to Arqueen (at the borders between Egypt and
Sudan) walking for about 450 km. Then after, the
camels are moved from Arqueen to Abu Simble
quarantine in Egypt as shown in Figure (1). According
to the method of transportation, camels were randomly
assigned into 3 groups. Group 1(G1) included camels
which are transported by truck (they traveled about
150 km, taking about 2-3 h) between mountains. In
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group 2 (G2) camels are transported by walking for
about 90 km for 24 h and group 3 (G3) included
camels which are not transported and took sufficient
rest (control). Camels stay in Abu Simble quarantine
for 24 h, during it 30 healthy males (5-7 years and
300-400 kg body weight) were selected from each
group (three replicates for each) which are subjected
for behavioural and physiological investigations.

Figure 1: (A) Transportation of camels from Dongla (in
Sudan) to Egypt (Agreem and Abo Simble quarantine). (B)
Transportation of camel by walking in Egypt ( from Agreem
and Abo Simble quarantine).

2. Behaviour recording

After camel arrival, selected camels are
subjected to behavioural recording of some behaviours
relevant to transportation stress including comfort
(recumbency and standing), ingestive (feeding and
rumination), eliminative (defecation and urination) and
body care (rubbing, scratching and nipping) by direct
personal observation for 60 min with an interval of 5
min in two periods separated by approximately 12
hours interval according to arrival time (morning and
repeated in the afternoon) using scan sampling method
with an instantaneous time recording technique by
noticing whether a behavior is occurring at the sample
point which can be used to determine the proportion of
each behaviour frequency an animal spends doing
(Martin and Bateson, 1995).
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Physiological investigations
Blood Sampling

Blood samples are collected from ten healthy
male camels randomly chosen from each group just
after arrival of camels (TO) and at 18 h after arrival
(T18) (kannan, 2000). Three blood samples are
collected by jugular venipuncture into three vacutainer
tubes, the first containing EDTA for hematological
work (PCV%, Total RBCS, total WBCS), the second
without anticoagulant for serum separation, and the
third containing sodium fluoride as anticoagulant for
determination of glucose in plasma. Serum and plasma
samples are collected after separation by Pasteur
pipette into clean and dry Eppendorf tubes and kept in
deep freezer at -20°C till assayed.

Haematological work

Red blood cell and WBCs count was
performed by using an improved Neubauer chamber
and calculated according to the standard method
described by Jain (1986). Differential leukocytic
count was determined by using "Battlement method"
described by Schalm et al. (1975). Furthermore, PCV
% was determined by the microhaematocrit
centrifugation technique (Jain, 1986).

Blood assay

A standard colourimetric method depending
on enzymatic reaction is used for determination of

total  proteins  (Weissman, 1950), albumin
(Bartholomew and Delaney, 1964) and glucose
(Zilva and Pannall, 1979), while globulin

concentration was determined by calculation. Cortisol
concentration was determined by competitive
colorimetric immunoenzymatic method (Burtis and
Ashweed, 1994).

Statistical analysis

The obtained results were analyzed by one
way ANOVA using SPSS for Windows (Release 20.0
standard version, IBM Corporation, Chicago, 111inois).
The differences were considered statistically
significant when P<0.05.

RESULTS

Behavioural measures

The behavioural measures including comfort,
ingestive, eliminative and body care which are used
for assessment of transportation stress are illustrated in
Table (1). Concerning comfort behaviour, there was a
significant (p<0.01) increase in the time budget of
standing behaviour and decrease in the time budget of
recumbency behaviour in control group (G3) of camels
(97.26 and 2.74) as compared to (G1) truck transported
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camels (81.24 and 18.76) and (G2) walk transported
(10.80 and 89.20) respectively. With regard to
ingestive behaviour, there was a significant (p<0.01)
increase in the time budget of feeding behaviour in G3
(47.62) in comparison with G1 (33.51) and G2
(31.67), while the time budget of ruminating behaviour
was significantly decreased in G3 (2.31) in
comparison with G1 (19.72) and G2 (26.72). Referring
to eliminative behaviour, the time budget of defecation
and urination were significantly decreased in G1 (6.48
and 9.12), and G2 (1.40 and 2.19) as compared to G3
(12.16 and 16.44). Shifting to body care behaviour, the
time budget of scratching behaviour was significantly
(p<0.01) increased in G3 (12.88) when compared with
G1 (3.87) and G2 (1.25). Moreover, the total body care
activities were significantly increased in G3 (21.06) as
compared with G1 (12.80) and G2 (10.96).

Haematological measures

The haematological measures wused for
assessment of transportation stress are shown in Table
(2). Transported camels have a significant (p<0.01)
high value of PCV at TO (38.18 and 38.06%) and T18
(39.70 and 35.76%) for G1 (truck transport) and G2
(walk transport). Transportation stress caused a
significant decrease in RBCs count in G2 at TO
(7.60x10%ul) and T18 (7.71x10%ul) vs. G1
(8.67x10°pl and 8.29x10°ul) and G3 (8.64x10%pul and
8.59x10%ul) respectively. Moreover there was a
significant decrease in WBCs count in G2 at TO
(12.93x10%ul) and T18 (12.94x10%ul) in comparison
to Gl (20.72x10%ul and 16.43x10°pl) and G3
(21.73x10°ul  and  18.3010%ul) respectively. A
significant increase in neutrophil count was observed
in G1 of camels at TO (14.32x10%ul) and T18
(11.33x10%ul) vs. G2 and G3. On the other hand
lymphocyte count was significantly  (p<0.01)
decreased in G1 (5.18x10%ul and 4.10x10°ul) and G2
(3.62x10°ul and 3.90x10%ul) as compared to G3
(7.16x10%ul and 6.92x10°pl) at TO and T18
respectively.

Blood measures

The results concerning the use of some blood
measures are illustrated in Table (3). The levels of
total proteins, albumin and globulin were variable but
in general camels in G1 and G2 had higher values of
total proteins, albumin and globulin than those in G3.
Moreover, glucose level was significantly decreased in
transported camels which is more apparent in G2 at TO
(88.42 mg/dl) and T18 (99.24 mg/dl). Referring to
cortisol level, camels transported by trucks (G1) had a
significant higher levels at TO (17.21 pg/dl) at T18
(6.14 pg/dl) than camels in G2 and G3.
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Table 1. Assessment of transportation stress in camels by using behavioural measures

Comfort behaviour t:nr?espve EI|m|n_at|ve Body care behaviour
Groups ehaviour behaviour
. Feedin o . _ Rubbin . - Total
Standing | Recumbency g Rumination | Defecation | Urination g Scratching | Nipping activities
81.24 18.76 33.51 19.72 6.48 9.12 6.45 3.87 2.48 12.80
Gl * + * + + + + + + +
4.46° 4.46° 3.70° 2.50° 2.00° 3.03° 1.32 1.09° 0.54 2.90°
10.80 89.20 31.67 26.72 1.40 2.19 4.48 1.25 5.23 10.96
G2 * + * + + + + + + +
4.22° 4.22° 4.29 7.90° 0.41° 0.83° 0.95 0.80° 1.21 2.26°
97.26 2.74 47.62 2.31 12.16 16.44 450 12.88 3.72 21.06
G3 * + * +, + + + + + +
1.39° 1.39° 3.17% 0.52° 2.33% 2.99° 0.69 2.76° 1.30 2.61%

Results are expressed as means + standard error (S.E.)

a,b,c

superscript within the column indicates significant difference at p<0.01

Table 2. Assessment of transportation stress in camels by using haematological measures

PCV RBCs WBCs count X | Neutrophil X Lymphocyte X
Groups 0 countx10° /pl 10%/pl 10%/ul 10%ul
T0 T18 T0 T18 TO T18 TO T18 TO T18
38.18 | 39.70 | 8.67 8.29 2%7 16.43 1‘;'3 11.33 5.18 4.10
Gl + * * + + + + + + +
a ab a a = ab = a b b
0.60° | 0.60 0.17 0.25 103t | 089 0.7g | 0-66 0.38 0.48
38.0
6 35.76 | 7.60 7.71 | 12.93 | 12.94 | 9.18 8.45 3.62 3.90
G2 + + + + + + + + + +
113 | 1.21° | 023" | 0.25° | 0.78° | 0.74° | 1.12° | 0.35° | 0.42° 0.64°
a
32.92 | 28.00 | 8.64 859 | 21.73 | 18.30 | 11.06 | 9.61 7.1 6.92
G3 + * * + * + + + * +
1.69° | 0.95° | 0.16% | 0.27° | 1.13* | 1.12° | 0.73° | 0.89° 5.47° 0.72°

Results are expressed as means * standard error (S.E.)
abe superscript within the column indicates significant difference at p<0.01

Table 3. Assessment of transportation stress in camels by using some blood measures

Groups | Total Proteins g/dl | Albumin g/dI Globulin g/dl Glucose mg/dl Cortisol level pg/di
TO T18 TO T18 TO T18 TO0 T18 T0 T18
10.64 9.14 457 4.74 6.07 4.40 120.31 116.39 17.21 6.14
Gl + + + + + + + + + +
0.54° 0.54° 0.13° | 047°% | 0.33° 0.55° 5.54° 5.36" 2.96° 1.55°
8.81 9.67 4.35 3.93 4.46 5.74 88.42 99.24 3.28 3.05
G2 + + + + + + + + + +
0.21° 0.71% 0.16% 0.14° 0.15° 0.15% 3.81° 3.50° 0.46" 0.27°
7.49 6.79 3.85 3.12 3.64 3.67 134.89 155.00 3.35 2.9
G3 + + + + + + + + + +
0.40° 0.30° 0.12° 0.22° 0.49° 0.50° 10.22% 10.70° 0.38" 0.21°

Results are expressed as means + standard error (S.E.)

ab,c

difference at p<0.01

superscript within the column indicates significant
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DISCUSSION

Transportation represents a short term
welfare problem which constitutes multiple stressors
upon animals during long transportation. These
include removal from the home environment, loading
and unloading, confinement, fasting, water
deprivation, social mixing, forced physical exercise,
handling, noise and vibration (Warris, 1990 and
Grigor et al., 2001). Moreover, camels are subjected
to stress during their collection from different areas in
Sudan before coming to Egypt.

Behavioural measures

Behaviour is considered as one of the most
important mechanisms of adaptation to stress
(Adenkola and Ayo, 2010). Generally, there is a lack
of published data about the behavioural adaptation of
the dromedary camel to transportation stress either
during the journey or after arrival. So we will depend
upon the literature cited by different authors on the
effect of transportation stress on ruminants in the
discussion of such results.

Comfort behaviour

The current results concerning comfort behaviour
were in agreement with that obtained by Atkinson
(1992) who mentioned that animals subjected to road
transportation stress spent much of the time lying
down during and immediately after the journey and
Eicher (2001) who found that transported cattle lie
more during the recovery period after transportation.
These results indicated the marked demand of the
animal for comfort (recumbency) on the expense of
other maintenance behaviour after exhausting long
journey. In general transported camels are exposed to
severe exhaustion due to transportation for long time
especially by walk transportation. While travelling by
trucks camels stood for a longer period of time.
Palme et al. (2000) identified that the most stressful
part of transportation is being confined in a moving
truck. So events before and after travelling is not the
primary concern for the animal, it is what goes on
during the journey. This may include the stress of not
having room to lie down on the truck on a long
journey, or not being able to get up again if an animal
falls down, which is mainly relating to stocking
densities.

Ingestive behaviour

Concerning the decrease in time budget of
ingestive behaviour in transported camels, similar
results are reported by Aoyama et al. (2003) who
observed a decrease in ingestive behaviour of
transported goats. Moreover, Bekele et al. (2011)
found that feeding-related behaviours were decreased
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as dehydration became more severe in the camels
which may result from the long journey especially
when there is no or little stop for feeding and
drinking.

Eliminative behaviour

The decrease in eliminative behaviour either
defaecation or urination in truck and walk agreed
with that reported by Bekele et al. (2011) who found
that feeding-related behaviours decreased as
dehydration became more severe in the camels but
disagree with that noted by Ekesbo (2011) and
Aradom (2013) who found an increase in the
frequency of elimination in transported cattle. It
worth mentioning that there is an increase in the
frequency of defaecation and urination at the
beginning of the journey which may be due to
stressful fear but this will decrease gradually as the
animal adjust and with time the faeces become dry
and scanty (Fraser and Broom, 1990). The decrease
in the frequency of defaecation and urination after
arrival may be attributed to the decrease or lack of
feeding and watering during the exhausting long
journey which may be associated with dehydration,
haemoconcentration and decreased gut activity.

Body care behaviour

Regarding body care behaviour, the
diminished scratching and total body care activity
may be related to stress of transportation and
exhaustion of camels because the behavioural
changes are considered as the first sign of diseases
and main sign of distress (Ayo et al., 2002). Self-
grooming behaviour is considered as one of the signs
of health and vitality in animals (Alcock, 1989) and
its lowered frequency or absence may indicate the
presence of exhaustion, stress or disease. Generally,
there is a difficulty in interpretation of the
measurements used for assessing the amount of stress
and suffering of the animals during the process of
transportation (Grandin, 1997 and Scope et al.,
2002) .

Haematological measures
Packed cell volume (PCV)

The current results of PCV value at TO and
T18 were in the same concert of prior researches
reporting an increase in PCV % at different times of
the journey (Knowles, 1995; Tadich et al., 2005 and
Parker et al., 2007). Moreover, Ferlazzo et al.
(1993) found that PCV was increased in horses after
the journey. On the contrary, other studies showed
that PCV was decreased at zero time after loading
(Broom et al., 1996) or following 9-14 h journeys
(Knowles et al., 1993). The increase in PCV after the
end of journey at TO and T18 may suggest
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dehydration and haemoconcentration associated with
decreased or lack of water intake or splenic
contraction induced by sympathetic nerve activity or
circulating catecholamines (Knowles, 1995; Al-
Haidary, 2005; Tadich et al., 2005 and Parker et
al., 2007). Transportation combined with fasting for
48-72 h resulted in high PCV value, thereby
demonstrating that the greater state of dehydration is
as a result of water turn-over associated with the
physical activity during transportation as well as the
stress of adjusting to a new environment (Cole et al.,
1987; Becker et al., 1989 and Odore et al., 2004). It
was observed that PCV value may be increased
during handling and loading of animals (Tadich et
al., 2005).

RBCs and WBCs counts

The results of RBCs count are variable which
is decreased in camels transported by walk (G2) at TO
and T18 that disagreed with previous results
indicating that there was an increase in RBCs count
in animals during and after transport (Minka and
Ayo, 2010 and El Khasmi et al., 2013) and this may
be caused by transportation stress resulting from
long-term walk (Broom et al., 1996 and Tadich et
al., 2005). The increased RBCs count in camels
transported by trucks (G1) at TO and T18 are parallel
to that obtained by Minka and Ayo (2010) and El
Khasmi et al. (2013). This increase may be related to
body dehydration (Plyashenko and Sidorov, 1987
and New et al., 1996) or due to acute exposure of
animals to stressful stimulation is attended by a
significant activation of the sympathetic-adrenal
medullary system, including increased synthesis,
circulating levels and release of catecholamines into
the circulation resulting in splenic contraction and the
release of RBC into the circulation (McCarty et al.,
1988).

It was observed that there was a significant
decrease in WBCs count in G2 of camels which may
be attributed to transportation stress as reported in
early studies (Sundaresan et al., 1990, Broom et al.,
1996 and Tadich et al., 2005). On the other hand,
WBCs count was increased in G1 of camels. Similar
findings are presented by Davis et al. (2008) and
Minka and Ayo (2010). EI Khasmi et al. (2013)
found no significant changes in WBCs counts in
camels transported under heat condition. As
previously mentioned in RBCs count the increase in
WBCs count may occur in case of dehydration
(Plyashenko and Sidorov, 1987 and Nwe et al.,
1996) due to long journey with decreased or lack of
water intake. AL-Wabel (2010) reported that total
WBCs count in camels was not affected by stressful
condition of transportation.
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Neutrophil and lymphocyte counts

The results revealed an increase in neutrophil
count (neutrophilia) and a decrease in lymphocyte
count (lymphocytopenia) in camels transported by
trucks which is supported in previous literature
(Fraser and Broom, 1990; Ayo et al., 2005 and
Minka and Ayo, 2007). AL-Wabel (2010) found
that transportation stress had no effect on neutrophil
count; however it caused slight reduction in
lymphocyte counts in camels.

Blood measures
Total proteins, albumin and globulin

Transported camels either by trucks or walk
had higher values of total proteins, albumin and
globulin. These results are parallel to that observed in
sheep (Knowles, et al., 1996) and cattle (Knowles et
al., 1999 and Parker et al., 2007). These parameters
were observed to increase when animals suffer from
dehydration as a result of long journeys (Parker et
al., 2003). The increase in albumin level during
transportation may also suggest the degree of stress
that animals encountered during the journey and the
response of the animal to such stressors (Krizanovic,
et al., 2008 and Powers and Jackson, 2008).

Glucose

Plasma glucose is one of the physiological
measures of transportation stress. The decrease in
plasma glucose level in transported camels especially
by walk at TO and T18 agrees with the results
reported in cattle and goats (Morméde et al., 1982;
Kent and Ewbank, 1983; Kent and Ewbank,
1986a, b; Fraser and Broom, 1990; Nwe et al.,
1996; Kannan et al., 2000 and Early et al., 2011)
but other studies do not support these findings
(Tadich et al., 2005 and Elkhasmi et al., 2013). The
decrease in glucose level mainly is a consequence of
lack of food during long journey. Most of prior
literature indicated that plasma glucose level
increased during the first few hours of transportation
due to glycogenolysis associated with the increase in
catecholamines and glucocorticoids which were
released during the stress of transportation (Tadich et
al., 2005) but this was not measured in our study.

Cortisol

The high level of cortisol in camels
transported by truck (G1) at TO and T18 was parallel
to the documented literature in different animal
subjected to transportation stress (Leadon, 1995;
Broom et al, 1996; Warriss et al., 1999;
Alberghina et al., 2003; Aoyama et al., 2003;
Broom, 2003; Odore et al., 2004; Ndlovu et al.,
2008; Werner and Gallo, 2008; Saeb et al. 2010
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and Elkhasmi, et al. 2013). As cortisol levels are
highly variable, absolute comparisons between
studies should not be made (Grandin 1997). Cortisol
is considered as one of the indicator of stress in
different animals species even transport is not
commencing which reflect the psychological status of
animals as well as it is a good index for the reaction
of animals to any environmental challenge. Stress
imposed on animals during transportation includes
exposure of animals to a new environment, handling,
loading and the start of vehicle motion (Broom, 2003
and Ndlovu et al., 2008).

CONCLUSION

The continuous demand for camels' meat
recommends their transportation from Sudan to Egypt
for long journey which is almost inevitable to
compensate this shortage. Generally the majority of
livestock in developing countries are moved by
trekking on the hoof, by road and rail. Transportation
is considered as a short term stressful condition which
adversely affects the welfare of camels in addition to
its economic impact. Camels can cope to the adverse
conditions of long journey of transport by their
regulatory systems including behavioural and
physiological components to return the body to its
resting state. The combination of behavioural,
haematological and blood measures is valuable in the
assessment of stress during transportation than the
use of a single measure which may give erroneous
results. Further researches are required on the
assessment of transportation stress on camels due to
lack of literatures in this subject.
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