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ABSTRACT

In the present paper, 240 camels were sampled for the determination of trace elements and different heavy
metals. The variation factors included age, sex and physiological status which were assessed for some parameters.
On the average, the mineral contents were 190.3 ug/100ml (iron), 60.1 ug/100ml (copper), 44.0 ng/100ml (strontium),
22.5 pg/100ml (arsenic), 20.0 pg/100ml (zinc), 19.7 pg/100ml (selenium), 19.3 pg/100ml (boron) and 14.6pg/100ml
(barium). Other minerals like aluminium (3.7 pg/100ml), molybdenum (2.9 ng/100ml), chromium (2.0 pg/100 ml),
nickel (1.8 pg/100ml), lead (1.5 pg/100ml), manganese (0.16 pg/100ml), cobalt (0.08 pg/100ml) and cadmium (0.07

ng/100ml) were in very small concentration.
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The main trace elements in camel blood
(copper, zinc, iron) were commonly determined in
several countries where camel is an important part
of the livestock economy. Some reviews are now
available in the literature (Faye and Bengoumi,
1994; Abu Damir, 1998; Faye and Bengoumi, 2000).
Normal ranges and deficiency status are described
in numerous cases. However, the data on other trace
elements and some heavy metals are scarce. The
importance of those other trace elements and their
potential toxicity is more and more described in
other species as small ruminants and cattle. In camel,
the references are very few or, for some elements, are
non-existent in published papers. In United Arab
Emirates, the racing camel has a central cultural
place in the leisure of population. The racing activity
has a strong effect on the metabolism and physiology
of the camel (Rose ef al, 1994). Those animals have
specific mineral requirements under effort. The
determination of a wide type of trace elements
could be beneficial for a better understanding of
the specific physiology of sport animal in desert
conditions.

In the present paper, copper, zinc, iron which
are classically determined in camel blood are enriched
by the determination of other minerals as aluminium,
arsenic, boron, barium, cobalt, chromium, cadmium,
manganese, molybdenum, nickel, selenium, strontium

and lead. Some of these elements are biologically
essential, some others are potentially toxic.

Materials and Methods
Animals

The animals were provided by Al-Ochouche
farm at Al-Ain Emirates including 3000 dromedary
camels (Camelus dromedarius) in extensive management
of three breeds adapted to race: local, Sudanese and
crossbred. As the whole, 240 animals between 2 and
10 years old were randomly selected for the present
study. Before blood collecting, a general examination
of all the selected camels was achieved and only
healthy animals were retained. To discard the animals
with trypanosome, common disease in Arab Emirates,
a diagnosis was performed by three different tests:
mercury chlorate test, agglutination test and blood
examination test according to Woo method (Woo,
1971). Each positive animal at one of the test was
discarded. A faecal examination for internal parasites
was done by floating method (Soulsby, 1982).

Finally, the analyses were achieved in 235
animals. The camel samples were shared into two
groups according to the gender. The sample included
83 males and 152 females; a part of the she-camels was
pregnant (n = 68), 55 non pregnant and 29 lactating.
Each dromedary camel was identified by a number
tied to the neck. The males and females animals
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were distributed into 3 age classes i.e., 3-4 years, 5-7
years and 8 years and more. The males were mainly
less than 4 years old (n = 51) or mature breeding
animals more than 8 years old (n = 32). Females less
than 4 years old were 49. The number of females in
other classes was 97 (class 5-7 years) and 6 (8 years
and more). On the whole population, 156 were local
breeds, 6 Sudanese only and 73 crossbreed.

Animals were fed with a basal diet including
green alfalfa, commercial concentrate, dates and a
mixture of three types of lentils. They were watered
ad libitum. No specific mineral supplementation was
given for the experimental time except selenium and
vitamin E which were regularly introduced in the
commercial supplement.

Blood Sampling

The blood samples were collected aseptically
from the jugular vein in two 10 ml tubes without
EDTA. Those samples were carried later to the
laboratory for analyses performed immediately after
collecting.

The collected samples were centrifuged at 4300
rpm for 5 min. The main trace elements (Zn, Cu,
Fe) were determined after separation of serum by
atomic absorption spectrophotometer according to
the classical method of Bellanger and Lamand (1975)
using kit (Dade Boehring, USA). Those analyses
were achieved at the Veterinary Lab of Agricultural
Department at Al-Ain, U.AE.

The other mineral analysis (Al, As, B, Ba, Cd, Co,
Cr, Mn, Mo, Ni, Pb, Se, Sr) were achieved on serum
stored at 4°C before analysis according to the Brown
and Watkinson method (1977). The samples were
digested for destroying proteins and amino acids in
order to separate the minerals linked to proteins. This
first step was performed at the private department
of H. H. Sheikh Zayed Bin Sultan Al-Nahyan, in the
Scientific Centre of Racing Camel, Al-Ain. The concept
is to mix in the 6 tubes of the rotator in a microwave
digestor, 2ml serum, 6ml hydrogen peroxide (H,O,)
at 30%, then 1ml nitric acid (HNOj3) at 60%. The tubes
are placed in the rotator by increasing order from 1 to
6 and well tightened, then introduced in the apparatus.
After serum digestion, the sample was poured in sterile
tube, then exported to Al-Salamate lab analysis -Al Ain
for determining the minerals with an ICP (Induced
coupled plasma Varian Vista MPX-CCD).

Statistical analysis

The differences between groups (age classes,
sex groups, physiological status groups, breeds) were
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tested by variance analysis according to the procedure
General Linear Models (GLM) with R software®©. If
the probability (p) was below 0.05, the differences
between groups were considered as significant. The
correlation of Pearson between the analysed elements
was calculated. The interactions between variation
factors were taken in account in statistical models.

Results

To facilitate the comparison, all the results
are expressed in pg/100ml. On average, the main
trace element in camel serum were iron (190.3
ng/100ml) followed by copper (60.1 pg/100ml),
strontium (44.0 pg/100ml), arsenic (22.5 pg/100ml),
zinc (20.0 pg/100ml), selenium (19.7 pg/100ml),
boron (19.3 ng/100ml) and barium (14.6pg/100ml).
Other minerals like aluminium (3.7 pg/100ml),
molybdenum (2.9 pg/100ml), chromium (2.0 pg/100
ml), nickel (1.8 pg/100ml), lead (1.5 pg/100ml),
manganese (0.16 pg/100ml), cobalt (0.08 ng/100ml)
and cadmium (0.07 pg/100ml) were in very small
concentration.

Age effect (table 1)

There was no observed age effect on Al, Ba,
Cd, Co, Cr, Cu, Mn, Mo, Ni, Pb and Sr. When an age
effect was reported (table 1), the young adult animals
(5 to 7 years old) had a significant higher concen-
tration of arsenic (28.3 ng/100 ml), boron (35.8 pg/100
ml) and selenium (28.1ng/100 ml). The oldest animals
more than 8 years old had highest values of iron (283
ug/100ml). However, the differences between age
groups were low. Concerning zinc, a significant lower
value was reported in group 2 (5-7 years old).

Sex effect (table 2)

Some elements (As, Ba, Cd, Co, Cr, Mn, Mo,
Pb) had similar values between sex. Females had
significant higher values of boron (23.3 pg/100 ml),
copper (61.9), selenium (22.9) and strontium (47.6).
Aluminium was also slightly higher in female (4.6
pg/100 ml). Iron value was significantly higher in
male (213.1 pg/100ml), as far as zinc (24.3 ng/100 ml).
Nickel was slightly higher in male also (2.0 vs 1.7).

Physiological status effect (Table 3)

As for former variation factors, no effect of the
physiological status was observed for Cd, Co, Cr, and
Mo. Elsewhere, Ba, Cu, Mn, and Ni did not change
according to the status of the female (non pregnant,
pregnant or milking). In non pregnant animals,
strontium (52.9 pg/100ml), iron (189.1pg/100ml) and
zinc (27.3 ng/100ml) were in higher concentration
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Table 1. Mean values of trace elements and heavy metals in camel serum according to age groups (in pg/100ml).

Groups Al As B Ba | Cd Co Cr Cu Fe Mn | Mo | Ni | Pb Se Sr Zn
34y 21 (187 | 71 |154 | 006 | 007 | 25 | 577 | 1741 | 020 | 3.0 | 1.8 | 1.6 | 141 [44.0| 25.6
5-7y 6.6 |[283*(358* | 145 009 | 002 | 1.6 | 629 | 1715 [ 007 | 3.6 | 1.7 | 1.2 | 28.1* | 44.6 | 12.1**
>7y 07 (179 [ 93 127|016 | 028 | 1.8 | 59.0 |283.8* | 029 | 1.2 | 1.9 | 1.8 | 124 | 423 | 251

Table 2. Mean values of trace elements and heavy metals in camel serum according to sex groups (in pg/100ml).

Groups Al | As B Ba | Cd | Co | Cr Cu Fe Mn | Mo | Ni | Pb Se Sr Zn
Male 21 (223 | 119 | 147|017 [ 0.16 | 2.6 | 56.7 |213.1* | 0.24 | 22 | 2.0* | 1.7 | 13.6 | 374 | 24.3*

Female | 4.6* | 22.6 | 23.3* [ 14.6 | 0.02 | 0.04 | 1.6 [ 61.9* | 1778 | 0.12 | 33 | 1.7 | 1.3 [22.9* | 47.6* | 17.6

Table 3. Mean values of trace elements and heavy metals in camel serum according to physiological status groups (in pg/100ml).
Groups Al As B Ba | Cd | Co | Cr| Cu Fe Mn | Mo | Ni | Pb Se Sr Zn
No-Preg | 1.0 | 127 | 1.3 | 147 ] 0.02 | 0.06 | 1.8 | 60.2 | 189.1* | 0.19 | 29 | 1.7 | 1.6* | 13.8** [ 52.9** | 27.3**
Pregnant [ 51 | 265 | 29.1 (157 0.03 | 0.03 | 1.6 | 647 | 1747 (010 | 25 | 1.7 [ 1.7 | 281 | 459 | 135
Milking |10.2**|32.4*|51.7**| 11.7 | 0.00 | 0.00 | 1.5 | 58.9 | 163.9 | 0.00 | 6.2 | 1.9 | 1.7 | 282 | 41.5 8.9

Table 4. Mean values of trace elements and heavy metals in camel serum according to breed groups (in pg/100ml).

Groups Al As B Ba | Cd| Co | Cr| Cu Fe Mn | Mo | Ni | Pb Se Sr Zn
Local 43 [238%| 227 |14.6 | 0.06 | 007 | 21 | 61.0 | 1983 (012 | 25 | 1.8 | 1.4 | 19.6 | 451 | 19.0
Cross breed| 2.0 | 19.8 | 11.7*| 14.8 [ 0.02 | 0.02 [ 1.7 | 583 | 1763 | 021 | 3.7 | 1.7 | 1.4 | 195 | 40.6 | 22.0
Sudanese | 9.7 | 21.5 | 227 | 139|024 | 028 [ 1.9 | 584 | 1534 | 054 | 58 | 19 | 3.2 | 209 | 564 | 21.0

*p <0.05; ** p <0.01

in plasma while selenium was significantly lower
(13.8 pg/100ml). In pregnant animals, values of
copper were slightly higher but were nonsignificant
(64.7 pg/100ml). In milking animals, significantly
higher values of arsenic (32.4 ng/100ml), boron (51.7
ng/100ml) and aluminium (10.2 pg/100ml) were
observed.

Breed effect (Table 4)

Few elements change according to the breed.
The observed differences were slightly significant.
Boron is slightly lower in crossbreed group (11.7
ng/100ml vs 22.7 pg/100 ml in other groups). Arsenic
was also lower in crossbreed group (19.8 png/100ml vs
23.8 and 21.5 in the other breeds).

Interactions

The interaction between age and sex was
observed for boron and selenium only (p <0.01),
essentially because no males belonged to age group
2 where highest values of B and Se were observed.

Discussion

Except for copper, zing, iron and in a less extent
selenium, the references concerning trace element
concentrations in camel blood, serum or plasma are
quite marginal. The discussion will concern first the
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main trace elements as copper, zinc, manganese, iron
and selenium, secondly the rarely analysed trace
elements (aluminium, boron, barium, chrome, cobalt,
molybdenum, nickel and strontium) and last the toxic
minerals (arsenic, cadmium, lead).

The main trace elements

Serum or plasma copper : is a good reflect of copper
intake. In ruminants, normal copper concentrations
are between 70 to 120 pg/100ml (i.e. 12 and 19
umol/1l). Most of the reported values in camel are
inside those thresholds (Faye and Bengoumi, 1994).
With a mean value close to 60 pg/100ml, the copper
status of the camel in our study is at the deficiency
limit. In the literature, no significant variation due
to sex was reported (Abdalla et al, 1988; Bengoumi
et al, 1995), but the change along the gestation was
observed (Liu et al, 1994) with a decrease of copper
concentration at the end of pregnancy, contrary
to our results. The results concerning age effect
are contradictory: significant differences were not
observed (Faye and Mulato, 1991; Bengoumi et al,
1995) higher value on camels more than 5 years old
were observed (Marx and Abdi, 1983) which was in
consonance to the present study.

As for copper, zinc concentration in plasma
or serum for most of the ruminants is between 70
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and 120 pg/100ml. The present results confirm
that it is not the same for camel as it has already
been published. Indeed, normal values in camel are
around 30 to 50 ug/100ml (Faye et al, 1992). In the
present study, the zinc values are below these limits
in most of the cases and vary between 0.2 and 115
nug/100ml. Low values were already reported in
Emirates (Abdalla et al, 1988) and zinc deficiency was
commonly suspected in the camel stock from this part
of the world.

The age and sex variations of plasma or serum
zinc were rarely reported. Young camels below 2
years have generally lower values (Faye et al, 1995).
The highest values observed by some authors on non
weaning camel calves are due to the milk feeding
which provides sufficient zinc in the diet. A decrease
of zinc concentration was observed at the end of
gestation in some studies (Faye and Mulato, 1991)
similar to the observations of present study. This
decrease could be linked to an active transfer of
plasma zinc to the foetus. In Bactrian camel, similar
trends are observed in pregnant animals (Liu ef al,
1994). In our sample, the values in milking camel are
very low, but no clinical symptoms of zinc deficiency
were observed. These very low values, probably due
to zinc transfer into the milk, could explain the sex
difference reported in our sample, the lowest values
being reported in milking animal. A recent study
has shown an active transfer of zinc in camel milk
(Cattaneo et al, 2005).

Manganese can be a limiting factor of the
mineral diet in ruminants and deficiencies can be
locally present according to the low values of some
grasses in southern countries (Faye et al, 1986).
Usually the quantity of manganese in blood is very
low and can be detected only recently with high
accuracy with the latest sophisticated apparatus
as ICP. The mean values reported in the literature
vary from 8.4 pg/100ml in Morocco (Bengoumi et
al, 1994) to 30 pg/100ml in Egypt (Eltohamy et al,
1986). In ruminants, the values of blood manganese
concentration are generally below 10 pg/100ml
(Lamand, 1987). No variations factors were reported
in the literature. In our sample, the values are
effectively very low with a wide range (1.64 + 6.69
png/ml) and very slight difference was observed
according to physiological status. Probably, the
transfer to foetus, then to milk could explain the low
plasma values in pregnant and milking female.

Iron is a common element of the nature,
especially in tropical conditions. It is the most
important element in the blood which contributes to
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haemoglobin composition. The references on plasma,
serum or whole blood iron in camel are common. In
serum, the values vary on average from 98 png/100ml
(Tartour and Idris, 1970) to 186 ng/100ml (Moty et al,
1968). In Emirates, Abdalla et al (1988) reported mean
values at 113 pg/100 ml. Our results are in the upper
limit of those published data.

As for other main trace elements, iron decreased
in pregnant and milking camel (Eltohamy ef al,
1986). However, this change is not significant in our
results. The iron concentration is generally higher in
adult camels (Marx and Abdi, 1983; Shekhawat et al,
1987; Ghosal and Shekhawat, 1992) as in our sample.
Concerning sex effect, the results in the literature are
quite contradictory (Faye and Bengoumi, 1994). Our
results mentioning a higher mean value in males are
only in accordance with those of Hussein et al (1997).

The selenium deficiency was described in
young camel by several authors (Finlayson et al,
1971; Hamliri et al, 1990; Musa and Tageldin, 1994).
In whole blood, Hamliri et al (1990) reported values
between 10.9 and 11.8 pmg/100 ml in Morocco.
Age or sex effect was not observed. Similar values
involving Bactrian camels were published in China
(Liu et al, 1994) with 9.7 to 11.4 ng/100 ml. Higher
values (28.1 pg/100 ml) were observed in camel
plasma from Oman (unpublished data).

In a trial including a supplementation
period (Bengoumi et al, 1998), the mean plasma
selenium concentration in camel was 2.1 pg/100 ml
(before supplementation), 12.9 ng/100 ml (during
supple-mentation) and 8.3 (after supplementation
period). The maximum mean value was observed
the day before the end of supplementation period:
20.1 pg/100ml. According to Liu et al (1994),
selenium concentration did not change according
to the physiological status. In Emirates, selenium
supplementation in pregnant camels was common.
This practice explained the highest values reported
in pregnant and milking females, and in age group 2
(due to interaction between sex and age).

Rare trace elements and heavy metals

The cobalt concentration is generally very low
in the plasma (Lamand, 1987). There is no data on
cobalt in dromedary camel blood. Some results are
available in Bactrian camel from Mongolia and China.
According to Burenbayar (1989), cobalt concentration
in blood varied from 3.4 to 13.2 ng/100 ml according
to the season and mineral supplementation but the
analysis method was not given. By atomic absorption
spectrometry, Liu et al (1994) reported blood cobalt
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concentration at 39 ug/100 ml in non-pregnant camel,
56 nug/100 ml in pregnant female and 53 pg/100
ml after parturition, without significant difference.
These values are quite higher than our results (0.08
pg/100 ml in average). The analysing method could
be debatable for the previous studies.

Molybdenum is generally in competition with
copper. Excess of molybdenum associated with
sulphur is known to decrease copper digestibility
in ruminants. Some cases of molybdenosis were
described in camels grazing bush with Salvadora
persica as predominant plant (Faye and Mulato, 1991).
In Bactrian camel blood, molybdenum concentration
was between 19 to 23 ng/100ml according to Liu et al
(1994) and 0.43 to 0.53 ng/100 ml only for Ma (1995).
Our values are intermediate between those published
results. No pregnancy effect was observed in Bactrian
camel (Liu et al, 1994).

No nickel plasma values were reported in
camel, in spite of the recent interest for nickel in
ruminants. In Mongolia, a “roll disease” linked to
nickel intoxication was described in Bactrian camel
(Tao et al, 1995).

Lead is a toxic element which can have an
interest as indicator of environment pollution. No
case of lead intoxication was described in camel.
Elamin and Wilcox (1992) reported lead concentration
in camel milk from Saudi Arabia: 180 pg/g DM that
seems considerable. In cow blood, lead concentration
is generally between 0.6 and 4.8 ng/100ml (Jeffrey et
al, 2003).

No data was available for the other elements in
camel. Aluminium, chromium and strontium were
analysed in muscle and hump fat, but only traces
were observed. In dairy cow, blood concentration of
chromium in non supplemented animals was between
0.33 and 0.42 pg/100ml according to Pechova et al
(2002). Generally in cow, cadmium is below 0.1ng/100
ml.

Conclusion

Except for the main trace elements, very few
data or even no data are available to compare those
results to the literature concerning camel. The camel
seems to be less efficient than other ruminants as
the goat to detoxify its organism (Al-Qarawi and
Ali, 2003), so the sensitivity of camel to some toxic
elements could be more important. It is expected
that other determinations of heavy metals and toxic
elements in blood and other biological fluids will
be achieved to enlighten the standard values in this
species.
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