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ABSTRACT

Garba S. T.

The safety of food items is referring to safety of its consumers. In this

Department of Chemistry,

research work, the concentration of the metals; Co, Cu, Cr, Cd, Ni, Zn

P. M. B. 1069. University of

and Pb in raw camels‟ milk sample from Maiduguri and its environs

Maiduguri, Borno State,

were determined. Fresh raw camels‟ milk samples were collected from

Nigeria.

lactating she-camels of different age groups that were freely ranging.

Collection was done in two phases, first three, six and nine-months period of calving. A total
number of 50 milk samples were collected, all of which were collected during the dry season.
Sample collected was analyzed using atomic absorption spectrophotometer (Shimatdzu
Model AA 6200) after treatment with 5 mL of 10% HCl. The results of this study, indicate
that, the concentration of Cd ranged from 0.014 – 0.019 µg/g with the highest level observed
at the six-month period of lactation. The concentration of Pb ranged from 0.013 - 0.014 µg/g,
with the highest concentration observed at the nine-month period of lactation. For Ni the
level ranged from 0.014 – 0.035 µg/g, the highest concentration was observed at the ninemonth period of lactation. Zn concentration ranged from 0.325 – 0.373 µg/g, the highest level
of 0.372 µg/g was observed at the nine-months period of lactation., The concentration of Cu
ranged from 0.150 – 0.471 µg/g. Cr ranged from 0 - 0.115 µg/g, the metal was found below
detection limit at the three-months period of lactation and gradually increases to 0.471 µg/g at
the nine-month period of lactation. The level of Co ranged from 0.131 – 0.231 µg/g, the
highest level of 0.231 µg/g was observed at the first three-month period of lactation.
Contamination is very minimal for the absence of high anthropogenic activity (industries or
high level of traffication). Cobalt, Cr, Cu, Ni, and Zn, were found to increase with increase in
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the lactation period. This suggest that, the more the lactating mother gain energy to thrive and
feed well, the more the level of the metals in the milk. with the exception of Cd, the metals
determined in this study were all found below the maximum acceptable limits. This suggest
that, camels‟ milk from Maiduguri and its environs are safe to take. It also indicates that, the
environment is equally less or not polluted by the metals. No significant difference between
the different lactation period at P = 0.05.
KEYWORDS: Environment, heavy metal, milk, pollution, soil.
INTRODUCTION
Food safety, and in particular safety of products of animal origin, is an increasingly important
issue concerning human health. With increase in the consumption of products of animal
origin the risk of food borne diseases of humans also increases. The raw food movement,
characterized by eating raw rather than cooked food has increased the awareness of
consumption of raw food. One product that is commonly distributed in raw form is milk. It
has been known as nature‟s most complete food. However, the traditional and contemporary
view of the role of milk has been remarkably expanded beyond the horizon of nutritional
subsistence of infants. Milk is more of a source of nutrients for any neonate of mammalian
species, as well as for growth of children and nourishment of adult humans. Aside from
nutritional values, milk borne biologically active compounds such as casein and whey
proteins have been found to be increasingly important for physiological and biochemical
functions that have crucial impacts on human metabolism and health (Schanbacher et al.,
1998; Korhonen et al., 2004; Gobbetti et al., 2007).
According to the recent statistics by the Food and Agriculture Organization (FAO), the total
population of camels in the world is estimated to be about 20 million, with Somalia having
the largest herd worldwide (FAO, 2008). Camels live in the vast pastoral areas in Africa and
Asia and are divided into two different species belonging to the genus Camelus. Dromedary
camels (Camelus dromedaries, one humped) that mainly live in the desert areas (arid), and
Bactrian camel (Camelus bactrianus, two-humped) which prefer living in the cooler areas.
The Bactrian species is domesticated in the East to the Northern China and in the West to
Asia Minor and Southern Russia, including Mongolia and Kazakhstan (Farah, 1996).
The majority of camels are kept, among other things mainly for milk production. In the past
decade or two there have been dramatic increase and growing interest in the use of camel
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milk for its medicinal values. This, and now its bioactive ingredients have gained significant
attention of scientists from all over the world to investigate the potentials of its health
benefits (Mullaicharam, 2014; Rasheed et al., 2016) Scientifically, it has been proven that
camel milk ingredients are excellent for nutritional view point as it contains high proportion
of anti-bacterial and anti-viral substances (El-Agamy 1992; Konuspayeva et al., 2009). Camel
milk ingredients such as lactoferrin, immunoglobulins, lysozyme, B Vitamins, Vitamin C,
minerals, and iron have been studied for their medicinal properties in patients with different
disorders ranging from diabetes to cancer (Beg et al., 1986; Gader and Alhaider 2016). It is
much more nutritious than milk from cow, buffalo, sheep, etc., as it contains low levels of fat
or lactose contents, and high levels of volatile acids, especially linoleic acids and
polyunsaturated acids (Gader and Alhaider 2016). It also contains high concentrations of
potassium, magnesium, copper, sodium, zinc, iron, B Vitamins, Vitamin C, etc. (Farah, 1993;
Gader and Alhaider 2016). Report has it that, regular drinking of camel milk makes immune
system stronger as it contains series of protective proteins such as lysozyme, lactoferrin,
lactoperoxidase, immunoglobulin G, and immunoglobulin A (Riechmann and Muyldermans,
1999; Mullaicharam, 2014). Camel milk lacks β-casein and other major allergens, which are
present in cow milk that might prevent children from allergic disorders (Bashir and AlAyadhi 2014). Moreover, camel milk is an excellent source of α-hydroxy acids, which are
very famous for treatment of skin disorders. Importantly, α-hydroxy acids are also frequently
used by cosmetic industries for manufacturing of their products for wrinkles treatment as well
as for soften of skin, and for overall improvement of the skin quality (Babilas et al., 2012).
The one humped camel (Camelus dromedarius) is multi-functional farm animal species
uniquely adapted to arid and semi-arid zones. Ethiopia is home to an estimated 2.4 million
camels found mainly in the arid to semi-arid regions (FAO STAT, 2011). For pastoralist and
agro-pastoralist communities residing in these harsh environments, the camel represents a
vital source of food, income and other services (Abbas et al., 2000; Tura et al., 2010).
Dromedaries in Nigeria are concentrated in the semi-arid northern part of the country
(Mohammed 2000). Pastoral groups that originate from the Niger Republic own most of the
camels in northern Nigeria (Waziri et al 1999). They are the main breeders of the camel
(Mohammed and Hoffmann 2006) and can be found in Borno, Yobe, Kano, Jigawa, Katsina,
Sokoto, Kebbi, and Zamfara States of northern Nigeria (Mohammed 2000; Abdussamad et al.
2011). They are very reliable milkers especially during the dry seasons and drought when
milk from cattle, sheep and goats is limited (Farah 2004). Milk can become contaminated in
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many ways. For example, if the dairy animal has mammary gland infection (mastitis) or
systemic infection, the pathogen can be passed to the milk. Milk can become contaminated by
the faeces of the animals and the hand of the milker usually during hand milking procedure,
by using pesticides or by equipment used for milk collection and storage. It is not very
common to monitor levels of contamination by toxic heavy metals in camel milk; The
physical and chemical properties of camel milk are largely dependent on the quantity and
quality of forage and the amount of water consumed daily (El-Agamy 2006). However, this
foodstuff, like other dairy products, can be exposed to chemical risks and pollutants that are
the most important chemical contaminants of heavy metals. From the nutritional point of
view, the content of milk and dairy products can provide essential ingredients (Iron, Copper
and Zinc) in low doses and unnecessary or toxic elements such as lead, cadmium, etc., even
at low concentrations, which can lead to metabolic disturbances or serious consequences if
there are unnecessary elements (Ziarati and Moslehishad, 2017).
The toxicity of excessive levels of some of these elements, such as chromium (Cr), cadmium
(Cd), lead (Pb), etc., is well known (Tunegova., et al. 2016) and the presence of these metals,
especially cadmium, lead and Nickel in the material Over-standard food influences to a
variety of diseases, including neurological disorders, cancer, and genetic disorders (Ziarati
and Moslehishad, 2017). Camel milk, like other dairy products, can be exposed to chemical
risks and pollutants, which are the most important chemical contaminants of heavy metals.
When livestock is exposed to high concentrations of heavy metals such as Cadmium, Nickel,
Mercury, Arsenic, these metals concentrate in milk, and when they are eaten up by
consumers, they will cause serious health problems (Ahmad et al., 2017) Hence, the presence
of metal residues in milk has been of particular concern because milk is widely consumed by
newborns and children.
Heavy metals cause many harmful effects on human health such as saturnism (lead
contamination), cancer such as cadmium, (Konuspayeva et al., 2009). Long term
accumulation of heavy metals via food may cause chronic effects in various organs such as
heart, nervous system, liver and kidney of people. Therefore, the determination of the
residual concentrations of toxic metals in milk may be a direct indicator of the health status of
the milk, its consumers as well as an indirect indicator of the environmental contamination
(Garba et al., 2018a). However, limited information is available on heavy metal content of
camel milk under pastoral systems in the northeast region of Nigeria especially Borno -Yobe
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state zone. Considering the important health benefits of camels‟ milk. and the side effects of
heavy metals, the aim of this study was to determine the level of contamination by heavy
metals in camels‟ milk from Maiduguri and its environs, Borno state, Nigeria
MATERIALS AND METHODS
Sampling Area
Raw and fresh milk samples were collected from Maiduguri and its environs, following the
browsing or grazing routes of the animals.
Sample Collection
Raw and fresh milk samples were collected randomly from apparently healthy lactating shecamels of different age groups but at three, six and nine-months period of calving. A total
number of 50 milk samples were collected, all of which were collected during the dry season.
Samples collected (in a labelled plastic sample bottles) were kept in a cooler containing ice
blocks, transported to the Research Laboratory, Department of Chemistry, University of
Maiduguri, Nigeria and stored in a deep-freezer (below 4ºC) awaiting analysis (IDF, 1992).
All sample collection was done in the morning hours (6:00 - 6:30am), after every three days
(Dowelmadina et al., 2014), from late March to early April 2016. The camel herds were
freely and naturally ranging. They had access to water in every 6-10 days during the dry
season (Evans and Powys, 1984).
Sample Preparation and Analysis
The method adopted by Garba et al. (2018a) was used for the sample preparation. Analysis of
the digested milk samples for the heavy metals; lead (Pb), cadmium (Cd), chromium (Cr),
copper (Cu), Cobalt (Co), Nickel (Ni), Selenium (Se) and Zinc (Zn) was carried out by
atomic absorption spectrophotometer, Shimatdzu, Model, AA 6200.
Statistical Data Analysis
All statistical analyses were performed using SPSS 12 package. Statistical differences in
heavy metal concentrations among the samples were detected using One-way ANOVA.
Multiple comparison between the lactating period was also conducted using LSD test. A
significance level of P = 0.05 was used throughout the study.
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RESULTS AND DISCUSSION
The dromedary Camel (Camelus dromedarius) like any other herbivores animal grazing in
arid rangelands are seasonally challenged with shortage of feed and scarcity of water, both in
quantity and quality such as that of Borno state, Nigeria-Niger border. However, they are
known for their ability to survive and produce milk during dry and drought periods (Moaeenud-din et al., 2004; Wernery, 2006). Thus, camel milk is considered one of the most valuable
food sources for nomadic people in the arid and semi-arid areas and has been consumed for
centuries due to its nutritional values (Kenzhebulat et al. 2000; Mal et al. 2006; Lorenzen et
al. 2011). Figure 1 indicates the results for the concentration of heavy metals determined in
the samples of camels‟ milk from Maiduguri and its environs.

Figure 1: Concentration (µg/g) of Heavy Metals Determined in Camels’ Milk from
Maiduguri and its environs.
Cadmium is ubiquitous environmental contaminant arising primarily from electroplating,
plastics manufacturing, mining, paint pigments, alloy preparation, and batteries. Food is the
most important source of cadmium in the non-smoking, non-occupationally exposed
population (Järup, 2003). The results of this study, indicate that, the concentration of Cd
ranged from 0.014 – 0.019 µg/g with the highest level observed at the six-month period of
lactation. No significant difference was between the different lactation period. The level of
the metal observed in this study, was found higher than what was reported from Qazvin
(41x10-4 µg/g), Golestan (53x10-4 µg/g), Semnan (72x10-4 µg/g), Sistan-Baluchestan (13x10-4
µg/g), Khuzestan (41x10-4 µg/g), Bushehr (9x10-5 µg/g) and Tehran, 14x10-4 µg/g,
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(Mostafidi et al., 2016). It is however, lower than what was observed in Kazakhstan
(Konuspayeva et al., 2011). It also very much lower than what was observed (0.102 µg/g) by
Ahmad., et al. (2017) form Khyber-Pakhtunkhwa, Pakistan. Report has it that, cadmium can
induce both carcinogenic and non-carcinogenic effects on various organs including the lung,
liver, kidney, bone and vascular system (Waalkes, 2003). At the cellular level, cadmium
induces oxidative stress, cell proliferation and apoptosis (Tremellen, 2008; Turner and
Lysiak, 2008). It is a known endocrine disruptor and reproductive toxicant (Henson and
Chedrese, 2004; Cheng et al., 2011) which affects male fertility through altered function of
hypothalamic-pituitary-testicular axis (Lafunte, 2013) and/or through direct gonadotoxic and
spermiotoxic effects (Thompson and Bannigan, 2008). The disruption of functional structures
within the blood-testis (Wong et al., 2004; Siu et al., 2009) and blood-epididymis barrier
(Toman et al., 2002; Dubé and Cyr, 2013) results in impaired spermatogenesis and sperm
maturation processes associated with infertility (Cheng and Mruk, 2012). Cadmium has been
suggested to have some of its toxic effects by disturbing metabolism of essential metals, such
as selenium. Zinc and selenium are believed to be the antagonists of cadmium toxic effects
(Toman et al., 2009).
Lead (Pb) is one of the most toxic heavy metals and its level in milk and milk products is
increasing day by day due to the uncontrolled urbanization and industrialization (Garba et al.,
2018a). The concentration of Pb observed in this study ranged from 0.013 - 0.014 µg/g, with
the highest concentration observed at the nine-month period of lactation. Lead is a major
pollutant in both terrestrial and aquatic ecosystem. It is available to plant from soil and
aerosol sources. Thus, when eaten up or taken through water by lactating mothers could lead
to contamination of the milk. The level of lead observed in this study, is found lower than
what was observed in Kazakhstan, 4.28 and 0.03 µg/g, by Konuspayeva et al. (2009) and
Konuspayeva et al. (2011) respectively. It is however, higher than what was reported by
Mostafidi et al. (2016) form Qazvin (8.28x10-3µg/g) and Golestan (6.04x10-3 µg/g) and was
found below detection limit in camels‟ milk sample from Khyber-Pakhtunkhwa, Pakistan
(Ahmad., et al., 2017). The average concentration for Pb in camel milk from Riyadh and
Qassim 0.54 and 0.59 µg/g (Soltan et al., 2017) which is many folds higher than what was
observed in this study.
There is no maximum limit for cadmium in the international standard (Codex Alimentarious
Commission, 193-1995). Based on the standards of Food and Agriculture Organization
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(FAO), World Health Organization (WHO) and Codex standard 193-2007, the determined
limit for lead and cadmium is 0.02 µg/g and 0.010 µg/g, respectively. The results of this
study showed that the observed concentration of lead is less than the acceptable limit whereas
the level observed for cadmium in all the samples were higher than the acceptable limit.
Nowadays, the probability of contamination with fuel of cars and agricultural machines and
haze of industrial factories in samples can be the main source of pollution of heavy metals
(Konuspayeva et al., 2011). In this study however, all the sampling sites were far from
anthropogenic source of pollution, the high level of cadmium in this study therefore, could be
attributed to atmospheric depositions of heavy metal suspended particulate matter in water
and possible the feeds consumed.
In nature, Ni is mostly present in the form of nickelous ion, Ni2+. The hydrated form as
, is the most common form of Ni found in the soil solution. Ni also occurs in
water bodies and in other atmospheres, usually in trace amounts. The release of municipal
and industrial efﬂuents signiﬁcantly contributes Ni content to the soil and water but relative
concentration depends on the source of efﬂuent. Ni is added into atmosphere primarily as
pollutant particle, released along with other metals from the chimneys and air ﬂows from
metallurgical sites as well as cement clinkers (Orlov et al. 2002) which ultimately settle down
on the soil, water or plant surfaces. Thus, it become exposed to grazing animals. The
concentration of Ni observed in this study, ranged from 0.014 – 0.035 µg/g. average of nickel
camel milk in Riyadh and Qassim 1.510 and 2.100 µg/g respectively (Soltan et al., 2017). It
is however, higher than what was reported by Mostafidi et al. (2016) form Qazvin (6.9x104

µg/g) and Golestan (5.9x10-4 µg/g) and was found very much lower than what was found in

camels‟ milk (0.220 µg/g) from Khyber-Pakhtunkhwa, Pakistan (Ahmad., et al., 2017) and
(0.169 µg/g) reported by Nazir et al. (2015). The concentrations of Ni observed in this study
are probably to a large extent the consequence of atmospheric deposition of particles. Nickel
being a cofactor for a number of hormones and enzymes is considered as essential element
for humans. However, the excessive intake may result in cell damage, impaired reproductive
system, altered hormonal and enzymatic activities, oxidative stress and neurotoxicity.
Generally, nickel and its salts do not affect the human body but in some cases, it has been
recorded to cause allergic problems as it comes in contact with moist skin (Garba et al.,
2018b). The maximum residual limit which according to Joint Expert Committee on Food
and Agriculture and World Health Organization is 0.01mg/l (Bushra et al., 2014). This
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indicates camels‟ milk collected from the study area is not polluted with Ni and reflects good
milk quality and safety of the environment.
Zinc (Zn) is an essential part of more than 200 enzymes involved in digestion, metabolism
and reproduction. It is an important mineral for the maintenance of healthy skin, wound
healing and is directly involved in both innate and adaptive immunity. Zinc also has
antioxidant activity and helps eliminate reactive oxygen species through its role as a cofactor
for the antioxidant enzyme, superoxide dismutase, SOD, (Garba et al., 2018b). The
concentration of Zn observed in this study ranged from 0.325 – 0.373 µg/g. the highest level
of 0.372 µg/g was observed at the nine-months period of lactation. This concentration is
found many folds lower than what was reported in camels‟ milk (5.150 µg/g) from KhyberPakhtunkhwa, Pakistan (Ahmad., et al., 2017), Riyadh (1.190 µg/g) and Qassim (1.130 µg/g)
reported by Soltan et al. (2017) as well as Saudi Arabia (1.480 µg/g) by Al-wabel, (2008). It
is also found very much lower than what was reported from Atyrau (59.90) by Konuspayeva
et al. (2009). Zn constitutes about 33 µg/g of an adult body mass and it is essential as a
constituent of many enzymes involved in several physiological functions, such as protein
synthesis and energy metabolism (Onianwa et al., 2001). However, high level of Zn can
cause eminent health problems, such as stomach cramps, skin irritations, vomiting, nausea
and anaemia (Akther et al., 2016). The concentration of Zn observed in this study, could be
attributed atmospheric deposition, the level of element in soil and water and partly due to the
differences of the feeding and environmental conditions.
Copper (Cu) have numerous functions in animals and human and they are essential elements
for the growth of plant. It serves as an antioxidant and helps the body to remove free radicals
and prevent cell structure damage Copper (Garba et al., 2017). In this study, the concentration
of Cu ranged from 0.150 – 0.471 µg/g. the highest concentration (0.471 µg/g) was observed
at the nine-month period of lactation. The concentration was found to increase with increase
in the period of lactation. This could be attributed to increase in the rate of feeding and
restriction of the younger ones from consuming the milk periodically. The levels observed in
this study, were found lower than what was observed in Saudi Arabia (1.610 µg/g) by Alwabel, (2008), it is however, higher than 0.06 µg/g observed in milk sample form KhyberPakhtunkhwa, Pakistan (Ahmad et al., 2017). The highest level observed in this study
however, were found very much higher than what was found in Riyadh (0.270 µg/g) and
Qassim (0.180 µg/g) reported by Soltan et al. (2017). It is also higher than what was observed
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in Khyber Pakhtunkhwa, Pakistan (0.386 µg/g) by Nazir et al. (2015). Although what was
observed in this study, at the three (0.150 µg/g) and six-months (0.115 µg/g) period of
lactation were found lower than what was observed in Riyadh (0.270 µg/g) and Qassim,
0.180 µg/g (Soltan et al. 2017). It is considered that Cu concentrations between 0.1 and
0.9 μg/mL are the “normal” range in milk (Bilandžić et al. 2011). Therefore, the levels of Cu
observed in this study, are within the normal range of consumption.
Chromium (Cr) is a polyvalent element, found naturally in the air, soil, water and lithosphere
(Papassiopi et al., 2009). It exists in the environment in three stable oxidation states, Cr(0),
Cr(III) and Cr(VI) which have different toxicities and transport characteristics (Gibb et al.,
2006). Trivalent chromium Cr (III) and hexavalent chromium Cr (VI) are stable. Cr (VI) is
carcinogenic and a potential soil, surface water and ground water contaminant, while its
reduced trivalent form is much less toxic, insoluble and a vital nutrient for humans (Das and
Mishra, 2008). Accidental or intentional ingestion or exposure to high level of Cr(VI)
compounds exerts toxic effects on biological systems (Paiva et al., 2009). In this research
work, the concentration of Cr ranged from 0- 0.115 µg/g. the metal was found below
detection limit at the three-months period of lactation. This agrees with the findings reported
by Mostafidi et al. (2016), he found Cr below detection limits in five of its area of study,
however, 0.03 µg/g was observed in Qazvin which is lower than the observed levels in this
study. The highest concentration of 0.115 µg/g observed in this study, was at the nine-months
period of lactation. This level is however, many folds lower than what was observed in all the
four regions in Kazakhstan (Konuspayeva et al., 2009). It is however, lower than what was
observed in Khyber Pakhtunkhwa, Pakistan (0.08 µg/g) by Nazir et al. (2015). Reports has it
that, the tolerance limit of Cr in milk is 0.3 µg/g. Although Cr and other microelements are
essential to maintain the metabolic systems of human body, they can lead to poisoning at
higher level (Qin et al., 2009). It can cause stomach upsets and ulcers, convulsions, kidney
and liver damage, and even death. Therefore, exposure across all age groups to Cr in milk is
well below the tolerance limit and therefore does not raise concerns for public health.
Cobalt (Co) being a part of vitamin B12 is considered an essential element for normal human
growth. However, in excess amounts it can disturb the reproductive system and thyroid
glands (Nordberg et al., 2007) and is also reported as a probable carcinogenic compound by
IARC, (1991). In this study, the observed level of Co ranged from 0.131 – 0.231 µg/g. the
highest level of 0.231 µg/g was observed at the first three-month period of lactation. These
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levels however, were found very much higher than what was found in Riyadh (0.038 µg/g)
and Qassim (0.075 µg/g) reported by Soltan et al. (2017).
Camel milk composition was found to be less stable than other species such as bovine.
Previous findings pointed out that the variation in camel milk composition could be attributed
to many factors such as analytical measurement procedures, geographical locations, feeding
conditions, type of samples and breeds in addition to other factors including milking
frequency, stage of lactation and parity numbers (Iqbal et al., 2001; Faye et al., 2008;
Aljumaah et al., 2011). However, geographical origin and seasonal variations were found to
be the most effective factors on camel milk constituents and chemical composition in
production systems (Shuiep et al., 2008). According to the literature, human activities close
to the sampling area influence the concentration of heavy metals in milk. Especially, traffic
road intensity plays a role on lead content in cow milk (Sleiman, 2000). Trace element
contaminants from fertilizers may enter the food chain via two main pathways; direct uptake
by crops and translocation to harvested grains, shoots or tubers, or via pastures and
inadvertent soil ingestion by grazing animals McLaughlin et al. (2000). The physical and
chemical properties of camel milk are largely dependent on the quantity and quality of forage
and the amount of water consumed daily (Konuspayeva et al., 2011).
CONCLUSION
In this study, the major source of pollution is atmospheric deposition brought by wind from a
far place, may be across the border with Niger Republic, or even Chad. Contamination is very
minimal in this study, for the absence of high anthropogenic activity (industries or high level
of traffication). The concentration of the metals in the milk were found to increase with
increase in the lactation period. Cobalt, Cr, Cu, Ni, and Zn, were all found to increase as the
lactation period increases. This suggest that, the more the lactating mother gain energy to
thrive and feed well, the more the level of these metals in the milk. However, with the
exception of Cd, the metals determined in this study were all found below the maximum
acceptable limits. This suggest that, camels‟ milk from Maiduguri and its environs are safe to
take. It also indicates that, the environment is equally less or not polluted by the metals.
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