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Many of the food markets in Nigeria are open markets where foodstuffs are usually sold on open
flat trays, wooden materials and baskets. Foods on sale in the open marketplace are at high risk
of being contaminated by heavy metals. This study aimed at determining the occurrence of
heavy metals in cow skin (ponmo) sold at the major markets in Ado-Odo/Ota Local Government
Area of Ogun State. The wet and dried forms of ponmo were sampled from three major markets,
Lusada, Atan and Ota. Thirty samples of the food items were analysed for lead (Pb), cadmium
(Cd), nickel (Ni), manganese (Mn) and zinc (Zn) using the Atomic Absorption Spectroscopy
(AAS). The results obtained were subjected to one-way analysis of variance (ANOVA). Most of
the toxic heavy metals were detected (Ni, 25.62+1.55-70.45+2.44; Ph, 1.02+0.56-1.99+0.86) in
both ponmo forms. However, Cd was detected only in the dried ponmo and in only one of the
markets. These non-essential metals were detected in very high concentrations above maximum
allowable limits by international regulatory agencies (USDA). Where detected, Mn (46.84+1.54-
83.11+2.04) was also higher than the limits that are allowed in food in the two ponmo forms
only in Ota and Atan markets. Zinc (8.86+0.81-11.70+0.96) was the only metal that was
generally below the regulatory limits in the ponmo forms across the three markets. The present
study shows that the cow skin on sale around the study area is not entirely free from heavy metal
contamination and this may have health consequences.
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Introduction

Nigeria, with an average population of about 200 million
people remains the highest populous nation country in Africa.’ Cow
hides are widely consumed as food in Nigeria.> ® Cow hide serves as a
local delicacy. Prior to consumption, it is processed into an edible
form like beef which provide a substitution for beef in meals.® Cow
hides processed effectively as a source of food is very significant to
secure its savoury. This can be accomplished in various ways. Boiling
and burning (singeing /roasting).>* Elimination of the hair from the
hides is conventionally carried out by softening the hides in boiling
water, accompanied by trimming with a sharp blade or knife.> The
substances employed in the burning of hides contain toxic
contaminants which can impact the hides and make them unhealthy
for humans’ consumption. The distinction in the end product derived
from the two techniques are the colour, and the chemical
composition.® * The distinction in colour noted by Funke® was due to
the processing techniques utilized. It was reported that the boiling
technique results in the white coloured “pomo” while the burning
technique led to the burnt/brown coloured type of “pomo”. The
substances employed in the burning of hides contain toxic
contaminants which can impact the hides and make them unhealthy
for humans’ consumption. Hides scorched with firewood blended with
automobile engine fluids may contain certain toxic substances like
dioxins, benzene, furans, lead and Polycyclic aromatic hydrocarbons
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(PAHS).

Therefore, constant and excessive consumption of such probable
contaminated hides may pose a great danger to the consumer.?

Ota, Atan and Lusada towns are characterized by a high population
density, industrial activities, high activity of automobiles, most
especially during the peak hours and also during intensive industrial
processes. In the three towns, there are major markets where hundreds
of consumers go to on a daily basis, patronizing these markets to meet
their different daily food needs. Some of these places where foodstuffs
are sold can be described as “open markets”, the food items are sold
close to the public roads where the traffic density is usually extremely
high. This study outlines the levels of heavy metals in dried and fresh
cowhides (ponmo) on sale in Ado/Odo Local Government area of
Ogun state, Nigeria.

Materials and Methods

Study area
The sampling locations for this study were three major markets,
Lusada, Atan and Ota markets all in Ogun State (Figure 1)

Collection of samples

Two forms of ponmo, wet and dried were collected from the three
markets in March 2018. Five (5) samples of each form of cow hide
(ponmo) were collected from five different sellers at each market
making a total of thirty (30) samples.

Digestion and analysis of samples

Pieces of the ponmo samples were put in oven and made to dry at
100°C until a constant weight is achieved. A protocol for wet
digestion of the samples was followed. All glass wares were allowed a
minimum time of 24 h to soak in dilute nitric acid and thereafter
rinsed in distilled water before use. One (1) gram of the sample was
added onto nitric acid and sulfuric acid in the ratio 3:1 in a beaker of
50 mL volume.
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Figure 1: Map of Ado-Odo/Ota Local Government Area
showing the Sampling Locations

After the tissue had reacted sufficiently with the acids, the beaker was
heated for another 30 mins at 60°C on a hot plate. The beaker was
allowed time to cool, 5ml nitric acid was added and the beaker was not
heated further on observing colour change in the samples. The sample
was sieved until it was very clear, enabling any impurities to be
removed in the process. The content of the beaker was transferred into
a 50 ml volumetric flask and made up to mark with ultra-pure water.

Analytical measurement

Concentrations of nickel, cadmium, lead, manganese and zinc were
then analyzed using a graphite furnace Atomic Absorption
Spectrometer with high-purity argon. Results were converted to mg/kg
dried sample.

Statistical analysis

The results obtained were subjected to statistical analysis using the
GraphPad Prism Software. Means and standard deviation were
generated; the means were compared for significance by Analysis of
Variance (ANOVA). Duncan’s multiple range test was used to test the
level of significance of the means at p < 0.05.

Results and Discussion

The concentration of heavy metals was significantly high in all the
ponmo samples from each of the three markets, with the exception of
zinc which recorded a highest and lowest values of 11.70 mg/kg and
8.86 mg/kg respectively. The concentration of nickel in ponmo was
highest in Atan market with a value of 70.45 + 2.44 mg/kg (fresh
ponmo), followed closely by Lusada market with a value of 54.02 +
2.06mg/kg (fresh ponmo), and lastly Ota market with a value of 48.99
+ 2.41 mg/kg (fresh ponmo). The dried ponmo samples recorded
lower concentrations of nickel compared to the fresh ponmo with both
Ota and Lusada markets having the same values of 25.62 + 1.05
mg/kg and 25.62 + 1.55 mg/kg while Atan market recorded 39.59 %
1.68 mg/kg. Cadmium was detected in dried ponmo at low
concentration in just Lusada market with a value of 19.94 + 1.22
mg/kg, and remained undetected in the other markets at both fresh and
dried forms (Table 1).

Furthermore, the concentration of zinc present in the ponmo was
highest in Atan market with a value of 11.70 + 0.96 mg/kg (fresh
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ponmo), followed closely by Ota market with 10.82 + 1.12 mg/kg
(fresh ponmo) and 10.19 + 1.01 mg/kg (dried ponmo), with Lusada
market having values of 9.85 + 0.92 mg/kg (fresh) and 9.80 + 1.02
mg/kg (dried), and lastly, Atan recorded the lowest concentration of
Zinc with value of 8.86 + 0.81 mg/kg. The levels of manganese were
highest in Atan market, with values of 83.11 + 2.04 mg/kg (dried
ponmo), and 76.63 + 1.85 mg/kg followed by Ota market with values
of 49.09 + 1.98 mg/kg (fresh ponmo) and 46.84 + 1.54 mg/kg (dried
ponmo). Manganese was not detected in Lusada market.

With the exception of Zn, the concentration of other metals analysed
in the ponmo samples were far above the maximum permissible levels
(0.1 mg/kg; 0.5 mg/kg; 0.3 mg/kg) in meats. The highest concentration
of nickel, Ni was found in Atan market with a value of 70.45 mg/kg
for fresh ponmo, while the lowest concentration of Ni was recorded in
both Ota and Lusada markets for dried ponmo recording the same
values of 25.62 mg/kg. The values of Ni in all the three markets for
both fresh and dried ponmo, was found to be far above the permissible
limits of 0.300 mg/kg.? Nickel is a metal that can be found in the
earth’s crust either in elemental form or combined with other elements
as compounds of nickel.’® It has some unique features such as
resistance to heat and corrosion, in addition to being strong and hard.
Because of this, it has enjoyed a very wide usage especially in
industries.> Therefore, through industrial processes by human
activities, natural processes like volcanic eruptions and movement of
dust by wind, nickel and its compounds easily gets into the
atmosphere.”” Additionally, humans and other organisms can also be
exposed to low concentrations of nickel via tobacco smoke, food,
water and air. Nickel-plated materials such as jewellery, coins, and
cooking utensils may also be a source of nickel exposure to the
general public. Evidently, Ni has a low toxicity in man. Adverse
effects can range from airways irritation to increased risks of nasal and
airway cancer.”* Chronic exposures can lead to reduction in body
weight, liver and kidney damage and skin irritation."®

The highest cadmium value recorded in ponmo from the three
different markets was from dried ponmo in Lusada market at 19.94
mg/kg and it remain undetected in the other markets, far above the
permissible limit of 0.500 mg/kg.” Cadmium is found in minute
quantities in the soil. It is dispersed by wind and water above land and
sea, but especially in the particularly in areas of high concentrations of
industrial plants and so easily taken up by many plants and aquatic
organisms. The detection of cadmium in ponmo could therefore be as
a result of the ponmo coming into contact with both soils and particles
dispersed by wind. Cadmium exposure is toxic to the kidney. Bone
demineralization is impacted by cadmium toxicity."* Investigations
also show that cadmium may be implicated in the development of
cancers of the bladder, pancrease, gall bladder and testes.*®

Lead is known as a toxic metal that has no observed beneficial
properties to organisms and its accumulation over a period of time in
the tissues of animals and humans can cause grave damage.'® The
highest concentration of lead recorded was 1.99 mg/kg in fresh ponmo
from Ota market, and the lowest at 1.02 mg/kg also in fresh ponmo
from Lusada market. All the concentrations of lead were above the
permissible limits recorded by USDA of 0.1 mg/kg.® Lead is capable
of entering the atmosphere during smelting, manufacturing, mining
and refining processes and by the utilization of products containing
lead.’” The source of Pb contamination in ponmo may be from the air
and water used in their production. All the ponmo analysed contain
lead in high concentrations (above permissible limits), and this could
be as a result of the utilization of products containing or exposed to
lead during the processing of the ponmo.*®

The mean concentration of zinc in the ponmo samples analysed ranged
from 11.70 mg/kg in fresh ponmo to 8.86 mg/kg in dried ponmo, both
from Atan market respectively. The highest concentration of Zn in this
study was found to be lower than the permissible limit of 50 mg/kg.**
Although humans can handle proportionately large concentrations of
zinc, excessive amounts of Zn in the human body may be hazardous
and pose health challenges, such as anaemia, vomiting, stomach
cramps and skin irritations. Extremely high amounts of zinc can lead
to damage of the pancreas and disrupt the protein metabolism and also
cause arteriosclerosis.™®
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Table 1: Average concentrations (mg/kg) of metals in ponmo in the three markets

Heavy Metals Ponmo Type Ota Market Atan Market Lusada Market
Nlckel Fresh ponmo 48.99 +2.41° 70.45 +2.44° 54.02 + 2.06°

Dried ponmo 25.62 + 1.05° 39.59 + 1.68" 25.62 +1.55°
Cadmium Fresh ponmo ND ND ND

Dried ponmo ND ND 1994 +1.22
Lead Fresh ponmo 1.99 +0.86° 1.34 +0.55" 1.02 + 0.56°

Dried ponmo 1.32 +0.42° 1.31+0.36° 1.90 +0.10°
Zinc Fresh ponmo 10.82 +1.12° 11.70 +0.96° 9.85+0.92°

Dried ponmo 10.19 £ 1.01° 8.86 +0.81° 9.80 +1.02°
Manganese Fresh ponmo 49.09 + 1.98° 76.63 £1.85 ND

Dried ponmo 46.84 + 1.54° 83.11 +2.04° ND

Mean + S.E, no significant difference in values with same alphabets per row, where n =5

Manganese concentration in all the ponmo samples analysed ranged
from 83.11 mg/kg in Atan market to 46.84 mg/kg in Ata market for
both dried ponmo samples exceeding the permissible limits of Mn
recorded by WHO/FAO to be 0.3 mg/kg,*® while Mn was not detected
at all in Lusada market. It is widely known that manganese has the
ability to disrupt calcium channels and with chronic exposure may
results in CNS dopamine depletion. This imitates averagely all of the
symptoms exhibited by Parkinson’s disease.™

Conclusion

The results of this study reveals the presence of high concentrations of
heavy metals in the two forms of ponmo sold in Ota, Atan and Lusada
markets. Thus, this might be a source of great concern for the
consumers from these three towns considering the health impacts of
these metals in humans. It is necessary that effective assessments of
ponmo and other food items in open markets be regularly carried out
to ensure best practices and consumer safety.

Conflict of Interest Statement

The authors declare no conflict of interest.

Authors’ Declaration

The authors hereby declare that the work presented in this article is
original and that any liability for claims relating to the content of this
article will be borne by them.

Acknowledgements

Authors will like to appreciate Covenant University through the
Center for Research, Innovation and Discovery of the institution for
paying the charges for this article.

References

1. Hassan Z, Hashim MJ, Khan G. Population risk factors for
COVID-19 deaths in Nigeria at sub-national level. The Pan
Afr Med J. 2020; 35(2):131.

2. Umar S, Aminu A, Suhasini, K. Leather Value Chain Study
in Katsina State, Nigeria: Cost and Return Analysis. Res J
Agric Forest Sci. 2015; 3(11):10-20.

3. Akwetey WY, Eremong DC, Donkoh E. Chemical and
Nutrient Composition of Cattle Hide (“welle”) using
different processing methods J Anim Sci Adv. 2013;
3(4):176-180.

10.

11.

12.

13.

14.

15.

16.

Kalu E, Nwanta JA, Anaga AO. Determination of the
Presence and Concentration of Heavy Metal in Cattle Hides
Singed in Nsukka Abattoir. J Vet Med Anim Hus. 2014;
7(1):9-17.

Udoh UH, Inyang UA, Akpan PJ. Reviewing the Issues
About Cattle Hides Consumption in Nigeria: An Advocacy
Against Eating Pomo. J Anim Prod Res. 2018; 30(1):01-11.
Funke K. Cow Skin (Pomo) - To Eat or Not to Eat,” Funke
Koleoshos food blog, 2013. Retrieved February 16, 2020.
Available from http://funke-koleosho. blogspot.com.ng/
Okafor CS, Okeke CE, Omuku PE and Okafor NC. Heavy
Metal Contents Assessment of Cow-hide Singed with
Firewood (Bamboo). Biochem Ind J. 2012; 6(7):243-245.
Olukitibi TA, Adetuyi FC, Adeleke BS and Abe SC.
Isolation and Antibiogram of Bacteria Isolated from
Processed and Unprocessed Cow-skin (Pomo) in Ogbese
Market. J Adv Microbiol. 2017; 2(4):1-8.

United States Department of Agriculture (USDA). Specific
maximum levels of contaminants in food (Jim Butterworth
and Wu Bugang) Foreign Agric Services GAIN Report
Global GAIN Report CH6064, 2006. 1-60 p.

National Institute of Occupational Safety and Health
(NIOSH). Nickel Metal and Other Compounds (as Ni),
NIOSH Pocket Guide to Chemical Hazards. Atlanta, GA:
Centre for Disease Control and Prevention, 2010.

National Toxicology Program (NTC). Nickel Compounds
and Metallic Nickel, Report on Carcinogens. Fourteenth
Edition. Triangle Park, NC: National Institute of
Environmental Health and Safety, 2016.

International Agency for Research on Cancer (IARC).
Nickel and Nickel Compounds, IARC Monographs on the
Evaluation of Carcinogenic Risks to Humans. Volume
100C, Lyon, France: World Health Organization, 2012.
Odoh R, Ogah E, Ushie OA. Determination of Some Heavy
Metals Profiles in Meat of Domesticated Animals in the
Vicinity of Kaduna South Industrial Area, Nigeria. FUW
Trends Sci Technol J. 2016; 1(2):337-343.

Solidum JM, Maylea JD, Ar-Raquib DCA, Evangelista JH
and Mary Joy Ann VN. Quantitative Analysis of Lead,
Cadmium and Chromium found in Selected Fish marketed
in Metro Manila, Philippines. Int J Environ Sci Dev. 2013;
4(2):207-212.

Rodjana C. Cadmium Exposure and Potential Health Risk
from Foods in Contaminated Area, Thailand. J Toxicol Res.
2016; 32(1):65-72.

Binkowski LJ. Preliminary Results of Cadmium and Lead
Concentration in Pectoral Muscles of Mallards and Coots
Shot in 2006 In Southern Poland. J Microbiol Biotechnol
Food Sci. 2012; 1:1120-1128.

1008

© 2021 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License



Trop J Nat Prod Res, June 2021; 5(6):1006-1009

17. Abd El-Salam NM, Ahmad S, Basir A, Rais AK, Bibi A,

18.

Ullah R, Shad AA, Muhammad Z and Hussain |I.
Distribution of heavy metals in the liver, kidney, heart,
pancreas and meat of cow, buffalo, goat, sheep and chicken
from Kohat market Pakistan. Life Sci J. 2013; 10:937-940.

Harlia E and Balia LR. The Food Safety of Livestock
Products (Meatball, Corned Beef, Beef Burger and
Sausage) Studied from Heavy Metal Residues
Contamination. Anim Prod. 2010; 12(1):50-54.

© 2021 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License

ISSN 2616-0684 (Print)
ISSN 2616-0692 (Electronic)

19. World Health Organisation (WHO) Lead. In: Safety

evaluation of certain food additives and contaminants,”
Fifty-third meeting of the Joint FAO/WHO Expert
Committee on Food Additives (JECFA), Geneva: 2000;
WHO Food Additives, Series 2000; 44:273-312.

1009



