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ABSTRACT

The study on heavy metals associated with edible Rhinoceros grubs: using Oryctes owariensis as case
study was carried out in Bayelsa state Nigeria. A total of 400 larvae harvested from Raphia hookeri palms
were used for the bioassay. The samples were analysed both qualitatively and quantitatively for heavy
metals adopting procedures by AOAC, 2000 and Womeni et al., 2012. The heavy metals present had
higher concentrations respectively for both the fresh (Zinc: 18.4+0.4mg/100g, Iron: 34.5+3.4mg/100g and
Manganese: 4.8+0.1mg/100g) and processed (Zinc: 12.1+1.2mg/100g, lron: 21.7+5.1mg/100g and
Manganese: 1.7+0.4mg/100g) samples but were found negligible in the elements Copper, Nickel,
Selenium and Molybdenum. Long term accumulation of heavy metals and their residue in the soil, make
them become part of the biogeochemical cycle, thus these toxins are readily introduced into the human
body via food/ beverages consumption, inhalation and skin exposure. Though metallic elements such as
iron, cobalt, manganese, molybdenum and zinc are essential for living organisms in small quantities, at
high concentrations, they are toxic. Therefore, knowledge of heavy metals and their effects is paramount
to provide proper defence against excessive contamination.
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1. INTRODUCTION

The edible larva of the rhinoceros beetle, or Oryctes owariensis grub, belongs to the Coleoptera insect
order and family dynastinae: Scarabaeidae. It mostly affects raphia, coconut, and oil palms as a pest.
Other crops include pineapple, sisal, pawpaw, banana, and sugarcane (Manjeri et al., 2013). Despite being
harmful to palm trees, the larval stages are now prized as delicacies in Nigeria's south and southwest and
are well-known worldwide (Mishra and Omkar, 2017). In other parts of the world, such as Asia,
Awustralia, Latin America, and Africa, where meals made with them are regarded as unique delicacies and
cuisine, the grub is also revered as edible (Allotey et al., 2013).

In West and Central Africa, larvae are used as a regular food during periods of abundance throughout the
year, as well as an emergency food source to prevent famine, according to Banjo et al. (2006).
Researchers have also recommended consuming the grub as supplements to other food groups, including
protein, carbs, fats, and oils. Particularly among those who live in rural areas and low-income earners
Ademolekun (2003), Ekpo and Onigbinde (2005), Allotey et al. (2013), and Ekpo et al. (2009).

According to Raskin et al. (2004), elements classified as heavy metals have an atomic number larger than
20, a high atomic weight, and a high relative density. As metallic qualities, they show ductility,
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malleability, conductivity, cation stability, and ligand specificity. heavy metals have densities more than
5g/cm3. 1t is well known that they have a limited capacity to degrade (Sherene, 2010; Rajeswari and
Namburu, 2014). The following are some examples: arsenic (As), lead (Pb), cadmium (Cd), zinc (Zn),
mercury (Hg), copper (Cu), iron (Fe), zinc (Cu), chromium (Cr), and platinum (Hb). Wong (2003);
Duruibe et al., (2007). According to Thuy et al. (2007), heavy metals are detrimental to plant and animal
life because, despite being existing in the soil, human activity has raised their concentrations.

Oryctes. owariensis grubs have the risk of exposure to heavy metal and pollutants from the environment
via vehicle emission, dirty environment and dust as the producers of the various edible treats of the grub
prepare and sell them in open markets especially along road sides, resulting in contamination and bio
accumulation of these heavy metal in eaters of the grubs (Wood et al., 1968). Unhealthy and unlawful
waste disposal practices in semi-urban areas, residential structures, farmlands, and open spaces have been
linked to health and environmental issues (Amusa et al., 2003). This is because the disposed of trash
releases metals and metalloids with high atomic density into the soil.

As humans consume products derived from the soil, there is bioaccumulation of these poisonous heavy
metals in the human body system leading to the damage of some internal organs with resultant health
problems such as; malfunctioning of the kidneys, liver, circulatory system, bone damage, liver cancer,
inadequate brain development in fetuses, infants and children and also high blood pressure in adults
(Rusan et al; 2007). Though metallic elements such as iron, cobalt, manganese, molybdenum and zinc are
essential for living organisms in small quantities, at high concentrations, they are toxic Elekes (2014).

The concentration of toxic metals around the world have increased over the years due to rapid growth of
human population, haphazard industrialization and technological advancement which led to
environmental problems, thus constituting real threat to both aquatic and terrestrial lives (including
humans) via the food chain of which insects are not exempted as these heavy metals are been assimilated
as residues (Larison et al., 2000; Ives and Cardinale, 2004; Hsu et al., 2006). Muchuwei et al., (2006)
reported that, accumulation of heavy metals in soil contaminates the soil thus affecting food quality and
safety. The study was conducted because, despite its widespread acceptance in the practice of
entomophagy, there are concerns about the possible presence of harmful substances given its prevalence
in the wild, the handling methods used in its preparation, and its easy availability as food consumed by
meal enthusiasts.

2. MATERIALS AND METHODS

Collection, Preparation and analysis of O. owariensis larvae samples

Larvae harvested from the wild (in raphia palms) here in Bayelsa State, were transported in a crumb of
dead trunks of raffia palms to the laboratory. The species was identified and were killed by asphyxiation.
Employing the methods of Womeni et al., 2012, fresh larvae (1 kg) were cleaned using distilled water,
digested and stored for 24 hours. Digesting 0.5 g of the samples with concentrated sulphuric acid (5ml of
conc. H,SO4) and catalyzed in micro Kjedahl (1.5g CuSO4 and 1.5 Na,SO.), methods by AOAC, (2000),
samples were analysed quantitatively for heavy metals. Others were dried at 50°C for 48 hours, and
digested using a porcelain mortar to obtain the crude semi-solid form.

3. RESULTS AND DISCUSSIONS

The listed heavy metals in table 1 below were found present in both fresh and dried O. owariensis
samples. Results were statistically analysed using mean and standard deviation and concentrations of
heavy metals present were expressed in mg/100g as represented in table 2.
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Table 1: Heavy metals present in fresh and dried O. owariensis grubs

S/No. Heavy metal Symbol
1. Zinc Zn

2. Iron Fe

3. Manganese Mn

4. Copper Cu

5. Nickel Ni

6. Selenium Se

7 Molybdenum Mo

Source: Author
Table 2: Quantitative analysis of heavy metals in fresh and dried O. owariensis grubs

Sampl Replicat Zinc Iron Manganes Copper Nickel Selenium  Molybdenu
e e (mg/100 (mg/100 e (mg/100  (mg/100 (mg/100 m
g) 9) ;mg/lOOg 9) 9) 9) (mg/100g)
Fresh 1 18.65a 31.46b 4.65¢ 0.06d 1.10d 1.82d 0.56d
2 17.88a 33.78b 4.78c 0.06d 0.56d 1.75d 1.00d
3 18.52a 38.16b 4.91c 0.07d 0.73d 1.36d 0.41d
MN+S. 18.4+0.4 345434 4.8+0.1c 0.1+0.0d 0.840.3d 1.6+0.2d 0.7+0.3d
D a b
Dried 1 13.46a 18.41b 1.37c 0.01d 0.03d 0.06d 0.04d
2 11.38a 19.20b 1.56¢ 0.02d 0.05d 0.07d 0.04d
3 11.52a 27.61b 2.21c 0.04d 0.05d 0.07d 0.05d
MN+S. 12.1+1.2 217451 1.7+0.4c  0.0+0.0d 0.0+0.0d 0.1+0.0d 0.0+0.0d
D a b

The same letters on the same row show significant difference at p<0.05; Source: Author

Zinc (Zn) is predominantly available compound on earth covering 2/3 of the earth’s surface (Ramesh et
al., 2014). It is reported as a communal pollutant in the environment. Anthropogenic actions such as the
burning of coal power plants, municipal waste releases are the main source of Zn contamination
Pertsemli, (2007). Zinc fumes have corrosive effects on skin and causes damage to nervous membrane.
High accumulation in humans result in nausea, vomiting, stomach cramps, anaemia, fatigue, impaired
immune function Singh, (2011). Though essential for wound healing, zinc accumulation according to
Ellinger and Stehle, (2009) comes as a result of the use of zinc supplements by humans.

Copper (Cu) contaminates the environment from coal burning industries, metallurgical processes, mining
operations, copper wire mills, iron and steel producing industries, smelting industries. Copper can be
harmful if one gets too much. Getting too much copper on a regular basis can cause abdominal pain,
cramps, nausea, diarrhea, and vomiting. Copper toxicity is rare in healthy individuals. However, it can
occur in people with Wilson's disease, a rare genetic disorder (NIH, 2022). High accumulation in the body
of humans results in anaemia, liver and kidney damage, stomach and internal irritation Singh et al.,
(2007). Copper deficiency results to weight loss, bone disorders, anaemia, hyperpigmentation, grey hair
and nerve demyelination.

Nickel (Ni) is recognized to have carcinogenic properties doing with Chromium and Cadmium which
inhibit deoxyribonucleic acid (DNA) repair mechanism. Effects on Humans include lung embolisms,
asthma, allergic reactions from jewelry, respiratory failure, heart disorders, dizziness, possibility of
cancer. Nickel contact can cause a variety of side effects on human health, such as allergy, cardiovascular
and kidney diseases, lung fibrosis, lung and nasal cancer Genchi et al., (2020).

Manganese (Mn) causes damage to the Central Nervous System (CNS) of humans when inhaled or
contacted (Singh et al., 2010). Other effects include: Hypertension, Manganism. Such adverse effects as
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nervous system dullness, behavioural changes, lethargy, weakness, mimicry of Parkinson disease:
tremors, akathesis, dystonia, anxiety, dis-ordination of movement and lack of facial expression ATSDR,
(2014). Inhalation exposure causes: sperm damage, loss of sex drive and pneumonia.

Molybdenum (Mo). Effects of accumulation of Molybdenum leads to lack of appetite, tiredness and
weakness, anorexia, headaches, chest pain, myalgia (muscular pain and tenderness) and arthralgia (joint
pain), gout (joint inflammation), hypochromic microcytic anaemia (low red blood cells), high blood levels
of uric acid accumulation, testicular atrophy/dysfunction and copper deficiency (NIH, 2021). Others
include, pneumoconiosis which is associated with excessive concentrations of molybdenum (Donald et
al., 1999)

Selenium (Se). Effects of Selenium in humans include dizziness, irritation of mucus membrane,
bronchitis, nail loss, hair loss, rashes, headaches, fever, skin lesion, hepatomegaly (liver enlargement),
pains of body and abdomen, tooth deterioration, conjunctivitis, skin swelling, vomiting, diarrhoea, bad
breath, pneumonia, nervous system disorders, reproductive failure, congenital disabilities and
carcinogenic properties. Supplementation with additional selenium intake can increase the risk of type-2
diabetes in people (Misu et al 2010; Yang et al., 2011).

Duruibe et al., (2007) stated that the consumption of insect and insect food contaminated by heavy metals
is the major cause of health dysfunctions such as: limited psychosocial faculties, intrauterine growth
retardation, low immunity defence, gastrointestinal cancer, bloody urine, kidney failure and stomatitis.
Long term accumulation of heavy metals in the soil causes those heavy metals to become part of the
biogeochemical cycle Afolayan, (2018). These toxins from heavy metals are introduced into the human
body via food/ beverages consumption, inhalation and skin exposure Singh et al., (2007).

Singh et al., (2010) stated that anthropogenic activities like mining of metal, smelting foundries and
industries that extract metals, heavy metals are released into the environment thus affecting both
terrestrial and aquatic lives which also affect insects negatively in their ecosystem. Knowledge of heavy
metals and their effects is important to provide proper defence against excessive contamination (Ferner,
2001)

Heavy metals can be prevented from entering our body through food, thus phytoremediation and
intercropping are ways of absorbing and removing these metals from the soils, sediments and water.
Attention should be focused on strategies to remove heavy metals from the environment, such as
phytoremediation and phytomining Genchi et al., (2020). Furthermore, hyper accumulator plants can be
planted because they have root systems with selective uptake. Examples are Pteris vittata L,; Populus
nigra; Brassica carrinata A Brunn and Solanum lycopersicon.

CONCLUSION

Anthropogenic activities like mining of metal, smelting foundries and industries that extract metals, heavy
metals are released into the environment thus affecting both terrestrial and aquatic lives which also affect
insects negatively in their ecosystem. The consumption of insect and insect food contaminated by heavy
metals is the major cause of health dysfunctions such as: limited psychosocial faculties, intrauterine
growth retardation, low immunity defence, gastrointestinal cancer, bloody urine, kidney failure and
stomatitis. Thus, knowledge of heavy metals and their effects is important to provide proper defence
against excessive contamination of the human body hence preventing diseases and resultant death.
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