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ABSTRACT

Aim: This study was designed to determine Aflatoxins present in kola nuts sold in Ibadan
metropolis.

Study design: Kola nuts were randomly purchased from different markets in Ibadan, Oyo State.
Methodology: Thin layer chromatography (TLC) and spectrophotometric method were used for the
determination of aflatoxins in the kola nuts samples.

Results: All the samples collected were contaminated with aflatoxins. Aflatoxin B; and B, were
present in the kola nuts samples ranging from 9.73 - 25.43 pg/kg and 10.90 - 29.67 pg/kg
respectively.

Conclusion: The levels of aflatoxins in the sampled kola nuts were mostly above recommended
tolerable limits. It is imperative to enlighten stakeholders on possible ways of handling kola nuts
towards reducing the aflatoxin incidences to the barest minimum in order to safeguard the health of
the populace.

*Corresponding author: E-mail: frenxymail@gmail.com;
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1. INTRODUCTION

Aflatoxins are by-products of secondary
metabolism of filamentous fungi that can bring
about damaging effects on human and animal
health, thereby leading to crucial economic
losses [1,2]. They are found as contaminants in
many agricultural products such as nuts [3], fruits
and vegetables [4], grape juice [5], coffee [6],
animal feed [7], cereals, wheat, milk and dairy
products, spices and herbs, cocoa, etc. Aflatoxin
is one of the most important mycotoxins known
today and the most studied mycotoxins among
those with a wide range of deadly biological
activities.  Aflatoxins  exhibit  carcinogenic,
mutagenic, teratogenic and immunosuppressive
effects [8-11]. More than thirty aflatoxins have
been discovered, however, Aflatoxin B4, B,, G,
and G, are the most notable [12]. Under
favorable conditions, Aspergillus flavus, A.
nomius, and A. parasiticus are known to
produces the common aflatoxins found in food
and feeds [13,14]. However, other species of
fungi that produce aflatoxins also exist [15].
Incidence of aflatoxin producing fungi and
production of aflatoxin on agricultural products
could occur anywhere along the production
chain; including the field before harvest, after
harvest, during processing and in storage.
Generally, aflatoxins is said to have a high
prevalence of 43.5% in Africa [16]. In Nigeria,
aflatoxins have been detected in so many
products, including cereals, cowpeas, groundnut,
flour made from cassava and yam, cocoa, animal
feeds and nuts [17-21].

Kola nut is an important cash crop in Nigeria.
They are obtained from the fruit of kola tree. A
significant number of Nigerians are involved in its
farming and trading. The country produces an
estimated 88% of the world’s kola nuts with an
annual production of 200,000 metric tons, which
are mostly from Southwest Nigeria. Over 90% of
kola nuts produced in Nigeria is consumed within
the country, the remaining is exported to
neighboring countries in the west and other
African countries [22,23]. Kola nut is revered as
sacred for social and religious ceremonies mostly
in Southern Nigeria. It is also important because
of its pharmacological properties, biologically
active constituents, and its industrial usage
[24-26]. Kola nuts are of three varieties (the red,
white and pink), however the red variety is most
commonly encountered in the villages and cities,
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sold by merchants and retailers at different open
market places.

It is a common knowledge that kola nuts are
consumed directly as purchased from the market
places. This is a cause for concern because like
other agricultural commodities, they are
susceptible to mould infection [27]. Mould growth
is a serious problem encountered by retailers in
the process of preservation and storage of kola
nuts. The peasant way of preserving and storing
predisposes the kola nuts to mould
contamination, which becomes worse during the
period of sales due to manner with which it is
handled. The consumers on the other hand, are
sometimes reluctant to dispose seemingly
mouldy kola nuts because of its economic value.
Kola nuts infected with moulds could harbor
aflatoxins or other mycotoxins, thus putting the
health and safety of the consumers at risk. Kola
nuts are very important in the day to day lives of
Nigerians, thus the need to examine the kola
nuts for presence of aflatoxins

2. MATERIALS AND METHODS
2.1 Sample Collection

Dried nuts of C. acuminata were purchased from
different markets and road side retailers in
Ibadan metropolis, Oyo State. These include Oje,
Orita-challenge, Challenge, Oja-Oba, Molete,
Oojo and Bodija markets in Ibadan. The nuts
samples were selected randomly from each
market. A total of 20 samples were collected and
taken to the laboratory for analysis.

2.2 Extraction and Determination of
Aflatoxins

A slightly modified method of AOAC was used
[28]. The nuts were cleaned up, pulverized to
powder and mixed thoroughly before 50g each of
the samples were taken for the extraction of
aflatoxin using chloroform as solvent. Aflatoxin
was later eluted using methanol-chloroform. Thin
layer chromatography was done with benzene-
acetonitrile and developed plates were viewed
under ultra violet light and the pattern of
florescent was noted. Quantification was done by
comparing the florescent intensities of the
samples with the standard and the concentration
in ug / kg was calculated.



3. RESULTS AND DISCUSSION

The levels of aflatoxin B4 (AFB4) and Aflatoxin
(AFB,) were examined in kola nuts sold along
Ibadan metropolis. The results showed that all
the samples obtained were contaminated with
AFB; (Table 1) and AFB, (Table 2). Several
reports have shown the presence of aflatoxins in
different foods and feeds around the globe
[14,29-35]. The occurrence of aflatoxins in nuts
have also been reported [36-39]. However, report
on the occurrence of aflatoxin in kola nuts in
Nigeria is very few. The levels of aflatoxins
observed in this study varied with respect to
different samples with concentrations ranging
from 9.73 - 25.43 pg/kg and 10.90 - 29.67 ug/kg
for AFB; and AFB, respectively (Tables 1 & 2).
The aflatoxin content of these kola nuts should
be a great concern because of their importance
in different homes, ceremonies and social
gatherings without any further processing or
removal of any contaminant before consumption.
Different levels of AFB; and AFB, have also
been reported in kola nuts obtained from
southwest Nigeria [39]. Likewise in this study, the
levels of AFB; and AFB, observed varied with
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different samples and locations. Aflatoxin
concentrations in kola nuts could vary due to
environmental factors, agricultural practices,
susceptibility to fungal invasion, processing and
storage methods. The manner, with which it is
handled during sales, most especially by the
retailers, is also a contributory factor [27]. These
factors are responsible for the disparity observed
in the levels of aflatoxins at different locations
recorded in this study. Generally, the levels of
AFB; and AFB, observed in this study are very
high and mostly above the tolerable
limits/regulatory limits set for aflatoxin in nuts by
different authorities around the world such as the
United States Food and Drug Administration
(FDA), the World Health Organization (WHO),
the Food Agriculture Organization (FAO), the
European Food Safety Authority (EFSA) and the
International Agency of Research on Cancer
(IARC). It has been reported that a consistent
low-level consumption of mycotoxins
contaminated foods could lead to significant
health problems such as, immune dysfunction,
impaired growth and development and
alterations in DNA metabolism [40].

Table 1. Aflatoxin B1 contents (ug/kg) of Cola acuminata from seven markets along Ibadan

Metropolis
Location/Sample S$1 S2 S3 S4 S5
Bodija 16.02 9.73 14.10
Oje 12.67 2543 12.48
Oja-Oba 21.40 19.25 22.33 12.28 23.34
Challenge 16.33 18.20
Molete 10.42 19.26 24.29
Ojoo 20.90 14.20
Orita-challenge 18.67 21.72

Table 2. Aflatoxin B2 contents (ug/kg) of Cola acuminata from seven markets along Ibadan

Metropolis
Location/Sample S1 S2 S3 S4 S5
Bodija 24.40 17.20 29.67
Oje 22.00 18.33 18.02
Oja-Oba 17.29 23.00 26.67 22.10 23.56
Challenge 19.64 15.72
Molete 16.25 16.28 20.89
Ojoo 15.00 21.33
Orita-challenge 10.90 18.50




4. CONCLUSION

Aflatoxins were found in the sampled kola nuts.
The levels of aflatoxins were relatively high and
mostly above recommended tolerable limits. It is
therefore imperative to enlighten stakeholders,
especially the producers and seller on possible
ways of handling kola nuts towards reducing the
aflatoxin incidences to the barest minimum in
order to safeguard the health of the populace.
Practices such as sorting and rinsing with clean
water should be emphasized for the benefit of
the consumers.

COMPETING INTERESTS

Authors have declared that

no competing

interests exist.

REFERENCES

1.

Moretti A, Logrieco AF, Susca A.
Mycotoxins: An underhand food problem.
In  mycotoxigenic fungi: methods and
protocols, methods in molecular biology;

Moretti A, Susca A, Eds.; Springer:
Berlin/Heidelberg, Germany. 2017;1542:
154-196.

Alassane-Kpembi I, Schatzmayr G, Taranu
I, Marin D, Puel O, Oswald IP. Mycotoxins
co-contamination: Methodological aspects
and biological relevance of combined
toxicity studies. Crit Rev Food Sci Nutr.
2017;57:3489-3507.

Kluczkovski AM. Fungal and mycotoxin
problems in the nut industry. Curr Opin
Food Sci. 2019;29:56-63.

Sanzani SM, Reverberi M, Geisen R.
Mycotoxins in  harvested fruits and
vegetables: Insights in producing fungi,
biological role, conducive conditions, and
tools to manage postharvest
contamination. Postharvest Boil Technol.
2016;122:95-105.

Welke JE. Fungal and mycotoxin problems
in grape juice and wine industries.
Curr  Opin  Food Sci. 2019;29:7—
13.

Bessaire T, Perrin |, Tarres A, Bebius A,
Reding F, Theurillat V. Mycotoxins in green
coffee: Occurrence and risk assessment.
Food Control. 2019;96:59-67.

Kebede H, Liu X, Jin J, Xing F. Current
status of major mycotoxins contamination
in food and feed in Africa. Food Control.
2020;110:106975.

Akande et al.; AFSJ, 20(7): 1-5, 2021; Article no.AFSJ.66497

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Agriopoulou S, Koliadima A, Karaiskakis
G, Kapolos J. Kinetic study of aflatoxins’
degradation in the presence of ozone.
Food Control. 2016;61:221-226.
International Agency for Research on
Cancer. |ARC monographs on the
evaluation of carcinogenic risks to humans;
International agency for research on
cancer: Lyon, France. 1993;56.

Gnonlonfin  GJB, Hell KY, Adjovi P,
Fandohan Koudande DO, Mensah GA. A
Review on Aflatoxin contamination and its
implications in the developing world: A
sub-saharan african perspective. Crit Rev
Food Sci Nutr. 2013;53(4):349-365.
Perrone G, Haidukowski M, Stea G,
Epifani F, Bandyopadhya R, Leslie JF, et
al. Population structure and aflatoxin
production by Aspergillus Sect. Flavi from
maize in Nigeria and Ghana. Food
Microbiol. 2014;41:52-59.

Aljicevic M, Beslagic E, Zvizdic S, Hamzic
S, Rebic V. Mycotoxins Health Med. 2008;
2(3):176-181.

Kumar P, Mahato DK, Kamle M, Mohanta
TK, Kang SG. Aflatoxins: A global concern
for food safety, human health and their
management. Front Microbiol. 2017;7:
2170.

Xue Z, Zhang Y, Yu W, Zhang J, Wang J,
Wan F, et al. Recent advances in aflatoxin
B1 detection based on nanotechnology
and nanomaterials-A review. Anal Chim
Acta. 2019; 1069:1-27.

Varga J, Frisvad JC, Ramson RA. Two
new aflatoxin producing species, and an
overview of Aspergillus section Flavi. Stud
Mycol. 2011;69:57-80.

Darwish WS, lkenaka Y, Nakayama SMM,
Ishizuka M. An overview on mycotoxin
contamination of foods in Africa. J Vet Med
Sci. 2014;76(6):789-797.

Alozie TC, Rotimi CN, Oyibo B. Production
of aflatoxins by Aspergillus flavus in some
Nigerian indigenous beverages and
foodstuffs. Mycopathologia. 1980;70:125-
128.

Opadokun JS, lkeorah JN, Afolabi E. The
aflatoxin contents of locally consumed
foodstuffs Part 3, Maize. Nigerian Stored
Prod Res Inst (NSPRI). 1979;2:105-108.
Opadokun JS. Occurrence of aflatoxins in
Nigerian food crops. Paper presented at
the First National Workshop on Mycotoxins
held at the University of Jos, Nigeria; 1990.
Ibeh IN, Uriah N, Ogonor JI. Dietary
exposure to aflatoxin in Benin City, Nigeria,



21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

a possible health concern. Int J Food
Microbiol. 1990;14(1):171-174.

Asuzu IU, Shetty SN. Acute aflatoxicosis in
broiler chicken in Nsukka, Nigeria. Trop
Vet. 1986;4:9-80.

Ogutuga DBA. Chemical compositon and
potential commercial uses of kolanut. Cola
nitida, Vent (Schott and Endicher). Ghana
J Agric Sci. 1975;8:121-125.

Akinbode A. Kola nut production and trade
in Nigeria. Nigeria Institute for Social and
Economic Research Ibadan. 1982;76-78.
Atawodi SEO, Fundstein BP, Haubner R,
Spiegelhalder B, Bartsch H, Owen RW.
Content of polyphenolic compounds in the
Nigerian ztimulants Cola nitida ssp alba,
Cola nitida ssp. rubra A. Chev, and Cola
acuminata Schott and Endell and their
antioxidant capacity. J Agric Food Chem.
2007;55:9824-9828.

Opeke LK. Tropical commodity tree crops.
Spectrum Books. Sushine House: Ibadan;
2005.

Jaiyeola CO. Preparation of kola soft
drinks. J Food Technol Afr. 2001;6:25-26.
Odebode AC. Post Harvest rot of kola nuts
caused by Botryodiplodia theobromae and
Fusarium pallidoroseum. PhD Thesis
University of Ibadan; 1990.

AOAC. Official methods of analysis of the
association of official analytical chemists,
17" edition. The Association of Official

Analytical Chemists, Washington DC,
USA; 2000.
Ayofemi Olalekan Adeyeye S.

Aflatoxigenic fungi and mycotoxins in food:
A review. Crit. Rev Food Sci. Nutr. 2019;
59:1-13.

Temba BA, Fletcher MT, Fox GP, Harvey
J, Okoth SA, Sultanbawa Y. Curcumin-
based photosensitization inactivates
Aspergillus flavus and reduces aflatoxin B1
in maize kernels. Food Microbiol. 2019;

82:82-88.
Karunarathna NB, Fernando CJ,
Munasinghe DMS, Fernando R.

Akande et al.; AFSJ, 20(7): 1-5, 2021; Article no.AFSJ.66497

32.

33.

34.

35.

36.

37.

38.

39.

40.

Occurrence of aflatoxins in edible
vegetable oils in Sri Lanka. Food Control.
2019;101:97-103.

Blankson GK, Mills-Robertson FC, Ofosu
IW. Survey of occurrence levels of
aflatoxins in selected locally processed
cereal-based foods for human
consumption from Ghana. Food Control.
2019;95:170-175.

Taniwaki MH, Pitt JI, Copetti MV, Teixeira
AA, lamanaka BT. Understanding
mycotoxin contamination across the food
chain in Brazil: Challenges and
opportunities. Toxins. 2019;11:11070411
Battilani P, Toscano P, Van Der Fels-Klerx
HJ, Moretti A, Camardo Leggieri M, Brera
C, et al. Aflatoxin B1 contamination in
maize in Europe increases due to climate
change. Sci Rep. 2016;6:1-7.

Lippolis V, Irurhe O, Porricelli ACR,
Cortese M, Schena R, Imafidon T, et al.
Natural co-occurrence of aflatoxins and
ochratoxin a in ginger (Zingiber officinale)
from Nigeria. Food Control. 2017;73:1061—
1067.

Yilmaz SO. The contamination rate of
aflatoxins in ground red peppers, dried
figs, walnuts without shell and seedless
black raisins commercialized in Sakarya
City Center, Turkey. Ital. J Food Sci. 2017;
29:591-598.

Rodrigues P, Venancio A, Lima N.
Mycobiota and mycotoxins of almonds and
chestnuts with special reference to
aflatoxins. Food Res Int. 2012;48:76-90.
Golge O, Hepsag F, Kabak B.
Determination of aflatoxins in walnut sujuk
and Turkish delight by HPLC-FLD method.
Food Control. 2016;59:731-736.

Adebajo LO, Popoola OJ. Mycoflora and
mycotoxins in kolanuts during storage.
African Journal of Biotechnology. 2003;
2(10):365-368.

Bryden WL. Mycotoxins in the food chain,
human implications. Asia Pac J Clin Nutr.
2007;16(1):95-101.

© 2021 Akande et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://www. sdiarticle4.com/review-history/66497




