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ABSTRACT

The Gross Domestic Product of Cameron is partially based on agricultural products. Crops like
maize, peanuts, beans, cassava, cocoa and coffee are the most cultivated ones. A high portion of
this production is locally consumed, and the other part is exported to foreign countries in order to
balance the economy. Postharvest losses due to fungal contamination and the presence of
mycotoxins in food represent some of the most important problems this producing country
government and populations are facing. The analysis of food from animal or vegatal origin in this
country during the last 25 years have highlighted the presence of mycotoxins such as aflatoxins,
fumonisins, ochratoxins, zearalenone and deoxynivalenol in some cases. This paper reviews the
effects of mycotoxins on human health and associated regulations, their occurrence in food
commodities from Cameroon, as well as the dietary exposure of consuming populations and the
results obtained from their bio-monitoring.
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1. INTRODUCTION estimated that the agricultural sector’s share in

the Gross Domestic Product (GDP) of this
Part of the Cameroonian economy relies on country in 2016 was 16.7%. Maize, peanuts,
agriculture. The World Bank Group has cassava, sorghum, cocoa and coffee represent
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the main crops contributing to this agricultural
GDP [1]. These crops are highly consumed by
local populations and are also exported all over
the world. Cameroon, like many other countries
worldwide, faces the serious challenge of post-
harvest losses which are partially due to mould
contamination [2]. The tropical climate (high
temperature and humidity) and the poor crop
storage conditions are frequently conducive to
the fungal growth [3]. This contamination may
occur during cultivation, harvesting or storage
and lead to the presence of mycotoxins in the
food [4,5]. Mycotoxins are secondary metabolites
produced by some fungi and have a negative
impact on human and animal health. They are
produced by certain moulds species, mainly
belonging to Aspergillus, Penicillium and
Fusarium genera. Aflatoxins (AFs), fumonisins
(FBs), ochratoxins, zearalenone (ZEN) and
deoxynivalenol (DON) are the ones of major
agro-economic and public health importance
[6,7]. These toxins are regularly detected
worldwide in several crops such as those
previously mentioned. Mycotoxins contamination
is nowadays considered as an important
quality and safety parameter for foods. The
Food and Agricultural Organization [8] has
estimated that about 25% of the world’s food
crops are significantly contaminated with
mycotoxins annually. In order to Ilimit the
associated health risk, strict standards on the
maximum tolerable concentration of different
mycotoxins in foods have been fixed at both
national and international levels. These toxins
account for milions of US dollars lost
annually worldwide regarding human and animal
health, and destructed agricultural products
[9-12]. This paper reviews mycotoxins effect
on human health and associated regulations,
their occurrence in food commodities from
Cameroon over the past 25 years (1993-2018),
as well as the dietary exposure of populations

and the results obtained from their bio-
monitoring.
2. EFFECT OF MYCOTOXINS ON

HUMAN HEALTH AND ASSOCIATED
REGULATIONS

Human contamination with mycotoxins can occur
directly through the consumption of foods
containing mycotoxins or indirectly through
consumption of animals in which mycotoxins
have been bio-accumulated. Table 1 presents
the impact of the most common mycotoxins
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(Aflatoxins, fumonisins, ochratoxins and so on)
on human health, together with their producing
moulds. Mutagenic, hepatotoxic, dermonecrotic,
nephrotoxic, haematotoxic, immunosuppressive,
neurotoxic, carcinogenic and teratogenic effects
have been reported on both humans and animals
[24] and vary from one mycotoxin to another.
Besides these mycotoxins commonly found in
foods which caused many outbreaks worldwide
[25,26], there are also new emerging mycotoxins
like fusaroproliferin, gliotoxin, cyclopiazonic acid,
penitrem A and verruculogen for which
toxicological studies are still ongoing [27-31].

Due to their potential negative impact on health,
norms on the level of mycotoxins in marketed
and consumed foods have been established
worldwide. Based on the toxicological studies, a
maximum acceptable content of each specific
mycotoxin in different food matrices has been
defined at both national and international levels.
Some African countries like South Africa,
Morocco, Egypt or Zimbabwe have their
regulations [32,33,34,35-40], but the most
updated and worldwide used regulations are
those of developed countries (European Union
and USA) [41-50]. Their standards (Table 2)
serve as a reference to many other countries
from which they import foods. Indeed, they are
the main importers of many crops and food
products and are strict on the maximum tolerated
limits of mycotoxins.

The application of these measures has helped in
limiting the mycotoxicoses risk. Nevertheless,
this implies additional costs for quality control
and eventual rejection of foods once arrived at
the destination. Unfortunately, many agricultural
products originally destined for export are often
put aside and destroyed due to their high
mycotoxin content thus affecting the economy of
producing countries [9-12]. Many of the countries
exporting their food products are developing or
underdeveloped countries, where monitoring of
the entire production chain from farms to the final
products is a challenge [6,51]. Situations where
exporting countries would retain higher risk
commodities for their national consumption and
therefore expose their populations also exist [3].
In fact, the risk of contaminated foods to be
consumed locally after market rejection or use for
feeding animals is important leading to the
possibility to exposure to high levels of
contamination and/or appearance of residues in
food from animal origin (milk).
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Table 1. Effects of the most common mycotoxins on human health

Mycotoxins Producing moulds Effects References

Aflatoxin B4, B, Aspergillus flavus, A. parasiticus, A. nomius, A. arachidicola, Hepatocarcinogenic, carcinogenic, [13-15]

G4, G, and M, Emericella astellata, E. venezuelensis, E. olivicola immunosuppressive, genotoxic, oncogenic

Ochratoxin A Penicillium verrucosum, A. ochraceus, A. carbonarius, A. Mutagenic, teratogenic, neurotoxic, hepatotoxic, and [8,15,16]
melleus, A. alutaceus, A. alliaceus, A. albertensis immunotoxic

Fumonisins Fusarium verticillioides, F. proliferatum,F. anthophilum, F. Esophageal and liver carcinogens, neurotoxic, [17,18]

dlamini, F. napiforme, F. nygamai, Alternaria alternata

Genotoxic

Zearalenone

Fusarium graminearum, F. culmorum
F. crookwellense.F. equiseti

Decreased fertility, precocious puberty, breast cancer,
endometrial carcinoma, hyperplasia of uterus

[19]

Trichothecenes

Fusarium graminearum, F. culmorum, F. crookwellense, F.
sporotrichioides, F. poae, F. tricinctum, F. acuminatum,
Cephalosporium sp., Myrothecium sp., Trichodermasp.,
Trichothecium sp., Phomopsis sp.,

Cytotoxic, genotoxic, immunosuppressive,
development of autoimmune diseases, anorexia, rectal
bleeding, and diarrhoea

[15,18,20,21]

Patulin Penicillium expansum, Aspergillus clavatus, Byssochlamys Neurotoxic, genotoxic, teratogenic, immunotoxic, [15,22]
nivea, A. longivesica, A. terreus immunosuppressive and carcinogenic effects
Ergot alkaloids Claviceps purpurea, C. paspali, C. africana, C. fusiformis Abdominal pain, burning sensation of the skin, [23]

insomnia, hallucinations and gangrene
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Country  Mycotoxins Foods Maximum References
/Region level (ng/kg)
European Ochratoxin A Cereals, dry fruits, wine, spices, oat, raisins, coffee, cocoa, soybeans, meat 0.5-15 [41]
Union Ochratoxin A Wheat, barley and rye 5 [42]
Aflatoxins B4, G4, By, Ga Maize, wheat, rice, spices, almonds, oil seeds, dried fruits, cheese 0.1-8 [43]
4-15
Aflatoxin M, Milk, eggs, meat 0.5 [42]
Patulin Apples, cherries, cereal grains, grapes, pears, bilberries 10-50 [44]
Apple juice 50 [42]
T-2 and HT-2 cereals for direct human consumption 50 [45]
Oats, Barley (including malting barley) and maize 200 [45]
Wheat, rye and other cereals 100 [45]
Deoxynivalenol (DON) wheat, oats and maize 1250 [44]
Flour, meal, semolina and flakes derived from wheat, maize or barley 1000 [42]
Cereal grains (wheat, maize and barley) destined for further processing 2000 [42]
Fumonisins (FB; and FB,) Maize-based breakfast cereals and maize-based snacks 800 [44]
Raw maize grain 4000 [42]
Maize flour and maize meal 2000 [42]
Maize intended for direct human consumption 1000 [44]
Zearalenone Unprocessed cereals other than maize 100 [44]
Maize intended for direct human consumption, maize-based snacks and 100 [44]
maize-based breakfast cereals
cereal flour, bran and germ for direct human consumption 75 [44]
USA Total Aflatoxins Food for human consumption 20 [46]
Corn, peanut products, cottonseed meal 20 [47]
Aflatoxin M, Milk, milk products 0.5 [46]
Aflatoxins B4, B,, G4, G, Maize, wheat, rice, peanut, sorghum, pistachio, almond, ground nuts, tree 20 [47]
nuts, figs, cottonseed, spices
Deoxynivalenol (DON) Cereals, cereal products for human food 1000 [48]
Total Fumonisins Cereals 2000 - 4000 [49]
(FB4, FB, and FB3) Corn products and cleaned maize used for popcorn 2000 - 3000 [49]
Patulin Apples, apple juice, and concentrate 50 [49]
Ochratoxin A Cereals, wheat, barley, and rye and derived products. 5 [50]
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3. OCCURRENCE OF MYCOTOXINS IN
FOOD COMMODITIES IN CAMEROON

The occurrence of many mycotoxins in
Cameroonian food commodities such as maize,
peanuts, beans and soybeans has been reported
by many authors (Table 3). Njobeh et al. [52]
observed high contamination of these foods from
different parts of the country by moulds of the
Aspergillus and Penicillium genera, including
toxinogenic strains.

Maize is one of the most vulnerable foods to
moulds contamination. Ngoko et al. [53,54]
reported Aspergillus sp., Fusarium sp. and
Penicillium sp. as the main fungal contaminants
of this crop in Cameroon. These authors
detected the presence of fumonisin By (FB,),
DON and ZEN at levels which were going up to
26000, 1300 and 1100 ug/kg, respectively. FB4
was showing the highest prevalence with a
concentration increasing with the storage time.
The presence of these three mycotoxins in other
maize samples from Cameroon was also
reported in concentrations which were within the
previously mentioned range [55,56]. AFs were
also detected by Njobeh et al. [55] in 55% of their
samples at concentrations between 0.1-15 pg/kg.
This was not the case for Kana et al. [57] who
rather observed a prevalence of 9%, the maximal
concentration obtained being 42 ug/kg. This toxin
content appeared to depend on the agro-
ecological zones. The average total aflatoxins
level of positive maize samples from the
Sahelian Zone was 2.4 pg/kg while positive
samples from the Western High Plateau
(characterized by its hot climate and high relative
humidity) contained 11.9 pg/kg. The studies
performed by Njumbe et al. [58] with a more
accurate and reliable method (LC-MS/MS)
showed levels of contamination of maize which
could go up to 5412 ug/kg for FBs, 645 ug/kg for
AFB; and 3842 pg/kg for DON. Several other
studies have also been carried out to assess the
presence of mycotoxins in maize derived
products which are directly consumed by
populations. In 2015, the analysis of kutukutu, a
fermented maize-based dough largely consumed
in the Northern part of the country revealed an
AFB, content which in some cases exceeded the
2 pg/kg European Commission standard limit
fixed for such products [59]. Nguegwouo et al.
[60] noticed that AFs and FBs contents of maize-
based dishes (beer, porridge, fufu and so on)
were dependent on the production process.
Processes including a sieving step led to lower
mycotoxin concentrations. Similar results were
obtained by Abia et al. [61] who also detected
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low levels of mycotoxins (AFB,, the bacterial
toxin cereulide, DON, FB;, nivalenol, patulin,
ZEN and so on) in maize-fufu (also known as
fufu-corn), a boiled maize-dough dish that is
consumed especially in the western highland of
Cameroon. However, this study revealed for the
first time in a Cameroonian food the mixture of
cereulide, patulin and ZEN derivatives.

Peanuts, beans and soybeans are also often
prone to fungal contamination. Non-
mycotoxigenic as well as mycotoxigenic moulds
of Aspergillus and Penicillium genera have been
isolated from samples coming from different
parts of the country [52]. An evaluation of the
mycotoxin content in peanuts by Njobeh et al.
[55] showed average values of 517, 70, 123 and
6.5 pg/kg for FB;, ZEN, DON and AFs,
respectively. A concentration of AFs between 39-
950 pg/kg was even reported in peanuts meal
destined for poultry feeds [57]. Njumbe et al. [58]
also detected OTA contamination in 13 of the 90
peanuts tested samples (6—-125 pg/kg). With
beans and soybeans, Njobeh et al. [55] also
reported an average concentration of 727 and
195 pg/kg for FB4, 25 and 110 pg/Kg for DON,
24 and 2.1 pg/Kg for AFs, respectively. No
presence of ZEN was detected in soybeans by
these authors while in beans they noticed an
average content of 46.7ug/kg. Abia et al. [56]
detected FB; in 18 of the 35 peanuts samples
they collected and in all ten soybeans samples,
at a mean amount of 5 and 49 ugkg,
respectively.

Cocoa and coffee are food commodities with a
high impact on the economy of many producing
countries like Cameroon. Unfortunately, these
latter are also often contaminated by ochratoxin
A (OTA). Due to their high level of consumption,
strict standards have been defined for these
foods, and they are highly controlled on the
international markets. The presence of
ochratoxigenic fungi like Aspergillus niger and
Aspergillus carbonarius has already been
reported in cocoa samples from Cameroon [72].
Studying the effect of post-harvest treatment on
the final OTA content in cocoa beans or their
derived products (roasted cocoa, nibs, butter,
cocoa powder, chocolate spread),
Mounjouenpou et al. [62,72,73] observed that
pod damage, and late pod opening were
aggravating factors for OTA contamination.
Fermented dried cocoa from intact pods
presented an OTA content below those from
poor quality pods (intentionally or naturally
damaged) which showed contents of up to 76
pg/kg [73]. A. carbonarius and A. niger have also
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Table 3. An overview of mycotoxins occurrence in some Cameroonian food commodities

Food commodity Method of analysis Number Mycotoxin Frequency of Mean (Range) References
of detected mycotoxin-positive concentration
samples samples (%) (ng/kg)

Maize ELISA 18 Fumonisin B4 NS (300-26000) [63]

Deoxynivalenol NS (<100-1300)
Zearalenone NS (<50-110)

ELISA 18 Fumonisins 89 (50-26000) [54]
Deoxynivalenol NS (100-1300)
Zearalenone NS (50-180)

TLC+ HPLC 40 Fumonisin B, 65 3684 (37-24225) [55]
Zearalenone 78 69 (28-273)
Deoxynivalenol 73 59 (18-273)
Aflatoxins 55 1.5 (0.1-15)

LC-MS/MS 37 Fumonisin B4 100 508 (2-2313) [56]

Aflatest immunoaffinity 77 Aflatoxins 9 1(52-42) [57]

column+HPLC

Maize kernels LC-MS/MS 165 Fumonisins 74 (10-5412) [58]

Aflatoxin B 22 (6-645)
Zearalenone 14 (27-334)
Deoxynivalenol 12 (27-3842)

Kutukutu (a fermented maize-based ELISA 29 Aflatoxin B 100 (=2.8) [59]

dough)
Maize-based dishes ELISA + LC-MS/MS 22 Aflatoxins 100 (0.8-20) [60]
Fumonisins 100 (10-5990)

Maize-fufu LC-MS/MS 50 Aflatoxin B4 24 0.9 (n.d-1.8) [61]
Deoxynivalenol 100 23 (14-55)
Fumonisin B, 100 151 (48-709)
Nivalenol 100 268 (116-372)
Patulin 30 105 (12-890)
Zearalenone 100 49 (5-150)

Peanuts TLC+ HPLC 16 Fumonisin B, 19 517 (25-1498) [55]
Zearalenone 63 70 (31-186)
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Food commodity Method of analysis Number Mycotoxin Frequency of Mean (Range) References
of detected mycotoxin-positive concentration
samples samples (%) (ng/kg)

Deoxynivalenol 75 123 (17-270)
Aflatoxins 75 6.5 (0.1-13)

LC-MS/MS 90 Aflatoxin B 29 (0.3-12) [58]
Ochratoxin A 13 (6-125)

Peanuts meal Aflatest immunoaffinity 41 Aflatoxins 100 161 (39-950) [57]

column+HPLC
Groundnuts LC-MS/MS 35 Aflatoxin B4 97 47(<LOQ-210) [56]
Beans TLC+ HPLC 15 Fumonisin B, 20 727 (28-1351) [55]
Zearalenone 33 48 (27-157)
Deoxynivalenol 47 25 (13-35)
Aflatoxins 33 2.4 (0.2-6.2)

Soybeans TLC+ HPLC 5 Fumonisin B 40 195 (25-365) [55]
Zearalenone 0 -
Deoxynivalenol 40 110 (13-207)
Aflatoxins 40 2.1(0.2-3.9)

Cocoa beans Immunoaffinity 36 Ochratoxin A NS 11.52 (5.3-21) [62]

column+HPLC

Arabica coffee Immunoaffinity column + 104 Ochratoxin A NS (0.12-124) [63]

HPLC

Robusta coffee Immunoaffinity 48 Ochratoxin A 75 0.6-18 [64]

column+HPLC

Arabica coffee Immunoaffinity 51 Ochratoxin A 65 0.3-4.9 [64]

column+HPLC
Green coffee beans HPLC 7 Ochratoxin A 57 1.7 (1-2.5) [65]
Sorghum (Variety Damugari) ELISA NS Aflatoxin B4 75 (0-230) [66]
Sorghum (Variety Djigari) ELISA NS Aflatoxin B4 45 (0-145) [66]
Sorghum beer (Bil-bil) ELISA 70 Deoxynivalenol 100 450 (140-730) [67]
Fumonisin B; 79 150 (0-230)

Sorghum beer (Kpata) ELISA 50 Deoxynivalenol 74 520 (0-680) [67]
Fumonisin B, 100 210 (0.5-340)

Stored Cassava chips ELISA 72 Aflatoxins 33 (5.2-15) [68]
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Food commodity Method of analysis Number Mycotoxin Frequency of Mean (Range) References
of detected mycotoxin-positive concentration
samples samples (%) (ng/kg)

Cassava products (flakes+chips) LC-MS/MS 165 Aflatoxin B 25 (6-194) [58]

Penicillic acid 6 (25-184)

Miscellaneous (Rice, pumpkin seeds TLC+ HPLC 6 Fumonisin By 0 - [55]

"egusi", fermented cassava flakes Zearalenone 17 67

"gari", fermented cassava flour "nkum Deoxynivalenol 50 25 (13-35)

nkum") Aflatoxins 17 0.3

Eggs HPLC 62 Aflatoxins 45 0.82+1.7 [69]

Cow milk ELISA 63 Aflatoxin M, 16 0.006-0.53

Black pepper ELISA 20 Ochratoxin A 10 1.5(1.2-1.9) [70]

White pepper ELISA 20 40 3.3 (1.84.9)

Breast milk ELISA 42 Aflatoxin M, 38 7.4 (0.9-37) [71]

*NS, Not specified; ELISA, Enzyme-Linked Immuno-Sorbent Assay; TLC, Thin Layer Chromatography; HPLC, High-Performance Liquid Chromatography;
LC-MS/MS, Liquid Chromatography coupled with Magnetic Sector Mass Spectrometers
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been reported by Nganou et al. [63] as the main
fungal contaminant of coffee beans from
Cameroon, followed by A. ochraceus. Among the
104 samples they tested, just a few presented an
average OTA content above the 5 ug/kg
international limit for roasted coffee. Similar
observations were made by Mounjouenpou et al.
[64]. Their local Arabica coffee brand samples
were all below the limit, and only few from the
Robusta coffee were above. Studies conducted
by Romani et al. [65] had already shown an OTA
contamination of green coffee beans from
Cameroon between 1 and 2.5 pg/kg.

The occurrence of mycotoxins in sorghum and its
derived products has also been studied during
the last decade. This cereal is a crop mainly
produced and consumed in the Northern part of
the country. No presence of OTA, DON and FB;
were detected in the grains collected in this
region by Djoulde [66]. Only AFB, was detected
in sorghum cultivated in the rainy season (O-
230ug/kg). In some locally produced artisanal
sorghum  by-products (beer, flour, baby's
beverage, and cake), mycotoxins were detected
at levels ranging between 0-250 mg/kg for AFB;,
0-45 mg/kg for OTA, and 0-538 ug/kg for DON.
In a previous work performed by this author [67],
he observed that the local sorghum beers bil-bil
and kpata, were contaminated by both DON (0-
730 pg/L) and FB4 (0-340 pg/L).

Apart from maize, peanuts, beans, soybeans,
cocoa, coffee and sorghum, the mycotoxin
content of other foods from Cameroon have also
been studied. Essono et al. [68] assessed the

total aflatoxin content in cassava chips, a
cassava derived product (obtained after
fermentation and drying) which is widely

consumed locally. They reported contamination
of 33% of their samples at levels ranging
between 5.2-15 pug/kg. A higher range of
aflatoxin content (6-194 ug/kg) in these cassava
products (flakes and chips) was noticed by
Njumbe et al. [58] who also reported the
presence of penicillic acid inside (25-184 ug/kg).
Tchana et al. [69] observed AFs contamination in
eggs samples (45.2%) at a mean concentration
of 0.82 pg/kg, contamination which was varying
from one climatic region to another. Indeed, the
frequency of contamination ranged from 25 to
53%, forest and mountain climatic areas showing
a higher contamination level compared to littoral,
and savannah and steppe. These authors also
noticed aflatoxin M; (AFM,) contamination in
16% of their cow milk samples at levels varying
from 0.006 to 0.525 pg/L. More recently, the
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presence of OTA was detected by Nguegwouo et
al. [70] in 10% of black pepper samples (1.2-1.9
pg/kg) and 40% of their white pepper samples
(1.8-4.9 pg/kg) collected from Yaoundé markets.

4. DIETARY EXPOSURE AND BIO-
MONITORING

Health risks associated with mycotoxins mainly
depend on the consumption frequency of
contaminated foods, the level of contamination
and on the weight of consumers. On the basis of
published data on the consumption of artisanal
home-brewed sorghum beer (bil-bil and kpata) in
Cameroon, Djoulde [67] estimated that there are
no DON or FB; health risks for adults of 60 kg
even at the maximum detected concentrations of
these toxins (730 and 230 pg/kg, respectively).
Taking into consideration the average OTA
contamination of coffee in Cameroon,
Mounjouenpou et al. [64] estimated the daily
intake of an adult of 70 kg at 0.065 ng/kg bw/day.
Using the same deterministic approach, the
maximum OTA daily intake that could be
associated to black pepper (0.182 ng/kg bw/day)
and white pepper (0.699 ng/kg bw/day) by adults
of 60 kg was also found insignificant in
comparison to the EFSA provisional tolerable
daily intake value of 17 ng/kg bw/day [70].
Especially for maize, an exposure to FB, several-
fold higher than the health-based guidance
values (2 pg/kg bw/day) has been reported by
Njumbe et al. [58]. A high risk was also noticed
by these authors with the genotoxic carcinogen
AFB; for which no tolerable daily intake (TDI) has
been set, and the principle of “as low as
reasonably achievable” (ALARA) applied.
However, studying the maize dish called “maize-
fufu”, Abia et al. [61] noticed that the average
daily exposures to AFB,;, FBs, DON and ZEN
that could be associated were lower than 50% of

maximum tolerable limit (MTL) for each
respective mycotoxin [74].
Some studies have been carried out in

Cameroon to assess the presence of mycotoxins
in the human body. A recent study carried out by
Chuisseu et al. [71] shows the presence of AFM;,
in 16 of the 42 breast milk samples they have
collected, at a level ranging between 0.9 and 37
pg/kg feeding. A concentration of this toxin
varying from 0.005 to 0.625 ug/L had already
been reported by Tchana et al. [69] in 3 of the 62
breastfeeding milk samples they tested. These
authors had also noticed that malnourished
children suffering from kwashiorkor or marasmic
kwashiorkor were showing a significantly higher
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AFB; content in their urines compared to healthy
children. The maximum values observed in these
three groups were 2.84, 0.864 and 0.155 ug/L,
respectively. Abia et al. [75] reported a higher
occurrence of mycotoxins in urines from HIV
positive people and estimated that their TDI
should be reduced. In 2013, Njumbe et al. [76]
noticed that the mean concentration of AFM;
detected in the urine of the partially breastfed
children (1.43 ng/mL) was significantly higher
than those of the fully weaned children (0.282
ng/mL). They also observed that the DON and
FB; content in these urine samples was
significantly lower for females (0.71 and 0.01
pg/L, respectively) compared to males (3 and
0.59 pg/L, respectively).

5. CONCLUSION

The presence of mycotoxins in food may lead to
severe health consequences for consumers.
Even if the limited studies on the assessment of
human exposure in Cameroon tend to show a
limited health risk, it is important to note that
some of the food samples analyzed presented
mycotoxins contamination levels which were
above the regulatory standards. This has a
negative agro-economic impact on international
trade for this country. Efforts should, therefore,
be made by the government to educate
producers on mitigation strategies (from farms to
the final product), and populations on the risk
associated with such contaminated products.
More studies on exposure need to be done and
should also focus on young children and the
elder people who may be the most sensitive
groups of the populations. The problem of
multiple exposure/contamination of foods and
subsequent synergistic/additive effects should
also not be forgotten.

COMPETING INTERESTS

Authors have declared that

interests exist.

REFERENCES

no competing

1. Leff B, Ramankutty N, Foley JA.
Geographic distribution of major crops
across the world. Glob Biogeochem
Cycles. 2004;22:19.

DOI: 10.1029/2003GB002108

2. AGRA Alliance for a Green Revolution in
Africa.  Establishing the status of
postharvest losses and storage for major
staple crops in eleven African countries

61

10.

1.

12.

13.

(Phase II). AGRA: Nairobi,
2014;271.
Available:http://agra.org/test/wp-
content/uploads/2016/04/establishing-the-
status-of-postharvest-losses-and-storage-
for-major-staple-crops-2014.pdf

Milicevi¢ DR, ékrinjar M, Balti¢ T. Real
and perceived risks for mycotoxin
contamination in foods and feeds:
Challenges for food safety control. Toxins
(Basel). 2010;2:572-592.

Karlovsky P, Suman M, Berthiller F, et al.
Impact of food processing  and
detoxification treatments on mycotoxin
contamination. Mycotoxin Res. 2016;32:
179-205

Cheli F, Pinotti L, Novacco M, Ottoboni M,
Tretola M, DellOrto V. Mycotoxins in
Wheat and Mitigation Measures, Wheat
Improvement, Management and Utilization,
Ms. Ruth Wanyera (Ed.), InTech; 2017.
DOI: https://doi.org/10.5772/67240
Cardwell KF. Mycotoxin contamination of
foods in Africa: Antinutritional factors. Food
Nutr Bull. 2000;21:488-492.

DOI: 10.1177/156482650002100427

Zain ME. Impact of mycotoxins on humans
and animals. J Saudi Chem. Soc.
2011;15:129-144.

DOI: 10.1016/j.jscs.2010.06.006

FAO. Food and Agricultural Organization.
Mycotoxins “Food Safety and Quality,
United Nations Environmental Program
(UNEP) GRID Adrenal, Food Demand and
Need”; 2013.

Shane SH. Economic issues associated
with aflatoxins. In The Toxicology of
Aflatoxins: Human Health, Veterinary, and
Agricultural  Significance. Eaton, D.L.,
Groopman, J.D. Eds. Academic Press:
San Diego, CA, USA. 1994;513-527.
Vasanthi S, Bhat RV. Mycotoxins in foods--
occurrence, health & economic
significance & food control measures.
Indian J. Med. Res. 1998;108:212-224.
Wu F. Mycotoxin reduction in Bt corn:
Potential economic, health, and regulatory
impacts. Transgenic Res. 2006;15:277-
289.

DOI: 10.1007/s11248-005-5237-1

Wu F. Measuring the economic impacts of
Fusarium toxins in animal feeds. Anim.
Feed Sci. Technol. 2007;137:363-374.
IARC. International Agency for Research
on Cancer. IARC monographs on the
evaluation of carcinogenic risks to humans.
Some traditional herbal medicines, some

Kenya.



14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Nguegwouo et al.; EJNFS, 9(1): 52-65, 2019; Article no.EJNFS.2019.013

mycotoxins, naphthalene and styrene.
IARC Press. 2002;82:1-556.
Available:http://doi.org/10.1002/food.19940
380335

Williams JH, Phillips TD, Jolly PE, et al.
Human  aflatoxicosis in  developing
countries: A review of toxicology,
exposure, potential health consequences,
and interventions. Am J Clin Nutr. 2004;
80:1106—1122.

Abrunhosa L, Morales H, Soares C, et al.
A review of mycotoxins in food and feed
products in Portugal and estimation of
probable daily intakes. Crit Rev Food Sci
Nutr. 2016;56:249-265.

DOI: 10.1080/10408398.2012.720619
Pfohl-Leszkowicz A, Manderville RA.
Ochratoxin A: An overview on toxicity
and carcinogenicity in animals and
humans. Mol Nutr Food Res. 2007;51:
61-99.

Voss KA, Smith GW, Haschek WM.
Fumonisins: Toxicokinetics, mechanism of
action and toxicity. Anim. Feed Sci
Technol. 2007;137:299-325.

Anukul N, Vangnai K, Mahakarnchandkul
W. Significance of regulation limits in
mycotoxin contamination in Asia and risk
management programs at the national
level. J. Food Drug Anal. 2013;21:227—-
241.

Zinedine A, Soriano JM, Molté JC, Maries
J. Review on the toxicity, occurrence,
metabolism, detoxification, regulations and
intake of zearalenone: An oestrogenic
mycotoxin. Food Chem Toxicol. 2007;45:
1-18.

Foroud NA, Eudes F. Trichothecenes in
cereal grains. Int J Mol Sci. 2009;10:147—
173.

Pestka JJ, Smolinski AT. Deoxynivalenol:
Toxicology and potential effects on
humans. J. Toxicol. Environ. Heal. - Part B
Crit Rev. 2005;8:39-69.

Moake MM, Padilla-Zakour OIl, Worobo
RW. Comprehensive review of patulin
control methods in foods. Compr. Rev
Food Sci Food Saf. 2005;4:8-21.

Krska R, Baumgartner S, Joseph R. The
state-of-the-art in the analysis of type-A
and -B trichothecene mycotoxins in
cereals. Fresen J Anal Chem. 2001;371:
285-299.

Zinedine A, Manes J. Occurrence and
legislation of mycotoxins in food and feed
from Morocco. Food Control. 2009;20:334—
344.

62

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Bennett JW, Klich M, Mycotoxins M.
Mycotoxins. Clin Microbiol Rev. 2003;16:
497-516.

DOI: 10.1128/CMR.16.3.497

Wild CP, Gong YY. Mycotoxins and human
disease: A largely ignored global health
issue. Carcinogenesis. 2009;31:71-82.
Hajslova J, Zachariasova M, Cajka T.
Analysis of multiple mycotoxins in food.
Methods Mol Biol. 2011;747:233-258.

DOI: 10.1007/978-1-61779-136-9_10
Brera C, De Santis B, Debegnach F,
Miraglia M. Chapter 12 mycotoxins. Compr
Anal Chem. 2008;51:363—-427.

Frisvad JC, Smedsgaard J, Larsen TO,
Samson RA. Mycotoxins, drugs and other
extrolites produced by species in
Penicillium subgenus Penicillium. Stud.
Mycol. 2004;201-241.

Ostry V. Alternaria mycotoxins: An
overview of chemical characterization,
producers, toxicity, analysis and

occurrence in foodstuffs. World Mycotoxin
J. 2008;1:175-188.
Available:http://dx.doi.org/10.3920/WMJ20
08.x013

Logrieco A, Moretti A, Solfrizzo M.
Alternaria toxins and plant diseases: An
overview of origin, occurrence and risks.
World Mycotoxin J. 2009;2:129-140.

DOI: 10.3920/WMJ2009.1145

FAO (Food and Agricultural Organization).
Worldwide regulations for mycotoxins in
food and feed in 2003. FAO Food and
Nutrition Papers, Rome (ltaly). 2003;81:1—
165.
Available:http://doi.org/10.1017/CB0O97811
07415324.004

CAC (Codex Alimentarius Commission).
Code of Practice for the Prevention and
Reduction of Aflatoxin Contamination in
Peanuts. CAC/RCP. 2004;55-2004.

CAC (Codex Alimentarius Commission).
Code of Practice for the Prevention and
Reduction of Aflatoxin Contamination in
Tree Nuts. CAC/RCP. 2005;59-2005.

Van Egmond HP, Dekker WH. Worldwide
regulations for mycotoxins in 1995-A
compendium. FAO Food and Nutrition
paper, FAO, Rome, Italy. 1997;64.

Stoloff L, Van Egmond HP, Park DL.
Rationales for the establishment of limits
and regulations for mycotoxins. Food Addit
Contam. 1991;8:213-221.

DOI: 10.1080/02652039109373971

Viljoen JH. Mycotoxins in grain and grain
products in South Africa and proposals for



38.

39.

40.

41.

42.

43.

44,

45.

46.

Nguegwouo et al.; EJNFS, 9(1): 52-65, 2019; Article no.EJNFS.2019.013

their regulation. PhD Thesis. University of
Pretoria, Pretoria, South Africa. 2003;335.
Mwanza M, Dutton MF. Occurrence of
aflatoxin M1 from rural subsistence and
commercial farms from selected areas of
South Africa. Food Contr. 2014;39:92-96.
Katerere DR, Shephard GS, Faber M.
Infant malnutrition and chronic aflatoxicosis
in Southern Africa: Is there a link? Int J
Food Safety Nutr Public Heal. 2008;1:127.
DOI: 10.1504/IJFSNPH.2008.023013
NMR (National Mycotoxin Regulations).
South African Maize Crop Quality Report
2015/2016 Season Government Notice No.
R. 1145, dated 8 October 2004. Published
under Government Notice No. 987 of 05
September 2016.
Available:http://www.sagl.co.za/Portals/0/M
aize%20Crop%202015%202016/Page %20
73.pdf

(Accessed 30th July 2018)

EC (European Commission). Commission
Recommendation 2006/576/EC of 17
August 2006 on the presence of
deoxynivalenol, zearalenone, ochratoxin A,
T-2 and HT-2 and fumonisins in products
intended for animal feeding. Off J Eur
Union L. 2006;229:7-9.

CAC (Codex Alimentarius Commission).
General standard for contaminants and
toxins in food and feed (CODEX STAN
193-1995), Adopted in 1995, Revised in
1997, 2006, 2008, 2009, Amended in
2010, 2012, 2013, 2014, 2015. 59 pages.
EC (European Commission). Commission
Regulation (EU) No 178/2010 of 2 March
2010 amending Regulation (EC) No
401/2006 as regards groundnuts
(peanuts), other oilseeds, tree nuts, apricot
kernels, liquorice and vegetable oil. Off J
Eur Union. 2010;52:32.

EC (European Commission). Commission
Regulation (EC) No. 1126/2007 on
maximum levels for certain contaminants
in foodstuffs as regards Fusarium toxins in
maize and maize products. Off J Eur
Union. 2007;255:14-17.

EFSA (European Food Safety Authority).
Scientific Opinion on the risks for animal
and public health related to the presence
of T-2 and HT-2 toxin in food and feed.
EFSA J. 2011;9:1-187.

FDA (Food and Drug Administration). U.S.
Food and Drug Administration (FDA)
mycotoxin regulatory guidance. In: U.S.
Food and Drug Administration (FDA),

63

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

editor. Washington, D.C.: National Grain
and Feed Association. 2011;1-9.

USDA (United States Department of
Agriculture). Mycotoxin Handbook. Grain
Inspection, Packers and Stockyards
Administration Federal Grain Inspection
Service. September 17, 2015;60.

USFDA (Us Food and Drug
Administration). Guidance for Industry and
FDA: Advisory Levels for Deoxynivalenol
(DON) in Finished Wheat Products for
Human Consumption and Grains and
Grain By-Products Used for Animal Feed.
US FDA: Silver Spring, MD, USA; 2010.
Alshannaqg A, Yu JH. Occurrence, toxicity,
and analysis of major mycotoxins in food.
Int J Environ Res Public Health. 2017;14.
CAC (Codex Alimentarius Commission).
Codex Committee on Contaminants in
Foods, Discussion Paper on Ochratoxin A
in cocoa. Second Session, (CX/CF08/2/15)
31 March—4 April 2008. The Hague (the
Netherlands): CEC; 2008.

Ukwuru MU, Ohaegbu CG, Muritala A. An
Overview of Mycotoxin Contamination of
Foods and Feeds. J Biochem Microbial
Toxicology. 2017;1:1-11.

Njobeh PB, Dutton MF, Koch SH, et al.
Contamination with storage fungi of human
food from Cameroon. Int J Food Microbiol.
2009;135:193-198.

DOI: 10.1016/j.ijffoodmicro.2009.08.001
Ngoko Z, Marasas WFO, Rheeder JP, et
al. Fungal infection and mycotoxin
contamination of maize in the Humid forest
and the western highlands of Cameroon.
Phytoparasitica. 2001;29:352-360.

DOI: 10.1007/BF02981849

Ngoko Z, Daoudou Imele H, Kamga PT,
Mendi S, Mwangi M, Bandyopadhyay R,
Marasas WFO. Fungi and mycotoxins
associated with food commodities in
Cameroon. J Appl Biosci. 2008;6:164-168.
Njobeh PB, Dutton MF, Koch SH, et al.
Simultaneous occurrence of mycotoxins in
human food commodities from Cameroon.
Mycotoxin Res. 2010;26:47-57.

DOI: 10.1007/s12550-009-0039-6

Abia WA, Warth B, Sulyok M, et al.

Determination of multi-mycotoxin
occurrence in cereals, nuts and their
products in  Cameroon by liquid
chromatography tandem mass

spectrometry (LC-MS/MS). Food Control.
2013;31:438-453.
DOI: 10.1016/j.foodcont.2012.10.006



57.

58.

59.

60.

61.

62.

63.

64.

65.

Nguegwouo et al.; EJNFS, 9(1): 52-65, 2019; Article no.EJNFS.2019.013

Kana JR, Gnonlonfin BGJ, Harvey J, et al.
Assessment of aflatoxin contamination of
maize, peanut meal and poultry feed
mixtures from different agroecological
zones in Cameroon. Toxins (Basel).
2013;5:884-894.

DOI: 10.3390/toxins5050884

Njumbe Ediage E, Hell K, De Saeger S. A
comprehensive study to explore
differences in mycotoxin patterns from
agro-ecological regions through maize,
peanut, and cassava products: A case
study, cameroon. J Agric Food Chem.
2014;62:4789-4797.

DOI: 10.1021/jf501710u

Tchikoua R, Tatsadjieu NL, Mbofung CMF.
Effect of Selected Lactic Acid Bacteria on
Growth of Aspergillus flavus and Aflatoxin
B1 Production in Kutukutu. Journal of
Microbiology Research. 2015;5:84-94.
Available:http://doi:10.5923/j.microbiology.
20150503.02

Nguegwouo E, Njumbe E, Njobeh PB,
Medoua GN, Ngoko Z, Fotso M, De
Saeger S, Fokou E, Etoa FX. Aflatoxin and
fumonisin in corn production chain in bafia,
centre Cameroon: Impact of processing
techniques. J Pharm Pharmacol. 2017;5:
579-590.

Abia WA, Warth B, Ezekiel CN, et al.
Uncommon toxic microbial metabolite
patterns in traditionally home-processed

maize dish (fufu) consumed in rural
Cameroon. Food Chem Toxicol. 2017;
107:10-19.

DOI: 10.1016/j.fct.2017.06.011
Mounjouenpou P, Mbang JAA, Guyot B,
Guiraud JP. Traditional procedures of
cocoa processing and occurrence of
ochratoxin - A in the derived products. J
Chem Pharm Res. 2012;4:1332—-1339.
Nganou ND, Durand N, Tatsadjieu NL, et
al. Fungal flora and ochratoxin a
associated with coffee in Cameroon. Br
Microbiol Res J. 2014;4:1-17.
Mounjouenpou P, Durand N, Guiraud J-P,
et al. Assessment of Exposure to
Ochratoxin — A (OTA) through Ground
Roasted Coffee in two Cameroonian
Cities: Yaounde and Douala. Int J Food Sci
Nutr Eng. 2013;3:35-39.

DOI: 10.5923/j.food.20130303.03

Romani S, Sacchetti G, Lopez CC, et al.
Screening on the occurrence of ochratoxin
A in green coffee beans of different origins
and types. J Agric Food Chem.
2000;48:3616-3619.

64

66.

67.

68.

69.

70.

71.

72.

73.

74.

DOI: 10.1021/jf990783b

Djoulde DR. Sustainability and
effectiveness of artisanal approach to
control mycotoxins associated  with

sorghum grains and sorghum-based food
in Sahelian zone of Cameroon. In: Makun
HA, editor. Mycotoxins and food safety in
developing countries. Croatia: INTECH.
2013;137-51.
Available:http://dx.doi.org/10.5772/54789
Djoulde DR. Deoxynivalenol (DON) and
fumonisins B1 (FB1) in artisanal sorghum
opaque beer brewed in north Cameroon.
African J Microbiol Res. 2011;5:1565—
1567.

DOI: 10.5897/AJMR10.709

Essono G, Ayodele M, Akoa A, et al.
Aflatoxin-producing Aspergillus spp. and
aflatoxin levels in stored cassava chips as
affected by processing practices. Food
Control. 2009;20:648-654.

DOI: 10.1016/j.foodcont.2008.09.018
Tchana AN, Moundipa PF, Tchouanguep
FM. Aflatoxin contamination in food and
body fluids in relation to malnutrition and
cancer status in Cameroon. Int J Environ
Res Public Health. 2010;7:178-188.

DOI: 10.3390/ijerph7010178

Nguegwouo E, Etame L, Tchuenchieu A,
Mouafo H, Mounchigam E, Njayou N,
Medoua G. Ochratoxin A in black pepper,
white pepper and clove sold in Yaoundé
(Cameroon) markets: Contamination levels
and consumers practices increasing health
risk. Int J Food Contam. 2018;5:1-7.
Chuisseu DDP, Abia WA, Zibi SB, Simo
KN, Ngantchouko NCB, Tambo E, Tchana
NA, Moundipa FP, Ngogang J. Safety of
breast milk vis-a-vis common infant
formula and complementary foods from
western and centre regions of Cameroon
from mycotoxin perspective. R Adv Food
Sci. 2018;1:23-31.

Mounjouenpou P, Gueule D, Fontana-
Tachon A, et al. Filamentous fungi
producing ochratoxin a during cocoa
processing in Cameroon. Int J Food
Microbiol. 2008;121:234-241.

DOI: 10.1016/j.ijffoodmicro.2007.11.017
Mounjouenpou P, Gueule D, Ntoupka M, et
al. Influence of post-harvest processing on
ochratoxin A content in cocoa and on
consumer exposure in Cameroon. World
Mycotoxin J. 2011;4:141-146.

DOI: 10.3920/WMJ2010.1255

EC (European Commission). Commission
Regulation (EC) No 1881/2006 of 19



75.

Nguegwouo et al.; EJNFS, 9(1): 52-65, 2019; Article no.EJNFS.2019.013

December 2006 setting maximum levels
for certain contaminants in foodstuffs (text
with EEA relevance). Off J Eur Union.
2006b;364:5-24.

Abia WA, Warth B, Sulyok M, et al. Bio-
monitoring of mycotoxin exposure in
Cameroon using a urinary multi-biomarker
approach. Food Chem Toxicol. 2013;62:
927-934.

DOI: 10.1016/j.fct.2013.10.003

76.

Njumbe Ediage E, Diana Di Mavungu J,
Song S, et al. Multimycotoxin analysis in
urines to assess infant exposure: A case
study in Cameroon. Environ Int. 2013;57—
58:50-59.

DOI: 10.1016/j.envint.2013.04.002
Available:https://data.worldbank.org/indicat
or/NV.AGR.TOTL.ZS?end=2016&locations
=A0-BI-CM-CF-TD-CG-CD-GA-GQ-
ST&name_desc=false&start=1996

© 2019 Nguegwouo 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.

65



