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This work aimed at assessing the presence of total aflatoxins (AFs) and aflatoxin B1 (AFB1) in fish farmed in two Cameroonian
localities and the possible origin of that contamination through analysis of fish feeds as well as water and mud collected from
the fish farming ponds. Four fish species (kanga, tilapia, catfish, and carp) were collected from two fish farming sites (Mfou and
Batié). Mud and water from the farming ponds of the different species and the fish feeds used in these sites were also collected.
The samples (34) were analyzed for their levels of AFs and AFB1 using the competitive ELISA method. The results obtained
showed that all fish tissue contained AFs and AFB1. A level of AFs higher than the threshold value recommended by the FDA
(20 ppb) was observed in catfish (31:38 ± 0:29 ppb). AFs and AFB1 were presented in fish feeds as well as in muds collected from
the farming ponds. Catfish was the fish species which mostly bioaccumulated aflatoxins in their tissue. This study presents the
state of art on the mycotoxin contamination of fish farmed in some Cameroonian localities and suggests that attention should
be paid to the quality of ingredients used to feed fish.

1. Introduction

As the world population is increased, the demand for animal
proteins has risen, especially those derived from fish because
of their high quality in terms of essential amino acid compo-
sition; their richness in omega 3 fatty acids, in vitamins (A, D,
and B), and in minerals (calcium, iodine, zinc, iron, and sele-
nium); and their low contents in cholesterol and saturated
fats [1]. Cameroon is not in rest as fish represents 40% of
the protein intake of animal origin by the whole population
[2]. To satisfy consumers’ demand, government strategies
were based on fish importation. However, imported fish does
not always satisfy consumers’ demand and willingness. The
fish is generally imported in frozen form, and the nonrespect
of the cold chain during transportation, distribution, storage,
and selling is detrimental to its quality. Besides, the demand

for fresh fish at an affordable price by some consumers is
increasing. To overcome these problems, an alternative
approach based on fish farming was introduced [3]. In that
order of ideas, the local fish farming sector was boosted by
the country who has subscribed to several bilateral projects
and multifaceted interventions in order to make fish-farming
practices accepted and adopted. Hence, approximately
400,000 tons of fish farmed locally is expected per year inCam-
eroon [4]. To reach this objective, increase their incomes, and
thus satisfy the increasing demand of consumers, most of the
fish farmers did not respect the good fish farming practices.
They abusively used veterinary drugs, fertilizers, pesticides,
and limingmaterials [5]. In some cases, local food used forfish
feeding which ismainly composed of cotton seeds, groundnut
flour, maize, fish flour, and animal manure [5] are not prop-
erly stored and could result in mycotoxin contamination
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through mould proliferation [6, 7]. Mycotoxins are toxic
secondary metabolites derived from moulds such as the
genera Aspergillus, Fusarium, and Penicillium [8]. With low
molecular weight, mycotoxins possessed diverse chemical
structures [8, 9]. When ingested by living organisms, they
can lead to harmful effects [10, 11].Mycotoxins were reported
in the literature as toxic to the kidney, lungs, liver, and the
immune, endocrine, and nervous systems [12, 13]. Among
mycotoxins, some of them like AFs and AFB1 were classified
as carcinogenic and mutagenic by the International Agency
for Research on Cancer [14].

The presence of AFB1 in feed intended to animal con-
sumption was noticed in Southeast Asia by Encarnação and
Rodrigues [15]. The authors reported that 55% of animal feed
contained AFB1 at a mean level of 0.118mg/kg. In Eastern
African countries (Kenya, Tanzania, Rwanda, and Uganda),
Marijani et al. [8] reported the presence of mycotoxins in fish
feeds and ingredients collected from smallholder farmers.
They highlighted that samples from Kenya were the most
contaminated with aflatoxins (806.9μg/kg). In sub-Saharan
Africa, only few studies noticed the presence of mycotoxins
in fish feeds [16, 17]. Once these mycotoxins are present in
fish feed, they can bioaccumulate into the fish tissue and thus
represent a risk for human beings [10, 18]. A study previously
conducted in our lab highlighted the presence of antibiotic
residues in fish farmed in some Cameroonian localities.
However, to the best of knowledge, the presence of myco-
toxins in locally farmed fish has not yet been studied in Cam-
eroon. Giving that fish are fed through the dispersion of feed
in water ponds, we hypothesized that the presence of these
mycotoxins in fish tissue could result from a previous con-
tamination of water ponds or from an accumulation of
mycotoxins in mud ponds. It appears therefore interesting
to assess the presence of mycotoxins in water and mud ponds
where fish are farmed. The present study has as objective to
assess the presence of AFs and AFB1 in fish farmed in two
Cameroonian localities and in fish feed used by fish farmers
as well as in water and mud ponds.

2. Materials and Methods

2.1. Study Areas. The present study was conducted in two
regions of Cameroon from February 2019 to May 2019. In
each region, one site was selected. The first site “Mfou” (3°

96′ 57″ N and 11° 93′ 05″ E) was located in the district of
Mfou, Department of Mefou et Afamba, Centre Region of
Cameroon, while the second site “Batié” (5° 18′ 53″ N and
10° 19′ 31″ E) was located in the district of Batié, Depart-
ment of Highland, Western Region of Cameroon. The Centre
Region of Cameroon was selected because of its climate (tem-
perature between 21°C and 31°C during the hot season and
between 18°C and 28°C during the cool season) which favors
fish farming. Besides the Centre Region, the Western Region
was also chosen for this pilot study because of its cold climate
(temperature between 16°C and 20°C) which is favorable to
the farming of some specific species of fish.

2.2. Fish Farming Ponds. The two sites retained for this study
contain more than four farming ponds. The mean area of the

different farming pond was approximately 600m2. In the fish
farming site “Mfou,” the species kanga and tilapia are farmed
in the same pond while the species catfish is farmed alone in
another pond of the same farming site. That association of
fish species was for controlling the reproduction and increas-
ing the final yield [19]. In the fish farming site “Batié,” only
carp is farmed in different ponds.

2.3. Sampling. Three species of fish were collected in the fish
farming site “Mfou.” They were tilapia (Oreochromis niloti-
cus), African catfish (Clarias gariepinus), and kanga (Heterotis
niloticus). These species represent the main fish farmed in the
Centre Region of Cameroon. Another species of fish for which
the optimal growth conditions required low temperature,
namely, common carp (Cyprinus carpio) was collected in the
farming site “Batié.” Regarding the sampling procedure, the
method of the European Commission [20] was used. Briefly,
for each species, fish were withdrawn from the farming pond
and six fish of about 500 g each (total of 3 kg) aged between 8
and 12 months were collected, iced immediately, and trans-
ported in an icebox containing frozen blocks to the laboratory.
Given that the aimof this studywas to assess the level ofmyco-
toxins in fish tissue and identify the possible sources of
contamination of these fish by mycotoxins, besides fish,
samples of fish feed (1 kg each), water pond (1 L each), and
mud ponds (1 kg each) were also collected following the
method of the European Commission [20]. The samples were
labelled and transported together with fish samples to the
laboratory where the analyses were performed.

2.4. Fish Samples Processing.Upon arrival at the lab, fish were
descaled, neatly eviscerated, and washed with tap water in a
cold environment. Afterwards, fish were filleted and the
fillets were mixed and crushed using a mincer (Black &
Decker®, England). The pastes obtained were homogenized,
divided into several aliquots of 10 g each, and kept at -20°C
until the day of experimentation.

2.5. Determination of Total Aflatoxin (AFs) and Aflatoxin B1
(AFB1) in the Samples. The levels of AFs and AFB1 in the
different samples were assessed using the quantitative
method ELISA (enzyme-linked immune sorbent assay). The
MaxSignal® ELISA Test kits for AFs and AFB1 used in this
study were provided by BIOO Scientific Corp (USA).

2.5.1. Extraction of Mycotoxins. The extraction process was
carried out following the protocol defined by the manufac-
turer for each type amatrix. Regarding fish paste, 2 g of sample
wasmixedwith 8mL of 87.5%methanol (HPLC grade, Sigma,
Germany) and vortexed for 10min (Vortex Genius 3, IKA,
Germany). The mixture was then centrifuged at 4000 g for
10min (Centrifuge Rotofix 32 A, Germany), and the superna-
tant was kept for analysis. For the fish feed sample, 5 g was
mixed with 25mL of 70% methanol. The obtained solution
was vortexed for 10min and centrifuged (4000 g, 10min),
and the supernatant was collected.

Concerning water and mud collected from farming
ponds, 1 g was introduced into a tube containing 1mL of
extraction solution (methanol/extraction buffer 1X: 6 : 4,
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v/v). The mixture was vortexed for 1min and centrifuged
(4000 g, 5min), and the supernatant was collected for assay.

2.5.2. Competitive ELISA and Plates Reading. The collected
supernatants were used for the Competitive Direct ELISA
following the manufacturer’s instruction. Plates were imme-
diately read at 450nm using an automated microplate reader
(EL ×800, BIOTEK, Instruments Inc., Winooski, VT, USA).
AFs and AFB1 standards at 0, 0.05, 0.25, 0.75, 2.5, and
10 ppm were used to plot the calibration curves (r2 above
0.98). The calibration curves were used to calculate the con-
tents of AFs and AFB1 in the different samples. Samples with
AFs and AFB1 levels below the limit of detection as specified
by the kits’ manufacturer (0.01 ppb for water and mud and
1ppb for fish and feed samples) were considered as contain-
ing no detectable AFs or AFB1.

2.6. Statistical Analyses. Experiments were performed in trip-
licates. Data obtained were expressed as means ± standard
deviation and submitted to analysis of variance (ANOVA).
The Duncan multiple range test was used to compare the
means at p < 0:05. These analyses were performed with the
software Statgraphics Centurion XV version 16.1.18 (Stat-
Point Technologies, Inc., USA).

3. Results

3.1. Total Aflatoxins and Aflatoxin B1 Levels in Fish Samples.
Table 1 presents the minimum and maximum contents of
AFs and AFB1 found in fish tissue collected from the farming
site “Mfou” and “Batié.” Both AFs and AFB1 were detected in
the samples analyzed at a level which significantly (p < 0:05)
varies with the fish species. Regarding fish species, the levels
of AFs and AFB1 vary significantly (p < 0:05) from a species
to another. Catfish was the most contaminated fish with an
AFB1 content ranging from 1.81 to 15.69 ppb and an AF con-
tent which varies from 3.62 to 31.38 ppb. The lowest levels of
AFs (0.21 ppb) and AFB1 (0.10 ppb) were observed with the
species kanga. For a fish species, a significant variation
(p < 0:05) of the AF and AFB1 contents were noticed. The
highest recorded value was 40 times higher than the lowest
one in the case of tilapia, 50 times in the case of kanga, 8.6
times in the case of catfish, and 2.16 times in the case of carp.

3.2. Total Aflatoxin and Aflatoxin B1 Levels in Fish Feed,
Mud, and Water Samples. In order to identify the possible
source of contamination of fish with AFs and AFB1, the pres-
ence of these mycotoxins in farming pond environments
such as water and mud as well as their presence in food used
to feed fish were assessed.

Regarding the mud samples, Table 2 shows that AFs and
AFB1 were presented in all samples analyzed at levels which
significantly (p < 0:05) vary with the species of fish farmed
in the pond. The mud where carp were farmed contains more
AFs (31.55 ppb) and AFB1 (15.77 ppb) than those where
kanga, tilapia, and catfish were farmed. The least contami-
nated mud was the one that originated from the farming
pond of catfish (1.03 ppb for AFB1 and 2.06 ppb for AFs).
When the fish farming site is considered, it clearly appears
from Table 2 that the mud coming from the farming site

“Batié” was more contaminated than those coming from
the farming site “Mfou.” However, there was no direct rela-
tionship between the presence of AFs and AFB1 in mud
and their presence in fish tissue. The level of AFs and AFB1
in carp was very low compared to their level in mud. An
opposite phenomenon was observed with the other fish spe-
cies where mud coming from the farming ponds were least
contaminated than fish tissue.

Concerning water pond samples, AFs and AFB1 were
present in all samples at concentrations below the detection
limit which is 0.1 ppb as specified by the kit manufacturer.
The most contaminated water was those collected from the
pond of catfish (0.09 ppb). This result was positively associ-
ated with the level of these mycotoxins in fish tissue as catfish
scored the highest level of contamination in both AFs and
AFB1.However, themud collected from the same catfish pond
scored the lowest level of AFs and AFB1. In the farming pond
of kanga and tilapia, the results obtained in this study show
that fish tissue was more contaminated than water and mud.

Feeds consumed by fish were also assessed for their AF
and AFB1 contents, and the results are presented in
Table 2. Feeds contain 1.82 ppb of AFB1 and 3.64 ppb of
AFs. Generally, it clearly appears that the levels of AFB1
and AFs in feed were lower than their levels of fish.

4. Discussion

AFs and AFB1 are toxins produced mainly by Aspergillus
flavus, A. parasiticus, A. nomius, A. arachidicola, and in some
cases by Emericella astellata, E. venezuelensis, and E. olivicola
[21]. Their presence in food even at low concentrations is
harmful to human beings as they can be bioaccumulated into
tissue [10, 18, 22]. In this study, fish farmed in Cameroonian
localities and locally consumed by the population were
assessed for the occurrence of AFs and AFB1 (which is the
most toxic aflatoxin chemotype) [8] in their tissue. The
results showed that these mycotoxins were present in all fish
samples at concentrations which significantly vary from one
fish species to another. Yiannikouris and Jouany [23] also
notified in their studies that the occurrence of aflatoxins in
fish samples depends on the sensibility of the fish. Tilapia
was the less contaminated fish species while catfish was the
most contaminated one (Table 1). According to cited reports
[24], catfish (40.40 ppb) was also more contaminated than
tilapia (15.11 ppb). This difference in the contamination
could be explained by the variability of metabolic activities
from one species to another. Furthermore, the amount of
contaminated feed daily ingested by the fish could also justify
the difference observed. Similar observations were noticed by
Binder et al. [25] in their studies on the aflatoxin contamina-
tion of fish samples. The significant difference observed
between the AF and AFB1 concentrations in kanga and tila-
pia which are both farmed in the same pond also confirmed
the hypothesis that the metabolic activities involved in the
storage and/or elimination of mycotoxins in fish tissue vary
with the fish species. The presence of AFs and AFB1 in fish
farmed in Cameroonian localities is of greatest concern
because they can lead to negative effects on the development
of fish such as stunting, liver damage, immunosuppression
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[26], decrease in growth performance, and increase suscepti-
bility to disease and high mortality [27]. Rahman et al. [28]
pointed out the significant reductions in the total serum pro-
teins, albumins, and globulins caused by the presence of AFB1
in Nile tilapia. Murjani [10] also highlighted in their studies
the carcinogenic effect of AFB1 on fish such as salmon, rain-
bow trout, channel carp, tilapia, and guppy. All these side
effects on fishmight have as consequences such as an increase
of the economic losses (due to a decrease in productivity and
higher mortality rates) [29, 30] and an increase in the risk of
incidence of adverse effects of mycotoxins on human beings.

Considering the recommendation of the Food and Drug
Administration [31] in relation to the maximum level of
AFs and AFB1 in food intended for human consumption
(20 ppb), some samples of catfish were not suitable for
human feeding. This result suggests that attention should
be paid to the bioaccumulation potential of aflatoxins by that
species of fish.

The most contaminated mud pond was the one where
carp was farmed. This result could be explained by the feed-
ing frequency of fish as observed in the site “Batié.” In fact, in
the site “Batié,” fish were fed every day compared to the site
“Mfou” where they were fed once per week. In these condi-
tions, it clearly appears that the feed unconsumed daily, if
contaminated with AFs and AFB1, can precipitate to the bot-
tom of the pond and accumulate in the mud. However, the
levels of AFs and AFB1 in mud samples were not associated
with their levels in carp tissue. This observation shows that

the main source of AFs and AFB1 in fish tissue is the feed that
they ingested.

AFs and AFB1 were found in fish feed samples collected
from the fish farming sites (1.82 ppb for AFB1 and 3.64 ppb
for AFs). Their levels in fish feed were lower than the thresh-
old value recommended by the European Commission for
undesirable substances in animal feed which is 20 ppb [32].
Compared to the literature, the level of AFB1 in fish feeds
observed in this study was low. Marijani et al. [8] noticed a
level of AFB1 ranging from 2 to 806 ppb in fish feeds and
ingredients collected from smallholder farmers in Kenya,
Tanzania, Rwanda, and Uganda. In Iran, Santacroce et al.
[27] found an AFB1 level in fish feeds ranging from 0.46 to
68.5 ppb. In Brazil, Barbosa et al. [30] reported that the
AFB1 level of fish feed ranged from 1.83 to 67.35 ppb. The
presence of these toxins in fish feed samples as observed in
the present study could be explained either by the use of
ingredients previously contaminated with AFs or AFB1 to
prepare these feeds or through poor storage conditions which
had favored the growth of fungi and thus the production of
mycotoxins [8]. Mahfouz and Sherif [33] also noted that stor-
age practices and processing methods of feed are favorable to
fungal growth and production of mycotoxins. Furthermore,
the data gathered from this study showed that the levels of
AFB1 and AFs in feeds are lower than their level in fish tissue.
This phenomenon could be justified by the bioaccumulation
principle of mycotoxins in fish tissue as time passed. How-
ever, the mean concentration of AFs obtained in this study

Table 1: Total aflatoxins (AFs) and aflatoxin B1 (AFB1) contents (ppb) of fish samples collected from the different farming ponds.

Mycotoxins Carp Tilapia Kanga Catfish

AFs

Minimum 6:56 ± 0:30c 0:26 ± 0:07a 0:21 ± 0:01a 3:62 ± 0:01b

Maximum 17:35 ± 2:91c 8:64 ± 0:03a 11:46 ± 0:39b 31:38 ± 0:29d

Means 11:93 ± 0:02c 4:48 ± 0:04a 5:84 ± 0:01b 17:72 ± 0:31d

Norm 20

AFB1

Minimum 3:17 ± 0:01c 0:13 ± 0:03a 0:10 ± 0:00a 1:81 ± 0:00b

Maximum 8:67 ± 1:45b 4:32 ± 0:01a 5:59 ± 0:00a 15:69 ± 0:14c

Means 5:87 ± 0:07c 2:23 ± 0:01a 2:82 ± 0:03b 8:81 ± 0:08d

Norm 20

n = 34. Values are expressed asmean ± standard deviation. Values bearing the same superscript letter on the same row are not significantly different at p < 0:05
according to the Duncan multiple range test. Norm =mycotoxin regulatory guidance of the Food and Drug Administration [21].

Table 2: Levels (ppb) of total aflatoxins and aflatoxin B1 in water, mud, and fish feed samples collected from the different farming ponds.

Samples Specification AFB1 (ppb) AFs (ppb)

Mud

Mud from kanga and tilapia pond 2:10 ± 0:04b 4:21 ± 0:85b

Mud from carp pond 15:77 ± 0:00c 31:55 ± 0:01c

Mud from catfish pond 1:03 ± 0:39a 2:06 ± 0:79a

Water

Water from kanga and tilapia pond 0:03 ± 0:00a 0:07 ± 0:01a

Water from carp pond 0:04 ± 0:02a 0:08 ± 0:00a

Water from catfish pond 0:07 ± 0:00b 0:09 ± 0:01a

Fish feed
Samples 1:82 ± 0:35 3:64 ± 0:72
Norm 20 20

n = 34. Values are expressed as mean ± standard deviation. Values bearing the same superscript letter on the same column are not significantly different at
p < 0:05 according to the Duncan multiple range test. Norm = European Commission [32].
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was lower than that reported by Mwihia et al. [34] in fish feed
used in fish farming activities in Kenyan localities (1.8 to
39.7 ppb). This difference could result from the level of
contamination of the different ingredients used in feed prep-
aration as well as the storage conditions of feeds [8].

Independent of the sampling site, the different water
ponds analyzed showed a level of contamination of less than
0.1 ppb. This result can be justified by the weak solubility of
AFs and AFB1 in water. According to the literature, aflatoxins
are slightly soluble in water [35]. Hence, aflatoxins which
have more affinity with organic compounds will coaggre-
gated with the rest of the insoluble matter and precipitated
to the bottom of the pond. Furthermore, the continuous
replacement of water during the pond cleaning or fishing
processes could also explain the weak level of AFs and
AFB1 obtained in the present study.

5. Conclusions

The present study showed that fish farmed in two Cameroo-
nian localities contained AFs and AFB1. The most contami-
nated species is catfish, and the less contaminated one is
tilapia. Only catfish presented a level of AFs and AFB1 higher
than the recommended norm for these toxins (20 ppb). For
fish farmed in the same pond, the level of contamination with
AFs and AFB1 varies with the fish species. The food used to
feed fish contained AFs and AFB1 and appears as the main
source from which fish are getting contaminated. AFs and
AFB1 were present in the mud of ponds where fish are
farmed at the concentration which depends on the fish feed-
ing frequency. This study presents the state of art on the
mycotoxin contamination of fish farmed in two Cameroo-
nian localities and suggests that attention should be paid to
the quality of ingredients used for fish feeding especially for
the case of catfish which seems to accumulate more myco-
toxins in its tissue.
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