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Consumption of chicken and eggs contaminated by mycotoxins could lead to a public health concern. This study was conducted to evaluate
the dietary exposure of populations to aflatoxins (AFs) and ochratoxin A (OTA) through these poultry products in the three most urbanized
regions of Cameroon (Centre, Littoral, and West). A survey was firstly carried out to know about the consumption frequency by the
different population age groups as well as their awareness about mycotoxins. Chicken feed, broiler, and eggs were collected from modern
poultry farms. AFs and OTA were analysed using the enzyme-linked immunosorbent assay (ELISA), and dietary exposure was evaluated
using a deterministic approach. From the 900 households questioned, a daily consumption frequency of chicken and eggs was the most
reported (41% and 69%, respectively), with populations having a very weak knowledge of mycotoxins and their associated health risk (18%).
Mean concentrations of AFs, AFB,, and OTA in poultry tissues were below the established regulated limits (20 ug/kg for AFs, 10 ug/kg for
AFB;, and 5 ug/kg for OTA) in feeds. These toxins were detected at average concentrations of 1800 and 966.7 ng/kg for AFs in chicken
muscle and egg, respectively, and 1400 and 1933.3 ng/kg for OTA in muscle and egg, respectively. Based on the survey, their estimated daily
intakes through these poultry products tended to be lower than the limits 1 and 100 ng/kg bw/day for AFB,; and OTA, respectively). The
margins of exposure (MOE) of the different population age groups to AFB; and OTA obtained suggest that the public health concern
associated with the presence of mycotoxins in poultry products shall not be underestimated.

1. Introduction

Poultries such as chicken are important sources of protein
and other nutrients for human nutrition [1]. Chicken is easy
to rear [2], available at low prices, and consumed by billions
of people including those who live in low-income countries
[3]such as Cameroon. In 2018, 69 billions of chickens were
killed and processed for meat around the world [4]. The

poultry sector is a growing industry that accounts for about
33% of the global meat consumption and is expected to
increase at 2-3% per year in the world [5]. In Cameroon, it
has been estimated to share 42% of the market with a per
capita consumption of 5.6kg of chicken and 52 eggs an-
nually [2]. Poultry feed generally consists of agricultural
products such as maize, groundnuts, and wheat that may be
contaminated by mycotoxins. Several studies reported the
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poisoning of humans and animals caused by feed and food
contaminated by mycotoxins [6-9]. These mycotoxins have
been described as carcinogenic, nephrotoxic, hepatotoxic,
teratogenic, and immunotoxic to humans and several other
species of animals [10]. They are a group of secondary
metabolites produced by fungi belonging to three genera
(Aspergillus, Penicillium, and Fusarium) which can produce
more than 500 toxins. Amongst these mycotoxins, some like
aflatoxins and ochratoxin A exhibit pathogenic character-
istics [8, 9]. They are nowadays considered as a worldwide
concern by the WHO and FAO. In suitable conditions,
fungal growth in animal feed is inevitable (especially during
storage). The use of contaminated feed in the poultry sector
is a source of cross-contamination for humans. Human
exposure to these mycotoxins is generally more important
through plant food than animal food, but regular con-
sumption of animal products even if containing low my-
cotoxins levels may lead to health problems. In Cameroon,
previous studies reported the contamination of chicken feed
by mycotoxins [11, 12] and their occurrence in gizzard,
chicken muscle, and eggs [13, 14]. However, to the best of
our knowledge, no study has been carried out to assess the
dietary exposure that could be associated with the presence
of these toxins in chicken and eggs which are frequently
consumed. The present study was designed to assess the
occurrence of total aflatoxins, aflatoxin B;, and ochratoxin A
in chicken and eggs and the associated health risk for the
different population age groups.

2. Materials and Methods

2.1. Study Design and Survey Data Collection. A survey on
chicken and eggs consumption and population awareness
about mycotoxins was firstly carried out. This was a cross-
sectional, multistage cluster study conducted in three re-
gions of Cameroon (Centre, Littoral, and West). Figure 1
presents the distribution of the study clusters. Thirty clusters
were selected in each region using a random start point and
systematic selection of adjacent households, each cluster
representing 10 households. A total of 900 voluntary
households took part in this survey, with as inclusive criteria
a minimum of 2 years of settlement of the concerned family
in the area. The household respondents should also have at
least 18 years old. The questionnaire was drafted (and val-
idated in 20 households) to collect information regarding
people living in the house (age, weight), their chicken and
egg consumption frequency as well as quantity, and their
knowledge of fungi and mycotoxins. Chicken and egg
consumption frequency and quantities were assessed by
asking participants how many times in the week, month, or
year they had consumed chicken or eggs and the number of
eggs or parts of the chicken generally eaten by each member
of the household. An estimation of the corresponding weight
could therefore be made by removing the bias associated
with the presence of the bones in the chicken part (averagely
71.1% of a part) and eggshells (averagely 12.8% of an egg)
that are not eaten. Wearing minimal clothes, the elderly,
adults, teenagers, and children of each household were
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weighed to the nearest 10 g with an electronic scale (Seca,
Hamburg, Germany).

2.2. Sample Collection. Fifteen samples of chicken feed, 48
live market-ready broilers, and 180 fresh layer eggs were
randomly collected as described by Akinmusire et al. [15]
for feed samples and Thrusfield [16] for other samples.
Indeed, sampling was conducted in 6 different poultry
farms (2 per region) for broilers, 6 other layer farms (2 per
region) for chicken eggs, and 12 poultry farms (the pre-
vious 6 for broilers and 6 for layers) and in 3 commercial
structures for chicken feeds (local and imported feed). The
samples collected were brought to the laboratory for
treatments and analyses.

2.3. Sample Treatments. Feed samples were ground with a
blender (Black & Decker®; England), weighed in several
aliquots of 5g using a scale (Mettler Tolero, USA), and
stored in sterile plastic bags at —20C until analysis
(maximum 1 week). Chicken samples were slaughtered,
and their carcasses were scalded using hot water at
100 £ 2 C. The skeletal muscle, as well as the skin and liver
of each broiler, were removed with a knife. The most
consumed parts such as the muscle and the liver were
taken from each broiler to make a bulk sample of each part
for a broiler farm. Each bulk sample was ground sepa-
rately and thoroughly mixed to give representative
samples. Ground bulk samples were weighed in several
aliquots of 5g and stored at —80 C until analysis. Eggs
samples were washed with distilled water, broken, ho-
mogenized, weighed in several aliquots of 5g, and also
stored at —80 C until analysis.

2.4. Mycotoxin Determination. Total aflatoxins (AFs), afla-
toxin B; (AFB,), and ochratoxin A (OTA) concentrations in
the samples were determined using quantitative ELISA
(enzyme-linked immune sorbent assay) kits (CAT. No. 1030,
1034 and 1036, BIOO Scientific Corp., MaxSignal®, Bur-
leson Road Austin, TX 78744 USA). Samples (5 g of chicken
feed, 2 g of ground bulk chicken tissue, or 2 g of egg) were
mixed with 25 mL of 70% methanol (HPLC grade Merck) in
50 mL falcon tubes for 10min on a vortex, followed by
centrifugation at 4,000 xg for 10 min using the Rotofix 32 A,
centrifuge (Germany). Then, 100 uL of the supernatant was
collected and diluted with 700 4L of a mixture of methanol
(HPLC grade, Merck). The mixture was used for total AFs,
AFB;, and OTA analyses following the kit manufacturer’s
instructions. Their concentrations were inversely propor-
tional to the colour intensity established using an automated
microplate reader (EL x800, BIOTEK, Instruments Inc.,
Winooski, VT, United States) at 450 nm and were estimated
based on a calibration curve plotted before. The analytical
test was evaluated using the internal quality control (IQC)
approach and validated before usage. Five different IQCs were
chosen to monitor the analytical sequence: calibration, blanks,
midrange standard, spiked standard solution, certified ref-
erences material, and duplicates. When acceptance criteria
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FIGURE 1: Map of Cameroon and its 10 regions with the pointed out 03 selected study areas.

were not met for a sample, results were discarded, and the
sample was reanalysed. The limit of detection (LOD) of the
analysed samples varied between 0.06-0.3 ug/kg for AFs and
0.3-0.6 ug/kg for OTA, while the limit of quantification
(LOQ) was in the range 0.2-1 ug/kg for AFs and 1-2 ug/kg for
OTA. Samples with values below the limit of quantification
(LOQ) were recorded as containing not detectable.

2.5. Dietary Exposure Assessment. A deterministic approach
was used to calculate dietary exposure to AFT, AFB;, and
OTA [17]. Amongst aflatoxins, AFB; is the most dan-
gerous and is known with OTA to be heat stable at 160°C
and 180°C, respectively [18]. Their intakes were deter-
mined by considering the mean concentrations of my-
cotoxins and the min, mean, max, and 95th percentile of
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TaBLE 1: Descriptive statistics of data collected from the households’ survey in the selected Cameroon urbanized areas (N =900).
Variable Total population Centre Littoral West
HH composition
Female (n (%)) 552 (61.3) 210 (70.0) 186 (62.0) 156 (52.0)
HH respondents Male (1 (%)) 348 (38.7) 90 (30.0) 114 (38.0) 144 (48.0)
Total people, n 4705 1565 1582 1558
Children, 4-12y (1 (%)) 1293 (27.5) 470 (30.0) 410 (25.9) 413 (25.5)
Teenagers, 13-19y (n (%)) 1766 (37.5) 520 (33.2) 610 (38.6) 636 (40.8)
Adult, 20-59y (1 (%)) 1311 (27.9) 475 (30.4) 422 (26.7) 414 (26.7)
Elderly, >60y (n (%)) 335 (7.1) 100 (6.4) 140 (8.8) 95 (6.0)
Education level of HH respondents (%)
No schooling 4.7 4.0 2.0 8.0
Primary 13.7 21.0 2.0 18.0
Secondary 34.3 34.0 54.0 15.0
University 47.3 41.0 42.0 59.0
HH respondents’ knowledge (%)
Fungal contamination 95.7 96.0 98.0 93.0
Mycotoxin contamination 23.0 6.0 11.0 52.0
Health FlSk? associated with fungal 18.0 23.0 20 29.0
contamination
HH chicken consumption frequency (%)
Daily 41.0 45.0 36.0 42.0
Weekly® 13.7 15.0 12.0 14.0
Monthly? 30.0 25.0 34.0 31.0
Annually® 16.3 15.0 18.0 13.0
HH egg consumption frequency (%)
Daily 69.0 65.0 70.0 72.0
Weekly* 17.0 18.0 17.0 16.0
Monthly? 9.3 12.0 8.0 8.0
Annually® 47 5.0 5.0 4.0

HH: households; “just once/week; dat least once/ month; ‘at least once/year.

the collected chicken and egg consumption. The following
equation was used:

daily dietary exposure to AFT or AFB,or OTA =

amount of chicken or eggs daily consumed for each individual group (g/day) x AFB, or OTA concentration (ug/kg)

body weight (kg)

The risk was majored as we assumed that the mycotoxins
are not destroyed during the cooking process. To estimate the
daily dietary exposure, the average body weights of children,
teenagers, adults, and elderly people were considered as well
as the quantity of chicken and eggs daily consumed. The
margins of exposures (MOE:s) to the studied mycotoxins were
calculated as a ratio of the benchmark dose low limit 10%
lower bound (BMDL,,) of the toxin and the estimated toxin
intake divided by 1000 [19, 20]. The BMDL,, represents the
lowest dose with a 95% certainty of not leading to a 10%
increase in cancer incidence in rodents and was fixed at
400 ng/kg bw/day and 17.86 ng/kg bw/day for AFB; and
OTA, respectively [20-23]. Dietary intake from chicken was

(1)

calculated using the average concentration of AFT, AFB;, and
OTA obtained in the muscle and the liver.

2.6. Data Analysis. Data obtained from survey and myco-
toxin analysis were compiled in a database system using
Microsoft Excel software. Descriptive statistics were per-
formed to summarize data as the mean + standard deviation
(SD) for continuous variables and percentages for cate-
gorical variables. The Pearson correlation coeflicient was
used to evaluate the relationship between the tested variables
using SPSS 20.0. Variables with p<0.05 were considered
significant at 95% confident interval (CI).
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TaBLE 2: Body weight and global amounts of chicken and eggs consumed as per age groups among the studied population of the selected
Cameroon urbanized areas.

Global amount consumed for the three regions (g/day)

Household Corresponding age Body weight Chicken Eggs
member category (years old) (kg)

Mean Min Max P75 P90 P95 Mean Min Max P75 P90 P95
Children 4-12 25.2+5.2 125 0.07 60.1 105 584 60.1 155 0.09 69.2 21.8 56.1 69.2
Teenagers 13-20 56.3+6.0 376 02 1951 428 1582 1951 48 0.09 671.3 16.6 65.6 671.3
Adults 21-59 714+102 273 01 158 31.6 109.5 158.0 178 0.09 974 231 671 974
Elderly people >60 76.9+7.7 859 0.4 628.7 344 5240 628.7 26.1 0.09 100.2 51.3 99.2 100.2

TaBLE 3: Mycotoxin levels in samples of chicken feed, chicken tissues, and eggs collected at Cameroon urbanized areas.

. i Samples*
Mycotoxins Concentration (#g/kg)
LBBF LBLF IBLF BBM BBL BLE
Min 3900 3500 6900 1400 1800 700
Mean +SD 10300+ 8242 6933.3+4944 8233.3+£12583 1800+200 1966.7+208.2 966.7 +152.8
Total aflatoxins Max 19700 12600 9400 2200 2500 1900
P75 19700 12600 9400 2200 2500 1900
P95 19700 12600 9400 2200 2500 1900
Min 3700 2700 3300 1000 700 800
Mean + SD 8200+1200 5833.3+4827.4 3600+264.6 1233.3+321.5 1033.3+£230.9 933.3+57.7
Aflatoxin B, Max 19300 11400 3800 2000 1200 1100
P75 19300 11400 3800 2000 1200 1100
P95 19300 11400 3800 2000 1200 1100
Min 800 800 1900 800 1000 1400
Mean +SD 1000+£173.2  933.3+£152.8 2233.3+288.7 1400%£173.2 2266.7+1000 1933.3+208.2
Ochratoxin A Max 1100 1000 2400 1700 4900 2000
P75 1100 1000 2400 1700 4900 2000
P95 1100 1000 2400 1700 4900 2000

*LBBF: local bulk broiler feed; LBLF: local bulk layer feed; IBLF: imported bulk layer feed; BBM: broiler bulk muscle; BBL: broiler bulk liver; BLE: bulk layer
egg.

3. Results and Discussion linked to fungal contamination. A similar percentage (12%)
was reported by Nguegwouo et al. in 2018 [24] when ques-
3.1. Chicken and Egg Consumption and Consumers’ Knowl-  tioning 100 persons living in the Centre region (Yaoundé)

edge about Mycotoxins. Amongst the 900 household re- about their knowledge of moulds and mycotoxins. A sig-
spondents, 61.3% respondents were women and 38.7% were  nificant correlation between the education level and this
men (Table 1). Their level of studies mainly ranged from  knowledge was noticed (p<0.05). This survey globally
primary (13.7%) to university (47.3%), 34.3% having a sec-  revealed a daily consumption of chicken and eggs, the highest
ondary school level. The Centre region registered the highest percentage being recorded in the Centre region (45%) for
percentage of respondents with just a primary level of study daily chicken consumption and in the West region (72%) for
(21%), the Littoral region, the highest percentage of re-  daily egg consumption. Data from this survey led to an es-
spondents who had secondary level of study (54%), and the timation of the mean body weight of chicken and egg con-
West region, the highest percentage of those with a university sumers of 252+52kg for children (4-12 years old),
level of study (59%). Up to 95.7% of the total population 563 +6.0 kg for teenagers (13-20 years old), 71.4 + 10.2 kg for
studied had a general knowledge of moulds, but 77.0% of the adults (21-59 years old), and 76.9 + 7.7 kg for elderly people
population did not know that mould contamination may (260 years old) (Table 2). The estimated daily consumption
imply the presence of mycotoxins. Respondents from the  average varies from 12.5 g (children) to 85.9 g (elderly people)
Littoral region were more informed about fungal contami- for chicken, while for eggs it ranges from 15.5 g (children) to
nation (98%) but were less aware of the associated health risks 48 g (teenagers)‘ Considering the average Consumption levels
(2%). On the contrary, the respondents in the West region  of each individual group, they are higher than the per capita
were less aware of fungal contamination (93%) but more Consumption levels of poultry and eggs reported in the
aware about the associated health risks (29%). Only 18.0% of country in 2006 by Teleu and Ngatchou [25] (10.9 g/day (4 kg/
all the 900 respondents affirmed that health risk could be year) and 2.5 g/day (0.9 kg/year), respectively, and the 9.81 g
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cooked/day for poultry and 7.15g cooked/day for eggs ob-
tained during the second Cameroonian Household Budget
Survey (HBS/ECAM II) in 2001 [26].

3.2. Mycotoxin Contents of the Samples. AFs, AFB; and OTA
were detected in all chicken feed, chicken tissues, and eggs
(Table 3). Concerning chicken feed samples, they globally
respected the standard recommended. Indeed, AFs were
found in a range that varies between 3500 and 19700 ng/kg,
which is below the maximum tolerable limit of 20 ug/kg
(20000 ng/kg) [27]. This is lower than values reported in
previous studies in Guyana (27380 + 82120 ng/kg; [28]),
Nigeria (127400 ng/kg; [15]), and Cameroon (30000 and
22000 ng/kg; [11]). Aflatoxin B, was also found in all chicken
feed samples in an average concentration of 1500-19300 ng/
kg. However, just 2 samples over the 13 feed samples tested
(2/13) showed concentrations above the regulatory limit
which are 10 ug/kg (10000 ng/kg) [29]. This is probably the
consequence of conditions in which feed samples are pro-
duced or stored which promote this toxin production by
moulds such as Aspergillus of which presence has already
been reported [30]. The OTA concentrations detected in all
chicken feed (800-2400ng/kg) were also below the maxi-
mum tolerable limit of 5 ug/Kg (5000 ng/kg) [29]). Previous
studies in Nigeria and Cameroon had already reported the
contamination of chicken feed or poultry by OTA at
variable concentrations (1200 and 2100 ng/kg [11]; 5400 ng/
kg [15]). Mycotoxins can be carried over from feed to the
animal body and be bioaccumulated [31]. The studied
mycotoxins (AFs, AFB;, and OTA) were also found in bulk
chicken muscle, liver and egg samples. For aflatoxins, the
level of AFB; in chicken samples (700-1200 ng/kg) and
eggs (800-1100ng/kg) was close to the total AFs levels
observed (1400-2500ng/kg and 700-1900 ng/kg, respec-
tively). Hopefully, the concentrations detected respect the
maximum tolerable level of 2 ug/kg (2000 ng/kg) for AFB,
in human food products set by the European Commission
and many other countries [32]. Considering the potentially
toxic effects of AFs and OTA, their concentration in
chicken products for human consumption has to follow the
ALARA principle to preserve human health [33]. Ochra-
toxin A was noticed at the average concentrations of
1400 + 173.2 ng/kg for bulk muscle; 2266.7 + 1000 ng/kg for
bulk liver, and 1933.3 + 208.2 ng/kg for bulk layer eggs. This
higher presence of OTA in the liver than in the muscle was
not observed with AFs but may be explained by the fact that
liver is the organ where mycotoxins are metabolized [34].
The presence of these mycotoxins in chicken tissues and
eggs had already been reported in previous studies [13, 35].
These results corroborate the report of Pouokam et al. [35]
in 2017 according to which foods of animal origin also
faced significant contamination from various contami-
nants, including mycotoxins.

3.3. Exposure Level of the Population to Aflatoxin B; and OTA.
Based on the AFT, AFB,, and OTA contamination levels
observed in chicken tissues and eggs as well as the

consumption of these foods collected, the daily intake (min,
max, mean, and percentiles 75 and 95) of the toxins analysed
were determined (Table 4). The estimated average daily
dietary exposures (EDE) to AFT and AFB; through chicken
consumption were found to be, respectively, 0.9 and 0.6 ng/
kg bw/day for children, 1.3 and 0.8 ng/kg bw/day for
teenagers, 0.7 and 0.4 ng/kg bw/day for adults, and 2.1 and
1.3 ng/kg bw/day for elderly people. All the values obtained
for P75 were below 1ng/kg bw/day (0.001 ug/kg bw/day)
which is the health-based reference value established for AFs
by international scientific expert committees: the Joint
Expert Committee on Food Additives (JECFA) and Scien-
tific Committee for Food (SCF) [36, 37]. This was not the
case for the P95 values which were above the limit for
teenagers and adults, suggesting that the risk is statistically
higher for few of them. Mean, P75, and P95 values respecting
this limit were obtained whatever the age group when
considering eggs. The calculation of the AFB; MOE, and
their comparison to the related standard (100 for high ex-
posure and 600 for save exposure, the closer the value to 600,
the safer the level of exposure and vice versa) [38] clearly
shows a higher exposure to AFB; through chicken con-
sumption. Mean MOE values were globally higher or around
600 with eggs, while with chicken it was also the case except
for elderly people with an MOE value of 316 (risky). Indeed,
AFB, in food shall obey to the ALARA principle. Ananditya
et al. [39] also reported the estimated daily intake (EDI)
lower to the health-based reference value of 1 ng/kg bw/day
but MOEs showing an important risk in Indonesia. This may
be explained by the fact that limits of MOE were defined
based on animal studies which can often be misleading as the
animals may be more resistant to aflatoxins than humans
[40]. In the case of OTA, the estimated dietary daily ex-
posures through the consumption of chicken and eggs varied
between 0.5-2ng/kg bw/day and 0.5-1.6ng/kg bw/day,
respectively (Table 4). This suggests a weekly intake lower
than the provisional tolerable weekly intake of OTA for
humans which is 100 and 120 ng/kg bw/day as recom-
mended by the Joint FAO/WHO Expert Committee on
Food Additives (JECFA) and the European Food Safety
Authority (EFSA), respectively [20, 33]. However, the as-
sociated MOEs were below the recommended 10,000
[20, 33], therefore suggesting that the risk shall not be
eliminated. On the other side, food processing is known to
impact mycotoxin contamination [41], and then this aspect
should be taken into account while analysing the risk as-
sociated with ready-to-eat chicken.

4. Conclusion

Chicken and egg consumers in urban cities of Cameroon are
not aware of mycotoxins and their potential health risk. The
presence of AFs, AFB;, and OTA in these poultry products
globally respects the limits, but a health risk should not be
underestimated based on the populations’ consumption
frequency. A total diet study as well as the influence of local
cooking processes’ impact on mycotoxin content will be
required before confirming this exposure.
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