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ABSTRACT 
Heavy metals are a group of elements that could be found in poultry feeds and influence poultry production. 

Poultry feed generally consists of agricultural products, such as maize, groundnuts, and wheat, which may also 

be contaminated by mycotoxins. The use of mycotoxins and heavy metals contaminated feed in the poultry 

sector might represent a potential source of cross-contamination for humans. This study aimed to analyze total 

aflatoxins (AFs), aflatoxin B1 (AFB1), ochratoxin A (OTA), chromium, copper, nickel, zinc, arsenic, cadmium, 

lead, and mercury in poultry feed from the Centre, Littoral, and Western regions of Cameroon. In this order, 

six local broiler feeds, six local layer feeds, and three imported layer feeds were randomly collected from each 

region and analyzed using inductively coupled plasma spectrometry for heavy metals and competitive indirect 

ELISA for mycotoxins. The results indicated that all feed samples contained the analyzed mycotoxins and 

heavy metals. The ranges for the mean concentrations of mycotoxins were 3.5-19.7, 2.7-19.3, 0.8-1.1 µg/kg 

for AFs, AFB1, and OTA, respectively. They were globally below the established regulated limits (20 µg/kg 

for AFs, 10 µg/kg for AFB1 and 5 µg/kg for OTA). The bulk layer feed from the Littoral region had the 

highest lead (995.8 ± 0.4 µg/kg) and cadmium (3.3 ± 0.0 µg/kg) concentrations. The average concentration of 

lead was above the permissible limit (10 µg/kg). Bulk broiler feed from the Littoral region scored the highest 

concentration of arsenic (2819.4 ± 0.1 µg/kg) above the permissible limit (500 µg/kg). Bulk broiler feed from 

the Centre region showed the highest concentration of mercury (5.6 ± 0.0 µg/kg) although lower than the 

permissible limit of 100 µg/kg. This study demonstrates that there are potential safety issues associated to 

poultry feeds used in some regions of Cameroon. It suggests a possible low productivity of poultry and health 

issues for consumers. 
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INTRODUCTION 
 

The poultry sector is known as an important source of 

protein and other useful nutrients for human nutrition and 

health in Cameroon (Guetiya Wadoum et al., 2016).  

Chickens are easy to rear (Paryad and Mahmoudi, 2008), 

available at low prices, and known as food for billions of 

people, including those who live in low-middle-income 

countries (Aral et al., 2013), such as Cameroon. Poultry 

production represents 42% of meat production. In 

Cameroon, chicken meat and eggs consumption increased 

from 2.2 kg to 5.6 kg and 16 to 52 eggs between 2006 and 

2016, respectively. In addition, poultry represents 4% of 

the gross domestic product (Höffler, 2018).  Poultry feeds 

are generally a mixture of agricultural products, such as 

maize, groundnuts, and wheat, which may be 

contaminated by mycotoxins and heavy metals (Abia et 

al., 2013a, Akinmusire et al., 2018). The use of such 

contaminated feed in the poultry sector may result in 

poultry productivity and in a source of human 

contamination. It is recommended to initially analyze the 

different contaminants found in these feeds to limit the 
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risks of feed quality on the poultry productivity directly 

and indirectly on human health. However, studies on 

poultry feed contamination are scarce, and it refers to 

2013 in Cameroon. Mycotoxins are secondary metabolites 

produced by three genera (Aspergillus, Penicillium, and 

Fusarium) of fungi which can produce more than 500 

toxins. Among these mycotoxins, Aflatoxins and 

Ochratoxin A (OTA), exhibit pathogenic characteristics 

(Becer and Filazi, 2010; Kaya, 2014). Toxic heavy metals 

are mineral elements with a specific weight greater than 

5g/cm
3 

(Demirezen and Uruc, 2006). These mineral 

elements are a serious concern due to their impacts 

(toxicity, bioaccumulation, and biomagnifications) in the 

food chain (Demirezen and Uruc, 2006; Hazrat et al., 

2019). Considering the fact that contamination of poultry 

feed by contaminants, such as mycotoxins and toxic 

metals, cannot be entirely avoided due to favorable 

climatic conditions for their development (Tatfo 

Keutchatang et al., 2021) and the availability of pollutants 

in the environment, there is a need for such contamination 

to be minimized, and to reduce theirs side effects on 

animal and human by one health approach (WHO, 2017). 

This study was initiated to enrich the data already 

available on the contamination of poultry feed by 

mycotoxins and heavy metals in Cameroon. It aimed to 

analyze mycotoxins (total aflatoxins, aflatoxin B1, and 

OTA) as well as eight heavy metals in poultry feeds 

collected in the Centre, Littoral, and West regions using 

enzyme-linked immunosorbent assay (ELISA) and 

inductively coupled plasma spectrometry (ICP- OES), 

respectively.  

 

MATERIALS AND METHODS 

 

Study area  

The current study was conducted on poultry farms 

located in three regions of Cameroon: Centre, Littoral, 

and West. These regions are the large areas of production 

and consumption of chickens and eggs (Teleu and 

Ngatchou, 2006). The study was conducted from January 

to December 2019.  

 

Sampling design 

A total number of 15 samples of chicken feed, 

constituted of 6 local broiler feed (2 per region), 6 local 

layer feed (2 per region), and 3 imported layer feed (1 per 

region) eaten by broiler and layer chickens were collected 

from poultry farms. Local feed samples were collected 

from layer and broiler farms, while imported layer feeds 

were collected from imported feed outlets. Indeed, a 

preliminary study reported the classification of chicken 

farms in these three regions into two groups (moderate 

and high risk of biosecurity) according to biosecurity 

score (Tatfo Keutchatang et al., 2021). Feed sampling was 

done as described by the European Commission (2006) 

Directive No. 401/2006 (EC, 2006). In each selected farm 

or outlet, 4 kg of feed was sampled. Different points of 

four randomly selected feeds (50 Kg bags) from those 

available were duplicated. A total of four bags randomly 

selected for feed sampling were chosen from the same 

strip to reduce variability and ensure the effective 

representativeness of the strip. Each sub-sample of 1 kg 

consisted of three portions of 300 to 350 g. The sub-

samples were collected manually using a probe at three 

points top, middle, and bottom of feed bags. The feeds 

taken from each point were homogenized in bags, and 1/4 

of each was collected to provide 15 representative 

samples as 4 feed samples in the Centre, 4 in the Littoral, 

4 in the West, and 3 outlets. The samples were 

conditioned in polystyrene bags and transported to the 

laboratory for quality control at the Centre for Food and 

Nutrition Research of the IMPM, Yaoundé, Cameroon, 

where the feed samples were ground with a blender (Black 

& Decker®, England), weighed in several aliquots of 5g 

using a scale (Mettler Toledo, USA), and stored in 

sterile plastic bags at -20°C for analysis. The samples 

were kept in the laboratory for a maximum of 7 days.  

 

Sample preparation and analysis 

Water content of different samples 

Water content was determined using the reference 

methods of the Association of Official Analytical 

Chemists (AOAC, 2000) for bulk chicken feeds. An 

amount of 5 g of each sample in triplicate was dried at 

105°C (Rolabo, Germany) until constant weight in an 

aluminum foil previously dried and weighed the dried 

samples were cooled in a desiccator (Borosilicate Glass 

3.3, Indane Chemical Company, Borivali, Mumbai, 

Maharashtra) for 30 minutes and reweighed. The water 

content of each sample was determined by calculating the 

differences between the masses of the fresh and dried 

samples (AOAC, 2000).  

Determination of mycotoxin content 

Total Aflatoxins (AFs), Aflatoxin B1 (AFB1), and 

OTA concentrations in the samples were determined 

using quantitative enzyme-linked immune sorbent assay 

kits (ELISA, BIOO Scientific Corporation, MaxSignal®, 

USA). Samples containing 2 g of ground bulk chicken 

feed were mixed with 25 mL of 70% methanol (HPLC 

grade, Merck, Germany) in 50 mL falcon tubes for 10 
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minutes using a vortex, centrifuged at 4000 × g for 10 

minutes using the Rotofix 32 A, centrifuge (Germany). 

Then, 100 µL of the supernatant was collected and diluted 

with 700 µL 70% methanol (HPLC grade, Merck, 

Germany). The mixture was used for total AFs, AFB1, 

and OTA analyses following the kit manufacturer’s 

instructions and as described by Tatfo Keutchatang et al. 

(2022). The concentrations of determined mycotoxins 

were inversely proportional to the color intensity 

established using an automated microplate reader (EL × 

800, BIOTEK, Instruments Inc., Winooski, VT, United 

States) at 450 nm and estimated based on a calibration 

curve.  

 

Determination of heavy metal content 

Sample preparation 

The dried samples were cooled in a desiccator for 30 

minutes and reweighed. The different bulk samples were 

dried and ground with a blender (Black & Decker®, 

England), then weighed in several aliquots of 500 mg by 

using a scale (Mettler Tolero, USA). Then, 500 mg of 

each powder bulk sample and 50 mL of nitric acid were 

introduced into the container to obtain a mixture left to 

stand overnight (Broekaert, 2005). 

 

Inductively coupled plasma with optical emission 

spectrometry  

The analysis was conducted as described by 

Broekaert (2005). The selected heavy metals contained 

Arsenic (As), Copper (Cu), Cadmium (Cd), Chromium 

(Cr), Mercury (Hg), Nickel (Ni), Lead (Pb), and Zinc (Zn) 

contents were determined. These metals were selected 

based on their benefits and toxicity in living organisms. 

The detection of the elements present in the analyte was 

performed by emission. The nebulized analyte was driven 

by a peristaltic pump to obtain an aerosol that was 

transported in the plasma, where it was desolvated, 

vaporized, atomized, or ionized. The return to a lower 

energy state was accompanied by the emission of 

radiation characteristic of the elements. A monochromator 

separated the different wavelengths. The wavelengths of 

the analyzed elements and the preparation of their 

standards are presented in Table 1. 

 

Table 1. Standard solution used during the determination of metals 

Volumes (mL) 

Solutions étalons 1 2 3 4 5 6 7 

Solutions Cd, Ni, Pb, Cr, As, Hg, Zn, Cu 125 150 175 200 2 25 250 – 

HNO3 conc. 125 100 75 50 25 – 250 

Volume final 250 250 250 250 250 250  

Cd: Cadmium, Ni: Nickel, Pb: Lead, Cr: Chromium, As: Arsenic, Hg: Mercury, Zn: Zinc, Cu: Copper, HNO3 Conc: Concentrated nitric acid 
 

 

Mineralization for heavy metals determination  

An amount of 500 mg of sample was weighed and 

introduced for digestion in a DigiTUBE containing a 

mixture of 5 mL of nitric acid and 10 mL concentrated 

hydrogen peroxide for 16 hours at 25°C. Then, the 

mixture was brought to 95°C for 2 hours in a graphite 

heating block before being filtered. In each series of tubes 

at least three blanks were placed and three controls 

prepared. After the installation of the tracks on DigiPREP, 

the tubes were rotated. For this purpose, the locating lugs 

matched the notches and the bottom of the tubes was in 

contact with the bottom of the graphite block. The blanks 

were covered with perforated plugs to be able to insert the 

DigiPROBE temperature probe inside. The probe was 

placed low enough to be immersed in the liquid without 

touching the bottom of the tube. The temperature 

controller was switched on and the temperature program 

was selected. After allowing the tubes to cool to 25°C, the 

volume of each sample was adjusted to 20 mL (Broekaert, 

2005). 

Quality control 

The analytical test for mycotoxins was conducted 

using the internal quality control (IQC) approach and 

validated before usage. The quality control was performed 

by choosing five different IQCs as follows, calibration, 

blanks, mid-range standard, spiked standard solution, 

certified references material, and duplicates. Results were 

discarded and the sample was if a sample did was not met 

the acceptance criteria, and the sample was reanalysed. 

The limit of detection (LOD) of the analysed samples was 

within the range of 0.06-0.3 µg/kg for AFs and 0.3-0.6 

µg/kg for OTA, while the limit of quantification (LOQ) 

was in the range of 0.2-1 µg/kg for AFs and 1-2 µg/kg for 

OTA. Samples with values below LOQ were recorded as 

non-detectable (CEAEQ, 2015). The calibration standards 

for metals were prepared from certified standards. A total 
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number of four external reference samples and one 

standard reference sample from the National Institute of 

Standards and Technology (NIST) were introduced into 

each series for analysis.  

 

Statistical analysis 

Data obtained were transferred into Microsoft Excel 

for the calculation of the concentrations of µg kg−1. The 

obtained data were then subjected to analysis of variance 

(ANOVA) and Student’s T test for paired samples at the 

significance level of 5% for means comparison using a 

statistical package, SPSS version 20.0 for windows. 

Results were expressed as mean ± standard deviation. 

 

RESULTS  

  

Water content of chicken feed samples 

Table 2 presents the water content g/100 of fresh 

matter (FM) of chicken feed samples. Water content varied 

from 20.8 ± 16.6 g/100g of FM in the Centre and Littoral to 

24.0 ± 5.1 g/100g of FM in the West for local bulk broiler 

feed samples. A significant difference was observed between 

water content for local bulk broiler feed from both the Centre 

and Littoral regions and West region (p ˂ 0.05). Local bulk 

layer feeds showed water content varying from 12.4 ± 0.2 

g/100g of fresh matter in the Littoral and West to 16.8 ± 6.6 

g/100g of FM in the Centre. A significant difference was 

observed between water content from both Littoral and West 

regions and the Centre region (p ˂ 0.05) concerning local 

bulk layer feeds. All the imported feed samples for the three 

regions presented a water content of 12.4 ± 2.7 g/100 g of 

FM with no significant difference (p ˃ 0.05). 

 

Total aflatoxin, aflatoxin B1, and Ochratoxin A 

content in chicken feeds 

Table 3 presents total aflatoxin (AFT), aflatoxin B1 

(AFB1), and Ochratoxin A (OTA) contents in broiler and 

laying chicken feed from the Centre, Littoral, and West 

regions. The AFT content of broiler feed varies from 3.9 

± 0.2 (Littoral region) to 19.6 ± 0.3 µg/kg (Centre region). 

The AFB1 content of broiler feed varies from 1.6 ± 0.1 

(West region) to 19.3 ± 0.2 µg/kg (Central region). The 

OTA content of broiler feed ranges from 1.1 ± 0.01 to 0.8 

± 0.01µg/kg. In the layer feed, the AFT content varies 

from 3.5 ± 0.1 to 12.6 ± 0.2 µg/kg, the AFB1 content from 

2.8 ± 0.1 to 11.4 ± 0, 2µg/kg, and OTA content from 0.8 

± 0.01 to 1.1 ± 0.001µg/kg. 

The total aflatoxin (AFs) content of broiler and layer 

feed is higher in the Centre region and low in the Littoral 

region. Aflatoxin B1 (AFB1) content is always higher in 

the Centre and low in the Littoral for broiler feed, raised 

in the Centre region and lower in the Littoral region for 

layer feed. In terms of Ochratoxin A (OTA) content, the 

highest value is presented by broiler feed from the Centre 

and Littoral regions, while the Littoral region had the 

highest value in layer feed (Table 3). Table 3 shows a 

variation between the values of the levels of different 

toxins from one region to another. This variation results in 

some cases in a significant difference (p ˂ 0.05). This 

variation in the contents of AFT, AFB1, and OTA can be 

explained by the different level of contamination of the 

different ingredients used in the composition of chicken 

feed and climatic conditions. However, significant 

differences were also observed between ochratoxin A 

contents in sample feeds from each region (p < 0.05).   

 

Heavy metal content of chicken feed samples 

Heavy metals analyzed were of two groups, 

including essential (Zn, Cu, Chromium, and Nickel) and 

toxic metals (Lead, Arsenic, Cd, and Hg). Average 

contents of each metal of each group in different bulk 

chicken feeds are presented in Tables 4, 5, and 6. 

Concerning essential metals, Zn showed the highest 

average content (1587168.5 ± 49.5 µg/kg), while 

Nishowed the lowest content (8275.7 ± 21.5 µg/kg) as 

presented in Table 4. Significant differences were not 

observed between heavy metal contents in imported bulk 

broiler feed from each region (p ˃ 0.05). Table 5 presents 

the average contents of non-toxic heavy metals in both 

bulk local layer and broiler feeds from the Centre, Littoral 

and West regions. As shown in Table 5, significant 

differences were observed between heavy metal contents 

of non-toxic heavy metals in bulk local layer and broiler 

feeds from the three regions (p ˂ 0.05). However, bulk 

local layer and broiler feeds showed the highest average 

concentration of Zn while Cr presented the lowest average 

content. Furthermore, significant differences were 

observed between Nickel, Zn, Cu, and Cr contents in the 

bulk feed from the Littoral and West regions (p < 0.05). 

These differences were probably due to the diverse 

sources of the raw materials of the ingredients used to 

produce feeds.  

Table 6 presents the average contents of toxic heavy 

metals in bulk layer and broiler feeds from the three 

regions. Significant differences were observed between 

the average contents for each metal and from each region 

(p ˂ 0.05). The Pb showed the highest average content in 

bulk local layer feed samples from each region, while 

Arsenic (As) obtained the lowest average content. In bulk 

local broiler feed samples, As showed the highest average 
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contents and Cd had the lowest average contents. This 

clearly shows that the content levels of bulk feed samples 

are different in terms of chicken type (p ˂ 0.05).  

 
Table 2. Water content (g/100 g) of fresh matter of different bulk samples in the three regions of Cameroon 

                                                                                                        Regions   

Sample 
Centre Littoral West 

Local broiler feed (g/100 g of FM) 20.8 ± 0.6aA 20.8 ± 0.5aA 24.0 ± 0.1bA 

Local layer feed (g/100 g of FM) 16.8 ± 0.6B 12.4 ± 0.2B 12.4 ± 0.2bB 

Imported layer feed (g/100 g of FM) 12.4 ± 0.7aC 12.4 ± 0.7aC 12.4 ± 0.7ab 

FM: Fresh matter, a,b,c Significant difference in the same column  (p < 0.05), A, B, C Significant difference in the same row (p < 0.05) 

 
Table 3. Total aflatoxins, Aflatoxin B1, and Ochratoxin A contents in bulk chicken feed samples collected in some poultry 

farms from the Centre, the Littoral and the West regions of Cameroon 

Mycotoxins Region 

Mycotoxin content (µg/kg) 

Local broiler feed Local layer feed Imported layer feed 

Mean ± SD Min Max Mean±SD Min Max Mean±SD Min Max 

Total Aflatoxin (AFs) 

Centre 19.6a±0.3 17.2 20.7 12.6b±0.2 11.9 13.3 8.2c±1.4 6.4 9.6 

Littoral 3.9a±0.2 2.7 5.2 3.5a±0.1 3.2 3.8 8.2b±1.4 6.4 9.6 

West 7.4a±0.1 6.3 8.4 4.7b±0.1 2.4 8.1 8.2c±1.4 6.4 9.6 

Aflatoxin B1 (AFB1) 

Centre 19.3a±0.2 17.6 21.0 11.4b±0.2 8.7 14.1 3.6c±0.4 3.1 4 

Littoral 3.7a±0.1 3.4 4.1 2..8b±0.1 1.6 3.9 3.6a±0.4 3.1 4 

West 1.6a±0.2 1.4 1.8 3.3b±0.1 2.9 4.9 3.6b±0.4 3.1 4 

Ochratoxine A (OTA) 

Centre 1.1a±0.01 1.0 1.4 0.9a±0.01 0.8 1.1 2.6b±0.4b 1.8 3 

Littoral 1.1a±0.01 1.0 1.3 1.1a±0.01 1.0 1.2 2.6b±0.4 1.8 3 

West 0.8a±0.01 0.6 0.9 0.8a±0.01 0.6 0.9 2.6b±0.4 1.8 3 
Significant difference between different letters in the same row (p < 0.05) 

 
Table 4. Essential and toxic heavy metals in a bulk imported layer feed (µg/kg) 

Heavy metals Average concentration (µg/kg) 

Essentials 

Cu 248967.8 ± 78.1 

Cr 7760.8 ± 47.7 

Ni 8275.7 ± 21.5 

Zn 1587168.5 ± 49.5 

Toxics 

As 1.0 ± 0.2 

Cd 2.5 ± 0.3 

Pb 3229.8 ± 3.0 

Hg 4.9 ± 0.6 
Cd: Cadmium, Ni: Nickel, Pb: Lead, Cr: Chromium, As: Arsenic, Hg: Mercury, Zn: Zinc, Cu: Copper 

 
Table 5. Average concentrations of non-toxic heavy metals (µg/kg) in bulk local broiler and layer feeds from the three regions 

of Cameroon  

Non-toxic heavy 

metals 

Centre Littoral West 

Bulk broiler 

feed 

Bulk layer  

feed 

Bulk broiler 

feed 

Bulk layer  

feed 

Bulk broiler 

feed 

Bulk layer  

feed 

Ni 22575 ± 35.4aA 6942.4 ± 0.1aA 22522.3 ± 0.4bB 7349.3 ± 0.4bB 22561± 55.2cC 7145.8 ± 287.4cC 

Zn 82791.7 ± 0.2aA 51789.4 ± 0.1aA 82834.4 ± 0.1bB 54537.4 ± 0.1bB 82813 ± 30.4cC 4150.8 ± 0.4cC 

Cu 17760.2 ± 0.5aA 7963.4 ± 0.1aA 17737.5 ± 0.0bB 8370.8 ± 0.4bB 17749 ± 16.3cC 8167.3 ± 288.1cC 

Cr 1867.8 ± 0.4aA 3957.2 ± 0.2aA 1882.2 ± 0.07bB 4150.8 ± 0.4bB 1875.1 ± 10.0cC 4054 ± 137.2cC 
a,b,c Significant difference in the same column  (p < 0.05), A, B, C Significant difference in the same row (p < 0.05), Ni: Nickel, Zn: Zinc, Cu: Copper Cr: 

Chromium 
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Table 6. Average concentrations of toxic heavy metals (µg/kg) in bulk local broiler and layer feeds from the three regions of 

Cameroon  

Toxic 

heavy 

metals 

Centre Littoral West 

Bulk broiler  

feed 

Bulk layer 

feed 

Bulk broiler  

feed 

Bulk layer 

feed 

Bulk broiler  

feed 

Bulk layer  

feed 

Pb 10 ± 0.0aA 10 ± 0.0aA 7.5 ± 0.0bB 995.8 ± 0.4bB 8.8 ± 1.8cC 503 ± 209.3cC 

As 2818.8 ± 0.4aA 2.2 ± 0.0aA 2819.4 ± 0.1bB 2.0 ± 0.07bB 2819.3 ± 0.4cC 2.1 ± 0.1cC 

Cd 2.8 ± 0.07aA 2.4 ± 0.0aA 2.7 ± 0.0bB 3.3 ± 0.0bB 2.7 ± 0.0cC 2.9 ± 0.6cC 

Hg 4.6 ± 0.07aA 5.6 ± 0.0aA 4.3 ± 0.0bB 5 ± 0.0bB 4.4 ± 0.1cC 5.3 ± 0.4cC 

A significant difference between identical letters in the same column and different letters in the same line (p < 0.05), Pb: Lead, As: Arsenic, Cd: Cadmium, 

Hg: Mercury 

 

DISCUSSION 

 

Total aflatoxins, Aflatoxin B1, and Ochratoxin A 

in chicken feed samples 

This study was conducted in the Centre, Littoral, 

and West regions of Cameroon, namely Centre, Littoral 

and West. Total aflatoxins (AFs), Aflatoxin B1 (AFB1), 

and Ochratoxin A (OTA) contents in chicken feed 

samples, their average content globally respected the 

recommended standard. The recommended concentrations 

of AFs, AFB1, and OTA in poultry feeds (20 µg/kg, 10 

µg/kg, and 5µg/kg, respectively, FAO/WHO, 2017; 

Mokubedi et al., 2019) were higher than concentrations 

found for different feed samples in this study. This is 

probably because these feeds were well stored at the farm. 

During sample collection, it was observed that feeds are 

stored in places that are not humid and are mostly made 

for immediate use (2 to 3 days). However, the results of 

this study are different from previous studies in Guyana 

(27380 ± 82120 × 10
-3

 µg/kg) by Mokubedi et al. (2019), 

in Nigeria (127400 × 10
-3

 µg/kg) by Akinmusire et al. 

(2018), and Cameroon (30000 × 10
-3

 and 22000 x 10
-3

 

µg/kg) by Abia et al. (2013a) for AFs. Aflatoxin B1 

(AFB1) content of broiler and layer feed in the Centre 

region is higher than in other regions. In addition, this 

content is also higher than the maximum limit for AFB1 in 

chicken feed (10μg/kg) set by the Commission of the 

European Union and the Food and Drug Administration 

of the United States of America in 2010 (FAO/WHO, 

2017). This AFB1 content represents 193% of 10μg/kg in 

broiler feed and 114% in layer feed from the Centre 

region. The obtained results might probably be the 

consequence of conditions in which feed samples are 

produced or stored, which promote this toxin production 

by molds, such as Aspergillus whose presence in feed has 

already been reported (FAO/WHO, 2017). In fact, in the 

Center region, it was observed that food took longer on 

the farm, compared to the other two regions. The 

concentrations of OTA detected in all chicken feed were 

below the maximum tolerable limit of 5µg/Kg (Morrison 

et al., 2017). Previous studies in Nigeria and Cameroon 

reported the contamination of chicken feed or poultry by 

OTA at variable concentrations of 1200 × 10
-3

 and 2100 × 

10
-3

 µg/kg (Abia et al., 2013b) and 5400 × 10
-3

 µg/kg 

(Akinmusire et al., 2018). Mycotoxins can be carried 

over from feed to animal body and be bio-accumulated 

(Mokubedi et al., 2019). Hence, although values are 

globally lower than the norm, it is suggested that 

measures should be taken to minimize mold 

contamination of poultry feeds. 

   

Heavy metals in feed samples 

Analysis of heavy metals was carried out in two 

groups of essential and toxic metals. The concentrations 

of Zn in different local bulk feed samples were above the 

maximum acceptable Zn concentration of 3 mg/kg (3000 

µg/kg) established by the World Health Organization 

(WHO, 2011). Compared to the permissible concentration 

of 2 mg/kg (2000 µg/kg) for Cu in feed asserted by the 

WHO (2011), the mean concentrations of Cu in all feeds 

were above. Similar to Zn, Cu is required for many 

biological processes, including enzyme functions as well 

as a positive influence on livestock growth and 

reproduction. Due to the variation of their bioavailability, 

supplementation of Zn and Cu is necessary for most 

livestock species (EC, 2003a; EC, 2003b). A similar 

result was reported by Okoye et al. (2011) in Nigeria. 

Nickel average concentrations were higher than those 

reported by Okoye et al. (2011) in Nigeria, ranging from 

2250 to 4875 µg/kg and higher than 70 µg/kg in feeds 

(WHO, 2011). The imported layer feed showed the 

highest mean concentration for Cr (7760.8 ± 47.7 µg/kg) 

than any other feed sample. Chromium concentrations in 
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different feed samples were above the permissible limit 

set by WHO (2011) of 50 µg/kg in feeds.  

Bulk broiler feed samples from the three regions 

showed an average concentration of Arsenic above the 

permissible concentration (500 µg/kg, Nachman et al., 

2005). The level of Cd in the bulk layer feed from the 

two poultry farms in the Littoral region and the second 

poultry farm in the West was above the permissible 

concentration of 3 µg/kg in feed (WHO, 2011). The 

Commission Directive 2005/8/EC permits a maximum 

Hg 0.1 mg/kg (100µg/kg) for complete feedstuffs (EC, 

2005). The current study indicated that all bulk feed 

samples showed Hg average concentrations above this 

maximum allowed limit. Islam et al. (2007) reported the 

presence of Hg at the concentration of 57.9 µg/kg and 

11.6 µg/kg in different types of poultry feed produced in 

Bangladesh. The permissible Pb limit set by WHO 

(2011) is 10 µg/kg. Bulk layer feed from the Littoral and 

West region was above the permissible limit. These low 

values of heavy metals, particularly toxic metals, could 

be bio-accumulated in chicken tissues and eggs during 

their life and be responsible for health concerns as 

reported by the CFIA (2017) and Tatfo Keutchatang et 

al. (2022). Contaminants can be accumulated in chicken 

tissues and eggs used for human consumption. 

 

CONCLUSION 

 

Feeds used in chicken farming for broilers and egg 

production were contaminated by mycotoxins (total 

aflatoxins, aflatoxin B1, and ochratoxin A) and both 

essential and toxic metals in the study area (Centre, 

Littoral, and Western regions of Cameroon). The contents 

of these contaminants were, in a few cases, above the 

recommended or permissible limits. This situation could 

lead to the presence of their residues in chicken tissues 

and eggs responsible for health concerns and the low 

productivity of the poultry sector in Cameroon.  
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