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Abstract

Poultry eggs are a vital source of protein and essential vitamins, widely consumed globally. However,
the indiscriminate use of antibiotics for growth promotion and disease control in poultry farming raises
concerns about the accumulation of antibiotic residues in animal products. These residues pose
significant health risks, including antimicrobial resistance, hepatotoxicity, allergic reactions, and
carcinogenic effects. This study aimed to assess the prevalence of antibiotic residues in eggs from
commercial and backyard poultry farms in Makurdi, Benue State. A total of 120 eggs were sampled
from 12 backyards and 8 commercial farms over 10 weeks and analyzed using the microbial inhibition
method and the European four-plate test. Antibiotic residues were detected in 15.8% of the assayed
samples, with a higher prevalence in backyard farms (22.2%) compared to commercial farms (6.2%),
though the difference was not statistically significant with a P-value of 0.0635. Tetracyclines,
aminoglycosides, and penicillins were identified as the predominant antibiotics used in poultry farming.
Findings indicate a widespread misuse of antibiotics and poor adherence to withdrawal periods, a
potential risk of antimicrobial resistance. Regulatory measures and improved antibiotic stewardship in
poultry farming are recommended to ensure the safety of eggs for consumers.
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INTRODUCTION

Poultry eggs are a highly nutritious food source and the primary product of layer poultry
production (Cornejo et al., 2020) and it is one of the most consumed animal products in Nigeria
(Poultry Association of Nigeria, 2025). The consumption of eggs in Nigeria is projected to hit
600,000 metric tons by 2026 (Nigeria Egg Industry Outlook, 2025). This represents a year-on-
year growth of 0.2% from 596,000 metric tons in 2021. Since 2017, the demand for eggs in
Nigeria has consistently risen by 0.6% annually (Egg Consumption by Country, 2025). Eggs
are rich in protein and contain essential nutrients such as monounsaturated fatty acids,
cholesterol, and vital amino acids necessary for muscle growth (Anderson, 2025). In addition
to their macronutrient benefits, eggs provide micronutrients including zinc, magnesium,
selenium, and phosphorus. One yolk can contribute 10-20% of the daily recommended intake
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of vitamins A, D, E, and K, while albumin is abundant in B-complex vitamins (Réhault-
Godbert et al., 2019).

Antibiotics are compounds —whether naturally occurring, semi-synthetic, or synthetic —
usually administered orally or parenterally in some instances (Mund et al., 2017) are among
the most frequently utilized medications in poultry farming worldwide (Habiba et al., 2023;
Abou-Jaoudeh et al., 2024), serving as agents for disease prophylaxis or cure (Lawal et al.,
2015), to improve egg production and growth rate, or feed efficiency. The management
practices by most subsistent farmers reveal that birds are limited to confined spaces and
shared resources, combined with inadequate nutrition, hygiene, and feeding conditions
(AgroCentric, 2025). These practices contribute to disease transmission risks, necessitating the
use of antimicrobial agents to mitigate production losses and economic impacts (Lima et al.,
2023).

Antimicrobial residues refer to active components or metabolites that remain in animal-
derived food products, including meat and eggs, following the administration of medicinal
treatments (Tadesse and Tadesse, 2017). The routine uses of antibiotics in poultry farming for
disease prevention and treatment can result in residue accumulation in eggs, leading to
inadvertent antibiotic consumption through food (Lima et al., 2023). Improper administration
and failure to observe appropriate withdrawal periods may cause harmful residue
accumulation, posing significant health risks such as allergic reactions, antimicrobial
resistance, carcinogenicity, and teratogenicity (Owusu-Doubreh et al., 2023).

Despite established regulatory standards for monitoring antibiotic levels in food products,
concerns persist regarding the presence of antimicrobial residues in eggs produced by local
and commercial poultry farms in Makurdi, Nigeria. There is a growing need to monitor and
ensure that eggs meet safety standards for human consumption and do not contain residues
at levels that could trigger adverse health effects such as allergic reactions, intoxication, or
antimicrobial resistance (Cornejo et al., 2020). Therefore, our study aimed to determine the
prevalence of antimicrobial residues in eggs sourced from backyard and commercial poultry
farms in Makurdi, Benue State, Nigeria.

MATERIALS AND METHODS

Collection of Egg Samples

A total of 120 eggs were collected from 12 backyard and 8 commercial poultry farms in
Makurdi, with 6 eggs sampled from each farm, using convenient sampling. The sample size
was determined using the Thrushfield equation (2007), with an estimated prevalence of 7.6 %
(Kehinde et.al., 2012). Only farms that had laying birds and were willing to participate in the
study were included. Once the eggs were obtained, they were transported to the Department
of Veterinary Public Health and Preventive Medicine Laboratory Joseph Sarwuan Tarka
University Makurdi. The egg samples were immediately processed on arrival in the
laboratory.

Egg Sample Preparation

The egg sample surface was cleaned with a cotton swab dipped in 70 % (v/v) alcohol. A tiny
opening was created at the tip of the egg using sterile forceps. After that, the albumen and the
yoke were cautiously drained out of the opening and were transferred into sterile universal
bottles. The yolk was homogenized, and sterile plane paper discs were soaked in the mixture
for 30 minutes after which they were removed and oven-dried at 60°C for 30 minutes (FAD,
2022).
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Media Preparation and Preliminary Test

Mueller-Hinton agar was prepared according to the manufacturer’s instructions and sterilized
by autoclaving at 121 °C for 15 minutes. The medium was allowed to cool to 45 °C and poured
into sterile Petri dishes. Sterile swab was dipped in Bacillus subtilis suspension (sourced from
the Clinical Diagnostic Laboratory at NVRI, Vom Nigeria) prepared in 10 mL of nutrient broth
and was inoculated by spreading uniformly over the agar for confluent growth. The dried
paper discs were placed on the inoculated Mueller-Hinton agar and incubated at 37 °C for 24

hours. Samples showing a zone of inhibition 22 mm were considered positive as seen on Plate
1.

Screening of Antibiotic Residues in the Samples

The European Four Plate Test (FPT) described by Islam et al. (2020) was carried out on all
samples that tested positive in the preliminary assay. Prepared samples were placed on four
plates of Mueller-Hinton agar media, three of which were pre-inoculated with Bacillus subtilis
at pH 6, pH 7.2, and pH 8, respectively. The fourth plate prepared at pH 8 was inoculated
with Staphylococcus aureus using sterile swabs. The pH of the media was altered by adding
drops of NaOH and HCL using a sterile pipette and the pH adjusted appropriately with the
aid of a pH meter. The plates were incubated at optimal temperatures for the growth of the
test bacteria. After incubation at 37 °C for 24 hours, samples with inhibition zones were
considered positive and their diameters were measured. Samples with less than 2 mm of the
inhibitory zone were considered samples with insignificant antibiotic residue. Test bacteria
has known susceptibility to antibiotics. Presumptively, a positive result at pH 6 indicates the
presence of tetracycline antibiotics, sulphonamides at pH 7.2 and at pH 8 aminoglycoside
group (Bacillus subtilis) and pH 8 macrolides and penicillins (Staphylococcus aureus). These
antibiotics readily diffuse at the respective pH inhibiting bacterial growth around the zone of
paper discs.

Data Analysis

Results were summarized using descriptive statistics. Prevalence was calculated by dividing
the number of positive samples by the total number of samples collected, multiplied by 100%.
Analysis was conducted by imputing the data in Graph Pad Prism Version 5 and association
between the prevalence of antibiotic residue in eggs from commercial and backyard poultry
farms assessed using Fisher’s Exact Test. All statistical tests were two-tailed with a
significance level of p < 0.05.
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Plate I. Showing Zone of inhibition on Mueller Hinton agar inoculated with Bacillus subtilis

RESULTS

Overall Prevalence of Antibiotic Residue in Eggs

Out of the 20 poultry farms sampled (8 commercial and 12 backyard poultry farms), eggs from
7 farms tested positive for antibiotic residues and a total of 19 (15.8%) eggs from the 120 eggs
sampled were positive for antibiotic residue as seen in Table 1.

Table 1. Summary of positive samples of antibiotic residue in eggs from commercial and
backyard poultry farms in Makurdi, 2024

Farm ID Type of farm Number of Number of Percentage of Positive
Samples Positive Samples ~ Samples (%)
Collected

1 Backyard 6 6 100
2 Backyard 6 0 0

3 Backyard 6 1 16.7
4 Backyard 6 5 83.3
5 Backyard 6 2 33.3
6 Backyard 6 0 0

7 Backyard 6 0 0

8 Backyard 6 0 0

9 Backyard 6 0 0
10 Backyard 6 2 33.3
11 Backyard 6 0 0
12 Backyard 6 0 0
13 Commercial 6 2 33.3
14 Commercial 6 0 0
15 Commercial 6 0 0
16 Commercial 6 0 0
17 Commercial 6 0 0
18 Commercial 6 0 0
19 Commercial 6 0 0
20 Commercial 6 1 16.7
TOTAL 120 19 15.8

Prevalence of Antibiotic Residue in Eggs from Commercial and Backyard Poultry Farms in
Makurdi

Results from the eight commercial poultry farms sampled, indicated that 2 (6.2%) farms tested
positive for antibiotic residue, while five farms (22.2%) from 12 backyard poultry farms tested
positive for antibiotic residues as shown in Table 2. Backyard poultry farms had a higher
prevalence of antibiotic residues in eggs, compared to commercial farms. This, however was
not statistically significant with a p-value of 0.0635 as shown in Table 2.

Table 2. Association between Backyard and Commercial Poultry Farms

Type of Farm Total Number of % (x?) p-value
samples prevalence
Positive
Backyard Farms 72 16 222
Commercial Farms 48 3 6.2 5.513 0.0635
Total 120 19 15.8

Detection of antibiotic residues using the European Four Plate Test

The four-plate test showed that the antibiotics with the highest number of positives were
likely to fall in the tetracycline and penicillin group followed by the aminoglycoside group.
The Macrolides and Sulphonamides had the lowest number of positives as shown in Table 3
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Table 3. Detection of antibiotic residue by European four plate test method

pH of Culture Tested bacteria Inferred antibiotic Number of Percentage of
Medium positives (N=19) positives (%)
6 Bacillus subtilis Penicillin and 14 73.7

Tetracyclines group

7.2 Bacillus subtilis Sulfonamide group 3 15.7
8 Bacillus subtilis Aminoglycoside 10 52.7
group
8 Staphylococcus aureus  Penicillin and 4 21.5
Macrolides
DISCUSSION

The overall prevalence of antibiotic residues in eggs from both commercial and backyard
poultry farms in this study was determined to be 15.8%. The presence of these residues raises
concerns regarding potential public health risks, including antimicrobial resistance,
hepatotoxicity, hypersensitivity reactions, and carcinogenic effects (Arsene et al., 2022;
Owusu-Doubreh et al., 2023).

The prevalence observed in this study is relatively high when compared to previous studies
in Nigeria. For instance, studies conducted in Kaduna reported prevalence rates of 7.6%
(Kehinde et al., 2012) and 1% (Kabir et al., 2004). However, the prevalence shows similarities
with the findings from a study conducted in Iran by Ehsani and Hashemi (2015), who reported
a prevalence of 12.5% in their study area. The higher prevalence of antibiotic residues in the
assayed eggs in Makurdi compared to Kaduna may be attributed to weaker regulatory
enforcement regarding antibiotic use and lower farmer awareness of proper antimicrobial
administration. Although Ezenduka (2019) reported a prevalence of 60% in Enugu State,
which may be explained by differences in sample types, as Ezenduka's analysis focused solely
on poultry muscle tissue. Antibiotic residues tend to accumulate more readily in muscle
tissues due to their simpler composition, high perfusion rate and tissue affinity (Sha’arani et
al., 2024), whereas detecting residues in eggs can be more challenging due to lower
concentrations and matrix complexity (Gaudin et al., 2017). The indiscriminate use, misuse, or
overuse of antimicrobial agents observed in some poultry farms is likely to be a contributory
factor to the high prevalence observed in this study. Similar trends are reported across various
developing countries, where antibiotic residue prevalence rates have been documented at 73 %
in Chile, 27% in Bangladesh, and 30% in Iran (Cornejo et al., 2020; Islam et al., 2020;
Hakimzadegan et al., 2014). These alarming findings underscore the urgent need for stringent
regulations to ensure the responsible use of antibiotics in poultry production.

This study further revealed a higher prevalence of residues in backyard farms (22.2%)
compared to commercial farms (6.2%), though the difference was not statistically significant
with a P-value of 0.0635. The higher prevalence might be due to misuse of antibiotics by
backyard poultry farmers, as backyard farms frequently used antibiotics without veterinary
guidance and prescription, often relying on informal sources, experience or leftover
medications. In contrast, commercial poultry farms are more likely to follow structured
antibiotic withdrawal periods and adhere to regulatory standards, reducing the likelihood of
residues in meat and eggs. This is consistent with findings of Barroga et al., (2020) in the
Philippines. The four-plate test indicated that tetracyclines and penicillins had the highest
percentage of positive results (73.7%), consistent with findings by Kabir et al. (2004), which
identified oxytetracycline as the most frequently used antibiotic in poultry production. Its
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commercial availability and affordability contribute to its widespread use in Nigerian poultry
tarming (Kabir et al., 2004).

The aminoglycoside group exhibited the second-highest rate of antibiotic residue
contamination at 52.7%. Common aminoglycosides used in poultry production include
gentamicin, neomycin, and streptomycin. Neomycin is typically administered via feed or
water to treat enteric infections, while gentamicin is frequently used subcutaneously,
particularly during the brooding phase. Streptomycin, absorbed only partially in the colon, is
used primarily for systemic Escherichia coli infections (Smith et al., 2007).

Penicillins and macrolides ranked third in antibiotic residue contamination, consistent with
other studies indicating significant macrolide presence in eggs analyzed using the four-plate
method. Hakimzadegan et al. (2014) applied the FPT method to detect antibiotic residues in
egg yolks, revealing that while tetracyclines were detected in 16.66% of samples, macrolides
constituted the majority of contaminants at 61.11%. Similarly, Ehsani and Hashemi (2015)
found that 12.5% of eggs tested positive for macrolide-related antibiotics. These findings align
with prior studies suggesting macrolides as the predominant antibiotic class in egg yolks
based on FPT analysis. Erythromycin and tylosin, both belonging to the macrolide group, are
frequently used to manage poultry diseases (Islam et al., 2016). Tylosin and tiamulin are
commonly prescribed for Mycoplasma infections in laying hens, whereas erythromycin is
used to treat arthritis caused by Staphylococcus aureus (Smith et al., 2007).

The sulfonamide group exhibited the lowest prevalence, likely due to farmers' preference to
avoid its use in poultry production due to its association with reduced egg production. This
observation is consistent with findings by Islam et al. (2016), in which no sulfonamide residues
were detected in eggs.

CONCLUSION

The study found that 15.8% of eggs from poultry farms in Makurdi contained antibiotic
residues, with a significantly higher prevalence in backyard farms (22.2%) than in commercial
farms (6.2%). These findings highlight the widespread and indiscriminate use of
antimicrobials in poultry farming within the region, alongside poor adherence to
recommended withdrawal periods. These practices contribute to significant public health
concerns, particularly regarding antibiotic residues and the development of antimicrobial
resistance. The study also revealed a higher prevalence of residues in eggs from backyard
poultry farms compared to commercial operations. Tetracyclines, aminoglycosides, and
penicillins were identified as the most frequently used antibiotics in poultry production in
Makurdi, Benue State. Further studies on a larger scale with a robust sample size and the use
of advanced techniques is highly recommended for a more compelling understanding of
antimicrobial residues in eggs in this region.

The four-plate test is a qualitative or semi-quantitative screening method and is generally less
sensitive or specific than advanced analytical methods like high performance liquid
chromatography (HPLC) or mass spectrometry (MS). Positive results usually require
confirmation using more specific techniques to determine the exact type and concentration of
the residue and ensure it exceeds the Maximum Residue Limits (MRLs) set by regulatory
bodies.
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