
Trends in Food Science & Technology 111 (2021) 141–150

Available online 3 February 2021
0924-2244/© 2021 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

Residual antimicrobial agents in food originating from animals 

Mohammad Mahmudul Hassan a,**, Mohamed E. El Zowalaty b,c,***, Åke Lundkvist c, 
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A B S T R A C T   

Background: The agricultural food products industry in Bangladesh depends on utilizing antimicrobials indis-
criminately as growth promoters and for controlling infectious diseases. Thus, there is always a risk of antimi-
crobial agent accumulation in food sources that originate from agricultural production. 
Methods: In the present study, we collected data from published articles between January, 2013 and December, 
2019 on antimicrobial residues in human food sources such as meat, milk, eggs, and fishes. 
Results: Liver contained the highest percentage of antimicrobial residues (74%; 95% CI: 59.66–85.37) against the 
in vitro enteric pathogen Escherichia coli in layer chickens. Similar results were demonstrated in liver (68%; 95% 
CI: 53.30–80.48) and kidney (66%, 95% CI: 51.23–78.79) of layer chickens against Bacillus cereus and Bacillus 
subtilis. Amongst all antibiotics, the highest concentrations of ciprofloxacin were detected in kidney (48.57%; 
95% CI: 31.38–66.01), followed by liver (47.56; 95% CI: 40.88–54.30) of broiler chickens. Ciprofloxacin was also 
present in liver (46.15%; 95% CI: 33.70–58.96) of layer chickens. The percentage of ciprofloxacin in thigh and 
breast meat in broiler bird were 41.54% (95% CI: 34.54–48.79) and 37.95% (95% CI: 31.11–45.15) respectively. 
Enrofloxacin was the second most dominant antimicrobial agent and was present in the liver of both types of 
poultry (Broiler and Layer chickens: 41.54%; 95% CI: 29.44–54.4 and 437.33%; 95% CI: 30.99–44.01). The 
prevalence rates of enrofloxacin in thigh and breast meat of broiler chickens were 24.10% (95% CI: 18.28–30.73) 
and 20.51% (95% CI: 15.08–26.87), respectively. Tetracycline, a commonly used antibiotic in livestock, was 
present in the liver (49.23%; 95% CI: 36.60–61.93) of layer chickens. In case of aquaculture food products, the 
highest amount of amoxicillin (683.2 mg/kg) was detected in Tilapia fish (Oreochromis niloticus), followed by 
584.4 mg/kg in climbing perch (Anabas testudineus) and 555.6 mg/kg in Rui fish (Labeo rohita). Among the five 
types of fishes, Rui fish (0.000515 mg/kg) contained the highest concentrations of chloramphenicol antibiotic 
residues. 
Conclusions: The presence of antimicrobial residues in meat, milk, egg, and fish is a serious public health threat 
due to the potential induction of antimicrobial resistance. It can negatively impact the food supply chain, 
especially with the current strain that it is already facing with the current COVID-19 pandemic. The findings of 
the present study highlight the ongoing risk of residual antimicrobial agents in food of animal origin in 
Bangladesh and countries with similar practices. This can draw the attention of public health officials to propose 
plans to mitigate or stop this practice.   
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1. Introduction 

Antimicrobial resistance, emerging viruses such as (SARS-CoV-1, 
MERS-CoV, and SARS-CoV-2), avian influenza and several other zoonotic 
infectious diseases pose continuous threats and challenges to human 
public health. Antimicrobial resistance incurs increasing costs in lives 
and money, and is threatening modern medicine as we know it today. 
Antimicrobial agents have been used globally for many years in human 
and veterinary practices (Prescott, 2017). However, the indiscriminate 
use of antimicrobial agents may lead to the development of resistance 
through pathways that include the accumulation of antibiotic residues in 
the human food chain. Hence, maximum residue limits (MRLs) have been 
implemented by the Food and Agricultural Organization (FAO) for public 
health safety (Food and Agricultrual Organization of the United Nations, 
2018). Antimicrobial resistance (AMR) has become a massive public 
health threat in many countries including Bangladesh, in which the 
practice of boosting agricultural production systems with overwhelming 
amounts of antibiotics is prevalent. 

Bangladesh is a lower middle-income overpopulated country with 
increasing demands for protein-based food sources; which led to the 
establishment of extensive dairy, poultry, and aquaculture industries 
across the country. These farms play a significant role in the economy of 
Bangladesh through the production of poultry, meat, milk, and eggs 
(Department of Livestock Service, 2020). Moreover, indigenous or 
family-reared chicken/poultry supplied a significant amount of meat 
and eggs throughout the years to meet the protein demands of the rural 
communities. This created pressure on commercial farmers to produce 
more meat and eggs for the growing population and triggered the un-
regulated use of growth promoters and probiotics to meet the high 
production demands. More recently, milk and meat production have 
increased several folds by implementing specific and outcome-oriented 
initiatives by the government, non-government organizations (NGOs), 
and farmers (Ministry of Fisheries and Livestock, 2020). Farmers are, 
unfortunately, not very well aware about the antibiotic withdrawal 
period and they seem to be more concerned about the economic impacts 
of the products such as milk. This has led to commercial food products 
with varying amounts of heavy metals (Kundu et al., 2017) and anti-
microbials used to prevent diseases and thus enhance farm production 
(Hasan et al., 2011). More precisely, farmers frequently treat the whole 
flock with antibiotics and growth promoters without consulting veteri-
narians, physicians, or public health experts (Chowdhury et al., 2009). 
They also do not typically maintain the prescribed antibiotic withdrawal 
period before marketing their food products such as meat, milk, egg and 
fish (Nonga et al., 2010). In broiler chickens, antimicrobial agents are 
used in feed and water to prevent diseases. Hence, the meat of broiler 
chickens, egg, and milk may contain antimicrobial residues which in-
crease the possibility of developing resistant bacteria (Hasan et al., 
2012; Hassan et al., 2014) which represents a serious threat to public 
health (Sachi et al., 2019). Aquaculture such as commercial fish and 
prawn farming is popular in Bangladesh as a source of low-cost protein 
to underprivileged groups of the society (Ahmed et al., 2008; Das et al., 
2018). Antimicrobial agents are also used as feed additives in fish 
farming triggering antimicrobial resistant bacteria in water bodies and 
contaminating the aquaculture and the environment (Ahaduzzaman 
et al., 2014; Hassan et al., 2015). 

Humans consuming livestock and aquaculture-derived food products 
might have the chance to develop resistance against specific antimi-
crobials due to antimicrobial residues being introduced into the human 
food chain (Roess et al., 2013). To investigate the situation of antimi-
crobial residues in animal-derived food, we consulted previous reports 
(Bakar et al., 2013; Barman et al., 2018; Bristy et al., 2019; Chowdhury 
et al., 2015; Ferdous et al., 2019; Hossain et al., 2018; Islam et al., 2016; 
Khan et al., 2018; Sarker et al., 2018; Sattar et al., 2014). Some studies 
proposed different techniques for antimicrobial residue detection in 
different types of animal-derived food products. In this review, we 
assessed the current reported data on antimicrobial residues in order to 

guide future public health measures in Bangladesh and other developing 
countries that have similar antibiotic-residue problems. 

2. Materials and methods 

2.1. Review protocol 

The review followed the standard systematic review procedures 
established by the Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) (Liberati et al., 2009). The procedural guide-
lines shown in Fig. 1 were followed: (a) database search to categorize 
potentially relevant articles, (b) assessment of the relevance of the ar-
ticles, (c) quality assessment and (d) extraction of data. 

2.2. Search strategy 

A structured literature search approach was used to identify published 
studies reporting the presence of antimicrobial residues in foods of animal 
origin in Bangladesh. The scientific databases Google scholar, PubMed, 
and Science Direct were searched for relevant studies published between 
2013 and 2019. Specific Boolean words were developed based on the 
objectives of the study. The search terms have been categorized into 
outcome, population, descriptive, and area categories. The articles were 
downloaded using the Chattogram Veterinary and Animal Sciences 
University (CVASU) library network. The Boolean words of each category 
were combined using “AND” whereas “OR” was used to join the term 
within a category. Some modifications have been made based on the re-
quirements of the search engines, and advanced search criteria have been 
used to search Google scholar. Duplicate entries were identified and 
removed before the final selection of articles. Studies that did not meet 
the predetermined inclusion criteria were removed. Studies outside the 
scope were excluded. This included antimicrobial residues, poultry/ 
livestock/fish, detection methods such as microbial inhibition test (MIT)/ 
thin layer chromatography (TLC)/ultra-high-performance liquid chro-
matography (UHPLC)/liquid chromatography-mass spectrometry (LC- 
MS), conducted/published before 2013, studies published in languages 
other than English, reviews, abstracts, and conference proceedings. 

2.3. Data screening 

The full texts of retrieved published articles were screened for in-
clusion. Studies were selected for evaluation if they met the following 
inclusion criteria.  

• Any research article published between January 2013 and December 
2019 that reported residual antimicrobial agents in poultry, live-
stock, and fish in Bangladesh.  

• Any research article that reported the prevalence, investigation, 
incidence, occurrence, survey, characterization and identification of 
antimicrobial residues from Bangladesh.  

• Data were extracted and recorded for study location, citation, first 
author, time of study, year of publication, type of specimen, sample 
size, number of positive specimens, presence or absence of antimi-
crobial residue, specific antibiotic sensitivity or resistance level 
percentages, methods used for detection, and antimicrobial residue 
level. 

Eligible articles were retrieved in full text format and were assessed 
using the case definitions specified by the respective studies (Table 1). 

2.4. Data analysis 

All data extracted from different publications were sorted in Micro-
soft excel for statistical analysis. Data were analyzed using STATA/IC 
version 13.0 (StataCorp. 2013. Stata Statistical Software: Release 13. 
College Station, TX, USA) to get the prevalence and 95% confidence 
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interval (CI). Descriptive statistics were done to identify the numbers of 
articles. The study results from those articles were classified according to 
sample category and method of detection and were arranged in tables 
with the identified antimicrobials. 

3. Results 

3.1. Data acquisition 

The preliminary search yielded 704 articles. Manual search identi-
fied five additional articles. Deduplication yielded 256 unique articles. 
Reports were considered duplicated if they had the same information of 
authors, year of publication, title of the article, volume, issue, and page 
number fields. After the exclusion of articles that did not meet the in-
clusion criteria, 10 articles were identified as eligible for data extraction 
and qualitative analysis (Table 1). Among the 64 districts of Bangladesh, 
research studies on residual antimicrobial agents were focused in only 
four districts (Fig. 2). Screening of residual antimicrobial agents in other 
districts is necessary to determine the overall situation in the country. 

3.2. Residual antimicrobial agents in poultry products 

Using the microbial inhibition method, qualitative detection of 
antimicrobial residues (Table 2) showed the highest prevalence of 68% 
in liver (95% CI: 53.30–80.48) followed by 60% in kidney (95% CI: 
45.18–73.59), 60% in breast meat (95% CI: 45.18–73.59), 50% in thigh 

meats of chicken (95% CI: 35.73–64.47), and 64% in egg (95% CI: 
49.19–77.08) when tested with B. cereus. In case of B. subtilis, the highest 
prevalence of 66% was in kidney (95% CI: 51.23–78.79) followed by 
50% in liver (95% CI: 35.73–64.47), 40% in breast meat (95% CI: 
26.41–54.82), 44% in thigh meat of chicken (95% CI: 29.99–58.75), and 
54% in eggs (95% CI: 39.32–68.19). In case of E. coli, the highest 
prevalence of 74% was in liver (95% CI: 59.66–85.37) followed by 72% 
in kidney (95% CI: 57.51–83.77), 70% in breast meat (95% CI: 
55.39–82.14), 54% in thigh meat of chicken (95% CI: 39.32–68.19), and 
60% in eggs (95% CI: 45.18–73.59). About 27% of ciprofloxacin (95% 
CI: 20.98–33.72) was detected in eggs. Amoxicillin and tetracycline 
have also been detected in eggs with the respective percentages of 11% 
(95% CI: 7.02–16.18) and 16% (95% CI: 11.21–21.83). 

The published articles that used the TLC method for the qualitative 
detection of antimicrobial residues (Table 3) were assessed. The highest 
prevalence of ciprofloxacin was detected in kidney and liver of broiler 
chickens and were 48.57% (95% CI: 31.38–66.01) and 47.56% (95% CI: 
40.88–54.30), respectively. The lowest prevalence was detected in thigh 
and breast meat of layer chickens and were 30.77% (95% CI: 
19.91–43.44) and 29.23% (95% CI: 18.60–41.82) respectively. The 
highest prevalence of enrofloxacin was detected in liver of layer 
chickens and was 41.54% (95% CI: 29.44–54.44) while the lowest 
prevalence was detected in breast meat of broiler chickens and was 
20.51% (95% CI: 15.08–26.87). The highest prevalence of tetracycline 
was detected in the liver of layer chickens and was 49.23% (95% CI: 
36.60–61.93) whereas the lowest prevalence was detected in thigh meat 

Fig. 1. Flow chart of the Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) showing the search strategy and selection process for 
research articles published between 2013 and 2019. Based on the search criteria, a total of 704 English language published articles were identified and were further 
refined into 10 articles as described in the PRISMA flowchart. 
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of layer chickens and was 18.46% (95% CI: 9.92–30.03). The highest 
prevalence of amoxicillin was detected in indigenous chicken and was 
88.24% (95% CI: 72.55–96.70) whereas the lowest prevalence was 
detected in eggs of indigenous chicken and was 5% (95% CI: 
1.64–11.28). The highest prevalence of doxycycline was detected in 
liver and was 43.13% (95% CI: 35.33–51.18) whereas the lowest prev-
alence was detected in breast meat and was 25.63% (95% CI: 
20.38–35.20). In broiler chickens, the highest prevalence of oxytetra-
cycline was detected in the liver and was 46.25% (95% CI: 38.35–54.29) 
whereas the lowest prevalence was detected in breast meat and was 
22.5% (95% CI: 16.28–29.76). The prevalence of colistin sulfate residue 
was 55.55% (95% CI: 45.68–65.12) in broiler meat. As detected by the 
UHPLC method, broiler meat (522.9 mg/kg) contained more amoxicillin 
residues than the meat of indigenous chicken (444.3 mg/kg) followed by 
eggs which had 29.64 mg/kg. Using the LC-MS method, meat (0.405 μg/ 
kg) and liver (0.438 μg/kg) of indigenous chicken contained more 
chloramphenicol residues than meat (0.275 μg/kg) and liver (0.403 μg/ 
kg) of broiler chickens (Table 4). 

3.3. Residual antimicrobial agents in livestock products 

Using MIT, the prevalence rates of amoxicillin, ciprofloxacin, and 

tetracycline in milk were 26% (95% CI: 20.07–32.66), 12.5% (95% CI: 
8.26–17.90), and 17.5% (95% CI: 12.50–23.49), respectively. Using TLC, 
the prevalence rates of ciprofloxacin and tetracycline residues in cow’s milk 
were 11% (95% CI: 7.02–16.18) and 16.5% (95% CI: 11.64–22.38), 
respectively. From the published literature, the UHPLC method for the 
quantitative detection of amoxicillin residues in milk detected 33 mg/L 
(Table 4). 

3.4. Residual antimicrobial agents in aquaculture products 

Using the TLC method, the highest prevalence was detected in 
shrimp (Macrobrachium rosenbergii) and was 33.33% (95% CI: 
17.29–52.82) whereas the lowest prevalence was detected in Tilapia fish 
and was 3.03% (95% CI: 0.07–15.76). Using the UHPLC method, the 
highest concentration of amoxicillin was detected in Tilapia fish (683.2 
mg/kg). However, Climbing perch, Rui fish, Shrimp, and Bombay duck 
fish (Harpadon nehereus) contained amoxicillin residues of 584.4 mg/kg, 
555.6 mg/kg, 419.5 mg/kg, and 14.8 mg/kg, respectively. Oxytetracy-
cline residues were detected in Tilapia (0.0388 mg/kg) and Pungas fish 
(Pangasius pangasius) (0.0351 mg/kg). Using the LC-MS method, the 
quantitative detection of chloramphenicol residues (Table 4) indicated 
the highest concentration in Rui fish (0.000515 mg/kg) followed by 

Table 1 
Detection, sources, and prevalence of antimicrobial residues between 2013 and 2019 in Bangladesh.  

Area Duration Publication 
year 

Sample 
source 

Sample 
category 

Sample Method Antibiotics Total 
samples 

Outcome References 

Chattogram 2009 2016 Poultry 
farm 

Layer chickens Thigh 
Breast 
Liver 
Kidney 
Eggs 

MIT TLC 4 100 Ciprofloxacin 
Enrofloxacin  
Tetracycline 
Amoxicillin 

Islam et al. 
(2016) 

Chattogram 2011–2012 2015 Poultry 
farm 
Dairy 
farm 

Layer chickens 
Livestock 

Eggs 
Milk 

MIT TLC 
UHPLC 

3 210 Ciprofloxacin 
Tetracycline 
Amoxicillin 

Chowdhury 
et al. (2015) 

Chattogram 2012 2014 Live bird 
market 

Layer chickens 
Broiler 
chickens 

Thigh 
Breast 
Liver 
Kidney 

TLC 
UHPLC 

4 50 Ciprofloxacin 
Enrofloxacin  
Tetracycline 
Amoxicillin 

Sattar et al. 
(2014) 

Chattogram 2013 2013 Live bird 
market 
Fish 
market 

Broiler 
chickens 
Indigenous 
chicken 
Fish 

Meat 
Liver 
Tilapia 
Pungas 
Anabas 
Trout 
Rui fish 

LC-MS 1 80 Chloramphenicol Bakar et al. 
(2013) 

Chattogram 2015 2019 Live bird 
market 
Fish 
market 

Broiler 
chickens 
Indigenous 
chicken 
Fish Shrimp 

Thigh 
Breast 
Liver 
Climbing 
perch 
Rui fish 
Tilapia 
Bombay 
duck 
Shrimp 

TLC, 
UHPLC 

4 335 Ciprofloxacin 
Enrofloxacin  
Amoxicillin 
Oxytetracycline 

Ferdous et al. 
(2019) 

Sylhet 2016 2018 Fish 
market 

Fish Tilapia UHPLC 1 24 Oxytetracycline Barman et al. 
(2018) 

Sylhet 2016 2018 Fish 
market 

Fish Pungas UHPLC 1 24 Oxytetracycline Hossain et al. 
(2018) 

Gazipur 
Mymensingh 

2017 2018 Live bird 
market 
and farm 

Broiler 
chickens 

Thigh 
Breast 
Liver 

TLC 5 160 Ciprofloxacin 
Enrofloxacin 
Oxytetracycline 
Amoxicillin  
Doxycycline 

Sarker et al. 
(2018) 

Mymensingh 2017 2019 Poultry 
farm 

Broiler 
chickens 

Meat TLC 1 108 Colistin Bristy et al. 
(2019) 

Mymensingh 2017 2018 Live bird 
market 

Broiler 
chickens 

Breast 
Liver 

TLC 3 30 Ciprofloxacin 
Enrofloxacin 
Amoxicillin 

Khan et al. 
(2018) 

Microbial Inhibition Test (MIT); Thin Layer Chromatography (TLC); Ultra-High-Performance Liquid Chromatography (UHPLC); Liquid Chromatography-Mass 
Spectrometry (LC-MS). 
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Fig. 2. A map of Bangladesh showing the study areas and the spatial distribution of residual antimicrobial agents (4 districts in different colors; Chattogram, Sylhet, 
Gazipur and Mymensingh). The map was plotted using ArcMap, version 10.2, Environmental Systems Research Institute, Redlands, California, USA. (For inter-
pretation of the references to color in this figure legend, the reader is referred to the Web version of this article.) 

Table 2 
Qualitative detection of antimicrobial residues in foods of animal origin using the Microbial inhibition test (MIT).  

Sample category Sample Ciprofloxacin 
N, p, %, 95%CI 

Tetracycline 
N, p, %, 95%CI 

Amoxicillin 
N, p, %, 95%CI 

B. cereus 
N, p, %, 95%CI 

B. subtilis 
N, p, %, 95%CI 

E. coli 
N, p, %, 95%CI 

References 

Layer chickens Liver    50, 34, 68, 
53.30–80.48 

50, 25, 50, 
35.73–64.47 

50, 37, 74, 
59.66–85.37 

(Chowdhury et al., 
2015; Islam et al., 
2016) 

Kidney    50, 30, 60, 
45.18–73.59 

50, 33, 66, 
51.23–78.79 

50, 36, 72, 
57.51–83.77  

Breast    50, 30, 60, 
45.18–73.59 

50, 20, 40, 
26.41–54.82 

50, 35, 70, 
55.39–82.14  

Thigh    50, 25, 50, 
35.73–64.47 

50, 22, 44, 
29.99–58.75 

50, 27, 54, 
39.32–68.19  

Eggs 200, 54, 27, 
20.98–33.72 

200, 32, 16, 
11.21–21.83 

200, 22, 11, 
7.02–16.18 

50, 32, 64, 
49.19–77.08 

50, 27, 54, 
39.32–68.19 

50, 30, 60, 
45.18–73.59  

Livestock Milk 200, 25, 12.5, 
8.26–17.90 

200, 35, 17.5, 
12.50–23.49 

200, 52, 26, 
20.07–32.66      
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Tilapia (0.0003535 mg/kg), Trout (0.000328 mg/kg), Climbing perch 
(0.000188 mg/kg) and Pungas (0.000133 mg/kg). 

4. Discussion 

4.1. Agricultural production systems heavily depend on antimicrobial as 
growth promoter and probiotics 

Antibiotics have been used in agricultural production systems, 
especially in animals since the mid-1940s, shortly after they became 
available for the treatment of human diseases (Gustafson & Bowen, 
1997; McEwen, 2006). Antibiotics are now widely used for therapeutic, 
prophylactic, and growth promoting purposes within agricultural pro-
duction systems including livestock and fish industries. A significant 
number of antibiotics used in human medicine either belongs to the 
same class or have the same mode of action as those used in agricultural 

systems. Several antibiotics used to treat bacterial infections in humans 
also have veterinary applications (Landers et al., 2012). In fact, the use 
of animal antibiotics for the treatment or prevention of disease closely 
followed their use in humans. Each year, a huge number of drugs, 
including antibiotics are administered to livestock to produce increased 
amounts of animal-derived food (meat, eggs, and dairy products) for 
human consumption around the globe (Vázquez-Moreno et al., 1990; 
Roura et al., 1992; Rassow & Schaper, 1996). In 2010, China, the United 
States, Brazil, India, and Germany were the five countries with the 
largest amount of antibiotics consumed by food-producing animals (van 
Bijnen et al., 2011). In that same year, the estimated global amount of 
antibiotics used for food-producing animals was 63,151 (±1560) tons 
(Boeckel et al., 2015). Antimicrobials are prescription-only medications 
and their indiscriminate use can lead to the development of bacterial 
resistance, which is a major public health concern (Ferech et al., 2006; 
Liu et al., 1999; van Bijnen et al., 2011; Buke et al., 2003; Ahiabu et al., 

Table 3 
Qualitative detection of antimicrobials residues in foods of animal origin using the thin-layer chromatography (TLC).  

Sample category Sample Ciprofloxacin 
(N, p, %, 95% 
CI) 

Enrofloxacin 
(N, p, %, 
95%CI) 

Tetracycline 
(N, p, %, 
95%CI) 

Amoxicillin 
(N, p, %, 
95%CI) 

Doxycycline 
(N, p, %, 
95%CI) 

Oxytetracycline 
(N, p, %, 95% 
CI) 

Colistin 
(N, p, %, 
95%CI) 

References 

Layer chickens Thigh 65, 20, 30.77, 
19.91–43.44 

65, 15, 
23.08, 
13.53–35.19 

65, 12, 
18.46, 
09.92–30.03 

65, 17, 
26.15, 
16.03–38.54    

(Chowdhury 
et al., 2015;  
Islam  
et al., 2016;  
Sattar et al., 
2014) 

Breast 65, 19, 29.23, 
18.60–41.82 

65, 12, 
18.46, 
09.91–30.03 

65, 16, 
24.62, 
14.77–36.87 

65, 14, 
21.54, 
12.31–33.49    

Liver 65, 30, 46.15, 
33.70–58.96 

65, 27, 
41.54, 
29.44–54.44 

65, 32, 
49.23, 
36.60–61.93 

65, 31, 
47.69, 
11.10–31.77    

Kidney 65, 25, 38.46, 
26.65–51.36 

65, 24, 
36.92, 
25.28–49.80 

65, 15, 
23.07, 
13.53–35.19 

65, 25, 
38.46, 
26.53–51.36    

Eggs 150, 60, 
40.00, 
32.09–48.31 

50, 13, 
26.00, 
14.63–40.34 

150, 43, 
28.67, 
21.59–36.61 

150, 29, 
19.33, 
13.35–26.57    

Broiler chickens Thigh 195, 81, 
41.54, 
34.54–48.79 

195, 47, 
24.10, 
18.28–30.73 

35, 8, 22.86, 
10.42–40.13 

195, 52, 
26.67, 
20.60–33.45 

160, 45, 
28.13, 
21.31–35.77 

160, 47, 29.38, 
22.45–37.08  

(Bristy et al., 
2019;  
Chowdhury 
et al., 2015;  
Ferdous et al., 
2019; Khan 
et al., 2018;  
Sarker et al., 
2018; Sattar 
et al., 2014) 

Breast 195, 74, 
37.95, 
31.11–45.15 

195, 40, 
20.51, 
15.08–26.87 

35, 9, 25.71, 
12.49–43.26 

195, 47, 
24.10, 
18.28–30.73 

150, 41, 
25.63, 
20.38–35.20 

160, 36, 22.50, 
16.28–29.76  

Liver 225, 107, 
47.56, 
40.88–54.30 

225, 84, 
37.33, 
30.99–44.01 

65, 23, 
35.38, 
23.92–48.23 

195, 81, 
41.54, 
34.54–48.79 

160, 69, 
43.13, 
35.33–51.18 

160, 74, 46.25, 
38.35–54.29  

Kidney 35, 17, 48.57, 
31.38–66.01 

35, 11, 
31.43, 
16.85–49.29 

35, 9, 25.71, 
12.49–43.26 

35, 25, 
71.43, 
53.69–85.36    

Meat    148, 129, 
87.16, 
80.68–92.09   

108, 60, 
55.55, 
45.68–65.12 

Indigenous chicken Meat    34, 30, 
88.24, 
72.55–96.70    

(Chowdhury 
et al., 2015;  
Ferdous  
et al., 2019) Egg 100, 9, 09.00, 

04.20–16.40  
100, 7, 
07.00, 
02.86–13.89 

100, 5, 
05.00, 
01.64–11.28    

Livestock Milk 200, 22, 
11.00, 
07.02–16.18  

200, 33, 
16.50, 
11.64–22.38 

200, 48, 
24.00, 
18.26–30.53    

Chowdhury 
et al. (2015) 

Fish Climbing 
perch    

24, 16, 
66.67, 
44.67–84.37  

24, 2, 08.33, 
01.02–27.00  

Ferdous et al. 
(2019) 

Rui fish    33, 21, 
63.63, 
45.12–79.60  

33, 10, 30.30, 
15.59–48.71  

Tilapia    33, 18, 
54.54, 
36.35–71.89  

33, 1, 03.03, 
00.07–15.76  

Bombay 
duck    

33, 4, 12.12, 
03.40–28.20  

33, 0,  

Shrimp    30, 15, 
50.00, 
31.30–68.70  

30, 10, 33.33, 
17.29–52.82   
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2016; Al-Tawfiq et al., 2010; Costelloe et al., 2010; Vaananen et al., 
2006; You et al., 2008; Mather et al., 2012). Using antibiotics in agri-
cultural systems is a major contributing factor for resistance develop-
ment in bacteria that may cause infections in humans (Molbak, 2004; 
Wassenaar, 2005). In Bangladesh, antimicrobial agents are used regu-
larly for the treatment and control of diseases in the agricultural system, 
especially of food-producing animals, and are usually used as a feed 
additive for growth promotion. Antibiotics are used at suboptimal 
concentrations for the treatment of infections; a potentially dangerous 
recipe for developing resistant bacteria. In addition, this enhances 

potential allergic reactions and technological problems of fermented 
meat products. Interestingly, 80% of all food-producing animals receive 
medication in their entire productive period (Center for Veterinary 
Medicine, US Food and Drug Adminstration et al., 2017). In case of 
poultry, antibiotic usage has facilitated their efficient production, and 
also improved their health and well-being by reducing the incidence of 
infections (Tollefson & Miller, 2000). In Bangladesh, farmers frequently 
use antibiotics for therapeutic purposes and regularly add them in the 
feed and water at sub-therapeutic concentrations for prophylaxis and 
growth promotion. This unregulated administration of antimicrobial 

Table 4 
Quantitative detection of antimicrobial residues in foods of animal origin using Ultra-High-Performance Liquid Chromatography (UHPLC) and Liquid 
Chromatography-Mass Spectrometry (LC-MS).  

Sample category Sample (n) Amoxicillin (mg/kg) Oxytetracycline (mg/kg) Chloramphenicol (mg/kg) Test methods 

Broiler chickens Breast (10) 0.479   UHPLC 
Liver (10) 0.0847   
Liver (10)   0.000403 LC-MS 
Meat (145) 522.90   UHPLC 
Meat (10)   0.000275 LC-MS 

Indigenous chickens Meat (33) 444.30   UHPLC 
Meat (10)   0.000405 LC-MS 
Liver (10)   0.000438 
Eggs (10) 29.64   UHPLC 

Livestock Milk (10) 33.00   
Fish Climbing perch (5) 584.40   

Climbing perch (10)   0.000188 LC-MS 
Rui fish (8) 555.60   UHPLC 
Rui fish (10)   0.000515 LC-MS 
Trout (10)   0.000328 
Bombay duck (2) 14.80   UHPLC 
Shrimp (7) 419.50   
Tilapia (6) 683.20   
Tilapia (24)  0.0388  
Tilapia (10)   0.0003535 LC-MS 
Pungas (10)   0.000133 
Pungas (24)  0.0351  UHPLC 

Antibiotic concentrations are based on the following references (Bakar et al., 2013; Barman et al., 2018; Chowdhury et al., 2015; Ferdous et al., 2019; Hossain et al., 
2018; Sattar et al., 2014). 

Fig. 3. Flowchart showing the presence of antimicrobial residues arising from the use of antimicrobial agents in Bangladesh.  
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agents in livestock and aquaculture industry for treatment, prophylaxis, 
and growth promotion resulted in a huge risk of their deposition to the 
human food chain at levels exceeding the MRL (Food and Agricultrual 
Organization of the United Nations, 2018). The presence of antimicro-
bial residues in food of animal origin as a possible point of entry into the 
human food chain is shown in Fig. 3. The presence of antimicrobial 
residues in meat, meat products, fish, and aquaculture products has been 
negatively impacting their international trade for the last few years 
(Mathews et al., 2003). The antimicrobials used as feed additive can 
suppress gut bacteria (Parker & Armstrong, 1987). Generally, the use of 
growth promoters in poultry promotes faster growth and plays a bene-
ficial role in controlling some chronic disease conditions. Withdrawal of 
growth promoters can lead to reduced profitability of farming enter-
prises through increased capital and operational costs. However, studies 
from Nordic countries suggested that negative effects of removing 
growth promoters can be offset by improved animal husbandry (Krauβ 
et al., 1996). Antibiotics commonly used for treatment, prophylaxis, and 
growth promotion of food animals include doxycycline, colistin sulfate, 
neomycin, tetracycline, enrofloxacin, ciprofloxacin, and amikacin 
(Apata, 2009; Roess et al., 2013). There is always a possibility for these 
antibiotic residues to gain access to the consumers’ food products and 
the human food chain. Poor record keeping can exacerbate the problem, 
when farmers sell their animals and products of animal origin without 
having records indicating the completion of the specified withdrawal 
periods. 

4.2. Non-judicial use of antibiotics in the poultry, livestock, and fish 
production systems can exacerbate the antibiotic residue accumulation 
problem 

The unregulated accessibility of farmers to antimicrobial agents poses 
a serious risk for the development of antimicrobial resistance. This is 
especially problematic in areas where there is scarcity of authorized vet-
erinarians, such as in remote and rural areas. In addition, antibiotics are 
readily available to the farmers in retail drug stores in Bangladesh without 
prescription by registered veterinarians or authorized personnel. Such 
practice is prevalent throughout the country and has led to the misuse of 
antibiotics with the associated high prevalence of antibiotic resistance in 
bacteria from animal and food sources. Commercial poultry farmers in 
Bangladesh use antibiotics indiscriminately without any prescription or 
veterinary consultation. Several factors including the lack of knowledge 
among local farmers, lack of proper veterinary services in rural and remote 
areas, and the lure of higher profits collectively contribute to the problem 
(Redding et al., 2013). Antibiotics in the growth promoting category are, 
in some cases, the same antibiotics used in the therapeutic category. The 
decision to use growth-promoting antibiotics in commercial poultry is 
mainly an economic decision that is made by the farmers (Al Masud et al., 
2020). Farmers depend on antibiotics and believe that using different 
types of antibiotics will keep their farm animals healthier and more pro-
ductive. Farmers are not well-informed about the risks associated with the 
abuse of antibiotics and the potential deleterious impacts of this practice 
on public health. Medical representatives of pharmaceutical companies 
also share some responsibility for this problem as they have to fulfill their 
monthly target of selling a certain amount of their products (Guha, 2004; 
Masood et al., 2009), and it was observed that they try to convince farmers 
to directly use antimicrobial agents in regular schedules in order to pre-
vent diseases, especially in poultry farms (personal communications). 

Medical representatives of human medicines frequently do the same 
with physicians in the country, trying to convince them to prescribe 
more antibiotics (Habib & Alam, 2011; D’Arcy & Moynihan, 2009). 

In Bangladesh, only a few companies indicate the withdrawal period 
of their product on their drug labels and inserts, which can increase the 
residue accumulation risk. Finally, there is a lack of serious enforcement 
of rules that prevent the abuse of antibiotics and the consumption of 
foods that have antimicrobial residues (Apata, 2009). Altogether, these 
factors all contribute to the problem in Bangladesh and other countries. 

4.3. The antimicrobial residues in food sources (milk, meat, eggs, fish) 
can lead to the evolution of resistant pathogens 

The possible effects of widespread use of antibiotics in poultry, 
livestock, and aquaculture production have been reported elsewhere 
(Marshall & Levy, 2011). The use of antibiotics can lead to the entry of 
such drugs into the human food chain in the form of drug residues in 
animal source foods including meat, milk, eggs and fishes. This can 
occur when withdrawal periods are not maintained before selling ani-
mal products for human consumption. This practice may lead to 
lowering the efficacy of antibiotics when used for treatment of human 
diseases. Moreover, extensive antibiotic usage can also lead to the 
emergence of antibiotic-resistant bacterial strains with the possibility of 
transfer of resistant genes to other pathogenic and nonpathogenic bac-
teria (Peterson & Kaur, 2018) or to the human food chain (Smith, 1969). 
Humans can thus acquire antibiotic resistant bacteria following con-
sumption of poultry, livestock, and fish products. Antibiotic resistance 
against human pathogens is now a major global public health issue 
(Martínez-Martínez & Calvo, 2010). There is an evident association 
between antibiotic use in animals and the development of resistance in 
human pathogens as was previously reported (Hoelzer et al., 2017; 
Landers et al., 2012; Wegener, 2012). Evidently, the use of antibiotics in 
livestock production has been associated with the development of 
antibiotic resistance in humans. The development of resistance in 
several microorganisms due to the use of sub-therapeutic concentrations 
of penicillin, tetracyclines, and sulfa drugs in the agricultural industry 
has been highlighted as a problem by the World Health Organization 
(Landers et al., 2012; Prajwal et al., 2017). The ability of tetracycline 
resistance to persist for a long period of time after the withdrawal period 
was previously reported (Grossman, 2016). 

4.4. Practices that promote the spread of resistant bacteria to different 
components of the agricultural production system 

Herds and flocks that have been treated with tetracycline and ami-
noglycosides might show widespread transmission of resistance genes or 
resistant pathogens. In case of the aquaculture industry, resistant path-
ogens have evolved via antibiotic use in feed additives, poultry offal, and 
litter which had an impact on fish in different water bodies. The 
contamination of water with antibiotic-contaminated waste and efflu-
ents from both veterinary practices and human hospitals may lead to 
antimicrobial residue deposition in water, which can subsequently 
transmit resistant bacteria to different components of the agricultural 
production system (Manyi-Loh et al., 2018). Vancomycin-resistant 
enterococci readily detected in healthy human fecal material is the ul-
timate result of the use of avoparcin in pig industry (Van den Bogaard 
et al., 2002). Avoparcin withdrawal has been successful in reducing 
vancomycin-resistant enterococci contamination in pork (Nilsson, 
2012). Antibiotic resistance genes may be transferred from animal 
pathogens or commensals to human pathogens (Argudín et al., 2017; 
Blake et al., 2003; von Wintersdorff et al., 2016). Resistant bacteria with 
similar resistance genes and patterns in both animals and of humans 
were previously reported (Ahmed et al., 2019; Marshall & Levy, 2011; 
Wegener, 2012). It is evident that resistant bacteria with the same 
resistance patterns and/or of the same genotype in food are also 
increasing. There are possible One Health components that might 
contribute to the spread of resistant genes or bacteria through the 
human food chain (Ashour, 2014;Asante et al., 2019 Khan et al., 2020). 
Interestingly, the antimicrobial residues deposited into the fish bodies 
can also be transferred to the human food chain, an observation that was 
previously made for ampicillin and olaquindox (Smith, 1969). The MRLs 
of oxytetracycline for poultry liver, eggs, and milk were 0.06 mg/kg, 
0.04 mg/kg, and 0.01 mg/L, respectively, whereas the MRLs for colistin 
sulfate were 0.015 mg/kg and 0.03 mg/kg for poultry liver and eggs, 
respectively (Food and Agricultrual Organization of the United Nations, 
2018; Health Canada Government of Canada, 2017). The current study 
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identified antimicrobial residue concentrations that are higher than the 
MRL for most of the antimicrobial agents. Existence of chloramphenicol 
residues in food of animal origin is an indication of a public health 
problem (Davies & Wales, 2019). The dynamics of the flow of antimi-
crobial residues to humans is summarized in Fig. 3. 

Food-producing animals may receive antimicrobial agents directly as 
a treatment or in the feed as growth promoters. Some antimicrobial 
residues can remain in the food products if the withdrawal period of a 
specific antimicrobial agent was not maintained during human con-
sumption of the animal-derived food products. 

On the other hand, the effluents from medical hospitals and veteri-
nary practices can indirectly contaminate water bodies in which fish is 
raised leading to the presence of antimicrobial residues in fish, which 
can then be consumed by humans. 

5. Interventions and suggestions 

Based on this study, we recommend the judicial use of antimicrobials 
in food-producing animals and to only administer antimicrobials to the 
food-producing animals when prescribed by registered health pro-
fessionals. In addition, it is important to maintain withdrawal periods after 
antibiotic treatments and to discard the products for human consumption 
before the end of the withdrawal period. Furthermore, the use of anti-
microbials as food additives in food-producing animals including fish 
should be restricted. We recommend against the use of poultry offal, lit-
ters, and livestock waste in aquacultures. Human and veterinary hospital 
effluents should be stopped from reaching aquatic environments without 
proper sewage treatment. Finally, there should be investment in improved 
animal husbandry to reduce the antimicrobial growth promoter use 
without losing revenue. 

It is noteworthy that there is limited data on antimicrobial residue 
concentrations in foods originating from livestock and aquaculture. Some 
studies tested only a few antimicrobial agents or included a few animal 
species such as domestic poultry, broiler and layer chickens, fish, and 
shrimp. 

6. Conclusions 

In summary, residual antimicrobial agents in food products from 
animal sources including but not limited to meat, milk, egg, fish and 
shrimp pose the risk of inducing the development of antimicrobial 
resistance. The high residue concentrations might be the result of the 
indiscriminate use of antimicrobials in the agricultural production sys-
tems or an inappropriate withdrawal period. The residual antimicrobial 
agents can then be transferred to the human food chain causing further 
enhancement of resistance genes in human pathogens, and the potential 
development of antimicrobial resistance. Farmers need to adhere to the 
guidelines from health professionals, including guidelines on the pru-
dent use of antimicrobials and observing the withdrawal periods. We 
recommend the removal (banning) of poultry offal and other livestock 
waste from the aquaculture industry. Following the appropriate guide-
lines and protocols will eventually limit the presence of antimicrobial 
residues in animal-derived food products and the development of anti-
microbial resistance which will reduce the risk to the public. This will 
also support the food supply chain, which has been severely affected by 
the ongoing COVID-19 pandemic. 
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