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Introduction: One key factor contributing to microbial resistance is the deliberate and inappropriate use of antibiotics in human and animal health management. Recent studies point out various ways to tackle this controversy to mitigate the unnatural rapid evolution of pathogenic bacteria. Chicken meat remains at the top of Romanian consumers' preferences, being the most consumed type of meat, desired for its nutritional and dietetic attributes.

Methods: This research was conducted in 2022, aiming to evaluate the antibiotic residues (quinolones, aminoglycosides, tetracycline, and sulfonamides) in broiler chicken meat with various trade strategies [retail market (RM), n = 40, traditional market (TM), n = 185, and door-to-door vendors (DTD), n = 121] during two seasonal periods, spring (March–April) and summer (July–September). An efficient and precise protocol was employed for determining the meat organoleptic attributes, qualitative screening, and quantitative assay antibiotic of six antibiotics (enrofloxacin, marbofloxacin, streptomycin, oxytetracycline, doxycycline, and sulfamethoxazole), consumers' antibiotic exposure (estimated daily intake), and potential risk assessment (hazard quotient).

Results: The antibiotic quality assessment revealed an overall antibiotic residue presence in groups TM (75%) and DTD (82%), while no antibiotic residues were detected in the RM group. Our results show that 32% (n = 110) of the total chicken meat samples were free of antibiotic residues, 4.5% (n = 16) contained antibiotic residues belonging to one class of antibiotics, 40% (n = 139) had two antibiotics groups, 22% (n = 77) had three antibiotics groups, and 1.5% of the chicken meat samples presented four groups of antibiotics.

Discussion: During the spring season, the enrofloxacin antibiotic residue present in the meat samples was higher, showing an 84% presence in TM meat samples group when compared with the DTD meat sampled group (75%). The analysis data processing showed a strong correlation between the antibiotic residue's meat samples origin (trade market and door-to-door traded meat antibiotic residue variations) and seasonal variations. As a result of the hazard quotient assay, the meat antibiotic residue levels had subunit values, indicating the meat quality was proper for consumption. It is mandatory to strengthen the level of knowledge by continuously monitoring and providing updated information to each group of farmers to increase their understanding of and adherence to the proper handling of antibiotics when growing chickens. Regarding the use of prohibited growth-promoting antibiotics in chicken-rearing systems, local authorities should increase the guard level, at antibiotic supplier and end user levels.
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1. Introduction

Chicken meat has been by far the most appreciated dietary animal protein among Romanian consumers (Balan et al., 2022), placing the poultry sector on top of the meat-producing industries in the last year, with around 550kt of meat sold (as carcass) (INSSE, 2023). Moreover, the chicken meat-producing systems' trend toward environmentally friendly and high-quality products (Barbut and Leishman, 2022), while recirculating waste and increasing productivity (Boumans et al., 2022), has also increased their popularity. However, extrinsic quality parameters (production, processing, and marketing) present a major role in perception, expectation, and consumers' purchase decisions. The Romanian consumer's purchase decision behavior (in the retail market and out of it) regarding poultry meat quality is affected by two main factors, first is the employed farming techniques (Pirvutoiu and Popescu, 2013) and the second is the affordability of meat price (Caratus Stanciu, 2020). Poultry meat that originates from small-size farming (semi-intensive rearing systems) is often merchandised in traditional markets and local fairs at a much higher price than conventionally reared chickens, having a specific customer-targeted group of young people and the elderly (Voinea et al., 2020) due to their high-quality attributes (Grigore et al., 2023). Another available marketing source of broiler chicken meat is individual producers either via door-to-door vendors or internet advertisement, generally offering “home-made” chicken meat (extensive reared system). While conventional, semi-intensive, or extensive farming systems are facing common challenges such as prolonged infectious threats (Pandey and Kumar, 2021), it is difficult to establish the boundary between welfare, health safety practices, and consumer risks (Berg, 2001). A common practice, often employed in broiler rearing systems, is antibiotic meta phylactic treatments against seasonal infectious bronchitis and viruses (de Mesquita Souza Saraiva et al., 2022). Antibiotic usage continues to be the most cost-effective measure while guaranteeing welfare principles and intervention effectiveness (Nanda et al., 2022). In broiler rearing systems, antibiotic drugs [aminoglycosides (streptomycin) (Mak et al., 2022), sulfonamides (sulfamethoxazole) (Divala et al., 2022), quinolones (enrofloxacin, marbofloxacin) (Haeili et al., 2022), and tetracycline (oxytetracycline and doxycycline) (Duga, 2018)] are approved by the EU and USA (Mader et al., 2022) and are included in the farm health protocol management. Moreover, antibiotic utilization in chickens is strictly regulated, for a therapeutic and preemptive purpose only (Mader et al., 2022), and slaughtering is permitted only after the antibiotic withdrawal period. Current data points out the antibiotic residue in meat and other poultry products (Ramatla et al., 2017; Oyedeji et al., 2019; Verma et al., 2020; Mak et al., 2022; Mohammadzadeh et al., 2022; Fei et al., 2023). The widespread curative and preemptive usage of antibiotics (quinolone, aminoglycosides, tetracyclines, and sulfonamides) for both humans and livestock, as sole active bacteriostatic agents, are contributing to the antimicrobial resistance phenomenon, with implications on the environment and human health (Gržinić et al., 2023). Nowadays, antibiotic resistance infections are more prevalent and often associated with high morbidity (Srisuwananukorn et al., 2021) and mortality (1.27 million cases globally) (Murray et al., 2022) among both adults and infants (de Kraker et al., 2016; Malik et al., 2019; Murray et al., 2022).

The current paper aims to increase public awareness and provide valuable supporting information for future policies to meat producers and consumers about the effects of antibiotic administration practices leading to accelerated extensive antibiotic resistance, thus contributing to the vast and contra-balanced health risks associated with infections.

The main objective was to evaluate the chicken-meat antibiotic residue content, group-specific antibiotic residue content, and consumers' antibiotic exposure (antibiotic-estimated daily intake) and hazard quotient.



2. Materials and methods


2.1. Chicken meat sampling

Chicken meat was sampled from March to April 2022 and July to September 2022, in twelve different areas (Figure 1) of Romania (n = 6 cities, and their rural surroundings), collecting a total of 348 chicken breast meat samples (Figure 2), from different provenances: 12% (n = 42) from commercial center origin, such as retail markets (RM, based on conventional intensive farming systems, sold in hypermarkets and supermarkets), 53% (n = 185) from traditional markets and local fairs (TM, individual producers or small-sized farms semi-intensive rearing systems), and 35% (n = 121) from door-to-door vendors via the internet market origin [DTD, exclusively extensive production systems (individual agricultural holdings, authorized as family farms, merchandising via the internet]. The collected breast meat samples were individually weighed (1 ± 0,120kg/sample), with a technical balance (Axis AZT 320, Poland), and evaluated for water content (SR ISO 1442:2010). The organoleptic evaluation of the chicken meat samples (ISO 5492:2008) was conducted, with nine naïve assessors (ISO 8586:2023), mixed-sexes, aged between 23 ± 2 years old, evaluated for the traded raw meat organoleptic standardized characteristics: carcass appearance, meat aroma, meat odor, meat consistency, and meat juiciness (EC 543/2008). There is a 1–5 hedonic scale response as for consumers purchasing choice (1 – unpleasant, 2 – satisfactorily, 3 – neither pleasant nor unpleasant, 4 – pleasant, 5 – very pleasant).


[image: Figure 1]
FIGURE 1
 Chicken meat sampling places.
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FIGURE 2
 Chicken meat sampling protocol.




2.2. Meat antibiotic residue qualitative assessment

The qualitative screening methodology (de Kraker et al., 2016) employed the detection of antibiotic and sulfamide residues through their direct inhibitory action against Geobacillus stearothermophilus (GS). GS is an important bioindicator for the presence of antibiotics in meat and milk samples. The analysis protocol was previously developed by Liofilchem (2011), focusing on the meat antibiotic residues inhibition on the GS growth. The inoculation takes place with preincubation (30 min at 20°C) of the mixture meat extract-GS media. The quick germination and proliferation of the GS is expressed at the final step of incubation (at 64 ± 0.4°C, during 3.5h). Due to the sensitivity of Geobacillus stearothermophilus to antimicrobial agents, such as beta-lactams, tetracyclines, macrolides, lincosamides, aminoglycosides, sulphamides, aminoglycosides, sulphamides, sulfanilamides, benzyl pyrimidine, and quinolones, it is commonly used in veterinary medicine and with relevant MRL (Maximum Residue Limits) ranges valid in Europe – regulation 37/2010 EC.



2.3. Chemicals, reagents, and apparatus

The purified water (18,2MΩ cm, Adrona SIA CB-2303, Latvia), meat antibiotic residue quick detection test (MeRA test, Liofilchem Diagnostici, Roseto, Italy), the analytic grade reagents such as methanol, acetonitrile, dimethyl sulfoxide (Merk KGaA, Darmstadt, Germany), and ammonium acetate, and the antibiotic standard reference enrofloxacin (ENR)marbofloxacin (MAR), streptomycin sulfate (STM), oxytetracycline (OTC), doxycycline (DOX), and sulfamethoxazole (SXT), were provided by the University of Agronomic Sciences and Veterinary Medicine for Bucharest, the Faculty of Animal Productions Engineering and Management, Food Industry Department.



2.4. Apparatus instrumental conditions and software

The HPLC-ELSD meat antibiotic residue analysis was performed using the Agilent 1260 Infinity II system. The Agilent 1260 Infinity II G7104C Flexible pump, Agilent 1260 Infinity II G7129 vial autosampler, and Agilent 1260 Infinity II G7116A multicolumn thermostat were employed. Compound separation was achieved using the ZORBAX Eclipse Plus C18 column 4.6 mm × 75 mm × 3.5 μ (Agilent, USA). For instrumental, and chemical analyte detection was employed the Agilent 1260 Infinity II ELSD G4260 detector, followed by quantification tool system Agilent Open Lab CDS for LC and LC/MS. The mobile phase had three components: ultrapure water, acetonitrile, and Tri fluoric acid; 900: 99: 1, v/v/v. The flow rate was 200 μl/min−1, the sample injection volume was 2 μl, and the column temperature was 28°C. The auxiliary equipment was represented by a pH meter (WTW Multi 310, Germany), with an electrode (SenTix 41, WTW, Germany, stored in KCl 3M), a laboratory centrifuge (Boeco C28-A, Germany), vortex-mixer (Vortex Genie 2 mixer, USA), ultrasonic bath (Elmasonic S 50 R, Germany), and a rotary evaporator (Heidolph Rotary Evaporator Laborota 4000, Germany).



2.5. Meat sample chromatography preparation

The organoleptic quality appropriate meat samples were individually minced (using a conventional blender (Bosch, Hausgeräte GmbH, Germany) and weighed (10 ± 0.02 g) using an analytical balance (Kern ABJ 220–4M, Kerk & Sohn GmbH, Germany). An individual aliquot of each chicken meat sample was weighed (1 g), mixed with 2 g of anhydrous sodium sulfate, and saturated with 500 μl of acetonitrile. A repetitive double-cycle extraction in 25 ml acetonitrile was developed by ultrasonication for 20 min. The meat sample supernatants were collected in conical 50 ml Eppendorf tubes after the centrifugation (3000 rpm, 5 min) and frozen (−20°C) for lipid content removal. The meat sample products were filtered (0.45 nm, unsterile syringe filters) and finally concentrated by evaporation to 1 ml (45 °C, 200 mmHg, 80 rpm), and stored at −12°C, over 24 h, for further HPLC analysis.



2.6. Meat antibiotic quality assurance and quantitative assessment

Standard reference substances as powder or crystals [enrofloxacin (ENR, Fluka, China), marbofloxacin (MAR, Sigma Aldrich, Merk, Switzer-land), streptomycin sulfate (STR, Sigma Aldrich, Merk, Switzerland), oxytetracycline (OTC, European Pharmacopeia reference standard, Europe Council), doxycycline (DOX, Sigma Aldrich, Switzerland), and sulfamethoxazole (SMX, Merk, Italy)] were individually soluted as per producers' requirements, using the ultrasonication bath (15 min), reaching a final concentration of ~1 mg/ml. The quality assurance for the analytical procedure was developed for accuracy, precision, sensitivity limit of detection and of quantification, working range, selectivity and specificity, presence of antibiotic recovery, ruggedness and robustness, and possible interferences. A calibration curve was developed, for each antibiotic analyte, spiked in 0, 5, 10, 50, 100, 250, and 500 μg/ml, taking into consideration the maximum antibiotic residue limits (FAO, 2015). For the simultaneous antibiotic residue determination, an aliquot (100 μl) of each stock solution was diluted to a total volume of 900 μl (600 μl analytes mixture + 400 μl mobile phase).



2.7. Health risk assessment

The consumer's antibiotic exposure was assessed for each of the four classes of antibiotics: quinolones, aminoglycosides, tetracyclines, and sulfonamides. The daily intake of antibiotics was estimated based on the individual antibiotic concentration and the chicken breast meat average daily consumption (27.8 kg/capita/year) (FAO., 2020). The daily antibiotic dose ingested through chicken breast meat was calculated, with the formula [1].
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EDI, Estimated antibiotic residues daily intake; ACR, the antibiotic residue concentration, in this study (μg/kg fresh meat); MDI, the mean of meat daily intake, expressed as kg/person; ABW, The adult consumer average body weight reference, 70 kg (Aggarwal et al., 2022).

After calculating the EDI, the hazard quotient was estimated using the calculation formula [2].
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HQ, hazard quotient; EDI, Estimated antibiotic residue daily intake; ADI, Acceptable antibiotic residue daily intake (Medicines V., 2002; Assessment and Mebendazole, 2010; EMEA., 2015; FAO, 2015; Bahmani et al., 2020; Kyriakides et al., 2020); interpretation: if HQ < 1.0 – Acceptable, receptors are not exposed to the contaminant, if not (HQ > 1.0) – Not acceptable, the receptors are exposed to the contaminant.



2.8. Data processing and statistics

Agilent Open Lab CDS LC&LC/MS software (Agilent Technology Inc. USA) was used for processing and data acquisition, and the SPSS (version 25, IBM, USA) software was used for descriptive statistics and the Pearson correlation. The dimensionally reduction method of principal component analysis (PCA) was employed using the two components, F1 and F2, to explain all linear combinations with large variations.




3. Results and discussions


3.1. Organoleptic meat properties

At the start of the experiment (during the sampling procedure), all chicken breast meat samples (n = 348) were evaluated for organoleptic characteristics. Evaluating the organoleptic attributes of the broiler carcass and breast meat of TM and DTD groups did not indicate significant differences, except for two broiler carcasses belonging to the RM group. The two altered chicken carcasses also presented an unacceptable level of water addition, so the meat samples were excluded from the study, with the motivation of the meat quality being unfit for human consumption. The organoleptic characteristics of the chicken raw meat refer to the conditions that domestically produced poultry meat must meet to be marketed (Comunit C., 2008). Poorly and improperly processed meat has the potential to carry a zoonotic disease (Georganas et al., 2022), thus causing pathogenic contamination (French, 2023), and posing the highest risk for both human and animal health (Amore et al., 2022).



3.2. Meat antibiotic residue qualitative assessment

None of the 40 samples collected and analyzed originating from the retail market were confirmed positive for any category of antibiotics (Figure 3). Only nine chicken breast meat samples suspected of antibiotic residue presence were identified (false positive results) and kept for further quantitative antibiotic residue assessment. The results concerning the chicken breast meat samples from the TM group (during all experimental trials) presented an overall 75% (n = 137) antibiotic residue presence. Meanwhile, the total breast meat chicken collected from the DTD group (n = 22) showed a much higher antibiotic residue presence (82% of the DTD meat samples were positive for antibiotic residues). A potential explanation for the difference in antibiotic presence in the chicken breast meat samples' origin could be attributed to the antibiotic administration without respecting the drug withdrawal periods (Györke et al., 2013; Verma et al., 2020) and rushing the slaughtering protocols without considering the potential harmful effects. Generally, in extensive and intensive rearing management, the antibiotics have specific prophylaxis procedures, regarded as health-related mandatory actions, which are more focused on prevention and less therapeutic intervention, and strictly impose the drug withdrawal period before slaughtering (Mohammadzadeh et al., 2022), promoting product biosecurity and consumer safe.


[image: Figure 3]
FIGURE 3
 Presence of antibiotic residues in chicken breast meat samples.




3.3. Meat antibiotic quantitative assessment

The data presented in Table 1 highlight the most antibiotic-contaminated chicken breast meat was in the TM and DTD groups, and the antibiotic residues belonged to the quinolone antibiotics group, recommended for veterinary use and administered with restriction (EMA., 2019). Enrofloxacin was detected in 84% of samples from traditional markets and local fairs, in the first part of the year, with a maximum concentration of 12.80 μg/kg and a minimum concentration of 2.02 μg/kg. During the summer, the reported enrofloxacin residues in TM-origin broiler meat were higher (65% of total TM broiler meat samples) when compared with the DTD provenance meat samples (12%). Furthermore, in the spring season the enrofloxacin antibiotic residue present in the meat samples was higher, showing an 84% presence in the TM meat samples group when compared with the DTD meat samples group (75%). Current results point out the fact that among individual producers (DTD group), both the frequency of quinolone contamination and the maximum residue concentration of enrofloxacin is significantly lower when compared with the TM group. Regarding the variation of enrofloxacin concentration according to the months of the year, increased residue concentrations are found in chicken breasts sold in traditional markets and door-to-door in the colder months of the year, which also correspond to high atmospheric humidity when compared to the summer months. Similar situations have been reported internationally by other researchers (Panzenhagen et al., 2016; Moghadam et al., 2018; Kang et al., 2021; Foreign et al., 2022). Tetracycline residues were mainly detected in the spring months of the year, while oxytetracycline residues were detected in 42% of the total DTD-origin chicken breast meat samples during the spring season in 2022. The highest concentration of oxytetracycline was 11.20 μg/kg (spring season) and 8.02 μg/kg (summer season), with an average concentration of 9.83 μg/kg chicken breast from the DTD group in the spring and 6.93 μg/kg in the summer months. Similar results to our findings were previously reported by Salama et al. (2011) and Bahmani et al. (2020). Moreover, cross-contamination has been reported (Figure 4), indicating a multi-drug therapeutic intervention, although most of the antibiotics such as tetracyclines and aminoglycosides (Li, 2022) share the same group of targeted pathogens, so no justification could be attributed, and thus antibiotics are still used for the growth promotive effects. However, in this study, the largest group of antibiotic contaminants was sulfonamides (SMX). During the spring months, almost 82% of the total meat samples of the DTD group presented SMX contamination (7.15–18.20 μg/kg), followed by the TM-origin chicken breast meat samples (5.80–7.88 μg/kg) in the same seasonal conditions. SMX is a synthetically developed substance with broad bacteriostatic action against susceptible bacteria, interfering directly in their folic acid synthesis. In the current study, the maximum concentrations of antibiotic residues detected (ENR, MBX, STR, OTC, DOX, and SMX) in the broiler breast meat samples (Table 1) for TM and DTD in spring and summer conditions did not exceed the regimented limits (Europene CU., 2006).


TABLE 1 Chicken meat samples antibiotic residues mean concentrations (μg/kg).
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FIGURE 4
 Group-specific antibiotic contamination in chicken breast meat samples.




3.4. Health risk assessment

The antibiotic residue contaminant exposure of the population was assessed for each of the four classes of antibiotics: quinolones, aminoglycosides, tetracyclines, and sulfonamides. The daily intake of antibiotics was calculated based on the concentration of antibiotics in the chicken meat consumed, and the daily consumption of chicken breast (27.8 kg/capita/year). The current results were compared with the MRL values (Table 2), and no analyzed chicken breast meat sample exceeded the MRL values, indicating the meat is safe and suitable for human consumption. The estimated maximum daily intake (Table 3) for the antibiotic analytes ranged from 2.932 ng/kg-bw (body weight)/day of MBX in summer to 194.544 ng/kg-bw/day of STR for adults during the summer period. However, chicken meat is often recommended for consumption to children of all ages, starting at 6 months of age, although safe limits for antibiotic residues in foods consumed by children are not currently available. This might represent a considerable risk due to children's immune system issues and gastric imbalances. An avoidance strategy might be represented by approaching a diet with a diverse range of protein sources that meets the daily nutritional requirements for children. The hazard index had a subunit value (Table 3) in adults, which is why we can say that the detected levels of antibiotic residues in the chicken breast could not be considered a public health threat regarding these veterinary antimicrobial substances presence (Oyedeji et al., 2019). Recent studies in China (Fei et al., 2023) and Greece (Stavroulaki et al., 2022) present similar results concerning consumer safety and chicken meat antibiotic contaminants exposure.


TABLE 2 Maximum residue limits of antibiotics (Salama et al., 2011).

[image: Table 2]


TABLE 3 Consumers' health risk assessment (μg/kg).
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3.5. Correlations

The total variance (97.86%) is explained by the PCA analysis plot (Figure 5) (F1= 16.01% and F2 = 81.85%). Strong correlations were obtained between the meat antibiotic residues among the studied trade systems and seasonal differences. The residues of ENR – DOX (groups 1, 5, 7, 11, 13, 17, and 19) and OTC - SMX (groups 4, 6, 10, 12, 16, 18, 20, and 22) were clustered and might represent a cause of similar antibiotic administration among both commercial groups in both seasons. The STR antibiotic residue meat presence plotted dispersion appears different from all other antibiotic residues (Verma et al., 2020; Pandey and Kumar, 2021; Barbut and Leishman, 2022; Haeili et al., 2022), suggesting their targeted administration strategy among the studied antibiotic residue groups have low levels on the studied meat traded samples. The analysis processing data showed the correspondence among the antibiotic residue's meat samples origin (trade market and door-to-door traded meat antibiotic residues variations) and the seasonal variations (Table 4). The first dimension (F1) explains 81.85% and the second one (F2) 16.10% of the total inertia.


[image: Figure 5]
FIGURE 5
 Principal component analysis plot. Traditional market trade meat: 1, Enrofloxacin residues encountered during spring; 2, Marbofloxacin residues encountered during spring; 3, Streptomycin residues encountered during spring; 4, Oxytetracycline residues encountered during spring; 5, Doxycycline residues encountered during spring; 6, Sulfamethoxazole residues encountered during spring; 7, Enrofloxacin residues encountered during summer; 8, Marbofloxacin residues encountered during summer; 9, Streptomycin residues encountered during summer; 10, Oxytetracycline residues encountered during summer; 11, Doxycycline residues encountered during summer; 12, Sulfamethoxazole residues encountered during summer. Door-to-door via Internet traded meat: 13, Enrofloxacin residues encountered during spring; 14, Marbofloxacin residues encountered during spring; 15, Streptomycin residues encountered during spring; 16, Oxytetracycline residues encountered during spring; 17, Doxycycline residues encountered during spring; 18, Sulfamethoxazole residues encountered during spring; 19, Enrofloxacin residues encountered during summer; 20, Marbofloxacin residues encountered during summer; 21, Streptomycin residues encountered during summer; 22, Oxytetracycline residues encountered during summer; 23, Doxycycline residues encountered during summer; 24, Sulfamethoxazole residues encountered during summer.



TABLE 4 Contributions and squired cosines of the experiments.
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4. Conclusions

Chicken meat antibiotic residues are a current global challenge and present severe consequences concerning consumer health safety. In our study, the chicken meat from traditional markets and local fairs and individual producers selling via the internet contained more antibiotic residues when compared with the meat from retail markets, most probably because individual farmers' antibiotic resistance awareness is still quite low. Generally, more than 40% of total analyzed chicken meat samples were positive for two classes of antibiotics, most of them belonging to the traditional markets and local fairs merchandised group. The higher antibiotic contamination rate in samples taken from small-size farms and individual farmers suggest a need for a more rigorous control of drugs and antibiotics. Moreover, our results proved that local individual and small-size farming has increased the need for knowledge and education about antibiotic drugs used to ensure prudent approaches toward preventing health hazards and ensuring durable and sustainable meat products. There is a lack of information and national and local level protocols and campaigns about proper antibiotic management and respecting the withdrawal periods concerning consumer safety.
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