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Summary  

The widespread use of antibiotics in aquaculture has generated increasing interest 

since the administration of these drugs may lead to the development of resistant 

bacteria. In addition, some antibiotics showed bioaccumulation capacity, which may 

pose a risk for the aquatic organisms and also for consumers, therefore, in order to 

protect public health, regulatory authorities like the European Union (EU) established 

maximum residue limits (MRL) for some antibiotics in food samples. In order to 

monitor the occurrence of antibiotics in seafood, different analytical techniques have 

been developed. In this deliverable a fast and simple method, based on microbial 

inhibition is described, and applied for the analysis of antibiotics in seafood samples. 

Different extraction methods were tested and the importance of the extraction 

procedure was highlighted. The method was applied to seafood samples, both control 

and spiked, allowing a qualitative identification of the antibiotics occurrence. The 

results pinpoint the microbial inhibition test as a fast methodology for a primary 

detection of some antibiotic residues in seafood. However, some drawbacks of the 

method were observed during the analysis of seafood samples and therefore, further 

methodology improvement would be necessary for its implementation for the 

widespread use of screening of antibiotics in seafood. 
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1. - Background 

Antibiotics are extensively used in aquaculture in order to prevent and treat bacterial 

diseases (Cabello, 2006). The presence of antibiotics in farmed animals can promote 

antibiotic resistant bacteria (Rico et al. 2012), causing treatment-resistant illness 

(Cañada-Cañada et al. 2009). In addition, the effects to the general public of a chronic 

exposure to antibiotic residues that remain in seafood are still unknown (Jones et al. 

2004). Moreover, different studies showed toxic effects of antibiotics to aquatic 

organisms, like Daphnia and Artemia (Jones et al. 2004) or Chlorella spp. and 

Selenastrum capricornutum (Lanzky and Halling-Sørensen 1997). For these reasons, 

much attention has been paid to antibiotic residues in the aquatic environment and 

the need of sensitive methods for their detection has increased in the last years. 

 

Most methods described for antibiotics detection in biological matrices are based on 

LC-MS/MS, being very sensitive methods but time consuming, expensive and require 

specialized personnel. In this context, alternative analytical methods, able to provide 

fast and reliable results about the presence of antibiotic residues in seafood samples 

are necessary. The implementation and application of a simple screening methodology 

based on microbial inhibition to analyze antibiotics in seafood samples is described in 

this deliverable. 

 

The method is based on the application of the seafood sample extract to a medium 

inoculated with a susceptible bacterium. Inhibition of bacterium growth indicates the 

presence of antimicrobial residue in the sample.  The higher the amount of antibiotic is 

present in the sample, the larger the ‘inhibition area’ is. This method allows the 

detection of all substances with a specific antibiotic activity present in the sample in a 

fast way, but bacteria can be affected by other bactericidal substances present in the 

samples such as detergents and disinfectants. Although this methodology is not as 

sensitive as LC-MS/MS methods, low limits of detection (table 1) can be achieved for 

most antimicrobial residues. The microbial inhibition test was firstly developed for the 

analysis of antibiotics in meat samples (Pikkemaat et al. 2008), and has not been 

applied to seafood samples so far. There is a similar microbiological assay that has 

been applied to shrimps (Dang et al. 2010) for the analysis of 3 families of antibiotics 
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(quinolones, sulphonamides and tetracyclines), and another one (Barker, 1994) for the 

specific analysis of quinolones in fish.  

Table 1. Limits of Detection (LODs) of the microbial inhibition test for each antibiotic family.  

Antibiotics class Limit of Detection  

Tetracyclines 0.07 µg/l 
Quinolones 0.10 µg/l 
Sulphonamides 0.14 µg/l 
Macrolides 0.10 µg/l 
Aminoglycosides 0.05 µg/l 

 

The test system contains five plates, one for each antibiotic family considered: 

tetracyclines, quinolones, macrolides/β-lactams, amino-glycosides and sulphonamides.  

Macrolides and β-lactams are the most used antibiotics in veterinary medicine, but, 

these antibiotic families are commonly used in aquaculture facilities in order to 

prevent or treat bacterial infections, or used for growth promoting in the farming 

industry like tetracyclines. Quinolones and fluoroquinolones may pose a risk for human 

health because their residues can persist in edible tissues and can be a source of 

resistant human pathogens. Sulphonamides may also provoke problems in human 

health like allergic or toxic reactions (Cañada-Cañada et al. 2009).  

 

2. - Material and Methods. 

2.1 Samples selection  

A set of selected seafood samples were analyzed with the microbial inhibition test. 

Samples included fish species like salmon (farmed), pangasius (farmed) and flounder 

(wild), and also bivalves like mussels. Samples were selected both from commercial 

samples as well as from hot spot sites in Europe, all collected in the frame of the 

ECsafeSEAFOOD project. All samples have been previously analyzed with a 

methodology based on extraction with QuEChERS (see description in next section) and 

detection using LC-MS/MS technique (Gros et al. 2013) and showed the presence of 

antibiotics (table 2). Since crustaceans did not show any presence of antibiotics, they 

were not included in the set of samples analyzed with the multiplate. The same apply 

to processed samples (frozen, canned, vacuum-treated, sterilized) where antibiotics 

were not detected either using conventional analytical methods. A procedure blank 

(sample treated with the same extracting procedure, without biological matrix), a 
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control sample (seafood sample with no antibiotics detected by the LC-MS/MS 

methodology), and the control sample spiked with: 100 µg/l oxitetracycline; 200µg/l 

flumequine; 100 µg/l erythromycin; 100 µg/l sulfamethoxazole, were also analyzed 

with the microbial inhibition test.  

 

Table 2.  List of samples analyzed with microbial inhibition test and the antibiotics levels obtained with 
LC-MS/MS analysis: n.d. (non-detected). Values in brackets in (ng/g).  
Sample code Sample type Sampling site Antibiotics concentrations detected with 

LC-MS/MS 

Procedure blank Procedure blank  n.d. 

ILVO 0004 A Control sample 
(French mussel) 

commercial n.d. 

IMAR 0006  Farmed mussel 
(Netherlands) 

commercial Erithromycin (24.78). 

IPMA 0009  Farmed pangasius 
(Portugal) 

commercial Roxithromycin (1.12); Tetracycline (6.96) 

IMAR 0005 Farmed salmon 
(Netherlands) 

commercial Erithromycin (36.96); tilmicosin (0.23); 
tilosin (0.19); Tetracycline (11.47) 

IMAR 0006 * Farmed mussel 
(Netherlands) 

commercial Erithromycin (26.73) 

Mussel Greece Farmed mussel 
(Greece) 

commercial Oxitetracycline (10.99) 

IMAR 0001 Wild flounder 
(Western Scheldt) 

Hot spot site Erithromycin (8.86); Roxithromycin 
(1.00); Tetracycline (16.42) 

ILVO 0004a A Spiked sample 
(French mussel) 

commercial Oxitetracycline (242.11); Flumequine 
(152.20); Erythromycin (232.31); 
Sulfamethoxazole (210.00) 

*3g instead of 0,5 g (amount considered in all samples) were extracted for the microbial inhibition test 

 

2.2 Extraction procedure.  

Antibiotic inhibition test requires samples to be in liquid phase and, therefore, a 

previous extraction procedure of the seafood samples is mandatory. In addition, the 

extraction procedure allows the pre-concentration of the analytes, which is usually 

necessary in order to achieve detectable concentrations with this assay.   

The extraction procedure was based on QuEChERS (Quick, Easy, Cheap, Effective, 

Rugged and Safe). The methodology applied was adapted from Lopes et al. 2012. 

Briefly, 0.5g of freeze-dried tissue (3g, for IMAR 0006* sample) was weighted per 

duplicate in a 50-mL polypropylene centrifuge tube. HPLC water (2 mL) and 10 mL of 

Acetonitrile (1% formic acid):MeOH (75:25, v/v), were added to the sample and shaken 
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in a rotator shaker for 15 minutes. Then, the extraction salts (1.5g sodium acetate, 6g 

magnesium sulphate) were added and the solution was shaken again for 15 minutes. 

Finally, the supernatant was collected, dried under nitrogen and reconstituted with 

1mL of methanol. Extracts were kept in methanol at -20ºC until its analysis. One 

aliquote was analysed with LC-MS/MS (Gros et al. 2013), whereas another one was 

tested with the microbial inhibition test.   

 

2.3 Microbial inhibition test  

The microbial inhibition test was performed using Water-Scan plates delivered by 

RIKILT (Netherlands). The plates were cooled (3-4°C) on delivery to prevent bacterial 

growth. 

Each agar plate has 9 wells to which samples and controls are transferred to. Before 

transfer to the plate, extracts were diluted 1:1 with demineralised water. 250 μl of 

every diluted sample was transferred to a specific well on the plate. Besides the 

samples, a solvent blank (1:1) methanol:demineralised water, a negative control 

(demineralised water) and a plate-specific positive control were transferred to the 

plate. The positive controls were the following: Tetracyclines: 100 μg/l Oxytetracycline; 

Quinolones: 200 μg/l Flumequine; Macrolides/ß-lactam: 100 μg/l amoxicillin; 

Sulphonamides: 100 μg/l Sulfamethoxazole; Aminoglycosides: 100 μg/l Neomycine.  

 

After the samples were transferred to the plates (one plate for each antibiotic family 

analyzed: tetracyclines, quinolones, macrolides/β-lactams, amino-glycosides and 

sulphonamides), 40 μl of application fluid (a plate-specific buffer solution) was added 

to each well. After this, the plates were incubated at 30°C, except for the 

sulphonamides plate, which was incubated at 37ºC. After 16 to 24 hours, the tests 

were photographed and visually inspected for antibiotic activity (figure 1). Validity of 

the test is dependent on the presence of inhibition in the positive control and growth 

in the negative control(s). 
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Fig. 1. Photography of the tetracyclines Water-Scan plate with the nine wells, four of them showed 
inhibition zone (the three on the left and the one in the center), whereas the others didn’t show 
inhibition.  
 

3. - Results and Discussion 

 
Results are summarized in fig 2. The performance of the test was correct as positive 

and negative controls showed the expected results: negative controls (methanol and 

demineralised water) presented no inhibition zone and positive controls showed 

inhibition in all corresponding plates.  

Surprisingly, the procedure blank showed a positive response in the test for 

tetracyclines, quinolones, macrolides/β-lactams and sulphonamides. These signals 

were even higher than those from positive control in the case of tetracyclines and 

quinolones, similar to positive control in the case of sulphonamides and lower in the 

case of macrolides/β-lactams. Control sample also showed positive response for these 

families of antibiotics, similar to those observed for procedure blank. Positive results in 

the procedure blank sample and control sample may be originated by different causes: 

i) contamination by antibiotics ii) contamination with bactericidal compounds like 

detergents or disinfectants or iii) interferences caused by extraction method. We can 

discard any contamination with antibiotics since the results found with LC-MS/MS 

analysis showed no presence of antibiotics in these samples, so either contamination 

by other type of compounds or matrix interferences might be causing the observed 

results.   
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For amino-glycosides, on the contrary, procedure blank showed the expected results, 

no inhibition. No response was observed for farmed pangasius from Portugal either. 

Control sample (commercial mussels from France), farmed mussel from Greece, 

farmed salmon from Netherlands and farmed mussel from Netherlands (0.5g) sample 

showed an inhibition zone similar to the positive controls, whereas the farmed mussels 

from Netherlands (3g), wild flounder and the spiked sample (commercial mussels from 

France) (A), showed an inhibition zone higher than the positive controls indicating 

potential higher levels of amino-glycosides. These results may indicate some cross-

reactivity problem since spiked sample presented a high inhibition zone despite of no 

amino-glycoside compound was added in the spiking mix. Therefore, positive signals 

for the rest of seafood samples cannot be assured.   



ECsafeSEAFOOD [311820] – Deliverable 2.5 

 

 10 

 
 
Fig 2. Schematic representation of the results. The black circle represents the well to which samples 
were added, the red circle represents the inhibition zone (no growth of bacteria). 
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In order to discard contamination events and other interferences during extraction 

procedure, the suitability of several extraction procedures were assessed. Up to three 

different extraction methodologies were used in another set of samples and further 

analyzed with the microbial inhibition test: two extra extraction procedures were used 

in addition to QuEChERS methodology explained above. One extraction procedure was 

based on Pressurized Liquid Extraction (PLE), and the other one using Ultrasonic Bath 

(US). For each extraction methodology, a procedure blank, a potential non-

contaminated sample (mussel extract without antibiotics, based on a previous analysis 

with LC-MS/MS) and the latest spiked with: 100 ug/l oxitetracycline; 200ug/l 

flumequine; 100 ug/l erythromycin; 100 ug/l sulfamethoxazole, were considered. 

Additionally, methanol used in the extraction procedures was analyzed with the 

microbial inhibition test as negative control in order to discard any bactericidal 

contamination.  

 

Pressurized Liquid Extraction (PLE) method was based on (Álvarez-Muñoz et al., 2015). 

Samples, 0.5g of freeze-dried tissue, were mixed with hydromatrix (diatoms earth) and 

placed in a 22 mL stainless steel cell containing a glass-fiber filter in the cell inlet and in 

the outlet. The extraction was performed with PLE. The extraction solvent was 

MeOH:H2O (1:2) and the PLE parameters were: Tª 50º C; 1500 psi; 5 min heat up time; 

3 static cycles; Static time 5 min; Flush volume 100%; Purge 90s. After the extraction, 

the collection vials containing the eluate were dried down under nitrogen up to 

approximately 30% of its initial volume; then the samples were redisolved up to 200 

mL with ultra-purified water. Six mL of EDTA were added to each sample before solid 

phase extraction (SPE). SPE was done with Oasis HLB (200 mg, 6 ml) cartridges. 

Cartridges were conditioned with 6 mL of MeOH followed by 6 mL of HPLC water; after 

sample loading, cartridges were rinsed with 6 mL of HPLC water, and finally eluted with 

6 mL of MeOH. Samples were kept with methanol at -20ºC until their analysis.  

 

The procedure for Ultrasonic Bath method was adapted from Capone et al. (1996). 

Samples were weighted (0.5g) and placed in a plypropilene tube. 4 mL of Acetonitrile 

(1% formic acid):MeOH (75:25, v/v) were added and vortexed for 30s; after, samples 

were sonicated for 3 min and centrifuged at 1500 rpm for 5 min; supernatant was 
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collected and the process was repeated two more times. All the supernatant together 

was centrifuged at 5000 rpm for 10 min. Finally, samples were dried under nitrogen 

and reconstituted with 200 mL of HPLC water. After that, clean up with SPE was 

performed as explained above for pressurized liquid extraction method.  

 

Results of the second set of samples are summarised in fig 3. As in the case of the first 

set of samples, the test was valid because negative controls (methanol and 

demineralised water) showed no inhibition zone and positive controls showed 

inhibition in all corresponding plates. Procedure blank extracted with QuEChERS 

showed again inhibition for all the antibiotic families analysed, this time even including 

amino-glycosides plate. Procedure blank extracted with pressurised liquid extraction 

and procedure blank extracted with ultrasonic bath didn’t show inhibition in any 

antibiotic family; this confirms our hypothesis that the extracting procedure with 

QuEChERS is not suitable for the analysis of seafood samples with the antibiotic 

inhibition test. Furthermore, methanol used for samples reconstitution was also 

analysed and didn’t show inhibition in any antibiotic family, discarding a contamination 

with some bactericidal substance. Inhibition with QuEChERS extraction may be due to 

the extraction salts used: sodium acetate and magnesium sulphate. Travers et al. 

(1987) reported that some concentrations of sodium acetate inhibited the growth of 

Bacillus strains, a bacterium used in the microbial inhibition test. Spiked and clean 

sample extracted with QuEChERS showed similar results than the procedure blank 

sample. Therefore, the interference of QuEChERS extraction is too high to enable the 

observation of any inhibition caused by the antibiotics present in the sample.  
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Fig 3. Schematic representation of the second analysis results. The black circle represents the well to 
which samples were added, the red circle represents the inhibition zone (no growth of bacteria). (a) 
corresponds to macrolides positive control plate and (b) to β-lactams plate.  
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Clean samples extracted by PLE or US showed inhibition for almost all antibiotic 

families. Tetracyclines plates showed similar inhibition than the spiked samples 

indicating a big interference due to the biological matrix.  Amino-glycosides presented 

less inhibition in the clean sample than the spiked one, however in this case no amino-

glycoside was added to the spiking mix, and as the case of the first analysis, this may 

confirm a cross-reactivity problem with this antibiotic group, as it was hypothesized 

after the analysis of first set of samples. Pikkemaat et al. (2008), reported cross-

reactivity problems in the amino-glycoside plate, showing that some antibiotics, like 

erythromycin (which was added to the spiking mix), may provoke cross-reactivity to 

the amino-glycosides plate when it is added at high concentrations.  

Plates for sulphonamides group showed similar inhibition in the sample extracted with 

PLE for the spiked and non-spiked seafood sample. However, a higher inhibition was 

observed in the spiked sample extracted by ultrasonication in comparison to the non-

spiked sample. Plates for quinolones group didn’t show inhibition in the sample 

extracted by ultrasonication neither for the clean nor for the spiked seafood sample. 

Nevertheless, a higher inhibition was observed in the spiked sample extracted with PLE 

in comparison to the non-spiked sample. Macrolides/β-lactams showed a clear higher 

inhibition in the spiked samples compared to the clean ones, using both extraction 

methodologies. Antibiotic inhibition test could thus be considered as a feasible 

methodology for the analysis of this type of antibiotics in seafood samples. The same 

can be applied to quinolones assay, at least for samples extracted by PLE.  

The combination of the extraction method (0,5g of seafood extracted using PLE) with 

the detection assay based on antibiotic inhibition seems promising to be applied as 

provides a useful and sensitive methodology for the screening of macrolides and 

quinolones in seafood samples.  Based on the limits of detection of these groups with 

the microbiological assay (see table 1) the corresponding limits of detection for 

seafood samples could achieve the Maximum Residue Limits (MRL) established for 

human consumption (EU No 37/2010). Further studies should be done in order to 

improve the assay performance with these compounds and to cover other antibiotics 

families. Further clean-up of the samples is suggested in order to reduce matrix 

interferences. With this purpose gel permeation chromatography (GPC) will be tested 

as an alternative clean-up step, which is known to perform a deeper purification than 
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SPE (Huerta et al. 2012). GPC (also known as size exclusion chromatography) has the 

advantage of good separation of large molecules from the small molecules with a 

minimal volume of eluate. The results will be presented in a deliverable update by 

April, 2016. 

Because of the interferences caused by the biological matrix in sulphonamides and 

tetracyclines plates an alternative clean-up process (SPE was applied as a clean-up step 

after PLE and US extraction methodologies) are suggested in order to reduce the 

inhibition caused by the biological matrix. A clean-up procedure after QuEChERS 

extraction may also be suitable in order to reduce the potential influence of the 

extraction salts.  

Further experiments with seafood samples analysing body fluids, for example blood, 

may achieve better results since the interference of biological matrix are expected to 

be low. In fact, microbial inhibition test was firstly developed for meat samples, based 

on the analysis of renal pelvis fluid (Pikkemaat et al. 2008). Furthermore, the use of 

body fluids without animal killing may provide a rapid indicator of antibiotic 

contamination in seafood when they are growing in the aquaculture facilities. 

 

 

4. - Conclusions 

A rapid and simple screening methodology based on microbial inhibition for the 

detection of antibiotics in seafood was tested, and to the best of our knowledge, this is 

the first time that macrolides/β-lactams have been detected in seafood samples using 

this methodology. Different extraction procedures were tested. QuEChERS extraction 

procedure without further clean-up was not suitable for the microbial inhibition test 

because it caused a remarkable interference in the test response. Extraction 

procedures based on pressurized liquid extraction and ultrasonic bath, reported better 

results since no interferences were shown in the procedure blanks. However, some 

drawbacks were identified when analysing seafood samples: cross reactivity problems 

in amino-glycoside plate and interferences due to the high matrix response in 

tetracyclines and sulphonamides plates. Both cross-reactivity and matrix interferences 

may lead to false positive results. Further clean-up of the samples is suggested in order 

to reduce matrix interferences. 
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The microbial inhibition test showed satisfactory response for analysis of quinolones 

and macrolides, and a clear identification of these compounds could be done in the 

spiked samples. Further studies would be necessary to determine if this test can 

provide appropriate sensitivity for the analysis of these compounds in seafood 

samples. 

Based on the limitations of the assay for the determination of antibiotics in biota 

extracts, further experiments are also suggested to explore the applicability of this test 

for the analysis in seafood body fluids in order to improve the response of the test in 

seafood samples. The deliverable will be updated in April 2016, where the recovery 

data for the final extraction method will be included.  
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Appendix- Pictures from antibiotic activity assay 

 
Figure I. Pictures form antibiotic activity assay of the first set of samples. A: tetracyclines; B: 
Sulfonamides; C: Quinolones; D: macrolides/β-lactams and E: amino-glycosides.  
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Figure II. Pictures form antibiotic activity assay of the second set of samples. A: tetracyclines; 
B: Sulfonamides; C: Quinolones; D: macrolides/β-lactams and E: amino-glycosides.  
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