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ABSTRACT

As fish are perishable foods, their storage conditions require appropriate sanitary and temperature regimes. The
producers commonly use various antibiotics to stop fish’s microbiological and biochemical processes. The current
research aimed to examine antibacterial residues in frozen fish (Argentina, flounder, lackerda, mackerel, capelin,
salka, saithe, herring, dorado, and pink salmon) to find their influence on the quantitative content of microorganisms
and to determine the sensitivity of isolated psychrotrophic bacteria to antibiotics. A total of 75 samples were
collected from the fillets of frozen fish species. These fish were imported from Norway (16 samples), Vietnam (24
samples), Russian Federation (8 samples), China (14 samples), New Zealand (2 samples), Italy (2 samples), United
States (4 samples), and United Kingdom (5 samples). The obtained results revealed that aminoglycosides
(Gentamicin, Kanamycin, Spectinomycin, Dihydrostreptomycin, Paromomycin, and Apramycin) were in 45.6 *
1.4% of frozen fish. The findings indicated the presence of some antibacterial residues (Nalidixic acid, antibiotics:
Apramycin, Kanamycin, Tiamulin, and Nafcillin) in frozen fish, the definition of which has not been specified in the
EU Regulation. This gives grounds to prohibit the use or develop standards for the maximum permissible
concentration of these antibacterial substances in fish. The most common psychrotrophic bacteria isolated from
frozen fish without antibacterial residues were highly sensitive to antibiotics, including Penicillin, Tetracycline
groups, and Aminoglycosides. Therefore, it can be concluded that the residual levels of various biocides found in
fish are a source for the expression of multi-resistance genes, which can be transmitted to consumers in the food
chain.
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INTRODUCTION

Fish and seafood are a source of easily digestible protein and contain fats, a valuable source of energy, as well as macro-
and micronutrients (Al-Jasser and Al-Jasass, 2014; Nirmal et al., 2022). Fish is a nutrient medium for the development of
microorganisms of all kinds (EC, 2002; Nirmal et al., 2022). They are classified as perishable foods, so the conditions
and terms of their storage require appropriate sanitary, hygienic, and temperature regimes (Feng et al., 2017; Farag et al.,
2021).

Fish and imported fish products enter the Ukrainian market in a frozen state. They are controlled according to
criteria set for microbiological safety (presence of Salmonella spp., Listeria monocytogenes) and hygiene of the
technological process (bacteria of the coliform group, mesophilic aerobic and facultative anaerobic microorganisms,
Staphylococcus aureus (DSTU, 2007). Food stored in the refrigerator is dominated by psychrotrophic microflora
(Grynevych et al., 2018; Zhang et al., 2019). Its development is related to product organoleptic and chemical defects
(Ercolini et al., 2009; Moschonas et al., 2011; Malimon et al., 2018). Chilled and frozen fish are commonly contaminated
with psychrotrophic microorganisms, such as Pseudomonas spp., Acinetobacter spp., Flavobacterium spp., Moraxella
spp., Shewanella spp., and Aeromonas spp., which can perish the fish (Franzetti and Scarpellini, 2007; Popelka et al.,
2016) and cause food poisoning. Accordingly, producers widely use various antibacterials to stop microbiological and
biochemical processes in the fish chain from catch to consumer (Akinbowale et al., 2007; Bayer et al., 2017).
Antibacterial drugs are used to feed fish in aquaculture and to prevent and treat diseases (Samanidou and
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Evaggelopoulou, 2007; Rico et al., 2012; Grynevych et al., 2018; Zhang et al., 2019; Nasr-Eldahan et al., 2021).
Researchers have investigated the antibacterial residues of different types of fish in Ukraine (Grynevych et al., 2018),
China (Chen, 2014; Maan et al., 2021), Croatia (Kolda et al., 2020), and Australia (Al-Jasser and Al-Jasass, 2014). It is
believed that excessive amounts of antibiotics lead to antibiotic-resistant bacteria forming in the aquatic environment,
which can cause fish diseases (Grigorakis and Rigos, 2011; Su et al., 2011; Miller and Harbottle, 2018). Consequently,
there is a possibility of resistance transmission to microorganisms that cause human food infections.

Thus, it is of utmost significance to study microbiological indicators, particularly psychrotrophic bacteria’s content
and residual amounts of antibacterial substances in frozen fish imported to Ukraine. Such studies can improve preventive
measures to monitor and control residual levels of antibacterial drugs in aquatic products entering the fish market. With
this in mind, the current research was an attempt to study antibacterial residues in frozen fish, their influence on the
quantitative content of microorganisms, and to determine the sensitivity of isolated psychrotrophic bacteria to antibiotics.

MATERIALS AND METHODS

Sampling

A total of 75 samples were collected from the fillets of frozen fish species (Argentina, flounder, lackerda, mackerel,
capelin, salka, saithe, herring, dorado, and pink salmon). The frozen fish were purchased from the trade network in Lviv
and Ternopil, Ukraine. These fish were imported from Norway (16 samples), Vietnam (24 samples), the Russian
Federation (8 samples), China (14 samples), New Zealand (2 samples), Italy (2 samples), the United States (4 samples),
and the United Kingdom (5 samples). All samples of frozen fish had an acceptable shelf life of 6-9 months and were
stored at a temperature of -18°C.

Microbiological study of fish

In this phase of the study, 48 cultures (18 Pseudomonas spp., 15 Acinetobacter spp., and 15 Alcaligenes spp.) from
fish samples in the absence of antibacterial residues and 80 cultures (30 Pseudomonas spp., 25 Acinetobacter spp., and
25 Alcaligenes spp.) in the presence of antibacterial residues were studied.

The presence of antibacterial residues was determined by the chromatographic method (Waters mass spectrometer,
TQD ACQITY system, USA). The antibiotics included Sulfaguanidine, Sulfacetamide, Sulfapyridine, Sulfadiazine,
Sulfamethoxazole, Sulfathiazole, Sulfamerazine, Sulfamethizol, Sulfabenzamide, Sulfamethazine, Sulfinoxolin,
Sulfadoxin, Sulfadimethoxine, Penicillin G, Cephalexin, Ampicillin, Penicillin \/, Amoxicillin, Trimethoprim, Nafcillin,
Oxacillin, Josamycin, Spiramycin, Nalidixic Acid, Flumequine, Oxalic Acid, Norfloxacin, Ciprofloxacin,
Spectinomycin, Danofloxacin, Enrofloxacin, Marbofloxacin, Sarafloxacin, Difloxacin, Lincomycin, Gentamicin,
Doxycycline,  Chlortetracycline,  Tetracycline, = Ostetracycline, = Kanamycin,  Apramycin,  Streptomycin,
Dihydrostreptomycin, Paromomycin, Sulfamoxol, Sulfaphenazole, Sulfamethoxypyridazine, Sulfamonomethoxine, and
Tiamulin (Di Corcia and Nazzari, 2002).

The number of mesophilic microorganisms was determined at a temperature of 30°C incubation for 72 hours of
Nutrient Agar (Pharmactive, Ukraine). The number of psychrotrophic microorganisms was calculated at a temperature of
6.5°C incubation for 10 days on Nutrient Agar (Pharmactive, Ukraine). The NEFERM test 24 was used to identify
isolated cultures of psychrotrophic microorganisms (Lachema, Czech Republic). The bacteria species were isolated
according to the Bergey’s Manual of Systematic Bacteriology (Vos et al., 2011). The psychrotrophic bacteria
Acinetobacter spp., Pseudomonas spp., Enterobacter spp., Alcaligenes spp., and Aeromonas spp were identified. The
sensitivity of the isolated bacteria to 14 antibiotics was tested by the classical disk-diffusion method Kirby-Bauer
(NCCLS, 2003). The classical antibacterial disks used in this experiment consisted of Nalidixic acid, Tiamulin,
Apromycin, Kanamycin, Sulfaphenazole, Gentamicin, Penicillin V, Difloxacin, Dihydrostreptomycin, Amoxicillin,
Naphcillin, Spectinomycin, Tetracycline, Streptomycin, Paromomycin (Pharmactive, Ukraine). All procedures of this
experiment were repeated three times.

Statistical analysis

The results were expressed as mean value and standard deviation (SD) of three measurements were calculated.
Statistical processing was performed by analysis of variance (ANOVA) using SAS (Version 9.2). P value less than 0.05
was considered statistically significant.

RESULTS

In previous research, 10% of frozen fish samples imported into Ukraine contain residues of antibacterial substances.
Figure 1 shows the chemical composition of the available residual antibacterial amounts in fish fillets. As can be seen in
Figure 1, the antibacterial residues of Nalidixic acid was most often detected in frozen fish imported to Ukraine in 17.8 +
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0.3% of samples. Apramycin and Kanamycin from Aminoglycosides antibiotics were detected in 16.3 + 0.3% and 15.1 +
0.3% of cases, respectively. The sulfonamide drug Sulfaphenazole was detected in 10% of the samples. In the
investigated fish samples, Gentamicin and Tiamulin antibiotics were detected in almost the same amount of 6.9 £ 0.2 and
6.5 £ 0.2%, respectively. Such aminoglycoside antibiotics as Dihydrostreptomycin and Streptomycin were in a smaller
number of fish samples (4.1 £ 0.2 and 1.6 £ 0.2%, respectively).

Among antibiotics of the Penicillin series, Penicillin VV was most often detected in fish in 5.0 £ 0.2% of samples,
and Amoxicillin and Nafcillin contained an average of 3.3 £ 0.1% of fish samples. Tetracycline and Paromomycin were
detected in 1.7 £ 0.2% and 1.3 £ 0.1% of frozen fish samples, respectively.

Table 1 shows the permissible level of antibacterial residuals based on EU Regulation No. 37/2010. According to
Table 1, Nalidixic acid, Apramycin, Kanamycin, Tiamulin, and Nafcilin antibacterials found in frozen fish were not
based on regulations set by European legislation (EU Regulation No. 37/2010). In addition, the level of Gentamicin,
Difloxacin, and Paromomycin found in the fish almost reached the maximum permissible amount allowed for these
antibiotics. Amoxicillin and Penicillin V in the fish were twice lower than the maximum permissible amount according
to EU Regulation 37/2010. At the same time, it was found that Tetracycline and Spectinomycin were above the
maximum permissible amount of antibiotics in fish by 10% by 12.4%, respectively.

In the next phase of the study, microbiological indicators of frozen fish were determined based on antibacterial
residuals. Various chemical preservatives influence the quantitative content of microorganisms in raw materials and food
products. Figure 2 shows the number of microorganisms (mesophilic and psychrotrophic microflora) in frozen fish based
on the detected antibacterial residues.

The findings revealed that the number of microorganisms in fish containing antibacterial residues of various
pharmacological groups was 1.3-1.6 times lower than that of microflora in fish without antibiotics (Figure 2). Notably, in
fish meat containing Tetracycline and Fluoroquinolone, the number of mesophilic microorganisms was 51.7 and 43.5
times (p < 0.05) less than in fish without antibiotics, respectively. This is probably due to the significant antibacterial
effect of these antibiotics on mesophilic microflora. Regarding number of mesophilic microorganisms, all frozen fish
samples met the requirements of the microbiological standard up to 5x10* CFU/g to SSU 4868: 2007 Frozen fish
(DSTU, 2007).

In addition, it was found that in frozen fish without antibiotic residuals, the number of psychrotrophic microflora
was 2.1 times greater than the number of mesophilic bacteria (p < 0.05), and in fish with antibiotic residuals, it was 1.3-
1.7 times greater than the mesophilic bacteria (p < 0.05). For this reason, the microbiological control of frozen fish by
psychrotrophic microflora content can determine the hygiene of the technological process involved in fish production
and storage.

Regardless of the antibiotics in frozen fish, the dominant microflora is psychrotrophic microorganisms. Therefore,
psychrotrophic microorganisms isolated from frozen fish were identified. It was found that the psychrotrophic microflora
of frozen fish consists of Acinetobacter spp for 35-40%, Pseudomonas spp. for up to 30%, Enterobacter genus for 7-
10%, and up to 20% for Alcaligenes, Aeromonas, cocci bacteria, and fungal microflora.

The current research was also conducted to determine the resistance of psychrotrophic microorganisms to
antibiotics. The results are shown in Figures 3-7. Figure 3 illustrates the resistance of bacteria to antibiotics isolated from
frozen fish without antibacterial residues. It can be inferred that in fish with no antibacterial residues, the isolated
psychrotrophic microflora was mostly sensitive to antibiotics. The level of antibiotic-resistant strains of Pseudomonas
spp., Acinetobacter spp., and Alcaligenes spp. did not exceed 20%. An exception was the Penicillin antibiotic
Amoxicillin, which did not affect Pseudomonas spp. cultures, due to the natural resistance of these bacteria to
Penicillins. Therefore, it was found that the most common psychrotrophic microorganisms isolated from frozen fish free
from antibacterial preparations are mainly sensitive to antibiotics.

Figure 4 shows the results of antibiotic resistance of psychrotrophic bacteria isolated from frozen fish containing
Tetracycline. As can be seen, isolated psychrotrophic microorganisms from fish containing Tetracycline were more
resistant to antibiotics, compared to microorganisms isolated from fish without antibiotics. In particular, the level of
bacterial cultures resistant to Tetracycline was 86.6-93.4%. At the same time, Ciprofloxacin, Ceftriaxone, and
Gentamicin showed a stable antimicrobial action against isolated bacteria of the genus Pseudomonas, Acinetobacter, and
Alcaligenes; the level of resistant strains did not exceed 26.7%.

The cephalosporin antibiotic Ceftazidime and the nitrofuran drug Furamag showed high antimicrobial activity.
Since resistant bacteria of the genera Acinetobacter were not detected to these drugs, and the resistance of strains of
Pseudomonas spp. was from 6.7 to 13.3%. Therefore, it was established that in case of the presence of antibiotics of the

Tetracycline group in frozen fish, microflora resistant to drugs of this pharmacological group is released from the fish.
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The results of antibiotic resistance of psychrotrophic microorganisms isolated from fish containing Penicillin group
preparations are shown in Figure 5.1t was set that bacteria of the genera Acinetobacter and Alcaligenes developed
resistance to antibiotics of the Penicillin group, as the number of resistant strains was 86.7-93.3% (Figure 5). The content
of antibiotics can explain this in the Penicillin group in frozen fish. At the same time, antibiotics of other
pharmacological groups showed high activity against isolated bacteria. The results of the research on antibiotic resistance
of psychrotrophic microorganisms isolated from fish containing Gentamicin are shown in Figure 6. It was found that
resistance to some specific antibiotics in frozen fish of samples containing Gentamicin residual is formed in the isolated
microflora. In particular, the antibiotic Gentamicin was detected in frozen fish, as a result of which the resistance level of
isolated bacteria of the genera Pseudomonas, Acinetobacter, and Alcaligenes were 86.7% and 93.3%, respectively
(Figure 6).
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Figure 2. The number of mesophilic and psychrotrophic microflora in frozen fish fillets (n = 75) containing antibacterial
residuals (mean * standard deviation).
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Figure 4. Antibiotic resistance of psychrotrophic
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from frozen fish fillets (n = 75) with antibacterial residual
of Tetracycline
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Figure 6. Antibiotic resistance (mean =+ standard
deviation) of psychrotrophic microorganisms (n = 75)
isolated from frozen fish fillets containing antibacterial
residual of Gentamicin

Table 1. Detection of antibacterial residuals in the fillets of frozen fish (n = 75)

Antimicrobial drugs

Concentration in fillet (mg.kg™)

The maximum permissible level (mg.kg™) according
to EU Regulation No. 37/2010

Nalidixic acid 90.5+4.0
Apramycin 881.3+72.1
Kanamycin 117.4 £50.3
Sulfafenazole 75.2+4.38
Gentamicin 949+6.5
Tiamulin 789143
Penicillin V 23920
Difloxacin 97.8+4.3
Dihydrostreptomycin 361.5+23.1
Amoxicillin 272+22
Nafcillin 163.5 +10.6
Spectinomycin 337.2+18.2
Tetracycline 1104 +6.5
Paromomycin 459.7 + 28.1

Not regulated in fish
Not regulated in fish
Not regulated in fish
100

100

Not regulated in fish
50

100

500

50

Not regulated in fish, only for ruminants — 300
300

100

500

DISCUSSION

The basic principles of food safety set out in the EU Regulation (EC, 2002) provide that food products are required to
ensure traceability throughout the production and circulation chain. The obtained results of imported fish for residual
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amounts of antibacterial residues showed that the most commonly found antibiotics (45.6 + 1.4 percentage of cases from
the collected samples) are aminoglycosides (Apramycin, Kanamycin, Gentamicin, Spectinomycin, Paromomycin,
Dihydrostreptomycin). The detection of almost 50% of residual amounts of antibiotics in this group is probably due to a
wide range of antimicrobial action on Gram-negative and Gram-positive microorganisms, which are the causative agents
of fish spoilage and human food poisoning. In addition, in almost 18% of cases, nalidixic acid was detected, which is
probably due to its good activity against bacteria of the family Enterobacteriaceae (Casagrande Proietti et al., 2022).
Other studies indicated the significant use of aminoglycosides and macrolides in animal husbandry, fish farming, and
poultry farming, which can be detected through the residual analysis of these biocides in raw materials and products
(Cabello, 2004; Su et al., 2011; Horiuk et al., 2019). The results are consistent with those of other researchers reported
for foods, antibiotics, sulfonamides, and nitrofuran preparations (Akinbowale et al., 2007; Bayer et al., 2017).

In addition, it should be noted that the EU Regulation does not regulate residues of nalidixic acid, antibiotics such
as apramycin, kanamycin, tiamulin and nafcillin in meat (EC, 2010). Exceeding the permissible content values was
found for antibiotics such as Tetracycline by 10 mg.kg-1 and spectinomycin by 37.2 mg.kg™ (EC, 2010). It is reported
that the maximum allowable concentration of antibiotics in Tetracycline products has been exceeded (Miranda et al.,
2003; Akinbowale et al., 2007; Su et al., 2011).

Thus, the results revealed that during the production of frozen fish, antibacterial substances are used, which is not
provided by the EU Regulation (EC, 2010). This gives grounds to prohibit the use or development of standards for the
maximum permissible concentration of these antibacterial substances in fish. In addition, the maximum allowable
amount for antibiotics such as Tetracycline and Spectinomycin was exceeded. The present study also necessiates the
need for careful control of frozen fish imported to Ukraine for the presence of residual amounts of antibacterial
substances.

In the presence of residues of antibacterial substances in frozen fish, microbiological indicators did not exceed the
standards (DSTU, 2007). The lowest microbial contamination of fish was detected in the presence of antimicrobial
residues of Fluoroquinolone, Tetracycline groups, and Aminoglycosides. The obtained data are consistent with studies
by Popelka et al. (2016), and Sheng and Wang (2021), which report higher significant contamination of frozen fish with
psychrotrophic microflora, compared to mesophilic. Therefore, it can be considered that the microbiological
characteristics of frozen fish in terms of the content of psychrotrophic microorganisms are more indicative and reliable
for assessing compliance with the hygiene of production and refrigerated storage.

Various biocides are widely used in aquaculture to prevent and treat infectious diseases (Grynevych et al., 2018).
The use of antibacterial substances in modern animal husbandry and aquaculture causes a global problem of antibiotic
resistance of microorganisms (Kemper, 2008; Mulcahy, 2011; WHO, 2011; Horiuk et al., 2019). Studies on determining
the sensitivity of the identified microflora to antibiotics have shown that in fish in which there are no antibacterial drugs,
there are psychrotrophic bacteria, which are mainly sensitive to antibiotics. The resistance level of Pseudomonas spp.,
Acinetobacter spp., and Alcaligenes spp. did not exceed 20%. At the same time, in the presence of residual amounts of
antibiotics of the Tetracycline group in frozen fish, microflora resistant to these antibiotics was isolated. A similar
pattern was found in the presence of antibiotics in other groups. Thus, Gentamicin residues were detected in the meat of
frozen fish and, as a result, isolated from psychrotrophic microorganisms showed resistance to Gentamicin in 86.7-
93.3%t. Some studies also reported antibiotic resistance in microorganisms isolated from aquaculture (Miranda et al.,
2003; Akinbowale et al., 2007; Su et al., 2011). In particular, resistant bacteria to antibiotics of the Penicillin group
(ampicillin), Tetracycline group (Tetracycline and oxytetracycline), and florfenicol were isolated. The researchers
believe that the presence of residues of antibacterial substances in raw materials or products causes antibiotic resistance
in bacteria (Kemper, 2008; Mulcahy, 2011; Horiuk et al., 2019).

Therefore, the results of the current studies could support the findings of other studies indicating that the residual
amounts of various biocides found in fish are a source of microorganisms with multi-resistance genes to antibiotics.

CONCLUSION

Aminoglycoside antibiotics (Gentamicin, Kanamycin, Spectinomycin, Dihydrostreptomycin, Paromomycin, and
Apramycin) were most often detected in frozen fish in a total amount of 45.6 + 1.4% of the tested samples. Antibacterial
preparations (Nalidixic acid, Apramycin, Kanamycin, Tiamulin, and Nafcillin) were detected in frozen fish, which is not
specified in the EU Regulation (No. 37/2010). Moreover, the amount of antibiotics, such as Tetracycline and
Spectinomycin in fish exceeds the maximum permissible amount. In the absence of antibacterial preparations in frozen
fish, the existing microflora is highly sensitive to most antibiotics. At the same time, microflora resistant to the identified
antibiotics forms in frozen fish with the remains of antibacterial preparations. Therefore, to prevent the receipt of fish
with antibacterial substances to consumers and the spread of antibiotic-resistant strains of bacteria through fish, it is
necessary to introduce careful control over the safety of frozen fish. Future experiments can be conducted to determine
antibiotic residues in frozen seafood (mussels, shrimps, rapans) exported to Ukraine.
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