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Abstract 
The behavior of bacteria included in biofilm is quite different from planktonic bacteria. 

Bacteria included in biofilm structure are generally more resistant to antimicrobials than planktonic 
bacteria, and may vary from organism to organism. In this study, strains isolated from biofilms formed 
on pork, beef and poultry carcasses three strains of E. coli, two strains of Pseudomonas (P. aeruginosa 
and P. putida), three strains of Serratia (S. liquefaciens and S. marcescens) and one strain of 
Enterobacter cloacae were tested for antibiotic resistance as single strain and also as associations (E. 
coli – S. liquefaciens, E. coli – P. aeruginosa, E. cloacae – S. liquefaciens). Gram negative bacteria 
isolated from pork, beef and poultry biofilm carcasses presented, with few exceptions (E. cloacae, E. coli 
isolates from pork carcasses), an increased resistance to Oxytetracicline, Neomycin and Colistin as 
planktonic cells. When exposed to antibacterial substances the bacteria included in biofilm matrix 
became resistant to antibiotics concentrations up to 50 times higher. Enrofloxacin was the most effective 
antibiotic in the present study. None of antibiotics tested were effective on biofilm bacteria. Association 
of bacteria in biofilm increased the resistance to antimicrobial substances. Also, differences in antibiotic 
resistance between bacteria isolated from pork, beef and poultry carcasses were identified.  
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Introduction 
 

An important challenge in food industry is the presence of biofilms. The attachment of 
bacteria to food products or food contact surfaces, in different condition, can become an 
important source of potential contamination, leading to hygienic problems and economic 
losses. Both pathogenic and non pathogenic microorganism could be incorporated in biofilm, 
and occasionally part of this biofilm could be removed, spread and contaminate other 
surfaces. Biofilm is a form of bacterial surviving strategy in hostile condition. Basically the 
biofilm structure contains bacterial cells and a matrix excreted by a major part of the bacteria 
integrated in this structure. The behavior of bacteria included in biofilm is quite different from 
planktonic bacteria. A number of studies have shown that bacteria included in biofilm 
structure are generally more resistant to antimicrobials compared to planktonic bacteria [7, 9, 
10, 14]. The mechanism of this resistance is not yet elucidated, because the mechanism of 
biofilm-associated antimicrobial resistance could be influenced by a lot of factors, and may 
vary from organism to organism [12, 16, 18]. 

STEWART and COSTERTON (2001) [24] have elaborated three main hypothesis 
regarding the mechanism of antibiotic resistance. In biofilm the bacteria are integrated in an 
extracellular matrix, which may restrict the diffusion of antibiotics. The altered chemical 
microenvironment within the biofilm could be another mechanism of resistance and the last 
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mechanism considered by different researcher, as speculative mechanisms of antibiotics 
resistance, is that a subpopulation of bacteria in a biofilm might differentiate into a 
phenotypically resistant state, a cell differentiation similar to spore formation. As a 
consequence of this, the resistance to antimicrobial agents of bacterial pathogens resistant to 
antimicrobial agents can easily spread to other pathogens of diverse origins. 

Acquired resistance due to chromosomal mutation and selection is termed vertical 
evolution, since the advantage will be conferred to a bacterial line. Bacteria also develop 
resistance through the acquisition of new genetic material from other resistant organisms 
through horizontal transfer, and may occur between strains of the same species or between 
different bacterial species or genera sharing a same ecological niche. Mechanisms of genetic 
exchange include conjugation, transduction, and transformation. For each of these processes, 
transposons facilitate the transfer and incorporation of the new resistance genes into the 
genome of the bacterial host or into plasmids [28].  

The aim of this study was to evaluate the antibiotic resistance of strains isolated from 
biofilms on meat surfaces and to document variations among specific species and 
associations. 

 
Materials and methods 

 
Microorganisms 
In this study strains isolated from biofilms formed on pork, beef and poultry carcasses 

were used and are described in table 1. The strains were isolated on specific culture media 
(VRBG-Biokar diagnostics and Cetrimid agar) and identified using Vitek 2 instruments from 
BioMérieux, France. The isolated strains were: three strains of E. coli, two strains of 
Pseudomonas (P. aeruginosa and P. putida), three strains of Serratia (S. liquefaciens and S. 
marcescens) and one strain of Enterobacter cloacae. Stock cultures were kept at -80°C in 
BHI (Brain heart infusion - Oxoid) and glycerol. Prior to each experiment the strains were 
streaked on BHI agar (Oxoid) plates with incubation at 37°C for 24 h. 

 
Biofilm formation 
The ability to form biofilm of the above mentioned strains was tested using the 

microtiter plate assay with crystal violet staining, according to a protocol described by 
DJORDJEVIC et al. (2002) [8]. Briefly, bacterial cultures on BHI agar were used to make an 
inoculum that matches 0.5 McFarland standard. This solution was then diluted 1:30 in BHI 
broth (Brain heart infusion - Oxoid) growth medium. After these several dilutions, from each 
strain 150 µl was added to each well, in 8 wells per strain. The microtiter plates were 
incubated at 37˚C, for 24 and 72 h. After the incubation time the broth was removed from 
each well and then the wells were washed twice with 160 µl 0.9% saline solution, to remove 
all the planktonic cells. The crystal violet staining was performed adding 160 µl crystal violet 
0.1% solution per well and incubating the plates for 10 minutes at room temperature, then the 
stain was removed and the wells were washed twice with 170 µl of saline solution 0.9%. 
Ethanol 96% was added (170 µl) to each well for distaining, for 30 minutes, and then the OD 
was measured at 540 nm using an ELISA reader. Also, in this study combinations of two 
microorganisms were used, in order to form multispecies biofilms: E. coli – S. liquefaciens, E. 
coli – Ps. aeruginosa, E. cloacae – S. liquefaciens. These combinations were made because 
the microorganisms were isolated from the same place. 
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Table 1. Strain, isolation, identification and source of bacteria used 
 

Source ID 
number Strain Isolation 

Pork carcasses 

14 Escherichia coli VRBG agar 
 165 Escherichia coli 

20 Pseudomonas aeruginosa Cetrimid agar 22 Pseudomonas putida 

Poultry carcasses 211 Escherichia coli 

VRBG agar 
202 Serratia liquefaciens 

Beef carcasses 
192 Enterobacter cloacae 
189 Serratia liquefaciens 
195 Serratia marcescens 

 
Antibiotics 
The following antibiotics were used in this study: Colistin (Polymyxin E), 

Enrofloxacin, Neomycin, Oxytetracicline (Crida Pharm). The antibiotics were prepared as 
stock solutions of 6200 µg/ml, stored at -80°C. Working solutions were prepared starting at 
1024 µg/ml and then serial twofold dilutions were made, in order to test the MIC (minimum 
inhibitory concentration for planktonic bacteria) and MBEC (minimum biofilm eradication 
concentration). The antibiotic concentrations (μg/ml) used in this study were: 8, 16, 32, 64, 
128, 256, 512 and 1024 μg/ml for both planktonic and biofilm bacteria.  

Planktonic MIC  
The minimum inhibitory concentration assay for planktonic bacteria was done 

according to the protocol described by ANDREWS (2001) [2]. For planktonic bacteria a 
quantitative antibiotic susceptibility testing was done using Vitek 2 equipments, according to 
the instructions provided by the manufacturer. 

MBEC assay 
The antibiotic susceptibility assay for biofilms was done using the Calgary Biofilm 

Device (CBD- MBEC Assay System available through MBEC Biofilms Technology Ltd., 
Calgary Alberta, Canada) according to the method described by CERI et al. (1999) [5]. This 
assay is based on a 96-well ELISA platform. The device contains a microtiter plate with 96 
wells and a lid with 96 pegs. The assay involves the formation of the biofilm on the plastic 
pegs, which are then exposed to antibiotics for a defined time period, then placed in fresh 
bacteriologic medium in a second 96-well plate and incubated overnight. The MBEC value is 
the lowest dilution that prevents re-growth of bacteria from the treated biofilm. This assay has 
been validated in terms of reproducibility and accuracy with standard reference isolates, 
according to the methods specified by the NCCLS. Briefly, overnight cultures of each strain 
on BHI agar were used to obtain an inoculum that matches 0.5 McFarland solution which was 
diluted 1:30 in BHI broth. In each well of the CBD microtiter plate 150μl of the above 
mentioned solution was added and then covered with the lid containing 96 pegs. The device 
was incubated at 37°C for 24h on a rocking table, used to produce shear forces across each 
peg. After the incubation, the lid was removed, washed twice with saline solution (0.9%), 
followed by antibiotic exposure at 37°C, for 24 h. The viability of biofilm bacteria was 
assessed by incubating the plates at 37°C, for 24 h in BHI broth and then plate counting. 
 
Results and discussion 

 
The minimum inhibitory concentration (MIC) and minimum biofilm eradication 

concentration (MBEC) of the strains are presented in figures 1 – 4. There was a considerable 
variation of the results regarding the antibiotic resistance obtained for different strains and for 
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the association between isolated bacteria, growing as planktonic bacteria. Some antibiotics 
were effective to inhibit planktonic bacteria at low concentration. 

The presence of pathogenic and non pathogenic E. coli resistant to different antibiotics 
has been reported by others authors [21]. In the present study E. coli was more sensitive to 
Colistin and Enrofloxacin and resistant to Oxitetracycline and Neomycin. In biofilm, E. coli 
became more resistant to Colistin, Oxytetracicline and Neomycin, up to 50 times higher the 
concentration needed to inhibit planktonic cells. No differences were observed regarding the 
resistance of E. coli to Enrofloxacin between planktonic and biofilm cells. Enrofloxacin was 
the most effective antibiotic against E. coli for both biofilm and planktonic cells.  
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Fig. 1. Sensitivity of single and associations of strains isolated from meat surfaces to Colistin (µg/ml); (P – 
planktonic; B – biofilm) 

 
Variations of the antibiotic resistance between the three strains of E. coli isolates from 

meat surface were observed. E. coli strain no. 211 isolated from poultry meat surface as 
planktonic, compared to other two strains isolated from pig carcasses, were four times more 
resistant to Colistin. E. coli strain no.14 and no.165 isolated from pig carcasses were resistant 
to Oxitetracycline in planktonic form. All isolated strains from pig carcasses were resistant to 
Tetracycline and Trimethoprim/Sulfamethoxazole (Table 2). Tetracycline resistance mainly 
occurs when an organism acquires Tetracycline resistance determinants, such as efflux 
proteins and enzymatic alterations [1]. 

Antimicrobial resistance of E. coli strains from animals and food is used as indicator 
of reservoir of resistance genes which could be transferred to bacteria that are pathogenic for 
humans. Indicator E. coli is also of great interest when studying the effects of use patterns of 
antimicrobials in a given country and animal species because of their ubiquity in food-
producing animals [27].  

The selection pressure imposed by the use of Tetracycline derivates and others drugs 
in animal production stage and its importance in selection of E. coli strain antimicrobial 
resistant were observed [6, 23]. Others studies showed an extended resistance of E. coli to 
five or more classes of antibiotics [13, 20].  

The most important sources of pathogens for pig and poultry carcasses are the live 
animals. The results obtained for E. coli strains regarding the antibiotic resistance could be 
explained by the fact that these strains become genotypically and phenotypically resistant as a 
result of irrational utilization of these antibiotics in animal farms for treatments or as growing 
promoters. For indicator E. coli from animals, resistance to Tetracyclines, Ampicillin and 
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Sulphonamides was commonly reported at levels of 20% to 64% in European Union, in 2009. 
In general, resistance levels were lowest among isolates from cattle in comparison to isolates 
from Gallus gallus and pigs. Resistance to Tetracyclines, Ampicillin and Sulphonamides was 
commonly detected in E. coli isolates from pig meat; the occurrence of resistance was 41%, 
27% and 35% respectively. The levels of Ciprofloxacin and Nalidixic Acid resistance for the 
reporting group of MSs were both 6% and 3% for Cefotaxime [27].  

E. coli strains respond very different to the changing grow and environmental 
conditions [22]. Few differences regarding the quantity of biofilm (evaluated by measuring 
the optical density after staining with crystal violet) form by E. coli isolated strains were 
observed (Fig. 5). E. coli strain no. 165 formed the densest biofilm and strain no. 211 had a 
low ability to form biofilm, in the same conditions among E. coli strains. The sessile forms 
were more resistant because they elaborate more exopolysaccharides, or have different growth 
characteristic [21]. As biofilms, the differences regarding antibiotic resistance of E. coli 
strains in planktonic form changed, all strains became few times more resistant to all 
antibiotics tested.  
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Fig. 2. Sensitivity of single and associations of strains isolated from meat surfaces to Enrofloxacin (µg/ml); (P – 
planktonic; B – biofilm) 
 

The interaction between different species of microorganisms included in biofilm often 
changes the physiology of biofilm species as well as the whole community. In biofilm 
bacterial cells are embedded in an exopolysaccharides matrix, which protects bacteria from 
hostile environments. Interaction in multispecies biofilm can induce resistance to 
antimicrobial agents [26].  

Synergy between species has been reported in oral cavity biofilms, epiphytic marine 
bacteria and in groundwater and treated effluent [4]. The synergistic interaction in biofilm of 
epiphytic bacteria was observed, based on increased protection of microorganisms present in 
multispecies biofilm during Tetracycline exposure [3].  

S. liquefaciens and E. coli strains isolated from poultry carcasses was one of the 
associations between the isolated strains that enhanced the biofilm mass formation (fig. 5). 
For this biofilm it has been observed an increased resistance of cells especially regarding to 
the antimicrobial action of Oxytetracicline. The increased resistance to Tetracycline group 
may be the result of the changes in matrix (high viscosity) formed in the mix species biofilm, 
which could reduce the penetration of the antimicrobial substances. 
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Fig. 3. Sensitivity of single and associations of strains isolated from meat surfaces to Tetracycline (µg/ml); (P – 
planktonic; B – biofilm) 

 
Another association of strains isolated from pork carcasses, with synergistic effect, 

was the biofilm formed by E coli no. 14 and P. aeruginosa. Even if the density of the biofilm 
was low, an increased resistance to Enrofloxacin was observed.  
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Fig. 4. Sensitivity of single and associations of strains isolated from meat surfaces to Neomycin (µg/ml); (P – 
planktonik; B – biofilm) 

 
Also, the association between E. cloacae and S. marcescens biofilm increased the 

antimicrobial resistance to Enrofloxacin, fact that was not observed in single species biofilm. 
The biofilm matrix could represent a diffusion barrier for antibiotics by influencing 

the rate of transport of the molecules to the interior of biofilm. SUCI et al. (1994) [25] have 
demonstrated a delayed penetration of antibiotics from quinolone classes into P. aeruginosa 
biofilms allowing bacteria to produce resistance factors.  

In the present experiments the planktonic isolate P. aeruginosa were more sensitive to 
Enrofloxacin, less sensitive to Oxytetracicline and Neomycin and resistant to Colistin.  
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Table 2. Results of the quantitative antibiotic susceptibility assays performed with Vitek 2 equipments 
 

Strain/Source Antibiotic MIC Interpretation 

Escherichia coli/ 
pork carcasses 

Tetracycline ≥16 R 
Trimethroprim/Sulfamethoxazole ≥320 R 

Escherichia coli/ 
pork carcasses 

Tetracycline ≥16 R 
Trimethroprim/Sulfamethoxazole ≥320 R 

Escherichia coli/  
poultry carcasses - - - 

Enterobacter cloacae/  
beef carcasses 

Ampicillin 16 R
Amoxicillin/Clavulanic Acid ≥32 R
Cefazolin ≥64 R
Cefoxitin ≥64 R

Serratia liquefaciens/ 
poultry carcasses 

Ampicillin 16 R
Amoxicillin/Clavulanic Acid 8 R
Cefazolin ≥64 R
Cefoxitin 8 R
Nitrofurantoin 128 R 

Serratia liquefaciens/  
beef carcasses 

Ampicillin ≤2 R 
Amoxicillin/Clavulanic Acid ≤2 R 
Cefazolin ≤4 R 
Cefoxitin 8 R 
Nitrofurantoin 128 R 

Serratia marcescens/  
beef carcasses 

Ampicillin 16 R 
Amoxicillin/Clavulanic Acid ≥32 R 
Cefazolin ≥64 R 
Cefoxitin 16 I 
Tetracycline ≥16 R 
Nitrofurantoin 256 R 

Pseudomonas aeruginosa/ 
pork carcasses 

Ticarcilin 32 R 
Ticarcilin/Clavulanic Acid 32 R 
Aztreonam 16 I 

Pseudomonas putida/  
pork carcasses 

Ticarcilin ≥128 R 
Ticarcilin/Clavulanic Acid ≥128 R 
Piperacillin/Tazobactam 32 R 
Aztreonam 32 R 

R – resistant; I - intermediary 

 
None of the antibiotics tested demonstrated a reasonable activity against P. aeruginosa 

biofilm. In other studies, P. aeruginosa was recognized to be resistant and to form multiple 
resistant biofilm to antibiotics [17]. The innate resistance of P. aeruginosa to all classes of 
antibiotics has generally been attributed to the low permeability of its cell wall. The outer 
membrane of Pseudomonas restricted the penetration of small molecules and excluding larger 
molecules. β-lactams and quinolones can only cross the outer membrane by porin proteins 
[15, 17].  

Resistance to antibiotics tested was observed also for association between P. 
aeruginosa and other stains isolated from meat surface biofilm, especially in biofilm. E. coli 
strain no. 14 in asociation with P. aeruginosa as planktonic were resistant to all antibiotic 
tested and also more resistant to Enrofloxacin than each isolated strains, while for the 
association with S. liquefaciens no modifications were observed regarding resistance to 
antibiotics. As for the mix biofilm formed by E. coli and P. aeruginosa strains consistent 
resistance to Colistin and Enrofloxacin was observed. This suggested that E. coli in 
association with P. aeruginosa in this case become more resistant to antibiotics.  

The planktonic form of P. putida was sensitive to Enrofloxacin and less sensitive to 
others antibiotics. In biofilm P. putida manifested a low resistance to antibiotics activity, 
especially to Colistin, in contrast with P. aeruginosa.  
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Fig. 5. Monoculture and mix biofilm formation of strains isolated from meat surfaces; microtiter plate assay 
quantified by staining with crystal violet and spectrophotometric absorbance measurements (540 nm) 

 
Both strains of Pseudomonas (P. aeruginosa and P. putida), isolated from the pig 

carcasses surface, in planktonic form, were resistant also to two classes of β-lactams 
antibiotics (Ticarcilin and Aztreonam) and also to combination between Ticarcilin and 
Clavulanic Acid. Moreover, P. putida showed resistance to antibiotic association Piperacilin/ 
Tazobactam (Table 2). 

E. cloacae, S. liquefaciens and S. marcescens strains in planktonic form were sensitive 
to Enrofloxacin and less sensitive to others antimicrobials agents as Colistin, Oxytetracicline 
and Neomycin, with two exceptions: S. liquefaciens no. 189 for Oxytetracycline and E. 
cloacae for Neomycin. The situation was radically different for all the microorganisms 
integrated in biofilms. The resistance to antimicrobials increased for almost all the antibiotics 
used. All Serratia strains showed a multiple resistance to β-lactams (Ampicilin, 
Amoxicilin/Clavulanic acid, Cefazolin, Cefoxitin) and to Nitrofurantoin. Furthermore, 
Serratia marcescens strain isolated from beef carcasses were resistant to Tetracycline also. 

E. cloacae strain isolated from beef carcasses surface showed resistance to four 
antibiotics from β-lactams group: Ampicillin, Amoxicillin/Clavulanic acid, Cefazolin, 
Cefoxitin probably by producing β-lactamase. In a study, FUNG-TOMC et al. [11] 
demonstrated a rapid β-lactams resistance acquired by 10 strains of E. cloacae. Development 
of resistance to Ceftriaxone was the most rapid; this was followed by Ceftazidime, Cefpirome, 
and Cefepime. Resistant variants selected by Ceftriaxone and Ceftazidime were crossresistant. 

A high resistance to Colistin, for almost all tested species, was observed. E. coli 
strains no. 14 and 165 were the exception. All the others tested strains were resistant to 
Colistin in planktonic form and also in biofilm. When the sensitive strains were associated 
with resistant strain, a synergistic effect was observed, and all strains became resistant to 
Colistin. The mechanism for Colistin resistance is not well described for non fermenters 
bacteria or Enterobacteriaceae. There are human reported cases of Colistin resistant species 
association between fermenting and non fermenting Gram negative bacteria by transfer of 
genetic resistance determinants from non fermenting strains [19].  
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Conclusions 
 

Gram negative bacteria isolated from biofilms formed on pork, beef and poultry 
carcasses presented an increased resistance to Oxytetracicline, Neomycin and Colistin with 
few exceptions (E. cloacae, E. coli isolates from pork carcasses) in planktonic form. Included 
in biofilm matrix bacteria became resistant to concentrations of antibiotics up to 50 times 
higher. Enrofloxacin was the most effective antibiotic used in these experiments. None of 
antibiotics tested were effective against the bacteria integrated in biofilm. Association of 
bacteria in biofilm type structures increases the resistance to antimicrobial substances. 
Differences in antibiotic resistance were identified between bacteria isolated from pork, beef 
and poultry carcasses.  
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