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ABSTRACT 

 

Antibiotic resistance was investigated in 67 samples of Enterobacteriaceae genera 

isolates from milk, cheese and other dairy products in this work. The samples were obtained 

from conventional farms in Slovakia. Four samples of isolates were positive for Salmonella 

spp., Salmonella enterica ser. typhimurium and enteritidis. A great proportion of resistant 

strain from Enterobacteriaceae genera was found. There was detected a high resistance in 

milk samples to ampicillin (57.14%), to streptomycin and tetracycline (14.28%), to 

chloramphenicol (9.52%). Bacteria from the cheese samples were resistant to ampicillin 

(84.0%), to tetracycline (24.0%). In the samples of other dairy products was found resistance 

to ampicillin (66.66%), to tetracycline (52.38%) and to streptomycin (14.28%). Among all 

samples observed, it was found resistance to ampicillin (69.26%), tetracycline (30.22%), 

streptomycin (9.52%) and to chloramphenicol (3.17%). Resistance to other antibiotics was not 

detected. From  all observed samples we detected Salmonella spp. in 5.97 %, Salmonella spp. 

was found in dairy samples in 19.04 %. Antibiotic resistance was investigated in 13 colonies 

of Salmonella spp. as well. The highest resistance was to tetracycline (30.76 %), ampicillin 

and tigecycline (23.07 %), to piperacillin (15.38 %) and  chloramphenicol (7.69 %). 

Resistance to the other monitored antibiotics was not detected. High number of antibiotic 
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resistant Enterobacteriaceae genera and Salmonella spp. was found in milk, cheese and other 

dairy products from conventional breeding and it is indicating the need for prudent drugs 

using to diminish development and to avoid spread of antibiotic resistance. 

 

Keywords: Antibiotic resistance, Enterobacteriaceae, Salmonella spp., Real-time PCR 

 

 

INTRODUCTION 

 

Antibiotic resistance is significant health, social and economic problem at this time. 

Antibiotic resistance of bacteria is biological risk, which increases morbidity and mortality of 

animals and humans (EFSA, 2008). Keyser et al. (2008) note that in recent years 

accumulating problems with bacteria that are resistant to antibiotics occur. It is leading them 

to predictions that we return to the time before the discovery of antibiotics. One of the 

possibility could be the introducing of different antibacterial preparation, which used 

Buňková et al. (2009, 2008) in their experiments. Most technologies in the production and 

food processing reduced the incidence of pathogens including resistant bacteria to antibiotics. 

Experimental monitoring confirmed that the treatment of food technology based on damage to 

cell membranes and enzymes may help to generate and transfer of antibiotic resistance (Lado 

et al., 2002; Kharazmi et al., 2002; McMahon et al, 2007). The health safety of foods 

(Mareček et al., 2008; Fikselová et al., 2008), including milk, is an integral part of 

consumers policy and health (Bíreš, 2004).  Milk is a suitable substrate for the growth of 

many pathogenic and toxicogenic microorganisms that may cause food-borne diseases which 

can threat the health of consumers (Bobková et al., 2008).  Coliforms bacteria could not 

survive during pasteurization. The survivance of coliforms bacteria during pasteurization 

indicates the lack of pasteurization (Havlová et al., 1993). Gӧrner and Valík (2004) 

distinguish the contamination of raw milk to primary and secondary. The primary source of 

bacteria contamination including tanks udder and teat channels, microorganisms from the 

surface of udder, from body and excrement of animal, from feed and dust, as well as hand and 

dairyman clothing, microorganisms which come to contact with milk, during milking, 

transport in the pipelines, filtering, cooling and storage of milk. A special case is the primary 

contamination, where microorganisms infect milk from the infected udder. Secondary 

contamination depends on the initiation of cooling after milking, milk temperature and time, 

which is needed for metabolism of microorganisms in milk. Salmonella spp. that includes 
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more than 2500 different serotypes represents a leading cause of foodborne infections 

worldwide (Chen et al., 2004; Magistrali et al., 2008; White et al., 2002). Nearly 1.4 

million cases of salmonellosis occur each year in the United States, of which 95% are 

foodborne cases (Mead et al., 1999). A variety of foods have been implicated as vehicles 

transmitting salmonellosis to humans, including poultry, beef, pork, eggs, milk, cheese, fish, 

shellfish, fresh fruits and juice, and vegetables (Gomez et al., 1997). Salmonella 

gastroenteritis is generally self-limiting illness, but severe cases in immuno-compromised 

individuals, elderly persons or neonates, and systemic infections may require effective 

chemotherapy (Lee et al., 1994). Currently the increasing prevalence of multidrug resistance 

among salmonella and resistance to the clinically important antimicrobial agents such as 

fluoroquinolones and third-generation of cephalosporins has also been an emerging problem 

in China and other countries (Brands et al., 2005; Chao et al., 2007; Gebrezes et al., 2005). 

One of the ways to speed up the process of detection is polymerase chain reaction (PCR). 

PCR technique is assumed to have the potential sensitivity and specificity required to achieve 

the necessary detection limits for bacterial pathogens in food. PCR methods suitable for 

identification of Salmonella have been reported using a variety of primers (Aabo et al., 1995; 

Kwang et al., 1996; Mahon et al., 1994; Soumet et al., 1997).  

The aim of this study was to determine antibiotic resistance of Enterobacteriaceae 

genera and Salmonella spp., Salmonella enterica ser. typhimurium and enteritidis isolated 

from milk, cheese and other dairy products from conventional breeding in Slovakia. 

 

MATERIAL AND METHODS 

 

Collection of milk, cheese and other dairy samples and isolation of Salmonella 

 

The samples were obtained from milk, cheese and other dairy products from one 

conventional sheepfarm in Slovakia. The Table 1 shows selected (67) food samples including  

 

Table 1 Number of analyzed samples and Salmonella positive samples 
Type of samples Enterobacteriaceae Salmonella spp. 

Analyzed samples Positive samples 
Milk  21 4/21 
Cheese  25 0/25 
Other dairy products 
Total 

21 
67 

0/21 
4/67 
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milk (n = 21), cheese (n = 25) and other dairy  products (whey, boiled whey, sheep cheese) (n 

= 21). The samples were collected by sterile cotton swabs (Copan Inovation, Brescia) and 

transported to the laboratory (SUA in Nitra, Department of Microbiology). 

Enterobacteriaceae genera and Salmonella spp. isolations were performed by a conventional 

plating method. The first step was done on the MacConkey agar (Biomark, Pune) for 

Enterobacteriaceae genera. Incubation was performing for 24 hours at 37°C. After incubation 

on the MacConkey agar, we used Chromogenic coliform agar (Biolife, Italiana), XLD agar 

(Biolife, Italiana) and SS agar (MkB test, Rosina) and we chose the streak plate (four-ways) 

method for obtaining the pure colonies. Incubation was conducted for 24 hours at 37°C. This 

step was repeating until we had completely cleaned culture of Salmonella spp. and other 

strains from Enterobacteriaceae genera. After the incubation and identification it was isolated 

13 colonies of Salmonella spp. of 4 positive samples from milk. 

 

The biochemical identification of Salmonella spp. 

 

Method on the Triple sugar iron agar (Biolife, Italiana) for the basic biochemical 

identification of Salmonella spp. and ENTEROtest 24 (Pliva-Lachema, Brno), including 

TNW Lite 7.0 identification software (Pliva-Lachema, Brno) for more detailed biochemical 

identification was used. Preparation of indentification plates of ENTEROtest 24 was done 

inside the Laminaire box (ADS Laminaire, Le Pre-Saint Gervais) to ensure the high sterility, 

less risk of contaminations from air and for precise results. Working procedure of 

ENTEROtest 24 is described in the competent manual. 

 

The isolation of DNA from Salmonella spp. 

 

The pure colonies of Salmonella spp. were subjected to DNA isolation using 

PrepSEQTM Rapid Spin Sample Preparation Kit (Applied Biosystem, USA). Complete 

working procedure is described in the kit manual. 

 

General Sample Preparation Protocol 

 

Sample of 750 μL was loaded onto the spin column and microcentrifuged for 3 minutes 

at maximum speed (12000 rpm). Supernatant was discarded and 50 μL of Lysis Buffer was 

added to the pellet. Samples were incubated for 10 minutes at 95°C. The samples after 
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incubation were added to cool for 2 min at room temperature. Then were added 250 μl of 

water to samples. After the samples were centrifuged one minute at maximum speed (12000 

rpm). 

 

Identification of Salmonella spp. by Real time PCR 

 

Step ONE® Real time PCR (Applied Biosystem, USA) for a genetic confirmation of 

belonging to the genus Salmonella spp MicroSEQ® Salmonella spp. Detection Kit (Applied 

Biosystem, USA) was used for the actual PCR reaction. Complete information is described in 

the kit manual. 

 

Antimicrobial susceptibility testing 

 

  Antimicrobial susceptibility testing was done by disk diffusion method (according 

EUCAST (2009) – European committee on antimicrobial susceptibility testing). Antibiotic 

disks were used (Oxoid, England). The pure inoculum of strain of Salmonella spp. and strains 

from Enterobacteriaceae genera was prepared by suspending of colonies from the agar plates 

in physiological solution and the suspension was adjusted to equal a 0.5 McFarland standard. 

We streaked 100 µl suspensions to plates surface and we spreaded over surface of agar 

thoroughly. Antimicrobial susceptibility testing was performed according to the 

manufacturer’s instructions. The following antimicrobials were tested: see the Table 2.  

 

Table 2 Tested antibiotics for Enterobacteriaceae genera 
Antibiotics TE S AMP C AK CN NA 

Full name tetracycline streptomycin ampicillin chloramphenicol amikacin gentamycin 
Nalixid 

acid 
Disk 
content 
(µg.disk-1) 

30 10 10 30 30 10 30 

 

We used 469 antibiotic disk for tested Enterobacteriaceae genera. For Salmonella spp. 

we used antibiotics shown in the Table 3. We used 130 antibiotic disks for Salmonella spp 

testing. The incubation of strains was performing for 16-18 hours at the temperature 37 °C. 

The interpretation of inhibition zones around the disk was done according to EUCAST 

(2009). The inhibition zones were controlled with the reference of Escherichia coli ATCC 

25922. 
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Table 3 Tested antibiotics for Salmonella spp. 

Antibiotics groups                                       Antibiotics                                                         Content disk 
                                                                                                                                                    (µg.disk-1)  

Penicillins 
Ampicillin – AMP 10 
Piperacilin – PRL 30 

Cephalosporins 
Cefotaxime – CTX 5 
Ceftriaxone – CRO 30 

Carbapenems 
Doripenem – DOR 10 
Meropenem – MEM 10 

Flouroquinolones 
Levofloxacin – LEV 5 
Ofloxacin – OFX 5 

Aminoglycosides 
Amikacin – AK 30 
Gentamycin – CN 10 

Tetracyclines 
Tetracycline – TE 30 
Tygecycline – TGC 15 

Miscellaneous agents Chloramphenicol - C 30 
 

Statistical evaluation 

 

From the obtained data we calculated basic statistical values using statistical program 

STATGRAPHICS and for better graphical representation of frequency of the size of 

inhibition zones was used STATISTICA. 

 

RESULTS AND DISCUSSION 

 

We studied antibiotic resistance in strains of Enterobacteriaceae genera and in 

Salmonella spp., which are considered to be potential reservoirs for resistant genes in animal 

farm. Farm reservoirs of resistant bacteria provide potential sources for resistant genes 

transfer between bacteria as well as an environment for dissemination to new animals, 

environment and food products. Finally, pathogenic bacteria can get into the human body and 

cause diseases, which is difficult to treat. Therefore, identifying these reservoirs and 

mechanisms of persistence could be a key to reducing the load of resistant bacteria 

everywhere. 

 

Antibiotic resistance of Enterobacteriaceae genera 

 

In our study was studied antibiotic resistance of Enterobacteriaceae genera strains 

isolated from milk, cheese and other dairy products from conventional sheep farm from 
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Slovakia. We determined that Enterobacteriaceae genera were resistant against antibiotic and 

Salmonella spp. as well. Of 469 used antibiotics for susceptibility testing of 

Enterobacteriaceae genera, in 72 (15.35%) cases was found resistance. Of the samples of 

milk (n = 21) were resistant 14.28% to tetracycline, 14.28% to streptomycin, 57.14% to 

ampicillin, 9.52% to chloramphenicol and 0% to amikacin, gentamycin and nalixid acid. 

Among samples of cheese (n = 25) resistant were 24% to tetracycline, 84% to ampicillin and 

0% to streptomycin, chloramphenicol, amikacin, gentamycin and nalixid acid. Among 

samples of other dairy products (n = 21)  resistance was detected 52.38% to tetracycline, 

14.28% to streptomycin, 66.66% to ampicillin and 0% to chloramphenicol, amikacin, 

gentamycin and nalixid acid. These results are shown in the Table 4.  

 

Table 4 Antibiotic resistance profile of Enterobacteriaceae isolates 
Antimicrobial agents % Resistance in animal products 

Total  
(n=67) (%) 

Milk  
(n=21) (%) 

Cheese 
(n=25) (%) 

Other dairy products  
(n=21) (%) 

Tetracycline, TE 30.22 14.28 24.00 52.38 
Streptomycin, S  9.52 14.28 0.00 14.28 
Ampicillin, AMP 69.26 57.14 84.00 66.66 
Chloramphenicol, C 3.17 9.52 0.00 0.00 
Amikacin, AK 0.00 0.00 0.00 0.00 
Gentamycin, CN 0.00 0.00 0.00 0.00 
Nalixid acid, NA 0.00 0.00 0.00 0.00 
 

Escherichia coli is the main representative of the Enterobacteriaceae genera. High 

values of resistance to ampicillin (100 %) of all tested strains of E. coli O 157 Solomakos et 

al. (2009) reported. Farzana et al. (2009) reported the similar results, but their samples were 

isolated from Indian milk and products thereof. They determined 100 % resistance to 

ampicillin mainly in Escherichia coli. Also Farzana et al. (2009) determined high values of  

resistance to chloramphenicol in more bacterial strains like Klebsiella (more than 60 %), 

Enterobacter (more than 50 %), but mainly in E. coli (100 %). High values of resistance to 

chloramphenicol (44.82 %) determined Solomakos et al. (2009), because 13 of 29 strains 

(LFH1 – LFH29) of E. coli O 157 were resistant to chloramphenicol. Similar results 

determined Dupont et al. (1978), they tested antibiotic resistance to chloramphenicol in E. 

coli. 
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Identification of Salmonella spp. 

 

For the complete identification of Salmonella spp. we used several methods of 

identification. Relevant identification agar (Triple sugar iron agar, XLD) showed that 

Salmonella spp. was present in samples.  XLD agar turned black because of the presence of 

H2S. With Triple sugar iron agar we detected the presence of Salmonella spp. as well. Also 

with use of a biochemical test ENTEROtest 24 we determined the presence of Salmonella 

spp. and TNW 7.0 Lite software was used to calculate that the identification was conducted 

on 100%. The same test for identification of Enterobacteriaceae genera Kmeť et al. 

(2010a,b) used. Similar test for identification of Salmonella spp. (ENTEROtest 16) Špánová 

et al. (2001) recorded. The most sensitive detection of Salmonella spp. was obtained using 

PrepSEQTM Rapid Spin Sample Preparation Kit and MicroSEQ® Salmonella spp. Detection 

Kit compatible with StepOne™ Systems was  less time-consuming than the other methods 

and was relatively easy to use. Thus, the PCR-based detection of bacteria depends on the 

efficiency of the DNA extraction procedure used to prepare the template DNA. In the 

investigated samples with incubation we could detect strain of Salmonella spp. in four out of 

sixty-seven samples, as well as the internal positive control (IPC), which was positive in all 

samples ( Figure 1).  

 

 
Fig 1 Process of Real Time PCR 
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The threshold value was 1.433942 by positive Salmonella samples and 0.29191 by 

internal positive control (IPC). The (Ct) value of positive Salmonella samples was on average 

34.22 and IPC (Ct) value was on average 31.04, whereby the lowest value of positive 

Salmonella samples was reached at 32.27, the highest value was 36.96, the lowest IPC value 

was reached at 30.88 and the highest accomplish value was 31.27. Higgins et al. (1998) noted 

that Ct values are generally a good indicator of the contamination level of the target organism, 

as well as the efficiency of the PCR assay. The Ct values observed for the Instagel protocol 

(27.2±1.4) are in agreement with the notion that it provided cleaner templates for PCR than 

the Bax-lysis buffer (30.5±1.1). The IPC was correctly amplified in PCR reactions containing 

colonies from both Salmonella spp. and non-Salmonella strains, being overall TET ΔRn 

values of 1.33±0.35 and 0.49±0.12. 

 

Presence of Salmonella spp. in the samples 

 

Among Enterobacteriaceae genera we isolated Salmonella spp. from milk samples. Of 

all samples which were examined, 4 samples (5.97%) for Salmonella spp. was positive. In the 

milk samples (n = 21) was 19.04% Salmonella spp. positive. In the other samples of cheese (n 

= 25) and dairy products (n = 21) Salmonella spp. was not detected. Incidences of Salmonella 

spp. in different samples are shown in Table 5.  

 

Table 5 Presence of Salmonella spp. in from milk and milk products samples 

Evidence of 
salmonella spp.  

The samples isolated from 
Total 

(n=67) (%) 
Milk 

(n=21) (%) 
Cheese 

(n=25) (%) 
Other dairy 

products 
(n=21) (%) 

5.97 19.04 0.00 0.00 
 

Murphy et al. (2008) determined that 10 (1.8%) samples of 556 collections from in-

line milk filters were Salmonella positive. Many different authors determined the presence of 

Salmonella spp. in dairy farms (Fossler et al., 2005; Warnick et al., 2003; Veling et al., 

2002; Graham et al., 2005). 

 

Antibiotic resistance of Salmonella spp. isolated from milk 
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There were resistant twelve cases (9.23%) of 130 used antibiotics for susceptibility 

testing of Salmonella spp. From the milk samples (n = 13) Salmonella spp. was resistant to 

ampicillin (23.07%), to piperacillin (15.38%), to tetracycline (30.76%), to tigecycline 

(23.07%) and chloramphenicol (7.69%). Antibiotic resistance to antibiotics as cefotaxime, 

ceftriaxone, doripenem, meropenem, levofloxacin, ofloxacin, amikacin and gentamycin in 

samples of Salmonella spp. were not detected. Antibiotic resistance profile of Salmonella spp. 

isolated from milk samples is shown in the Table 6.  

 

Table 6 Antibiotic resistance profile of Salmonella spp. isolates 
Antibiotic 
Resistance 
Profile 

% Resistance to antimicrobial agent 
AMP PRL CTX CRO DOR MEM LEV OFX AK CN TE TGC C 
23.07 15.38 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 30.76 23.07 7.69 

 

Also Ray et al. (2007) determined the antibiotic resistance in Salmonella spp. to 

ampicillin (10.1%), to tetracycline (13.0%) in samples isolated from dairy farm. 14 % 

resistance of Salmonella spp. to single agent and 22 % multiresistance of Salmonella spp. 

were reported by Genovese et al. (2004). 

 

Summary statistics of inhibition zones 

 

From obtained data about inhibition zones around the disks from Enterobacteriaceae 

isolates, were calculated the basic statistical values. The highest value of average inhibition 

zones was 21.16±0.93 mm to amikacin in the samples from milk and other dairy products. 

The lowest value was 21.10±0.88 mm in the samples from cheese. The highest average value 

to ampicillin was 14.52±6.29 mm from the milk samples. The lowest was 11.84±3.76 mm 

from the cheese samples. To chloramphenicol the highest value of average inhibition zone 

was 23.76±6.23 mm from the milk samples. The lowest value was 13.09±4.43 mm among all 

samples. The highest value of average inhibition zone to gentamycin was 23.36±0.88 mm 

from all samples and lowest value was 22.76±0.86 mm from the cheese samples. The value 

22.76±1.84 mm was the highest average of inhibition zone from all samples and the lowest 

value 20.12±1.48 mm in the cheese samples was to nalixid acid. To streptomycin the highest 

value of average was 21.33±6.25 mm in the milk samples and 16.28±2.41 mm in the other 

dairy products samples. The highest average inhibition zone to tetracycline was 22.54±5.72 

mm in the milk samples and lowest value was 14.66±3.49 mm in the other dairy samples. 

Other values and specifically results are shown in the Table 7 for Enterobacteriaceae genera.  
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Table 7 Summary statistic values for inhibition zones of Enterobacteriaceae genera 

VALUES PRODUCT 
ANTIMICROBIAL AGENTS 

AK AMP C CN NA S TE 

Average 
(mm) 

MILK 
CHEESE 
OTHERS 
TOTAL 

21.16 14.52 23.76 22.80 20.76 21.33 22.54 
21.10 11.84 23.20 22.76 20.12 20.64 17.64 
21.16 13.14 23.14 22.80 20.76 16.28 14.66 
21.14 13.08 13.09 23.36 22.79 20.52 19.49 

Standard 
Deviation 
(mm) 

MILK 
CHEESE 
OTHERS 
TOTAL 

0.93 6.29 6.23 0.91 2.02 6.52 5.72 
0.88 3.76 3.20 0.86 1.48 2.32 6.22 
0.93 5.97 3.63 0.91 2.02 2.41 3.49 
0.91 5.41 4.43 0.88 1.84 4.63 6.15 

Coeff. of 
Variation 
(%) 

MILK 
CHEESE 
OTHERS 
TOTAL 

4.44 43.36 26.24 4.01 9.77 30.57 25.39 
4.21 31.75 13.79 3.81 7.36 11.26 35.28 
4.40 45.47 15.71 4.01 9.77 14.80 23.84 
0.04 0.41 0.19 0.04 0.09 0.24 0.34 

Min (mm) 

MILK 
CHEESE 
OTHERS 
TOTAL 

20.00 7.00 7.00 21.00 18.50 12.00 9.00 
20.00 7.00 18.00 21.00 18.00 18.00 8.00 
20.00 7.00 18.00 21.00 18.50 12.00 7.00 
20.00 7.00 7.00 21.00 18.00 12.00 7.00 

Max (mm) 

MILK 
CHEESE 
OTHERS 
TOTAL 

22.50 28.00 32.00 24.00 27.00 29.00 29.00 
22.50 22.00 31.00 24.00 23.00 26.00 28.00 
22.50 32.00 30.00 24.00 27.00 19.00 19.00 
22.50 32.00 32.00 24.00 27.00 29.00 29.00 

Range 
(mm) 

MILK 
CHEESE 
OTHERS 
TOTAL 

2.50 21.00 25.00 3.00 8.50 17.00 20.00 
2.50 15.00 13.00 3.00 5.00 8.00 20.00 
2.50 25.00 12.00 3.00 8.50 7.00 12.00 
2.50 25.00 25.00 3.00 9.00 17.00 22.00 

 

From obtained data of inhibition zones around the disks from Salmonella spp. samples, 

we calculated also the basic statistical values. The average of inhibition zones was 18.8±4.37 

mm to ampicillin. To piperacyllin was average 25.7±6.95 mm, to cefotaxime 31.0±1.63 mm, 

to ceftriaxone 33.3±1.42 mm, to doripenem 33.4±1.51 mm, to meropenem 36.4±2.50 mm, to 

levofloxacin 29.0±1.15 mm, to ofloxacin 26.2±0.63 mm, to amikacin 23.9±2.28 mm, to 

gentamycin 23.6±1.96 mm, to tetracycline 18.8±7.35 mm, to tigecycline 19.3±5.21 mm and 

to chloramphenicol 24.6±3.78 mm. The other results are shown in the Table 8 for Salmonella 

spp. from the milk samples only. 
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Table 8 Summary statistic values for inhibition zones of Salmonella spp. 

VALUES 
ANTIMICROBIAL AGENTS 

AMP PRL CTX CRO DOR MEM LEV OFX AK CN TE TGC C 

Average 
(mm) 

18.8 25.7 31.0 33.3 33.4 36.4 29.0 26.2 23.9 23.6 18.8 19.3 24.6 

Standard  
Deviation 
(mm) 

4.37 6.95 1.63 1.42 1.51 2.50 1.15 0.63 2.28 1.96 7.35 5.21 3.78 

Coeff. of 
Variation 
(%) 

0.23 0.27 0.05 0.04 0.05 0.07 0.04 0.02 0.10 0.08 0.39 0.27 0.15 

Min (mm) 12.0 14.0 29.0 31.0 31.0 32.0 27.0 25.0 20.0 21.0 10.0 12.0 18.0 
Max (mm) 23.0 31.0 33.0 35.0 35.0 39.0 31.0 27.0 26.0 26.0 29.0 28.0 30.0 
Range (mm) 11.0 17.0 4.0 4.0 4.0 7.0 4.0 2.0 6.0 5.0 19.0 16.0 12.0 

 

Frequency of the size of inhibition zones 

 

Obtained data were processed by STATISTICA 7.0 software for frequency of the size 

of inhibition zones calculation. Frequency of the size of inhibition zone is value, where was 

the most frequently presence of inhibition zones. In our study were determined these 

frequentations for inhibition zone of Salmonella spp. for 13 types of antibiotics. From the 

group of penicillins was the most frequently size of inhibition zone about 22 mm, for 

ampicillin and for piperacillin about 30 mm. From the cephalosporins group was the most 

frequently 29 and 32 mm for cefotaxime and for ceftriaxone 33 and 35 mm. From the 

carbapenems group was 32, 33 and 35 mm for dormipenem and for meropenem 35 and 39 

mm. From the fluoroquinolones group was the most frequently size of inhibition zone 26 mm 

for ofloxacine and for levofloxacine 29 mm. From the aminoglycosides group was found the 

most frequently 25 mm for amikacin and gentamycin as well. From the group of tetracyclines 

was detected the most frequently 10, 12 and 18 mm for tetracycline and 14 and 18 mm for 

tigecycline. For chloramphenicol from miscellaneous group was the most frequently size of 

inhibition zone 24 and 25 mm. The lines in the Figures 2-8 show averages of the size of 

inhibition zones for each antibiotic. The other results are shown in this graphs.   
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Fig 2 Frequency of the size of inhibition zone for penicillins agents 

 

 
Fig 3 Frequency of the size of inhibition zone for cephalosporins agents 

 

 
Fig 4 Frequency of the size of inhibition zone for carbapenems agents 



JMBFS  / Hleba et al. 2011 1 (1) 1-20 

 
 

  14  
  

 
Fig 5 Frequency of the size of inhibition zone for fluoroquinolones agents 

 

 
Fig 6 Frequency of the size of inhibition zone for aminoglycosides agents 

 

 
Fig 7 Frequency of the size of inhibition zone for tetracyclines agents 
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Fig 8 Frequency of the size of inhibition zone for miscellaneous agent 

 

 

CONCLUSION 

 

Using of antibiotics in livestock farming cause that more and more obligatory and 

facultative pathogens are resistant to various antibiotics used commercially. Our experiment 

results show that antibiotics used in this breeding or rearing were introduced into the external 

environment. Results confirm that antibiotic resistance do not only through the digestive tract 

of animals but also in their final products such milk, cheese and other dairy products. It is 

very important in commercial breeding to observe of sanitation and hygiene conditions in the 

dairy products from sheep milk, because this milk is not pasteurize. Milk, cheese and other 

products are end products, which are also used in human food chain. If coliforms bacteria 

including Salmonella spp. are resistant to undesirable reproducing it may cause consumers 

infections and diseases, which are then difficult to treat. For diseases caused by resistant 

bacteria are antibiotic unnecessary and useless. Therefore, the monitoring of resistant bacteria 

is needed to reduce or eradicate this global problem.  
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