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Abstract 
Enterococci are common milk contaminants, and microbial contamination of milk by this group of microorganisms 
can occur from a variety of sources. Significance of enterococci can be assessed by many separated points of view, 
otherwise a lot of research has focused on the potential role of food enterococci as reservoirs and/or vehicles of 
antibiotic resistance. The aim of this investigation was to evaluate the occurence of enterococci in rinses of milking 
equipment (n = 38) on two farms using automatic sanitation system. Our results showed, that alkaline disinfectant 
(on chlorine basis) was effective towards enterococci because apart from 2 samples, their presence in rinses has not 
been determined. Average number of enterococci survived the aplication of acid disinfectant reached the value 
5.00.101 CFU.ml-1. Together, 60 strains were randomly isolated and identified from the grown colonies of genus 
Enterococcus, and E. faecalis was the predominat species (69.6 %). In rinses, also E. faecium, E. mundtii and 
undefined enterococci were found. Among antibiotic resistant isolates, 83.9 % of isolates were sensitive to 
erytromycin (15mcg/disk) and resistant to vancomycin (30 mcg/disk) were 20 % of isolates. 
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1. Introduction 
 
Enterococci are among the most ubiquitous 
microorganisms in nature and they are natural 
inhabitants of the gastrointestinal systems of 
mammals [1, 2]. For this reason, occurence of 
enterococci often have shown to be related to 
direct faecal contamination. However, they are 
now considered as normal components of the 
animal derived food microflora, and not only as 
indicators of poor hygiene or previous faecal 
contact [1]. Also, further studies e.g. Gelsomino et 
al. (2002) [3] and Kagkli et al. (2007) [4] based on 
evaluation of enterococcal isolates by PFG 
elektrophorese have concluded, that bovine faeces 
were not the source of enterococcal contamination 
of raw milk and cheese. 1Gelsomino et al. (2002) 
[3] reported, that the dominant species found in 
the cheese and milk was E. casseliflavus whereas 
E. casseliflavus is more often associated with 
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plants. Identical clones of E. casseliflavus have 
also been isolated from bulk tank and the milking 
machine even after chlorination. Therefore, 
authors suggest that a niche where enterococci 
could grow was present and that contamination 

with enterococci begins from the milking 
equipment. Similarly, Teixeira et al. (2005) [5] 
and Ma et al. (2006) [6] isolated enterococci from 
the milking machine and bulk tank after their 
sanitation. Results of the study taken by Kagkli et 
al. (2007) [7] either confirm the presence of 
enterococci in the rinses of milking machine. 
Sanitation process is becoming more complicated 
in connection with growing antimicrobial 
resistance of microorganisms including 
enterococci. Effectiveness of detergents and 
disinfectants is usually tested in laboratory 
condition by using planktonic microbial cells 
(appeares in suspension) meanwhile in production 
conditions, microorganisms are able to adhere on 
the surface and form biofilms. 
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Automatic milking systems are currently used in 
the dairy industry. All constituents in these 

systems are made of rubber, stainless steel or 

plastic, which are common materials in the food 
industry. As all inert surfaces, these materials are 
potential sites for biofilm formation, even when 
hygiene and sanitation programmes are correctly 
applied [5].  
Biofilm is the aggregation of microbial cells 
bound together by carbohydrate matrix that 
contains water channels to deliver nutrients and 
remove waste. Bacteria that build biofilms secrete 
extracellular polymeric substances that assist in 
bacteria adhesion on surface, form a highly 
hydrated slime in which cells are embedded and 
held in dense agglomerations. On the one hand, 
biofilm harbor available nutrients for 
micoorganisms reproduction and on the other 
hand, biofilm make a protective layer against 
devitalizating effects of used desinfectants [8]. 
High resistance of microorganisms in protective 
layer of biofilms was proved by another study 
carried out by Lindsay et al. (2002) [9]. In 
connection with capability of forming the biofilm, 
Teixeira et al. (2005) [5] determined the 
hydrophobicity of 26 species of bacteria 
representative of the main genera isolated from a 
rubber short milk tube, which is a constituent of a 
cluster from a milking machine. In this work, 
tested strains of E. faecalis isolated from the 
rubber short milking tube were hydrophobic even 
after the washing procedure. Hence, the adhesion 
of bacteria and then contribution of these 
microorganisms to milk contamination is 
expected.  
High importance of enterococci is particularly due 
to their remarkable capacity of expressing   
resistance  to several  antimicrobial  agents. 
Raw milk is one of the possible sources of 
antibiotic resistant enterococci. Šustáčková et al. 
(2003) [10] determined that predominant 
resistance to tetracycline, streptomycin 
and chloramphenicol was in E. faecalis, while 
isolates of E. faecium were resistant 
to erythromycin. Only one isolate of E. faecalis 
and one isolate of E. faecium showed intermediate 
level of resistance to vancomycin (MIC = 8 
μg/ml). According to results of Gomes et al. 
(2008) [11] and Gelsomino et al. (2002) [3], the 
most common species present in milk was E. 
faecalis. Isolates of E. faecalis have showed 
resistance to tetracycline, erythromycin and 
gentamicin more often, in comparison with E. 

faecium [11]. In this study was also stated, that 
among antibiotic resistant isolates of E. faecalis, 
as far as 72.4 % isolates were able to form 
biofilms. 
The purpose of this study was to evaluate the 
occurence of enterococci in rinses of milk 
equipment, determine decrease enterococcal 
counts after sanitation process in which either 
alkaline or acide disinfectans were used and 
furthermore, to isolate and identify survived 
strains of enterococci and define their 
antimicrobial resistance to selected types of 
antibiotics used in human medicine. 
 
2. Materials and methods 
 
Samples of rinses (n = 38) were taken from two 
selected farms with the same type of milking and 
automatic sanitation system. Samples were 
obtained after the first milk equipment rinse and 
rinse of milk equipment after sanitation process 
with alkaline and acid disinfectants. Acid 
disinfectant used for sanitation contained 
phosphoric acid and special aditives. 
Concentration of sanitary solution was 1 %, 
average temperature   55 °C and   time of 
circulation was 20 min. The alkaline disinfectant 
contained sodium hydroxide, potassium hydroxide 
and sodium hypochlorite. Conditions for 
apliccation were the same as for acid disinfectant. 
Samples of rinses were processed by standard 
dilution method. Total count of enterococci (TEC) 
was enumerated on Slanetz – Bartley agar  
(HiMedia Laboratories, India) and Bile esculine 
agare  (HiMedia Laboratories, India) after  48 + 2 
hours of cultivation at temperature 37 ± 1 °C.  
Total bacterial count (TBC) was enumerated on 
Plate count agar (HiMedia Laboratories, India) 
after 72 ± 2 hours cultivation at temperature 30 ± 
1°C. Total psychrotrophic count (TPC) was 
enumerated after 10 days of cultivation at 
temperature 6.5 ± 1°C on Plate count agar 
(HiMedia Laboratories, India) with 1 % addition 
of skimmed milk powder. Individual counts of 
microorganisms were expressed as arithmetic 
mean. 
Suspected colonies of Enterococcus spp. were 
randomly isolated. The genus Enterococcus was 
confirmed by growth of isolated colonies on a 
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selective medium containing bile, esculin and 
azide (Biokar Diagnostic, France) after incubation 
at 37 ± 1 °C for 24 ± 2 hours. Identification of G+ 
bacteria was proved by negative catalase and 
positive PYRA test (PYRAtest, Lachema, Brno, 
Czech Republic) and the species of Enterococcus 
spp. were then determined by means of EN-
COCCUS test (Lachema, Brno, Czech Republic). 
Identified strains of Enterococus were tested for 
susceptibilities to antimicrobial agents by the disk 
diffusion method on Mueller Hinton agar 
(HiMedia Laboratories, India) using the following 
antimicrobial disks: Ampicillin (AMP) 10 
mcg/disk, Erythromycin (ERY) 15 mcg/disk, 
Tetracycline (TET) 30 mcg/disk and Vancomycin 
(VAN) 30 mcg/disk (HiMedia Laboratories, 
India). The isolates were classified as susceptible, 
intermediate resistant or resistant according to the 
CLSI (2006) [12] requirements. 
 
3. Results and discussion 
 
Average number of observed groups of 
microorganisms in rinses of milk equipment 
before and after sanitation process is shown in 
Table 1. Presence of enterococci in samples of 
milk equipment rinses after sanitation process 
using alkaline disinfectant has not been affirmed 
except for two samples (1.60 x 102 and 2.50 x 102 
CFU.ml-1). Number of enterococci in rinses of 
milk equipment after acid disinfectant application 
has ranged between < 1.50 x 101 to 3.12 x 102 
CFU.ml-1. In cases, where enterococci and 
psychrotrophic microorganisms were discovered, 
lower tempearture of disinfectant solutions was 
monitored. 
A cleaning failure in our basic industry is more 
often connected with no adequite cleaning 
temperatures of detergents and disinfectants. The 
work of Foltys (1999) [13] showed, that 
temperature of disinfectant on selected farms 
ranged between 20 - 55 °C during release of 
disinfectant from the sanitizing pipes. Up to 80 % 
of farms displayed temperature of disinfectant 
lower than 40 °C. These results correspond with 
our observation on monitored farm where 
temperature of disinfectant released from 
sanitizing pipe reached temperature 39 °C. This 
temperature could not assign the saponification of 
fats. Furthermore, these conditions initiate the 

forming of biofilms, which may contribute to 
selection of microorganisms resistant to detergents 
and disinfectants. In studies, carried out by other 
authors [14, 15] a significant influence of water 
hardness to microorganisms survival in process of 
sanitation has been indicated. The fact, that 
enterococci are able to survive the sanitation 
process is proved also by results of another 
authors. Gelsomino et al. (2001) [15] reported, 
that prior to chlorination, the milking machine 
contained 2.9 x 103 enterococci per ml of rinse, no 
enterococci were found in the chlorinated rinse 
while after deactivation of the chlorine the number 
of enterococci was found 1.0 x 101 CFU.ml-1. 
Effectiveness of ordinary desinfection in sheep 
milk production plants was definied by Koreňová 
et al. (2009) [16]. Number of enterococci on 
stainless steel and plastic surface ranged between 
103 - 104 CFU.cm-2. However, after sanitation 
process (detergent and desinfective agent with 
content of NaClO) were enterococcal counts 
decreased by 1.5 logarithmic range at most.  
Results obtained in our study confirmed, that 
impact of acid disinfectans on microorganisms is 
less effective than alkaline disinfectans impact. 
Similarly, Čanigová et al. (2004) [17] reached 
such results. In fact, sanitation effect should be 
improved by using higher temperature during 
application of acid disinfectant and also, the time 
of circulation should be extended.  
Figure 1 shows the distribution of the different 
enterococcal species identified among the isolates 
obtained from the rinses.  
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Figure 1.  Distribution of species among 
Enterococcus (n = 60) isolated from milk 
equipment rinses after sanitation process 
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Table 1 Average number of observed groups of microorganisms (CFU.ml-1) in rinses 
of milk equipment 

 Rinse  
before sanitation 

(n = 38) 

Rinse after usage of acid 
disinfectant 

(n = 18) 

Rinse after usage of alkaline 
disinfectant 

(n = 20) 
TBC 3112 52 31 

TPC 1489 56 0 

TEC 769 50 15 

TBC - total bacterial count, TPC - total psychrotrophic count, TEC - total count of enterococci. 
 

Table 2 Antimicrobial susceptibility of Enterococcus species (n = 60) isolated from rinses of milk equipment after 
sanitation process to selected antibiotics (expressed in % of isolates) 

Antimicrobial agent Susceptible Intermediate 
resistant 

Resistant 

Vancomycin 30 [mcg/disk] 80 0 20 
Tetracycline 30 [mcg/disk] 26,8 64,3 8,9 
Erythromycin 15 [mcg/disk]  83,9 16,1 0 
Ampicillin 10 [mcg/disk] 3,6 85,7 10,7 

 
E. faecalis was predominant strain in tested 
samples of rinse waters taken after sanitation of 
milking equipment (Figure 1). According to the 
observations of Teixeira et al. (2005) [5] and 
Gomes et al. (2008) [11] E. faecalis belongs to 
species that are capable of forming the biofilm and 
moreover. E. faecalis is the most commonly 
isolated from milk and milk equipment. For 
instance, Koreňová et al. (2009) [16] isolated and 
identified E. faecalis, E. faecium, E. gallinarium, 
E. cecorum and E. casseliflavus from equipment 
surfaces on sheep milk production plants. In the 
study done by Gelsomino et al. (2001) [15] E. 
casseliflavus and E. faecalis dominated in the 
rinses of the bulk-milk storage tank and milk 
equipment. 
Tested strains of enterococci (13 isolates of E. 
faecalis and 1 isolate of E. faecium) showed 
(Table 2) the highest sensitivity to erytromycin 
and 20 % of them were resistant to vancomycin. 
On the whole, our results affirmed that E. faecalis 
comparing to E. faecium was more resistant to 
antibiotics such as ampicillin, tetracycline 
a vancomycin, while resistance to these antibiotics 
was not determined for E. faecium.    
The results of this study not found significant 
correlation between antibiotic resistance and 
resistance to disinfectants of isolated enterococcal 
strains. Nevertheless, attempts with clinically 
vancomycin-susceptible enterococcal strains to 
resist an impact of various disinfectants have been 
performed by other authors [18, 19]. These studies 
pointed out a different tolerance of enterococci to 

disinfectants, even though the correlation between 
vancomycin resistance and resistance to 
disinfectans has not been proved.  
In accordance to high heat tolerance of 
enterococci and their ability to survive under 
adverse environmental conditions, it is necessary 
not to underestimate the good hygiene practice 
during the milk handling and processing. 
Consequently, in order to evaluate the potential 
risk which food contaminated with antibiotic 
resistant strains of enterococci represents, it is 
important to prevent further spread of these strains 
into food chain. 
 
4. Conclusions 
 
Sources of milk contamination by enterococci are 
different. Studies in recent years suggest that this 
group of microorganisms can form biofilm and 
grow on the dairy equipment. Therefore it is 
necessary to strict observe the sanitation process 
for the bacterial decontamination and prevention 
of biofilm formation on the cooling tanks and 
milking machines at agricultural holdings. Change 
of sanitary solutions is very important because the 
acid sanitary solutions show a weaker disinfectant 
effect against microorganisms. The milk 
contamination by enterococci is in recent years 
discussed problem because this group of bacteria 
represents a potential source of antibiotic resistant 
genes for the human population.  
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