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Abstract 
Enterococci can be used as a starter or probiotic culture in the food industry. However, enterococci are also implicated in 

severe multi-resistant nosocomial infections. In this study, some probiotic characteristics such as antimicrobial activity and 

antibiotic susceptibility were investigated.Twenty-three strains of Enterococcus species isolated from Raw milk (7 strains), 

Karish cheese (8 strains), Domiati cheese (5 strains), and Ras cheese (3 strains) were studied for the capability to produce 

bacteriocin and antibiotic susceptibility.The seven studied antibiotics showed a different powerful effect on Enterococcus 

strains. The most effective antibiotic against 23 Enterococcus strains were amikacin, cefotaxime, and cefoxitin, which 

inhibited the growth of all tested strains, followed by levofloxacin azlocillin, and cloxacillin which inhibited 21, 19, and 19 

strains, respectively, out of 23 studied strains. In addition, colistin showed the lowest powerful effect against all Enterococcus 

strains studied was resistant to this antibiotic. Antimicrobial activity was confirmed for all 23 strains against B. thuringiensis 

and 16, 13, 9, 9, 7, 6 out of 23 strains against Str. pyogenes, Ps. aeruginosa, B. cereus, Staph. aureus, E. coli O157:H7, and S. 

typhimurium, respectively. Strains E. faecium Rm5-1, E. faeciumRm6-1, E. durans Rm3-1, E. durans Rm3-2, E. durans Kc1-

1, E. durans Kc5-2, E. faecalis Kc2-1, E. faecium Dc1-1, E. faeciumDc10-2, and E. durans Rc3-2 showed potent 

antimicrobial activity against most indicator strains. 
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1- Introduction 

       One of the essential types of bacteria which 

widely grow in raw milk and dairy products isthe 

Enterococcus species. Enterococcus faecium, 

Enterococcus durans, and Enterococcus faecalis are 

the most common Enterococcus species found in 

dairy products [1,2]. Among the several 

biotechnological properties of  Enterococcus 

species are bacteriocin production, probiotic 

characteristics, and usability in dairy technology. 

      Some Enterococcus strains play an important 

role in cheese making and contribute to sensory 

characteristics. However, in contrast, to lactic acid 

bacteria, enterococci are not considered GRAS 

(generally regarded as safe);for example,their 

presence in water is a sign of fecal 

contaminationand their resistance to many 

antibiotics. On the other hand, probiotic 

propertieswith microbial balance in the 

gastrointestinal flora in humans and animals and the 

ability to synthesis proteins with antimicrobial 

activity such as bacteriocin production represent 

important functions ofenterococci in fermented food 

products [3,4]. Therefore enterococci are used in 

some dairy products, pharmaceutical products used 

in the clinical treatment of humans, and 

preparations to avoid enteric diseases in animals [6, 

7].In addition, the use of Enterococcus strains with 

probiotic properties as food additives have been 

proposed in the international meeting of the lactic 

acid bacteria industrial platform [5]. 

      Ofthe species of enterococci found in dairy 

products, Enterococcus faecalis and Enterococcus 

faeciumare the main ones. Theycan produce a 

variety of enterocins that haveactivity against 

Listeria monocytogenes, Staphylococcus aureus, 

and Clostridium spp. [8,9,10]. 
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       One ofthereasons for the risk of nosocomial 

infections related to enterococci might be their 

ability to develop resistance against a wide variety 

of antibiotics, including glycopeptide antibiotics 

(vancomycin and teicoplanin) [11].They also stated 

that antibiotic resistance combined with the 

virulence factors (aggregation substance production, 

gelatinase, hemolysin, and surface proteins) 

determine that enterococci are not generally 

recognized as safe (GRAS) microorganisms. 

The above information provides the 

rationale behind this research that aimed to study 

the resistance of Enterococcus species toward 

antibiotics, the bacteriocin production by 

Enterococcus species, and investigate the probiotic 

potential of E. faecium, E. durans, and E. faecalis 

strains isolated from milk and some cheese. 

 

2. Experimental 

Materials  
Preparation of milk samples 

A portion of 1ml of each market milk sample was 

added to sterilized tubes with 9ml of sterilized 

physiology solution, and the serial dilution 

technique was applied. 

Preparation of cheese samples 

A portion of 1g of each cheese sample was added to 

the sterilized mortar with 9ml of sodium citrate, 

then emulsified in it, and the serial dilution 

technique was applied. 

Enterococcusspecies 

Studies Enterococcus species (23 strains) 

isolated from Raw milk (7 strains), Karish cheese (8 

strains), Domiati cheese (5 strains), and Ras cheese 

(3 strains) were obtained from the Dairy department 

faculty of Agriculture, Al-Azhar University. Strains 

with previously were identified by several of 

phenotypic: Gram stain, catalase production, growth 

at 10C and 45C and in 6.5% NaCl, pH 9.6 in 

combination with resistance to bile 40%, Sodium 

azide 0.04%, 60C/30min, carbohydrate 

fermentation and the API 20 Strep test kits 

(BioMerieux SA, Marcy I' Etoile, France). 

 

Methods 

Sensitivity to antibiotics 

A total of 23Enterococcus species were 

tested for sensitivity to Amikacin (30 µg), 

Azlocillin (75 µg), Cefotaxime (30 µg), Cefoxitin 

(30 µg), Cloxacillin (1 µg), Colistin (10 µg) and 

Levofloxacin (5 µg). Overnight cultures of tested 

isolates were streaked onto Tryptic Soy Agar 

medium (Oxoid). Antibiotic disks were placed on 

the surface of the agar medium with sterilized 

forceps and gently touched with the tip of forceps to 

assure proper contact. The plates were incubated for 

16-24 hours at 37(C) and then examined for 

inhibition zones. Inhibition zone diameters were 

measured and recorded [12]. 

Bacteriocin production assay 

       Cell-free neutralized supernatant was used to 

test bacteriocin production and was prepared by 

centrifugation of 18 h culture using Tryptic Soy 

Broth (Oxoid, UK) of tested strains (10,000 × g for 

30 min). Bacteriocin activity was tested by agar 

spot test using Brain Heart Infusion Agar (Biolife, 

Italy) against indicator strains B. cereus, B. 

thuringiensis, Staph. aureus, Str. pyogenes, E. coli 

O157:H7, S. typhimurium, Y. enterocolitica and Ps. 

aeruginosa. The pH of the bacteria suspensions was 

neutralized. Incubation of the plateswas performed 

for 24 hrat 37C. The zones formed at the end of the 

incubation period were measured and evaluated. 

This assay was performed according to Strompfova 

et al.[13].  

 

3. Results and Discussion  

Antibiotics susceptibility 

The resistance of Enterococcus toward antibiotics is 

well-documented, with a growing concern over the 

past decadesdue to endemic or epidemic rates 

observedin North America and the increasing levels 

of Europe [14]. Antibiotics susceptibility of 

Enterococcus spp.isolated from milk and some 

dairy products were studied. Tables (1 and 2) show 

that the studied antibiotics (n=7) were amikacin, 

azlocillin, cefotaxime, cefoxitin, cloxacillin, 

colistin, andlevofloxacin. The results presented here 

indicate that the studied Egyptian milk and cheeses 

could not be ruled out as a potential source for 

spreading antibiotic–resistance strains. Table (2) 

shows that all the 23 Enterococcus species strains 

were sensitive to amikacin, cefotaxime, and 

cefoxitin. Also, out of the 23Enterococcus species 

strains, 19 strains were sensitive to azlocillinand 

cloxacillin. In comparison, levofloxacin was 

susceptible to 21 strains. El - Shafei et al.[15] stated 

that all tested E. faeciumstrains (n=24) were 

sensitive to cophezalin while 20 strains to 

chloramphenicol, rimictan, and garamycin, 19 

strains to ampicillin, 18 strains to erythromycin, 16 

strains to carbenicillin, and 14 strains to sptrin.  

        Out of the 12E. faecium strains, Table (1) 

shows that only twostrains were resistant to 

azlocillin, cloxacillin, and levofloxacin each. In 

addition, none of the 12 E. faecium strains were 

resistant to amikacin, cefotaxime, and cefoxitin. 

Results also showed that most 12 E. faecium strains 

were sensitive to all studied antibiotics except 

colistin, whereas 12 E. faecium strains were 
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resistant to this antibiotic. Also, 10 E. durans strains 

and 1 E. faecalis strain were resistant to colistin. 

 

Table 1.Antibiotics are susceptiblepatterns of Enterococcus species isolated from milk and somedairy products.  

Antibiotics 

E.faecium (12 

strains) 

E.durans 

(10 strains) 

E.faecalis(1 

strain) 

R I S R I S R I S 

      Amikacin 0 0 12 0 0 10 0 0 1 

Azlocillin  2 2 8 2 1 7 0 0 1 

Cefotaxime  0 0 12 0 0 10 0 0 1 

Cefoxitin 0 0 12 0 0 10 0 0 1 

Cloxacillin  2 4 6 2 4 4 0 1 0 

Colistin 12 0 0 10 0 0 1 0 0 

Levofloxacin 2 3 7 0 2 8 0 1 0 

R: resistant; I: intermediate; S: sensitive. 

Similarly, none of the 10 E. durans strains 

(Table 1) were resistant to antibiotics studied, 

namely, amikacin, cefotaxime, cefoxitin, and 

levofloxacin. Results also showed that most 10 E. 

durans strains were sensitive to all studied 

antibiotics. Also, the E. faecalis strain was 

susceptible to all studied antibiotics. Dabiza et 

al.[16] stated that strains of Ent. faecium showed 

resistance to antibiotics tested were garamycin 

(41.3%), ampicillin (26%), chloramphenicol, and 

erythromycin (23.9%). An earlier study by Batish 

and Ranganathan [17]showed that among 224 

enterococcal isolated from samples of milk and 

milk products, 80 to 90% of these microorganisms 

were foundas sensitive or partially sensitive to 

chloramphenicol, erythromycin, kanamycin, and 

tetracycline. More recently, Giraffa et al.[18] 

reported that 75 enterococcal strains extracted from 

dairy sources exhibited an overall sensitivity (about 

90 to 100% of all strains) to many antibiotics, 

particularly chloraphenicol ampicillin and 

novobiocin.  

On the other hand, Cariolato et al.[11] 

stated that tested dairy strains showed very high 

percentages of susceptibility to most of the 

antibiotics tested, except for tetracycline, 

streptomycin, and erythromycin resistance which 

were detected in 30.8%, 25.6 %, and 17.9% of the 

strains, respectively. 

In general, the most effective antibiotics 

against studied Enterococcus spp. were amikacin, 

cefotaxime, and cefoxitin 23 (100%), 23(100%) and 

23 (100%) out of 23 Enterococcus species, 

azlocillin16 (69.6%) strains followed by 

levofloxacin15 (65.2%) and cloxacillin 10 (43.5%) 

strains, respectively. Also, all studied Enterococcus 

spp.showed a higher degree of resistance against 

colistin23 (100%)also, 4 (17.4%), 4 (17.4%), and 2 

(8.7%) were resistant to azlocillin, cloxacillin, and 

levofloxacin, respectively (Table2). 

 

 

Table 2. Number and percentage of susceptible(S), intermediate (I), and resistant(R)Enterococcus species against 

some antibiotics. 

 
         R I          S 

No % No % No % 

      Amikacin 0 0.0 0 0.0 23 100 

Azlocillin  4 17.4 3 13.0 16 69.6 

Cefotaxime  0 0.0 0 0.0 23 100 

Cefoxitin 0 0.0 0 0.0 23 100 

Cloxacillin  4 17.4 9 39.1 10 43.5 

Colistin 23 100 0 0.0 0 0.0 

Levofloxacin 2 8.7 6 26.1 15 65.2 

 

R= Resistant (inhibition zone = 6 mm),I=intermediate sensitivity (inhibition zone > 6 –15 mm), S= susceptible (inhibition zone > 15 

mm) 
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Cariolato et al.[11] found in their study 

that Ent. faecalis strains were mainly resistant to 

tetracycline (65.8 %) followed by streptomycin 

(42.1%), erythromycin (28.9%), norfloxacin 

(21.1%), chloramphenicol (18.4%), and gentamycin 

(10.5%). However, the results of this study showed 

a similar trend with streptomycin and erythromycin. 

Koluman et al. [20] studied 50 samples of cheese 

and 20 samples of Yogurt and stated that the highest 

resistance was recorded for a cream sample with the 

resistance of 12 types of antibiotics. They also said 

that 33 of 50 cheese samples (64%) were resist to at 

least three antibiotics and the highest resistance was 

recorded in cream cheese sample with resistance to 

12 types of antibiotics. None of the isolated samples 

(n=70) from Turkish dairy products resisted 

vancomycin [19]. However, Upadhyaya et al. [20] 

stated that there had been an increase in the number 

of VRE in recent times. 

The lower occurrence of dairy enterococci 

isolates resistant to clinically relevant antibiotics 

was studied as shown from our results and previous 

studies by Mannu et al., [21] and Cariolato et al., 

[11],indicating the low diffusion of antibiotic-

resistant among food enterococci from milk and 

dairy products.  

Bacteriocin production 

Bacteriocinribosomal synthesized peptides 

with antimicrobial properties are produced by many 

living organisms ranging from prokaryotes to higher 

eukaryotes [22].Twenty-three Enterococcus species 

strains isolatedfrom Raw milk, Karish cheese, 

Domiati cheese, and Ras cheese were subjected to 

determine their ability to produce bacteriocin 

against indicator strains B. cereus,B. thuringiensis, 

Staph. aureus, Str. pyogenes, E. coli O157:H7,S. 

typhimurium, Y. enterocoliticaand P. aeruginosa. 

All 23 Enterococcus species strains exhibited 

antimicrobial activity against most tested gram-

positive and gram-negative foodborne pathogens 

and contaminant bacteria (Tables 3, 4, and 5).  

 

 

Table 3.Bacteriocin production of Enterococcus species isolated from Raw milk.  

 

Indicator strains 

Enterococcus species 

(n=7) 

 Total  
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Inhibition zone/mm R I S 

B. cereus 6 6 12 15 6 6 10 4 3 0 

B. thuringiensis 12 12 16 18 12 12 16 0 4 3 

Staph. aureus  6 6 14 16 6 13 6 4 2 1 

Str. pyogenes 6 6 18 18 6 12 12 3 2 2 

E. coli O157:H7 6 6 12 12 6 6 6 5 2 0 

S. typhimurium  6 6 14 14 6 6 6 5 2 0 

Y. enterocolitica  6 6 6 6 6 6 6 7 0 0 

Ps. aeruginosa 6 6 16 18 6 12 13 3 2 2 

 

R= Resistant (inhibition zone = 6 mm),I=intermediate sensitivity (inhibition zone >6 –15 mm), S= susceptible (inhibition zone > 15 

mm) 

 

The powerful bacteriocin (inhibition zone 

>15 mm) producers were observed with E. 

faeciumRm5-1against B. thuringiensis, Str. 

pyogenes and Ps. aeruginosa, E. faecium Rm6-1 

against B. thuringiensis,Staph. aureus, Str. 

pyogenes and Ps. aeruginosa, E.duransRm3-2 

against B. thuringiensis, E. faecium Kc3-2 against 

B. thuringiensis, E.duransKc1-1 against B. 

thuringiensis, Staph. aureus and Ps. aeruginosa, 

E.duransKc5-2 against B. cereus,Staph. aureus,B. 

thuringiensis,Str. pyogenes and Ps. aeruginosa, 

E.duransKc10-1 against Ps. aeruginosa,E. faecalis 

Kc2-1 against Str. pyogenes, E. faecium Dc1-1 

against B. thuringiensis, E. faecium Dc10-2 against 

B. cereus, Str. pyogenes,Ps. aeruginosa and B. 

thuringiensis, E. faecium Rc3-1 against Ps. 
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aeruginosa andE. duransRc3-2 against B. 

thuringiensis, Staph. aureus, Str. pyogenes and Ps. 

aeruginosa. 

Yerlikaya and Akbulut [23]studied microorganisms 

isolated from milk, and dairy products found 

thatEnterococcus durans 61E5 was the strain with 

the highest antimicrobial activity against A. 

hydrophlia, followed by 61E2. Meanwhile, some 

strains did not show activity against test bacteria, 

including S. aureus, B. cereus, 

 

 

 

Table 4.Bacteriocin production of Enterococcus species isolated from Karish cheese.  

 

Indicator strains 

Enterococcus species 

(n=8) 

Total 

E
. 

fa
ec

iu
m

 

K
c1

-2
 

E
. 

fa
ec

iu
m

 

K
c3

-2
 

E
. 

d
u

ra
n

s 
K

c1
-

1
 

E
. 

d
u

ra
n

s 
K

c4
-

2
 

E
. 

d
u

ra
n

s 
K

c5
-

1
 

E
. 

d
u

ra
n

s 
K

c5
-

2
 

E
. 

d
u

ra
n

s 

K
c1

0
-1

 

E
. 

fa
ec

a
li

s 

K
c2

-1
 

Inhibition zone/mm  R I S 

B. cereus 6 10 12 6 6 18 6 6 5 2 1 

B. thuringiensis 12 16 18 12 12 22 12 12 0 5 3 

Staph. aureus  6 6 16 6 6 16 6 12 5 1 2 

Str. pyogenes 6 12 14 6 6 22 14 16 3 3 2 

E. coli O157:H7 6 6 12 6 6 14 6 6 6 2 0 

S. typhimurium  6 6 10 6 6 12 6 6 6 2 0 

Y. enterocolitica  6 6 6 6 6 6 6 6 8 0 0 

Ps. aeruginosa 6 6 18 6 6 20 16 14 4 1 3 

                 R= Resistant (inhibition zone = 6 mm),I=intermediate sensitivity (inhibition zone >6 –15 mm), S= susceptible (inhibition 

zone > 15 mm) 

 

Table 5.Bacteriocin production of Enterococcus species isolated from Domiati and Ras cheese.  

 

Indicator strains 

Enterococcus species 

(n=8) 

Total 
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Inhibition zone/mm  R I S 

B. cereus 12 6 6 18 6 6 6 14 5 2 1 

B. thuringiensis 18 14 14 22 12 12 12 18 0 5 3 

Staph. aureus  13 6 6 15 6 6 6 16 5 2 1 

Str. pyogenes 14 6 6 16 6 14 14 22 3 3 2 

E. coli O157:H7 12 6 6 14 6 6 6 14 5 3 0 

S. typhimurium  6 6 6 12 6 6 6 15 6 2 0 

Y. enterocolitica  6 6 6 6 6 6 6 6 8 0 0 

Ps. aeruginosa 14 6 6 16 6 15 16 18 3 2 3 

                 R= Resistant (inhibition zone = 6 mm),I=intermediate sensitivity (inhibition zone >6 –15 mm), S= susceptible (inhibition 

zone > 15 mm) 

L. monocytogenes, P. aureginosa, and A. 

hydrophilia [23]. Generally, most strains showed an 

effect on E. coli, followed by L. monocytogenes and 

S. aureus. All the strains except for E. faecium 
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K1E3, E. faecium 67E3, and E. durans 79E3 had an 

antibacterial effect on E. coli. A very few strains 

were effective on P. aureginosa, C. jejuni, and B. 

cereus. It has been reported that Enterococcus 

strains isolated from various sources showed lower 

activity against B. cereus, whereas they were more 

effective against E. coli and L. 

monocytogenes[24,25,26]. 

Bacteriocin produced by enterococci 

proved to have attractive technological potential. 

Almost all of them are intensely active against food 

spoilers and foodborne pathogens such as 

L.monocytogenes, Clostridium spp, Staph. aureus, 

Bacillus spp, Brochothrix spp, Vibrio cholerae and 

spoilage LAB[27,28, 29,30,1]. 

Results of Table (6) show that out of 23 

Enterococcus species strains, only 2 (8.7%), 9 

(39.1%), 4 (17.4%), 6 (26.1%), and 8 (34.8%) 

showedpotentantimicrobial activity against 

indicator organisms namely, B. cereus, B. 

thuringiensis, Staph. aureus, Str. pyogenes and Ps. 

aeruginosa, respectively. Also, 7 (30.4%), 14 

(60.9%), 5 (21.7%), 8 (34.8%), 7 (30.4%), 6 

(26.1%) and 5 

(21.7%)showedintermediateantimicrobial activity 

against indicator organisms namely, B. cereus, B. 

thuringiensis, Staph. aureus, Str. pyogenes, E. coli 

O157:H7, S. typhimurium,and Ps. aeruginosa, 

respectively. Similarly, the bacteriocin production 

rate was highest among the cream samples 

(33.51%), followed by Dahi samples (15.55%), raw 

milk samples (9.51%), cheddar cheese samples 

(9.2%), and human feces (4.22%)[31].Ghrairi et al. 

[32] stated that bacteriocin produced by E. faecium 

MMT21 was thermostable and thus could be useful 

as a food preservative, especially during food 

processing procedures involving a heating step. It 

was also found stable over a wide range of pH, 

which allows its application in acid as well as non-

acid foods. Like most bacteriocins [33, 34, 35], E. 

faecium MMT21 bacteriocin was produced during 

the exponential growth phase, with the highest rate 

occurring during the beginning of the stationary 

phase.On the other hand, 14 (60.9%), 14 (60.9%),9 

(39.1%),16 (69.6%), 17 (73.9%), 23 (100%) and 10 

(43.5%) showed no inhibition zones against tested 

indicator organism's B. cereus, Staph. aureus, Str. 

pyogenes, E. coli O157:H7, S. typhimurium, Y. 

enterocolitica,and Ps. aeruginosa, respectively.

 

Table 6.Number and percentage of susceptible (S), intermediate (I), and resistant (R) Enterococcus species 

against some pathogenic and spoilage bacteria. 

 

Indicator strains 

Reactions 

R I S 

No % No % No % 

B. cereus 14 60.9 7 30.4 2 8.7 

B. thuringiensis 0 0.0 14 60.9 9 39.1 

Staph. aureus  14 60.9 5 21.7 4 17.4 

Str. pyogenes 9 39.1 8 34.8 6 26.1 

E. coli O157:H7 16 69.6 7 30.4 0 0.0 

S. typhimurium  17 73.9 6 26.1 0 0.0 

Y. enterocolitica  23 100 0 0.0 0 0.0 

Ps. aeruginosa 10 43.5 5 21.7 8 34.8 

                 R= Resistant (inhibition zone = 6 mm)  I=intermediate sensitivity (inhibition zone > 6 –15 mm) 

                 S= susceptible (inhibition zone > 15 mm) 

Gupta and Malik[31] examined sixty potent 

bacteriocin-producing isolates of enterococci for the 

incidence of virulence factors for their safe 

exploitation. They found none of the isolates 

exhibited gelatinase or hemolysis activity. However, 

they stated that only four bacteriocin-producing 

isolates among 60 were observed to be vancomycin-

resistant. It is well known that bacteriocinogenic 

strains present a potential for food preservation, 

pathogen control, or even inhibition of biofilm 

formation [36,37,38, 39].Enterococcus spp. has been 

reported to produce bacteriocins, which inhibited 

Gram-positive foodborne bacteria and intestinal 

pathogens [40,41,15]. 
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Bacteriocin-like antagonism displayed by 

enterococci was first reported by Kjems[42]. In 

recent years, several E. faecium and E. faecalis 

strains from dairy products [43,44] displaying 

antilisterial activity have been isolated, which makes 

them potent important in food preservation. The 

antimicrobial effects of a broad spectrum of 

substances from E. faecium proved effective against 

Gram-negative and Gram-positive bacteria [45].  

One of the main drawbacks of many 

antimicrobial agents is their ability to inhibit the 

undesirable bacteria and lactic starter and nonstarter 

culture when preserving fermented foods. In this 

study, our antimicrobial producer enterococci may 

be of interest because of their spectrum of activity, as 

it would allow relatively selective inhibition of 

foodborne pathogens. 

 

Conclusion 

Enterococcus species strains isolated from raw milk 

and some cheese samples were tested and 

foundinhibitory against some Gram-positive and 

Gram-negative foodborne pathogens and 

contaminating bacteria. According to the 

antimicrobial activity of Enterococcus species 

proved during the current study, they could be 

applied as bio preservatives in fermented foods such 

as cheese and sausages in place of using chemical 

preservatives. On the other hand, harmless 

enterococci exhibiting antagonistic effects against 

pathogenic bacteria used as bio preservatives may 

also extend the shelf life of food products cause of 

inhibiting the growth of spoilage and pathogenic 

bacteria with a subsequent reduction in the use of 

antibiotics.    
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