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ABSTRACT I used 45 samples of raw milk to isolate Enterococcus faecium. I obtained three specimens, Ef1, Ef2, and 
Ef3, to investigate the effect of bacteriocin produced by Enterococcus faecium on some pathogenic food 

bacteria found in milk and dairy products.Enterocin produced by Enterococcus faecium was detected by using two 
methods, cup and well diffusion. A wide spectrum effect was found on both gram-positive and gram-negative bacteria, 
including Listiriamonocytogenes and Salmonellatyphimurium.The enterocin produced from Ef3 was partially purified to 
80%by ammonium sulfate precipitation, and gave the highest yield reaching (640Au/ml). Enzymatic effect of enterocin 
demonstrated that proteolytic enzymes completely inactivated the bacteriocin, while other enzymes, including lipase, 
lysozyme,α-amylase, and catalase, showed no effect .The enterocin was heat-resistant at even 121˚c for 15 minute, and 
the optimum pH was at(4-9).

Introduction      
Using lactic acid bacteria (LAB) and/ or natural products re-
lated to them for the food preservation (i.e., biopreserva-
tion) seems to be a good approachtodecrease growth of 
pathogens, as illustrated by the barrier technology strategy 
(1). Bacteriocins are ribosomally-synthesized antibacterial-
peptides obtainedfrom bacteria, and in most cases, they 
are active against related species; those of similar genetics. 
And that are able to kill other bacteria by attacking target 
membranes with pores (2,3). Based on mode of action and 
structure, they have been grouped into four classes (4).

Many researches focused on the production of bacterioc-
ins from members of the LAB group, specifically Lactoba-
cillus sp., Lactococcus sp.,Leuconostoc sp., Enterococcus 
sp., and Pediococcus sp. (5). The LAB bacteriocins are 
active against a wide spectrum of foodspoilage and food-
borne bacteria.Enterococcus spp. are also well-known 
to produce bacteriocins that have demonstrated antimi-
crobial activity against different foodborne pathogens 
(6,7).Gram-positivepathogenic bacteria, including Listeria 
monocytogenes,Clostridium sp., and Bacillus sp. L. mono-
cytogenes can produce a broad variety of human disease 
ranging from a nonspecific flu-like illness to severe diseas-
es, like sepsis and meningitis (8).

Several bacteriocins from Gram-positive bacteria have fairly 
wide inhibitory spectra, and these bacteriocins may there-
fore have an applied potential as antimicrobial agents. The 
Enterococcus is a gram positive bacteria belong to lactic 
acid bacteria (LAB) which are well known producers of bac-
teriocin (9,10 ).

Many bacteriocins produced by enterococci,especially by 
Enterococcus faecium strains of differentorigins (rumen 
contents, sausages, waste, olives) have been described 
(11).In general, most enterocins are related to the class IIa 
bacteriocins, which are thermostable, pediocin-likebacteri-
ocins. The use of bacteriocinogenic enterococci to control 
contamination in food, to prevent the growth of spoilage 
and pathogenic microorganisms (12) feed and in the diges-
tive tract of animals has been reported (13,14). (Enterococ-
cus faecium) as a feed additive for calves for rearing, pig-
lets (15)

Enterococci are commensals of the animal and human in-
testinal tract (16).

Bacteriocin is potentially considered as antimicrobial agent 
for improving the safety of food products; therefore,this 
study aimsat the extraction, partial purification, and char-
acterization of bcteriocin produced by Enterococcus faeci-
um, and how the product may play a promising role in the 
preservation of food. 

Materials and methods
Bacterial isolates and cultural media 
The bacterial isolates ofEnterococcusfaecium were iso-
lated  from raw milk, and there were grown in Ej-medium 
(17), while the indicator bacteria (Listiria monocytogens, 
Staphylococcus aureus,Bacillus cereus, Salmonella typhi, 
Brucella spp, and Pseudomonas aeruginosa) were obtained 
from the Department of Biology at the College of Science 
in the Al-Mustansiriya University, Baghdad, Iraq, and they 
were grown in brain heart infusion broth (Hi-Media/India). 
Then, they were identified by physiological, biochemical, 
and morphological tests according to (18).

Detection of Enterococcus faecium produced enterocin
1- Cup agar method 
The isolates were grown in MRS broth (Hi-Media/India) 
pH-6.5, seeded with 1% inoculum of overnight culture, 
and incubated anaerobiclly at 37˚c for 24h.After incubatio
n,Enterococcusfaeciumwere cultured in MRS agar by strek-
ing method and incubation at 37˚c for 24h, and then were 
made like discs by using cork borer of 5mm diameter, and 
placed on the surface of nutrient agar media that were 
prepared previously and spread by 0.1 ml of indicator bac-
teria (106cell/ml), and incubated at 37˚c for 24h including 
control time (MRS agar without inoculated bacteria )( 19). 
And zones of inhibition were measured in mm diameter.

2-Well diffusion method
Nutrient agar plates were spread with 0.1ml (106cell/ml) 
of indicator bacteria. Wells(5mm in diameter) were cut 
into these agar plates, and 100µl of the cultureEnterococ-
cusfaeciumof supernatants were placed into each well.The 
plates were then incubated at 37˚c for 24h and zones of 
inhibition were measured in mm diameter(20).
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Enterocin activity assessment
Extraction of crud enterocin from a selected isolate (Ef3) 
was carried out as described by (21) with some modifica-
tion. Enterococcus faecium was cultivated overnight in 
MRS broth at 37˚C for 48hr. After centrifugation at 6000 
rpm for 15 min at 4˚C, the cell- free supernatant was fil-
tered through 0.22µm filters and neutralized to pH 6.5, to 
eliminate the inhibitory effect caused by the decrease of 
pH by using NaOH (1N) to avoid the effect oforganicacids. 
Pour plates were prepared from nutrient agar seeded with 
106cell/ml indicator bacteria. Enterocin activity measured 
by two fold dilution, using Physiological saline solution and 
Wells, were cut into pour plates with 5mm cork borer and 
filled with 100µl of the cell supernatant. The plates were 
incubated at 37˚Cfor 24h. Inhibition was detected by zone 
of clearing sterile round the supernatant well. The highest 
dilution is the one that produced a definite zone of mil-
liliter (AU/ml) (22)

AU was calculated as: 
(1000/100) ×D, were 1000 :constant, 100: volum of super-
natant in well (µl) and D: the dilution factor (23). 

Partial purification of enterocin
Cell –free supernatant was obtained by centrifuga-
tion (6000 rpm for 15 minat,4˚C) of MRSbroth inoculated 
with E. faecium and incubated at 37˚C for 24h.Ammo-
nium sulfate was added to the cell-free supernatant at 
(40,50,60,70,80)% saturation (w/v),the mixtures were stirred 
for 2h at 4˚C and later centrifuged at 8000 rpm for 20 min 
at 4˚C ,the precipitates were re-suspended in 50 Mm po-
tassium phosphate buffer (pH6.5) and dialyzed against the 
same buffer for 24h at 4˚C (24(.

Study the effect ofenzymes, heat stability and pHon th-
epartiallypurifiedenterocin
Effect enzymes 
Partially purified enterocin was treated with enzymes at a 
final concentration of 1mg/ml as the following: α-amylase, 
Lipase,Lysozyme, Trypsin,Pepsin, Papain,Catalase, Proti-
nase-K (Sigma-USA). All samples were adjusted to pH7 
except that treated with pepsin,which was adjusted to pH 
3. Samples were filtered-sterilized using filter membrane 

0.22µm, and then incubated at 37˚C for 2h. Residual en-
zyme activity was finally stopped by boiling for 5 min (25).

Heat stability of enterocin
Partially purified enterocin samples were adjusted to pH 
5.5 and then heated to(40,60 ,100)˚C respectively. En-
terocin activity was assessed after (10,15,30)min at each of 
these temperatures.Activity was also assessed after 15 min 
at 121˚C (26).

Effect of different pH
For pH stability, partially purified enterocin samples were 
adjusted to pH range of (2-11), using 5N NaOH or 5N 
HCl. All samples were incubated at 37 ˚C for 24h. (26).

Results and discussion
Isolation and identification of strain E. faecium
The enterocin producing strain was isolated from the raw 
milk and they were identified as E. faecium by the morp
hological,cultural,physiological,and biochemical characteris-
tics such as catalase negative, Gram-positive, facultatively 
anaerobic coccus with the ability to grow at 45°C and pH 
9.6, and in the presence of both 4% bile salts and 0±04% 
sodium azide. It did not produce gas from glucose; it gave 
a positive Voges Proskauer reaction and produced am-
monia from arginine. The final pH in glucose broth was 
4±2,and acid was produced from l-arabinose,and non 
motile,and isolated E. faecium fromraw non-pasteurized 
milk, where this bacteria close in this food, as a result of 
the digestive canal of different animals, spread in water 
and soil at milking machinery and tools in different manu-
facturing conditions of these foods (27). 

Antibacterial activity of enterocin from E. faecium
The susceptibilities of various Gram-positive andnegative 
bacteria to growth inhibition by the cup agar method (Ta-
ble 1) and the supernatant of E.faeciumby well diffusion 
method(Table2)shows inhibitory activity against( Listiria 
monocytogens , Staphylococcus aureus , Bacillus cereus, 
Salmonella typhi,Brucella spp and Pseudomonas aerugino-
sa,)maximum activity observedagainstListiria monocytogens 
,Staphylococcusaureusand Salmonella typhi.

Table 1:Antibacterial activity from E. faecium against indicator bacteria by used cup agar method on MRS agar

Indicator bacteria Inhibition zone diameter(mm)

E.faecium
Pseudomonasaerugi-
nosa

Brucella 
spp Salmonellatyphi Bacilluscereus Staphylococcusaureus Listiria monocytogens

13 - 15 10 15 17 Ef1

12 - 15 11 16 17 Ef2

14 8  17 13 19 20 Ef3

Table 2:Antibacterial activity from E. faeciumsupernatants against indicator bacteria by used well diffusion method on 
MRS broth 

Indicator bacteria Inhibition zone diameter(mm)

E.faeciumPseudomonasaerugi-
nosa

Brucella 
spp Salmonellatyphi Bacilluscereus Staphylococcusaureus Listiria monocytogens

14 - 13 10 12 12 Ef1

12 - 13 9 11 15 Ef2

14 7 13 11 17 18 Ef3
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According the tables above we notice that the cup agar 
method was in better production of enterocin compared 
with productivity in the liquid media in spite of the pres-
ence of variation in the inhibition of these isolates. And 
came in line with what indicated by (28) to the presence 
of variation in the effectiveness of the bacteria producing 
bacteriocin in solid and liquid media,microorganism prod-
uct have on the solid media does not necessary to be a 
producer of liquid media.This was also confirmed by (29) 
who has pointed out to the inefficiency of some isolates 
producing bacteriocin in demonstrating their effectiveness 
in the liquid media. Or, it may be exposed to certain bac-
teria mutations for one reason or another, which may re-
sult in loss of bacteriocin receptors and the indicator bac-
teria become resistant. (30) noted  that the occurrence of 
modulating receptors for colicin resulted from mutations 
lead to be resistant isolates.The best selected local isolates 
was the one belonging to bacteria E.faecium, which gave 
greater inhibition zones against bacteria gram positive and  
negative  (Ef3).

Extraction and partial purification of enterocin 
Partial purification of enterocin was performed by precipi-
tation with ammonium sulfate. Ammonium sulfate precipi-
tation is the most commonly method used to purify pro-
tein from broth culture (31). It is the best , first –choice salt 
because it has high solubility and is relatively inexpensive 
(32). The enterocin was recovered following the 80%am-
monium sulfate saturation of the cell –free supernatant 
with an increase activity unit of 320 AU/ml for cell-free su-
pernatan 640 AU/ml for partially purified entrocin .

The activity ratio between various bacteriocinsdiffered 
from species to species and even from strain to srain(33). 
Even during controlled fermenter experiments, consider-
able differences in activity yields are obtained,and an influ-
ence of the environmental process conditions on obtained 
bacteriocin activity can be seen. In general, the cultivation 
conditions directly affect bacteriocin production as such 
(specific bacteriocin production in particular ) and, indi-
rectly, through biomass production (34 ).(31) showed that 
some bacteriocin activity was lost in the supernatant, prob-
ably due to the saturation of adsorbing sites on bacterial 
cells. During the purification producers,each step resulted 
in considerable loss of protein concentration while specific 
activity increased(35). 

Effect  enzymes on enterocin
Enterocin was totally inactivated by treatment with pepsin, 
trypsin, papain and proteinae-K,whereas treatment with 
α-amylase,lipase,lysozyme and catalase did not affect the 
activity of it (Table 3).The sensitivity of enterocin to proteo-
lytic enzymes indicates that it is proteinaceous in nature.

Table (3): Effect of enzymes on the partial purified en-
terocin activity produced by E. faecium

Enzyme Enterocin activity (AU/ml)

Pepsin 0

Trypsin 0

Papain 0

Proteinase –K 0

α-amylase 640

Lipase 640

Lysozyme 640

Catalase 640

These results are consistent with many of the studies that 
have relied on the test sensitivity toward enterocin puri-
fied enzymes (26) and (36) which pointed to the loss of 
enterocin produc to bacteria E.faecium to its effectiveness 
after digestion enzymes protein such as PapainandPep-
sinandTrypsinandProteinase -K;which confirms the nature 
ofthe protein. Enterocin not affected bythe product of 
E.faecium also notes when treated with enzymes, Lipase 
Catalase, α-amylase, Lysozyme (37,38).

Heat stability of enterocin
The enterocin was resistant to treatments of (40,60 ,100)˚C 
for (10 ,15, 30)min, maintained its full effectiveness with 
the exception of retaining 50% of its effectiveness when 
treated with a degree of 121 ºC for 15 minutes as in ta-
ble 4.The thermostability feature might be related to the 
molecular structure of enterocin,other studies where in-
dicated characterize enterocin  produced from bacteria 
E.faeciumand E.faecalis with small molecular weights ther-
mal stability and its ability to withstand temperatures of up 
to 121 ºC for 15 minutes or more( 39,40).

Table (4):Effect of temperature on the partial purified 
enterocin activity produced by E. faecium

Temperature(˚C) Time(minutes) Bacteriocin activity(AU/
ml)

40 10 640
15 640
30 640

60 10 640
15 640
30 640

100 10 640
15 640
30 640

121 15 320

Effect of different pH
Full activity of enterocin was retained in samples at pH 
4-9, at pH 10 activity was reduced to the half, and at pH 
2,3,11 no activity was observed table (5).  The increased 
inhibition activity under alkaline pH conditions could be 
due to alterations in peptide diffusion in such condi-
tions(41) . It retained activity even in the pH range of 2-10 
(42). Growth and bacteriocin production at low pH may be 
advantageous for survival in the upper intestinal tract in 
view of probiotic use. (43) 

Table (5):Effect of pH on the partial purified enterocin 
activity produced by
E. faecium

pH Bacteriocin activity (AU/ml)
2 0
3 0
4 640
5 640
6 640
7 640
8 640
9 640
10 320
11 0

Conclusion
In all, enterocin may have a practical application in the 
food industry to control listerial

contamination.The results produced in the present study 
highlighted the remarkable potential as food biopreserva-
tion agents exhibited by these strains and the enterocins 
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they produced. This was observed in the light of the fact 
that the enterocins and the strains analyzed showed little 
sensitivity to high temperatures and pH variations. Also, 
the capacity to inhibit Listeria monocytogenes and Salmo-
nella  typhi two very important pathogens, associated with 
food poisoning, reinforced the use of E. faecium in food 
preservation strategies.
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