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ABSTRACT: Lactic acid bacteria in dairy products are the important bacteriocin-producing group 

with an antibacterial activity effect. The aim of this study was the isolation and molecular identification  

of bacteriocin-producing enterococci and lactobacilli with a wide range of antibacterial activity. 

Bacteriocin-producing bacteria were isolated and purified from Iranian native dairy products.  

The effect of bacteriocins on the Gram-negative and Gram-positive indicator strains, as well as  

the impact of proteolytic enzymes, pH, and temperature changes on bacteriocin production,  

were investigated. A total of 431 bacteriocin-producing isolates were characterized from 100 

traditional cheese and yoghurt samples. The resulting bacteriocin reduced the growth of these two strains. 

E. faecium TM81 had both bactericidal and bacteriostatic properties, whereas the L. curvatus TM51 

only had bacteriostatic properties. The bacteriocin produced by both strains had the highest 

antibacterial effect among Gram-positive indicator strains such as Listeria monocytogenes and 

Bacillus cereus. Because produced bacteriocin (resistant to temperature and pH changes) has a wide 

range of inhibitory spectra on Gram-positive and Gram-negative bacteria, especially pathogenic 

bacteria, it is recommended to use it as a bio preservative in the food/pharmaceutical industry,  

and animal feed, as well as an alternative to chemical antibiotics. 
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INTRODUCTION 

Consumers are looking for products without chemical 

preservatives and still maintain good shelf life  

 

 

 

and safety. In order to provide better food safety,  

chemical preservatives, antibiotics, or stricter physical  

 

 

 

* To whom correspondence should be addressed. 

+ E-mail: mohsenzadeh@um.ac.ir 

1021-9986/2021/4/1346-1363     18/$/6.08 

 



Iran. J. Chem. Chem. Eng. Molecular isolation, Probiotic Property, and Bacteriocin Production ... Vol. 40, No. 4, 2021 

 

Research Article                                                                                                                                                                1347  

processes are needed. All these methods change the 

physicochemical and nutritional properties of foods. There 

is an increasing demand for natural food preservatives.  

The use of microorganisms and/or metabolites to prevent 

spoilage of food products has gained the interest of food 

producers named bio-preservation technology. 

Biopreservation is a safe and well-extended shelf life 

method [1,2]. The bioactive metabolites that contribute  

to product preservation include simply organic acids, fatty 

acids, carbon dioxide, acetaldehyde, diacetyl, and hydrogen 

peroxide, or more specific components such as bacteriocins, 

which are produced by lactic acid bacteria [3,4]. 

The uses of bio-preservative organisms such as lactic 

acid bacteria (LAB) to control the spoilage organisms may 

constitute an economically viable approach towards 

reducing spoilage and thereby help to avoid associated 

wastage. One approach for long-lasting shelf life and 

storage with the most beneficial food properties is to 

introduce antimicrobial preferably the naturally occurring 

antimicrobials from LABs.  

The use of LAB commonly associated with foods as 

protective cultures may demonstrate antagonism towards 

pathogenic and spoilage organisms in food preservation. 

The traditional use of LAB proves their lack of 

pathogenicity, and they are recognized as safe (GRAS). 

The inhibitory effect of LAB is the result of the impact of 

synergism among a number of mechanisms including 

competition for the production of mostly antimicrobial 

constituents such as bacteriocin-like substances [2]. 

LABs as the typical food fermentation bacteria  

have been assessed for their probiotic potential. 

Enterococcus faecium and Lactobacillus curvatus are 

widely used in the fermented food product industry. Due 

to distinctive probiotic properties and strong consumer 

demand for naturally bio preserved probiotic foods 

especially dairy products are an important collection of 

functional foods. Main criteria for the selection of 

probiotic bacteria include non-pathogenicity, survivability 

in the stomach, maintaining their viability and metabolic 

activity in the intestine, bile salts tolerance, competition 

with pathogenic bacteria, and resistance to antibiotics [5]. 

Today, most pathogenic bacteria are resistant to some 

antibiotics due to their excessive use in the treatment of 

infections which is one of the big challenges that threaten 

public health today. Bacteriocins are important as an 

alternative to antibiotics, especially for pathogenic bacteria, 

against which antibiotic resistance has been developed;  

but there are few studies in this regard [6].  

The aim of this research was to isolate, screen, and 

identify bacteriocin-producing bacteria from native dairy 

products as a carrier for probiotic strains in Iran and  

to evaluate the antimicrobial and probiotic activity of  

the bacteriocin-producing strains as protective cultures  

to reduce the risk of food poisoning in food. It is important 

to determine the antimicrobial activity of native 

lactobacilli bacteriocin in traditional dairy products with  

a wide therapeutic potential. In this study, the 

antimicrobial, probiotic and molecular properties of LAB 

strains isolated from Iranian traditional dairy products 

were studied in order to be used in the field of medical 

treatment and food health. Probiotic properties of selected 

strains into the gastrointestinal tract, and to evaluate 

the viability of probiotic bacteria in dairy products during 

the storage period, the effect of gastric juice, bile salt,  

and antibiotics were examined. 

 

EXPERIMENTAL SECTION 

Materials and dairy samples 

The diary samples used in the present research 

included 100 samples consisting of a total of 74 cheese 

samples (Kurdish, Lactic, White, Lighvan, Golpayegan, 

Motal, and Curd cheese) and 26 yoghurt samples from a 

different region of Iran. The samples were then transferred 

to the laboratory in ice. The samples were used to isolate 

bacteriocin-producing bacteria with different characteristics 

in terms of appearance and flavor. 

In order to isolate, count, proliferate, and activate lactic 

acid bacteria, the specific media used in this study included 

De Man Rogosa and Sharpe agar (MRS), MRS Broth, 

M17, Brain heart infusion (BHI), and Mueller Hinton Agar 

(MHA), purchased from Oxoide Co. (England). Indicator 

strains, including Lactobacillus brevis F145 and 

Lactobacillus bulgaricus 340 were prepared from various 

domestic and international academic sources and the Centre 

of Industrial and Medical Fungi and Bacteria Collection 

affiliated to Iran's Scientific and Industrial Research 

Organization. The chemicals, Triton X-100, hydrogen 

peroxide 3% (Sigma-Aldrich, St. Louis, MO, USA), 

glycerol, sodium citrate, Tris, proteinase K, trypsin,  

α-chymotrypsin, catalase, α-amylase, lipase, Sodium 

Dodecyl Sulphate (SDS), and antibiotics including 

chloramphenicol, penicillin, tetracycline, gentamicin, 
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ampicillin, vancomycin, and ciprofloxacin were purchased 

from Sigma-Aldrich Co. (St. Louis, MO, USA). 

 

Identification of Bacteriocin-Like Inhibitory Substances (BLIS)-

producing LAB isolates  

Traditional dairy samples collected in sterile falcons 

were transferred to the laboratory in ice and stored  

in the refrigerator until the time of examination. The cheese 

and yoghurt samples were then homogenized. Then, serial 

dilutions (10-1-10-10) were made from each sample using 

sodium chloride 0.9% and cultured on MRS agar and M17 

(1.5%w/v) medium. The culture medium was then 

incubated at 30°C and 37°C for 48 h under low aerobic 

conditions. The initial isolation was then carried out 

according to the modified antagonism test method 

proposed [8]. Plates containing 30-300 colonies were then 

used for each dilution on 0.8% MRS agar medium with 

indicator strains at 37°C for 24 h. The indicator strains 

included L. bulgaricus 340 and L. brevis F145. The 

colonies that were grown in a culture medium by creating 

a clear zone in the medium containing the strain indicator 

were randomLy cultured on an MRS Broth or M17 broth 

(Oxoid, UK) and then identified as strains producing 

antimicrobial agents. The isolates were purified through 

repeated culture in a suitable agar medium with 

microscopic observation. Purified isolates were then 

cultured on MRS or M17 medium and covered with 30% 

glycerol (w/v). The culture media were prepared twice  

in a suitable culture medium before the experiments.  

To isolate the bacteria, the modified antagonism test  

was performed according to the procedure proposed [7]. 

 

Testing the growth range of LABs 

To stabilize the growth ability of isolated strains,  

they were cultured in MRS broth medium at 0, 10, and 

45°C at 6% and 10% sodium chloride concentrations and 

pH values of 4, 6, and 9. After the incubation, the results 

of the experiment were reported to be positive in the case 

of having a turbid medium or sedimentation of substances. 

The incubation lasted for 3 days at 15-45°C and 7 days  

at 0-10°C [8]. 

 

Morphological, biochemical, and molecular 

identification of LABs 

To identify a strain whose bacteriocin has the highest 

antibacterial activity, the primary tests included Gram 

stain, microscopic shape, colony shape and colour, 

motility, and catalase test. Gram-positive, negative 

catalase, bacilli, and cocci strains were identified as LABs. 

 

Identification of strain genotypes using 16SrDNA 

fragment sequencing 

Genomic DNA was extracted using 3 mL overnight 

culture kit inoculated with a single colony and kept 

at -20°C. The molecular identification of the isolated 

strains was carried out using Polymerase chain reaction 

and 16S rRNA sequencing was later performed. The PCR 

reaction was composed of 1μL template DNA, buffer, 

magnesium chloride, deoxyribonucleotide triphosphate (dNTP), 

primer, single polymerase enzyme, and total reaction 

volume of 50 μL. The PCR was then carried out in a 

Thermocycler (Techno, Barloworld scientific, Cambridge, 

UK). The template DNA model was denatured at 94°C  

 for 5 minutes followed by DNA replication reaction  

in 35 cycles as follows: denaturation at 94°C for 60 seconds, 

primer annealing at 56°C for 1.15 minutes, and primer 

elongation at 72°C for 1.15 minutes. Final denaturation 

was carried out at 94°C for 1 minute and the final 

incubation was performed at 72°C for 5 minutes to ensure 

the completion and elongation of the primers. To detect 

PCR products, 1% agarose gel electrophoresis was carried 

out using a buffer (TBE 0.5 x (0.5 mM EDTA, pH 8.0, 44.5 

mM Tris / Borate). The gel was stained by ethidium 

bromide (0.5 mg/mL) and then electrophoresed  

for 30 minutes at 100 v. UV-based identification of the PCR 

product was then investigated [9]. The PCR reaction  

was then carried out using a fully automatic fluorescence 

method. fD1 (5'-AGAGTTTGATCCTGGCTCAG-3 ') 

and rD1 (5' TAAGGAGGTGATCCAGGC3 ') primers 

were used for the amplification of the 16S rRNA gene.  

16S rRNA sequencing was carried out by Pioneer Co. (South Korea). 

This sequence was analyzed by various software such as 

Finch TV, and Gene Runner. The results of the basic local 

alignment search tool (BLAST) of the intended sequence 

were examined at the NCBI sites  

(http://blast.ncbi.nlm.nih.gov/blast)  

and analyzed by MilleGen software [10]. 

 

Detection of the presence of bacteriocin and its 

antibacterial effect  

To confirm that the antimicrobial effect is due to  

the production of bacteriocin rather than other substances 



Iran. J. Chem. Chem. Eng. Molecular isolation, Probiotic Property, and Bacteriocin Production ... Vol. 40, No. 4, 2021 

 

Research Article                                                                                                                                                                1349  

produced, such as organic acids, the effects of 

antimicrobial substances on organic acids was eliminated. 

To remove the inhibitory effect of the organic acids 

produced, the supernatant pH was adjusted to 6.5 to 7 

using 1N NaOH or1 N HCl. Then the antimicrobial effect 

was studied according to the agar spot method [11]. 

The antibacterial effect of the cell-free supernatant was 

determined by the quantitative disk diffusion method [12]. 

Cell-free culture supernatants (16-18 h) were prepared  

by centrifugation (10,000 g, 15 min, 4°C) and adjusting  

pH to 6 using 1N NaOH. To prevent proteolytic degradation 

of bacteriocins, the Cell-Free Culture Supernatant (CFCS) 

was exposed to 80°C for 10 minutes. Agar medium 0.8% 

was prepared by adding the indicator strain. The wells 

were placed in the agar medium and 50μL of overnight 

culture supernatant was inoculated in wells. The plates 

were then incubated for 40 minutes at room temperature 

under sterile conditions prior to incubation at the 

appropriate temperature of the indicator microorganism 

L. brevis F145. A clear zone of inhibition with a minimum 

diameter of 2 mm was recorded as positive. 

 

Antimicrobial activity 

Antibacterial activity against pathogenic and non-

pathogenic indicator strains 

Various bacterial strains were used as indicator 

microorganisms to evaluate the inhibitory activity spectra. 

Before use, the strains were revived in a suitable broth 

solution overnight culture. Agar was prepared by adding 

0.8% (w/v) of agar to the culture medium. Antimicrobial 

activity against different indicators was performed using 

the spot-on-lawn method [13]. CFCs (16-18 h) were prepared 

as described above. Agar culture was prepared in sterile 

Petri dishes after adding indicator strains to the growth 

medium during the initial growth phase in an enriched 

medium. After 30 minutes, 10μL of supernatants was stained 

on an agar layer containing a strain indicator. Before  

being incubated, plates remained at room temperature for 

40 minutes under sterile conditions. A clear zone of 

inhibition with a minimum diameter of 2 mm was recorded 

as positive. 

 

Antifungal activity 

 The antifungal activity test was performed using  

the modified method [14]. Strains were cultured in 13 mL 

MRS 0.8% in a concentrated agar as follows. pH was adjusted 

to 6.2 and sodium acetate was then removed. After 

incubation, fungal suspension spores (104 spores/mL) 

underwent spot culture on an agar plate for 48 h at 30°C, 

and the incubation continued for 72 h at 25°C in order to 

increase the fungal growth. The overall fungal growth  

was compared with the control group and described  

as follows: Non-inhibitory growth, unequal fungal growth; 

moderate or strong inhibition; inadequate and low fungal 

growth; very strong inhibition, no fungal growth. 

 

Effect of heat, pH, enzymes and chemicals on bacteriocin 

function 

To determine the effect of temperature on the 

bacteriocin activity, a CFCS with neutral pH was divided 

into several tubes and exposed to heat at 50°C for  

30 minutes, at 100°C for 5, 15, 30 minutes, and at 121°C 

for 15 minutes [15]. Antibacterial activity of heated 

supernatants was studied against the indicator strains  

of L. brevis F145 using the disk-diffusion agar method. 

Untreated supernatant was used for the control group.  

To determine the resistance of the supernatant against pH 

changes, the supernatant of bacteriocin-producing strain 

was then isolated. The resulting supernatant was divided 

into several tubes and the supernatant pH of each tube  

was adjusted at 3 to 10 using NaOH 1N and HCl 1N.  

The tubes were then placed at 370C (room temperature). 

The pH was then adjusted to 6.5. The antibacterial activity 

of supernatant against indicator strains was investigated 

using the agar diffusion method. Untreated supernatant 

was used for the control group. Protein-degrading enzymes 

are used to prove that the antibacterial agent present  

in the supernatant has a protein nature. Trypsin,  

α-chymotrypsin, amylase, lipase, and pronase enzymes 

were prepared at a concentration of 1 mg/mL at pH 7. 

Then, 20 μL of the enzyme solution was added to 200 μL 

of the isolated supernatants. The enzyme-containing 

supernatant solution was incubated at 37 °C for 2 h. Then, 

to eliminate the enzyme effect, the solution was heated  

in a water bath at 100°C for 10 minutes. Finally, the effect 

of the enzyme-containing supernatant against the indicator 

strains was investigated using on agar diffusion method 

and this effect was compared with the effect of the 

enzyme-free supernatant [16].  

Enzymes such as protease type X and α-chymotrypsin 

type II, protease type VIII, pronase E, lipase type VII 

(Sigma), catalase (Sigma), and amylase (Sigma) were used 
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in the current study. To determine the effect of various 

chemicals, the following substances were used: Sodium 

Dodecyl Sulfate (SDS) (1% (w/v)), TritonX-20,  

Triton X-80, Triton X-100, Triton100, β-mercaptoethanol 

(1% w/v), Ethylene Diamine Tetraacetic Acid Na- (EDTA) 

(1 mM), and sodium chloride NaCl (6.5%, w/v). The 

supernatant solution containing any chemical was incubated 

for two h at 37°C. Finally, the present study investigated 

the effect of the treated supernatant against the indicator 

strains of L. brevis F.145 using the disk-diffusion agar 

method and this effect was then compared with the effect 

of untreated supernatant. 

 

Bacteriocin titer assay (kinetics of bacteriocin) 

According to the strain tested, the time for bacteriocin 

production was set at 37º C and 30º C in MRS media.  

We inoculated the medium with overnight cultures (2% v/v). 

They were then incubated under a non-regulated pH 

environment. Antimicrobial activity (AU/mL) of the 

bacteriocin, and modifications in pH and optical density 

(OD600nm) of the cultures were specified at regular intervals 

(1h) for 24 h. Using the spot-on-lawn method, the  

anti-microbial activity in AU/mL was scrutinized [13]. 

Cell-free supernatants were also obtained. The produced 

sample was serially diluted twofold with Na-phosphate 

(100mM, pH 6.5). Dilutions were spotted on the lawn of 

agar media which had a sensitive strain. The plates  

were incubated at 37°C overnight, and the titer was set  

as the reciprocal of the highest dilution (2n) which led  

to inhibition of the indicator lawn. Thus, the AU of 

antimicrobial activity per milliliter was defined  

as 2n × 1000 µL 10 µL. L. brevis F145 was used as  

a sensitive strain. AU of antimicrobial activity per milliliter 

was (AU /mL) = 2n × 1000 µL 10 µL. 

The bacteriocin titer is expressed as active units per 

milliliter and obtained based on Eq. (1) where n is the 

number of the last well in which the zone of inhibition  

is formed. In other words, the number of the last well,  

in which the indicator strain has no growth [17].  

 

The effect of bacteriocin-containing CFCS on the growth 

of the indicator strains 

Efforts were made to investigate the effect of supernatant 

containing bacteriocin produced by E. faecium TM81 and  

L. curvatus TM51 on the growth of L. monocytogenes 506 and 

L. brevis F145 indicator strains [18]. Primarily, bacteriocin-

containing supernatant was isolated from the bacteriocin-

producing strain. Indicator strains were cultured in the 

flask containing 50 mL of Mueller Hinton Broth  

(each strain was incubated in two flasks at 37°C). 2 h after 

culture, 5 mL of bacteriocin-containing supernatant, 

sterilized with a filter (0.20 μm, Millipore), was added  

to one of the flasks. The optical absorption was read  

by spectrophotometric apparatus every 1 h (Ultraspec 2000, 

Pharmacia Biotech, USA) at 600 nm for 24h and compared 

with the supernatant-free culture. Finally, the growth 

diagram was drawn according to time (24 h) and Optical 

Density (OD) [19]. 

 

Partial purification of bacteriocin 

To isolate the CFS, the purified strains underwent  

24-hour cultured in MRS broth and centrifuged at 10,000 

g for 15 minutes. The supernatant was then filtered using 

a 0.22μm filter. This supernatant, which is in the form of 

an acidic extract and contains various bacterial metabolites, 

including bacteriocin, was used for bacteriocin purification 

purposes [20]. To reduce the inhibitory activity of the 

organic acids produced, the supernatant pH was adjusted 

to 6.5 to 7 using 5N NaOH and 5N HCl. To neutralize  

the effect of oxygenated water, the catalase enzyme (2 mg/mL) 

was used. Ammonium sulfate 70% (Merck, 31119)  

was used to sediment proteins and increases their 

concentration. Powdered ammonium sulfate was then added  

to the resulting supernatant and then kept refrigerated for 

18 h, after which the samples were centrifuged at 15000 g 

for 30 minutes. The precipitates were collected and then 

dissolved in 0.06 M phosphate buffer at pH= 7. An equal 

volume of chloroform and methanol solution was then added 

to it at a ratio of 1:2 and kept at 4°C for 1 h. The centrifugation 

was carried out at 4 °C at 20000 g and the resulting  

the white precipitate was then extracted and dissolved  

in sterilized double-distilled water [18]. Then the antimicrobial 

property of the remaining precipitate and supernatant  

was tested [21]. 

 

Molecular identification of bacteriocin-producing genes 

Genomic DNA was isolated using a purification kit 

from a 2 mL overnight culture inoculated with a single 

colony according to the instructions and stored at -20 °C 

until use. The presence of genes encoding different 

bacteriocin genes was tested by PCR, using primers and 

conditions described previously. PCR amplification   
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were performed in 100 μL reaction mixtures containing  

40 ng of bacterial DNA, 1X reaction buffer, 1.5 mM 

MgCl2, 1 U of Taq DNA polymerase (GoTaq, Promega, 

USA), 250 μM of dNTPs mix, and 300 nmol of each 

primer. A DNA thermal cycler model (Techno, 

Barloworld scientific, Cambridge, UK) was used to 

perform the amplification using a program with primary 

denaturation at 94°C for 4 minutes, followed by 35 cycles 

of denaturation at 94°C for 1 minute, annealing at an 

appropriate temperature which depended on mT of primers 

for 1 minute, elongation at 72°C for 1.0 minute and a final 

extension step of 7 minutes at 72°C. For each PCR,  

a negative control (sample without template DNA)  

was included [9]. Amplification products were separated 

on a 2.0% agarose gel in 0.5 x TAE buffer for 30 min  

at 100 V and made visible by UV trans-illumination after 

staining with ethidium bromide (0.5 mg/mL). The BLAST 

algorithm (http://blast.ncbi. nlm.nih.gov/Blast) was used 

to find the most related sequence relatives in the NCBI 

nucleotide sequence database.  

 

Probiotic properties of LAB strains 

Growth in bile salts in different acidity rates  

The pH of the strains was adjusted to 0.3, 0.4, 0.5, 0.6, 

0.7, 0.9, 0.11, and 0.13 with 1M HCl or 1M NaOH before 

autoclaving in MRS broth. The strains were grown  

in the MRS broth medium containing 0.2, 0.3, 0.5, 0.6, 0.1., 

0.2.0, and 3.0% Oxbile (Sigma) to analyze their resistance 

to the bile salts. The cultures grown in bile salt-free MRS 

were considered as controls. All tests were carried out  

in 96-well microtiter plates (TPP; Zellkultur tetraplatte, 

Trasadingen, Switzerland). Each well was filled with 

100μL of culture medium, and cultured with 5μL of 

overnight cultures. The Optical Density (OD) was read 

using a TPP and recorded at 600 nm for each 12 h. 

 

Antibiotic resistance 

The antibiotic resistance was tested using the disk 

diffusion method using 8 antibiotics of vancomycin, 

tetracycline, kanamycin, ampicillin, chloramphenicol, 

gentamicin, penicillin, and ciprofloxacin. The feasible 

concentration ranged from 0.2 to 512 μg/mL. The 

antibiotic- susceptibility levels included resistant, 

moderate, or susceptible according to the breakpoint 

recommended for enterococci according to the National 

Committee for Clinical Laboratory Standards (NCCLS) 

standards for antimicrobial disk susceptibility testing  

and for lactobacilli according to the Scientific Committee  

on Animal Nutrition [22]. 

 

Statistical analysis 

Statistical analysis was carried out using SPSS software 

(SPSS, Windows version 20, SPSS Inc., Chicago, IL, USA) 

and the Tukey test was used to compare the mean of 

samples. In order to determine the samples with significant 

mean differences, one-way repeated measures ANOVA 

was applied. 

 

RESULTS AND DISCUSSION 

Isolation, purification, and identification of the 

bacteriocin-producing active strain  

Among 100 native dairy samples collected from native 

dairy products, 430 various strains were isolated. Twelve 

strains with inhibitory effects against L. innocua CIP 80.11 

and several reference indicators were selected (Table 1). 

Then, they showed the highest significant inhibitory effect 

against the indicator strain using the good diffusion 

method. Among all, only 2 strains having an antimicrobial 

effect against all the indicators, and the initial acid  

and thermal resistance were selected (Table 2). They  

were then examined using catalase test and Gram stain  

and bacilli, Gram-positive, catalase-negative cocci, LAB  

were identified. Their genus was then confirmed by 

uniform universal primers and the strain was also identified 

by 16S rRNA gene sequence analysis. The above primer 

pairs were used to amplify the gene. 16S rRNA gene 

sequence analysis showed that isolates belonged  

to E. faecium TM81 and L. curvatus TM51 isolated  

from Kermanshah and Ilam White cheese, respectively.  

E. faecium TM81 is a Gram-positive bacterium with white 

colony colour. It is composed of a group of non-moving 

negative-catalase and oxidase cocci morphologically and has 

alpha hemolysis. These bacteria are seen in different 

environments, but they are mainly present in human and animal 

digestive systems. The extensive distribution of enterococci  

in nature, as compared to other acidic bacteria, is due to their 

sustainability and their resistance to growth inhibitory factors 

such as heat, drought, acidity, salt, and chemicals. Some 

enterococcus species are considered hospital pathogens and have 

antibiotic resistance genes. However, there has not yet been  

a report on the hazardous nature of bacteriocin-producing 

enterococci used in various foods and these compounds  
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are known as harmless compounds. Bacteriocins produced 

by enterococci generally referred to as entertain have been 

studied in various studies and their antibacterial effect  

has also been proved. One of these bacteriocins is called 

AS-48, which is used as a bio preservative in various foods 

such as canned foods, fruit juices, dairy products, and 

sausages. Most of the bacteriocin-producing enterococcus 

strains belong to E. faecium and E. faecalis species. 

 

Identification of antimicrobial property and growth 

amplification test of isolated strains  

The present study investigated the antimicrobial spectrum 

of the studied strains against LABs, pathogens, and food 

spoilage agents. Both TM81 and TM51 strains showed 

antimicrobial activity against similar strains such as 

lactobacillus and enterococci and prevented the growth  

of L. bulgaricus 340 and 3 strains of L. brevis and E. faecium. 

Only E. faecium TM81 was able to inhibit the growth  

of LABs such as L. paracasei and Lactococcus lactis, and 

Lactobacillus casei. L. curvatus TM51 was not able to inhibit 

them. Both strains showed the inhibitory effect against  

L. monocytogenes and Bacillus cereus as food pathogens. 

Overall, the most anti listeria activity was observed among 

Gram-positive indicator strains. The enterococci bacteriocin 

showed antimicrobial effect mainly against Gram-positive 

bacteria that are considered as food spoilage agents, such as 

L.monocytogenes and B. cereus. These bacteriocins rarely 

affect Gram-negative bacteria; however, the strain isolated  

in the present research produced bacteriocins that had an 

antimicrobial effect on Gram-positive bacteria. No activity 

was reported against E. coli, Salmonella, and others. 

Lactobacillus TM51 showed antifungal activity only against 

Cladosporium and Fusarium and had no inhibitory effect 

against Penicillium roqueforti. E. faecium TM81 showed  

no antifungal activity. The anti-listeria activity showed by the 

studied strains, confirms their major role in biological protection 

against food pathogens and listeria disease. Antifungal activity of 

L. curvatus TM51 can also be an important milestone. There are 

few studies on their antifungal compounds and mechanisms [14]. 

The identification of the antifungal activity of the intended strain 

is also considered an important horizon for bio-preservation. 

 

Effect of heat and pH of enzymes and chemicals on 

bacteriocin function 

Bacteriocin-containing CFCS of both TM81 and TM51 

strains were active at 100 °C for 30 minutes and at 121°C 

(autoclave temperature) for 15 minutes. The activity of 

both strains was maintained at different pH values of 2-10. 

The effect of amylase, lipase, catalase, and proteolytic 

enzymes also showed that bacteriocin activity disappeared 

after an hour, which shows their protein nature. The effect 

of various chemicals such as triton x 20 and 80 and 100, 

beta-mercaptoethanol, sodium EDTA, and sodium 

chloride on bacteriocin CFCS did not have an inhibitory 

effect on the indicator organism. The thermal stability  

of bacteriocin of strains studied is considered a very useful 

characteristic in food biopreservation because most  

of the food processing methods are carried out at high 

temperatures. pH stability is also a good tool in acidic food 

formulations. 

 

Kinetics of bacteriocin production  

The production of bacteriocin of the two above strains 

at 30°C and 37°C in MRS was investigated. The best 

bacteriocin production temperature for E. faecium TM81 

and lactobacillus TM51 was 37 °C and 30 °C, respectively 

(Fig. 1). The TM51 strain began producing the bacteriocin 

three h later in the logarithmic phase (200 AU/ML). 

Maximum bacteriocin production was observed  

at the end of the exponential phase (3200 AU/ML), 

although it was decreased by the onset of an inactivity 

period (1600 AU/ML). A very low level of acid was observed 

after 24 h of incubation (200 AU/ML). Similar results  

were observed for the TM81 strain. This strain began  

to produce bacteriocin in the first 2 h of the exponential phase 

(200 AU/ML), and the maximum production of bacteriocin 

was reached within 5 h at the end of the exponential phase 

(3200 AU/ML). A decrease was observed in the inactivity 

phase. These results were consistent with the results of studies 

[29]. Many of the bacteriocins studied are produced during 

the period of exponential growth, which results in the 

maximum production of bacteriocin at the beginning  

or the end of the inactivity period. 

 

Effect of bacteriocin-containing CFCS on the growth of 

the indicator strain  

Adding the cell-free overnight culture supernatant  

on the L. brevis F145 and L. monocytogenes 506 indicator 

strains within the initial 3 h of the exponential growth 

phase prevented cell growth (Figs.1,2). L. curvatus TM51 

strain supernatant showed bacteriostatic property against 

L. brevis F145 and L. monocytogenes 506 strains. 
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Table 1: Antimicrobial activity of obtained LAB isolates. 

Indicator strains 

LAB isolates 

TM

N2 

TM

N2 

TM

N3 

TM

N4 

TMN

22 

TM5

1 

TM6

3 

TM6

5 

TM81 TMQ

73 

TMF

11 

TMF

22 

L. bulgaricus 340 + + + + + + + + + + + + 

L. brevis F145 + + + + + + + + + + + + 

L. brevis F1.114 - - - - - + - - + - - - 

L. brevis F1106 - - - - - + - - + - - - 

Listeria. innocua CIP 80.11 - - - - - + - - + - - - 

"+" - the presence of inhibition  

"-" – the absence of inhibition  

 

Table 2: Primers for detection of bacteriocin genes. 

Target gene Primer (5’ – 3’) 
Product 
size (bp) 

Ann. Temp 
(ºC) 

Reference 

CurvA 
F: GTAAAAGAATTAAGTATGACA 

R: TTACATTCCAGCTAAACCACT 
171 40 Remirger et al., 1996[23] 

Ent A 
F: GAG ATT TAT CTC CAT AAT CT 

R: GTA CCA CTC ATA GTG GAA 
542 45 Aymerich et al., 1996[24] 

Ent B 
F: GAA AAT GAT CAC AGA ATG CCT A 

R: GTT GCA TTT AGA GTA TAC ATT TG 
159 41 Toit et al., 2000[25] 

Ent P 
F: ATG AGA AAA AAA TTA TTT AGT TT 

R: TTA ATG TCC CAT ACC TGC CAA ACC 
216 41 Gutiérrez et al., 2002[26] 

Ent L50A 
F: NNNNCCATGGGAGCAATCGCAAAA 

R: NNNNAAGCTTAATGTTTTTTAATCCACTCAAT 
135 50 Hadji-Sfaxi  et al., 2011 [27] 

Ent P 
F: GCTACGCGTTCATATGGTAATGGT 

R: ATGTCCCATACCTGCCAAACCAGAAGC 
132 60 Moreno  et al., 2006 [28] 

Ent Q 
F: GGAATAAGAGTAGTGGAATACTGATATGAGAC 

R: AAAGACTGCTCTTCCGAGCAGCC 
653 60 Moreno  et al., 2006 [28] 

Ent AS48 
F: GAGGAGTATCATGGTTAAAGA 

R: ATATTGTTAAATTACCAA 
253 56 Moreno  et al., 2006 [28] 

 

No cellular degradation was observed after adding 

supernatant containing this strain to the culture of 

 the indicator strains because the OD did not decrease, but 

the growth of the indicator bacteria stopped (Fig 1a and 

 Fig. 2a). The effect of the CFCS of E. faecium TM81 was 

dependent on the strain type. The bacteriocin of this strain 

caused the cellular degradation of L. brevis F145 (Fig. 1b) 

because it resulted in a reduction in OD levels. This 

indicates the bactericidal activity of TM81 strain. Adding 

the supernatant of this strain to L. monocytogenes 506 had 

a bacteriostatic effect, similar to the bacteriocin produced 

by the TM51 strain (Fig. 2b). Also, the addition of CFCs 

of E. faecium AQ71 to the L.monocytogenes growth 

medium reduced the growth of this bacterium over a period 

of 20 h [30]. 

 

Molecular identification of the bacteriocin gene 

In order to screen the bacteriocin genes in the genome 

of the strains, several primers specific for bacteriocins of 

LAB were employed (Table 2). For L. curvatus TM51 

PCR amplicon of the expected size (171 bp) was obtained 

only with the pair of primers that targets the structural gene 

of curvacin A (curA) (Fig. 3a). For E.  faecium TM81 PCR 

amplification resulted in detection of 3 entropion genes: 

entA (542 bp) (Fig. 3b), entP (Figure 3c) (216 bp ) and 

entL50A (135 bp) (Fig. 3d) 

The results of the analysis of nucleotide sequence fragment 

suggested 99% of identity with the curA gene of L. 

curvatus (GenBank: AB292465.1; L. curvatus curA, cuiA 

genes for pre-peptide of curvacin A, immunity protein for 

curvacin A, complete cds, gene – curA position 145.339) 

(Fig. 4).  

Obtained amplicons were analyzed by sequence 

alignment and amino acid sequence alignment 

(https://blast.ncbi.nlm.nih.gov/Blast.cgi) based on 

reconstruction via genetic level, as it was shown before  

for curA gene amplification product of L. curvatus TM51 

strain.  

https://blast.ncbi.nlm.nih.gov/Blast.cgi
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Fig. 1: Effects of bacteriocin-containing cell-free supernatants of strains Lb. curvatus TM51 (a) and E.faecium TM81 (b)  

on the growth of Lb. brevis F145. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2: Effects of bacteriocin-containing cell-free supernatants of strains Lb. curvatus TM51 (a) and E. faecium TM81 (b)  

on the growth of L. monocytogenes 506. 

 

Nucleotide sequence analysis of amplified PCR 

products showed 99% of the identity of amplicons to 

corresponding accession numbers entP (AF005726), entA 

(AM746970.1), and entL50A genes (AJ223633.1). primers 

were designed to amplify a partial segment of the 

bacteriocin genes. 

 

Probiotic property of isolated strains 

The ability of isolated proteolytic and bacteriocinogenic 

strains to grow at different pH values and in the presence  

of different concentrations of bile salts was tested. Good 

growth of all tested Enterococci strains was recorded  

in MRS broth with initial pH values of 6.0, 7.0, 8.0, 9.0, 

and 11.0 (Fig. 5). At pH 13.0 growth level was lower. 

None of the Enterococci strains grows in MRS with  

an initial pH of 3.0 and 4.0. Obtained results are in 

accordance with the literature data about the optimal  

pH range for Enterococci [31]. 

For Lactobacilli strains obtained results were different. 

Strain L. curvatus TM51 was able to grow only in  

MRS with initial pH 6.0, 7.0, and 9.0. Further, decrease  

or increase of pH inhibited the growth of this strain.  

L. helveticus TM 705 grew well in MRS with an initial  

pH of 6.0 and 7.0. When the initial pH of the media  

was increased to 9.0 or decreased to 5.0 we also observe 

the growth, however, there was retard in entering  

the exponential growth phase. At pH 3.0, 4.0, and higher 

than 9.0, the strain didn’t grow. L. paracasei TM581
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http://www.ncbi.nlm.nih.gov/nucleotide/3087776?report=genbank&log$=nucltop&blast_rank=2&RID=9VZXTSKC015
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Fig. 3: (a) Electrophoresis gel of L.curvatus genus and species PCR products. The band at 171 bp is the product of the L. curvatus 

genus primers. TC, (L. curvatus AB292465.1); T1, template 1. L, 100 bp ladder. (b) Electrophoresis gel of E. faecium TM81 genus 

and species PCR products. The band at 542 bp is the product of the E. faecium TM81  ent A.T1, template 1. L, 100 bp ladder. 

 (c) Electrophoresis gel of E. faecium TM81 genus and species PCR products. The band at 216 bp is the product of the  

E. faecium  TM81  ent P.T1, template 1. L, 100 bp ladder. (d) Electrophoresis gel of E. faecium TM81 genus and species  

PCR products. The band at 135 bp is the product of the E. faecium  TM81 ent L50A.T1, template 1. L, 100 bp ladder. TC,  

(E. faecium AJ223633.1). 

 

   Fw 
   amLicon  5  CGGCG-TGCTAGATCATATGGCAACGGTGTTTACTGTAATAATAAAAAATGTTGGGTAAA 63 
        ||||| |||||||||||||||||||||||||||||||||||||||||||||||||||||| 

   curA gene 207 CGGCGGTGCTAGATCATATGGCAACGGTGTTTACTGTAATAATAAAAAATGTTGGGTAAA 266 

 
   amLicon  64  TCGGGGTGAAGCAACACAAAGTATTATTGGTGGTATGATTAGCGGCTGGGCTAGTGGTTT 123 

        ||||||||||||||| |||||||||||||||||||||||||||||||||||||||||||| 

   curA gene 267 TCGGGGTGAAGCAACGCAAAGTATTATTGGTGGTATGATTAGCGGCTGGGCTAGTGGTTT 326 

 

   amLicon  124 AGCTGGAATGTAAA 137 

        |||||||||||||| 
   curA gene 327 AGCTGGAATGTAAA 340 

 

  Rev 
 

   amLicon  6  ATA-CACC-ATAATACTTTGTGTTGCTTCACCCCGATTTACCCAACATTTTTTATTATTA 63 
        ||| |||| ||||||||||| ||||||||||||||||||||||||||||||||||||||| 

   curA gene 302 ATACCACCAATAATACTTTGCGTTGCTTCACCCCGATTTACCCAACATTTTTTATTATTA 243 

 
   amLicon  64  CAGTAAACACCGTTGCCATATGATCTAGCACCGCCGGTAATTGTTTGTAATTCTGTCATA 123 

        |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

   curA gene 242 CAGTAAACACCGTTGCCATATGATCTAGCACCGCCGGTAATTGTTTGTAATTCTGTCATA 183 
 

   amLicon  124 CTTAATTCTTTTACA 138 

        ||||||||||||||| 
   curA gene 182 CTTAATTCTTTTACA 168 

Fig. 4: Results of sequences alignment of obtained curA gene amplification product 

 

was able to grow in MRS with initial pH ranging from 

4.0 till 11.  

All Enterococci strains grew well in the absence and  

in the presence of oxbile concentrations ranging from 0.2% 

to 3.0% (Fig. 6). For Lactobacilli growth was observed 

only at concentrations of oxbile 0.2% and 0.3%. Probiotic 

strains are considered to have the ability to grow in the 

presence of 0.3% bile salts.  

http://www.ncbi.nlm.nih.gov/nucleotide/3087776?report=genbank&log$=nucltop&blast_rank=2&RID=9VZXTSKC015
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Fig. 5: Comparison of growth of L. curvatus TM51 (a), E.faecium TM81 (b), L. helveticus TM705 (c), L. paracasei TM581 (d), E. 

faecalis TMN10 (e), TM701 (f), TM121 (g), TM124 (h) in MRS broth adjusted to different pH values 
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Fig. 6: Comparison of growth of L. curvatus TM51 (a), E.faecium TM81 (b), L. helveticus TM705 (c), L. paracasei TM581 (d), E. 

faecalis TMN10 (e), TM701 (f), TM121 (g), TM124 (h) in MRS broth supplemented with different concentrations of oxbile. 
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Table 3. Antibiotic susceptibility of LAB isolates. 

 MIC (μg/mL)1 

LAB isolates AMP CHL CIP VAN GEN KAN PEN TET 

E. faecalis TMN10 < 8 = 8 < 4 < 4 < 500 > 32 < 4 < 4 

E. faecalis TM121 < 8 = 8 < 4 < 4 < 500 > 32 < 4 < 4 

E. faecalis TM124 < 8 = 8 < 4 < 4 < 500 > 32 < 4 < 4 

E. faecalis TM1221 < 8 = 8 < 4 < 4 < 500 > 32 < 4 < 4 

E. faecalis TM1232 < 8 = 8 8 < 4 < 500 > 32 < 4 < 4 

E. faecalis TM701 < 8 = 8 < 4 16 < 500 > 32 < 4 < 4 

E. faecium TM81 < 8 < 8 < 4 < 4 < 500 ND < 4 < 4 

L. curvatus TM51 < 8 < 8 < 64 < 4 < 500 ND < 4 < 4 

L. helveticus TM705 < 8 < 16 < 64 < 8 - ND < 4 < 2 

L. paracasei TM581 < 8 < 16 < 32 < 16 - ND < 4 < 2 

E. faecium ATCC BAA-2317 32 < - 8 < 32 < -  64 < 32 < 

AMP=Ampicillin, CHL=Chloramphenicol, CIP=Ciprofloxacin, VAN=Vancomycin, GEN=Gentamycin, KAN=Kanamycin, PEN=Penicillin, 

TET=Tetracycline 

 

Antibiotic resistance  

In addition to investigating the technological 

characteristics of strains prior to their use in the food 

industry, it is also necessary to evaluate their antibiotic 

resistance. Therefore, the bacterial resistance genes are transferred 

horizontally between strains. In this study, the antibiotic 

susceptibility of all LAB strains was examined with  

8 antibiotic disks are listed in Table 3. All of the enterococci 

strains were susceptible to ampicillin (MIC<8 μg/mL), 

gentamicin (MIC<500μg/mL), and tetracycline (MIC<4 μg/mL). 

Chloramphenicol susceptibility was induced at 8 μg/mL 

breakpoint. Strains were evaluated as susceptible to 

ciprofloxacin (MIC<4 μg/mL). Vancomycin resistance was 

detected only for TM701 (MIC = 16 μg/mL). High resistance 

to kanamycin (without inhibition at all concentrations 

used) was observed for all strains. The -lactam antibiotics 

susceptibility of food-dependent enterococci is also proved 

by other authors [32]. Vancomycin-resistant enterococci 

have been seen as a frequent cause of hospital infections 

 in the past decade. Only one of the studied isolates  

was resistant to vancomycin. Food isolates showed  

little resistance to this antibiotic [33]. The antibiotic 

susceptibility was induced for lactobacilli strains 

according to the following breakpoint: ampicillin  

(2 μg/mL), chloramphenicol (16 μg/mL), penicillin (4 μg/mL), 

tetracycline (16 μg/mL); ciprofloxacin (4 μg/mL); 

vancomycin (64 μg/mL). Therefore, all ampicillin-

resistant lactobacillus strains (MIC <8 μg/mL) and 

gentamicin (no susceptibility up to 500 μg/mL) were 

resistant. The MIC level was lower than the breakpoints 

for other antibiotics, so the suspension was considered 

susceptible According to references, lactobacilli are 

usually susceptible to ampicillin and chloramphenicol 

[34]. 

 

Discussion 

Traditionally, LABs identification is based on cellular 

morphology, analysis of fermentation products, the activity of 

similar enzymes, and the ability to use different 

carbohydrate substrates. The nucleic acids are universal in 

cellular biology and base nucleotide sequences of this 

molecule are not affected by the culture medium 

conditions. Genetic information (genome sequencing) is 

preferred over phenotypic information from two 

perspectives: greater ease, more reliability, and more 

precise interpretation of the results. Basically, genetic 

information contains more useful and more comprehensive 

information than phenotypic information. New molecular 

techniques have gradually come to the fore in the field of 

microbiology since 1965 and are considered by some 

researchers as a useful bacterial classification method. 

Characterization of genetic traits, DNA bases, nucleic acid 
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hybridization studies, cell wall analysis, and protein 

sequencing (though in a small amount) were gradually 

used for valid phylogenetic grouping of bacteria. 

Sequencing the 500bp region of the 16S rRNA gene 

(especially the variable regions of V1 and V2) was used to 

detect L. acidophilus strains. This technique successfully 

detected a wide range of strains. Nithya et al. (2011) 

identified the L. fermentum bacterium with high bacteriocin-

producing ability in whey using the sequencing method [35]. 

Rajaram et al. (2010) showed that L. lactis bacterium, 

isolated from the aquatic environment, exhibited strong 

antimicrobial activity against food spoilage bacteria and 

can be used as a natural preservative [36]. This research 

also demonstrates the high ability of the 16S rRNA marker 

in detecting the different strains of E. faecium and 

L. curvatus. Another noteworthy point is the grouping of 

isolated natives isolated in a cloud, which could be due to 

the occurrence of mutations and the pressure caused by  

the natural selection applied to the native Iranian microbial 

population, which caused the determination of isolates 

from existing reference bacteria in GenBank, which in turn 

indicates high genetic diversity in native bacterial 

populations in Iran. LABs play an important role in the 

health, nutritional value, and physicochemical properties 

of milk. Carminati et al. (2001) observed that the number 

of Streptococci and Enterococcus bacteria increased 

compared to other bacteria by incubating milk at 37°C 

[37]. Research has shown that the presence of E. faecalis 

in a large number of foods is not always associated with 

fecal contamination. Enterococci are of little value in terms 

of contamination index in the industrial stages of food.  

The optimum temperature for the growth of enterococci 

bacteria and the best temperature for the production and 

activity of existing bacteriocins produced by E. faecalis 

was reported to be 37 °C. At this temperature, E. faecalis 

bacteriocin had an inhibitory effect on the growth of 

several species of enterococcus genus and several other 

genera. On the other hand, among the enterococci bacteria, 

E. faecalis is known for its high resistance to lysozyme [38]. 

This can justify the results of this study that almost all 

enterococcus species in the milk belonged to the fecal species. 

Today, E. faecalis is considered as one of the opportunistic 

antibiotic-resistant LAB. The ability of bacteria to synthesize 

one or more bacteriocins is considered an advantage because  

it can eliminate rival bacteria and provide an opportunity 

for their survival and amplification. In this study, out of   

a total of 100 samples and 431 isolates, 304 samples (about 

70%) were reported to be lactic acid cocci. In another study 

on 270 samples of raw and pasteurized milk samples, 

Aleksieva (1980) showed that the prevalence of E. faecium 

and E. faecalis was reported to be 43.2 % and 24.6 %, 

respectively [39]. This research reported the inhibitory 

activity of enterocins against L.monocytogenes and bacillus 

cereus. Other researches also reported the inhibitory activity 

of enterocins against the L.monocytogenes and 

Staphylococcus aureus of other species [40]. Özdemir et al. 

reported that the frequency of enterocin genes of L50A / B 

and P, B, A, in enterococci isolates, isolated from different 

sources, was 62.9,72.2, 98.1, and 100, respectively [41]. 

However, the present study reported the presence of 

Enterocin A, P and L50A genes. Enterocins A, P were  

the most structural genes found in Enterococcus strains. 

Enterocin A was found more frequently in E. faecium, but 

the enterocin gene of B, P, L50B was found in both  

E. faecium and E. faecalis. Bacteriocin production  

is a regulated process. In other words, environmental 

conditions affect bacteriocin production. The results of this 

research and other researches show that the presence  

of a large number of enterotoxin genes in E. faecalis 

isolates isolated from milk products and confirm that 

enterocin production occurs extensively in milk and its 

products. Since enterocins have recently been considered, 

due to their potential use, as bio-preservatives in human 

and animal food, the exact identification of enterococcus 

species producing antimicrobial peptides is necessary  

to provide appropriate strains as probiotic agents and food 

bio-preservatives. The widespread distribution of the 

structural enterocin A gene is probably due to the 

remarkable ability of enterococci to release and receive  

the genetic materials between the strains and even genera 

(including Staphylococci and Enterococci).  The enterocin 

prevalence varies according to its origin. In order to 

achieve valid results, it is necessary to investigate larger 

groups of the strains isolated from different geographical areas 

and compare independent studies. Edalatian et al. (2012) 

investigated the enterocin-coding genes in 15 enterocin-

producing strains isolated from two Iranian traditional 

kinds of cheese. The results showed that the genes coding 

enterocin A, B, P, X, and 31 were identified in 10, 8, 5,  

and 2 strains, respectively. The results of this study  

are consistent with the results of the present study  

in terms of an order of frequency  of the enterocins A, 
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P L50A genes [42]. Many studies have proved the 

effectiveness of enterococcal bacteriocins on 

L.monocytogenes. Previous studies have proved the 

antibacterial activity of E. faecium bacteriocin (FAIR-

E198) against L. monocytogenes [43]. Further studies also 

showed the effect of the E. faecium bacteriocin on 

Bacillus cereus, which is consistent with the findings of 

the present study [44]. There is a severe anti-listeria 

activity in both strains, but in contrast to the present 

study, these studies showed that the bacteriocin of E. 

faecium and L. curvatus strains have no effect on S. 

aureus. Most bacteriocins have anti-Gram-positive 

bacteria and are mainly ineffective on Gram-negative 

bacteria. One of these bacteriocins, which is widely 

used in the food industry, is nisin produced by 

Lactococcus lactis. Nisin has a bactericidal effect on 

Gram-positive bacteria but does not affect Gram-

negative bacteria [6]. While bacteriocin o 

the L. curvatus bacteria isolated in present research 

have an inhibitory effect not only against Gram-positive 

bacteria but also Fusarium and Cladosporium fungi. 

The susceptibility of the produced bacteriocin was 

evaluated by the trypsin enzyme. This enzyme has been 

responsible for the degradation of antimicrobial activity 

of the bacteriocin. This finding confirms the protein 

nature of the resulting antimicrobial compound and 

indicates the bacteriocin nature of this metabolite. The 

E. faecium AQ71 bacteriocin is affected by the 

proteolytic enzymes of trypsin and alpha-chymotrypsin, 

and antimicrobial activity of bacteriocin was eliminated 

in the presence of these enzymes [30]. The bacteriocin 

produced by E. faecalis KT2W2G lost its activity  

in the presence of trypsin, pepsin, alpha-chymotrypsin, 

and Proteinase K . The bacteriocin produced in this 

research is resistant to high temperatures up to 121 °C. 

Thermal stability is an important property forbacteriocins  

since the use of these bacteriocins ensures anti-microbial 

protection for many foods and drugs that require high 

temperatures during the production process. E. faecalis 

KT2W2G bacteriocins also maintain their activity at 

temperatures up to 121 °C. The result of investigating 

the bacteriocin stability in isolated strains showed their 

high resistance to pH changes, which tolerated changes 

in pH from 2 to 10. The bacteriocin produced  

by E. faecalis KT2W2G and E. faecium AQ71 strains 

were active at different pH values (range 2 to 12) [45]. 

CONCLUSIONS 

The results of the present research showed that 

bacteriocin supernatants produced by E. faecium and 

 L. curvatus isolated from traditional cheese and yoghurt had 

antibacterial activity to both Gram-positive and Gram-negative 

bacteria and also reduces the growth of pathogenic strains. 

It also maintains its activity at pH changes (2 to 10) and is 

resistant to heat changes. Therefore, its purification and use 

as an alternative to chemical antibiotics can be useful in the 

treatment of antibiotic-resistant infections and as bio 

preservative in controlling foodborne and fermentative 

pathogens. The result also showed the presence of various 

probiotic and bacteriocin-producing LABs is an effective 

step in the food and pharmaceutical industries. Therefore, 

the molecular method-based identification of probiotic 

strains is increasing significantly. Due to consumers 

demand high quality, additive-free, safe, healthy, nutritious, 

vitamin-rich, minimally processed, fresh-tasting, lightly 

preserved, and functional foods with extended shelf life, 

identification and isolation of probiotic bacteria from such 

rich sources as well their preservation is necessary. They 

also should be used as natural preservatives in industrial 

applications in order to improve the quality and shelf-life of 

food products and be made available to the general public. 

 

Acknowledgment 

The Authors would like to thanks Mrs. Samira Khajenasiri 

for her technical help. This research was financially 

supported by a Ph.D. grant no. 3/36734 from the Research 

Council of the Ferdowsi University of Mashhad. 
 

Conflicts of Interest 

The authors declare no conflicts of interest. 

 

Received : Nov. 13, 2019  ;  Accepted : May 4, 2020 

 

REFERENCES  

[1] Goodarzi A., Hovhannisyan H., Barseghyan A., 

Elimination of Pathogen Escherichia coli O157:H7  

in Ground Beef by a Newly Isolated Strain of 

Lactobacillus acidophilus during Storage at 5°C. 

Appl. Food Biotechnol., 3(3): 170-176 (2016). 

[2] Isa J.K., Razavi S.H., The Use of Lactobacillus 

acidophilus and Bifidobacterium Animalis ssp. Lactis 

BB12, as Probiotics to Reduce the Risk of Food 

Poisoning in Minced Meat. Appl. Food Biotechnol., 

5(3): 173-183 (2018).  

http://journals.sbmu.ac.ir/afb/article/view/11799
http://journals.sbmu.ac.ir/afb/article/view/11799
http://journals.sbmu.ac.ir/afb/article/view/11799
http://journals.sbmu.ac.ir/afb/article/view/21127
http://journals.sbmu.ac.ir/afb/article/view/21127
http://journals.sbmu.ac.ir/afb/article/view/21127
http://journals.sbmu.ac.ir/afb/article/view/21127
file:///J:/Maghalte-Dardast%20Anjam/Dr%20Mirhadizadeh/Dr%20mirhadizadeh%202%20IJCCE/Dr%20mirzaei/Manuscript%20Final%20revision%2005.docx%23the


Iran. J. Chem. Chem. Eng. Molecular isolation, Probiotic Property, and Bacteriocin Production ... Vol. 40, No. 4, 2021 

 

Research Article                                                                                                                                                                1361  

[3] Taghizadeh A., Nejati F. Screening of Lactic Acid 

Bacteria Isolated from Iranian sourdoughs for 

Antifungal Activity: Enterococcus faecium Showed 

the Most Potent Antifungal Activity in Bread. Appl. 

Food Biotechnol., 4(4): 219-227 (2017). 

[4] Zoghi A., Khosravi-Darani K., Sohrabvandi S., Attar H., 

Alavi S., Survival of Probiotics in Synbiotic Apple 

Juice During Refrigeration and Subsequent Exposure 

to Simulated Gastro-Intestinal Conditions. Iran. J. 

Chem. Chem. Eng. (IJCCE), 38(2): 159-170 (2019). 

[5] Isa J.K., Razavi S.H., Characterization of Lactobacillus 

plantarum as Potential Probiotic In vitro and Use of a 

Dairy Product(Yogurt)as Food Carrier. Appl. Food 

Biotechnol., 4(1): 11-18 (2017). 

 [6] Hasan Hussein F., Razavi S., Emam Djomeh Z. 

Evaluation of Physicochemical, Sensorial and 

Microbiological Attributes of Fermented Camel 

Sausages. Iran. J. Chem. Chem. Eng. (IJCCE), 38(2): 

171-181 (2019). 

[7] Tagg, J.R., Dajani, A.S., Wannamaker, L.W., 

Bacteriocins of Gram-positive bacteria. Bacteriol. 

Rev., 40(3): 722 (1976). 

[8] De Vuyst L., Leroy F., Bacteriocins from Lactic Acid 

Bacteria: Production, Purification, and Food 

Applications. J. Mol. Microbiol. Biotechnol., 13(4): 

194-199 (2007). 

[9] Jandaghi H., Ghahramani Seno M., Farzin H., 

Mohsenzadeh M., Rapid Quantitative Detection of 

Listeria monocytogenes in Chicken Using Direct and 

Combined Enrichment/qPCR Method. Iran. J. Chem. 

Chem. Eng. (IJCCE), Article in Press, (2019). 

[10] Weisburg W.G., Barns S.M., Pelletier D.A., Lane D.J., 

16S Ribosomal DNA Amplification for Phylogenetic 

Study. J. Bacteriol., 173(2): 697-703 (1991). 

[11] Karthikeyan V., Santhosh S.W., Study of Bacteriocin 

as a Food Preservative and the L. acidophilus Strain 

as Probiotic. Pak. J. Nutr., 8: 335-340 (2009). 

[12]  Schillinger, U., Lucke, F.K., Antibacterial Activity of 

Lactobacillus sake Isolated from Meat. Appl. 

Environ. Microbiol., 55(8): 1901-1906 (1989). 

[13] Yamamoto, Y., Togawa, Y., Shimosaka, M., Okazaki, M., 

Purification and Characterization of Novel 

Bacteriocin Produced by Enterococcus faecalis Strain 

RJ-11. Appl. Environ. Microbiol., 69(10): 5746-5753 

(2003).  

 [14] Magnusson, J., & Schnurer, J., Lactobacillus 

coryniformis Subsp. coryniformis Strain Si3 Produces a 

Broad-Spectrum Proteinaceous Antifungal Compound. 

Appl. Environ. Microbiol., 67(1): 1-5 (2001). 

[15] Shokria D., Zaghian S., Fazeli H., Mobasherizadeh S., 

Ataei B., Isolation and Purification of an Ultraviolet-

Stable Bacteriocin Produced by Enterococcus 

Faecium Strain DSH20 Against Listeria 

Monocytogenes. J. Isfahan Med. School., 31: 236 

(2013). 

[16] Khodaei M., Soltani Nezhad N.S., Isolation and 

Screening of Bacteriocin-Producing Bacteria from 

Native Dairy Products of Kerman province and Study 

of Antibacterial Activity of Produced Bacteriocin. 

Korean J. Food Sci. Anim. Resour., 38(1): 169–178 

(2017). 

[17] Settanni L., Massitti O., Van Sinderen D., Corsetti A., 

In situ Activity of a Bacteriocin‐Producing 

Lactococcus lactis Strain. Influence on the 

Interactions between Lactic Acid Bacteria Curing 

Sourdough Fermentation. J. Appl. Microbiol., 99(3): 

670-681 (2005). 

[18] Todorov S.D., Wachsman M., Tomé E., Dousset X., 

Destro M.T., Dicks L.M.T., de Melo Franco, B.D.G., 

Vaz-Velho, M., Drider, D., Characterisation of an 

Antiviral Pediocin-Like Bacteriocin Produced by 

Enterococcus faecium. Food Microbiol., 27(7): 869-

879 (2010). 

[19] Sonsa-Ard N., Rodtong S., Chikindas M.L., 

Yongsawatdigul J., Characterization of Bacteriocin 

Produced by Enterococcus faecium CN-25 Isolated 

from Traditionally Thai Fermented Fish Roe. Food 

Control., 54: 308-316 (2015). 

[20]  Saranya S., Hemashenpagam N., Antagonistic 

Activity and antibiotic sensitivity of lactic acid 

bacteria from Fermented Dairy Products. Adv. Appl. 

Sci. Res., 2(4): 528-534 (2011). 

[21] Adetunji V.O., Adegoke G.O., Bacteriocin and 

Cellulose Production by Lactic Acid Bacteria Isolated 

from West African Soft Cheese. Afr. J. Biotechnol., 

6(22): 2616-2619 (2007). 

[22] CLSI. "Performance Standards for Antimicrobial 

Susceptibility Testing". 29th ed. CLSI supplement 

M100. Wayne, PA: Clinical and Laboratory 

Standards Institute; 2019. 

http://journals.sbmu.ac.ir/afb/article/view/16560
http://journals.sbmu.ac.ir/afb/article/view/16560
http://journals.sbmu.ac.ir/afb/article/view/16560
http://journals.sbmu.ac.ir/afb/article/view/16560
http://www.ijcce.ac.ir/article_30783.html
http://www.ijcce.ac.ir/article_30783.html
http://www.ijcce.ac.ir/article_30783.html
http://journals.sbmu.ac.ir/afb/article/view/13738
http://journals.sbmu.ac.ir/afb/article/view/13738
http://journals.sbmu.ac.ir/afb/article/view/13738
http://www.ijcce.ac.ir/article_30665.html
http://www.ijcce.ac.ir/article_30665.html
http://www.ijcce.ac.ir/article_30665.html
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC413978/
https://www.karger.com/Article/Abstract/104752
https://www.karger.com/Article/Abstract/104752
https://www.karger.com/Article/Abstract/104752
http://www.ijcce.ac.ir/article_35110.html
http://www.ijcce.ac.ir/article_35110.html
http://www.ijcce.ac.ir/article_35110.html
https://jb.asm.org/content/173/2/697.short
https://jb.asm.org/content/173/2/697.short
https://scialert.net/fulltextmobile/?doi=pjn.2009.335.340
https://scialert.net/fulltextmobile/?doi=pjn.2009.335.340
https://scialert.net/fulltextmobile/?doi=pjn.2009.335.340
https://aem.asm.org/content/55/8/1901.short
https://aem.asm.org/content/55/8/1901.short
https://aem.asm.org/content/69/10/5746.short
https://aem.asm.org/content/69/10/5746.short
https://aem.asm.org/content/69/10/5746.short
https://aem.asm.org/content/67/1/1.short
https://aem.asm.org/content/67/1/1.short
https://aem.asm.org/content/67/1/1.short
https://aem.asm.org/content/67/1/1.short
https://web.b.ebscohost.com/abstract?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=10277595&AN=90068590&h=l4ihcf%2bbwDMSTJ52swmvjDjE4hp9CduI%2b5o%2f%2fwtNhsbDIx0Ba8Q8UcPiGqyXewhZ5%2fcDryH16OFH28WfjhmKVA%3d%3d&crl=c&resultNs=AdminWebAuth&resultLocal=ErrCrlNotAuth&crlhashurl=login.aspx%3fdirect%3dtrue%26profile%3dehost%26scope%3dsite%26authtype%3dcrawler%26jrnl%3d10277595%26AN%3d90068590
https://web.b.ebscohost.com/abstract?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=10277595&AN=90068590&h=l4ihcf%2bbwDMSTJ52swmvjDjE4hp9CduI%2b5o%2f%2fwtNhsbDIx0Ba8Q8UcPiGqyXewhZ5%2fcDryH16OFH28WfjhmKVA%3d%3d&crl=c&resultNs=AdminWebAuth&resultLocal=ErrCrlNotAuth&crlhashurl=login.aspx%3fdirect%3dtrue%26profile%3dehost%26scope%3dsite%26authtype%3dcrawler%26jrnl%3d10277595%26AN%3d90068590
https://web.b.ebscohost.com/abstract?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=10277595&AN=90068590&h=l4ihcf%2bbwDMSTJ52swmvjDjE4hp9CduI%2b5o%2f%2fwtNhsbDIx0Ba8Q8UcPiGqyXewhZ5%2fcDryH16OFH28WfjhmKVA%3d%3d&crl=c&resultNs=AdminWebAuth&resultLocal=ErrCrlNotAuth&crlhashurl=login.aspx%3fdirect%3dtrue%26profile%3dehost%26scope%3dsite%26authtype%3dcrawler%26jrnl%3d10277595%26AN%3d90068590
https://web.b.ebscohost.com/abstract?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=10277595&AN=90068590&h=l4ihcf%2bbwDMSTJ52swmvjDjE4hp9CduI%2b5o%2f%2fwtNhsbDIx0Ba8Q8UcPiGqyXewhZ5%2fcDryH16OFH28WfjhmKVA%3d%3d&crl=c&resultNs=AdminWebAuth&resultLocal=ErrCrlNotAuth&crlhashurl=login.aspx%3fdirect%3dtrue%26profile%3dehost%26scope%3dsite%26authtype%3dcrawler%26jrnl%3d10277595%26AN%3d90068590
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5932969/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5932969/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5932969/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5932969/
https://sfamjournals.onlinelibrary.wiley.com/doi/full/10.1111/j.1365-2672.2005.02647.x
https://sfamjournals.onlinelibrary.wiley.com/doi/full/10.1111/j.1365-2672.2005.02647.x
https://sfamjournals.onlinelibrary.wiley.com/doi/full/10.1111/j.1365-2672.2005.02647.x
https://sfamjournals.onlinelibrary.wiley.com/doi/full/10.1111/j.1365-2672.2005.02647.x
https://www.sciencedirect.com/science/article/pii/S0740002010000924
https://www.sciencedirect.com/science/article/pii/S0740002010000924
https://www.sciencedirect.com/science/article/pii/S0740002010000924
https://www.sciencedirect.com/science/article/abs/pii/S0956713515000900
https://www.sciencedirect.com/science/article/abs/pii/S0956713515000900
https://www.sciencedirect.com/science/article/abs/pii/S0956713515000900
https://www.imedpub.com/articles/antagonistic-activity-and-antibiotic-sensitivity-of-lactic-acid-bacteria-from-fermented-dairy-products.pdf
https://www.imedpub.com/articles/antagonistic-activity-and-antibiotic-sensitivity-of-lactic-acid-bacteria-from-fermented-dairy-products.pdf
https://www.imedpub.com/articles/antagonistic-activity-and-antibiotic-sensitivity-of-lactic-acid-bacteria-from-fermented-dairy-products.pdf
https://www.ajol.info/index.php/ajb/article/view/58158
https://www.ajol.info/index.php/ajb/article/view/58158
https://www.ajol.info/index.php/ajb/article/view/58158
https://clsi.org/media/2663/m100ed29_sample.pdf
https://clsi.org/media/2663/m100ed29_sample.pdf


Iran. J. Chem. Chem. Eng. Mirhadizadi T. et al. Vol. 40, No. 4, 2021 

 

1362                                                                                                                                                                Research Article 

[23] Remirger A., Ehrmaan M.A., Vogel, R.F., 

Identification of Bacteriocin-Encoding Genes in 

Lactobacilli by Polymerase Chain Reaction (PCR). 

Syst.  Appl. Microbiol., 19: 28-34 (1996). 

[24] Aymerich T., Holo H., Havarstein L.S., Hugas M., 

Garriga M., Nes I.F., Biochemical and Genetic 

Characterization of enterocin A from Enterococcus 

faecium, a New Antilisterial Bacteriocin in the 

Pediocin Family of Bacteriocins. Appl. Environ. 

Microbiol., 62(5): 1676-1682 (1996). 

[25] Toit M.D., Franz C.M.A.P., Dicks L.M.T., Holzapfel, W.H., 

Preliminary Characterization of Bacteriocins 

Produced by Enterococcus faecium and Enterococcus 

faecalis Isolated from Pig Faeces. J. Appl. Microbiol., 

88(3): 482-494 (2000). 

[26] Gutiérrez J., Criado R., Citti R., Martín  M., Herranz  C., 

Nes  I.F., Cintas  L.M., Hernández P.E., Cloning, 

Production and Functional Expression of enterocin P, 

a Sec-Dependent Bacteriocin Broduced by 

Enterococcus Faecium P13, in Escherichia coli. Int. 

J. Food Microbiol., 103(3): 239-250 (2005) 

[27] Hadji-Sfaxi I., El-Ghaish S., Ahmadova A., Batdorj B., 

Le Blay-Laliberté G., Barbier G., Haertlé T., Chobert 

J.M., Antimicrobial Activity and Safety of Use of 

Enterococcus faecium PC4. 1 Isolated from  

Mongol Yogurt. Food Control., 22(12): 2020-2027 

(2011). 

[28] Moreno M.F., Sarantinopoulos P., Tsakalidou E.,  

De Vuyst L., The Role and Application of 

Enterococci in Food and Health. Int.J. Food 

Microbiol., 106(1): 1-24 (2006). 

[29] Todorov, S.D., Bacteriocins from  Lactobacillus 

plantarum  Production, Genetic Organization and 

Mode of Action. Produção, Organização Genética e 

Modo de Ação. A Review. Braz. J. Microbiol., 40(2): 

209-221 (2009). 

[30] Ahmadova A., Todorov S.D., Choiset Y., Rabesona H., 

Mirhadizadi T., Kuliyev A., de Melo Franco, B.D.G., 

Chobert, J.M., Haertlé, T., Evaluation of 

Antimicrobial Activity, Probiotic Properties and 

Safety of Wild Strain Enterococcus faecium AQ71 

Isolated from Azerbaijani Motal Cheese. Food 

Control., 30(2): 631-641 (2013). 

[31] Giraffa G., Functionality of enterococci in Dairy 

Products. Int. J. Food Microbiol., 88(2-3): 215-222 

(2003). 

[32] Veljovic K., Fira D., Terzic-Vidojevic A.,  

Abriouel H., Galvez A., Topisirovic L., Evaluation of 

Antimicrobial and Proteolytic Activity of 

Enterococci Isolated from Fermented Products, Eur. 

Food Res. Technol., 230(1): 63-70 (2009). 

[33] Barbosa J., Ferreira V., Teixeira P., Antibiotic 

Susceptibility of Enterococci Isolated from 

Traditional Fermented Meat Products, Food 

Microbiol., 26(5): 527-532 (2009). 

[34] Ammor M.S., Flórez A.B., Mayo B., Antibiotic 

Resistance in Non-Enterococcal Lactic Acid Bacteria and 

Bifidobacteria. Food Microbiol., 24(6): 559-570 (2007). 

[35] Nithya K., Senbagam D., Senthilkumar B., 

Udhayashree N., Gurusamy R., Characterization of 

Bacteriocin Producing Lactic Acid Bacteria and its 

Application as a Food Preservative. Afr. J. Microbiol. 

Res., 6(6): 1138-1146 (2012). 

[36] Rajaram G., Manivasagan P., Thilagavathi B., 

Saravanakumar A., Purification and Characterization 

of a Bacteriocin Produced by Lactobacillus lactis 

Isolated from Marine Environment. Adv. J. Food Sci. 

Technol., 2(2): 138-144 (2010). 

[37] Carminati D., Giraffa G., Quiberoni A., Binetti A., 

Suárez V., Reinheimer J., Advances and Trends in 

Starter Cultures for Dairy Fermentations. In: 

"Biotechnol. of Lactic Acid Bacteria: Novel Applications", 

John Wiley and Sons, p. 177-192 (2010). 

[38] Hébert L., Courtin P., Torelli R., Sanguinetti M., 

Chapot-Chartier M.P., Auffray Y., Benachour, A., 

Enterococcus Faecalis Constitutes an Unusual 

Bacterial Model in Lysozyme Resistance. Infect. 

Immun. 75(11): 5390-5398 (2007). 

[39] Aleksieva V., Enterococcal and Coliform Content in 

White Brine Cheese. Veterinarno-Meditsinski Nauki. 

17(2): 85-91 (1980). 

[40] Aymerich T., Holo H., Håvarstein L.S., Hugas M., 

Garriga M., Nes I.F., Biochemical and Genetic 

Characterization of Enterocin a from Enterococcus 

Faecium, a New Antilisterial Bacteriocin in the 

Pediocin Family of Bacteriocins, Appl. Environ. 

Microbiol., 62(5): 1676-1682 (1996). 

[41] Özdemir G.B., Oryaşın E., Bıyık H.H., Özteber M., 

Bozdoğan B., Phenotypic and Genotypic 

Characterization of Bacteriocins in Enterococcal 

Isolates of Different Sources. Indian J. Microbiol., 

51(2): 182-187 (2011). 

https://www.sciencedirect.com/science/article/abs/pii/S0723202096800051
https://www.sciencedirect.com/science/article/abs/pii/S0723202096800051
https://www.sciencedirect.com/science/journal/07232020
https://aem.asm.org/content/62/5/1676.short
https://aem.asm.org/content/62/5/1676.short
https://aem.asm.org/content/62/5/1676.short
https://aem.asm.org/content/62/5/1676.short
https://sfamjournals.onlinelibrary.wiley.com/doi/full/10.1046/j.1365-2672.2000.00986.x
https://sfamjournals.onlinelibrary.wiley.com/doi/full/10.1046/j.1365-2672.2000.00986.x
https://sfamjournals.onlinelibrary.wiley.com/doi/full/10.1046/j.1365-2672.2000.00986.x
https://www.sciencedirect.com/science/article/abs/pii/S0168160505000905
https://www.sciencedirect.com/science/article/abs/pii/S0168160505000905
https://www.sciencedirect.com/science/article/abs/pii/S0168160505000905
https://www.sciencedirect.com/science/article/abs/pii/S0168160505000905
https://www.sciencedirect.com/science/article/abs/pii/S0956713511002246
https://www.sciencedirect.com/science/article/abs/pii/S0956713511002246
https://www.sciencedirect.com/science/article/abs/pii/S0956713511002246
https://www.sciencedirect.com/science/article/abs/pii/S016816050500406X
https://www.sciencedirect.com/science/article/abs/pii/S016816050500406X
https://www.scielo.br/scielo.php?pid=S1517-83822009000200001&script=sci_arttext
https://www.scielo.br/scielo.php?pid=S1517-83822009000200001&script=sci_arttext
https://www.scielo.br/scielo.php?pid=S1517-83822009000200001&script=sci_arttext
https://www.sciencedirect.com/science/article/abs/pii/S0956713512004574
https://www.sciencedirect.com/science/article/abs/pii/S0956713512004574
https://www.sciencedirect.com/science/article/abs/pii/S0956713512004574
https://www.sciencedirect.com/science/article/abs/pii/S0956713512004574
https://www.sciencedirect.com/science/article/abs/pii/S0168160503001831
https://www.sciencedirect.com/science/article/abs/pii/S0168160503001831
https://link.springer.com/article/10.1007/s00217-009-1137-6
https://link.springer.com/article/10.1007/s00217-009-1137-6
https://link.springer.com/article/10.1007/s00217-009-1137-6
https://www.sciencedirect.com/science/article/pii/S0740002009000628
https://www.sciencedirect.com/science/article/pii/S0740002009000628
https://www.sciencedirect.com/science/article/pii/S0740002009000628
https://www.sciencedirect.com/science/article/pii/S0740002006002103
https://www.sciencedirect.com/science/article/pii/S0740002006002103
https://www.sciencedirect.com/science/article/pii/S0740002006002103
https://www.researchgate.net/profile/Senthilkumar_Balakrishnan2/publication/234166895_Characterization_of_bacteriocin_producing_lactic_acid_bacteria_and_its_application_as_a_food_preservative/links/0deec527b35dfef107000000/Characterization-of-bacteriocin-producing-lactic-acid-bacteria-and-its-application-as-a-food-preservative.pdf
https://www.researchgate.net/profile/Senthilkumar_Balakrishnan2/publication/234166895_Characterization_of_bacteriocin_producing_lactic_acid_bacteria_and_its_application_as_a_food_preservative/links/0deec527b35dfef107000000/Characterization-of-bacteriocin-producing-lactic-acid-bacteria-and-its-application-as-a-food-preservative.pdf
https://www.researchgate.net/profile/Senthilkumar_Balakrishnan2/publication/234166895_Characterization_of_bacteriocin_producing_lactic_acid_bacteria_and_its_application_as_a_food_preservative/links/0deec527b35dfef107000000/Characterization-of-bacteriocin-producing-lactic-acid-bacteria-and-its-application-as-a-food-preservative.pdf
https://www.semanticscholar.org/paper/Purification-and-Characterization-of-a-Bacteriocin-Rajaram-Manivasagan/a1585eb0c867bcab91f6a6bc4518e040672a5e2f
https://www.semanticscholar.org/paper/Purification-and-Characterization-of-a-Bacteriocin-Rajaram-Manivasagan/a1585eb0c867bcab91f6a6bc4518e040672a5e2f
https://www.semanticscholar.org/paper/Purification-and-Characterization-of-a-Bacteriocin-Rajaram-Manivasagan/a1585eb0c867bcab91f6a6bc4518e040672a5e2f
https://onlinelibrary.wiley.com/doi/abs/10.1002/9780813820866.ch10
https://onlinelibrary.wiley.com/doi/abs/10.1002/9780813820866.ch10
https://iai.asm.org/content/75/11/5390.short
https://iai.asm.org/content/75/11/5390.short
https://iai.asm.org/content/75/11/5390.short
https://europepmc.org/article/med/6776684
https://europepmc.org/article/med/6776684
https://aem.asm.org/content/62/5/1676.short
https://aem.asm.org/content/62/5/1676.short
https://aem.asm.org/content/62/5/1676.short
https://aem.asm.org/content/62/5/1676.short
https://link.springer.com/article/10.1007/s12088-011-0143-0
https://link.springer.com/article/10.1007/s12088-011-0143-0
https://link.springer.com/article/10.1007/s12088-011-0143-0


Iran. J. Chem. Chem. Eng. Molecular isolation, Probiotic Property, and Bacteriocin Production ... Vol. 40, No. 4, 2021 

 

Research Article                                                                                                                                                                1363  

[42] Edalatian M.R., Najafi M.B.H., Mortazavi S.A., 

Alegría Á., Delgado S., Bassami M.R., Mayo, B., 

Production of Bacteriocins by Enterococcus spp. 

Isolated fromTraditional, Iranian, Raw Milk Cheeses, 

and Detection of Their Encoding Genes. Eur. Food 

Res. Technol., 234(5): 789-796 (2012). 

[43] Nascimento M.D.S.D., Moreno I., Kuaye A.Y., 

Antimicrobial Activity of Enterococcus faecium 

FAIR-E 198 Against Gram-Positive Pathogens. Braz. 

J. Microbiol., 41(1): 74-81 (2010). 

[44] Chen Y.S., Yanagida F., Srionnual S., Characteristics 

of Bacteriocin‐Like Inhibitory Substances from 

Dochi‐Isolated Enterococcus faecium D081821 and 

D081833. Letters in Appl. Microbiol., 44(3): 320-325 

(2007). 

[45] Aran H., Biscola V., El-Ghaish S., Jaffres E., Dousset X., 

Pillot G., Haertlé T., Chobert J.M., Hwanhlem, N., 

Bacteriocin-producing Enterococcus faecalis 

KT2W2G Isolated from Mangrove Forests in 

Southern Thailand: Purification, Characterization and 

Safety Evaluation. Food Control., 54: 126-134 

(2015). 

 

https://link.springer.com/article/10.1007/s00217-012-1697-8
https://link.springer.com/article/10.1007/s00217-012-1697-8
https://link.springer.com/article/10.1007/s00217-012-1697-8
https://www.scielo.br/scielo.php?pid=S1517-83822010000100013&script=sci_arttext
https://www.scielo.br/scielo.php?pid=S1517-83822010000100013&script=sci_arttext
https://sfamjournals.onlinelibrary.wiley.com/doi/full/10.1111/j.1472-765X.2006.02058.x
https://sfamjournals.onlinelibrary.wiley.com/doi/full/10.1111/j.1472-765X.2006.02058.x
https://sfamjournals.onlinelibrary.wiley.com/doi/full/10.1111/j.1472-765X.2006.02058.x
https://sfamjournals.onlinelibrary.wiley.com/doi/full/10.1111/j.1472-765X.2006.02058.x
https://www.sciencedirect.com/science/article/abs/pii/S0956713515000420
https://www.sciencedirect.com/science/article/abs/pii/S0956713515000420
https://www.sciencedirect.com/science/article/abs/pii/S0956713515000420
https://www.sciencedirect.com/science/article/abs/pii/S0956713515000420

