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Leuconostoc mesenteroides subsp. cremoris, which were isolated from raw milk and 

some fruits and vegetables, specify fermented foods such as sauerkraut, milk products, 

and some pickles. It was obtained and examined for its antagonistic activity against 

spoiled isolates and its antibacterial activity against Xanthomonas sp. and Erwinia sp., 

and spoilage mold. Antibacterial and antibiofilm effects of bacteriocin were evaluated 

against Pseudomonas aeruginosa isolated from wounds. Bacteriocin was first extracted 

from Leuconostoc mesenteroides spp. Then the bacteriocin was purified and 

characterized using Fourier Transform Infrared Spectroscopy (FTIR) and an amino acid 

analyzer. The FTIR of purified bacteriocin revealed that the functional groups in 

bacteriocin were NH2, CH, C=C, C-O-C, carbonyl group, and the absence of the OH 

group. The analysis of amino acids showed that the purified bacteriocin contained 12 

types of amino acids. The activity of antibacterial purified bacteriocin was investigated 

against P. aeruginosa isolates using the co-culture method. The purified bacteriocin 

showed an inhibitory effect against P. aeruginosa isolates, with a reduction of growth 

reaching about 100%, according to the bacterial colonies. In addition, the effects of 

bacteriocin on cell permeability, pyocyanin production, and biofilm were investigated, 

and the results showed that purified bacteriocin caused an increase in cell permeability 

and a reduction of pyocyanin production. Also, the purified bacteriocin showed a clear 

antibiofilm effect against P. aeruginosa isolates in both the microtiter plate method and 

scanning electron microscope (SEM) method, with the highest biofilm degradation being 

60.14%. The bacteriocin purified from Leuconostoc mesenteroides subsp. Cremoris 
had an inhibitory effect against the growth of P. aeruginosa and its biofilm, pyocyanin 

production, and cell permeability.  
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1. INTRODUCTION

Leuconostoc mesenteroides subsp. cremoris produces a 

variety of organic acids and some chemical elements that are 

antibacterial and known as bacteriocins (such as carnosyn and 

leuconosin) [1, 2]. Bacteriocins are proteins produced by 

various bacterial strains and are composed of ribosomes (anti-

infection) [3], thus bacteriocins are considered one of the ways 

to treat difficult infections [4].  

Bacteriocins can be classified into four classes (I, II, III, IV), 

which include: Class I Bacteriocins include small, heat-

resistant and proteolytic peptides, this class can be divided into 

types A and B. Class II bacteriocins, it consists of small 

peptides that are resistant to temperature and acidity, Class III 

bacteriocins, which are proteins that are highly thermostable 

(∼10 kDa). Class IV bacteriocins consist of complex proteins 

that bind to fats or carbohydrates [5, 6]. And the class of 

bacteriocin from L. mesenteroides, which produces 

bacteriocin in high quantity, corresponds to a typical feature 

of the class IIa pediocin-like bacteriocins [7]. Despite this, a 

study on LAB bacteria, which includes their effect against 

pathogenic bacteria, such as multi-drug-resistant bacteria, 

viruses, and yeasts [8]. As noted by LAB, they may be safe 

and are often used in the preservation of dairy products, may 

provide new approaches through developing treatments and 

improving food safety, as is the case with antibiotic-resistant 

bacteria such as Pseudomonas aeruginosa [9], in an attempt to 

solve the problem of antibiotic resistance of these bacteria. 

Pseudomonas aeruginosa is one of the most important 

species of Gram-negative bacteria, and one of the most 

important pathogens of major diseases such as cystic fibrosis, 

burn infections, and urinary tract infections [10].  

Pseudomonas aeruginosa is a common causative agent of 

wound infections, and its complete eradication often remains 

challenging due to its ability to inflict extensive tissue damage, 

necessitating the use of potent antibacterial agents [11]. This 

pathogen demonstrates remarkable adaptability within hostile 

host environments through the secretion of diverse virulence 

factors that facilitate successful colonization and disease 

progression [12]. Among its major virulence determinants are 
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lipopolysaccharide (LPS), the phenazine pigment pyocyanin 

(PCN), and its capacity for robust biofilm formation [13, 14]. 

The objective of this study was to investigate the effects of a 

purified and characterized bacteriocin from Leuconostoc 

mesenteroides subsp. cremoris on the growth and certain 

virulence factors of Pseudomonas aeruginosa. 

 

 

2. MATERIALS AND METHODS 
 

2.1 Microorganism 
 

Nineteen isolates of P. aeruginosa were isolated from 

wound infections collected from the Department of Biology, 

College of Science, Mustansiriyah University. These isolates 

were identified throughout cultural, microscopical, and 

biochemical tests and the Vitek2 system.  
 

2.2 Antibiotic susceptibility test  
 

To create the bacterial suspension, four to five colonies of 

all isolates of bacteria were selected from the initial starter 

culture, and then put into a plain tube with four milliliters of 

physiological saline. After that, the density of bacterial growth 

was compared with 0.5 standard MacFarland (1.5 × 108 

CFU/ml). A portion of the bacterial suspension was gently and 

evenly placed over Mueller-Hinton agar medium using a 

sterile cotton swab, and it was then allowed to dry completely 

at room temperature. Using sterile forceps, the antibiotic discs 

were firmly pressed onto the agar to ensure that they contacted 

it. The plates were then turned over and left to incubate for a 

full day at 37℃. Zones of inhibition that formed around the 

discs were measured in millimeters (mm) using a metric ruler, 

as per the Clinical Laboratory Standards Institute. Based on 

these measurements, the isolate was classified as either 

susceptible or resistant to a specific antibiotic. 
 

2.3 Detection of biofilm formation in Pseudomonas 

aeruginosa isolates 
 

Bacterial isolates were tested for their ability to form 

biofilm. 96 flat-bottomed microtiter plates were filled with 180 

µl of brain heart infusion broth with 2% sucrose, and 20 µl of 

the overnight bacterial culture equivalent to 0.5 McFarland 

standard was added as an inoculant. 200µl of brain heart 

infusion broth with 2% sucrose was placed in the control wells. 

The covered microtiter plate was sealed with parafilm and 

incubated at 37℃ for 24 hours. To remove any unattached 

bacterial cells, wash the wells three times with PBS (pH 7.2), 

let them dry for 15 minutes at room temperature, and then add 

200µl of crystal violet (0.1%) for 20 minutes Following the 

withdrawal of the crystal violet solution, the wells underwent 

three rounds of washing with PBS (pH 7.2) to eliminate any 

remaining dye. They were then left to dry at room temperature 

and twice extracted using 200µl of 95% ethanol. The 

absorbance of each well was then measured using an ELISA 

reader at 630 nm. The biofilm formation of each isolate was 

categorised into the following categories based on the 

absorbance values: OD ≤ ODc (Non), ODc < OD ≤ 2 ODc 

(Weak), 2 ODc < OD ≤ 4 ODc (Moderate), and 4 ODc < OD 

(High).  
 

2.4 Leuconostoc mesenteroides subsp. cremoris 
 

Leuconostoc mesenteroides subsp. cremoris was collected 

from the Department of Biology, College of Science, 

Mustansiriyah University. This isolate was identified through 

cultural, microscopical, and biochemical tests and the Vitek2 

system according to studies [15, 16]. 

 

2.5 Extraction of bacteriocin from L. mesenteroides subsp. 

cremoris 

 

MRS broth was used as an inoculated for the bacterial 

isolate and allowed to incubate for 24 hours at 30℃. 

Centrifugation at 10,000 rpm for 15 minutes was done to 

obtain the supernatant was filtered using a Millipore filter 0.02 

µm, then neutralised to pH 6.2 in order to counteract the effects 

of organic acid, using 1N NaOH [16]. Dialysis bags and 

polyethylene glycol 20000 were used to concentrate the crude 

bacteriocin [17]. 

 

2.6 Purification of Bacteriocin Produced by L. 

mesenteroides subsp. cremoris using Sepacryl S-200 gel  

 

First, the gel (provided by the Swedish company 

Pharmacia) is washed using a phosphate buffer solution pH 

6.2, after which an emptying step is performed. The gel is then 

filled using a column to give a final size of 1.5 × 60 cm in order 

to avoid the formation of air bubbles. To ensure the required 

pressure of the separation material, the column is balanced for 

24 hours, after which the required flow speed is calculated and 

the column position is adjusted, until the concentrated 

supernatant is added to the top of the column so that the 

separated parts are collected at a flow rate 18 ml/h of 3 ml/part, 

then the O.D of separated parts are read using 

Spectrophotometer at 280 nm. Protein concentration was 

quantitatively estimated for the separated peaks [18]. 

 

2.7 Characterization of bacteriocin 

 

2.7.1 Fourier transform infrared spectroscopy (FTIR) 

The sample was examined with an FTIR spectroscopy 

device. The diagnosis was made in the Chemistry Department, 

College of Sciences, Mustansiriyah University, Baghdad, Iraq. 

This device measures the amount of reflected infrared 

radiation at wavelengths 400-4000 cm-1. The results were read 

using a graph with the x-axis representing the wavelength cm-

1, while the y-axis represents the wavelength Transmittance %. 

The resolution was set at 4 cm-1 with 32 scans. 

 

2.7.2 Amino acid analysis 

The sample was examined at the Ministry of Science and 

Technology, Baghdad, Iraq. The amino acid components of 

bacteriocin were identified. 

 

2.8 Effect of purified bacteriocin on P. aeruginosa  

 

2.8.1 Antibacterial activity of purified bacteriocin against P. 

aeruginosa isolates  

The effect of bacteriocin purified from Leuconostoc 

mesenteroides subsp. cremoris against P. aeruginosa was 

studied in triplicate. Initially, P. aeruginosa isolates were 

grown in nutrient broth with bacteriocin (1:1) while the control 

medium contained only nutrient broth. The co-cultures and 

control were then incubated at 37℃ for 24 hours. After 

incubation, 1 ml of each culture was serially diluted, and 0.1 

ml was taken from each dilution and cultured on nutrient agar 

plates. The plates were incubated at a 37℃ for 24-48 hours 
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[16]. The colonies were counted, and the inhibition activity 

was evaluated and calculated percent reduction of bacteria 

using the following equation described as [19]:  

 
R (%) =[A−B]/A ×100 

 
where, R = the reduction rate, A = the number of bacterial 

colonies from the control medium, and B = the number of 

bacterial colonies from the treatment with purified bacteriocin. 

 
2.8.2 Effect of purified bacteriocin on P. aeruginosa cell 

permeability  

A centrifuge was used at 6000 rpm for 15 minutes to extract 

10 ml of fresh culture broth of P. aeruginosa bacteria. The 

cells were then washed twice with sterile 5 mM potassium 

phosphate buffer (pH 6.5) and resuspended in 10 ml of the 

same buffer. Bacteria were added to the washed cells at a ratio 

of 0.1:1.0. Cells were collected by centrifugation at 6000 rpm 

for 15 min after 1 h of incubation at 37℃, and the supernatant 

was filtered through a 0.20 μm filter membrane. Optical 

density measurement at 260 nm was used to calculate DNA 

concentration. Both cell suspension in 5 mM potassium 

phosphate buffer (pH 6.5) without bacteriocin and the same 

buffer containing bacteriocin without the bacterial cell were 

used as control [20, 21]. The experiment was done in triplicate. 

 
2.8.3 Effect of purified bacteriocin on pyocyanin production 

by P. aeruginosa  

The effect of bacteriocin against pyocyanin production by 

P. aeruginosa was studied in triplicate which the P. 

aeruginosa isolates were diluted 1:100 in nutrient broth after 

growing in the nutrient medium and then treated with purified 

bacteriocin (1:1). After growth for 16 hours, the culture 

supernatants were collected in a centrifuge at 6000 rpm for 15 

minutes, then transferred to a cuvette and photographed [22]. 

 
2.8.4 Degradation of P. aeruginosa biofilm by purified 

bacteriocin from Leuconostoc mesenteroides subsp. cremoris  

The degradation of biofilm by purified bacteriocin was 

tested in a microtiter plate using an appropriate medium, brain 

heart infusion supplemented by 2% sucrose. Depending on the 

procedure mentioned by study [23], the plate was inoculated 

with bacterial suspension compared to 0.5 MacFarland. The 

final volume of medium in each well was 200 µl, each well 

contained 180 µl of brain heart infusion broth with 2% sucrose 

and 20 µl of bacterial suspension. The control negative 

contained only 200 µl Brain Heart Infusion with 2% sucrose, 

while the control positive contained 180 µl of Brain Heart 

Infusion broth with 2% sucrose and 20 µl of bacterial 

suspension. After incubation at 37℃ for 72h the broth was 

removed then added 200 ml suspension purified bacteriocin, 

incubated for 24h at 37℃, then purified bacteriocin was 

removed from wells and washed with Phosphate –buffer saline 

(pH 7.2) to remove unattached stain and left to dry at room 

temperature for 15 min, finally, 200 µl of 95% ethanol was 

added to each well and optical density was read at 630 nm by 

Eliza reader. The degradation of biofilm percentage was 

calculated as follows: 

 
Degradation of biofilm% = O.D. Control –O. D Treatment × 

100 

 

 

2.8.5 Detection of the effect of bacteriocin on P. aeruginosa 

biofilm using scanning electron microscopy  

A scanning electron microscope was used to examine the 

effect of bacteriocin on the biofilms of P. aeruginosa, where 

P. aeruginosa isolates were grown on coverslips coated with 

poly(L-lysine). After adding bacteriocin at a concentration of 

1.94 μg/ml, they were then incubated for 24 hours. Then the 

samples were fixed using Karnofsky's fixative for 2 hours at 

4℃ and typically rinsed with phosphate buffer, washed, and 

dried with a graded ethanol series and finally with tert-butyl 

alcohol. Next, cover slides were dipped in tert-butyl alcohol 

and stored at -20℃, followed by freeze-drying and platinum 

coating. Samples were observed using a Zeiss EVO 40 

instrument (Ukraine) [24]. 

The cell permeability of P. aeruginosa was increased after 

purified bacteriocin treatment, the O.D was recorded (0.197, 

0.383, 0.448, 0.714, 0.385) after treatment with bacteriocin, 

compared with control (0.010, 0.049, 0.039, 0.139, 0.054) for 

each isolate (4, 5, 7, 18, 19), significant difference P-value < 

0.05 was recorded between O.D. before and after bacteriocin 

treatment as shown in Table 1. 

Statistical analysis: Microsoft Excel was used for data 

entry. The data were analysed using SPSS-27 (Statistical 

Package for Social Sciences version 27). Shapiro-Wilk and 

Kolmogorov-Smirnov were employed to assess the normality 

of distribution. The paired t-test was used to evaluate the 

difference between O.D. before and after bacteriocin 

treatment. P-value < 0.05 was considered significant. 
 

Table 1. Detection of amino acids in bacteriocin purified 

from Leuconostoc mesenteroides subsp. cremoris  
 

 
Type of Amino 

Acid  

Reten. Time 

(min) 

Amount 

(mg) 

1. Aspartic acid  4.388 0.003 

2. Glutamic acid 7.852 75.492 

3. Serine 8.576 12.963 

4. Glysine 8.836 46.085 

5. Alanine 9.920 65.974 

6. Cystine 11.432 5.684 

7. Valine 12.096 68.444 

8. Methionine 12.420 44.255 

9. Isoleucine 12.936 23.218 

10. Leucine 13.340 70.067 

11. Phenylalanine 13.804 61.313 

12. Lysine 14.084 38.973 

 

 

3. RESULTS AND DISCUSSION 
 

3.1 Antibiotic susceptibility test  
 

All isolates of P. aeruginosa were detected by antibiotic 

susceptibility test using the disc diffusion test, which involved 

nine different antibiotic classes: Cefalexin, Rifampin, 

Cefixime, Ciprofloxacin, Amikacin, Doxycycline, Cefotaxime, 

and Gentamicin. The results were interpreted according to the 

recommendation of CLSI (2023)  

As illustrated in Figure 1, all isolates were resistant to 

antibiotics (cephalexin, rifampin, cefixime, doxycycline, 

cefotaxime) in the rate of 100% and 26, 78, 15% were resistant 

to antibiotics (ciprofloxacin, amikacin, and gentamicin), while 

the percentage of isolates was the average rate of isolates was 

47% and 84% for both ciprofloxacin and gentamicin. 
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Figure 1. Antibiotic susceptibility test of antibiotics (P. 

aeruginosa)  
Note: R: Resistance, I: Intermediate, S: Sensitive versus their activity 

 

P. aeruginosa produced the highest rates of resistance to 

cefepime (56.67%), gentamicin (57.97%), followed by 

fluoroquinolones (55.11%) and carbapenems (55.02%), while 

the highest susceptibility rate was 97.41% to colistin [14].  

 

3.2 Biofilm formation of P. aeruginos isolates 

 

The results in Table 2 show variation in biofilm formation 

among P. aeruginosa isolates. Out of 19 isolates, five were 

unable to form biofilms, three had moderate biofilm-forming 

ability, and eleven had weak biofilm-forming ability. 

 

Table 2. Detection of biofilm formation in Pseudomonas 

aeruginosa isolates 

 

Bacterial 

Isolates 

Biofilm Formation 

Number of Biofilm Bacterial Isolates 

(Number of Total Bacterial Isolates) 

Non  Moderate Weak 

P. aeruginosa 5 (19) 3 (19) 11 (19) 

 

In addition, bacteria have the ability to influence the pH of 

the environment, which helps promote biofilm growth, as has 

been found in the formation of biofilms on urinary catheters 

by Klebsiella and Pseudomonas through increased urine 

alkalinity. On the other hand, flagellar bacteria can experience 

hydrodynamic stress and thus have an advantage in biofilm 

formation. In the case of biological surfaces, the 

hydrophobicity of interacting cell membranes is essential for 

the attachment of bacteria to the host surface, which occurs 

primarily through the interaction of bacterial proteins with 

extracellular proteins or carbohydrate fragments on the surface 

of cells/tissues [15]. 

 

3.3 Purification of bacteriocin using gel filtration  

 

Sephacryl S-200 was used to purify bacteriocin by adding 

the sample obtained after concentration with polyethylene 

glycol 20000 to a gel filtration column with dimensions of 1.5 

× 60 cm to purify bacteriocins from Leuconostoc 

mesenteroides subsp. cremoris. The accuracy of the process of 

purifying the separated proteins was verified using a 

polyacrylamide gel, in addition to the presence of auxiliary 

factors. Electrophoresis was also performed, where the results 

showed the appearance of a single band of bacteriocin, with 

the protein ranging from 0.596 to 1.941 mg/ml. 

 

3.4 Characterization of bacteriocin 

 

3.4.1 Transform Infrared Spectroscopy (FTIR) 

The FTIR results of purified of bacteriocin is showed in 

Figure 2 that the bands in the region 3343 cm-1 was due to NH2 

while the bands in the region 3285 and 1621 cm-1 were due to 

(C=C) stretching, the band region 2168 cm-1 was due to (C-H ) 

while the band region 1499 cm-1 was due to (CH deformation 

for CH3), the band region 1398 cm-1 was due to (C-O-C) while 

the band region 1262 cm-1 was due to indicate disappearance 

of OH  and the bands 1077 and 1033 cm-1 were due to Carbonyl 

group. 

 

 
 

Figure 2. FTIR of bacteriocin purified from Leuconostoc 

mesenteroides subsp. cremoris 

 

For P. acidilactici B1153 bacteriocin, the FTIR showed a 

drop in spectra in the 1,650–1,055.8 cm-1 region, suggesting 

deformations in aliphatic, including phosphate bond, carbonyl 

group stretching, and C–O–C deformations; they may include 

polysaccharides, glycolipids, and phosphodiester. 

Additionally, the 3,000–3,500 cm-1 region, which is consistent 

with NH2 stretching [16]. 

 
3.4.2 Amino acid analysis of bacteriocin from L. 

mesenteroides subsp. cremoris 

Bacteriocin from Leuconostoc mesenteroides subsp. 

cremoris was formed from 12 types of amino acids, including 

Aspartic acid, glutamic acid, Serine, Glycine, Alanine, 

Cystine, Valine, Methionine, Isoleucine, Leucine, 

Phenylalanine, and Lysine (Table 1).  

Some types of bacteriocins are peptides consisting of only 

13 to 37 amino acids. The unusual amino acids found in some 

small bacteria are the result of post-translational changes to the 

more common amino acids [17]. Additionally, phenylalanine 

and glutamic acid were found in large concentrations in the 

peptide, while threonine, aspartic acid, serine, glycine, proline, 

isoleucine, and leucine were found in residues (Pro, Gly, Ala, 

Val, Ile, Leu, Phe) were estimated at 0.92% at a rate of (0.92%, 

0.83% and 0.92%) for each of L. brevis, L. plantarum and L. 

fermentum. Basic amino acid contents (Arg + Lys + His) are 

0.23% for all samples tested, while Acidic amino acid residues 

(Asp + Glu) are 0.74% for all samples tested [3]. 
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The circulating bacteria are composed of 59% hydrophobic 

amino acid residues (Ile, Ala, Val, Trp, Leu, Phe, and Pro) and 

uncharged hydrophilic amino acid residues (32%) (Gly,  Thr, 

Ser, Gln). In addition to a high percentage of basic amino acids 

(Lys, Arg, and His) compared to the presence of acidic amino 

acids (Asp), which confirms the strength of the basic protein 

character [18]. Additionally, Leucocyclicin Q, a unique cyclic 

bacteriocin produced from L. mesenteroides TK41401, was 

also discovered. This form of bacteriocin was discovered in 

Japanese pickles. Lactocyclicin Q, a cyclic bacteriocin 

generated by Lactococcus sp. strain QU 12, and leucocyclicin 

Q, which contains 61 amino acid residues and a cyclic 

structure with N and C termini attached to one another, are 

quite similar. Leucocyclicin Q has good stability against many 

bacterial proteases and a distinct antibacterial spectrum [19]. 

 

3.4.3 Effect of purified bacteriocin against P. aeruginosa 

Figure 3 shows the antibacterial efficacy of purified 

bacteriocin from L. mesenteroides subsp. Cremoris against 

Pseudomonas aeruginosa. The antibacterial activity of 

purified bacteriocin against P. aeruginosa was confirmed, 

showing growth inhibition with reduction ratios of 100%, 

100%, 97%, 99%, and 100% for isolates 4, 5, 7, 18, and 19, 

respectively. 

The bacteriocin has the ability to function as an antioxidant 

and demonstrates antagonistic activity against P. aeruginosa 

[20]. Ghapanvari et al. [4] investigated the effect of nisin on 

Pseudomonas aeruginosa isolates and reported resistance, 

which was attributed to mutations within the bacterial cell as 

well as to the concentration of nisin applied. 

The result of the study [21] showed that all concentrations 

of bacteriocins have the ability to inhibit P. aeruginosa 

isolates, and that the antibacterial effect of the bacteriocin is 

increased by increasing the concentration of bacteriocins. And 

results showed that bacteriocin from L. rhamnosus has 

antibacterial activity against P. aeruginosa through decreased 

lipopolysaccharide synthesis, and reached zero after five hours 

[22]. And the effect of proteolytic enzymes (trypsin and 

pepsin) was also diagnosed, as the activity of bacteriocins 

produced by Leuconostoc mesenteroides showed its 

effectiveness against all microorganisms [17]. Furthermore, 

mecentricin and sacacin genes were carried by L. 

mesenteroides and L. Saki, as inhibition was observed against 

some types, such as Enterococcus faecalis, Shigella 

dysenteriae, and Escherichia coli O157:H7 [23].  
 

 
 

Figure 3. Antibacterial efficacy of purified bacteriocin 

derived from Leuconostoc mesenteroides subsp. cremoris 

against Pseudomonas aeruginosa 
 

3.4.4 Effect of purified bacteriocin on P. aeruginosa cell 

permeability 

The cell permeability of P. aeruginosa was increased after 

purified bacteriocin treatment, the O.D. was recorded (0.197, 

0.383, 0.448, 0.714, 0.385) after treatment with bacteriocin, 

compared with control (0.010, 0.049, 0.039, 0.139, 0.054) for 

each isolate (4, 5, 7, 18, 19), significant difference P-value < 

0.05 was recorded between O.D. before and after bacteriocin 

treatment as shown in Table 3. 

 

Table 3. Effect of purified bacteriocin from Leuconostoc 

mesenteroides subsp. cremoris on P. aeruginosa cell 

permeability 

 

Bacterial 

Isolates 

O.D. (260nm)  

without Bacteriocin 

Treatment 

O.D. (260nm)  

after Bacteriocin 

Treatment 

P. aeruginosa 

(4) 
0.01 0.197 

P. aeruginosa 

(5) 
0.049 0.383 

P. aeruginosa 

(7) 
0.039 0.448 

P. aeruginosa 

(18) 
0.139 0.714 

P. aeruginosa 

(19) 
0.054 0.385 

Mean ± SD 0.058 ± 0.048 0.425 ± 0.186 

t d.f. *P-value 

5.813 4 0.004 
Note: *P-value < 0.05 was considered significant 

 

The bacteria may have holes in the cell membrane on their 

surface, where the cell membrane changes, leading to cell 

death in addition to a decrease in the biomass of P. aeruginosa 

PAO1 after bacteriocin was treatment, which leads to cell 

death, the combination of both bacteriocins with 

exopolysaccharides has a more effective effect, and their 

combination together leads to a significant decrease in the 

ability to form a membrane [24]. A reduction in the 

composition of the smooth cell membrane, as an increase in 

the formation of pores and leakage in the entry of cell 

components, was clear evidence of a defect in the cell 

membrane. The results also indicated that bacteriocin causes 

changes in the composition of the cell membrane, which leads 

to cell death [20]. It was also observed in the use of nisin A, 

which is produced by Lactococcus bacteria. This antibiotic 

binds to lipid II, which is associated with the formation of the 

cell wall, and this binding prevents the formation of cells well. 

This leads to increased pore formation by nisin molecules, 

which quickly kill cells [25].  As pointed out by study [26], 

bacteriocin absorption may have chemical effects on the cell, 

including interference with the mitotic process of 16S 

ribosomal RNA, degradation of cellular DNA, and inhibition 

of the formation of the peptidoglycan layer. It was also 

observed when Nisin (NS) and Citric Acid (CA) were added 

alone or together against both S. aureus and L. monocytogenes 

Cell components are released by measuring absorbance at 260 

nm, where  the release of cell components (including 

macromolecules such as DNA and RNA and small ions such 

as K+ and PO4) with strong UV absorption at 260 nm is an 

indicator of membrane damage [27]. The membrane rupture 

mechanism was also observed. It consists of two stages: 

(binding the peptide to the surface of the outer layer, and as a 

result of the surface tension of the peptide, the membrane 

ruptures). The explanation is that the continuous development 

of the pores leads to the rupture of the membrane through the 

process of stretching the membrane surfactants. Also, the 

hydrophobic interactions between the peptide layer and the 

lipids, as well as the assembly of cationic components, are 
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major components in this process. Amino acids have been 

shown to play a role in improving the membrane-damaging 

ability of bacteriocins [28] from the above results, it can be 

concluded that there is a relationship between 100% inhibition 

of bacterial growth and increased membrane permeability 

when using purified bacteriocin, as most of the mechanisms of 

antimicrobial action of bacteriocins is disruption of cell 

membrane, binding to specific proteins receptor on the 

bacterial cell membrane and forming pores that increase cell 

membrane permeability, finally causing cell death [29]. 

 

3.4.5 Effect of purified bacteriocin on pyocyanin production 

by P. aeruginosa 

The results showed the effect of purified bacteriocin by 

reducing pyocyanin production compared to the control in P. 

aeruginosa (Figure 4). Pyocyanin production in P. aeruginosa 

isolates was clearly reduced compared to the pyocyanin 

production before the addition of L. plantarum [22]. 

Pyocyanin is a blue-green phenazine pigment produced in 

large quantities by active cultures of P. aeruginosa [29]. One 

of the most important factors responsible for the appearance of 

a number of virulence factors in P. aeruginosa bacteria is 

quorum sensing (QS), and these factors include pyocyanins, 

proteases, and rhamnolipids. and twitching motility. The effect 

of bacteriocin in reducing the virulence factors of P. 

aeruginosa bacteria, compared to the control culture of P. 

aeruginosa, such as the production of pyocyanin, decreased 

protease production, and rhamnolipid production is reduced 

and it was found to decrease the twitching motility [30].   

 

 
 

Figure 4. Effect of bacteriocin from Leuconostoc 

mesenteroides subsp. cremoris on pyocyanin production by 

P. aeruginosa 
A: control (without bacteriocin); B: Treatment with bacteriocin 

 

 
 

Figure 5. Degradation of P. aeruginosa biofilm by purified 

bacteriocin from Leuconostoc mesenteroides subsp. cremoris 

 

3.4.6 Degradation of P. aeruginosa biofilm by purified 

bacteriocin from L. mesenteroides subsp. cremoris 

Results showed that purified bacteriocin could degrade 

biofilms formed by five antibiotic-resistant P. aeruginosa 

isolates with moderate biofilm-forming ability. The 

degradation rates were 1.28%, 1.27%, 20.26%, 23.52%, and 

60.14% for isolates 4, 5, 7, 18, and 19, respectively (Figure 5). 

The study of Lee et al. [30] showed that bacteriocin from 

Pediococcus acidilactici affects biofilm formation at a rate of 

(66.41, 45.77, 21.73) % at 0.5, 1, and 2 mg/ml in P. 

aeruginosa. They also observed that bacteriocin reduces 

biofilm formation on the surface of Stainless-steel 

measurement by scanning electron microscope and microtiter 

plate method. The effect of sub-inhibitory levels of colistin 

and nisin (1/5× MIC and 1/4× MIC for respectively) can 

effectively prevent biofilm formation through total inhibition 

of growth [31]. And bacteriocin from L. fermentum showed 

antibiofilm activity against P. aeruginosa [32].  

The effect of fifty-seven lactobacilli was examined in order 

to reduce the formation. The results showed that the presence 

of these strains with P. aeruginosa resulted in a 0-64% 

reduction in biofilm formation in total biofilm mass compared 

to P. aeruginosa strains alone [33]. But the study [34] showed 

that nisin destroys biofilm for a period ranging from 24 to 48 

hours, as after 24 hours have passed, the bacteria have adapted 

to the conditions and biofilm formation increased, but only 

after 48 hours biofilm degradation occurred, and this indicates 

that nisin inhibition is dependent on time and rate biofilm 

formation. Treating E. Coli O157:H7 with nisin and phytic 

acid (PA) together showed positive synergistic bactericidal 

action by breaking down cell biofilms and damaging 

membrane integrity [34]. 

Results in Figure 6 showed the antibiofilm effect of purified 

bacteriocin, with the clear inhibition of P. aeruginosa biofilm 

observed when using bacteriocin compared with the control. 
 

 

 
           A. Control                        B. Bacteriocin treatment 

 

Figure 6. Detecting the effect of bacteriocin purified from 

Leuconostoc mesenteroides ssp. cremoris on P. aeruginosa 

biofilm by scanning electron microscope (SEM) 

1932



 

The results of SEM analysis showed that sonorensin not 

only inhibited biofilm formation but also reduced the thickness 

of mature biofilms [27, 35]. Also indicated using SEM 

detection that the cells have lost their original shapes through 

damage to the cell wall, which leads to the appearance of 

wrinkles, deformation, and decomposition of the bacterial cell. 

The recent study [36] shows the SEM detection. The two 16 

mg/L and 32 mg/L concentrations of bacteriocin doses 

significantly affected the biofilms after a 24-hour treatment, 

losing most of the matrix. This essential biofilm component 

was almost eliminated, but some of the filaments attaching the 

cells to the substrate were still there. The absence of matrix 

caused the cell surface to become relatively smooth, compared 

to many of the cells in untreated biofilms, which have a rough 

surface [37]. The bacteriocin showed potential for exploitation 

as an alternative to chemical preservatives or as a substitute 

for antibiotics [38, 39]. 

 

 

4. CONCLUSIONS 

 

The bacteriocin purified from Leuconostoc mesenteroides 

subsp. cremoris had an inhibitory effect against the growth of 

P. aeruginosa and its biofilm and pyocyanin production, and 

had the ability to increase cell permeability. 
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