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Abstract 
 
In this study, we report on the growth profile and partial characterization of a bacteriocin produced by Lactobacillus 

plantarum ATM11 isolated from goat slaughterhouse soil. Among eight bacteriocin-producing bacteria from 25 Lactobacilli 

isolates of goat slaughterhouse soil, the higher-yielding bacteria were selected and identified as Lactobacillus plantarum based on 

the morphology, biochemical characteristics, and partial 16S rRNA gene sequence. The physico-chemical condition effects of 

temperature, pH, enzymes, and detergents of bacteriocin activity were studied. The optimum temperature for bacteriocin activity 

was found to be 60 C. The optimum pH for bacteriocin activity was found to be in the range of 5.0-6.0. Detergents such as 

sodium dodecyl sulphate (SDS), Triton X-100, and ethylene diamine tetra-acetic acid (EDTA) were influenced the bacteriocin 

activity, whereas urea inhibited the activity. Asparaginase and -amylase enzymes influenced the activity, whereas protease, 

proteinase K, and lysozyme inhibited bacteriocin activity. The present study revealed that the action mode of the produced 

bacteriocin has a bacteriostatic effect against Bacillus cereus MTCC 1272 and Micrococcus leuteus MTCC 2987. Thus, it can be 

used as a bio-preservative agent for different foods in the future. 
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1. Introduction 
 

The main objective of the food industry is to obtain 

safe food without contaminating elements that can cause 

diseases or can be harmful to human beings (Acuna, Morero 

& Bellomio, 2011). Bacteriocins produced from lactic acid 

bacteria (LAB) are natural antimicrobial peptides with 

interesting potential applications in food preservation and 

health care (Maria & Jayaraman, 2012). These bacteria occur 

naturally in several raw materials like milk, meat, and flour 

that are used to produce food products. In this regard, isolation

 
and screening of microorganisms from naturally occurring 

processes have always been a powerful means to obtain useful 

cultures for scientific and commercial purposes (Vanden Berg 

et al., 1993). Thus, bacteriocins produced by lactic acid-

fermenting bacteria (LFB) have received considerable 

attention in recent years because of their possible use as a 

food preservative which would result in the reduction in the 

use of chemical preservatives. Bacteriocins are extracellularly 

released peptides or protein molecules with a bactericidal or 

bacteriostatic mode of action against closely related species. 

The inhibitory spectrum of some bacteriocins also includes 

food spoilage and food-borne pathogenic microorganisms 

(Todorv & Dicks, 2005). Therefore; great attention is being 

drawn towards the application of natural preservative agents, 

such as bacteriocins, that are produced by LAB. Among the 

bacteriocins produced by LAB, LFB, such as lactobacilli, 
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lactococci, leuconostocs, micrococci, pediococci, and strep-

tococci, are active against food-borne pathogens including 

Bacillus cereus, Clostridium perfringens, Staphylococcus 

aureus, and Listeria species. Among these LFB, Lactobacillus 

plantarum is one of the most important bacteria used for the 

production of fermented meat, grass, and vegetable products 

(Kato, Matsuda & Ogawa, 1994).  

Hence, identification of new and superior bac-

teriocin-producing strains of LFB is important since there is a 

growing interest in the selective application of bacteriocins 

with broader antimicrobial spectrums, i.e. nisin, pediocin, and 

lacticin, as natural bioprotective agents in food systems to 

reduce the incidence of bacterial food poisoning caused by 

Listeria and other pathogens (Castellano, Farias, Holzapfel & 

Vignolo, 2001). Also, the replacement of chemical preser-

vatives with natural preservatives of bacteriocins is supported 

by increasing consumer preferences for healthy foods. 

There are many reports on the isolation of 

bacteriocin-producing lactic acid bacteria from tempeh, 

cooked meat products, dosa, spoiled black olives, fermented 

food matters of dry sausages, goat meat products, fresh milk, 

and homemade feta cheese (Castro, Palavecino, Herman, 

Garro & Campos, 2011; Hamasaki, Fuchu, Sugiyama, & 

Morita, 2003; Lengkey, Balia, Togoe, Taşbac & Ludong, 

2009; Martinez et al., 2013; Moreno et al., 2002; Todorv & 

Dicks, 2005; Oki, Rai, Sato, Watanabe & Tamang, 2011; 

Vijai, Jamuna & Jeevaratnam, 2004; Zhu, Zhao, Sun & Gu, 

2013). In the present study, we have made an investigation on 

the screening of bacteriocin-producing organisms and the 

growth profile of bacteriocin production from L. plantarum 

ATM11 isolated from slaughterhouse soil. We also investi-

gated the mode of action of bacteriocins. 

   

2. Materials and Methods 
 

2.1 Sample collection 
 

Goat slaughterhouse soil was collected from 

Thanjavur, Tamilnadu, India. The samples were stored in the 

laboratory at 4 °C in sterile cover until they were used to 

isolate the bacteriocin-producing organism. 

 

2.2 Bacterial strains and culture conditions 
 

Bacillus cereus (MTCC 1272), Micrococcus luteus 

(MTCC 2987), and E. coli MTCC 433 were used as indicator 

microorganisms and were grown in nutrient agar medium at 

37 °C for 24 h. 

 

2.3 Isolation of lactic acid bacteria 
 

For the isolation of LAB, serial dilutions of the 

samples were inoculated into De Man Rogosa Sharpe (MRS) 

agar (Hi-Media, India) by the pour plate method and 

incubated in aerobic condition at 35 °C for 48 h. After 

incubation, 25 colonies were randomly selected from the MRS 

agar plates. The isolated colonies were propagated on the 

same media until pure cultures were obtained. Purification of 

the cultures was confirmed by Gram stain. Pure colonies were 

again cultured on MRS agar slants and stored at 4 °C until 

use.  

 

2.4 Identification of lactic acid bacteria 
 

Identification of the bacteriocin-producing LAB was 

carried out using morphological and biochemical methods. 

Identification of the isolates was performed according to the 

criteria of Bergey’s Manual of Determinative Bacteriology 

(7th Edition) and Amanullah et al. (2009). The studies 

included motility test, catalase test, Gram stain, Simmon’s 

citrate agar test, and growth on mannitol salt agar, growth in 

MRS broth, and sugar fermentation (sucrose, maltose, 

mannitol, lactose, and fructose) test.  

 

2.5 Extraction, amplification, and 16S rRNA gene 

      sequencing 
 

The DNA was isolated from a higher-yielding strain 

using a Medox kit, Chennai. The following primers 8f (5'-

GAGTTTGATCATGGCTCAG-3') and 1495r (5'-CTACGGC 

TACCTTGTTACG-3') were used for PCR reaction. PCR 

(Applied Biosystem-gene amp PCR system 9700, USA) was 

performed under the following conditions: 95 °C for 5 min, 

followed by 30 cycles of denaturation at 94 °C for 30 s, 

annealing at 52 °C for 30 s, and extension at 72 °C for 30 s, 

and final extension at 72 °C for 10 min (Huang et al., 2009). 

The obtained PCR product was purified by a PCR purification 

kit (Genei, Bangalore, India), and subjected to 16S rRNA 

gene sequencing on a 3130XL Genetic analyzer (Applied Bio-

system, USA). The sequencing data were analyzed with the 

BLAST (The National Centre for Biotechnology Information). 

 

2.6 Production of bacteriocin 
 

The isolated LAB’s were grown in MRS broth (Hi-

Media, India; pH 6.5) and maintained aerobically at 35 °C for 

24 h. After incubation, the cells were removed from the 

growth medium by centrifugation (10,000 x g for 30 min at 4 

°C) and passed through 0.22 µm filters. The cell-free super-

natant was adjusted to pH 6.0 using 1N NaOH and used as the 

crude bacteriocin. 

 

2.7 Determination of bacteriocin activity 
 

Bacteriocin activity was determined by the agar 

well-diffusion assay using the above mentioned organism as 

the indicator strain (Delgado, Brito, Fevereiro, Peres & 

Marques, 2001). Aliquots (20 µL) of the sterile supernatant 

were placed in 6-mm diameter wells that had been cut in 

Mueller-Hinton agar plates and previously seeded with the 

indicator organism. After 24 h of incubation, the diameters of 

the zones of growth inhibition were measured. The activity of 

cell-free supernatant was expressed in arbitrary units per 

milliliter (AU/mL). Unit activity of the bacteriocin was 

defined as 1 AU is a unit area of inhibition zone per unit 

volume, in this case mm2/mL (Usmiati & Marwati, 2009). The 

bacteriocin activity was calculated using the following 

formula: 
 

Bacteriocin activity (AU/mL) = 
Lz-Ls 

V 

 

Lz = clear zone area (mm2), Ls = well area (mm2) 

V = volume of sample (mL) 
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2.8 Growth profile of bacteriocin-producing strain 
 

The overnight culture of the bacteriocin-producing 

strain was inoculated into 100 mL of MRS broth and then 

incubated at 37 °C for 24 h. At different time intervals, the 

growth of cells was measured by absorbance at an optical 

density (OD) of 660 nm. The bacteriocin activity and pH 

changes were also monitored.  

 

2.9 Effect of temperature, pH, detergents, and  

      enzymes on bacteriocin activity 
 

 Before subjecting the bacteriocin to partial charac-

terization, the bacteriocin-producing isolate was grown in an 

MRS broth for 24 h at 37 ºC. After incubation, the cultures 

were centrifuged at 10,000 rpm for 60 min at 4 ºC, after which 

the bacteriocins were precipitated with (80% saturation) 

ammonium sulphate and kept overnight at –20 ºC for 

precipitation. Following precipitation, centrifugation of the 

supernatants resulted in the formation of pellets which were 

collected and stored in phosphate buffer of pH 5.5. The 

precipitate was dialyzed against 20 mM potassium phosphate 

buffer (pH 7.0) for 12 h at 4 ºC. 

 The dialyzed bacteriocin (500 µL) was exposed to 

various heat treatments at 30 °C, 40 °C, 60 °C, 80 °C, and 100 

°C for 30 min and 121 °C for 15 min. A sample maintained at 

room temperature (35±2 °C) was considered as a control. 

Aliquot volumes of each fraction were then removed. 

Similarly, the effect of pH was tested with the bacteriocin (pH 

6.5, 50 µL), mixed with 100 µL of buffer (0.1 M potassium 

phosphate pH 4.0, pH 5.0, pH 6.0, pH 7.0, pH 8.0, and pH 

9.0) and the sample adjusted to pH 6.5 was considered as a 

control. The samples were then incubated for 1 h and the 

bacteriocin activity against Bacillus cereus was determined. 

 Triton X-100, Tween 80, sodium dodecyl sulphate, 

and Tween 80 surfactants were added to the bacteriocin at a 

concentration of 0.1 mL or 0.01 g/mL of bacteriocin solutions. 

These preparations were incubated at 30 °C for 60 min. 

Similarly, -amylase, asparaginase, lysozyme, protease, and 

proteinase-K each at a final concentration of 1 mg/mL were 

tested on the bacteriocin preparation. Untreated bacteriocin 

was considered as a control. They were then incubated at 

room temperature for 2 h, and bacteriocin activity against 

Bacillus cereus was determined. Assays were performed in 

triplicates and standard error was found to be within 5% in all 

experiments.

2.10 Mode of action of bacteriocin 
  

To study the mode of action of bacteriocin against 

the indicator organism, the antibacterial compound (5 mL) of 

neutralized culture supernatant was added at the fourth hour to 

25 mL of growing cells of indicator organisms in the early 

exponential phase. The OD600 was measured at appropriate 

intervals using UV-visible spectroscopy (Ivanova et al., 1998; 

Todorov & Dicks, 2009). Similarly, samples were taken every 

two hours in order to determine colony forming units (CFU 

mL-1) for each strain. The number of CFU mL-1 was 

determined by the agar plate count method. 

 

3. Results and Discussion 
 

3.1 Isolation and identification of bacteriocin- 

      producing organism 
 

Most food processing industries are focusing more 

on natural preservatives due to possible health hazards with 

the consumption of foods preserved by chemical preservatives 

which has brought a significant change in the attitude of 

people towards such foods. Therefore, there is a great need for 

effective and safer natural preservatives to meet the demand. 

This is one of the few reports of bacteriocin produced by LAB 

isolated from a meat environment, particularly from goat 

slaughterhouse soil. A total of 25 bacterial isolates were 

obtained from the meat environment. Microscopic identifi-

cation, Gram stain, and biochemical tests supported the 

characterization of Lactobacilli. From 25 isolates, 8 isolates 

were able to produce bacteriocin. The higher-yielding orga-

nisms were screened based on the potential of bacteriocin 

production by the agar well diffusion method. A comparison 

of antimicrobial activity of bacteriocin values are tabulated in 

Table 1. A higher yielding-strain was further identified as 

Lactobacillus plantarum based on biochemical characteristics 

(Table 2) and partial 16S rRNA gene sequence. The partial 

16S rRNA gene sequence analysis showed a similarity of both 

reverse primers as well as forward primer with existing L. 

plantarum. Thus, the isolated bacteriocin-producing organism 

was confirmed as L. plantarum. The obtained sequences were 

submitted to the National Centre for Biotechnology Infor-

mation and assigned the accession number JQ934539.

 

Table 1. Screening of bacteriocin-producing isolates against indicator organisms. 
 

Bacterial 
isolates 

Indicator organisms 

Bacillus cereus MTCC 1272 Micrococcus luteus MTCC 2987 E. coli MTCC 433 

Isolates a A a A a A 
       

1 14.30.5 3224.04 11.261.6 1383.38 10.61.3 824.18 

2 14.40.31 3528.00 11.40.52 1458.00 11.00.23 1250.00 

3 12.31.3 2022.48 11.360.73 1436.48 12.10.9 1860.50 

4 11.41.2 1240.44 12.260.21 1959.38 11.160.62 1331.28 

5 12.60.6 1800.00 10.960.32 1230.08 10.231.3 894.64 

6 11.30.52 1265.04 10.330.41 937.44 10.60.75 824.18 

7 10.40.43 894.64 12.160.63 1897.28 11.31.8 1265.04 

8 10.20.21 812.04 11.230.7 1367.64 10.931.3 1215.24 
       

 

Values are expressed as meanSD; a - Diameter of zone of inhibition (mm); A - Bacteriocin activity (AU/mL). 
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Table 2. Morphological and biochemical characteristics L. plantarum  

              ATM11. 
 

Morphological and biochemical 

characteristics 
Observations 

  

Colony morphology White, shiny, smooth colonies 

Gram stain Gram-positive, rods 

Growth in MRS broth Uniform turbidity 
Catalase Negative 

Motility Non-Motile 

Growth on mannitol salt agar Negative 
Simmon’s citrate agar test Negative 

Carbohydrate test (sucrose,  

maltose, mannitol, lactose,  
and fructose) 

Positive 

  

 

The antimicrobial activities of the eight isolates of 

LAB and their degree of inhibition against food-spoiling 

isolates were studied. From a total of 25 lactic acid bacteria, 

the culture supernatants of eight isolates yielded zone of 

inhibition when tested against the indicator organisms. The 

diameters of the inhibition zones ranged from 10 to 14 mm. 

The highest diameter (14.4 mm with 3528 AU/mL) was 

recorded for the culture supernatants of isolate 2 against 

Bacillus cereus and the smallest of 10.23 mm with 894.64 

AU/mL for isolate 6 against E. coli. Among the eight 

bacteriocin-producing organisms, isolate 2 was selected for 

further study since it showed the maximum activity against 

indicator organisms. Bacteriocins have already been reported 

to be inhibitory against several other bacteria (Karthikeyan & 

Santosh, 2009). Thus, possession of bacteriocin by L. 

plantarum is an indication that the bacteria can be used as a 

probiotic and as a bio-preservative agent. 

 

3.2 Growth profile of L. plantarum ATM11 
  

The growth profile of the bacteriocin-producing 

strain was studied along with the bacteriocin and pH changes 

were also monitored. In the control experiment, the cell 

density of L. plantarum ATM11 increased from 0.06 to 1.579 

(OD600nm) during 48 h of growth at 37 oC. The pH of the 

medium decreased from 6.3 to 4.76 over the same period. 

Low levels of bacteriocin activity (approximately 50 AU/mL) 

were detected after 5 h of growth in MRS broth with maximal 

activity (3698 AU/mL) after 18 h (Figure 1). This suggests 

that the peptide is a primary metabolite. According to Parente 

& Riccciadi (1994), most bacteriocins show a more or less 

sharp decrease in activity at the end of the exponential growth 

phase. However, a decrease in activity has not been observed 

for all bacteriocins from LAB even after prolonged 

incubation. Similar to the above report, this strain also showed 

decreased activity at the end and the pH also came down. This 

report is in agreement with the findings of Foo et al. (2003) 

which suggests that the increase of biomass cells and organic 

acid production are the main reasons for the lower pH. The 

lactic acid and acetic acids produced by L. plantarum strains 

during its metabolite production augment the growth of the 

producer cells (Foo et al., 2003; Savadogo, Ouattara, Bassole 

& Traore, 2006). The maintenance of the acidic pH of the 

metabolites is supplied by the lactic and acetic acids which are 

the major contributors to the acidic environment (Brashears,

 
 

Figure 1. Bacteriocin productions during the growth of L. plantarum 
ATM11 in MRS broth at 37 °C. The optical density 

(absorbance at 600 nm) and pH of culture were measured 

at different time intervals. The bacteriocin activity was 
also assayed and expressed as AU/mL. 

 
Jaroni & Trimble, 2003). Based on these results, the optimum 

incubation temperature, culture pH for bacteriocin production, 

and maximal absorbance for L. plantarum ATM11 were 

determined to be pH 6.5 at 37 °C. 

 

3.3 Effect of temperature, pH, detergents, and  

      enzymes on bacteriocin activity 
 

 Bacteriocin production is strongly dependent on pH, 

source of nutrients, and temperature as claimed by Todorov & 

Dicks (2004). Therefore, it is necessary to maintain tem-

perature, pH, and nutrient sources in bioprocesses particularly 

for cell growth and product formation. Accordingly, the 

dialyzed supernatant obtained from 80% ammonium sulphate 

precipitate of bacteriocin activity was tested with different 

temperatures at 30 °C, 40 °C, 60 °C, 80 °C, and, 100 °C for 30 

min and 121 °C for 15 min at 15 psi. The results showed that 

bacteriocin activity increased as the temperature increased and 

was more stable even at 100 °C and 121 °C. A comparison of 

antimicrobial activities at different temperatures is graphically 

represented in Figure 2. Furthermore, the maximum arbitrary 

unit was measured as 4167.84 AU/mL at 60 ºC and the 

minimum activity was measured as 1280.18 AU/mL at 30 °C. 

The results revealed that the bacteriocins in this study were 

thermostable.  

 

 
 

Figure 2. Effect of temperature on bacteriocin activity against Bacil-

lus cereus. 
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Similar studies already reported a number of 

bacteriocins were produced by Lactococcus and Lactobacillus 

species (Todorov, Nyati, Meincken & Dicks, 2007). In 

addition, Sarika, Lipton & Aishwarya (2010) have observed 

that the bacteriocin GP1 produced by L rhamnosus had 

remarkable stability after heat treatment even at the 

autoclaving temperature for 20 min. According to a report by 

Sifour, Tayeb, Haddar, Namous & Assaoui (2010), heat 

stability of L. plantarum F12 at 100 °C is important if the 

bacteriocin is used as a food preservative since many proce-

dures of food preparation involve a heating step. Similarly, L. 

plantarum ATM11 producing bacteriocin can be used as a 

food preservative even in the heating step of food preparation.  

 Dialyzed bacteriocin was treated at different pH 

levels from 4.0 to 9.0. The results showed that the maximum 

activities obtained at pH 5.0 and 6.0 were 3329.28 AU/mL, 

1230.08 AU/mL, respectively. Minimum activities were 

observed at pH 4.0, 7.0, and 8.0 but no activity was observed 

at pH 9.0. A comparison of the antimicrobial activity values 

are graphically represented in Figure 3. With respect to the 

effect of pH on bacteriocin, Sung-Mee Lim (2010) already 

reported similar results to the present study. The stability of 

heat resistance up to 121 °C and its activity over the different 

pH values from 2.0 to 10.0 is a common feature of class IIa 

bacteriocins (Fimland, Johnsen, Dalhus & Nissen-Meyer, 

2005). From the above evidence, bacteriocin produced from L. 

plantarum ATM11 may also belong to class-IIa bacteriocins.   

 The detergents used to study the inhibitory agents 

were sodium dodecyl sulphate (SDS), Tween 80, Tritone X-

100, EDTA, and urea. Sodium dodecyl sulphate (SDS), 

EDTA, and Tritone X-100 stimulated bacteriocin activity, 

whereas Tween 80 offered slight stimulation. In contrast, 

bacteriocin activity was strongly inhibited by urea. Similarly, 

urea inhibited the bacteriocin produced by Lactobacillus lactis 

(Rajaram, Manivasagan, Thilagavathi & Saravanakumar 

(2010). A comparison of antimicrobial activity is graphically 

represented in Figure 4. Similar results were reported by 

Moghaddam, Sattari, Mobarez & Doctorzadeh (2006). 

The protein nature of the antimicrobial compounds 

was verified by treatment with enzymes. The enzymes used to 

study the inhibitory effects were proteinase K, -amylase, 

protease, asparaginase, and lysozyme. Complete inactivation 

or significant reduction in activity was observed after adding 

protease, proteinase K or lysozyme to the bacteriocin which 

confirmed the proteinaceous nature of the active agent (Figure 

5). However, -amylase and asparaginase did not cause 

inactivation. This result suggested that the peptide was not 

glycosylated or its activity was not dependent on glycosy-

lation (Kwaadsteniet, Fraser, Van Reenen & Dicks, 2006).  

 

3.4 Mode of action of bacteriocin                         
 

The mode of action of the bacteriocin produced by 

L. plantarum ATM11 was studied. The addition of bacteriocin 

(pH 6.0) to a 3-hour-old culture of M. luteus and B. cereus 

(OD600nm) at the fourth hour resulted in growth inhibition for 

the next 11 hours (Figure 6a and b). Viability loss was 

accompanied by a decrease of the OD of the culture of M. 

luteus (Figure 6c). It revealed an indication of cell lysis after 

the treatment. The effectiveness of the antibacterial activity 

decreased throughout the incubation period in bacteriocin 

treated indicator organisms. The results suggested that the

 
 

Figure 3.  Effect of pH on bacteriocin activity against Bacillus cereus. 

 

 
 

Figure 4. Effect of detergents on bacteriocin activity against Bacillus 
cereus. 

 

 
 

Figure 5. Effect of enzymes on bacteriocin against Bacillus cereus. 

 
mode of action of bacteriocin may be considered to be 

bacteriostatic. Higher concentrations might be necessary in 

order to achieve a bacteriocidal effect as reported by Ivanova 

et al. (1998). Similar results were reported for the mode of 

action of BacUB9 on the strain BGHN14 which was identified 

as bacteriostatic (Tolinački et al., 2010). 
 

4. Conclusions 
 

In conclusion, this is one among the reports of 

bacteriocin production by L. plantarum strain ATM11 that 

was isolated from goat slaughter house soil. The isolated 

bacteriocin-producing organism was identified as L. plan-

tarum strain based on the morphology, biochemical test, and 
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         Figure 6.   Mode of action of bactriocin against a) Micrococcus luteus b) Bacillus cereus and c) measurement of colony forming units  

        (CFU mL-1) of Micrococcus luteus. 

 

16S rRNA sequencing. The bacteriocin produced by L. 

plantarum ATM11 growth profile and the conditions were 

studied. Bacteriocin activity (3698 AU/mL) was exhibited at 

pH 6.5 and at 37 oC after 18 h. The bacteriocin that was 

produced was subjected to physical-chemical characterization. 

It was found to be thermostable and its mode of action 

confirmed a bacteriostatic effect. From the physical-chemical 

characterization studies, the bacteriocin of L. plantarum 

ATM11 might belong to the class-IIa group and a study with 

mass spectrometry is needed for confirmation. Therefore, in 

the future this bacteriocin may find application as a bio-

preservative in the food industry. 
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