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ABSTRACT 

Food loss due to spoilage is a significant problem worldwide. About 30-40 % foods are lost due to improper 

handling, lack of preservation and by other means. Food processing industries use different type of chemicals 

to minimized the economic loss but some time these chemicals proven negative consequence for human health. 

The green technology with using natural preservative can use consider as alterative. Lactic acid bacteria are 

probiotic microorganism used for fermentation have the ability to control food spillage and food born 

pathogen. Some of LAB produce bacteriocin like molecule that provide added advantages. Bacteriocins are 

proteinaceous extracellular metabolite secreted by some microorganisms have known for its ability to destroy 

other microorganisms. 

 

In this research we try to find out some fermentative microorganism belong to lactic acid bacteria family 

having bacteriocin production ability. In this study we screened lactic acid bacteria from sauerkraut (fermented 

cabbage) using MRS agar media and find out bacteriocin producer belong to Lactobacillus sp. confirmed by 

different morphological and biochemical test. The partially purified bacteriocin`s activity was assayed using 

four different indicator strains belong to food spoilage and pathogen groups to prove its bio-preservative ability 

and prevention of food born disease.  

 

Our isolated Lactobacillus sp. have the ability to produce bacteriocin that are heat stable and active under wide 

range of pH.    

  

INDEX TERMS: Lactic acid bacteria, Bacteriocin, Indicator strain, Proteinase K.    

 

INTRODUCTION 

The presence of spoilage bacteria in food represents a serious problem to mankind with respect to health and 

economics.  With industrialization in food sector many chemical preservatives are added in food product for 

long time storage (Bali et al., 2011). Many such chemical food additives create undesirable effect in human 

life. With modernization of community demand of minimally processed foods that are chemical free is 

increasing.  Given these demand, scientist, researcher and industrial microbiologist try to find out new 

alternatives for natural food preservation is of priority. From literature it is found that probiotic 

microorganisms to inhibit pathogens and other spoilage microorganisms through different mechanisms such 

the production of antimicrobial agents (e.g., bacteriocin) or organic acids (e.g., lactic acid, hydrogen 

peroxidase) (Danielsen and Wind, 2003; Collado et al., 2007; Longdet et al., 2011; O’Shea et al., 2011; Zendo, 

2013; da Silva Sabo et al., 2014). Now a day different types of probiotic microorganisms from fermented food 

product used as preservative to develop functional food (De Jong, A et al., 2006).  

 

Sauerkraut is a fermented food product produce by lactic fermentation of cabbage (Holzapfed et al., 2003; 

Clarke T.C., 2015). It is considered to be a functional food that are full of probiotic microorganism especially 

lactic acid bacteria (LAB).  The lactic acid bacteria can ferment different types of sugar to produce organic 

acid and other antimicrobial metabolites such as bacteriocin that prevent food spoilage and different 

pathogenic microorganisms (Thokchom et al., 2012; Buckenhüskes et al., 1993; Mokoena et al. 2016). 

Bacteriocins first time invented by Gratia in 1925; are proteinaceous antimicrobial substance extracellularly 

released by bacteria to inhibit the growth of similar or closely related bacteria (Deshmukh PV.et al., 2013; 

Delves-Broughton et al., 1996; Holzapfel et al., 1995; Tagg. J.R.et al., 1976). These bacteriocins are produced 

by Gram-positive (Chavan & Riley, 2007), Gram-negative (Lee & Kim, 2011) and also by Archae. Although 

spectrum of activity considerable varies but it mostly effective against gram positive bacteria (Yang, E. et al. 
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2012; Cotter et al., 2005). Most of bacteriocin are effectively bind to the membrane of the cell and impair its 

function. Bacteriocin of lactic acid bacteria are consider effective food preservative due its thermostability, 

diverse pH activity, do not change organoleptic properties and more easily degraded by proteolytic degradation 

by gastrointestinal enzymes (Gautam N et al., 2009; Cleveland J et al., 2001). 

 

The aim of this study to isolate lactic acid bacteria; Lactobacillus sp. from sauerkraut and analyse the 

production of antimicrobial substance other than organic acids such as bacteriocin and characterization of it to 

fulfil the need of natural preservation and to encourage green technologies in food industry.         

 

MATERIAL AND METHOD 

A. MICROORGANISM STRAINS 

The bacterial strain Escherichia coli, Pseudomonas aeruginosa, Staphylococcus aureus and Micrococcus luteus 

was used as test organism. All culture was obtained from P.G. department of Microbiology, Acharya Prafulla 

Chandra College, Kolkata. They were subculture and maintained on nutrient agar media and used for further 

experimental work.  The isolated strain from sauerkraut maintained in MRS media and made glycerol stock 

for future work. 

 

B. ISOLATION OF LACTIC ACID BACTERIA FROM SAUERKRAUT 

Lactic acid bacteria isolation was carried out based on Abbasiliasi et al. with minor modification. To isolate 

LAB, 5gm fermented cabbage are mixed with 95 ml phosphate buffer saline (PBS) and mixed well. The 

mixture was crushed by motor pastel and sup are collected. The crushed product was filtered through Whatman 

filter paper 20. The filtrate was used for microbial analysis. 

 

The filtrate was diluted up to 10-6 and 0.1 ml of it plated on Plate Count Agar (PCA) media (Enzymatic Digest 

of Casein/tryptone 5 g/l, Yeast Extract 2.5 g/l, Glucose 1.0 g/l, Agar 18.0 g/l, pH 6.5) and incubated at 370C 

for 48 hours. 

 

Fifty colonies were randomly selected and used for Lactobacillus sp. screening. In this process colonies from 

PCA plates were subculture in MRS (deMan Rogosa Sharpe) agar media (Protease Peptone 10g/l, Beef Extract 

10 g/l, Yeast Extract 5 g/l, Dextrose 20 g/l, Polysorbate 80 1 g/l, Ammonium Citrate 2 g/l, Sodium Acetate 5 

g/l, Magnesium Sulphate 0.1 g/l, Manganese Sulphate 0.05 g/l, Disodium Phosphate 2.0 g/l, Agar 12.0 g/l, pH 

6.5) agar supplemented with 0.01% (w/v) sodium azide (as an inhibitor for growth of Gram-negative bacteria). 

 

The colonies grow in MRS media further subculture on MRS agar contained 1 % (w/ v) CaCO3 and incubated 

at 370C for 48 hours. Twelve different colonies that produce zone of clearance are selected for further study.  

 

C. SCREENING FOR BACTERIOCIN PRODUCERS 

To isolate bacteriocin producing lactic acid bacteria, primary screening is performed by inhibitory effect on 

test organisms (Tagg et al., 1976). The test organisms (Escherichia coli, Pseudomonas aeruginosa, 

Staphylococcus aureus and Micrococcus luteus) ware lawn culture on nutrient agar media and the selected 

microorganism from MRS media were spotted over it and incubate for 48 hours at 370C. 

 

Six isolates that produce good clear zone on test organisms were selected and grown in MRS broth culture to 

evaluated bacteriocin production. The MRS broth after incubation 48 hours was centrifuge at 8000rpm for 10 

minutes at room temperature and supernatants were collected.  The pH of supernatants was adjusted to 6.0 

with 2(N) NaOH. The cell free extract was further purify using 0.22µm membrane filter. 

 

The antimicrobial activity of filtrates was carried out by agar well diffusion method. In this method a 6mm 

diameter wells were made on pre-inoculated nutrient agar plate and 100 μl of culture supernatant were added 

in each well. The inhibitory activity was measured and record by zone of clearance after 24 hours of incubation 

at 370C. The inhibitory activity was performed against four indicator microorganisms viz. Escherichia coli, 

Pseudomonas aeruginosa, Staphylococcus aureus and Micrococcus luteus.   

  

Isolate`s cell free extract which showed the antimicrobial activity on all indicator organisms was selected for 

sensitivity test against proteolytic enzyme and producer were lactobacillus confirmed by gram staining and 

biochemical test according to Bergey's Manual. 
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D. PROTEOLYTIC SENSITIVITY OF BACTERIOCIN 
Cell free extract of crude bacteriocins was assayed against proteinase K enzyme in presence of 50mM Tris-

HCl buffer (pH 8.0). Crude extract of bacteriocin without addition of proteinase K enzyme was used as a 

control. All tubes were assayed for antimicrobial activity against test organisms using agar well diffusion 

method (Ogunbanwo et al., 2003; Udhayashree et al., 2012). The cell free supernatants that was sensitive to 

proteolytic enzyme (proteinase K), no transparent halo zone surrounded the wells, were considered to be 

presence of bacteriocin. 

 

E. CHARACTERIZATION OF CRUDE BACTERIOCIN 

IIE1. EFFECT OF PH ON THE ANTIBACTERIAL ACTIVITY OF BACTERIOCIN 

About 2 ml of each crude bacteriocin extracts (LB1, LB2) were distributed in different test tube and the pH was 

adjusted to 2, 4, 6, 8 and 10 by using 1 (N) HCl and 1 (N) NaOH solutions and for 4 hours at room temperature. 

Thereafter, the antimicrobial activities were assayed using agar well diffusion method by taking 100 µl 

samples from each tube against test organisms. The antimicrobial activity was expressed as arbitrary unit (AU) 

per ml which is defined as the area of inhibition zone per volume of bacteriocin sample (mm2/ml) (Usmiati & 

Marwati, 2007). The activity of bacteriocin can be calculated using formula:  

Bacteriocin activity (mm2/ml) = (Lz – Ls) / V 

Where: Lz = The area of transparent zone (mm2)  

Ls = The area of well (mm2)  

V = volume of sample (ml 

 

IIE2. EFFECT OF TEMPERATURE ON THE ANTIBACTERIAL ACTIVITY OF BACTERIOCIN   
The effect of temperature on antimicrobial activity of bacteriocin was assayed at pH 4.0 by taking 2ml of each 

crude extracts in test tube and incubating in water bath at different temperature, viz. 500C, 600C, 800C, 1000C 

and 1200C for 30 minutes. The stability of heat treated bacteriocins were determined by antimicrobial activity 

using agar diffusion method against test organisms as describe above. Crude extract produce halo zone after 

heat treatment considered stable bacteriocins and activity was determined quantitively (AU/ml) using above 

formula.      

 

IIE3. EFFECT OF DETERGENTS ON THE ANTIBACTERIAL ACTIVITY OF BACTERIOCIN   
The detergent’s effect on bacteriocin activity was assayed using EDTA (Merck, US), SDS (Sigma Aldrich 

Corporation, US), Triton X-100 (Merck, US) and Tween 20 (Sigma-Aldrich Corporation, US) at the final 

concentration 10 mg/ml. 2ml of each cell free extracts were incubated with detergents for 1 hours at room 

temperature. 100 µl of each treated sample were evaluated for antimicrobial activity by the procedure as 

described above (agar well diffusion assay) and the activity units for each treatment were determine and 

recoded.  

 

RESULT AND DISCUSSION 

IIIA. ISOLATION OF LACTIC ACID BACTERIA FROM SAUERKRAUT 

Sauerkraut also called acidic cabbage is a fermented food product rich in lactic acid bacteria content. The lactic 

acid bacteria are bio-preservative due to its antimicrobial activity against food spoilage and pathogenic 

microorganisms by different means. Lactic acid bacteria lower the pH of food sample also have the ability to 

produce bacteriocin like molecule that are inhibitory to other microbial entity. In our experiment we randomly 

select fifty colonies from PCA plate and streak on MRS media for searching Lactobacillus sp. Lactobacillus 

is a gram-positive bacterium so Sodium azide is added in MRS media to avoid any unwanted growth of gram-

negative bacteria and to increase selective nature of MRS media. After incubation in MRS media, we found 

22 colonies produce growth. When further screening was done in CaCo3 containing MRS agar only 12 colony 

produce clear zone due to acid production provide the hints for lactic acid bacteria. 

 

IIIB. SCREENING FOR BACTERIOCIN PRODUCERS 

Twelve colonies from CaCO3 supplemented MRS plate are further screened for antimicrobial activity using 

four test organisms (Escherichia coli, Pseudomonas aeruginosa, Staphylococcus aureus and Micrococcus 

luteus) and found only six organisms produce clear zone after incubation of plates. This zone of inhibition 

may be due to lactic and/or bacteriocin. To further screen for bacteriocin producing strain we collect cell free 

extract after growing them in MRS broth and neutralizing the lactic acid by 2(N) NaOH. The filtrate cell free 

extract assayed for antimicrobial activity and found one isolate`s extracts produce zone of inhibition on strain 

Escherichia coli and Pseudomonas aeruginosa; three isolate’s extract do not produce clear zone and remaining 
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two isolate’s cell free extract produce clear zone on all four-test organism. The isolates that produce zone of 

inhibition in all four-indicator strain are due to bacteriocin production and designated as LB1 and LB2.  

 

The LB1 and LB2 are belonging to gram-positive rod-shaped bacteria and belong to different group 

Lactobacillus sp. confirmed by biochemical test.  Both bacteria are common in most of the biochemical test 

(H2S production, Nitrate Reduction, Urease, Indole, Methyl Red, VP and Oxidase) except catalase and citrate 

initialization test. Although both isolates are gram positive but LB2 is slightly longer then LB1 and produce 

yellowish pigment in nutrient agar medium. The sugar fermentation test revels that the LB1 distinct from LB2 

(Table 1). Both isolated strains belong to Lactobacillus family confirmed by comparing with Bergey’s Manual 

of Determinative Bacteriology (Holt et al.,1994) with the help of software ABIS online. 

 

 

Table 1: Different biochemical test for LB1 and LB2. 

Morphological/Biochemical test Properties of LB1 Properties of LB2 

Morphological test Colony morphology Circular, glossy, 

smooth 

Circular, glossy, 

smooth 

Pigmentation Non- pigmented Yellow-pigmented  

Bacteria Shape Rod Shaped Rod Shaped 

Gram character Gran positive Gram positive 

Size Small Slightly longer 

Biochemical test 

 

H2S production - - 

Nitrate Reduction  - - 

Catalase  - + 

Urease  - - 

Indole - - 

Methyl Red  - - 

VP  - - 

Citrate  + - 

Oxidase - - 

Carbohydrate 

fermentation test 

Glucose +; gas production +; gas production 

Sucrose +; gas production +; gas production 

Maltose +; gas production +; gas production 

Lactose +; no gas production +; gas production 

Mannitol +; gas production - 

Inositol +; no gas production - 

 

IIIC. PROTEOLYTIC SENSITIVITY OF BACTERIOCIN  
Bacteriocins are protein in nature and have antimicrobial activity. The activities are sensitive toward 

proteolytic enzyme. The table 2 shows that after treatment the crude extract with proteinase K the inhibitory 

activity was lost and confirming the bacteriocin production activity of LB1 and LB2 (Fig 1). 

 

Table 2: Effect of proteolytic enzyme on bacteriocin activity 

Treatment Zone of inhibition (bacteriocin activity) 

Escherichia 

coli 

Pseudomonas 

aeruginosa 

Staphylococcus 

aureus 

Micrococcus 

luteus 

LB1 Cell free 

extract 

++ ++ +++ +++ 

LB1 Cell free 

extract + 

Proteinase K 

- - - - 

LB2 Cell free 

extract 

++ +++ +++ ++++ 
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LB2 Cell free 

extract + 

Proteinase K 

- - - - 

 

 
Fig. 1: Proteolytic sensitivity of bacteriocin. Analysis of zone of inhibition with proteinase k 

treatment (1, LB1; 2, LB2) and without proteinase k treatment (3, LB1; 4, LB2) against indicator 

strain E. coli (A); P. aeruginosa (B); S. aureus (C) and M. luteus (D). 

 

IIID. CHARACTERIZATION OF CRUDE BACTERIOCIN 

Bacteriocin producing strain especially Lactobacillus sp. can be used as good preservative in food processing 

industry especially if bacteriocin was heat stable. In our study after heat treatment of cell free extract of LB1 

and LB2 for 30 min at different temperature, we found the LB2 produce heat stable bacteriocin which can show 

the maximum activity at 800C and after 1000C its activity was rapidly decreed. Whereas, the LB1 show the 

activity zone in between 50 to 800C with maximum at 600C (Fig. 2).  The maximum activity of bacteriocin for 

LB1 was 8.254 AU/ml and for LB2 was 7.779 AU/ml in their respective temperature against the test organism 

Pseudomonas aeruginosa. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 2: Bacteriocin activity of cell free extracts (A, LB1; B, LB2) assayed at different temperature 

against different indicator strains (E. coli, P. aeruginosa, S. aureus and M. luteus) 
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The effect of pH on activity of bacteriocin was assayed in terms of zone of inhibition on test organisms. Both 

bacteriocin (LB1 and LB2) shows activity at a range pH 4 to 8. The LB1 activity was rapidly decrease then LB2 

at pH 10 indicate some extent of pH stability of LB2. The LB1 shows maximum activity (6.652 AU/ml) at pH 

6.0 against Pseudomonas aeruginosa and the LB2 shows maximum activity (7.123 AU/ml) at same pH against 

Staphylococcus aureus (Fig. 3). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 3: Bacteriocin activity of cell free extracts (A, LB1; B, LB2) assayed at different pH against 

different indicator strains (E. coli, P. aeruginosa, S. aureus and M. luteus) 

  

The treatment of detergent showed variable activity in bacteriocin activity of isolated strains. We found when 

cell free extract was treated with SDS and EDTA it stimulates bacteriocin activity, Triton X100 has no effect 

but Tween 20 decease the activity in both strains. For LB1 maximum activity found against Pseudomonas 

aeruginosa when treated with EDTA (12.213 AU/ml) and SDS (11.132 AU/ml); for LB2 maximum activity 

found against Staphylococcus aureus when treated with EDTA (11.011 AU/ml) and SDS (11.431 AU/ml). 

The Tween 20 decrease about 50% activity both the cases in respect to control (Fig. 4).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 4:  Effect of different detergents (EDTA, SDS, Triton X100 and Tween 20) on bacteriocin 

activity of cell free extracts (A, LB1; B, LB2) assayed against different indicator strains (E. coli, 

P. aeruginosa, S. aureus and M. luteus) 

CONCLUSION 

Prevention of food loss due to microbial spoilage is a challenging field in industrial sector. Although different 

types of chemicals are used to minimized the economic loss but some of them have negative aspect on human 

life. The antimicrobial products from microorganisms are natural preservative can be use as alternative. In our 

study we successfully isolate and characterized two such Lactobacillus sp. LB1 and LB2 from sauerkraut, that 

have potential to produce antimicrobial substance bacteriocin (tested against four indicator microorganisms) 

confirmed by proteolytic cleavage. Bacteriocin of both strains are effective against wide range of temperature 

and pH and the activity was enhance by some detergent (EDTA and SDS).  In this study we proved LB1 and 

LB2 produce high quality of bacteriocin, that can be optimized for quantity and extraction in future and can be 
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used as preservative to minimized food loss, improve immunity (probiotic) as well as to prevent food born 

illness.  
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