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ABSTRACT 

The use of bacteriocinogenic lactic acid bacteria (LAB) isolated directly from foods for 

food bio preservation is a novel approach. LABs belong to wide group of Gram-positive, 

non-spore forming, cocci, rods are usually non motile and are capable to ferment 

carbohydrates forming lactic acid as a product which is also known as probiotic bacteria. 

They are generally regarded as safe (GRAS) by Food and Drug Administration (FDA) and 

qualified presumption of safety (QPS) that has been published by European Food Safety 

Authority (EFSA) for their use as a starter Cultures and probiotics. In the absence of 

antibiotics, organisms with stable hetero resistance can maintain their resistance, whereas 

those with unstable hetero resistance can revert again. Bacterial hetero resistance is caused by 

genetically unreliable amplification of Tandem genes or a physiological mechanism. To 

know more about the shelf life of Heterolactic strains that are isolated and tested for 

Bacteriocin (Nisin A) properties. The goal is to raise awareness about the spread of 

antagonistic property through the food chain and the proper use of food source across the 

board.   
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1. INTRODUCTION:  

Lactic acid bacteria (LAB) are Gram 

positive cocci or rod shape bacteria, they 

play major role in fermentation process. 

Lactic acid is a product in the fermentation 
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process of glucose. The main large group of 

LAB are Lactobacillus, Enterococcus, 

Leuconostoc, Pediococcus and 

Bifidobacterium. 

Most of these group of LAB are facultative 

anaerobe, non-spore forming, non- motile 

organisms. LAB are widely distributed in 

human intestine, Gut, Gastrointestinal tract 

and in some animals [1, 2]. These LABs are 

also considered as safe since they have 

probiotic components and helps to keep 

healthy life [3]. They are the part of healthy 

normal microbiota, some of them plays 

important role in preventing food spoilage 

and controls pathogenic microorganisms 

[4].   

LABS are divided into two main groups, 

namely: 

a) Homofermentative Lactic acid 

bacteria (LAB) 

b) Heterofermentative Lactic acid 

bacteria (LAB). They are classified 

based on their Hexose fermentation 

pathways. Hexose means glucose 

and/ or Fructose. 

 

 

 

 
Figure 1: a) Homofermentation of Lactic Acid Bacteria, b) Heterofermentation of Lactic acid bacteria (Ravinder 

Kumar et al., 2015) 
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a) Homofermentative Lactic acid 

bacteria:  

The Homo fermentation is the degradation 

of Hexose that occurs through glycolysis 

pathway that is carried by LAB with Lactic 

acid as the major product [5, 6, 7] (Figure 

1, a).  

b) Heterofermentative Lactic acid 

bacteria: (Figure 1, b) 

In Heterofermentation, LAB uses the 

Pentose- Phosphate pathway and gives end 

products such as Lactic acid as well as 

Carbon dioxide, Acetic acid and/ or 

Ethanol [5, 6, 7]. Hetero fermentative LAB 

possess various benefits when compared to 

Homo fermentative LAB.  

Heterolactic strains of Lactic acid 

bacteria (LAB): Heterofermentative lactic 

acid bacteria are an important organism 

which acts as a natural fermentative 

substance in Lactic acid fermentation [8].   

 3) List of Heterolactic strains of Lactic 

acid bacteria: 

 

 
 

3.1)   Lactobacillus: 

The genus Lactobacillus is a large number 

among all the other species. They are 

thermophilic group of LAB starter cultures. 

There are around 50 species of 

Lactobacillus [11]. Main strains of 

Lactobacillus are: 

3.1.1) Lactobacillus delbruecki: 

It has 3 sub species, namely; a) 

Lactobacillus delbruecki, b) Lactobacillus 

lactis, c) Lactobacillus bulgaricus [11]. 

3.1.2) Lactobacillus plantarum:  

The largest genome among all the LAB [12, 

13]. Predominant in sour dough and cereals 

[14]. In recent studies it has been showed 

the antimicrobial and antifungal activities 

[15].  

3.1.3) Lactobacillus sanfranciscensis: 

It has 14 genomes [11]. It is mainly 

predominant in sour dough [14]. 

3.1.4) Lactobacillus rhamnosces: 

Used mainly as a probiotic organism in 

food products. Also helps in cheese 

ripening [16, 17]. 

3.1.5) Lactobacillus helveticus: 
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It is quite closely related to Lb. acidophilus, 

Lb. aerotolerance, Lb. amylophilus [18].  

3.1.6) Lactobacillus fermentum:  

This type of strain of LAB mainly found in 

vegetables and cereal based fermented 

foods. Used as a probiotic [19].  

3.2) Lactococcus:  

Lactococcus are mesophilic LAB. These 

types of strains usually isolated from the 

green plants. One of the main species 

among Lactococcus are Lactococcus lactis 

used as starter culture [11]. 

3.3) Streptococcus:  

Streptococcus thermophilus has been used 

as starter culture and it is second most 

important starter culture. Used in 

production of fermented dairy products like 

yoghurt, milks, feta, and Mozzarella cheese 

[14]. 

3.4) Leuconostoc:  

Leuconostoc mesenteroides is a facultative 

anaerobe. It has a facultative growth factor 

[21]. Morphology will be varied according 

to growth condition [11].  

4) Lactic acid bacteria as a probiotic:  

Probiotics are the live supplement or 

organisms that can be consumed to improve 

the health benefits. These probiotics 

improve the immunity [22]. LABs are 

useful probiotics which has several health 

benefits for humans as well as animals. 

Role of probiotics that Prevents diarrhoea, 

Treats ulcers, stimulates immunity, in food 

preservation, Antifungal activity, Prevents 

infectious diseases, Production of dairy 

products (An interpretive review of recent 

nutrition research 1957).  

 

Figure 2: The most important beneficial properties of probiotics in promoting human health (Kechagia, M, et al., 
2013) 
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5) The antimicrobial substances:  

The substance viz, Acetic acid, Carbon 

dioxide, Hydrogen peroxide, Diacetyl, 

Bacteriocins, Bacteriocins like inhibitory 

substances, Acetoin, Ethanol, Ammonia 

etc., [24, 25] that tend to produce 

antagonistic activity against other 

pathogens. This antimicrobial activity of 

LAB is the result of competition with 

pathogenic organisms. Among the above 

substances bacteriocins tends to get more 

attractions and has enormous antimicrobial 

activity produced in it.  Bacteriocin is one 

of the major substances among all.  

6) Bacteriocin: 

Bacteriocins are antimicrobial peptides of 

proteins. They have antimicrobial activity 

against the closely related microorganisms. 

They represent has bio preservatives [24-

27]. Bacteriocins are produced by both 

Gram- positive and/ Or Gram-negative 

bacteria [28]. In the current years, 

evaluation of bacteriocin producing LAB 

are considered as safe because of their 

GRAS status. And these types of LAB can 

be used as a food additive to preserve food 

and as probiotics [29].    

 
Table 1: Most important bacteriocins produced by LAB [31-33, 36, 37] 

 
 
 
 
 
 
6.1) Classification of Lactic acid bacteria 

(LAB) bacteriocins: 

Most of the LAB bacteriocins are 

smaller in size (<10 kDa). They are 

membrane permeabilizing peptides and 

heat- stable. It is divided into 3 major 

classes [30, 31]. Most of the bacteriocins 

exhibit small amount of adsorption 

specificity. LAB bacteriocins shows high 

antibacterial activity at low Ph [32].   

Class 1: The Lantibiotics:  

They are class of peptide substances which 

contains characteristics of polycyclic 

thioethers amino acids, lanthionine or 

methyllanthionine and unsaturated amino 

acids. Class 1 is further is divided into two 

types: Type A has elongated, screw shaped, 

positively charged flexible molecules. 

Nisin and Lacticin 3147 are the major types 

of this class 1. Molecular mass of this is 2-4 

kDa. Type B Lantibiotics are globular in 

structure and interfere with cellular 

enzymatic reaction. Molecular mass of this 

type varies between 2-3 kDa [33, 34]   

Class 2: The non- Lantibiotics:  

The class of non- Lantibiotics are also 

small (<10 kDa). Divided into 2 subclasses. 

Subclass 2. A) pediocin like or listeria 

Bacteriocin Bacteriocin producing strain 
Lactacin F L. johnsonii spp 

Lactocin 705 L. casei spp 
Lactococcin MN Lactococcus lactis var cremoris 

Nisin Lactococcus lactis spp 
Leucocin H Leuconostoc spp 
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active bacteriocins [35]. Subclass 2. B) It 

requires two peptides to work 

simultaneously to achieve an antimicrobial 

activity. Lactacin F and Lactococcin G are  

the major types [36].     

Class 3: Bacteriocins: 

This class has high molecular weight 

compared to other classes (>30 kDa) [37-

40].  

7) Nisin:  

It is one of the most abundant 

Bacteriocin that is present in the LAB, 

especially in Lactococcus and 

Streptococcus species [38, 39]. Nisin was 

first identified in fermented milk in the year 

1928 [40, 41]. Nisin plays a significant role 

in the food industry, it can be used as a bio 

preservative to store different types of food 

and food products [39]. In the year 1988 

Nisin was approved as safe by Food and 

drug administration (FDA), United States 

(US) [42]. Nisin A is one of the originally 

described Variant of Nisin. This Nisin A is 

produced by LAB i.e., Lactococcus lactis 

[43]. Nisin belongs to Class- 1, Lantibiotics 

[44]. Nisin has several beneficial properties 

in the field of biomedical applications and 

treating bacterial infections and diseases 

such as cancer and oral disease etc.   

Nisin Solubility, stability and biological 

activity depend on the factors such as pH, 

temperature, and nature of the substrate. 

The solubility and stability of Nisin 

increases in high acidity. But in neutral or 

in alkaline conditions, Nisin will be 

insoluble [45]. Nisin has antimicrobial 

effect on Gram positive Bacteria and spore 

germination but they are inactive against 

Gram negative Bacteria, fungi, or viruses 

[46]. Nisin has shown high antibacterial 

activity against pathogenic bacteria such as, 

Listeria monocytogenes, Staphylococcus 

aureus, Micrococcus luteus, Micrococcus 

flavus [37, 47, 48].   

 
Table 2: Types of Nisin and their target pathogens 

 
 
 
 

Type of Nisin Origin Target pathogens 
Nisin A Lactococcus lactis strains Micrococcus flavus DSM1719, Streptococcus 

thermophilus Rs, Clostridium trybutaricum Bz 15, 
Bacillus cereus P7 & C5, Listeria monocytogenes 

13. 
Nisin Z Lactococcus lactis NIZO Micrococcus luteus IFO12708, Bacillus circulans 

JCM2504 
Nisin F Lactococcus lactis subsp. lactis F10 Clinical Staphylococcus aureus (hVISA and 

MRSA) 
Nisin Q Lactococcus lactis 61- 14 Enterococcus faecalis, Lactobacillus plantarum 
Nisin U Streptococcus uberis  
Nisin P Streptococcus galloyticus subsp. pasteurianus Streptococcus agalactiae DPC7040 (Human faecal 

isolate) 
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Figure 3: Development of Nisin over the years Jae M shin et al., 2015 

 
CONCLUSION:  

Recent studies have shown that LAB, 

being a probiotic bacterium, it has several 

importance in the field of food 

microbiology and to enhance the immunity 

in human beings as well as other living 

beings like cattle, poultry, pigs, and aquatic 

organisms etc.,. These Heterolactic strains 

of LAB also act as an alternative antibiotic, 

since they contain antimicrobial substance 

called Nisin, these Nisin are naturally 

present in traditional foods like, Appam, 

Dosa, Pickle, Idli, etc., and in some 

vegetables like Tomato, capsicum, chilly 

etc. If the practice of consuming these 

traditional foods, their nutritional value gets 

increases and helps to fight against other 

pathogenic microorganisms and controls 

from infection and/ or diseases. Nisin can 

also be used for biomedical purposes and as 

a bio preservative. These nisin are also 

commercially available. The food sources 

which contain high amount of nisin is 

consider as a nutritional food, since it gives 

protects from getting affected from 

foodborne pathogens. To keep the shelf life 

of food and food products many scientist 

and researchers came up with an idea with 

LAB, and considered them as a safe 

organisms. LAB and the bacteriocins that 

are produced are emerged as viable sources 

in industrial field. Furthermore, more 

research is needed to determine the efficacy 

of LAB on various food products. 

Conflict of Interest 

The authors declare no conflict of interest. 

Acknowledgments 

We extend our gratitude to JSS Academy of 

Higher Education & Research, S S Nagar, 

Mysuru for the supporting the work. 

REFERENCES:  

[1] Azizpour K. (2009) Biochemical 

Characterization of Lactic acid Bacteria  

Isolated from Rainbow Trout 

(Onorhynchus myKiss) of West 

Azerbaijan, Iran. Res J Bio Science, 

4(3), 324–326. 

[2] Prescott LM, Harley JP and Kelin DA. 

(2002). Microbiology, Bacteria: The 



Chaithra Maheshwari N et al                                                                                                                Research Article  
 

 
2928 

IJBPAS, July, 2023, 12(7) 

Low G+ C Gram positives (5th Ed.). 

Boston: McGraw Hill, 529–530. 

[3] Bernardeau M, Vernoux JP, Henri-

Dubernet S and Guéguen M. (2008). 

Safety assessment of dairy 

microorganisms: The Lactobacillus 

genus. Intl J Food Microbiol, 126(3), 

278–285. 

[4] Hammes WP, Weis N, Holzapfel WP 

(1991) The genera Lactobacillus and 

Carnobacterium. In: Balows A, Trüper 

HG, Dworkin M, Harder W, Schleifer 

KH (eds) The prokaryotes, 2nd edn. 

Springer, New York, Pp 1535–1594. 

[5] Condon, S. (1987) Responses of lactic 

acid bacteria to oxygen. FEMS 

Microbiol. Rev. 46, 269-280. 

[6] Kandler, O. (19831 Carbohydrate 

metabolism in lactic acid bacteria. 

Antonie van Leeuwenhoek. 4t). 209-

224. 

[7] Sheath, P. T.A., Mair, N.S., Sharpe, 

M.E. and Holt, J.G. (1986) Bergey’s 

Manual of Systematic Bacteriology, 

Vol. 2, Williams & Wilkins, Baltimore, 

MD.  

[8] Pederson, C.S. 1979. Fermented 

vegetable products. In “Microbiology 

of Food Fermentations,” 2nd ed., Avi 

Publishing Co., Westport, CT. 

[9] Beresford T, Cogan T. Proceedings of 

the 5th Cheese Symposium. Cork: 

Teagasc/University College Cork; 1997. 

Improving Cheddar cheese flavor; pp. 

53–61. 

[10] Picon A. Cheese Microbial Ecology 

and Safety. In: Papademas P, Bintsis T, 

editors. Global Cheesemaking 

Technology, Cheese Quality and 

Characteristics. Chichester: John Wiley 

& Sons Ltd; 2018. Pp. 71–99. 

[11] NCBI. Data collected from Genbank, 

2018. Available from: 

https://www.ncbi.nlm.nih.gov/genome/

browse/ . 

[12] Chevallier B, Hubert JC, Kammerer B. 

Determination of Chromosome size 

and number of rrn loci in Lactobacillus 

plantarum By pulsed-field gel 

electrophoresis. FEMS Microbiol Lett. 

1994;120:51–56. [PubMed]  

[13] Daniel P. Sizing the Lactobacillus 

plantarum genome and other lactic 

bacteria species by transverse 

alternating field electrophoresis. Curr 

Microbiol. 1995;30:243–246. 

[14] Bintsis T. Lactic acid bacteria: their 

applications in foods. J Bacteriol 

Mycol. 2018;5:1065. 

[15] Oliveira PM, Zannini E, Arendt EK. 

Cereal fungal infection, Mycotoxins, 

and lactic acid bacteria mediated bio 

Protection: From crop farming to 

cereal products. Food Microbiol. 

2014;37:78–95.  

[16] Upadhyay VK, McSweeney PLH, 

Magboul AAA, et al. Proteolysis in 



Chaithra Maheshwari N et al                                                                                                                Research Article  
 

 
2929 

IJBPAS, July, 2023, 12(7) 

Cheese during Ripening. In: Fox PF, 

McSweeney PLH, Cogan TM, et al., 

editors. Cheese: Chemistry, Physics 

and Microbiology. 4 Eds. London: 

Elsevier Academic Press; 2004. pp. 

391–433. 

[17] .Curtin AC, McSweeney PLH. 

Catabolism of Amino Acids in Cheese 

during Ripening. In: Fox PF, 

McSweeney PLH, Cogan TM, et al., 

editors. Cheese: Chemistry, Physics 

and Microbiology. 4 Eds. London: 

Elsevier Academic Press; 2004. pp. 

435–454. 

[18]  Schleifer KH, Ludwig W. 

Phylogenetic relationships of lactic 

acid bacteria. In: Wood BJB, Holzapfel 

WH, editors. The Genera of Lactic 

Acid Bacteria. London: Chapman & 

Hall; 1995. Pp. 7–18.  

[19] Park JS, Shin E, Hong H, et al. 

Characterization of Lactobacillus 

fermentum PL9988 isolated from 

healthy elderly Korean in a longevity 

village. J Microbiol Biotechnol. 

2015;25:1510–1518. 

[20] Klaenhammer T, Altermann E, Arigoni 

F, et al. Discovering Lactic acid 

bacteria by genomics. Anton Leeuw. 

2002;82:29–58. 

[21] Garvie EI. Genus Leuconostoc. In: 

Sneath PHA, Mair NS, Sharpe ME, et 

al., editors. Bergey's Manual of 

Systematic Bacteriology. 9 Eds. 

Baltimore: Williams and Wilkins; 1986. 

pp. 1071–1075. 

[22] Hoves H, Norgaard H, Mortensen BP. 

(1999). Lactic Acid Bacteria and 

Human Gastrointestinal Tract. Euro J 

Clin Nutr, 53, 339–350. 

[23] Peres, C. M., Peres, C., Hernández-

Mendoza, A., and Malcata, F. X. 

(2012). Review on fermented plant 

materials as carriers and sources of 

potentially probiotic lactic acid 

bacteria–with an emphasis on table 

olives. Trends Food Sci. Technol. 26, 

31–42. Doi: 10.1016/j.tifs.2012.01.006. 

[24] Ennahar, S., Sashihars, T., Sonomoto, 

K. And Ishazaki, A. 2000. Class 2a 

Bacteriocins; biosynthesis, structure 

and activity. FEMS Microbiology 

reviews 24(1): 85-106. 

[25] Jack, R. W. And Jung, G. 2000. 

Lantibiotics and Microcins: 

polypeptides with unusual chemical 

diversity. Current opinion in chemical 

biology 4(3): 310-317. 

[26] Cleveland, J., Montvik T. J., Nee, I. F. 

And chikindas, M. L. 2001. 

Bacteriocins: safe, natural 

antimicrobials for food preservation. 

International journal of food 

Microbiology 71(1): 1-20. 

[27] McAuliffe, O., Ross, R. P. And Hill, C. 

2001. Lantibiotics: structure, 

biosynthesis and mode of action. 



Chaithra Maheshwari N et al                                                                                                                Research Article  
 

 
2930 

IJBPAS, July, 2023, 12(7) 

FEMS Microbiology reviews 25(3): 

285-308.  

[28] Savadogo A, Ouattara CAT, Basssole 

IHN, Traoer SA (2006) Bacteriocins 

and lactic acid bacteria- a minireview. 

Afr J Biotechnol 5:678–683.  

[29] Diop MB, Dibois-Dauphin R, Tine E, 

Jacqueline AN, Thonart P (2007) 

Bacteriocin Producers from traditional 

food products. Biotechnol Agron Soc 

Environ 11:275–281. 

[30] Rodriguez E., et al. 2003 

[31] Rodriguez E.G.B., et al., 2000 

[32] Chen H., Hoover D.G. Bacteriocins 

and their food applications. 

Comprehensive Reviews in Food 

Science and Food Safety 2003,  2, 

83-97. 

[33] Clevelandand J. Montville, T. J., Nes 

I.F., Chikindas M.L, Bacteriocins : safe, 

natural antimicrobial for food 

preservation International Journal of 

Food Microbiology 2001, 71, 1-20.  

[34] Deegan L.H., Cotter P.D., Colin H., 

Ross P., Bacteriocins: biological tools 

for bio-preservation and shelf-life 

extension International Dairy Journal 

2006, 16, 1058-1071. 

[35]  Patton G., Don K. A., New 

developments in lantibiotic 

biosynthesis and mode of action. 

Current Opinion in Microbiology 2005, 

8, 543-55. 

[36] Daw M.A, Falkiner F. R., Bacteriocins: 

nature, function and structure Micron 

Journal 1996, 27, 467-479.  

[37] Paul Ross R., Morgan, S., Hill S., 

Preservation and Fermentation : past , 

present and future. International 

Journal of Food Microbiology 2002, 79, 

3-16. 

[38] Lubelski J, Rink R, Khusainov R, et al. 

Biosynthesis, immunity, regulation, 

mode of action And Engineering of the 

model lantibiotic nisin. Cell Mol. 

[39] de Arauz LJ, Jozala AF, Mazszola PG, 

et al. Nisin biotechnological 

production and Application: a review. 

Trends Food Sci Tech. 2009; 

20(3):146–154 review. Trends Food 

Sci Tech. 2009; 20(3):146–154. 

[40] Rogers LA, Whittier EO. Limiting 

factors in the lactic fermentation. J 

Bacteriol. 1928; 16(4):211.  

[41]  Delves-Broughton J, Blackburn P, 

Evans R, et al. Applications of the 

bacteriocin, nisin. Antonie van 

Leeuwenhoek. 1996; 69(2):193–202. 

[42] Cotter PD, Hill C, Ross RP. 

Bacteriocins: developing innate 

immunity for food. Nat Rev Microbiol. 

2005; 3(10):777–788. 

[43] Gross E, Morell JL. Structure of nisin. 

J Am Chem Soc. 1971; 93(18):4634–

4635.  

[44] Smith L, Hillman JD. Therapeutic 

potential of type A (I) lantibiotics, a 



Chaithra Maheshwari N et al                                                                                                                Research Article  
 

 
2931 

IJBPAS, July, 2023, 12(7) 

group of cationic Peptide antibiotics. 

Curr Opin Microbiol. 2008;11(5):401–

408. 

[45] Broughton J (1990). Nisin and its 

application as a food preservative. J 

Soc Dairy Technol 43:73–76. 

[46] Tsukiyama RI, Katsura H, Tokuriki N, 

Kobayashi M (2002). Antibacterial 

activity of licochalcone A against 

spore-forming bacteria. Antimicrob 

Agents Chemother 46:1226–1230. 

[47] Rilla N, Martínez B, Rodríguez A 

(2004). Inhibition of a methicillin-

resistant Staphylococcus aureus strain 

in Afuega’l Pitu cheese by the nisin Z-

producing strain Lactococcus lactis 

subsp. lactis IPLA 729. J Food Prot 

67:928–933. 

[48] Tong Z, Ni L, Ling J (2014). 

Antibacterial peptide nisin: a potential 

role in the inhibition of oral pathogenic 

bacteria. Peptides 60:32–40. 

[49] Kechagia, M.; Basoulis, D.; 

Konstantopoulou, S.; Dimitriadi, D.; 

Gyftopoulou, K.; Skarmoutsou, N.; 

Fakiri, E. Health benefits of probiotics: 

A review. ISRN Nutr. 2013, 2013, 

481651. 


