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ABSTRACT 

Bacteriocins are ribosomally synthesized natural metabolites, which act against food spoilage and pathogenic 

bacteria, thereby, extending the shelf life of food products. Bacteriocins from lactic acid bacteria are of prime focus 

nowadays due to their GRAS status. Keeping this in view, bacteriocin produced by Enterococcus faecium BS 13 

(isolated from fermented berseem) was extracted and incorporated in samples of paneer and khoya to evaluate its 

biopreservative potential. Microbiological analysis was made after regular time intervals for a period of 30 days. 

Supplementation of bacteriocin BS 13 resulted in the extension of shelf life of paneer and khoya under refrigeration 

conditions as compared to control. The effect of addition of sorbic acid along with bacteriocin to the samples was also 

observed, however, the decrease in the bacterial load was comparable to bacteriocin alone. Moreover, the overall 

acceptance in terms of various characteristics of odour, colour and sliminess of paneer and khoya sample was more in 

bacteriocin and sorbic acid supplemented samples as compared to bacteriocin supplemented samples. The sensory 

analysis by the trained panelists considered the bacteriocin supplemented product to be more acceptable as compared to 

the control.     
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INTRODUCTION 
 There has been increased demand of consumers, 

throughout the world, for healthier and ready-to-eat food 

products free from chemical preservatives due to their 

undesirable side-effects (Oguntoyinbo et al., 2007). 

Bacteriocins, known as potential biopreservatives, have 

become the focus area of academicians, researchers, and food 

industries. These are ribosomal-synthesized antimicrobial 

compounds which are proteinaceous in nature and act mostly 

against closely related species. These are being used as a tool 

to prevent and control the growth of food spoilage and 

pathogenic bacteria, thereby, extending the shelf life of food 

products and making them consumer acceptable (Deegan et 

al., 2006). Bacteriocins from Lactic acid bacteria (LAB) have 

gained special interest due to its “Generally Regarded As 

Safe” (GRAS) status. Bacteriocin producing LAB strains like 

Lactococcus, Lactobacillus, Pediococcus, Enterococcus, etc. 

can be used as alternative for chemical preservatives and 

starter cultures for food fermentation of milk/dairy, vegetable 

and meat products etc. (Nettles and Barefoot, 1993). 

Enterococcus faecium (producing enterocins) has been used 

as starter culture for various meat and dairy fermented 

products. They bear proteolytic and lipolytic activity, further 

contributing to the organoleptic properties in ripening of 

Mozzarella, Cheddar, Tallegia cheese (Giraffa et al., 1995; 

Tzanetakis and Litopoulou-Tzanetaki, 1992), sausages 

(Veljovic et al., 2009) and black olives (Franz et al., 1996). 

India has variety of traditional foods and various 

fermented products like milk products, cereals, vegetables, 

fruits are some of the examples (Jeyaram et al., 2009; Thapa 

et al., 2004). India is the world’s largest milk producer and 

consumer with market expected to surpass US $ 163 billion 

by 2017 (Indian Dairy Market Report & Forecast, 2012). 

Dairying has been a source of employment especially among 

the rain-fed and drought-prone regions of rural population. 

Dairy products like paneer, khoya, curd etc. (local Indian 

milk products) constitute low cost and nutritious food for a 

large segment of vegetarian Indian population. These 

products are the rich source of animal protein and calcium 

for this group population. Most of the dairy products have 

short shelf life and has been problematic for producer, 

processor, retailers and consumers. To overcome this 

problem, various bacteriocins have been isolated
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purified and characterized from different LAB strains but 

their application in real system (food product) is the prime 

interest of the industry for its commercialization. Thus, the 

current study is focused on the evaluation of shelf life 

extension of ancient Indian dairy products i.e. paneer and 

khoya using bacteriocin obtained from Enterococcus faecium 

BS 13.  

 
MATERIAL AND METHODS 
 

All the experiments were performed in triplicate and 

their mean values have been reported. 

 

MICROORGANISMS 

 Enterococcus faecium BS13 was isolated in the 

Biotechnology Research Laboratory and was maintained on 

MRS medium (Bali et al., 2011; 2012). The inoculum was 

prepared by incubating the flasks containing MRS in a rotary 

shaker at 30
o
C overnight at 100 rpm.  

 

BACTERIOCIN PRODUCTION AND EXTRACTION  
Bacteriocin production was carried out in 250 ml 

Erlenmeyer flasks each containing 100 ml medium (malt 

extract (1%); beef extract (3.5%); CaCl2 (0.75%) and 3-4 

drops polysorbate 80) with 2% inoculum at 37
 o
C, pH 6.0 and 

100 rpm for 18 hrs. For extraction of bacteriocin, the 

fermentation broth was centrifuged at 10,000 rpm for 10 min 

at 4
o
C. Supernatant was filtered through pre-sterilized 0.22 

µm filters (HiMedia, Mumbai) and pH was neutralized using 

0.1N NaOH (Biswas et al., 1991). This crude bacteriocin was 

further used for estimating the extension of shelf life of food 

products. 

 

PREPARATION OF SAMPLES 

Freshly prepared paneer and khoya samples were 

procured from local market of Barnala (Punjab, India). The 

pieces (20 g) of 3cm x 3 cm with 0.5 mm thickness of both 

the samples were cut and dipped in crude bacteriocin alone 

and mixture of crude bacteriocin and 0.1% sorbic acid for 2 

hrs. These were then wrapped in sterilized aluminum foil and 

stored under refrigerated conditions (4 °C) for 30 days. 

 

MICROBIOLOGICAL ANALYSIS 

The paneer and khoya samples were taken out at 

different time intervals for a period of 30 days (Table 1-2). 

For plate count of total aerobic bacteria, serial dilutions were 

prepared and plated on standard plate count agar. The plates 

were incubated at 37°C for 48 hrs and colonies were counted 

with the help of Darkfield Quebec Colony counter. 

 

SENSORY EVALUATION 

Sensory evaluation of samples was based on colour, 

odour, sliminess/spoilage, appearance and overall acceptance 

for their different quality attributes was rated on a 9-point 

hedonic scale by 6 trained panelists (Intarapichet and 

Gosaarak, 2008).  

 

 

RESULTS AND DISCUSSION 
 

MICROBIOLOGICAL ANALYSIS OF PANEER 

  Bacteriocins action as biopreservative helps in 

increasing the shelf life of the food products by providing 

safety from food pathogenic and spoilage microorganisms 

(O’Sullivan et al., 2002; Settanni and Corsetti, 2008; Settanni 

and Moschetti, 2010). The effectiveness of bacteriocin 

isolated from E. faecium BS 13 strain to act as 

biopreservative and its role in increasing shelf life of paneer 

and khoya was checked in presence of bacteriocin as 

compared to control and addition of chemical preservative 

(sorbic acid). In case of control sample, a slight increase in 

microbial count was observed up to 5 days followed by sharp 

increase in the count after 10 days of storage period, which 

could be due to the initiation of spoilage of paneer at 4
o
C 

(Table 1). In case of bacteriocin supplemented paneer 

samples, microbial cell load was found to be 14 × 10
6
 cfu ml

-

1
 after treatment with bacteriocin which was less by factor of 

10
4 

as compared to the control samples (untreated). This 

could be due to bacteriocidal effect of bacteriocin on the 

microorganisms initially present in the sample (Samelis et 

al., 2003). After 10 days of storage, the microbial load was 

observed to be 56 × 10
10

 cfu ml
-1

. The results depicted that 

the microbial load of bacteriocin treated samples after 10 

days were comparable to initial control sample (zero hrs). 

The large increase in number of L. monocytogenes was 

observed in nisin free cheese sample as reported in earlier 

studies too (Govaris et al., 2001). Even after 15 days of 

storage, only 40 × 10
11

 microbes were observed as compared 

to 190 × 10
15

 in control. It has been previously reported that 

bacteriocin at concentration of 320 IU ml
-1

 and 160 IU ml
-1

 

in pasteurized milk showed lowest total bacterial count and 

increased the shelf life upto 12 days of refrigerated storage 

(Ibrahim and Elbarbary, 2012). Lower concentration  

(40Uml
-1

) is ineffective in preventing the spoilage of milk 

after 6 days of storage. Similar studies on decreased viable 

cell count in milk and soft-cheese had been reported by other 

authors (Bizani et al., 2008; Sable et al., 2000). 

Different types of organic acids (sorbic acid, acetic 

acid, and lactic acid or potassium benzoate) have been used 

as antimicrobial agents (Bjorkroth, 2005; Geornaras et al., 

2006). Moreover, the bacteriocin in combination with 

different physical and chemical agents has also been used to 

increase the shelf life and safety of different food items 

(Alpas and Bozoglu, 2000; Munoza et al., 2007). The 

experimentation on the combined effect of bacteriocin and 

sorbic acid on the paneer samples indicated a slight decrease 

in the microbial load as compared to bacteriocin 

supplemented samples due to antifungal nature of sorbic 

acid. The studies on the ripened Greek Graviera cheese using 

enterocin producing E. faecium also indicated decreased 

level of Listeria monocytogenes (Giannou et al., 2009). 

Samelis et al. (2003) also reported bactericidal effect of nisin 

treatment at day zero on Listeria monocytogenes in 

Anthotyros, a traditional Greek whey cheese stored at 4
o
C. 

Addition of nisin (500 IU gm
-1

) to whey is more effective in 
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decreasing pathogen level as compared to cheese and helped 

in increasing the preservation time up to 30-45 days. 

 

Table 1: Effect of bacteriocin BS13 on microbial 

count in paneer during storage at 4
o
C 

 
 

Day Paneer Paneer + 

Bacteriocin 

Paneer + 

Bacteriocin + 

Sorbic acid 

0 47 × 10
10

 14 × 10
6
 13 × 10

6
 

1 170 × 10
10

 25 × 10
6
 22 × 10

6
 

2 178 × 10
10

 27 × 10
6
 25 × 10

6
 

3 121 × 10
11

 38 × 10
7
 36 × 10

7
 

5 170 × 10
11

 47 × 10
8
 42 × 10

8
 

10 41 ×  10
12

 56 × 10
10

 51 × 10
10

 

15 19 × 10
16

 40 × 10
11

 39 × 10
11

 

20 43 × 10
16

 133 × 10
13

 126 × 10
13

 

25 46 × 10
16

 194 × 10
14

 185 × 10
14

 

30 200 × 10
18

 41 × 10
15

 39 × 10
15

 

 

Table 2: Effect of bacteriocin BS13 on microbial count in 

Khoya during storage at 4
o
C 

 

Day Control Khoya + 

Bacteriocin 

Khoya + 

Bacteriocin + 

Sorbic acid 

0 20 × 102 224 190 

1 154 × 102 3 × 102 2 × 102 

2 38 × 103 5 × 102 5 × 102 

3 36 × 104 10 × 102 9 × 102 

5 48 × 104 15 × 102 14 × 102 

10 84 × 104 28 × 102 25 × 102 

15 60 × 105 43 × 103 38 × 103 

20 110 × 107 36 × 105 35 × 105 

25 37 × 108 45 × 106 42 × 106 

30 300 × 109 64 × 107 63 × 107 

 

Wide variation in sensitivity of different pathogens 

especially L. monocytogenes to nisin was due to their 

characteristics, presence to nisin resistant mutants, different 

growth behaviors and other environmental conditions (De 

Martinis et al., 1997; Lioliou et al., 2001; Ming and 

Daeschel,1993; Ukuku and Shelef, 1997).  

 

MICROBIOLOGICAL ANALYSIS OF KHOYA 

The effect of bacteriocin and combined effect of 

bacteriocin and sorbic acid on shelf life of khoya is presented 

in Table 2. The total microbial count in khoya was 20 × 10
2 

as compared to 47
 
× 10

10
 in paneer at day zero. In the present 

study, initial lower microbial load in khoya as compared to 

paneer might be due to the heat treatment. Similarly previous 

studies indicate that the treatment of heat during the meatball 

preparation inactivates vegetative cells, which was indicated 

by zero microbial count in control and treated samples at day 

zero (Intarapichet and Gosaarak, 2008). The data also shows 

the bactericidal effect of bacteriocin as drastic decrease in 

viable cell count in initial sample (day zero) on addition of 

bacteriocin alone or combined mixture of bacteriocin and 

sorbic acid. In initial sample (day zero), approximately 90% 

decrease in viable cell count was observed after bacteriocin 

treatment as compared to control. After 20 days of storage, 

bacteriocin treated sample showed 36 × 10
5
 viable cell count 

as compared to 110 × 10
7 

in the control. The shelf life of 

sample was increased upto 20 days during the storage. 

Enterocin CCM 4231 at concentration of 3200 AU ml
-1 

has 

also shown bactericidal effect against L. monocytogenes and 

bacteriostatic to Staphylococcus aureus in soy milk (Laukova 

and Czikkova, 1999). Crude bacteriocin from Lactococcus 

lactis TISTR 1401 prevented the growth of total aerobic 

bacteria up to day 6 in treated meatball batter as compared to 

control (Intarapichet and Gosaarak, 2008).   

Comparable effect on addition of sorbic acid with 

bacteriocin was observed during the storage of khoya sample 

as compared to bacteriocin alone as observed in Table 2. 

After 20 days of storage, viable bacterial count of 36 × 10
5
 

and 35 × 10
5
 was there in bacteriocin and bacteriocin + 

sorbic acid treated samples respectively. It has also been 

reported that sorbic acid and sorbates had antifungal effect; 

however, these were not much effective against bacterial 

load (Han, 2005). While evaluating the effect of nisin, 

organic acids, salts, alone and in combination with each other 

on preservation of vacuum packaged sliced pork bologna at 

4
o
C, nisin in combination with sodium diacetate (3g/100ml) 

has been found more effective in controlling Listeria 

monocytogenes (Samelis et al., 2005).  

 

Characteristics of product: Various characteristics 

of paneer and khoya during storage in presence of 

bacteriocin and mixture of bacteriocin and sorbic acid are 

represented in Table 3 (a & b). The colour and odour of the 

paneer and khoya was maintained well upto 15 and 20 days, 

respectively as compared to control, however sliminess in 

bacteriocin treated sample was observed as compared to 

bacteriocin and sorbic acid supplemented samples. This 

indicated the additional inhibitory action of sorbic acid in 

preservation. As shown in Table 1, the level of microbial 

load is quite low in bacteriocin treated samples at day 15, but 

decreased acceptance level led to conclusion that 

microorganism other than bacteria play role in spoilage of 

food items. Similar effect on characteristics like color and 

sensory behavior was observed in study of bacteriocin in 

aerobically packed pork meatballs (Intarapichet and 

Gosaarak et al., 2008).  
 

CONCLUSIONS 
 Bacteriocin production have become most focused 

and interesting area of research from last few decades in the 

area of food research for extension of shelf life of food 

products. Surface application of crude bacteriocin produced 

by Enterococcus faecium BS 13 extended the shelf life of 

paneer and khoya samples up to 15 and 20 days, respectively 

under refrigerated conditions. 
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Table 3a: Effect of bacteriocin BS13 and sorbic acid on the characteristics of paneer 
 

Days Treatment Parameters Rating 

Colour Odour Sliminess Overall 

acceptance 

0 C 9 9 0 9 

 B 9 9 0 9 

 BSA 9 9 0 9 

1 C 9 9 0 9 

 B 9 9 0 9 

 BSA 9 9 0 9 

2 C 9 9 0 9 

 B 9 9 0 9 

 BSA 9 9 0 9 

5 C 7 7 2 7 

 B 9 9 0 9 

 BSA 9 9 0 9 

10 C 5 5 5 3 

 B 9 9 0 9 

 BSA 9 9 0 9 

15 C 1 1 9 0 

 B 8 7 2 7 

 BSA 8 7 1 8 

20 C 0 0 9 0 

 B 5 3 8 3 

 BSA 6 4 6 4 

25 C 0 0 9 0 

 B 5 2 9 0 

 BSA 5 3 9 0 

30 C 0 0 9 0 

 B 0 0 9 0 

 BSA 0 0 9 0 

                    C: Control; B: Bacteriocin supplemented; BSA: Bacteriocin + Sorbic acid supplemented 
 

Table 3b: Effect of bacteriocin BS13 and sorbic acid on the characteristics of khoya 

 

  Parameters Rating 

Days Treatment Colour Odour Sliminess Overall 

acceptance 

0 C 9 9 0 9 

 B 9 9 0 9 

 BSA 9 9 0 9 

1 C 9 9 0 9 

 B 9 9 0 9 

 BSA 9 9 0 9 

2 C 9 9 0 9 

 B 9 9 0 9 
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 BSA 9 9 0 9 

5 C 9 9 0 9 

 B 9 9 0 9 

 BSA 9 9 0 9 

10 C 8 8 1 8 

 B 9 9 0 9 

 BSA 9 9 0 9 

15 C 4 3 4 0 

 B 9 9 0 9 

 BSA 9 9 0 9 

20 C 0 0 9 0 

 B 7 7 7 7 

 BSA 8 7 7 8 

25 C 0 0 9 0 

 B 6 4 6 2 

 BSA 6 5 7 3 

30 C 0 0 9 0 

 B 0 0 9 0 

 BSA 0 0 9 0 

C: Control; B: Bacteriocin supplemented; BSA: Bacteriocin + Sorbic acid supplemented 

 

Moreover, shelf life of paneer and khoya samples inoculated 

with bacteriocin and sorbic acid (0.1%, w/v) was also 

increased up to 15 and 20 days respectively as compared to 

control. However, sensory analysis revealed that bacteriocin 

and sorbic acid treated product was better than bacteriocin 

alone in terms of colour, odour, less contamination and 

acceptability. Thus, this bacteriocin has good potential for its 

use as biopreservative in food products.  
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