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Characterisation of a bacteriocin produced by Lactobacillus rhamnosus IN13 
isolated from inasua, a fermented fish product from Central Maluku, Indonesia

Abstract

Lactobacillus rhamnosus IN13, a bacteriocin-producing bacterium, was isolated from inasua, 
a fermented fish product originated from Central Maluku, Indonesia. Bacteriocin produced by 
Lactobacillus rhamnosus IN13 could inhibit the growth of Gram-positive bacterium Listeria 
monocytogenes ATCC 7644 and Gram-negative bacterium Salmonella Typhymurium ATCC 
14028. The bacteriocin was found to be heat stable at 121°C for 15 min. Moreover, it could 
maintain full stability after 30 d of storage at -40, -20, and 4°C. It was also stable at pH 2.0 
– 10.0. The bacteriocin activity is proteinaceous in nature, since it could be inactivated by 
proteolytic enzymes. Molecular weight of the bacteriocin was 35 kDa. The present work 
showed that the bacteriocin produced by L. rhamnosus IN13 has potentials in food safety due 
to its ability in inhibiting Gram-positive and Gram-negative pathogens; thus, it may have future 
applications in food preservation.

Introduction

Bacteriocin could inhibit the growth of Gram-
positive and Gram-negative bacteria, and has been 
used in some countries as a natural food preservative 
(Chikindas et al., 2018). Bacteriocin is non-toxic, 
digestible by the digestive enzymes, non-harmful for 
intestinal microbes, and stable at various pH’s and 
temperatures (Cleveland et al., 2001). Lactic acid 
bacteria (LAB) are a group of bacteria that can produce 
bacteriocin with a synthesis pattern like that of protein 
synthesis. The bacteriocin synthesis is regulated by 
bacteriocin-coding gene. Bacteriocin has various 
molecular weights and biochemical characteristics 
(Drider et al., 2006). The working mechanism of a 
bacteriocin depends on its concentration, ionisation 
ability, temperature and pH. Therefore, the use of 
bacteriocin as a natural preservative should consider 
these characteristics, since food processing involves 
various methods such as high or low processing 
temperature, drying, cooling and long storage period.

Several studies have reported that LAB isolated 

from fermented foods can produce bacteriocin, such 
as Weissella cibaria 110 that was isolated from ‘plaa-
som’, a Thai fermented fish product, which can inhibit 
the growth of Gram-positive bacteria (Srionnual et 
al., 2007). Staphylococcus homini KQU-131 that was 
isolated from ‘pla-ra’, a Thai marine fish fermented 
product, produced a bacteriocin that is stable at high 
temperatures. Lactobacillus plantarum PMU33 that 
was isolated from ‘som-fak’, a Thai fermented fish 
product, produced bacteriocin and inhibited the 
growth of Listeria monocytogenes, Bacillus cereus 
and Staphylococcus aureus (Noonpakdee et al., 
2009).

Lactic acid bacteria isolated from ‘bekasam’, 
a fermented food from Indonesia, can produce 
bacteriocin and inhibit the growth of food pathogenic 
bacteria (Desniar et al., 2011). Other studies in 
Indonesia have also isolated LAB from a fermented 
fish product from Kalimantan. The isolate was 
identified as Pediococcus pentosaceus that could 
produce bacteriocin and inhibit the growth of S. 
aureus (Kusmarwati et al., 2014).
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Based on those studies, it is highly possible to find 
bacteriocin-producing bacteria in other fermented 
fish products, such as inasua. Inasua is made from 
various types of fish, especially marine fish, such as 
Hoplacrchus psittacus, Terapon jarbua and Caranx 
ignobilis. Inasua is usually sold as fish filet, and has 
a distinctive aroma of fermented product and salty 
taste. Inasua is prepared with salt concentration of 
20 - 30% and ‘nira’, with the fermentation process 
performed in closed container at room temperature 
for three months (Nendissa, 2001). Properly 
processed inasua can last up to a year; however, there 
have been no published reports on the compounds 
produced by bacteria involved in the fermentation 
of this product. Mahulette et al. (2016) has isolated 
LAB from inasua and the isolate was identified as 
Lactobacillus rhamnosus IN13, but unfortunately, 
its bacteriocin has not been characterised. Thus, 
the aims of the present work were to determine 
the growth and production curve of L. rhamnosus 
IN13; to determine the LAB bacteriocin’s molecular 
weight; and to characterise the LAB bacteriocin such 
as the effect of temperature, NaCl, surfactant, and pH 
on the bacteriocin activity.

Materials and methods

Production of bacteriocin
Lactobacillus rhamnosus IN13 was cultivated 

on De Man, Rogosa and Sharpe (MRS) agar added 
with 0.5% of CaCO3 and 3% of NaCl, incubated 
anaerobically at 37°C for 24 h, and the supernatant 
was harvested from 1 mL of culture that was 
centrifuged at 6,000 g for 10 min. The pH of the 
cell-free supernatant was adjusted to pH 6.5 using 1 
M NaOH to prevent the inhibitory effect of organic 
acids. The supernatant was then filtered using a 
0.22 μm membrane filter (Millipore). The filtrate 
collected was used for bacteriocin characterisation 
(Ogunbanwo et al., 2003).

Determination of bacteriocin activities
Well diffusion agar method was used to examine 

the antimicrobial activity of the extracted bacteriocin 
(Yanagida et al., 2005). Briefly, 100 μL of bacterial 
cultures, i.e., Salmonella Typhymurium and Listeria 
monocytogenes (106 CFU/mL), were inoculated on 
nutrient agar (NA). Next, 50 μL of the bacteriocin 
was put into a well with a diameter of 8 mm made 
on the NA medium that had been inoculated with the 
bacterial strains. The cultures were then incubated 
at 37°C for 24 h. Then, the diameter of the clear 
zone formed on the medium following incubation 
was measured with a calliper and calculated using 

a mathematical equation (Sharma et al., 2006). The 
bacteriocin inhibitory activity against the indicator 
bacteria was expressed as AU (activity unit). One 
AU/mL is the area of inhibition area per unit volume 
of bacteriocin tested (Ivanova et al., 2000).

The activity of bacteriocin (AU/mL) = Lz – Ls/V  
               (Equation 1)

where Lz = area of clear zone (mm2), Ls = area of 
well (mm2), and V = volume of samples (mL).

Determination of growth curve and bacteriocin 
production

Lactobacillus rhamnosus IN13 was grown in 200 
mL MRS broth and incubated at 37°C for 48 h. One 
mL of culture was taken every 3 h and put in a test 
tube. Changes in the optical density of the culture 
were recorded at 600 nm. Moreover, it was also tested 
for its bacteriocin activity against indicator bacteria 
and its protein content was calculated (Lisboa et al., 
2006).

Precipitation of bacteriocin
Precipitation of bacteriocin was done by using 

Scopes method (Scopes, 1994) with ammonium 
sulphate concentration of 60%. The purified 
bacteriocin was stored at 4°C for 24 h, and then 
centrifuged at 6,000 for 40 min. The precipitate 
formed was dissolved in 0.1 M phosphate buffer at 
pH 7.0 with volume ± 2 mL (Lisboa et al., 2006). 
Then antimicrobial activity was examined.

Molecular weight determination
Molecular weight of the bacteriocin was 

determined by sodium dodecyl sulphate-
polyacrylamide gel electrophoresis (SDS-PAGE) 
(Schägger and von Jagow, 1987) with vertical slab gel 
system (Bangalore Genei, India) with 4% of stacking 
gel and 12% of separating gel. The electrophoresis 
was performed at 50 mA and 100 V for 40 min. 
Following completion of the run, the gel was 
stained with Coomassie brilliant blue G-250, and the 
molecular weight of bacteriocin was calculated from 
the relative mobility of molecular weight markers.

Bacteriocin sensitivity of the Proteinase K assay
The sensitivity assay of proteolytic enzymes 

was performed by adding 250 μL of Proteinase K 
(1 mg/mL) in 250 μL of cell-free supernatant and 
homogenised, then it was incubated for 2 h at 37°C 
(Kusmarwati et al., 2013) before it was further tested 
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for its inhibitory activity against the indicator bacteria. 
A negative result suggests that the bacteriocin is a 
proteinaceous compound (Savadogo et al., 2006)

Determination of temperature effect
The assay was performed on several temperatures 

(i.e., high, low, freezing). The bacteriocin stability 
at high temperature was carried out with 1.5 mL 
of bacteriocin that was incubated at 60, 70, 80 and 
100°C for 30 min, 121°C for 15 min, and 121°C for 
5 min, with untreated bacteriocin served as control. 
Similar tests for low and freezing temperatures were 
performed with 1.5 mL of bacteriocin that was stored 
at 4°C, -20°C and -40°C for 4 w, and the antimicrobial 
activity was then examined (Sharma et al., 2006).

Determination of NaCl effect
The assay was performed on several NaCl 

concentrations (i.e., 2 - 10%), where NaCl was 
introduced into 1 mL of bacteriocin. Untreated sample 
served as control. The samples and control were 
incubated at 37°C for 120 min, and the antimicrobial 
activity was then examined (Adinarayana et al., 
2002).

Determination of surfactant effect
The assay was performed on two types of 

surfactants (i.e., SDS, Tween 80) where 0.1 mL or 
0.01 g of surfactant was introduced into 1 mL of 
bacteriocin. Untreated sample served as control. 
The samples and control were incubated at 37°C 
for 60 min, and the antimicrobial activity was then 
examined (Kusmarwati et al., 2013).

Determination of pH effect
The effect of pH on bacteriocin activity was 

tested using a suspension of bacteriocin extract in 
50 mM citrate buffer of pH 2.0 and 3.0 in 50 mM 
potassium phosphate buffer of pH 4.0, 5.0, 6.0, 7.0, 
and 8.0, 50 mM glycine NaOH buffer of pH 9.0, 10.0, 
and 11.0. Untreated sample served as control. The 
samples and control were incubated at 30°C for 4 h. 
After the incubation was complete, the suspension 
of bacteriocin was neutralised with HCl and NaOH 
(Larsen et al., 1993), and the antimicrobial activity 
was then examined (Yanagida et al., 2005).

Results and discussion

Growth and production curve of bacteriocin
Lactobacillus rhamnosus IN13 could grow well 

on MRSA by adding 0.5% CaCO3 and 3% NaCl at 
pH 7.0 and incubated at 37°C for 24 - 48 h (Figure 1). 
Srinivasan et al. (2013) reported that L. rhamnosus 

L34 that was isolated from various types of animal 
milk could grow well on MRSA following incubation 
at 37°C for 24 - 48 h. The isolate was able to produce 
bacteriocin, which inhibited the growth of some 
pathogenic bacteria i.e., Listeria monocytogenes 
MTCC 1143 and Listeria monocytogenes MTCC 
9806. MRS medium contained nitrogen and 
carbon as a source of nutrients for bacteria to 
grow. Lactobacillus rhamnosus IN13 produced 
antimicrobial compounds and inhibited the growth of 
Salmonella Typhymurium ATCC 14028 and Listeria 
monocytogenes ATCC 7644, of which both bacteria 
are the cause of the foodborne diseases known as 
salmonellosis and listeriosis, respectively (Rivoal et 
al., 2010). Listeriosis is caused by L. monocytogenes 
and it has mortality rate of about 20 - 30%. L. 
monocytogenes is present in various environments, 
and it is heat, acid, and salt resistant. Moreover, these 
bacteria can grow at 4°C and form biofilms (Esteban 
et al., 2009).

Figure 1. Lactobacillus rhamnosus IN13 on MRSA 
medium with 0.5% CaCo3 addition, 3% NaCl pH 7.0 

condition, incubated at 37°C for 24 – 48 h.

Figure 2. The bacterial growth curve of Lactobacillus 
Rhamnosus IN13 and bacteriocin activity against bacterial 
inhibition of Listeria monocytogenes and Salmonella 

Typhymurium.
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Based on the inhibition zone formed, bacteriocin 
started to be produced after 12 h of incubation, 
and it reached its optimum production at 30 h. The 
antimicrobial activity remained similar at 30 - 33 h 
of growth. However, the bacteriocin activity started 
to decrease after 40 h (Figure 2). Kusmarwati et 
al., (2014) successfully isolated LAB from ‘rusip’, 
a traditional dish from Bangka, that could produce 
bacteriocin at 37°C after 24 - 48 h. Another study 
showed that L. rhamnosus isolated from grape 
skin had bacteriocin activity in the exponential and 
stationary phases, but after that, there was no more 
bacteriocin activity detected (Mourad et al., 2005).

Molecular size of bacteriocin
The bacteriocin produced by the L. rhamnosus 

IN13 showed inhibition against L. monocytogenes and 
S. Typhymurium. The inhibition zone of the extract 
was precipitated with ammonium sulphate. The 
molecular weight of the bacteriocin produced by L. 
rhamnosus IN13 was estimated to be 35 kDa (Figure 
3). Riley et al. (2002) reported that the molecular 
weight of bacteriocin produced by Lactobacillus 
sp. ranged from 40 to 80 kDa, while the bacteriocin 
produced by L. lactis varied around 94 kDa. Those 
studies showed that bacteriocin produced from 
different bacterial species has different molecular 
weights and their activity is different under various 
environmental conditions. Bacteriocin is classified 
into four groups based on its biochemical, structural, 
and genetic characteristics: Class I (lantibiotics), 
Class II (non-lantibiotics), Class III (peptides with 
large molecular weight of > 30 kDa), and Class IV 
(bacteriocin-protein complex) (Cotter et al., 2005). 

Based on the molecular weight, the bacteriocin 
produced by L. rhamnosus IN13 in the present 
work could be categorised as Class III. According 
to Parada et al. (2007), bacteriocin of Class III is a 
peptide with a large molecular weight more than 30 
kDa and resistant to heat, such as helviticin J, and 
lactacin A and B.

Characteristics of bacteriocin 
The antimicrobial activity of purified bacteriocin 

produced by L. rhamnosus IN13 was examined for 
its sensitivity to Proteinase K. Under the condition 
tested, the activity of the bacteriocin was found 
to be eliminated by Proteinase K. The reduction 
of activity by proteolytic enzymes suggested that 
the antimicrobial substance was not lipid but 
proteinaceous in nature. The bacteriocin activity was 
categorised to be extremely heat stable since there 
was no decrease in activity after incubation for 15 
min at 121°C. Similarly, the bacteriocin was still 
active after being kept at -40°C for 4 w (Figure 4). 
The antibacterial activity of bacteriocin produced 
by L. rhamnosus IN13 was highly resistant to heat, 
acid, and alkali treatments. Heat stability is a major 
characteristic of some bacteriocins produced by 
the LAB, with the temperature ranges from 60°C 
to 100°C for more than 30 min, such as shown by 
lactosin 27, lactosin S, carnobacteriocins A and B, 
lactacin B, lactacin F, and nisin that are resistant to 
autoclaving temperature for 15-20 min (De Vuyst 
and Vandamme, 1994). Other studies have shown 
that bacteriocin is stable to heat after incubation at 
100°C for 15 min (Srinivasan et al., 2013). Based on 
its characteristics, the bacteriocin of L. rhamnosus 
IN13 showed potentials to be used as preservatives in 
processed foods produced at high temperature (Gao 
et al., 2010).

The stability of the bacteriocin was also 
determined at different salt concentrations ranging 
between 2.0 to 10%. The results showed that the 
bacteriocin activity was stable at concentration 2 - 
10% of salt (data not shown). Kusumawati (2000) 
reported that there is no effect of bacteriocin activity 
by addition of 0 - 10% NaCl, which was seen in the 
present work from the comparison with control.

The bactericidal activity was also tested for the 
effect of surfactant using SDS and Tween 80, which 
showed that the bacteriocin remained stable after the 
addition of surfactants (Figure 5). Xie et al. (2009) 
reported that Bacillus subtilis was able to produce 
bacteriocin whose activity did not decrease after 
the addition of surfactant. Other studies have also 
reported that the addition of chemicals to bacteriocin 
did not cause any effect on its activity as shown by a 

Figure 3. SDS-PAGE analysis of bacteriocin from 
Lactobacillus rhamnosus IN13. L1: protein marker; L2: 
precipitated bacteriocin; L3: cell-free supernatant; L4: 
precipitated bacteriocin with addition of Proteinase K; L5: 

cell-free supernatant with an addition of Proteinase K.
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study using Tween 20, Tween 80, urea, Triton X-100, 
and Triton X-114 that were added into the bacteriocin 
produced by R1333, L. sakei ACU and L plantaricin 
C19, where the surfactants were found to have no 
effect on the bacteriocin activity (Castro et al., 2011)

The results also showed that the bacteriocin had 
good activity at a low pH of 2.0 to 10.0. However, 
the antimicrobial activity decreased at pH 11.0 (data 
not shown). Srinivasan et al. (2013) found that 
bacteriocin from L. rhamnosus L34 could survive at 
pH 2.0 – 8.0 after 24 h of incubation. Another study 
showed that bacteriocin R1333 and ST16 remained 
stable at pH 2.0, 4.0, 6.0, 8.0, 10.0, and 12.0, while a 
bacteriocin produced by L. brevis OG1 was stable at 
pH 2.0 to 8.0 (Ogunbanwo et al., 2003).

Conclusion

Lactobacillus rhamnosus IN13 isolated from 
inasua, a fermented fish product from Central 
Maluku, Indonesia was the bacterium found to be 
capable of producing bacteriocin that inhibited the 
growth of Salmonella Typhymurium and Listeria 
monocytogenes. The bacteriocin also showed a 
heat-resistant characteristic following incubation 
for 15 min at 121°C, and it was also resistant to 
cold temperature after incubation for 4 w at -40°C. 
Moreover, it was stable at pH 2.0 – 10.0 and various 
concentrations of NaCl did not affect the bacteriocin 
activity. Furthermore, the bacteriocin also showed 
good stability against several types of surfactants. 

Figure 4. Effect of temperatures on bacteriocin activity against Salmonella Typhymurium and Listeria monocytogenes.

Figure 5. Effect of surfactants on bacteriocin activity against Salmonella Typhymurium and Listeria monocytogenes.
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The present work has shown that the bacteriocin 
produced by L. rhamnosus IN13 isolated from inasua 
to have the potentials to be used as food preservative.
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