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Abstract. Retnaningrum E, Yossi T, Nur'azizah R, Sapalina F, Kulla PDK. 2020. Characterization of a bacteriocin as biopreservative 
synthesized by indigenous lactic acid bacteria from dadih soya traditional product used in West Sumatra, Indonesia. Biodiversitas 21: 
4192-4198. A total of 4 isolates of lactic acid bacteria (strain BDL08, BDL11, BDL12, and BDL13) isolated from dadih soya were 

investigated for the ability to produce bacteriocin based on their antibacterial activities against Listeria monocytogenes ATCC 7644. Based 
on comparative 16S rDNA sequencing analysis, isolates BDL 11, BDL12, and BDL13 were identified as Lactobacillus plantarum while the 
isolates BDL 08 was identified as Leuconostoc mesenteroides. All crude bacteriocins producing strains revealed broad antibacterial 
spectrum against 7 different indicator bacteria, including Gram-positive and Gram-negative bacteria. L. plantarum BDL11 displayed the 
highest bacteriocin activity relative to others. The bacteriocin produced by the strain was not affected by pH, heating, and NaCl 
concentration but was sensitive to proteolytic enzymes. This research indicated that the bacteriocin in the food industry has the potential 
to be used as a biopreservative.  
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INTRODUCTION 

Dadih soya is an Indonesian traditional milk 

fermentation product that replaced soya milk as a substrate. 

This product is mainly consumed by people living in West 

Sumatera, Indonesia.  During fermentation process, soya 

milk is poured into a bamboo tube capped with banana 

leaves. It is then fermented spontaneously at room 

temperature for 48 hours by indigenous lactic acid bacteria 

derived from both of soya milk and bamboo tube. 

Generally, two species of bamboo, Gombong bamboo 

(Gigantochloa verticilata) and Ampel bamboo (Bambusa 
vulgaris) are used in this fermentation process.  

Lactic acid bacteria contain group of bacteria which 

play role in the dadih soya fermentation. During this 

fermentation process, the bacteria can reduce pH value by 

producing lactic acid. This lactic acid can inhibit 

undesirable contamination of microorganisms in the 

product. In addition, these bacteria may produce 

metabolites such as diacetyl, hydrogen peroxide, some 

enzymes, antibiotics, reuterin, and bacteriocins (Mazzoli et 

al. 2014; Fernández-Cruz et al. 2016; Yépez et al. 2017).  

This bacteria group is characterized as Gram-positive, non-
spore-forming cocci, coccobacilli or rods, low G + C 

content, and non-motile. These bacteria are also 

characterized by their capability to ferment sugar into lactic 

acid, catalase-negative, and oxidase-negative (Nguyen et 

al. 2013; Gänzle et al. 2015; Renschler et al. 2020).  

Bacteriocins have been the subject of particular interest 

among the metabolites developed by LAB because of their 

potential advantages in applying them as natural food 

biopreservatives (Field 2018; Juturu et al. 2018; Kumariya 

et al. 2019). These bacteriocins are antimicrobials that are 

ribosomally synthesized, releasing bioactive peptides or 

peptide complexes with bactericidal or bacteriostatic 

effects (Singh et al. 2015; Zou et al. 2018).  

The advantages of bacteriocins produced by LAB in 

food preservation have been reported by several 

researchers. Their properties, including nontoxic to 
eukaryotic cells, have little influence on the gut microbiota 

and pH, heat tolerant, have a wide antimicrobial spectrum 

against many pathogenic food-borne spoilage bacteria and 

are capable of being bactericidal has attracted number of 

researchers to investigate this group of bacteria (Yi et al. 

2016; Barman et al. 2018). This leads a way to carry out 

the research to identify LAB producing bacteriocin isolated 

from dadih soya-based on 16S rDNA gene as molecular 

marker and to characterize the bacteriocins which would be 

used as biopreservatives in food products. 

MATERIALS AND METHODS  

Sampling and isolation of LAB  

Samples (dadih soya fermentation) were collected from 

traditional market in West Sumatera, Indonesia. A 25 g of 

each sample was added to 225 mL of sterile buffered 
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peptone water, homogenized in a stomacher for 2 min and 

serial dilutions were plated onto De Man, Rogosa Sharpe 

(MRS) Agar (Merck). Plates were incubated under 

microaerophilic conditions at 30˚C for 72 h. Isolates were 

purified by repeated streaking onto the respective growth 

media. All isolates were tested for morphological and 

biochemical properties such as Gram-reaction, spore-

formation, motility, catalase, and oxidase production. The 

Gram-positive, catalase-negative, and oxidase-negative 

isolates were selected as lactic acid bacteria and further 
analyzed.  

Screening of bacteriocin producing LAB strains  

The strains were screened for bacteriocin production by 

analyzing antimicrobial activity against indicator 

pathogenic bacteria (Listeria monocytogenes ATCC 7644) 

using agar well diffusion assay (Pasteris et al. 2014; An et 

al. 2015). The isolates bacteria which showed an inhibition 

zone diameter against Listeria monocytogenes ATCC 7644 

were selected for further investigation.  

Genotypic identification by 16S rDNA gene sequencing  

All isolates producing bacteriocins were identified 
using 16S rDNA gene sequencing. The genomic DNA of 

each strain was directly isolated from overnight liquid 

culture using DNA extraction kit (MOBIO protocol) and 

used as template for PCR reaction. The  DNA was then 

amplified by polymerase chain reaction (PCR) using 

primers designed to amplify 1500 bp fragment of the 16S 

rDNA region. The primer used was 27F (5’-

AGAGTTTGATCMTGGCTCAG-3’) and 1492R (5’-

CCGTCAATTCMTTTRAGTTT-3’). The amplification 

was performed using Eppendorf Gradient thermocycler 

with initial denaturation 95˚C (2 min), 35 cycles at 
denaturation 95˚C (1 min), annealing 55˚C (1 min), 

extension 72˚C (1 min). Finally with extension of 72˚C (10 

min). Sequencing was performed using enzymatic chain 

terminator technique, developed by (Sanger et al. 1977), by 

using a PRISM BigDye Terminator v3.1 cycle sequencing 

kit and then analyzed by ABI Prism 3730XL DNA 

Analyser (Applied Biosystems, CA, USA). The sequences 

were BLAST in the GenBank database (www. 

ncbi.nhm.nih.gov) for species assignment. The 

phylogenetic tree was constructed by the Neighbor-Joining 

method (Saitou and Nei 1987), based on the Kimura 2-

parameter model (Kimura, 1980) with bootstrap analysis 
(1000 replications) using the software MEGA (version 7) 

(Kumar et al. 2016). 

Antimicrobial spectrum of bacteriocin producing 

isolates 

The selected LAB isolates were tested against 

pathogenic microorganisms listed in Table 1. Crude 

bacteriocins were prepared and analyzed by the agar well 

diffusion assay. Previously the cell-free supernatants (CFS) 

as crude bacteriocin was prepared and obtained by 

centrifugation of culture at 10,000 g, 20 min, and at 4˚C. 

These supernatant collections were then neutralized to pH 
7.0 with 3 M NaOH for the complete inactivation of 

organic acids, which might be produced by the strains. In 

addition, inhibitory activity of hydrogen peroxide might 

also be produced by the strains that were eliminated by the 

addition of catalase of 1 mg/mL catalase (Sigma, St. Louis, 

USA). Therefore, the CFS samples were not related to the 

production of either organic acids or hydrogen peroxide, 

confirmed as crude bacteriocin. The crude bacteriocin 

obtained then subjected to filter sterilization (0.22 µm). 

All samples were examined using the agar well 

diffusion assay for their antimicrobial activity. One 

hundred µL of each pathogenic bacteria indicator (106 
CFU/mL) listed in Table 1. was spread on the nutrient agar 

plates. Previously, all pathogens were grown with nutrient 

broth (NB) medium under aerobic conditions at 37 ºC. 

Equidistant wells (4 mm diameter) were formed by boring 

the nutrient agar plate with corer borer. Those wells then 

were filled with 80 mL of crude bacteriocin and incubated 

at 37ºC for 24 h. The antimicrobial activity of those 

bacteriocins was measured and expressed as AU (mm2/ 

mL), which is the unit area of inhibition zone per unit 

volume. Therefore, the antimicrobial activity was 

calculated using the following equation.  

Antimicrobial activity (AU) = Lz-Ls/V 

Where: LZ is clear zone area (mm2), LS is well area 

(mm2), and V is volume of sample (mL) (Abbasiliasi et al. 

2012). 

Characterization of the crude bacteriocin stability to  

pH, temperature, NaCl concentrations, and proteolytic 

enzymes   

The sensitivity of crude bacteriocins produced by 

selected isolate to pH was investigated by adjusting pH of 

crude bacteriocins from pH 2 to 10 and incubated at 37 ˚C 

for 4 h. To analyze effects of temperature, NaCl 
concentrations, and proteolytic enzymes, the crude 

bacteriocins were adjusted previously to pH 7.0 by 3 M 

HCl or NaOH. Effects of temperature were investigated at 

60˚C, 80 ˚C, and 100 ˚C for 30 min. Effect of of NaCl on 

crude bacteriocins were also observed at NaCl 

concentrations of 1.0%, 2.0%, 3.0%, 4.0% and 5.0%. 

Proteolytic enzymes that used to analyze of bacteriocins 

stabilities were trypsin (1000 - 2000 units/mg solid, Sigma-

Aldrich, St. Louis, MO, USA), a-chymotrypsin (≥ 40 

units/mg; Sigma-Aldrich, St. Louis, MO, USA) and 

proteinase K (20 mg/mL; TaKaRa Bio Inc., Otsu, Shiga, 

Japan). Then, all samples were assayed against the 
indicator strain Listeria monocytogenes ATCC 7644 using 

the agar well diffusion assay as described above. 

 
Table 1. Pathogenic microorganisms used in the antimicrobial 
spectrum test for selected LAB producing bacteriocin 

 

Strains Origin Growth conditions 

Streptococcus mutans  ATCC 25175 Nutrient broth, 37 ˚C 
Staphylococcus aureus  ATCC 29213 Nutrient broth, 37 ˚C 
Bacillus cereus  ATCC 11778  Nutrient broth, 37 ˚C 
Pseudomonas aeruginosa  ATCC 27853 Nutrient broth, 37 ˚C 
Escherichia coli  ATCC 25922 Nutrient broth, 37 ˚C 

Salmonella typhi  ATCC 6539 Nutrient broth, 37 ˚C 
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Statistical analysis  

The experiments were done in triplicates. All data are 

shown as means ± standard deviation. Mean data of 

treatments were compared by the analysis of variance (one-

way ANOVA) followed by Duncan Multiple Range Test 

(DMRT) approach for the measurement of mean differences. 

Differences at p < 0.05 were considered significant. 

RESULTS AND DISCUSSION 

Lactic acid bacteria producing bacteriocin isolated 

from dadih soya  
Total of 55 bacteria cultures was obtained in the MRSA 

medium as a result of isolation in this research. Those 

isolates of lactic acid bacteria (LAB) group were selected 

based on morphological and biochemical properties. Ten 

strains (BDL01, BDL05, BDL08, BDL09, BDL11, BDL12, 

BDL13, BDL15, BDL18, BDL20 strain) clearly showed 

characteristics as Gram-positive, rods shape, non-spore-

forming, non-motile, catalase, and oxidative negative. 

Therefore, 10 LAB isolates were further screened for their 

producing bacteriocin ability.  

Previously, researches reported that bacteriocins could 
inhibit foodborne pathogenic bacteria, L. monocytogenes. 

This pathogen showed high virulence and resistance even 

though grew at stressful condition, such as high salt levels, 

freezing, drying, pH levels and heat processes 

(Changcheng et al. 2017; Huang et al. 2019). Therefore, it 

is difficult to control in food products. Its species has been 

found to contaminate several food products, such as 

smoked salmon, dairy product, cheese, pasta, fruit and 

vegetable (Vitas et al. 2014; Fei et al. 2016; de Cesare et al. 

2018; Hamidiyan et al. 2018; Haubert et al. 2018; Hiko et 

al. 2019; Huang et al. 2019). In addition, L. monocytogenes 
were used successfully as indicator strains to screen 

bacteriocin-producing LAB isolates (Tan et al. 2014; Md 

Sidek et al. 2016; Wong et al. 2017). 

Therefore, for screening the ability of LABs producing 

bacteriocin, ten strains originating from Indonesian 

fermented food “dadih soya” were assayed for their 

antimicrobial activity and potential bacteriocin production 

against L. monocytogenes ATCC 19115  using well 

diffusion method. Table 2 demonstrated that among 10 

strains, 4 isolates (40%) exhibited inhibitory activities 

against this indicator bacteria. These isolates displaying an 

inhibition zone greater than 3 mm. The Inhibition zone 
diameters observed at strain BDL 8, BDL 11, BDL 12, and 

BDL 13 were 8 mm, 5 mm, 3 mm, and 6 mm, respectively.   

Genotypic identification LAB producing bacteriocin 

The rapid identification of LAB has been determined by 

primers and probes targeting the 16S rDNA spacer regions 

(Balca´zar et al. 2007; Yu et al. 2015; Michel et al. 2016). 

This 16S rDNA gene of the selected strain was amplified 

by PCR, by which a 1500 bp gene fragment was sequenced 

and submitted to Genbank. The Blast search performed 

against GenBank revealed a large number of similar 16S 

rDNA gene sequences. The BLAST results of most 

promising bacterial isolates showed >99% similarities 

between available GenBank entries as displayed in Table 3, 

the strain BDL8 was clearly identified Leuconostoc 

mesenteroides, whereas others (BDL11, BDL 12 and 

BDL13 strains) were identified as Lactobacillus plantarum. 

In addition, a neighbor-joining phylogenetic tree based on 

16S rDNA sequences of  BDL8, BDL 11, BDL 12, and 

BDL 13 strains were constructed with other closely related 
species of L. mesenteroides and L. plantarum obtained 

from NCBI (Figure 1). This phylogenetic analysis revealed 

that the strains BDL11, BDL12, and BDL 13 were 

clustered together with L. plantarum, strain BDL8 with L. 

mesenteroides which are completely separated from 

Pseudomonas husainii as an outgroup by 1000 bootstrap 

values. 

In comparison with previous studies carried out by 

researches, both of L. plantarum and L. mesenteroides have 

been isolated from fermented products, (Choi et al. 2015; 

Oguntoyinbo and Narbad 2015; Berbegal et al. 2016; Du et 
al. 2018; Jimenez et al. 2018; Lee and Kim 2019; 

Nurhikmayani et al. 2019). Moreover, L. plantarum has 

also reported from digestive tracts of shrimp (Kongnum et 

al. 2012), human breast milk (Jiang et al. 2016) and Italian 

rye-grass (Vijayakumar et al. 2015), whereas, genus of 

Leuconostoc mesenteroides mainly isolated from meat 

products  (Kaihei et al. 2011) and Oreochromis niloticus 

(Paray et al. 2018). 

Antimicrobial spectrum activity of crude bacteriocins  

The antimicrobial spectrum measurements of crude 

bacteriocin produced by 4 strains were displayed in Table 
4. The indicator microorganisms for its analysis include 

Gram-positive bacteria (S. mutans, S aureus, B. subtilis) 

and Gram-negative bacteria (P. aeruginosa, E. coli, S. 

typhi). All crude bacteriocins showed bacteriocin activities 

against all indicator microorganisms tested, but the values 

of activity varied among the strains. 

 

 
Table 2. Inhibition zone diameter of LAB isolates against Listeria 
monocytogenes using agar well diffusion assay 
 

Strain Inhibition zone diameter (mm) 

BDL01 0 
BDL05 0 
BDL08 3 ± 0.01 
BDL09 0 
BDL11 8 ± 0.02 
BDL12 5 ± 0.01 
BDL13 6 ± 0.02 
BDL15 0 

BDL18 0 
BDL20 0 

Note: Mean values (n = 3) for each experiment. 
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Table 3. Genotypic identification LAB producing bacteriocin  
  

OTU Strain Species of LAB homolog Identity (%) Accession number Base pairs 

1 BDL08 Leuconostoc mesenteroides strain ATCC 8293 99.50 NR_040814.1 1,448bp 
  Leuconostoc pseudomesenteroides strain NRIC 1777 99.24 NR_074957.1 1549 bp 
2 BDL11 Lactobacillus plantarum strain CIP 103151 99.59 NR_104573.1 1,527bp 
  Lactobacillus plantarum strain NRRL B-14768 99.32 NR_042394.1 1474 bp 
3 BDL12 Lactobacillus plantarum strain CIP 103151 99.52 NR_104573.1 1,527bp 

  Lactobacillus plantarum strain JCM 1149 99.35 NR_117813.1 1466 bp 
4 BDL13 Lactobacillus plantarum strain CIP 103151 99.48 NR_104573.1 1,527bp 

  Lactobacillus plantarum strain JCM 1149 99.30 NR_117813.1 1466 bp 

 

 
Table 4. The antimicrobial spectrum crude bacteriocin of isolates against 7 different microorganism indicators.  
 

 

Indicator microorganisms 

Bacteriocin activity (AU/mL) 

L. plantarum  

BDL11 

L. plantarum  

BDL12 

L. plantarum  

BDL13 

L. mesenteroides 

BDL008 

Streptococcus mutans ATCC 25175  40 30 35 25 
Staphylococcus aureus ATCC 29213 38 25 34 20 
Bacillus cereus ATCC 11778 38 15 25 10 
Pseudomonas aeruginosa ATCC 27853 25 10 15 7 

Escherichia coli ATCC 25922 20 10 10 10 
Salmonella typhi ATCC 6539 18 8 8 5 

 

 

 
Figure 1. Phylogenetic tree developed using 16S rDNA gene sequences which are available in the GenBank database, using the method 
Neighbor-joining with bootstrap of 1000 replication 

 

 

From the observations, it was found that crude 

bacteriocin activities were lower against Gram-negative 

bacteria compared with Gram-positive bacteria. This result 

was similar to previous research reported by Xi et al. 

(2018) who observed the Enterococcus faecalis TG2.  The 

bacteriocins activity analyses were measured in the range 

of 25-40 AU/mL and 5-25 AU/mL against Gram-positive 

and Gram-negative bacteria, respectively. The pathogenic 

bacterium S. mutans was most sensitive to those crude 

bacteriocins LABs, whereas S. typhi was most resistant. 
The result of this sensitivity test was similar to previous 

studies (Kawada-Matsuo and Komatsuzawa 2017; Kim et 

al. 2019). The strongest crude bacteriocin activity to all 

indicators was observed in L. plantarum BDL11, whereas, 

the weakest it was observed in L. mesenteroides BDL008. 

Therefore, the crude bacteriocin characters of L. plantarum 

BDL11 were further analyzed their stabilities.   

Generally, bacteriocins from lactic acid bacteria were 

regarded to have no antibacterial activity against Gram-

negative bacteria (Kang and Lee 2005, Drider et al. 2006; 

Powell et al. 2007). This phenomenon was caused the lack 

of cell wall lipoteichoic acid on the Gram-negative 
bacterial surface (Ahn et al. 2017). However, these crude 

bacteriocins produced by 4 LAB isolates also had an 
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inhibitory effect on three Gram-negative bacteria, including 

E. coli ATCC 25922, B. cereus ATCC 11778, and S. typhi 

ATCC 6539. Similar reports have shown that some 

bacteriocins produced by LAB, could inhibit both Gram-

positive and Gram-negative bacteria. The bacteriocins 

LXA produced by Lactobacillus coryniformis XN8 has 

been reported to have antibacterial activity against Gram-

positive bacteria (S. aureus, Enterococcus sakazakii) and 

Gram-negative bacteria (E. coli, Salmonella sp) (Yi et al. 

2016). Bacteriocin produced by L. plantarum SJ33 has also 
been reported to inhibit the growth of Gram-positive 

bacteria (S. aureus, Aeromonas hydrophila, Clostridium 

perfringens, Clostridium sporogenes, B. subtilis, B. cereus) 

and Gram-negative bacteria (E. coli, Vibrio 

parahaemolyticus, Proteus vulgaris, Klebsiella pneumonia, 

P. aeruginosa) (Mohapatra and Jeevaratnam 2019). 

Characteristics of the crude bacteriocins of 4 isolates   

The stability of the crude bacteriocin characters 

obtained from L. plantarum BDL11 against several 

treatments was summarised in Table 5. The activity of 

crude bacteriocin strain remained active in the range of pH 
values of 2-10. There was high bacteriocin activity at pH 2, 

and lower activity at pH 8 and 10. In addition, heat 

treatment up to 100ºC for 30 min did not affect the stability 

of crude bacteriocin. Similarly, treatment of NaCl 

concentrations did not affect the bacteriocin activities. 

These results were in accordance with previous studies on 

bacteriocins of Lactobacillus sakei GM3 (Avaiyarasi et al. 

2016), Lactobacillus fermentum BZ532 (Rasheed et al. 

2020) and Lactobacillus plantarum SLG10 (Pei et al. 

2020). Those stability characters of the crude bacteriocin 

especially for pH, heat, and NaCl treatments were useful 
for being applied as biopreservative agents to control 

pathogens and spoiling bacteria in food products (Yang et 

al. 2014; Ahmad et al. 2017). In addition, its antibacterial 

activity was inactivated by proteolytic enzymes (trypsin, 

chymotrypsin, and proteinase K), indicating it is 

proteinaceous in nature (Mohapatra and Jeevaratnam 

2019). 
 
Table 5. The antibacterial activity of the crude bacteriocin 
obtained from L. plantarum BDL11 against several treatments 
 

Treatments 
Antibacterial activity 

(AU/mL) 

Control 7 65 
pH 2 120 
 4 65 
 6 32 
 8 25 
 10 25 

Temperature 60˚C 65 
 80˚C 33 
 100˚C 33.5 
NaCl 1.0% 65 
 2.0% 57.8 
 3.0% 57.5 
 4.0% 57.5 
 5.0% 57.3 

Proteolytic enzymes Trypsin 0 
 Chymotrypsin 0 
 Proteinase K 0 

Application of biopreservatives to inhibit spoilage 

bacteria as well as pathogenic bacteria in food products 

have been previously reported by several researchers (da 

Silva Sabo et al. 2017; del Castillo-Santaella et al. 2018; 

Ho et al. 2018; Skariyachan and Govindarajan 2019). 

These biopreservatives can increase food shelf-life and 

avoid cases of foodborne diseases. Some of the bacteria 

that cause foodborne diseases were detected in food 

products including S. mutans, S. aureus, P. aeruginosa, E. 

coli, B. cereus and S. typhi (Gabriel et al. 2017; 
Bundidamornet et. al. 2018; Gnanasekaran et al. 2019; 

Incili et al. 2019). In comparison with synthetic preservatives 

such as benzoic acid, tertiary-butyl hydroquinone (TBHQ), 

formalin, butylated hydroxytoluene (BHT), and butylated 

hydroxyanisole (BHA), the biopreservatives were found 

safer for human use because they did not form mutagenic 

compounds that caused cancer (Li et al. 2017; Piper and 

Piper 2017; Dehghan et al. 2018; Mohamed et al. 2018; 

Mohammadzadeh-Aghdash et al. 2018; Abd-Elhakim et al. 

2020). Whereas, the food products are generally preserved 

using a combination of biopreservation and other 
treatments, including pH, heat, and NaCl. From the 

investigations, the crude bacteriocin produced by the strain 

has several unique characteristics that were stable in those 

treatments. 

Based on the investigation results, it can be concluded 

that the crude bacteriocin-producing BDL11 strain which 

isolated from traditional Indonesian fermented product 

(dadih soya) had highest bacteriocin activity. In addition, 

this strain was identified as L. plantarum on the basis of 

16S rDNA gene sequence. Its crude bacteriocin had broad 

antibacterial activities against both Gram-positive and 
Gram-negative bacteria, stable in several treatments of 

temperature, pH, and NaCl. These findings indicate that 

crude bacteriocin L. plantarum BDL11 could be used as a 

potentially effective and natural food biopreservative. More 

research is needed to understand the metabolism and 

production of bacteriocin using low-cost medium for 

industrial food production. 
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