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Abstract. Nasution SA, Fachrial E, Ginting CN, Liena, Piska F. 2023. Bacteriocin-producing Pediococcus acidilactici BAMA 15 
isolated from "naniura" traditional foods in North Sumatra, Indonesia. Biodiversitas 24: 2830-2835. Lactic Acid Bacteria (LAB) have 
beneficial properties for their hosts, potentially promoting health and balancing the normal gut flora. Meanwhile, bacteriocin is a 
bacteriostatic polypeptide used as a food preservative. LAB are generally produced from fermented products, such as dengke naniura, a 
typical Toba Batak food. Therefore, it is estimated that the LAB present in this food has the potential as a probiotic and produces 
bacteriocin, an antimicrobial polypeptide compound. The purpose of this study was to identify the LAB species found in dengke naniura 

and to characterize the bacteriocin generated by them. The first study stages included the isolation and biochemical and morphological 
characterization of LAB. Nine LAB isolates (BAMA 10-11, BAMA 15-20, and BAMA 25) were isolated from the samples. The best 
strain for use as a probiotic was Pediococcus acidilactici BAMA 15 because its antimicrobial activity against E. coli and S. aureus was 
6.44 and 7.53 mm, respectively. The bacteriocin produced has a molecular weight estimated to be ⁓12 kDa. 
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INTRODUCTION 

Lactic Acid Bacteria (LAB) are found in various food 

products, specifically those based on fermentation. These 

bacteria are also the microbiota in the intestines of humans 

and animals. LAB are classified as safe microorganisms to be 

added to food because they are not toxic and do not produce 

toxins (Lawalata et al. 2015). LAB, naturally occurring in 
meats, dairy products, and vegetables, are well known for their 

role in food fermentation and are also often bacteriocin 

producers (Ünlü et al. 2015). Antibacterial efficacy of 

lactic acid bacteria and bacteriocin were isolated from 

Dadih's against Staphylococcus aureus (Pato et al. 2020).  

LAB, with antimicrobial properties, has been 

commonly associated with food. Therefore, using LAB 

strains as probiotics and bioprotective culture in fermented 

products has also been widely studied. According to the 

Food and Agriculture Organization and the World Health 

Organization (FAO/WHO) definition, probiotics are living 
microorganisms that confer a health benefit on the host 

when administered in adequate amounts. The preservative 

effect of these bacteria is due to the production of one or 

more active metabolites, such as organic acids (lactic, 

acetic, formic, propionic and butyric acids), that intensify 

their action by reducing the pH of the media, and other 

substances, such as ethanol, fatty acids, antifungal 

compounds (propionate, phenyl-lactate, hydroxyphenyl-

lactate, cyclic dipeptides and 3-hydroxy fatty acids), 

hydrogen peroxide, diacetyl, acetoin, bacteriocins (nisin, 

reuterin, reutericyclin, pediocin, lacticin, enterocin and 

others) and Bacteriocin-Like Inhibitory Substances (BLIS) 

(Davani-Davari et al. 2019; Dinoto et al. 2020).  

The probiotic LAB could be present in the spontaneous 

fermentation of different food, and this group is generally 

recognized as safe. LAB with Pediococcus strain has been 

isolated by Gutiérrez-Cortés et al. (2018) from Minas cheese 
and Pato et al. (2020) from dadih. One of the researchers' 

interest in LAB is due to the ability of LAB to produce 

bacteriocins as antimicrobials. Exploration of new and 

effective antimicrobial compounds is increasing over time, 

so an alternative is to utilize bacteriocins isolated from 

LAB. Dina et al. (2013) have investigated the ability of P. 

acidilactici to produce bacteriocins in cheese. The ability 

of Pediococcus strains to produce bacteriocins has been 

investigated by Gutiérrez-Cortés et al. (2018) in Mina's 

cheese media against Listeria monocytogenes. LAB isolated 

from fermented products such as yogurt, curd, cheese, 
dangke, and dadih can produce bacteriocins (Mohammed 

and Ijah 2013; Pei et al. 2018; Jatmiko et al. 2019; Pato et 

al. 2020). The benefits of bacteriocins have been studied by 

Simha et al. (2012), namely as a milk biopreservative. 

Bacteriocins are extracellular protein compounds 

secreted by LAB and have bactericidal activity against 

different pathogens (Fatimah et al. 2020). Bacteriocins can 

be produced from Gram-positive and Gram-negative 

bacteria (Abbasiliasi et al. 2017). Bacteriocins produced 

from LAB isolated from various sources have increased 

recently, especially their applications in health science and 
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the food industry. Bacteriocins produced by LAB can be 

antibacterial against resistant bacterial strains such as 

Multi-Drug Resistant (MDR) Staphylococcus aureus, which 

provides great inhibition with an inhibition zone of 8.0 mm 

(Francois et al. 2013). Pediococcus acidilactici PFC69 

inhibited the growth of Bacillus aureus and S. aureus 

during the fermentation process and was found to be stable 

under high temperature and low pH conditions (Kaya and 

Şimşek 2020). LAB, as probiotics, can grow in the human 

gut and stomach to protect from pathogens that can cause 
disease. Probiotics are categorized as microorganisms that can 

benefit human health (Manik et al. 2020). The applications 

of bacteriocin from LAB in dairy products have 

demonstrated effectiveness against pathogenic bacteria 

such as S. aureus, Escherichia coli, and Salmonella spp. 

(Reis et al. 2012). The inhibitory activity of crude bacteriocin-

produced lactic acid bacteria isolated from dadih against 

Listeria monocytogenes has been studied (Pato et al. 2020). 

Some fermented foods are made into traditional foods, 

including naniura, which also has the effect of a probiotic 

or LAB. Naniura is a local fermented food typical of the 
Batak tribe in North Sumatra. Naniura is formed from carp 

fish (Cyprinus carpio) cooked and fermented using citrus 

fruit extract (Citrus jambhiri). This is the first study to 

report that probiotics isolated from naniura produce 

bacteriocin, an antimicrobial peptide. This study aimed to 

isolate and identify LAB from naniura that have potential 

as probiotics and determine the molecular weight of 

bacteriocins produced. Next, to test the ability of the 

isolates, their cells will be grown in acid and bile salt 

media; after that, molecular identification of isolates that 

have more potential as lactic acid bacteria and 
determination of the molecular weight of bacteriocins. 

MATERIALS AND METHODS 

Isolation of lactic acid bacteria 

Naniura was obtained from a local restaurant in Medan, 

North Sumatra. First, 1 g of the sample was inoculated into 

9 mL of sterile MRS broth in a test tube, incubated at 37°C 

for 24 h, and then continued with serial dilution up to 10-5. 

Next, 0.1 mL aliquots from the last dilution were spread 

onto the surface of MRS agar in a petri plate and incubated 

in an incubator at 37°C for 48 h. Bacterial growth was 

observed and continued with purification by re-streaking 

the isolate onto new MRS agar media. The purified 
colonies were stored in 25% (v/v) glycerol at -20°C. 

Characterization of lactic acid bacteria 

Characterizations were performed on all of the strains 

grown for 24 h. First, gram staining with the fixation method 

due to LAB strains was observed with a microscope with a 

100x lens. The assay used a violet solution for 1 min before 

being rinsed with distilled water. Next, an iodine solution 

was added for 1 min, then rinsed with distilled water. Next, 

the slide was rinsed with 96% alcohol until no more 

solution flowed, then with distilled water. Finally, after 45 

sec, safranin solution was added and rinsed with distilled 
water. The glass object was dried and then observed under 

a microscope. Next, all strains grown for 24 h were 

subjected to catalase assay, and the LAB strains were prepared 

and transferred to a glass object and dripped with H2O2 

solution. Next, observing air bubbles formed on the objects 

determined the assay's results; the test is positive once air 

bubbles are formed, and no air bubbles signify a negative.  

Antibacterial assay of the strains 

LAB strains were incubated in MRS broth at 37°C for 

24 h. The method used was disk diffusion for this assay 

(Driscoll et al. 2012) with some modifications. LAB strains 
were incubated in MRS broth for 24 h, while pathogens E. 

coli and S. aureus were incubated in nutrient broth (Merck, 

Germany) for 24 h and adjusted to OD600nm approximately 

0.1. The cultured pathogens were spread on a nutrient agar 

(Merck, Germany) plate with a sterile cotton swab. Each 

disk paper containing inoculated LAB strains was placed 

on the pathogen-inoculated plate and incubated at 37°C for 

24 h. Chloramphenicol (30 µg/mL) was used as the 

positive control, and MRS broth was the negative control. 

Antibacterial activity was evaluated with the formula of the 

Kirby and Bauer method. 

Acid and bile tolerance assay 

Therefore, to mimic the gut and intestines, the 

identified isolates' acid and bile salt survivability was 

assessed based on the method described by Li et al. (2020). 

First, the tolerance capacity under the acidic pH condition 

was evaluated by MRS broth was adjusted to pH 3 with 

HCl 1 M. Next, the tolerance capacity under bile salt was 

prepared in bile salt solution was designed by adding 0.3% 

bile acid factors (Jarrow Formula, Los Angeles) into MRS 

broth. The strains' cells were harvested at an exponential 

growth phase (18 h), inoculated in MRS broth as a regular 
media, acid, and bile solution, and incubated at 37°C for 4 

h. The wavelength was adjusted to 600 nm, and the 

percentage of absorbance was calculated as follows: 
 

 
 

The cells that survived in the bile solution were 

calculated by % cell growth (Li et al. 2020): 
 

 

Molecular characterization 

DNA of potential LAB isolates was isolated using the 

Quick-DNA Bacterial Miniprep kit with procedures based 

on the manufacturer's instructions. The strain was added 

directly to a ZR BashingBeadTM Lysis Tube (0.1 and 0.5 mm) 

and rapidly and efficiently lysed by bead beating without 
using organic denaturants or proteinases. The DNA is then 

isolated and purified using Zymo-SpinTM Technology, making 

it ideal for downstream molecular-based applications such 

as PCR and array. Next, 0.5% (v/v) beta-mercaptoethanol was 

added to a final dilution of genomic lysis buffer. Bacterial 

cells of about 50-100 mg resuspended in up to 200 µL of 

water or isotonic buffer (PBS) were added to a ZR Bashing 

BeadTM lysis tube (0.1 and 0.5 mm). BashingBeadTM buffer 

was added 750 µL to the tube. The ZR BashingBeadTM 
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lysis tube (0.1 and 0.5 mm) was centrifuged in a 

microcentrifuge at 10,000 xg for 1 min, and the supernatant 

was transferred to a 400 µL Zymo-SpinTM III-F filter. 

The previous step added a genomic lysis buffer of about 

1,200 µL to the filtrate in the collection tube. Next, 800 µL 

of the mixture was transferred to a Zymo-SpinTM IICR 

Column in a collection tube and centrifuged at 10,000x g for 

1 min. Subsequently, the flow through was discarded from 

the collection tube, and the precious step was repeated. In a 

new collection tube, 200 µL of DNA pre-wash buffer was 
added to the Zymo-SpinTM IICR Column and centrifuged at 

10,000x g for 1 min. Next, the Zymo-SpinTM IICR Column 

was loaded with 500 µL of g-DNA wash buffer and centrifuged 

at 10,000 x g for 1 min. Afterward, the solutions on Zymo-

SpinTM was transferred to a clean 1.5 mL microcentrifuge 

tube, and 100 µL DNA elution buffer was added directly to 

the column matrix. The mixture was centrifuged at 10,000x 

g for 30 sec to elute the DNA. The result of one strain was 

mainly identified as LAB in its 16S rRNA with 27F/1492R 

PCR primer. PCR amplification was performed using the (2x) 

My Taq HS Red Mix (Bioline, BIO-25048). Its products were 
assessed by electrophoresis with 0.8% TBE agarose with 

Non-Template Control (NTC). The sequences with Bi-

directional sequencing were compared with those in the NCBI 

Genbank database (http://www.ncbi.nlm.nih.gov/BLAST/) 

using BLAST (NCBI, Bethesda, MD, USA). 

Isolation of bacteriocin of the strain 

BAMA, which is code strain was taken by this research. 

BAMAstrain with high potency as LAB was inoculated in 

MRS medium at 37°C at 24 h. The strain was inoculated in 

MRS Broth for 24 h, 150 rpm, producing the bacteriocin. 

Lei et al. (2020) method was used to purify bacteriocin 
with modification. The culture was centrifuged (10,000 x g 

rpm, 1 min) and compared with the ammonium sulfate 

precipitation method for crude bacteriocin extraction. 

Meanwhile, the aliquot of fermentation supernatant was 

precipitated with ammonium sulfate at ±4°C to 40% - 80% 

saturation levels at ±4°C. The crude extract was collected 

by centrifuging the mixture (10,000 x g, 30 min) and 

resuspended in phosphate buffer (pH 7). This precipitate 

was subjected to purification through a corning to remove 

the salt. The extract mainly contained protein and was 

stored at 4°C, and its molecular weight was determined by 

SDS-PAGE electrophoresis. This method used 15% 
separating gel and 6% stacking gel by protocol (Gowans 

2018) because the buffer Tris-glycerin was used for 

running the gel, and the coomassies blue for staining the 

gel. In addition, the coomassie blue gel was destained using 

0.5 M NaCl for 4-5 h. 

RESULTS AND DISCUSSION 

Isolation and characterization of LAB 

In this study, nine strains of LAB (BAMA 10-11, 

BAMA 15-20, and BAMA 25) were isolated from the 

Naniura traditional food of Medan, North Sumatra, 

Indonesia. The strains had white colonies, rounded edges, 
convex, small size, and soft surfaces; several assays, such 

as gram staining and catalase, tested all. Based on 

observation, it was revealed that some strains were bacilli 

and cocci cell shapes, pink and purple.  

Antibacterial activity of strains 

The ability of nine strains to produce antibacterial 

compounds was tested in this study by the diffusion 

method against pathogens E. coli and S. aureus. Disk paper 

was used in the petri plate for each LAB strain. The data on 

the antibacterial test results are shown in Table 1. The 

diameter values in the following table are the diameter 

values that were formed as a clear zone, including the 
diameter size of the disk paper used. Based on the 

antibacterial activity test results against E. coli and S. 

aureus from the nine strains, the BAMA 15 strain has the 

greatest potential to inhibit the growth of both organisms. 

BAMA 15 had a more stable inhibitory effect than others, 

which was also the result of the repeated assay. 

Survival cells in acid and bile of strains 

The nine LAB strains were also tested for their ability 

to grow in acid and bile solutions. The percentage of 

survival cells of BAMA 10-25 strains show in Figure 1. 

Among the strains with a positive gram, BAMA 15 strain 
had the optimal percentage of survival cells, with 17.9% in 

acid and 69.5% in bile.  
 
Table 1. The average diameter of the inhibition zone was used to 

calculate the antibacterial activity assay results for isolates with 
codes BAMA 10-BAMA 25 
 

Isolate codes 
Inhibition zone 

against E. coli (mm) 

Inhibition zone against 

S. aureus (mm) 

BAMA 10 6.37 8.37 
BAMA 11 6.91 6.99 
BAMA 15 6.44 7.53 
BAMA 16 6.82 7.25 
BAMA 17 7.13 6.98 
BAMA 18 6.98 7.08 
BAMA 19 7.41 8.09 
BAMA 20 6.97 8.38 

BAMA 25 6.82 9.12 
Chloramphenicol 26.57 12.35 
MRS broth 0 0 

 

 
Viability of LAB in acidic condition,  Viability of LAB in bile salt 

 

Figure 1. The percentage viability of LAB in MRS broth contains 
a pH of 3, and MRS broth contains bile salt of 3% 
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Molecular identification of BAMA 15 strain 

The results of gel electrophoresis DNA (Figure 2) and 

the BLAST results of BAMA 15 against the NCBI 

database showed that the isolate belongs to P. acidilactici, 

with query cover reaching 100%. Furthermore, a 

percentage identity of 100% was confirmed by 

phylogenetic analysis, which indicates that the isolate was 

a bacterium with the genus Pediococcus (Figure 3). 

Isolation of bacteriocin of the strain  

Bacteriocin from P. acidilactici BAMA 15 strain was 
isolated, and the weight of its molecules was calculated by 

vertical electrophoresis using the SDS-PAGE gel. The 

molecular weight value was estimated as ⁓12 kDa (Figure 4). 

Discussion 

In this study, the LAB was isolated from naniura, a 

traditional food from North Sumatra, and yielded nine 

strains with probiotic-like properties. The most optimal 

probiotic was BAMA 15 strain. Based on the results, the 

survival cell growth percentage above showed that BAMA 

15 strain growth is better than the others. BAMA 15 strain 

had a cell growth percentage in the acid of 17.9%, lower than 
BAMA 17, 18, and 19 strains. However, compared to the cell 

growth percentage in bile, BAMA 15 strain was 69.5%, which 

was higher than BAMA 17, 18, and 19 strains but lower than 

BAMA 10 and 11 strains. From the characterization and 

antibacterial assay results, BAMA 15 strain has more potential 

as LAB. It produces antibacterial compounds and growth more 

optimally in acid and bile, gut, and intestinal-like environments. 

LAB must be resistant and able to live in acidic 

conditions, which is one of the probiotics characteristics. 

Most of the LAB grow more slowly at low pH condition 

and causes decreased cell growth; however, it depends on 
bacterial strains. Resistant to living in bile salts condition is 

important for LAB because it affects the LAB activity in 

the upper intestinal tract. The lipolytic enzymes in the 

pancreas react with fatty acids in the bacterial cytoplasmic 

membrane. Therefore, it causes permeability properties and 

membrane structure changes to affect resistance to bile 

salts. The Bile Salt Hydrolase (BSH) enzyme was related to 

the resistance of LAB towards bile salts reducing the toxic 

effects on cells (Aritonang et al. 2022). 

BAMA 15 isolates were molecularly identified as P. 

acidilactici, with a similarity percentage of 99.73% from 

the NCBI database (Figure 5). The identity percentage 

value is above 97.5%, and according to Rossi-Tamisier et 

al. (2015), a value above 95% is at the genus level 

similarity. Bacteriocin produced from P. acidilactici 

BAMA 15 has a molecular weight of ⁓12 kDa. 
 
 

 
 
Figure 2. DNA isolated from P. acidilactici BAMA 15 1455 bp 
separated by gel electrophoresis with 0.8% TBE agarose 
 
 

 
 
Figure 4. Vertical electrophoresis SDS-PAGE gel photo result of 
bacteriocin from P. acidilactici BAMA 15 strain 

 
 

 
 
Figure 3. Phylogenetic tree analysis of the 16S rRNA gene sequence isolated from P. acidilactici BAMA 15 strain 
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Pediococcus acidilactici strains are found in many 

foods. Ahn et al. (2017) isolated LAB from malts. They 

obtained P. acidilactici, which produced bacteriocin with a 

molecular weight of 6 kDa; 6 - 12 kDa is a relatively large 

molecular weight because bacteriocins produced from 

gram-positive bacteria are often smaller than 6 kDa. 

Bacteriocins from LAB are peptides (small proteins) with 

specific physical and chemical characteristics that influence 

their specific interactions with targeted cells (Todorov et al. 

2022). For example, Simha et al. (2012) showed 
bacteriocin-producing by P. pentosaceous NCDC 273 that 

purification by RP-HPLC resulted in a protein with a 

molecular mass of 4.6 kDa. Bacteriocin of LAB is a 

metabolite synthesized by ribosomes as a bacteriostatic 

protein (Wang et al. 2018), which is the reason for the 

name. The mechanism action of bacteriocin is based on 

their ability to target the cell membrane, DNA, or protein 

metabolism of the microbial strain, whose function is 

distinct from those (Ibrahim et al. 2021), usually acts on the 

bacterial cytoplasmic membrane, their genetic determinants 

are usually plasmid-encoded, facilitating genetic 
manipulation, there is no cross-resistance to antibiotics 

(Reis et al. 2012). Bacteriocin from P. acidilactici K10 

mixed with succinic acid, lactic acid, and acetic acid was 

synergistically effective against target cells of E. coli 

O157:H7 in vivo and in vitro. Moreover, the same 

bacteriocin from P. acidilactici K10 mixed with 0.35% 

lactic acid and 0.25% acetic acid decreased the population 

of E. coli O157:H7, inoculated in a ground beef sample 

(Ibrahim et al. 2021). 

The effect of bacteriocin from P. acidilactici strains 

was also proven by Qiao et al. (2022). Bacteriocin can 
increase the immune system and the number of flora in the 

intestines of normal mice. Peptides from bacteriocin can be 

signal peptides to regulate the host immune system. LAB 

has been suggested to have several modes of action that 

eliminate pathogenic bacteria, including competition for 

physical attachment sites, competition for nutrients, a 

synergistic interaction of two or more of the above 

activities, enhancement of host immune system activity, 

and production of antimicrobial compounds (e.g., volatile 

fatty acids) (Capita and Alonso-Calleja 2013). The toxicity 

metabolites of pathogenic bacteria can play an 

irreplaceable role in the antibiotic that inhibits it (Cheng et 
al. 2014).  

Bacteriocins can kill pathogens without causing 

detrimental imbalances to the host microbiota and are often 

very specific (O’Connor et al. 2020). Inhibition was scored 

positive once the inhibition zone's width around the 

producer strain's colonies was 0.5 mm or larger 

(Bungenstock et al. 2020). The antibacterial activity of P. 

acidilactici BAMA 15 against E. coli was 6.44 mm, and S. 

aureus was 7.53 mm in diameter in both disk papers. The 

activity against S. aureus was higher in both inhibition 

zones. Also, the resistance level of gram-negative bacteria 
was higher than that of gram-positive bacteria. The zone of 

inhibition is divided into four classifications are following: 

>20 mm (very strong), 10-20 mm (strong), 5-10 mm 

(moderate), and <5 mm (no response). Zone of inhibition 

obtained different results because bacterial viability differs 

in producing metabolite compounds and their responses to 

pathogenic bacteria (Nasri et al. 2021). 

Bacteriocin is mainly studied in the following aspects: 

bacteriocin-producing screening by LAB and evaluation of 

antibacterial ability; bacteriocin is used in food 

preservation and disease treatment to antibiotics as an 

alternative; bacteriocin as a bioengineering (Qiao et al. 

2022). Bacteriocin production by LAB usually follows 

primary metabolite growth-associated kinetics, which 

occurs during the exponential growth phase and once the 
stationary phase is reached (Abbasiliasi et al. 2017). 

Bacteriocins produced by Gram-negative bacteria are 

grouped into colicins and microcins. The bacteriocins were 

coded by genes coding can be present either on the plasmid 

or chromosome as a subset of three genes, bacteriocin 

encoding gene, immunity protein genes, and lysis genes 

involved in releasing bacteriocins from cells. Colicins are 

classified into two classes based on translocation and three 

classes based on their action modes. Microcins are grouped 

into classes: I and II. Class II is further subdivided into two 

subclasses IIa and IIb. Pediocin PA-1 bacteriocin 
expressing gene PedA from P. acidilactici (Juturu and Wu 

2018). The microcins are divided into Class I, which 

contains ribosomally synthesized and post-translationally 

modified peptides (RiPPs) and Class II, which contains 

predominantly unmodified peptides (Cotter et al. 2013). 

In conclusion, nine LAB isolates were isolated from 

naniura fish in Medan, North Sumatra, with cell forms in 

the form of cocci and bacilli, gram-negative and Gram-

positive, with BAMA codes 10, 11, 15, 16, 17, 18, 19, 20, 

25. One among the nine isolates, namely isolate BAMA 15, 

was optimal in inhibiting the growth of E. coli and S. 
aureus, with inhibition of 6.44 and 7.53 mm, respectively. 

Meanwhile, the viability percentage of BAMA 15 isolates 

in acid and bile salt media was 17.9% and 69.5%, 

respectively. Furthermore, the molecular weight of the 

bacteriocin was ⁓12 kDa. Therefore, the results obtained 

from BAMA 15 isolate can be a LAB candidate with good 

potential in producing antibacterials. Therefore, BAMA 15 

isolate can be used in fermented foods and beverages that 

benefit health. 
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