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Abstract. Novia R, Ardiningsih P, Adhityawarman, Sarwiyati. 2022. Characteristics of Lactic Acid bacteria isolated from traditional 
fermented fish. Biodiversitas 23: 5662-5669. Lactic acid bacteria (LAB) are commonly involved in most food fermentation and 

contribute to the process’s quality and safety. The study investigates the characteristics of LAB isolated from buduk, pekasam, and 
pekasam ale-ale. Twelve colonies each sample were isolated and identified based on morphology and biochemical test. The pekasam 
ale-ale isolates were identified as Pediococcus sp. strain A1 and Pediococcus sp. strain A3; Enterococcus sp. strain A2 and 
Enterococcus sp. strain A4. The LAB in buduk were identified as Streptococcus sp. strain B1, Pediococcus sp. strain B2 and 
Pediococcus sp. strain B4, Enterococcus sp. strain B3. The pekasam isolates were identified as Pediococcus sp. strain P1, Streptococcus 
sp. strain P2 and Streptococcus sp. strain P4, Lactobacillus sp. strain P3. The LAB showed antimicrobial activities while Lactobacillus 
sp. strain P3 and Streptococcus sp. strain P4 could grow at pH 1. Two LAB including Enterococcus sp. strain A2 and Pediococcus sp. 
strain P1 showed amylase activity while Pediococcus sp. strain A3, Streptococcus sp. strain B1, Pediococcus sp. strain B2, 

Enterococcus sp. strain B3 showed protease activity. All LAB produced organic acids with varying concentrations at different 
incubation times. Furthermore, those isolated from various fish fermentations showed different genera and characteristics. Lactobacillus 
sp. strain P3 was the best to initiate food fermentation and a probiotic candidate based on their characteristics. 
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INTRODUCTION 

Indonesia is an archipelagic country with high marine 

biodiversity and fish abundance. Compared to other 

foodstuffs, seafood products can be preserved by 

fermentation, which is popular in Southeast Asian countries 

such as Indonesia. Fermented fish foods are made in the 
country using various foodstuffs and traditional formulas. 

These include chao, wadi, peda, pekasam ale-ale, buduk 

and pekasam (Nofiani et al. 2010; Nofiani and Ardiningsih 

2018; Nofiani et al. 2019; Nurhikmayani et al. 2019).  

Traditional fermented food, such as cheese, fish sauce, 

tempoyak, buduk, cincalok, usually contains lactic acid 

bacteria (LAB), which produce various compounds that are 

probably important for fermentation quality and health. 

Lactic acid and other organic acids produced by LAB 

during fermentation can decrease pH, which limits the 

spoilage microflora. Furthermore, bacteriocins were 
produced to inhibit or kill food spoilage or pathogenic 

microorganisms in addition to pH (Thomas 2018). 

Antifungal or anti-mycotoxigenic compounds produced by 

LAB can inhibit fungal growth or absorb mycotoxins 

(Dalié et al. 2010). Therefore, LAB can be used as bio 

preservative for meat products (Barcenilla et al. 2022). 

Some compounds produced by its metabolism contribute to 

the development of flavour fermentation, such as diacetyl, 

acetoin, acetaldehyde, or acetic acid (Jobby et al. 2020) as 

baijiu (Pang et al. 2021), artisanal white cheese (Albayrak and 

Duran 2021). A hydrolytic enzyme such as amylase secreted by 

these bacteria, is beneficial in the gastrointestinal tract of chickens 

and mammals (pigs, horses, rabbits, and humans). It can also 

be applied in the industry, including medical, clinical fields 

and chemistry (Padmavathi et al. 2018). Some LAB exhibit 

probiotics or other activities, for example reducing 

cholesterol, that confer a health benefit on the host (Jobby 
et al. 2020). Conversely, LAB can probably produce 

biogenic amine compounds that can be toxic to humans 

(Barbieri et al. 2019).  

Bacteria producing lactic acid as the primary or sole 

product of fermentative metabolism are grouped as LAB 

(Orla-Jensen 1919; Nikita and Hemangi 2012). 

Homofermentative LAB produce only lactic acid, while the 

heterofermentative produces other acids as the end product 

in metabolisms (Endo and Dicks 2014). Other LAB 

characteristics are Gram-positive, catalase-negative, usually non-

motile, non-sporulating bacteria, and no gas production from 
glucose. Furthermore, they can be grown at different 

temperatures (i.e. 15ºC and 45ºC), and different NaCl 

concentrations (i.e. 2%, 4% and 6.5%) can be used to 

distinguish different genera (Garvie 1984; Devriese et al. 

1995). Based on these characteristics, LAB are a 

heterogeneous group consisting of different genera such as 

Aerococcus, Atopobium, Bifidobacteria, Brochothrix, 

Carnobacterium, Enterococcus, Lactobacillus, Lactococcus, 

Leuconostoc, Oenococcus, Pediococcus, Streptococcus, 

Tetragenococcus, Weissella, Vagococcus (Kalschne et al. 

2015).  
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Genus and characteristic LAB contained in the food 

fermentation vary depending on foodstuff flora and process 

conditions. Buduk, pekasam and pekasam ale-ale were 

traditional fish fermentations that contain different LAB 

genera and characteristics. Buduk is a sauce prepared by 

fermenting fresh small fish, sugar, roasted rice, vinegar, or 

wine (optional) for seven days at room temperature (Nofiani et 

al. 2019). Pekasam is prepared by fermenting various small 

freshwater fish with salt in a certain ratio and incubated at 

room temperature for 7-10 days. Furthermore, pekasam ale-
ale or ale-ale is prepared through fermentation of fresh ale-ale 

(Meritrix meritrix) flesh with a certain concentration of salt, 

porridge rice or angkak for seven days (Nofiani et al. 2010). 

Therefore, this study aims to investigate the genus and 

characteristics of the LAB isolated from buduk, pekasam 

and pekasam ale-ale. The identification was conducted by 

comparing the morphological and biochemical 

characteristics between the LAB isolates and the standard 

based on Bergey’s Manual of Systemic Bacteriology (Holt 

et al. 1994). The isolates were characterized namely 

enzyme activities, antimicrobial activities, acid tolerance 
(AT), acid production ability, biogenic amine formation. 

MATERIALS AND METHODS 

Sampling  

The buduk and ale-ale samples were obtained from a 

traditional market, Flamboyan, Pontianak City. West 

Kalimantan, Indonesia. Pekasam sample was collected 

from a home industry at Jungkat, Mempawah District, 

West Kalimantan, Indonesia. 

Isolation and Identification of the LAB 

Using a blender, a suspension sample was prepared by 

homogenizing the sample and buffer saline. Furthermore, 
100 µL of it was spread onto peptone yeast glucose agar 

(PYGA) medium and then incubated using an anaerobic 

incubator at room temperature for four days. Each colony 

was transferred into a new medium until a pure form was 

obtained. The isolates predicted as LAB were identified 

based on Bergey’s Manual of Systemic Bacteriology (Holt 

et al. 1994). Each bacterial strain was determined by Gram 

staining, catalase, motility, growth tests with different NaCl 

concentrations of 2%, 4% and 6.5%, growth tests with 

varying temperatures of 15ºC and 45ºC, and gas CO2 - 

production from glucose. Gram staining was performed 

based on Gram’s procedure (Harley and Prescott 2002). 
The catalase test, each LAB colony was suspended and 

smeared the suspension on a clean slide, then dripped with 

3% of hydrogen peroxide, as much as 1-2 drops (Harley 

and Prescott 2002). The bubbles on the colony surface 

showed a positive catalase. Each LAB was stabbed into a 

MRS semisolid slant agar and incubated using an anaerobic 

incubator at 30°C for 48 hrs (Kajikawa et al. 2016). The 

colony growing and spreading on the surface of the 

medium indicate that the bacteria were motile. Each LAB 

was inoculated into a MRS semisolid slant agar 

supplemented with different NaCl concentrations of 2%, 
4% and 6.5% and incubated using an anaerobic incubator at 

37°C for 24 h (Harley and Prescott 2002). They were also 

inoculated into a MRS semisolid slant agar and incubated 

at different temperatures at 15ºC and 45ºC (Nikita and 

Hemangi 2012). The colony that appeared for both conditions 

showed NaCl and temperature tolerance. The gas production 

from glucose was tested by inoculating each isolate to a 

tube containing MRS broth supplemented with 1% glucose 

which was placed in an inverted Durham tube and 

incubated at 30°C for five days (Kajikawa et al. 2016). The 

positive test showed a bubble on the top of the Durham tube. 

Enzyme activities 

Enzyme activities of each LAB were determined on 

MRS agar supplemented with 1% amylum for an amylase 

activity test, MRS agar supplemented with 1% of casein for 

protease activity test, and MRS agar supplemented with 

tributyrin 2% for lipase activity test (Jini et al. 2011). 

Furthermore, they were incubated under an anaerobic 

condition at 37°C for four days. A clear zone around the 

colonies showed enzyme activities. 

Antimicrobial activity  

Cell-free supernatant (CFS) was prepared by 
inoculating the LAB colony into MRS broth medium. The 

bacteria culture was centrifuged after incubating using an 

anaerobic incubator at 37°C for 48 hrs to remove its cells 

and filtered using a 0.22 μm filter. Each bacterial strain was 

inoculated into 10 mL of nutrient broth and incubated at 

200 rpm, 37°C, for 12-14 hrs. A 0.5 mL bacterial culture 

test was thoroughly mixed with 15 mL of warm nutrient 

agar medium and then poured into a 9 cm diameter Petri 

dish. The medium was punched with a tool of 5 mm 

diameter after solidification to make a well. A 50 µL of the 

CFS was dispensed slowly into the well, and a laminar 
flow was let in until the solvent evaporated, then incubated 

at 37°C for 24 hrs. A clear zone around the well indicated 

positive antimicrobial activity was measured for diameter.  

Acid tolerance  

Acid tolerance was tested following the procedure by 

Gotcheva et al. (2002). A colony of LAB was inoculated 

into MRS broth, incubated using an anaerobic incubator at 

37°C for 24 hrs and harvested by centrifugation to collect 

the cells which were washed three times using phosphate 

buffer saline (PBS [phosphate buffer saline consisting of 

phosphate buffer 0.1 M, NaCl 0.8%, pH 7,2). The cells 

were resuspended with a ratio of 1: 100 in PBS with 
various pH of 1, 2, and 3 then incubated at different times 2 

hrs and 4 hrs at 37ºC.  

Acid production ability  

Acid production ability was measured by decreasing the 

pH culture of the culture. Each LAB colony was inoculated 

into MRS broth at pH 6 then incubated using an anaerobic 

incubator for 24 hrs to obtain a starter culture. The starter 

culture was inoculated into MRS broth (pH 6.5) to obtain 

an optical density at 600 nm of 0.05 and then incubated. 

Furthermore, the pH was measured using a pH meter at 

hours 4, 6, 8, 12, 24 and 48. The data were presented as 
mean ± standard deviation, and the variance between the 
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group was analysed using a Tuckey with a 95% (p<0.05) 

confidence level. Finally, its analysis was analysed using 

the IBM® Statistics 26. 

Screening of biogenic amine formation 

Biogenic amine formation was screened using an 

improved medium from Bover-Cid and Holzapfel’s 

procedure (Bover-Cid and Holzapfel 1999). A colony of 

each LAB was inoculated on the improved medium and 

incubated at 47°C for four days. Finally, positive LAB 

produced biogenic amines when the medium colour 
changed from yellow to violet. 

RESULTS AND DISCUSSION 

Isolation and characterization of Lactic Acid Bacteria 

Most fish fermentations involve LAB such as peda 

which contain Lactobacillus and Pediococcus; terasi 

containing Enterococcus, Lactobacillus, Pediococcus, and 

Streptococcus; salted fish and shrimp containing 

Lactobacillus and Streptococcus; wadi with Enterococcus, 

Lactobacillus, Pediococcus, and Streptococcus (Endang 

2018). This study screened buduk, pekasam ale-ale and 

pekasam were screened for LAB candidates using a 
selective medium, such as PYGA supplemented with 

CaCO3. Ninety-eight LAB candidates appeared on the 

medium with a clear zone around each colony and were 

isolated (Figure 1). Each colony was selected based on the 

morphology and position in the medium, Gram staining 

and catalase test. Those with Gram-positive and catalase-

negative characteristics were indicated as LAB colonies. 

Four from each sample of pekasam ale-ale [coded “A”], 

buduk [coded “B”] and pekasam [coded “P”]) were further 

characterized to identify their genus. 

The morphological and biochemical characteristics of 

LAB were Gram-positive and catalase-negative, no motile, 

had good growth at 45°C, 2% and 4% of NaCl, and 

produced CO2 from glucose and homofermentative 

fermentation (Holt et al. 1994; Nikita and Hemangi 2012). 

Enterococcus sp. strain A2, Enterococcus sp. strain A4, 
Enterococcus sp. strain B3, Pediococcus sp. strain A3, and 

Pediococcus sp. strain B2 could grow at 15°C and in 6.5% 

of NaCl (Table 1). Gram staining results of each isolate 

were observed for the morphological cells of each isolate. 

Eleven of twelve isolated LAB showed different coccus 

shapes; and only one was a rod shape. Finally, the shape of 

the coccus was chain-like, short-chain, diplococci, and 

tetrad cocci (Figure 2). 

The cell shapes of the genus Enterococcus are pair and 

short-chain cocci similar to Lactococcus (Du Toit et al. 

2014). Genus Enterococcus can grow up to 6.5% of NaCl, 
while Lactococcus generate approximately 4% (Schillinger 

and Lücke 1987; Du Toit et al. 2014). Furthermore, it can 

distinguish between the genera Enterococcus and 

Lactococcus. Isolates A2, A3, A4, B2 and B3 showed pair 

and small chain cocci and could grow up to 6.5% NaCl 

(Figure 2; Table 1). Therefore, isolates A2, A3, A4, B2 and 

B3 were identified as Enterococcus sp. strain A2, 

Enterococcus sp. strain A3, Enterococcus sp. strain A4, 

Enterococcus sp. strain B2 and Enterococcus sp. strain B3.  

 
 

 
A B C D 

Figure 1. A. Buduk; B. Pekasam. C. Pekasam ale-ale. D. LAB colonies in PYGA 
 

 
 

 
A B C D 

Figure 2. Cell shapes of the LAB colonies were observed under the light microscope with 1000 x magnification. A. Diplococci and 
short-chain shape of isolate P2; B. Diplococci and tetrad shape of isolate B2; C. Diplococci and short-chain shape isolate B3; D. Rod 
shape of isolate P3 
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Table 1. Characteristics of the LAB isolates 
 

Isolate 
Gram 

staining 

Cell 

shape 
Catalase Motility 

Growth at 

different temp. 
Grow in NaCl Gas production 

from glucose 

Fermen- 

tation 
15 °C 45 °C 2% 4% 6.5% 

Pediococcus sp. strain A1 + c - - ± + + + - - m 
Enterococcus sp. strain A2 + c - - + + + + + - m 
Pediococcus sp. strain A3 + c - - + - + + + - m 

Enterococcus sp. strain A4 + c - - + + + + + - m 
Streptococcus sp. strain B1 + c - - + + + + - - m 
Pediococcus sp. strain B2 + c - - + - + + + - m 
Enterococcus sp. strain B3 + c - - + + + + + - m 
Pediococcus sp. strain B4 + c - - + + + + - - m 
Pediococcus sp. strain P1 + c - - + + + + - - m 
Streptococcus sp. strain P2 + c - - + + + + - - m 
Lactobacillus sp. strain P3 + r - - + + + + - - m 

Streptococcus sp. strain P4 + c - - + + + + - - m 

Note: c. coccus; r. rod; ±. Slow growth; +. Positive; -. negative. m. homofermentative fermentation. 
 
 
 

Genus Streptococcus is Gram-positive, catalase-

negative cocci, grow under facultatively aerobic conditions, 

produce L-(+)- lactic acid, and undergo homofermentative 

fermentation, hence, they do not produce CO2 from glucose 

(Du Toit et al. 2014). Isolates B1, P2 and P4 showed 

similar characteristics to the genus Streptococcus (Table 1). 

Furthermore, their morphology showed diplococci and 

chain-forming cocci, which indicated the genus 
Streptococcus (Figure 2A). Therefore, isolates B1, P2, and 

P4 were probably identified as Streptococcus sp. strain B1, 

Streptococcus sp. strain P2, and Streptococcus sp. strain P4. 

Isolates A1, A3, B2, B4 and P1 showed diplococci and 

tetrad shapes. The tetrad shape is a specific characteristic of 

LAB from the genus Pediococcus (Du Toit et al. 2014). Its 

other characteristics were Gram-positive, catalase-negative, 

oxidase-negative, grow under facultatively aerobic to 

microaerophilic conditions, produce lactic acid, lack of 

CO2 production from glucose, and inability to reduce 

nitrate (Weiss 1992; Franz et al. 2014). Furthermore, 

Pediococcus sp. can detect food fermentation such as tape 
(Du Toit et al. 2014). Therefore, isolates A1, A3, B2, B4 

and P1 were probably identified as Pediococcus sp. strain 

A1, Pediococcus sp. A3, Pediococcus sp. strain B2, 

Pediococcus sp. strain B4 and Pediococcus sp. strain P1. 

The cell shapes of the genus Enterococcus are pair and 

short-chain cocci similar to Lactococcus (Du Toit et al. 

2014). Genus Enterococcus can grow up to 6.5% of NaCl, 

while genus Lactococcus can grow NaCl to approximately 

4% (Schillinger and Lücke 1987; Du Toit et al. 2014). 

Growth in different NaCl concentrations can distinguish 

between the genera Enterococcus and Lactococcus. Isolate 
A2, A3, A4, B2 and B3 showed pair and small chain cocci 

and could grow to 6.5% of NaCl. Therefore, they were 

identified as Enterococcus sp. strain A2, Enterococcus sp. 

strain A3, Enterococcus sp. strain A4, Enterococcus sp. 

strain B2 and Enterococcus sp. strain B3. 

The genus Streptococcus characteristics are Gram-

positive, catalase-negative cocci, grow under facultatively 

aerobic conditions, produce L-(+)- lactic acid, 

homofermentative, hence, they do not produce CO2 from 

glucose (Du Toit et al. 2014). Isolates B1, P2 and P4 

showed similar characteristics and shapes, including 

diplococci and chain-forming cocci, as well as a similar 

shape to Streptococcus standard (Table 1). Therefore, they 

were probably identified as Streptococcus sp. strain B1, 

Streptococcus sp. strain P2, and Streptococcus sp. strain 

P4. 

Isolates A1, A3, B2, B4 and P1 showed diplococci and 

tetrad shapes. The tetrad shape is a specific morphology of 
a LAB from the genus Pediococcus (Du Toit et al. 2014). 

The other characteristics of Pediococcus sp. were Gram-

positive, catalase-negative and oxidase-negative, 

facultatively aerobic to microaerophilic conditions, lactic 

acid production, lack of CO2 production from glucose, and 

cannot reduce nitrate (Franz et al. 2014). Therefore, 

isolates A1, A3, B2, B4 and P1 were identified as 

Pediococcus sp. strain A1, Pediococcus sp. strain A3, 

Pediococcus sp. strain B2, Pediococcus sp. B4 and 

Pediococcus sp. strain P1. Pediococcus sp. can detect on 

food fermentation such as tape (Du Toit et al. 2014). 

Enzyme activities 
Enzyme activities are important to decrease 

fermentation time in certain food fermentation. α-Amylases 

(EC 3.2.1.1) are starch-degrading enzymes capable of 

hydrolyzing α-1,4 glycosidic bonds of polysaccharides 

including starch fermentation by LAB (Padmavathi et al. 

2018). Lipase is an enzyme that hydrolyze triacylglyceride 

to diacylglyceride, monoglycerides, fatty acid and glycerol. 

Lipase can develop a unique aroma during food 

fermentation, such as fermented milk (Shojaei Zinjanab et 

al. 2021), a fish fermented, shuanzhayu (Jiang et al. 2021). 

Protease activity contribute to protein degradation by 
causing flesh breakdown in fish fermentation. Some 

products such as fermented fish sauce and buduk need 

protease to break down protein from flesh. Meanwhile, 

some fish fermentation does not allow fish flesh 

degradation such as cincalok and pekasam ale-ale. The 

fermentation of silver carp inoculated with Lactobacillus 

plantarum can increase aspartic acid, glutamic acid, and 

alanine, resulting in umami and sweet taste (Yang et al. 

2016). 
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The enzyme activities tested in this study were amylase, 

lipase and protease. This study detected no lipase activity 

on the LAB (Table 2). Enterococcus sp. strain A2 from 

pekasam ale-ale and Pediococcus sp. strain P1 from 

pekasam showed amylase activity. Three and one of four 

LAB isolated from pekasam showed protease activity, 

respectively, exhibited protease activity. 

Antimicrobial activities  

Antimicrobial activities can be used against 

enteropathogens in the intestine. Most LAB produce 
organic acids, hydrogen peroxide, bacteriocins, and other 

compounds contributing to antimicrobial activity 

(Rachmawati et al. 2006; Ayantola and Oladunmoye 2015). 

Those with this parameter have an important characteristic 

of a probiotic bacterial candidate (Vantsawa et al. 2017). 

Based on the well-diffusion method, the LABs showed 

antimicrobial activities against 13 of the tested microbes. 

Enterococcus sp. strain A2, Enterococcus sp. strain B3, 

Lactobacillus sp. strain P3, Pediococcus sp. strain P1 and 

Streptococcus sp. strain P4 exhibited the best result against 

the microbial test (Table 3). Finally, the LAB isolated from 
the pekasam dominated as the best antimicrobial producer. 

Acid tolerance  

The acid tolerance of LAB is caused by various 

mechanisms such as central metabolic pathways (arginine 

dihydrolase system (ADS), amino acid decarboxylation, 

malolactic fermentation), proton pump, changes in cell 

membrane composition and cell density, DNA and protein 

damage repair, and neutralization processes (Grandgirard et 

al. 2002; Wang et al. 2018). The ADS can catalyze the 

conversion of arginine into ornithine, ammonia and carbon 

dioxide. The ammonia neutralizes protons in the cell to 
maintain intracellular pH homeostasis. LAB, including 

Lactobacillus lactis, Lactobacillus helveticus, 

Lactobacillus acidophilus, Lactobacillus rhamnosus 

secrete high F1-F0-Atpase concentration to adapt acid 

tolerance. LAB membrane fluidity and proportion of 

unsaturated fatty acid are higher to enhance acid tolerance, 

such as in Lactobacillus casei (Wu et al. 2012). Their 

survival was determined using an acid tolerance test under 

low pH gastric juice conditions before reaching the 

intestinal tract. The pH value used in this study was from 1 

to 3 because stomach acidity varies among individuals. 

Twelve isolates survived at pH 7.2 (control) and 3 (Table 

4). Streptococcus sp. strain P2, Streptococcus sp. strain P4 

and Lactobacillus sp. strain P3 survived at pH 1 after 2 hrs 
of incubation. However, all LAB survived after 4 hrs of 

incubation except Enterococcus sp. strain B3 dan 

Streptococcus sp. strain P2 (Table 4). The best LAB-

resistant acid was Lactobacillus sp. strain P3 is based on 

the survival LAB total at pH 1, 2, and 3. The LAB that 

survived in the acid condition indicated a resistant acidic 

and probably considered probiotic candidates. Leuconostoc 

citreum 344, Lactobacillus brevis 183, Leuconostoc 

mesenteroides 348 and Lactobacillus plantarum 327 

showed resistant acid condition (Grosu-Tudor and Zamfir 

2012). 
 

 

Table 2. Enzyme activities of LAB isolates 
 

Isolate 
Enzyme activities 

Amylase Lipase Protease 

Pediococcus sp. strain A1 - - - 
Enterococcus sp. strain A2 + - - 

Pediococcus sp. strain A3 - - + 
Enterococcus sp. strain A4 - - - 
Streptococcus sp. strain B1 - - + 
Pediococcus sp. strain B2 - - + 
Enterococcus sp. strain B3 - - + 
Pediococcus sp. strain B4 - - - 
Pediococcus sp. strain P1 + - - 
Streptococcus sp. strain P2 - - - 

Lactobacillus sp. strain P3 - - - 
Streptococcus sp. strain P4 - - - 

 
 
 

Table 3. Antimicrobial activities of the LAB CFS (50 µL/well) 
 

Isolate 
Diameter of a clear zone (mm) 

1 2 3 4 5 6 7 8 9 10 11 12 13 

Pediococcus sp. strain A1 11.22 - 5.95 5.37 - 3.89 7.24 - 8.99 7.64 3.12 - 8.07 
Enterococcus sp. strain A2 5.39 7.49 12.11 7.81 11.01 7.31 15.89 11.88 4.09 9.54 6.62 6.91 8.91 

Pediococcus sp. strain A3 6.85 - 5.71 4.93 - 4.22 17.62 - 8.73 9.06 5.89 - 8.96 
Enterococcus sp. strain A4 7.39 - 5.84 7.46 8.81 6.16 15.99 15.03 14.84 9.39 6.01 6,67 10.69 
Streptococcus sp. strain B1 4.64 - - 9.09 - 4.41 19.09 - 4.41 9.93 4,59 - 8.03 
Pediococcus sp. strain B2 8.55 - 9.18 9.05 - 6.56 12.34 8.77 12.43 6.65 6.45 1.57 6.78 
Enterococcus sp. strain B3 7.26 7.49 9.33 7.54 7.35 6.69 18.76 11.79 6.78 7.49 6.21 5.32 8.71 
Pediococcus sp. strain B4 4.76 - 8.29 8.82 - 4.55 13.41 - 10.89 6.39 6.09 - 5.37 
Pediococcus sp. strain P1 7.95 4.11 7.09 10.75 8.69 7.03 10.84 7.72 13.68 6.19 5.83 5.42 8.01 
Streptococcus sp. strain P2 9.09 - 5.84 12.08 - 6.14 16.33 14.81 12.14 8.12 7.09 8.34 9.83 

Lactobacillus sp. strain P3 6.29 7.76 11.01 9.72 11.14 7.75 21.09 9.76 7.67 7.67 7.56 4.09 9.49 
Streptococcus sp. strain P4 6.32 7.10 9.40 8.47 9.94 10.08 16.61 10.34 5.01 7.39 6.24 6.34 9.29 

Note: 1. A. hydropila; 2. Enterobacter sp.; 3. S. aureus; 4. B. cereus; 5. V. cholerae; 6. Bacillus sp.; 7. K. pneumoniae; 8. L. 
monocytogene; 9. C. freundii; 10. C. albicans; 11. B. subtilis; 12. E. coli; 13. Salmonella sp.; -. Inactive. 
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Table 4. Acid tolerance characteristics of the LAB 
 

Isolate 

Colony average, log CFU/g 

pH 7.2 pH 1 pH 2 pH 3 

2 hours 4 hours 2 hours 4 hours 2 hours 4 hours 2 hours 4 hours 

Pediococcus sp. strain A1 9.670  9.571  0  9.019  9,339  8,637  9,396 9,548  
Enterococcus sp. strain A2 8.884 9.820  0  7.637  5,608  0  9,753  9,498  

Pediococcus sp. strain A3 9.396 9.538 0  7.283 8,941  7,760  7,212 5,155 
Enterococcus sp. strain A4 8,900 9.169  0  6.155  8,928  4,456  9,373 8,997  
Streptococcus sp. strain B1 9.394  9.458  0 9.735  0 1,155  9,592  9,349  
Pediococcus sp. strain B2 9.684  9.673 0  9.050  1,269  7,479 9,656  9,784 
Enterococcus sp. strain B3 9.533 9.509 0  0  0  0  9,085 8,894  
Pediococcus sp. strain B4 9.419  9.501  0  7.155  5,274  4,791 9,481  9,776  
Pediococcus sp. strain P1 9.206  9.503 0  5.854 7,765 0  9,623 8,900  
Streptococcus sp. strain P2 9.349  9.605  9.651  0  9,830 7,263  9,698  8,256  

Lactobacillus sp. strain P3 9.813  9.728 5.850  9.136  7,964  9,677 9,543  9,738 
Streptococcus sp. strain P4 9.269  9.046  3.632  7.465 8,530  9,528  8,746  9,104 

 
 
Table 5. pH during LAB growth 
 

Strain 
pH 

4 hours 6 hours 8 hours 12 hours 24 hours 48 hours 

Pediococcus sp. strain A1 5.22±0.13a 5.01±0.06ab 4.75±0.06bc 4.48±0.05c 4.32±0.13cd 4.12±0.14d 
Enterococcus sp. strain A2 5.30±0.09a 4.89±0.03b  4.63±0.07c  4.40±0.05d 4.08±0.07e 3.89±0.08f  
Pediococcus sp. strain A3 5.08±0.07a 4.71±0.13b  4.57±0.09bc  4.42±0.03c 4.09±0.06d 4.01±0.06d 
Enterococcus sp. strain A4 5.12±0.04a 4.74±0.10b  4.56±0.07c  4.44±0.01cd 4.10±0.06d 3.93±0.08d 
Streptococcus sp. strain B1 5.15±0.02a 4.74±0.09b  4.59±0.09bc  4.41±0.09c 4.19±0.10d 3.97±0.04e 
Pediococcus sp. strain B2 5.20±0.10a 4.78±0.06b  4.56±0.05c 4.43±0.02c 4.11±0.05d 3.84±0.07e 

Enterococcus sp. strain B3 5.16±0.06a 4.77±0.09b  4.58±0.06c  4.42±0.02c 4.08±0.07d 3.99±0.06d 
Pediococcus sp. strain B4 5.27±0.18a 4.75±0.08b  4.57±0.07b 4.45±0.03b 4.11±0.06c 3.99±0.06c 
Pediococcus sp. strain P1 5.26±0.08a 4.74±0.11b  4.60±0.10b 4.41±0.05b 4.02±0.09d 3.93±0.01d 
Streptococcus sp. strain P2 5.15±0.12a 4.73±0.12b  4.58±0.10bc 4.46±0.01c 4.09±0.08d 3.90±0.03d 
Lactobacillus sp. strain P3 5.21±0.06a 4.77±0.15b  4.58±0.10bc 4.42±0.04c 4.09±0.09d 3.88±0.05d 
Streptococcus sp. strain P4 5.22±0.16a 4.79±0.12b  4.60±0.10bc 4.43±0.04c 4.13±0.05d 3.99±0.04d 

Note: The value was presented as mean ± standard deviation. The different lowercase letters in a row indicated a significantly different 
value (p <0.05) based on Tuckey HSD. n=3. 

 
 
Table 6. Screening of biogenic amine production produced by the LAB 
 

Isolate Control 
Amino acids/biogenic amines 

Histidine/histamine Tyrosine/tyramine Lysin/cadaverine Arginine/agmatine 

Pediococcus sp. strain A1 - + + - + 
Enterococcus sp. strain A2 - + - - + 
Pediococcus sp. strain A3 - - - - + 
Enterococcus sp. strain A4 - - + - + 
Streptococcus sp. strain B1 - - - - + 
Pediococcus sp. strain B2 - - + - + 
Enterococcus sp. strain B3 - - + - + 
Pediococcus sp. strain B4 - - - - + 

Pediococcus sp. strain P1 - - + - + 
Streptococcus sp. strain P2 - - - - + 
Lactobacillus sp. strain P3 - - - - + 
Streptococcus sp. strain P4 - - + - + 

 
 
 

Organic acid production ability 

Organic acid production abilities such as acetate, 

citrate, formate, lactate and succinate measured by pH 

culture, are specific characteristics of LAB (Endo and 

Dicks 2014; Thomas 2018). Heterofermentative LAB 

produce various organic acids such as acetate, citrate, 

formate, and lactate, while homofermentative LAB only 

produces lactate (Abedi and Hashemi 2020). The lactate 

produced by the bacteria is secreted into the medium. 

Furthermore, accumulated lactate decrease pH in the 

medium. pH culture from 14 LAB decreased significantly 

from 6.3 to 5 in the first 4 hours and continued to decrease 

slowly until around 3.9 (Table 5). Low pH probably 

reduced the growth and viability of the LAB, as seen in 

Lactobacilli (Hassanzadazar et al. 2012). 
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Biogenic amine production 

Most food fermentations contain biogenic amines, such 

as agmatine, tyramine, histamine, putrescine, and 

cadaverine produced as microorganism activities through 

substrate-specific decarboxylase enzymes from amino acid 

decarboxylation. Histamine, cadaverine, tyramine, and 

agmatine are derived from histidine, lysine, tyrosine, and 

arginine decarboxylation. High concentrations of biogenic 

amines in the body may induce headaches, respiratory 

distress, heart palpitation, hyper or hypotension, and 
several allergenic disorder (Comas-Basté et al. 2019). 

Histamine and tyramine can cause “scombroid fish 

poisoning” and “cheese reaction,” respectively (Barbieri et 

al. 2019). The biogenic amine production can be produced 

by LAB such as Enterococci, Carnobacteria and some 

strains of Lactobacilli, particularly Lactobacillus curvatus, 

Lactobacillus brevis and Lactobacillus buchneri (Bover-

Cid and Holzapfel 1999).  

The biogenic amines in this study were screened using 

four different amino acids namely histidine, tyrosine, 

lysine, and arginine. Some LAB could produce histamine 
and tyramine (Table 5). Furthermore, Lactobacillus sp. 

strain P3, Pediococcus sp. strain B4, Pediococcus sp. strain 

A3, Streptococcus sp. strain B1, Streptococcus sp. strain P2 

was relatively safe compared to the other isolate because it 

only produced a biogenic amine, agmatine. 

In conclusion, four different LAB were isolated 

successfully from traditional fish fermentation namely 

buduk, pekasam, and pekasam ale-ale and identified as 

Lactobacillus sp., Enterococcus sp., Pediococcus sp., and 

Streptococcus sp. The isolates showed different 

characteristics, such as antimicrobial activities, biogenic 
amine production, organic acid production, AT, and 

enzyme activities (amylase and protease). However, the 

best LAB based on this characteristic was Lactobacillus sp. 

strain P3 due to inhibiting all tests, no histamine, tyramine 

and cadaverine production; resistance at pH 1 and 2. 
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