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Abstract  

 Thailand is rich in microbial and crop biodiversity, making it ideal for functional food development. This study used 

Pediococcus acidilactici FSPO-PJ1, a thermotolerant lactic acid bacteria (LAB) strain isolated from Thai fermented food, 

to ferment Thai riceberry rice amazake lactic, a functional beverage made from Thai pigmented rice. This strain, isolated 

from fermented spring onion, was selected for its thermotolerance and evaluated for antagonism against foodborne 

pathogens (Bacillus cereus and Staphylococcus aureus) to verify its food safety profile. Enhancements of the health-

related functional properties of riceberry rice amazake fermented with P. acidilactici FSPO-PJ1, such as nutrition, 

metabolites and bioactivities, were assessed and compared with those of conventional riceberry rice amazake (RB-AMA). 

Parallel fermentation of riceberry rice amazake lactic with rice koji and P. acidilactici FSPO-PJ1 at 50 C (FSPO-PJ1 

amazake) yielded significantly higher concentrations of lactic acid, amino acids (histidine, lysine, cysteine, glycine, 

proline, alanine, leucine and methionine) and vitamin B (B1, B2, B3 and B9) than RB-AMA. FSPO-PJ1 amazake also 

had significantly higher concentrations of total phenolic compounds (1.274 vs. 1.080 mg GAE/g) and significantly higher 

antioxidant activity than RB-AMA (0.278 vs. 0.052 mg TE/g). Moreover, FSPO-PJ1 amazake demonstrated anti-

inflammatory activity by inhibiting nitric oxide (NO) in lipopolysaccharide-stimulated RAW 264.7 cells; FSPO-PJ1 

amazake treatment exhibited significantly higher NO inhibition (46.07%) than treatment with RB-AMA (40.86%) or the 

NO synthesis inhibitor NG-nitro-l-arginine methyl ester (L-NAME; 40.92%). This study is the first to demonstrate the 

potential of newly isolated P. acidilactici FSPO-PJ1 in enhancing nutritional and bioactive properties in riceberry rice 

amazake lactic, providing a novel approach for functional fermented food production. 
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Introduction 

 Functional foods are designed to offer health 

benefits beyond basic nutrition when consumed 

regularly as part of a balanced diet. Fermentation with 

lactic acid bacteria (LAB) is a widely used strategy for 

incorporating bioactive constituents into foods to meet 

the criteria of functional food [1]. LAB are generally 

recognized as safe and have multiple beneficial 

metabolites, such as vitamin B, which can maintain the 

nervous, muscular and immune systems; 

exopolysaccharides, which are related to 

immunomodulatory, anti-inflammatory and antioxidant 

activities; and organic acids or bioactive peptides, which 

can have antimicrobial properties [1-4]. Among LAB, 

Pediococcus acidilactici is used as a starter culture in 

fermented foods, including meat, fish and vegetables. It 
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is a Gram-positive coccus in genus Lactobacillaceae 

which has optimal growth temperature at 40 C and 

maximum growth temperature at 50 C [5]. P. 

acidilactici exhibits probiotic properties; prevents 

hyperglycemia, hypercholesterolemia and 

gastrointestinal infection; produces bioactive 

compounds that resist foodborne pathogens; and 

enhances antioxidant levels in fermented food products 

[2,4]. It can also produce amino acids [6] and vitamin B 

[7,8], thereby enhancing nutritional value.  

 Amazake is a traditional Japanese, fermented, 

nonalcoholic drink produced by saccharifying rice with 

Aspergillus oryzae in rice koji at high temperatures (50 

- 60 C). It is nutritious and rich in functional 

components, including monosaccharides, 

oligosaccharides, dietary fibers, vitamin B, amino acids, 

organic acids and active ingredients, such as 

antioxidants (L-ergothioneine), glucosylceramide 

(GlcCer), N-acetylglucosamine (GlcNAc) and -

aminobutyric acid (GABA) [9-11]. Sometimes called a 

“drinkable IV drip” or a “super drink,” amazake can be 

consumed by kids, older people and pregnant women 

because of its readily absorbable small-molecule 

metabolites. Its documented health functions include 

antifatigue effect, improved bowel regularity, enhanced 

skin barrier function, reduced joint pain and increased 

cholesterol metabolism [9-13]. LAB fermentation can 

further enhance amazake’s bioactivity; for example, 

compared with traditional koji amazake, amazake 

fermented by Lactobacillus sakei UNONUMA 

exhibited increased lactic acid; vitamins B2, B3 and B6; 

and acetylcholine levels [11]. 

 Thailand has a wide variety of rice cultivars, 

including pigmented, high nutrition and health 

functional rice. Riceberry rice (Oryza sativa L.) is a 

long-grain, dark purple and nonglutinous variety 

developed by crossbreeding aromatic black rice (Hom 

Nin rice) and jasmine rice (Khao Dawk Mali 105) to 

improve texture, flavor and aroma. This variety is also 

nutritious, being rich in omega-3, minerals (Zn and Fe), 

vitamins (E, B1 and B2), -carotene, lutein, polyphenol, 

tannin, -oryzanol, antioxidant and fiber [14]. Riceberry 

rice is widely consumed in Thailand and also used in 

making functional food products, such as snacks, 

beverages and yogurt [14-16]. 

 This study used Pediococcus acidilactici FSPO-

PJ1, a thermotolerant LAB strain newly isolated from 

Thai fermented food, for the development of a novel 

variety of functional fermented food, riceberry rice 

amazake lactic. The strain was evaluated for its 

properties relevant to amazake lactic production 

including thermotolerance and antagonistic activity 

against foodborne pathogens. The resulting product’s 

nutritional and bioactive properties were compared with 

those of conventional riceberry rice amazake. 

 

Materials and methods 

 Materials 

 Fermented food samples were obtained from local 

markets in Thailand. Rice koji of Aspergillus oryzae was 

a product of Kojiya Sanzaemon (Aichi, Japan). RAW 

264.7 murine macrophages were supplied by the 

American Type Culture Collection (Manassas, VA, 

USA). We used a commercial riceberry rice product 

(PRG Corporation Public, Pathumthani, Thailand). All 

cell culture products were supplied by Invitrogen (via 

Gibthai, Bangkok, Thailand). All chemicals were of 

analytical grade. 

 

 Isolation of LAB 

 LAB were isolated from Thai fermented food 

containing rice material, including sweet fermented 

glutinous rice (khao mak), fermented pork or beef 

(nham) and fermented vegetables. Pure bacterial 

cultures were screened for catalase activity; catalase-

negative strains were further observed by Gram staining. 

Working cultures were cultivated on de Man-Rogosa-

Sharpe (MRS) agar (HiMedia, Mumbai, India) at 37 C 

for 16 - 24 h. Stock cultures were preserved in sterilized 

20% (v/v) glycerol at −80 C. 

 

 Thermotolerance screening 

 Primary thermotolerance screening of isolated 

LAB strains was conducted by spot-inoculating isolates 

with a sterilized toothpick on MRS agar, followed by 

incubation at 45, 50 and 55 C for 24 h. Strains that grew 

at those temperatures were subjected to secondary 

screening in riceberry rice amazake using the parallel 

fermentation method as follows. First, 5 g of raw 

riceberry rice was soaked overnight in 10 mL of 

reverse‑osmosis water at 4 °C in a 50-mL glass vial and 
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then boiled at 105 °C for 30 min using an autoclave 

sterilizer (ES-315; TOMY, Tokyo, Japan). The mixture 

was inoculated with 3 g of rice koji and a cell suspension 

of LAB at 106 CFU/g of rice mixture, mixed thoroughly 

and incubated at 45, 50 and 55 C in a water bath 

(Thermominder SM-05N; Taitec Corporation, Saitama, 

Japan) for 16 h. The negative control was amazake 

mock-inoculated using sterilized water instead of a LAB 

cell suspension and incubated under the same 

conditions. Sugar content was measured using a pocket 

refractometer (PAL-S, Atago, Tokyo, Japan). pH was 

measured using a pH meter (LAQUAtwin pH-33, 

Horiba Advanced Techno, Kyoto, Japan). Acidic pH in 

the LAB-amazake culture medium reflects LAB growth 

and acid production. Therefore, LAB strains that 

resulted in a culture pH < 4 were selected. Furthermore, 

the maximum temperature at which the selected LAB 

strain could grow and still acidify the LAB-amazake 

culture was selected as the temperature condition for 

further amazake lactic production. 

 

 Antagonism against foodborne pathogens 

 The antagonistic activity of the selected LAB 

strain FSPO-PJ1 against B. cereus TISTR 687 and S. 

aureus DMST 8840 - foodborne pathogens that may 

contaminate amazake products - was analyzed using an 

agar overlay method [17]. FSPO-PJ1 was inoculated 

with a loop-full (approximately 105 CFU/spot) on MRS 

agar and incubated at 37 C for 48 h. MRS agar plates 

with FSPO-PJ1 colonies were overlaid with 10 mL of 

soft nutrient agar (0.8% agar) premixed with each 

foodborne pathogen (final number: 106 CFU/mL) and 

incubated at 37 C for 24 h. The zone diameter of 

inhibition (ZDI) was interpreted as follows: ZDI > 20, 

10 - 20 and < 10 mm were defined as strong, 

intermediate and weak inhibition, respectively. The 

width of the clear zone (R) was calculated using Eq. (1) 

where d Inhib and d Spot are the diameter of the clear 

zone and diameter of the LAB colony, respectively. 

 

R = (d Inhib – d Spot)/2               (1) 

 

 Inhibition capacity was dependent on the R value, 

with < 2, 2 - 5 and > 6 mm indicating no, low and high 

inhibition capacity, respectively. 

 

 Bacterial identification and phylogenetic tree 

 FSPO-PJ1 was cultivated in MRS broth at 37 C 

for 16 h. Genomic DNA was extracted using the 

Maxwell RSC Tissue DNA Kit (Promega Corporation, 

Madison, WI, USA), following the manufacturer’s 

instructions. Genomic DNA libraries were constructed 

using the TrueSeq Nano DNA Kit (Illumina, San Diego, 

CA, USA). The quality and quantity of extracted 

genomic DNA was examined using Nanodrop ND-200 

(Thermo Fisher, Waltham, MA, USA) and the integrity 

was assured on agarose gel electrophoresis. Whole-

genome sequencing was conducted following the 151 bp 

paired-end sequencing protocol of the Illumina platform 

using an Illumina NovaSeq 6,000 sequencer according 

to the manufacturer’s instructions (Macrogen, Seoul, 

Korea) [2]. 

 Raw sequencing reads were assessed for quality 

using FastQC v0.12.0 [18] and subsequently trimmed 

using Fastp v0.24.0 [19] and Trimmomatic v0.40 [20]. 

Genome assembly was performed with SPAdes v4.0.0 

using the isolate flag and a memory allocation of 400 

MB (–m 400) [21]. LAB strain FSPO-PJ1 was identified 

at the species level and local sequence alignment was 

performed using the standalone BLAST tool (blastn) 

[22]. For phylogenetic analysis, open reading frames, 

RNA genes and coding DNA sequences were identified 

and genome annotation was performed using Prokka 

v1.14.6 [23]. The resulting general feature format files 

were subsequently used. A phylogenetic tree was 

constructed based on the presence and absence of core 

and accessory (pan) genes using Roary v3.13.0 [24] and 

visualized using the interactive Tree of Life (iTOL) v6 

[25]. The reference genome sequences of Pediococcus 

and the outgroup (Lactiplantibacillus plantarum 

SRCM100442) were retrieved from GenBank. 

Accession numbers for reference genomes are as 

follows: FAM13875: PRJNA576774; TMW 2.1536: 

PRJNA290141, NBRC 100673: PRJDB6092; LMG 

24279: PRJNA1208221; ATCC 25745: PRJNA398; 

NIBL1955: PRJNA1086194; SRCM100442: 

PRJNA438180; ATCC 8042: PRJNA503305; DSM 

20284: PRJNA50527; and PMC65: PRJNA632644. 

 

 Data accession 

 The complete genome sequence of P. acidilactici 

FSPO-PJ1 was deposited in GenBank (accession 



Trends Sci. 2026; 23(1): 11456    4 of 14 

number: PRJNA1263644; release date: January 1, 

2026). 

 

 Production of riceberry rice amazake lactic 

 The riceberry rice amazake lactic fermented with 

LAB strain FSPO-PJ1 was designated FSPO-PJ1 

amazake. It was prepared using parallel fermentation per 

the aforementioned mixture ratio and method. The 

conventional riceberry rice amazake (designated RB-

AMA) was prepared similarly except sterilized distilled 

water was used instead of the LAB cell suspension. 

Figure 1 presents schematics for the production of 

riceberry rice amazake lactic by parallel fermentation 

and the production of riceberry rice amazake by the 

conventional method. Following fermentation, both 

FSPO-PJ1 amazake and RB-AMA were boiled at 100 

C for 20 min, homogenized for 1 min in a food 

processor (Silent Millser; Iwatani, Osaka, Japan) and 

maintained at −20 C until further use. pH and sugar 

content were measured as previously described. 

 

 

 

Figure 1 Schematic of (A) production of riceberry rice amazake lactic by parallel fermentation and (B) production of 

riceberry rice amazake by conventional method. 

 

 Sugar analysis 

 The sugars, including glucose, maltose, 

isomaltose, maltotriose and isomaltotriose, in FSPO-PJ1 

amazake and RB-AMA were measured using high-

performance liquid chromatography (HPLC). Mono- 

and disaccharides (glucose, maltose and isomaltose) 

were quantified using an HPLC system (Shimadzu, 

Kyoto, Japan) equipped with an Asahipak NH2P-50 4E 

column (Shodex, Tokyo, Japan). The sample was eluted 

through isocratic flow with acetonitrile-water (73:27 

(v/v)). The trisaccharides (maltotriose and 

isomaltotriose) were analyzed using an HPLC system 

(1,260 Infinity II; Agilent, Santa Clara, CA, USA) 

equipped with a Fortis Amino FNH-050705 column 

(Fortis, Pasig, Philippines). The sample was eluted 

through isocratic flow with acetonitrile-water (75:25 

(v/v)). Eluted sugar was detected using an RI detector.  

 

 Lactate analysis 

 Lactate was measured using a reflectometer 

(RQflex 20) with Reflectoquant lactic acid test strips 

(Merck Millipore, Burlington, MA, USA), according to 

the manufacturer’s instructions. Each sample was 

homogenized for 1 min with four volumes of water by 

Silent Millser (Iwatani, Osaka, Japan). Subsequently, 

the homogenized sample was mixed with an equal 

volume of water and stirred at 2,400 rpm for 1 h at 4 °C 

with a multitube vortexer BSR-MTV100 (Bio Medical 

Science, Tokyo, Japan), followed by centrifugation at 

18,000×g for 15 min at 4 °C. The clear supernatant was 

collected and diluted with RO water so that the 

measured value was within the range of the lactate 

measurement. 

 

 Amino acid analysis 

 Amino acids (except tryptophan) were measured 

following the AOAC 994.12 method [26], by using an 

ion-exchange chromatography system (Hitachi 

LA8080, Tokyo, Japan) equipped with postcolumn 

ninhydrin derivatization (Na type-cation exchange 

resin) on the basis of a ninhydrin reaction at 135 C. 

Absorbance was detected at 570 nm or 440 nm (for the 

proline). Tryptophan was determined as described 

previously [27]. In brief, tryptophan was quantified 

using an HPLC system (HP 1260; Agilent) equipped 

with an AdvanceBio AAA column (Agilent). The 
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sample was eluted with a gradient NaH2PO4:(MeOH + 

CAN + H2O) and detected using a fluorescence detector 

(FLD: ex = 340 nm, em = 450 nm). -Aminobutyric acid 

(GABA) was pretreated and analyzed as described 

previously [28]. In brief, GABA was quantified using an 

HPLC system (Agilent 1100; Agilent) equipped with a 

Supelcosil LC-DABS column (Merck Millipore). The 

sample was eluted with a gradient of 0.025 M 

CH3COONa (pH 6.8)-MeOH (70:30 (v/v)) and detected 

with a diode array detector. 

 

 Vitamin B analysis 

 For vitamin B analysis, pretreatment and 

determination procedures were performed as described 

previously [29]. Detection was performed using a liquid 

chromatography-mass selective detector (LC-MSD) 

(Agilent 1100; Agilent) equipped with a reverse-phase 

C18 column (Agilent). The sample was eluted with 5 

mM heptafluorobutyric acid-methanol. 

 

 Total phenolic compound analysis 

 Total phenolic content (TPC) was determined 

using the Folin-Ciocalteu reaction per Xiong et al. [30]. 

A solution consisting of 20 µL of extracted sample 

solution, 100 µL of Folin-Ciocalteu reagent and 50 µL 

of distilled water was transferred into a 96-well flat-

bottom microplate, mixed thoroughly and incubated in 

the dark at ambient temperature for 8 min. An 80 µL of 

7.5% (w/v) Na2CO3 was added and incubated at 40 C 

for 30 min. Absorbance was measured at 765 nm using 

a microplate reader (Infinite M200; TECAN, 

Männedorf, Switzerland). TPC is expressed as gallic 

acid equivalent per gram (mg GAE/g). 

 

 Bioactivity assay 

 Antioxidant activity was estimated by a DPPH 

radical–scavenging assay per previous reports [31,32]. 

Absorbance was measured using a microplate reader 

(Infinite M200; TECAN) at 517 nm against a 95% (v/v) 

ethanol blank. The percentage of DPPH discoloration of 

the samples was calculated using Eq. (2), where A 

sample denotes the absorbance of the test sample and A 

control denotes the absorbance of the negative control 

taken after adding the DPPH solution to the extraction 

solvent. The free radical-scavenging activity of FSPO-

PJ1 amazake and RB-AMA is expressed as micromoles 

of Trolox equivalent per gram of sample (µmol TE/g) 

based on a Trolox calibration curve. 

 

% Discoloration = [1 − (A sample/A control)]100    (2) 

 

 The anti-inflammatory properties of FSPO-PJ1 

amazake and RB-AMA were assessed based on the 

inhibition of nitric oxide (NO) production in 

lipopolysaccharide (LPS)-stimulated RAW 264.7 cells 

using the pretreatment method. RAW 264.7 cells (1×105 

cells/well) seeded into 96-well plates were pretreated 

with either 10 mg/mL FSPO-PJ1 amazake or 10 mg/mL 

RB-AMA samples for 1 h. The cells were then 

stimulated with 1 μg/mL of LPS from Escherichia coli 

0111:B4 (Sigma-Aldrich, St. Louis, MO, USA) and 

incubated for an additional 24 h. Experimental controls 

were the following: Cells treated with 1 μg/mL LPS only 

(positive control), the cells treated with a cell culture 

medium (DMEM) only (untreated sample) and cells 

pretreated with 100 mM NG-nitro-l-arginine methyl 

ester (L-NAME), an iNOS inhibitor (Sigma-Aldrich) 

(standard inhibition control). NO production in the cell 

culture supernatants was determined using the Griess 

reaction method [33]. Absorbance was measured at 540 

nm using a microplate reader (Infinite M200 PRO; 

TECAN). NO inhibition was calculated using Eq. (3), 

where A denotes the absorbance of the positive control 

(LPS only), B denotes the absorbance of the sample 

(sample + LPS) and C denotes the absorbance of the 

untreated sample (cell culture medium only). 

 

NO inhibition (%) = [(A − B)/(A − C)]100            (3) 

 

 Cytotoxicity assay 

 The cytotoxicity of the anti-inflammatory 

treatment conditions was evaluated using the 3-(4,5-

dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide 

(MTT) assay [34]. The suspensions of the 

aforementioned treated RAW 264.7 cells were added 

into 96-well plates and incubated for 24 h at 37 C under 

5% CO2. After incubation, the cell culture medium was 

removed and maintained with 0.5 mg/mL MTT solution 

for 3 - 4 h. The formazan crystals that formed were 

dissolved in dimethyl sulfoxide. Cell viability was 

determined by measuring the absorbance at 570 nm and 

calculated according to Eq. (4), where A sample denotes 
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the absorbance of the sample (sample + LPS) and A 

control denotes the absorbance of the untreated sample 

(cell culture medium only): 

 

Cell viability (%) = [(A sample/A control)]100           (4) 

 

 Statistical analysis 

 FSPO-PJ1 amazake and RB-AMA sampled three 

replicates. Statistical analyses of the mean values of 

metabolite concentration and bioactivity of FSPO-PJ1 

amazake and RB-AMA were conducted using SPSS v25 

(IBM, Armonk, NY, USA). The assumptions of the 

experiments were independence of data, normal 

distribution and homogeneity of variance. The 

significance of differences in each metabolite between 

FSPO-PJ1 amazake and RB-AMA was determined 

using a paired t test. Significant differences in the NO 

inhibition and cytotoxicity of each treatment were 

determined using one-way analysis of variance. p-value 

< 0.05 was set as statistically significant. 

 

Results and discussion 

 Isolation and screening of LAB strain 

 We collected 46 Thai fermented food samples 

from the central, eastern, northeastern and western 

regions of Thailand, yielding 244 strains of LAB. All 

strains were Gram-positive rods or cocci and catalase 

negative. Primary screening for thermotolerance 

revealed 4 LAB strains that grew on MRS agar at 45 and 

50 C: FV-KS45C2, FV-KS45C12, FSPO-KK26 and 

FSPO-PJ1 (Figure 2). However, no LAB grew on MRS 

agar at 55 C (Figure 2). The 50–55 C temperature 

range is optimum for the amylase activity of A. oryzae 

in rice koji and possibly reduces the risk of foodborne 

pathogen contamination [10,35,36]. Therefore, a 

secondary screening was evaluated in riceberry rice 

amazake by using the parallel fermentation method at 

45, 50 and 55 C. 

 

 

Figure 2 Primary thermotolerance screening of LAB isolates on MRS agar plates. The plates were incubated at (A) 45, 

(B) 50 and (C) 55 °C for 24 h.  

  

 As demonstrated in Table 1, FSPO-PJ1 was the 

only strain that yielded a LAB–amazake culture pH of < 

4 at the maximum temperature of 50 C. This pH was 

significantly lower than those of the other LAB strains 

and the mock-inoculated samples (Table 1). It is 

thought that the monosaccharides and oligosaccharides 

produced by the saccharification of rice starch by 

enzymes derived from rice koji were used as substrates 

for lactic acid fermentation of the FSPO-PJ1 strain. 

Moreover, none of the LAB strain used for secondary 

screening at 55 C could acidify the LAB–amazake 

culture, with pH being similar to that of the mock-

inoculated sample (Table 1). An acidic pH (< 4) in 

LAB-fermented amazake is preferred because it can 

inhibit foodborne pathogens [3,4]. Moreover, the high 

temperature at 50 C possibly limits the growth of 

foodborne pathogens, including B. cereus and S. aureus 

[35,36]. Consequently, FSPO-PJ1 was selected for 

further study. In addition, sugar content from rice 

saccharification at each temperature was similar among 

the LAB–amazake culture and the mock-inoculated 

sample (Table 1), indicating that LAB inoculation did 

not interfere with saccharification activity in amazake.

 



Trends Sci. 2026; 23(1): 11456    7 of 14 

Table 1 pH and sugar content of LAB–amazake culture fermented with LAB strain. 

Strain 

Temperature 

45 °C 50 C 55 C 

pH
†
 

Sugar content
§
 

(Brix) 
pH

†
 

Sugar content
§
 

(Brix) 
pH

‡
 

Sugar content
§
 

(Brix) 

FV-KS45C2 3.78  0.07a 37.50  0.04 5.61  0.07d 37.50  0.04 5.70  0.02 37.50  0.02 

FV-KS45C12 3.83  0.06a 37.52  0.02 5.43  0.04e 37.52  0.02 5.71  0.03 37.54  0.01 

FSPO-KK26 3.68  0.04b 37.51  0.02 5.58  0.05d 37.51  0.02 5.71  0.03 37.52  0.02 

FSPO-PJ1 3.69  0.03b 37.51  0.03 3.85  0.03f 37.51  0.03 5.70  0.03 37.51  0.02 

Mock-

inoculated 
5.70  0.02c 37.51  0.02 5.68  0.02g 37.51  0.02 5.71  0.01 37.53  0.03 

†The pH of LAB-amazake culture fermented with LAB strain and mock-inoculated for 45 and 50 C were significant 

different (p-value  0.05), except those indicated with same letter, which were not significant different. 

‡The pH of LAB-amazake culture fermented with LAB strain and mock-inoculated for 55 C were not significant different 

(p-value  0.05).  

§The sugar contents of LA-amazake culture fermented with LAB strain and mock-inoculated for each temperature were 

not significant different (p-value  0.05).  

 

 Antagonism against foodborne pathogens 

 B. cereus is usually found in the environment and 

cereals, especially rice, whereas S. aureus resides on 

human skin. Both of them can tolerate high temperatures 

up to 45 C [35,36]. Although the amazake lactic 

producing temperature (50 C) and low pH (< 4.0) can 

reduce contamination risk, we determined the 

antagonistic activity of FSPO-PJ1-fermented amazake 

against B. cereus TISTR 687 and S. aureus DMST 8840. 

 FSPO-PJ1 inhibited both B. cereus TISTR 687 and 

S. aureus DMST 8840 (Figure 3), with a ZDI of 32.17 

 0.76 (strong inhibition) and 16.67  0.29 mm 

(intermediate inhibition), respectively. The R values 

were 13.92  0.29 and 6.17  0.14, respectively, 

indicating high inhibition capacity. P. acidilactici is a 

bacteriocin-producing LAB that inhibits foodborne 

pathogens, such as Listeria monocytogenes, Salmonella 

Typhimurium, Escherichia coli O157:H7, B. cereus, 

and S. aureus [37,38]. Notably, P. acidilactici PFC69 

has been proposed for use in cereal-based fermented 

foods due to its inhibitory effects on B. cereus and S. 

aureus [38]. 

 

 

Figure 3 Foodborne pathogen antagonist of LAB strain FSPO-PJ1 against (A) B. cereus TISTR 687 and (B) S. aureus 

DMST 8840 by agar overlay technique. The clear zones of inhibition observed around the FSPO-PJ1 colonies correspond 

to the suppression of pathogen growth. 
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 Bacterial identification and phylogenetic 

analysis 

 Morphologically, FSPO-PJ1 is a Gram-positive 

coccus in pairs and tetrads. Its whole-genome 

sequencing yielded 1,108 contigs, comprising a genome 

of approximately 2.40 Mb, with a GC content of 41.8%. 

Using BLASTN for local sequence alignment, FSPO-

PJ1 was identified as Pediococcus acidilactici (98.82% 

ANI and 99.39% AAI). A pan-genome-based 

phylogenetic tree was constructed based on the presence 

and absence of core and accessory genes of P. 

acidilactici FSPO-PJ1 and other Pediococcus strains. 

Lactiplantibacillus plantarum SRCM100442 was used 

as the outgroup. The rooted phylogenetic tree (Figure 4) 

confirmed that P. acidilactici FSPO-PJ1 belonged to P. 

acidilactici. 

 

 

Figure 4 Phylogenetic tree of P. acidilactici FSPO-PJ1 and other Pediococcus strains. The outgroup was L. plantarum 

SRCM100442. P. acidilactici FSPO-PJ1, newly isolated in this study, is indicated by an asterisk (*). The scale represents 

a 0.1% difference in the average BLASTN score.  

 

 Metabolites of riceberry rice amazake lactic 

 Riceberry rice amazake lactic fermented with P. 

acidilactici FSPO-PJ1 was prepared using the parallel 

fermentation method at 50 C for 16 h (Figure 1). The 

pH of FSPO-PJ1 amazake and RB-AMA was 3.76  

0.10 and 5.71  0.17, respectively and their sugar 

content was similar (37.46  0.06 vs. 37.40  0.53 

Brix). We compared their metabolites and bioactivity 

to verify the enhanced nutritional and bioactive 

properties of FSPO-PJ1-fermented riceberry rice 

amazake lactic (Table 2). Saccharification of rice by -

amylase and glucoamylase from A. oryzae in rice koji 

has been found to provide mono-, di- and 

oligosaccharides to amazake [11]. FSPO-PJ1 amazake 

and RB-AMA had similar concentrations of glucose, the 

major sugar in amazake products. However, the maltose 

concentration in FSPO-PJ1 amazake was approximately 

50% of that in RB-AMA (Table 2). Moreover, 

maltotriose was not detected in FSPO-PJ1 amazake 

(Table 2), whereas the concentrations of the 

isomaltooligosaccharides (IMOs) - isomaltose and 

isomaltotriose - were significantly higher in FSPO-PJ1 

amazake than in RB-AMA (Table 2). These IMOs are 

prebiotic and commonly used as sweeteners in food 

products, which are produced by the conversion of 

starch to soluble branched molecules by hydrolases and 

glucanotransferase enzymes, including those from A. 

oryzae [39]. The lower maltose content in the lactic acid 

fermented product might be due to digestion and/or 

assimilation by P. acidilactici. However, this did not 

affect the isomaltose content, which may contribute to 

the product’s prebiotic properties. Furthermore, the 

reduction in pH during fermentation appeared to have 

no significant impact on isomaltose production. These 

results demonstrate the suitability of the strain FSPO-

PJ1 for lactic acid fermentation of amazake without 

reducing functional oligosaccharides. Moreover, lactic 

acid, a metabolite of LAB fermentation, was detected 

only in FSPO-PJ1 amazake (Table 2). Lactic acid not 

only inhibits foodborne pathogens but also improves 

health function by reducing proinflammatory cytokine 

secretion in macrophages and dendritic cells and 
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lowering reactive oxygen species burden in intestinal 

enterocytes [40]. 

 The amino acids in amazake are the result of rice 

protein degradation caused by A. oryzae protease and 

deoxypeptidase in rice koji [11]. In the present study, 

compared with RB-AMA, FSPO-PJ1 amazake had 

increased levels of eight amino acids: Histidine, lysine, 

cysteine, glycine, proline, alanine, leucine and 

methionine (Table 2). However, the concentrations of 

aspartic acid, valine, tyrosine and GABA were 

comparable in both (Table 2). Our results align with 

those of a previous study in which L. sakei UONUMA 

was found to enhance the amino acid content of glutamic 

acid, glycine and proline in amazake lactic [11]. Toe et 

al. [6] demonstrated that eight strains of P. pentosaceus, 

P. acidilactici, and L. plantarum isolated from tapai ubi, 

a Malaysian fermented food made from cassava, 

produced different amounts and species of amino acid 

because these LAB contained different extracellular 

proteolytic enzymes. Because amino acids are important 

nutrients for the growth, reproduction and maintenance 

of organisms [6], using amino acid–producing LAB can 

enhance the nutritional value of fermented food. 

 Amazake is a known source of vitamin B. We 

found that, compared with RB-AMA, using P. 

acidilactici FSPO-PJ1 as a starter culture significantly 

improved vitamin B content in riceberry rice amazake 

lactic. FSPO-PJ1 amazake contained significantly 

higher amounts of thiamine (B1), riboflavin (B2), 

nicotinamide (B3), folic acid (B9) and vitamin B 

complex (Table 2). Vitamin B is essential for various 

cellular functions, including energy metabolism, 

immune system activation, cellular signaling and 

maintenance processes in cells and tissues and cell 

membrane dynamics. Using vitamin B–producing LAB 

strains can thus further improve the health benefits of 

fermented foods, making them an attractive food choice. 

Previously, L. sakei UONUMA was reported as a 

potential LAB that improved concentration of vitamins 

B2, B3 and B6 in amazake lactic [11]. Similarly, some 

Pediococcus, including P. acidilactici WNYM01, P. 

acidilactici WNYM02 and P. acidilactici WNYM03, 

can produce vitamins B2 and B6 and P. acidilactici 

NCDC 252 can produce vitamin B12 [7,8]. 

 

Table 2 Metabolites of FSPO-PJ1 amazake and RB-AMA. 

Metabolites FSPO-PJ1 amazake RB-AMA 

Sugar (g/100g) Glucose 17.57  0.34a 17.93  0.49a 

 Maltose 0.87  0.11 1.85  0.10 

 Isomaltose 1.86  0.04 1.67  0.08 

 Maltotriose ND 0.052  0.002 

 Isomaltotriose 0.009  0.000 0.003  0.000 

Lactic acid (mg/100g)  926.67  78.21 ND 

Amino acid (mg/100g) Arginine 201.93  0.20 238.71  0.35 

 Histidine 89.77  0.50 86.41  0.13 

 Lysine 125.88  0.31 118.67  0.33 

 Aspartic acid 315.11  1.45b 320.95  3.68b 

 Glutamic acid 632.72  1.43 637.39  2.13 

 Serine 179.09  0.98 186.05  0.49 

 Threonine 133.11  0.50 135.95  0.11 

 Cysteine 47.91  0.22 45.76  0.06 

 Glycine 165.74  0.29 163.69  0.22 

 Proline 137.05  0.36 128.93  0.39 

 Alanine 221.97  0.07 204.88  0.47 

 Valine 190.15  0.13c 189.64  0.62c 

 Isoleucine 131.75  0.22 132.91  0.11 
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 Leucine 273.79  1.22 265.64  0.14 

 Methionine 92.72  0.34 86.76  0.32 

 Phenylalanine 161.76  0.23 178.98  0.29 

 Tyrosine 84.63  0.48d 83.96  0.18d 

 Tryptophan 11.46  0.10 15.51  0.23 

 GABA 2.74  0.06e 2.73  0.04e 

Vitamin B (µg/100g) B1 346.25  1.04 163.26  0.25 

 B2 213.39  0.24 139.73  0.36 

 B3 177.25  0.77 129.33  0.01 

 B5 199.66  0.30 354.54  0.26 

 B6 11.59  0.32 28.23  0.11 

 B9 21.40  0.26 14.11  0.11 

 B12 ND ND 

 B Complex 969.55  1.03 829.20  0.61 

Comparisons were made between FSPO-PJ1 amazake and RB-AMA for each metabolite only. Each metabolite of FSPO-

PJ1 amazake and RB-AMA was significantly different (p-value  0.05), except those indicated with the same letter. 

 

 Bioactive substance and bioactivity of riceberry 

rice amazake lactic 

 Phenolic compounds are bioactive substances that 

exhibit health benefit functions, such as antioxidant, 

anti-inflammatory and anticancer activities [41]. In this 

study, FSPO-PJ1 amazake contained a significantly 

higher TPC than RB-AMA (1.274  0.001 vs. 1.080  

0.001 mg GAE/g). Furthermore, a DPPH radical-

scavenging assay revealed that FSPO-PJ1 amazake had 

5.3-fold greater antioxidant activity than RB-AMA 

(0.278  0.003 vs. 0.052  0.002 mg TE/g). Although 

the antioxidant activity of traditional amazake was 

reported on previously [42], our study clarified that 

fermentation with P. acidilactici FSPO-PJ1 was able to 

enhance the antioxidant activity of amazake. Using 

Pediococcus to produce fermented food improves both 

phenolic compounds and antioxidant activity. For 

example, avocado leaf extract fermented with P. 

pentosaceus CECT 4695T, L. brevis CECT 5354, P. 

acidilactici CECT 5765T and L. plantarum CECT 9567 

had an increase in phenolic compounds and antioxidant 

activities [43]. Similarly, P. acidilactici F3 was able to 

enhance phenolic compounds and antioxidant activity in 

fermented soymilk [4]. 

 LPS, a component of the outer membrane of 

Gram-negative bacteria, activates this inflammatory 

response and stimulates the production of NO, a potent 

proinflammatory mediator that can damage immune 

cells and surrounding tissues. Inhibition of NO synthesis 

is expected to reduce the risk of some chronic diseases, 

such as cancer, diabetes and cardiovascular diseases 

[33]. We evaluated the anti-inflammatory activity of 

FSPO-PJ1 amazake by assessing its inhibitory effect on 

LPS-stimulated NO. The amount of amazake sample at 

10 mg/mL was the appropriate concentration without 

cytotoxicity (data not shown). A 100 µM of L-NAME 

was used as a standard inhibition control. As illustrated 

in Figure 5(A), FSPO-PJ1 amazake reduced NO by 

46.07%  0.70%, which is significantly greater than that 

achieved by L-NAME (40.92%  0.50%) or RB-AMA 

(40.86%  1.80%). LPS alone caused negligible NO 

inhibition (approximately 0%), whereas the untreated 

sample (cell culture medium only) served as the baseline 

for no inflammation (approximately 100% inhibition) 

(Figure 5(A)). These results demonstrate that FSPO-

PJ1 amazake has a superior anti-inflammatory effect 

than RB-AMA or L-NAME. The cytotoxicity assay 

revealed that the viability of RAW 264.7 macrophages 

exceeded 80% across all treatment conditions (Figure 

5(B)), indicating that the inhibition of NO formation 

was not due to cytotoxicity but rather to treatment with 

the amazake samples. 

 There are previous reports that elucidate anti-

inflammatory mechanisms of LAB as follows. Shakya 



Trends Sci. 2026; 23(1): 11456    11 of 14 

et al. [44] described the phenolic compound generated 

by the fermentation of medicinal herbal extract with 

Lactobacillus brevis 174A as producing anti-

inflammation activity by inhibiting NO synthesis in 

LPS-stimulated RAW 264.7 cells, suppressing 

inflammatory cytokines IL-6 and TNF-α and 

downregulating iNOS, IL-6, TNF-α and IL-1β gene 

expressions. Similarly, Woo et al. [45] reported that 

exopolysaccharides from a probiotic LAB P. 

acidilactici strain exerted anti-inflammatory effects by 

inhibiting the TLR4/MyD88/NF-κB, MAPK and AP-1 

signaling pathways in RAW 264.7 cells. 

 

 

Figure 5 Anti-inflammatory activity of riceberry rice amazake lactic fermented with P. acidilactici FSPO-PJ1 in LPS-

stimulated RAW 264.7 cells. (A) NO inhibition in RAW 264.7 cells using the pretreatment method. Cells were pretreated 

with 100 mM L-NAME, 10 mg/mL FSPO-PJ1 amazake, or 10 mg/mL RB-AMA and inflammation was induced with 1 

µg/mL LPS. (B) The viability of RAW 264.7 cells in each anti-inflammatory treatment condition was assessed using the 

MTT method. All experiments were performed in triplicate. Error bars represent standard deviations from the mean. Bars 

with different letters indicate significant differences (p-value < 0.05). 

 

Conclusions 

 P. acidilactici FSPO-PJ1 is a newly isolated 

thermotolerant from Thai fermented spring onion. 

Fermentation using P. acidilactici FSPO-PJ1 can 

enhance the nutritional including lactic acid, amino acid 

(histidine, lysine, cysteine, glycine, proline, alanine, 

leucine and methionine), vitamin B (B1, B2, B3 and B9) 

and bioactive properties (antioxidant and anti-

inflammatory activities) of riceberry rice amazake 

lactic. The strain also inhibited B. cereus and S. aureus, 

indicating its food-safety profile. FSPO-PJ1 is thus a 

promising candidate for developing novel functional 

fermented foods. Future studies should 

comprehensively investigate whole-genome sequencing 

and gene functional annotation to elucidate its other 

health benefits. 
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