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INTRODUCTION 

 

India is rich in diverse culture with many religions, varied climatic environments, 
hence, it has innumerable fermented foods prepared by ethnic knowledge of 

ancestors (Sathe & Mandal, 2016). Fermented foods and fermented beverages 

were an essential feature of their heritage. The tribal people use the available raw 
materials (grains, milk, plant leaves, roots, etc.) to prepare fermented foods with a 

pleasant flavor, consistency, and color. Fermented foods prepared traditionally are 
olden biotechnological processes involving microorganisms or starter cultures to 

preserve the perishable foods for a longer duration (Ray et al., 2016). In fermented 

foods, probiotics are used to enhance the nutrients and to maintain a healthy gut 
(Singh & Rao, 2021). The beneficial microbes in food, especially the lactic acid 

bacteria are considered as probiotics. Lactic acid bacteria and starter cultures 

convert the biochemical and organoleptic characteristics of substrate into 
metabolites and enhance the ample variety of micronutrients like vitamins, 

minerals, essential amino acids (Giri et al., 2018). It also produces several 

bioactive compounds contributing to health benefits, like antioxidant, anti-
inflammatory, and immunomodulatory effects (Chugh & Kamal-Eldin, 2020). 

The bioactive compounds produced by probiotics include bacteriocin, organic 

acids, exopolysaccharides, short chain fatty acids, amino acids and peptides, 
cholesterol removal, vitamins, gamma aminobutyric acid, beta-galactosidase and 

lactase. (Chugh & Kamal-Eldin, 2020).  

The lactic acid bacteria (LAB) are Gram-positive, catalase-negative, nonmotile, 
non-spore-forming with rod- or cocci-shape in morphology (Yu et al., 2018). The 

autoaggregation, coaggregation, hydrophobicity, tolerance to low pH, Nacl and 

bile, antimicrobial substances and resistance to antibiotics are the invitro tests used 
to evaluate  the  probiotic characteristics of lactic acid bacteria (Arumugam & 

Govindaraj, 2021). Nowadays, fermented foods are becoming functional foods. 

The lactic acid bacteria are the predominant group of microorganisms that are 
accepted as safe for consumption. They play a key role in the fermentation of foods 

and as a preservative (Patil et al., 2019). During fermentation, probiotics enhance 

the minerals and B-group vitamins and facilitates the colonization of beneficial 
microbes in the gut (Ray et al., 2016). The probiotic bacteria exhibit therapeutic 

properties in curing the ailments like intestinal bowel syndrome, ulcerative colitis  

(Pacheco et al.,2021), maintenance of gut-brain axis (Margret et al., 2021). 

Therefore, fermented foods have many health benefits to the host. The probiotics 
are identified in fermented foods like takrarishta (Chopade et al., 2019), Tunisian 

fermented foods (Abid et al., 2018), pomegranate (Gajbhiye, 2016),  Dahi 

products (Nurmiati et al., 2018), yogurt (Mohanty et al., 2019), goat and cow 
milk (Kondrotiene et al., 2018). These served as evidence for the presence of 

probiotics in fermented foods. The lactobacillus bacteria present in fermented 
foods have various technological applications in the food industry (Giri et al., 

2018). From traditional beverage Haria (Rice Beer) a probiotic strain 

Bifidobacterium was isolated with probiotic properties has application in 
fortification of cereal-based foods (Petrova & Petrov, 2020). However, there were 

only very few research articles on the analyzes of fermented rice gruel. Further, the 

research on the presence of specific strains of probiotics involved in the 
fermentation of rice gruel is very less compared to that on kefir, yogurt, cheese, 

curd, miso, kombucha, and tempeh. Hence, fermented rice gruel was selected as a 

sample to explore the probiotic bacteria in the fermented rice gruel. The objective 
of our study is to explore the lactic acid bacteria involved in the fermentation of 

rice gruel and to analyze the nutritional factor and to evaluate the probiotic 

characteristics, antibacterial, antibacterial susceptibility, safety assessment of the 
isolates from rice gruel. 

 

MATERIAL AND METHODS 

 

Sample preparation 

 
The fermented rice sample was prepared by cooking Ponni variety rice (Oryza 

sativa). First, 100 g rice was soaked in water for half an hour and cooked in 250ml 

of plain water with the addition of salt, and the excess water was drained off. The 
rice was cooled down to room temperature (30 ºC) followed by the addition of 

sterile water. Then, the rice was allowed to ferment in an earthen pot overnight. 

The pH of the fermented rice gruel sample was observed as 6.5. Then, the sample 
was aseptically transferred to the laboratory for further studies. 

Fermented foods prepared traditionally involves natural fermentation by numerous beneficial bacteria. The scientific evidence for the 

presence of specific probiotic strains in fermented rice gruel is lacking. The objective of our study is to identify the lactic acid bacteria 
involved in the fermentation of rice gruel and to evaluate their probiotic characteristics. From the fermented rice gruel, Pediococcus 

pentosaceus strain PRK1 (MT019527) and Lactobacillus plantarum strain PRK7 (MT022517) and Lactobacillus plantarum strain PRK11 

(MT022576) were identified by 16s rRNA gene sequencing and their sequence was submitted to NCBI. The invitro probiotic 
characterization methods like autoaggregation, co-aggregation, tolerance to acidic pH, bile, Nacl, antibacterial activity, antibiotic 

susceptibility and safety assessment were analyzed in this study. The evaluated invitro probiotic properties of the isolates were tolerance 

to pH 2; autoaggregation is 91%, 83 %, and 89%; co-aggregation is 36.1%, 37.1%, and 42.5%; the percentage of suppression at 0.3% of 
bile is 88%, 86.5%, and 81.3% and tolerance to 4% of NaCl. The isolates exhibited antibacterial activity against the clinical pathogens E. 

coli, P. aeroginosa, Proteus sp., K. pneumoniae, Salmonella sp., S. aureus, Staphylococcus haemolyticus, Enterococcus faecium, and S. 

epidermidis. The safety assessment of the isolates exhibits no hemolytic activity and it is also sensitive to most of the tested antibiotics. 
Further, nutrition profiling of fermented rice gruel shows increase in micronutrients and the presence of vitamin B9 and B12. Hence, this 

study provides evidence for the presence of lactic acid bacteria in the fermented rice gruel an indigenous food  which can be developed as 

functional food in future. 
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Isolation of lactic acid bacteria in fermentation rice gruel 

 

The de Mans, Rogosa, and Sharpe (MRS) broth was used to isolate LAB. The one 

ml of fermented rice gruel sample was diluted in 9 ml sterile distilled water and 

serially diluted up to 10−7. Then, 0.1 ml of sample from each dilution was spread 

on the MRS agar plate with respective dilutions. Thereafter, the plates were 
incubated anaerobically at 35 ºC for 24–48 h in an anaerobic jar with an Anaero 

Gen gas-pack system. After incubation, the isolates were cultured on the MRS 

broth with 30% glycerol and stored at −20 ℃ (Bin Masalam et al., 2018). 

 

Identification of lactic acid bacteria 

 

Phenotypic characterization 

 

The morphological characterization of the isolate was carried out by considering 
its appearance, colony shape, Gram’s staining, catalase test, and motility. The 

oxygen requirement was determined by inoculating the isolates in thioglycolate 
broth and incubating them at 35ºC for 24h. The biochemical characterization 

(indole, methyl red, Voges-Proskauer, Simmon’s citrate) of the isolate was 

performed (Chowdury et al., 2012). 
 

Genotypic characterization 

 
From 24h culture, genomic DNA was isolated and evaluated on 1.0% agarose gel 

electrophoresis. Then, amplification was carried out with 27F (5-

AGAGTTTGATCCTGGCTCAG-3) and 1492R (5-

GGTTACCTTGTTACGACTT-3) primers. Forward and reverse DNA 

sequencing reactions of PCR amplicon were carried out with forward and reverse 

primers using BDT v3.1 Cycle Sequencing Kit on an ABI 3730xl Genetic 
Analyzer. The BLAST was performed  for the 16S rDNA gene sequence with the 

NCBI database and the phylogenetic tree was constructed using MEGA 7 software 

(Tallapragada et al., 2018; Dowarah et al., 2018). 
 

Probiotic characterization of the isolate 

 

Acid tolerance 

 

The isolates obtained from the fermented rice gruel sample were subjected to low 
pH. Briefly, the MRS broth was modified to pH 3, pH 4.5 with 1 N HCL solution, 

and the MRS broth with a normal pH of 5.5 was used as control. 10l of 24h culture 

was inoculated into MRS broth with distinct pH and incubated at 35ºC in anaerobic 
condition. Then their optical density was measured at 600 nm (Ayyash et al., 

2018). 

 

Autoaggregation 

 

The isolates were grown in MRS broth and incubated anaerobically at 35ºC for 
24h. Then the lactic acid bacterial cultures were centrifuged at 5000 rpm for 10 

minutes. The obtained cell pellet was suspended in PBS at pH 7.4 and incubated at 

37°C. The initial absorbance (A0) was taken at 600nm and then after incubation of 
3h and 24h, the absorbance (At) was again taken. The experiment was performed 

in triplicate. The percentage of autoaggregation was calculated with the formula 

(1− [At/A0]) × 100, where and A0 represents the initial absorbance at t = 0 and At 

represents absorbance after incubation at time t (Chopade et al., 2019). 

 

Co-aggregation 

 

The co-aggregation attributes of the selected isolates were studied against seven 

clinical pathogens Escherichia coli, Pseudomonas aeroginosa, Klebsiella 
pneumoniae, Proteus sp., Salmonella sp., Staphylococcus aureus, and 

Streptococcus epidermidis obtained from Alpha Diagnostics Centre, Erode, Tamil 

Nadu, India. The pathogens were inoculated in tryptic soy broth and incubated at 
37°C for 24h. The lactic acid bacteria obtained from fermented rice gruel was 

inoculated into MRS broth and incubated at 35°C for 24h in anaerobic condition. 

After incubation, the pathogens grown in tryptic soy broth were centrifuged at 
5000g for 10 minutes and the pellet was suspended in 3ml of phosphate-buffered 

saline (PBS- pH 7.4). Similarly, the 24h culture of isolated lactic acid bacteria in 

MRS broth was centrifuged and the pellet was suspended in 3ml of phosphate-
buffered saline ( pH 7.4). Then, the PBS suspension of clinical pathogens and lactic 

acid bacterial isolates were mixed in a 1:1 ratio, vortexed for 1 min, and incubated 

at 35 ºC for 4h. Afterwards the OD was measured at 570 nm. The experiments 
were performed in triplicate and the percentage of co-aggregation was calculated 

with the formula ([AIsolate + Apathogen] − [Amix (Aisolate + Apathogen)])/2 × 100, where 

AIsolate, Apathogen, and Amix represent the absorbance of lactic acid bacterial isolates, 

clinical pathogens, and the mixture of lactic acid bacterial isolate and pathogen, 

respectively (Prabhurajeshwar & Chandrakanth, 2019). 

 

 

 

 

Cell surface hydrophobicity 

 

The 24h culture of lactic acid bacteria in MRS broth was centrifuged at 5000g for 

10 minutes and the pellet was dissolved in PBS (pH 7.4). To 3ml bacterial 

suspension, 1 ml hexadecane/xylene was added and then vortexed well for 1 min 

and incubated at 37 ℃ for 2h for phase separation without agitation. The aqueous 
phase was gently removed to measure its absorbance at 620 nm (Botthoulath et 

al., 2018). 

 

Bile tolerance 

 
The lactic acid bacterial isolates were tested for tolerance to bile at different 

concentrations, by using bile at 0.1% and 0.3% in MRS broth. The 18h culture was 

inoculated into MRS broth with bile and incubated anaerobically at 35ºC for 24h; 
then, growth was determined by absorbance at 540 nm (Shehata et al., 2016). The 

bacterial culture inoculated into MRS broth without bile served as control. The 

suppression of growth by bile salt was determined by the formula (Growth in 

control broth/[Growth in control broth − Growth in bile broth]) × 100 and 

expressed in percentage. 

 

NaCl tolerance  

 

The isolates were tested at different concentrations of NaCl (2%, 4%, and 6%) in 
MRS broth. The isolated lactic acid bacteria were inoculated into MRS broth with 

NaCl and incubated anaerobically at 37℃ for 18h; growth of bacteria was observed 

by measuring the absorbance at 620 nm. The isolates inoculated into MRS broth 
without NaCl served as control (Prabhurajeshwar & Chandrakanth, 2019). 

 

Carbohydrate profile 
 

The carbohydrate fermentation profile of the isolate was determined by the 

HiLacto identification kit (HiMedia, India). First, 100µl freshly prepared culture 
was aseptically inoculated in the API strip and incubated at 35℃. The results are 

observed for fermentation of sugar after 24–48h of incubation (Alsona et al., 

2019). For the Esculin hydrolysis test, the cream color turns to black, which 
indicates a positive result. The different carbohydrates present in the API strip are 

arabinose, cellobiose, galactose, maltose, mannose, melibiose, raffinose, sucrose, 

trehalose, and xylose, which turn from purple to yellow, indicating that the isolates 
have used the carbohydrates. 

 

Antibacterial activity 
 

The antibacterial activity was studied by well diffusion method by using clinical 

pathogens E. coli, P. aeroginosa, Proteus sp.,        K. pneumoniae, Salmonella sp., 
S. aureus, Staphylococcus haemolyticus, Enterococcus faecium, and S. epidermidis 

obtained from Alpha Diagnostics Centre. The lactic acid bacteria isolated from 

fermented rice gruel was inoculated into MRS broth and incubated anaerobically 
at 35°C for 24 h. Then, the bacterial culture was centrifuged at 4500g for 10 

minutes and the supernatant was collected and filtered. The clinical pathogens were 

inoculated into tryptone soy broth the plates were incubated at 37°C for 18 h; then 
each clinical pathogen was swabbed over a separate Muller- Hinton Agar plate and 

a 7 mm well was made with a sterile cork borer. Then 100 l of filtered supernatant 

of each lactic acid bacterial isolate was loaded to the well and incubated at 37°C 
for 24h aerobically (Mohanty et al., 2019). The antibacterial activity of the isolates 

was tested against nine clinical pathogens. 

 

Safety Assessment  

 

Hemolytic activity 

 

The hemolytic activity was measured in Columbia Blood Agar, the bacterial 

isolates were streaked over the blood agar plates and incubated at 37 ºC for 48h to 
observe the zone of inhibition. The hemolytic activity was characterized based on 

-hemolytic (halo zone in green), -hemolytic (clear zone), and -hemolytic (no 

zone) (Ayyash et al., 2018). 
 

Antibiotic susceptibility test 

 
The antibiotic susceptibility of the identified LAB was determined by the disc 

diffusion method with the Dodeca G-III-Plus disc obtained from HiMedia, India, 
which consists of 12 clinically prevalent antibiotics namely Penicillin-G, oxacillin, 

erythromycin, clindamycin, linezolid, co-trimoxazole, vancomycin, ciprofloxacin, 

tetracycline, cefotaxime, chloramphenicol, and gentamicin. The 18-h-old bacterial 
culture was swabbed on the MRS agar plate and the Dodeca discs were placed over 

it and incubated at 37 ℃ for 24 h. The zone of inhibition was measured and the 

isolate was characterized into a distinct group as sensitive(S), intermediate (I), and 
resistance (R) to antibiotics, based on the Clinical and Laboratory Standards 

Institute (CLSI) standards. 
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Organic Acid Profile 

 

The organic acid profile of the lactic acid bacteria was detected by HPLC method. 

The 24h  bacterial isolates were inoculated in MRS broth with 10% of lactose and 

allowed to ferment at 35º C for 3 days. Then it was centrifuged at 10,000g for 5 

minutes. The cell free supernatant was obtained through filtering through 0.45 
45µm syringe filter. Then 20µl of  sample was injected into HPLC analyzer with 

flow rate of 1.5ml per minute, 30º C, acetonitrile as mobile phase, with analysis 

time of 15 minutes with UV absorbance detection in range of 210-230nm 
(Nuryana et al., 2019). 

 

Nutrition Profiling 

 

The nutrient parameter of fermented rice gruel was analyzed by standard methods. 
The energy was determined by CMUA&F/NI/SOP/01. Protein, total 

carbohydrates, and total fat were analyzed by AOAC 2001.11, AOAC 986.25, 

AOAC 950.52 methods respectively. The minerals sodium, calcium, iron, 
potassium, magnesium, phosphorous, and zinc were determined by AOAC 

2011.14. The vitamin B12 (cyanocobalamin) was detected by AOAC 2011.09 

method and the vitamin B9 (Folic acid) was detected by CMUINS/SOP/61 method. 
Further, the total bacterial count of bacteria in fermented rice gruel was rested by 

IS5402-2012 (Reaff:2018) method; the yeast and moulds were tested by IS:5403-

1999 (Reaff:2018) method and the presence of enteric pathogen salmonella was 
detected by IS 5887 Part 3-1999 (Reaff:2018). 

 

Statistical analysis 

 

The data were collected in triplicate experiments, and to determine the significant 

differences in the mean, one-way analysis of variance and independent samples t-
test were used to statistically analyze the results using SPSS, version 20 software.  

 

RESULTS AND DISCUSSION 

 

Isolation of lactic acid bacteria in fermented rice gruel 

 
Almost 70 isolates were obtained from fermented rice gruel. The colonies were 

selected based on preliminary screening, Gram staining, and catalase test. Among 

them, 12 isolates were gram-positive, cocci and rod-shaped, nonmotile, and 

catalase-negative in nature. The biochemical characterization (indole, MR-VP, 

Simmons citrate, TSI) of the isolates revealed that the bacteria belonged to the 

LAB group. The oxygen requirement of the isolate showed that most of the isolates 

belonged to anaerobic bacteria and were microaerophilic. Only three isolates 

showed good growth in the MRS medium consistently. Hence, among these 12 
isolates, only 3 isolates were selected for further studies (Table 1; Fig. 1). LAB is 

well established in nutrient-abundant habitats and efficiently grown on raw foods. 

They utilize carbohydrates and synthesize essential amino acids, vitamins, and 
minerals (Kondrotiene et al., 2018). 

 

 
Figure 1 Microscopic examination under light microscope (400x) shows the gram 

positive isolates either with spherical or rod in shape. 
 

 

Table 1 Morphological, biochemical characteristics and carbohydrate fermentation profile of lactic acid bacteria isolated from fermented rice gruel. 

CHARACTERISTICS P. pentosaceus strain PRK1 L. plantarum strain PRK7 L. plantarum strain PRK11 

MORPHOLOGICAL CHARACTERISTICS 

Shape Cocci Rod Rod 

Stain Gram positive Gram positive Gram positive 

Catalase - - - 

Motility Nonmotile Nonmotile Nonmotile 

BIOCHEMICAL CHARACTERISTICS 

Indole - - - 

Methyl red - - - 

Voges-Proskauer - - - 

Simmon’s citrate - - - 

O2  REQUIREMENTS Microaerophilic Anaerobe Anaerobe 

CARBOHYDRATES FERMENTATION 

Arabinose + ++ ++ 

Cellobiose + +++ +++ 

Esculin hydrolysis  + + + 

Galactose +++ +++ +++ 

Maltose + +++ +++ 

Mannose +++ +++ +++ 

Mellibiose ND + +++ 

Refinose ND ND + 

Sucrose  ND ND ++ 

Trehalose ++ + + 

Xylose ND ND ND 
+++, excellent fermentation; ++, moderate fermentation; +, less fermentation; ND, no reaction; −, negative. 

 

Genotypic characterization of the isolate 

 

The extracted genomic DNA was amplified with the universal primer. All the  

isolates were run in agarose gel (2%) with 100bp ladder. The PCR amplicon size 

was around 1500bp. The obtained PCR product was sequenced in ABI PRISM 
genetic analyzer and compared with NCBI Blast (Fig. 2). The  Isolate 1 was 

identified as Pediococcus pentosaceus strain PRK1, whereas isolates 2 and 3 were 

identified as Lactobacillus plantarum strain PRK7 and L. plantarum strain PRK11. 
The phylogenetic tree of all the isolates was constructed using the MEGA-7 

software for P. pentosaceus PRK1 (Fig. 3), L. plantarum PRK7 (Fig. 4), and L. 

plantarum PRK 11 (Fig. 5). The 16S rDNA sequence of the isolates Pediococcus 
pentosaceus strain PRK1, Lactobacillus plantarum strain PRK7, L. plantarum 

strain PRK11 were submitted to the National Centre for Biotechnology 

Information (NCBI) and assigned with accession numbers MT019527, MT022517, 

and MT022576, respectively. The bacteria isolated from fermented rice gruel 

belonged to lactic acid bacteria, which are generally regarded as safe for 
consumption. Molecular characterization is one of the predominant methods used 

to confirm a species belongs to lactic acid bacteria. The phylogenetic tree was 

constructed by using NCBI nucleotide BLAST tool, the neighbor-joining method. 
From the rice gruel sample, it was found that the isolates belonged to Pediococcus 

pentosaceus and Lactobacillus plantarum, which are listed in the QPS standard 

(Qualified Presumption of Safety) controlled by the Food Safety Authority (Pinto 

et al., 2020). Previous studies reported that L. paraplantarum and P. pentosaceus 

could be obtained from rice bran, sourdough, pickle, fermented sausages, and olive 

fermentation brine. It has been reported that in east-central India, a popular rice 
beer called haria, which is a tribal beverage, possesses lactic acid bacteria 

Lactobacillus sp., Bifidobacterium sp., Lactococcus sp., and Bacillus sp (Ray et 

al., 2017). 
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Figure 2 The PCR amplicon product (1500 bp) in 2% agarose gel  (a) Pediococcus 
pentosaceus; (b) Lactobacillus plantarum strain PRK7;  

(c) Lactobacillus plantarum strain PRK11. 

 
Figure 3 The phylogenetic tree for Pediococcus pentosaceus strain PRK 1 was 

constructed by using the neighbor-joining method in MEGA 7 software.  

 

 
Figure 4 The phylogenetic tree for Lactobacillus plantarum strain PRK7was 
constructed by using the neighbor-joining method in MEGA 7 software.  

 

 
Figure 5 The phylogenetic tree for Lactobacillus plantarum strain PRK11 was 

constructed by using the neighbor-joining method in MEGA 7 software.  

Probiotic characterization of the isolates 

 

pH Tolerance   

 

To be consider as a probiotic, the strain should survive at low pH condition as in 

the stomach. In this study, all the isolates showed good growth at pH 4 compared 
to control (pH 5.5). All three isolates showed fair growth at pH 3 (Fig. 6). In the 

figures isolates were represented as PP 1 (Pediococcus pentosaceus strain PRK1), 

LP7 (Lactobacillus plantarum strain PRK 7) and LP 11 (Lactobacillus plantarum 
strain PRK 11). Acid tolerance is an important criterion used for the selection of 

probiotic bacteria. In this study, the isolated bacteria were perceived to live under 
the acidic environment of pH 3 for 3 h. Previous research has showed  that LAB 

can survive at pH 2–4, which is a significant parameter to be used as potential 

probiotic bacteria (Giri et al., 2018). 

Figure 6 The ability of the isolate to grow in pH 5.5 (Control), pH 4, and pH 3 in 

MRS broth. The mean ± SD values were significant at p < 0.05. 

 

Autoaggregation 

 
The autoaggregation percentage of isolates P. pentosaceus strain PRK1, L. 

plantarum strain PRK7 and L.plantarum strain PRK 11 was 68%, 40.25%, and 

42.25 %, respectively, at 3 h of incubation. Whereas at 24 h of incubation, isolates 
P. pentosaceus strain PRK1,                       L. plantarum strain PRK7 and L.plantarum 

strain PRK 11 showed 91%, 83 %, and 89% autoaggregation. This study shows 

that the autoaggregation percentage of isolates increases with an increase in the 
incubation time (Fig. 7). Autoaggregation experiment helps to detect the 

colonization of probiotic isolates to the gastrointestinal epithelial cells, which 

prevents the pathogens’ colonization in the gut. The greater the percentage of 
autoaggregation, the greater the ability of probiotic bacteria to bind with epithelial 

cells and stimulate health benefits (Menezes et al., 2019). An alternative for 

adhesion assay was found to be the autoaggregation test, which was demonstrated 
to be more authentic and inexpensive compared with cell lines, which were 

challenging in both procedure and costly (Sriraj et al., 2017). 

 
Figure 7 The isolates autoaggregation percentage after 3h and 24 h of incubation. 
The mean ± SD values were significant at p < 0.05. 
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Coaggregation 

 

The highest co-aggregation percentage was found to be against S. aureus for 

isolates P. pentosaceus strain PRK1, L. plantarum strain PRK7 and L.plantarum 

strain PRK 11 at 36.1%, 37.1%, and 42.5%, respectively. The lowest percentage 

of co-aggregation was observed against P. aeroginosa for isolates P. pentosaceus 
strain PRK1, L. plantarum strain PRK7 and L.plantarum strain PRK 11  at 28.33%, 

30.5%, and 30.8%, respectively (Fig. 8). It is vital to evaluate these characteristics 

for the probiotic bacterial ability to colonize the gut in addition to inhibiting the 
formation of biofilm and attachment of pathogens in the intestine (Vasiee et al., 

2020). The infection caused by pathogens colonizing the intestine can be 
minimized by probiotics (Ayyash et al., 2014). The LAB isolated from goat milk 

showed less co-aggregation activity with Salmonella enteritis (Reuben et al., 

2019). However, the isolates from fermented rice gruel have shown reasonable co-
aggregation activity against Salmonella sp. In our study, the co-aggregation 

percentage of isolates was below 40%, which indicated that these isolates possess 

good probiotic property as the minimal level of co-aggregation among pathogen 
can prevent the formation of biofilm and colonization of pathogens in the 

gastrointestinal tract (Mohanty et al., 2019). 

 
Figure 8 Percentage of co-aggregation of the isolates against clinical pathogens. 

The mean ± SD values were significant at p < 0.05. 
 

Cell surface hydrophobicity 

 
The cell surface hydrophobicity for isolates P. pentosaceus strain PRK1, L. 

plantarum strain PRK7 and L.plantarum strain PRK 11 is shown in Fig. 9. The 

range of adhesion was 6.77%–18.64% and 0%–20% for hexadecane and xylene, 
respectively. The outer membrane of bacteria generally has hydrophobic 

components and due to net negative charge, bacteria act hydrophobically. 

 
Figure 9 The percentage of hydrophobicity exhibits the cell adhesion ability of the 

isolates in xylene and hexadecane. The mean ± SD values were significant at p < 

0.05. 
 

The hydrophobic interaction plays a key role in the adherence of bacteria to the 

epithelial cell. The hydrophobicity of the bacterial cell is influenced by media 

composition, bacterial culture growth rate, structure of the bacterial surface, and 

changes in protein composition due to stress from the environment (Botthoulath 

et al., 2018). Further, the hydrophobicity property is beneficial to bacterial strains 

in battling with other gastrointestinal bacteria (Yerlikaya, 2019). In this study, the 
isolates showed good hydrophobicity property toward hexadecane compared to 

xylene. 

 

Bile Tolerance                                                                                                                    

 
The isolates were tested at different concentrations of bile in MRS broth and their 

percentage of suppression was calculated. In this study, the isolates were able to 

survive at 0.1% bile. However, at 0.3% bile, the growth of isolate P. pentosaceus 
strain PRK1 was suppressed to 88% whereas that of isolates L. plantarum strain 

PRK7 and L.plantarum strain PRK 11  was found to be 86.5% and 81.3%, 

respectively (Fig. 10). The capability of the isolate to tolerate various 
concentrations of bile salt helps the lactic acid bacteria maintain a balanced 

intestinal microflora by reaching the small intestine and colon (Shehata et al., 

2016). For this, the bacteria should withstand a human intestinal bile concentration 
of 0.3% (Prabhurajeshwar & Chandrakanth, 2019). Resistance to bile is one of 

the exceedingly important criteria to be used as probiotics because it decides their 

ability to remain alive in the gastrointestinal tract, to involve in its functional 
character, and to colonize in the intestine (Ali et al., 2020). 

 
Figure 10 Percentage of suppression of the isolates in different concentrations of 

bile (0.1%–0.3%). The mean ± SD values were significant at p < 0.05. 
 

NaCl tolerance 

 
The ability of isolates to survive at 1%–6% NaCl concentration was studied. The 

isolates P. pentosaceus strain PRK1, L. plantarum strain PRK7 and L.plantarum 

strain PRK11 showed a good growth rate of up to 4% NaCl in MRS broth. At 6% 
NaCl, the isolate exhibited fair growth (Fig. 11).  

Figure 11 The ability of the isolates to tolerate different concentrations of NaCl 

(1-6%) and MRS broth without NaCl serving as a control. The mean ± SD values 
were significant at p < 0.05. 
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Table 2 Antibacterial activity of bacteria isolated from fermented rice gruel against clinical pathogens 

TEST PATHOGEN 

ZONE OF INHIBITION (mm) 

P. pentosaceus strain 

PRK1 

L. plantarum strain 

PRK7 

L. plantarum strain 

PRK11 

POSITIVE 

CONTROL 

Escherichia coli - - - 10 

Psuedomonas aeroginosa 13.5 ± 0.5 11 ± 0.5 12 ± 0.0 15 

Proteus sp 10.5 ± 0.5 10 ± 0.5 10.5 ± 0.5 15.5 

Klebsiella pneumonia - - 9.5 ± 0.5 14 

Salmonella sp - - - 14 

Staphylococcus aureus 11.25 ± 0.25 - 12 ± 0.0 16.5 

Staphylococcus 

haemolyticus 
- - 10 ± 0.5 16 

Enterococcus faecium 13 ± 0.25 12.5 ± 0.5 16 ± 0.5 17 

Streptococcus epidermidis - - - 17 
−, no zone of inhibition; ±, mean SD; Positive control is streptomycin (1 mg/ml) 

 

The isolates from the fermented rice gruel sample showed better growth up to 4% 
of NaCl. The growth rate was decreased by 6% of NaCl. This is following the result 

of a previous report in which isolates from yogurt samples tolerated up to 3% 

concentration of NaCl (Chowdury et al., 2012).  

 

Carbohydrate fermentation 

 
The isolates were able to use different carbohydrates (Table 1). L.plantarum strain 

PRK11 was able to ferment most of the carbohydrates used in this study compared 

to P. pentosaceus strain PRK1 (Fig. 12). The obtained results were in accordance 
with the biochemical characterization of isolates belonging to lactic acid bacteria 

(Prabhurajeshwar & Chandrakanth, 2019). It has also been reported that 

Lactobacillus plantarum fermented glucose, sorbose, maltose, arabinose, xylose, 
and rhamnose (Muthusamy et al., 2020). 

 
Figure 12 The carbohydrate fermentation profile of  (a) Pediococcus pentosaceus; 

(b) L. plantarum strain PRK 7; (c) L. plantarum strain PRK11 and (d) The Control 

API strip. 
 

Antibacterial Activity 

 
The antibacterial activity of the isolates were tested against clinical pathogens 

(Table 2). All the isolates possess antibacterial activity either through the 

production of bacteriocin or organic acids.  L.plantarum strain PRK11 shows 
excellent antibacterial activity compared to P. pentosaceus strain PRK1 and 

L.plantarum strain PRK7. All the tested isolates does not inhibit E. coli and S. 

epidermidis but inhibits E. faecium. These isolates have greater inhibitory activity 
than the previous research data in which the isolates from sourdough (L. farraginis 

No. 206, P. pentosaceus No. 183, and P. acidolacti No. 29) didn’t inhibit E. 

faecium (Bartkiene et al., 2019).  Also, another report shows that L. plantarum D1 
and L. plantarum D2 inhibited Salmonella but the isolates in our study did not 

show any inhibition against clinical Salmonella sp. (Hu et al., 2020). The 
antibacterial activity of Pediococcus pentosaceus was due to inhibiting compound 

like bacteriocin (Azevedol et al., 2020). The antibacterial activity could also occur 

due to organic acids such as lactic acid, acetic acid, and propionic acid, which 
effectively inhibit the growth of pathogens and are used as additives/preservatives 

in food industries (Desniar et al., 2020).  

 

 

 

Safety Assessments 

 

Haemolytic activity 

 

The isolates P. pentosaceus strain PRK1, L. plantarum strain PRK7 and 

L.plantarum strain PRK 11 were tested for hemolytic activity and none of them 

has showed - and -hemolytic activities. All the isolates exhibited -hemolytic 

activity (i.e.) no zone was observed around the isolates in blood agar plates (Fig. 

13). For the selection of probiotic bacteria, one of the safety assessment is the 

absence of hemolytic activity (Kong et al., 2020; Pavli et al., 2019, Silva et al., 

2019; Amin et al., 2019). Some previous reports showed that L. plantarum M2 

and L. plantarum KO9 strain exhibited -hemolytic activity in which no clear or 

halo green zone was formed on agar plates (Kolestac et al., 2021). 

 
Figure 13 The - haemolytic activity exhibited by (a) Pediococcus pentosaceus 

(b) Lactobacillus plantarum strain PRK7; (c) Lactobacillus strain PRK11.  

 
Antibiotic susceptibility test 

 

All three isolates, P. pentosaceus strain PRK1, L. plantarum strain PRK7 and 
L.plantarum strain PRK 11  were observed to be sensitive to chloramphenicol, 

cefotaxime, tetracycline, and linezolid, which inhibit the bacterial cell wall 

synthesis and protein synthesis. All the isolates showed similarity in resistance to 
ciprofloxacin and intermediate resistance to penicillin G (Table 3; Fig 14). In 

previous study, the isolates showed resistance to ciprofloxacin (Yerlikaya, 2019; 

Xu et al., 2019) which inhibits the bacteria by inhibiting DNA synthesis. Further, 
P. pentosaceus SC28 and L. brevis KU15151 were resistant to gentamycin, 

streptomycin, kanamycin, and ciprofloxacin and sensitive to tetracycline, 

chloramphenicol, ampicillin, and doxycycline, which is in accordance with our 
present study (Yang et al., 2020). 
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Table 3 Antibiotic susceptibility test for bacteria isolated from fermented rice gruel 

ANTIBIOTICS SYMBOL CONCENTRATION 

ISOLATE 

P. pentosaceus strain 

PRK1 

L. plantarum strain 

PRK7 

L. plantarum strain 

PRK11 

Penicillin G P 10 Units R R I 

Oxacillin OX 1 g S R R 

Erythromycin E 15 g S S I 

Clindamycin CD 2 g S S I 

Linezolid LZ 30 g S S S 

Co-Trimoxade CoT 25 g R S S 

Vancomycin VA 30 g R R R 

Ciprofloxacin CIP 5 g R R R 

Tetracycline TE 30 g S S S 

Cefotaxime CTX 30 g S S S 

Chloramphenicol C 30 g S S S 

Gentamycin GEN 10 g S R I 
S, sensitive ( ≥ 20 mm); I, intermediate (13–19 mm); R, resistant (≤11 mm) 

 

 
Figure 14 The antibiotic susceptibility of  (a) Pediococcus pentosaceus strain PRK1 (b) Lactobacillus plantarum strain 

PRK7 (c) Lactobacillus strain PRK11. 
 

Organic acid profile 

 

The Organic acid produced by L. plantarum strain PRK 7 and strain PRK 11 was 

depicted in Fig 15. HPLC separation of organic acid of the isolate  shows the 

presence of lactic acid and acetic acid. The retention time of lactic acid was 2.092 
and 2.095 with peak area 17482021 and 19035013 for the isolates L.plantarum 

strain PRK 7 and L.plantarum strain PRK 11 respectively. The retention time (RT) 

of  acetic acid was 2.375 and 2.391 with peak area 15347062 and 1294745 
respectively.  

 
Figure 15 Organic acid profile of isolates by HPLC analysis (a) The peak shows 

the presence of lactic acid (RT -2.092) and acetic acid (RT- 2.375) in L. plantarum 

strain PRK 7   (b) The lactic acid (RT -2.075) and acetic acid (RT- 2.391) produced 
by L. plantarum strain PRK 11. 

 

The HPLC analysis of organic acid from Pediococcus pentosaceus strain PRK 1 

was not detected. The retention time was similar to the retention time of lactic acid 
and acetic acid in the chromatography analysis of standard organic acids (Reuter, 

2015). The L.plantarum strain PRK 7 and strain PRK 11 was heterofermentative 

as it produces lactic acid as end product. One of the characteristics of lactic acid 
bacterial fermentation of carbohydrates to  produce lactic acid as end product 

enhances the flavor and aroma of the food (Llano et al., 1996). Further, the organic 

acid produced during fermentation also acts a preservative for food and possess the 
antibacterial activity. It has a wide range of industrial applications hence the 

bacteria producing lactic acid as end product during fermentation can be used as 

starter culture in production of dairy products (Desniar et al., 2020). Probiotic 
bacteria exhibit high antagonistic activity against pathogens due to the production 

of organic acids (Evivie et al., 2019). 

 

Nutrition Profiling 

 
The nutritional parameters, minerals, and vitamins in fermented rice gruel were 

analyzed. The test results of nutritional parameters per 100g of sample. The 

mineral contents in the fermented rice gruel sample and the concentration of 

vitamin B12 (Cyanocobalamin) and B9 (Folic acid) in fermented rice gruel were 

quantified and represented in Table 4. Lactic acid bacteria play a key role in 

breaking down anti-nutritional compounds in rice and improve the bioavailability 
of nutrients and minerals such as iron, potassium, and calcium in fermented foods, 

which can be easily absorbed and serves much healthier than whole grains. 

Furthermore, the microbial analysis of the sample reveals that the sample has 
bacteria, yeast, molds, and the absence of salmonella (Table 5). The bacteria, yeast, 

and molds could ferment the rice naturally. The microbes utilize the rice substrate 

and synthesize vitamins (B6, B12, B9, and K), minerals, bacteriocins, short-chain 
fatty acids (reduce the cholesterol), essential amino acids, exopolysaccharides into 

the gruel (Fig.16). Fermentation enhances the bioavailability of nutrients that can 

be easily absorbed by our digestive system. It also reduces the antinutritive 
compounds like phytic acid, tannins, and polyphenols (Rawat et al., 2020). The 

magnesium and selenium increase bone strength; potassium reduces blood 

pressure.  
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Table 4  Nutritional profiling of fermented rice gruel 

S. No. PARAMETERS RESULTS 
 Nutritional parameters 

1 Energy 12kcal 

2 Protein 0.88g 

3 
Total 

carbohydrates 
2.0g 

4 Total fat Less than 0.1g 
 Minerals 

5 Sodium 41.5 mg 

6 Calcium 0.91 mg 

7 Iron 0.2 mg 

8 Potassium 6.32 mg 

9 Magnesium 1.74 mg 

10 Phosphorus 2.81 mg 

11 Zinc 0.08 mg 
 Vitamins 

12 Cyanocobalamin 0.5 μg 

13 Folic acid 2.0 μg 

 

Table 5 Microbial analysis of fermented rice gruel 

S. No. Test Parameters Result 

1 Total Bacterial count 66,82,000 CFU/g 

2 Escherichia coli 16,000 CFU/g 

3 Yeast 64,000  CFU/g 

4 Molds 14,000  CFU/g 

5 Salmonella Absent/25g 

CFU/g, Colony forming unit per gram 

 

 
Figure 16 Schematic representation of fermentation process involved by lactic 

acid bacteria to enrichich the bioavailability of nutrients during fermentation of 

rice gruel. 
 

CONCLUSION 

 
The fermentation of rice gruel involves the lactic acid bacteria which exhibits 

probiotic characteristics. As the isolated P. pentosaceus strain PRK1, L. plantarum 

strain PRK7, and L. plantarum strain PRK11 from fermented rice gruel, which was 
tolerant to low pH, bile (0.1%–0.3%), and NaCl (1%–6%). Further, antibacterial 

activity shows its ability to inhibit clinical pathogens. Among the isolates, L. 

plantarum strain PRK 11 showed excellent antibacterial activity compared to the 
other two isolates in this study. Besides, the safety assessment of the isolates 

confirmed that all three isolates were non-hemolytic. Also, these isolates were 

sensitive to most of the tested antibiotics. The nutrition profiling of fermented rice 
gruel shows that the minerals and vitamins have increased. It also has less fat and 

total carbohydrates. The fermented rice gruel has enhanced the bioavailability of 

nutrients compared to non-fermented rice. Thus, this study showed the association 
of lactic acid bacteria in the fermentation of rice gruel have probiotic properties 

which can be utilized as a starter culture in formulating functional foods in future. 

Though, these isolates from fermented rice gruel have the probiotic properties 
further in vivo studies are needed to confirm their safety for human consumption 

and also their stability in the GI tract is still need be investigate in in-vivo models. 
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