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ABSTRACT 

Background: Fermented rice is known to possess probiotic capability. Probiotics are live microorganisms that 
confers consumer with enormous health benefits. This research was determined on isolation and molecularly 
identifies beneficial lactic acid bacteria from fermented rice water. Methods: Locally cultivated Rice grains were 
steeped and fermented to isolate lactic acid bacteria strains. De Man Rogosa Sharpe (MRS) media was used for 

the isolation of lactic acid bacteria. The fermented rice water was serially diluted, plated and incubated at 37 °C 
for 48 hours under anaerobic conditions. Single colonies were subjected to biochemical analysis and gram-
staining. Subsequently, 16s rRNA Identification of bacterial isolates was conducted. Results: The strains of LAB 
isolated were lactiplantibacillus plantarum CIP 103151and Limosilactobacillus   fermentum   CIP 102980 which 
are both beneficial and highly recommended as alternatives to antibiotics since their various mechanisms of 

growth inhibition against pathogenic bacteria have been extensively documented. Conclusion: The findings in 
this study confirmed rice to possess strains of probiotic Lactic acid bacteria (LAB) which can be exploited to 

achieving quality advancement in one health: integrated and unify approach aim at sustainably balance and 
optimize the health of people, animals, and ecosystem. 
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1.0 Introduction 

Lactic acid bacteria (LAB) are significant groups of 

probiotic organisms in fermented food and are 
generally considered safe (1). Lactic acid bacteria 
refer to a taxonomically diverse group of Gram-
positive bacteria, facultative anaerobic, non-spore-
forming, non-motile, and acid-tolerant cocci, 

coccobacilli, or rods that appear as single cells or 

forming couples, tetrads, or long chains, with 
common metabolism and physiology capable of 
fermenting sugars primarily into lactic acid (2).  

LAB is safe microorganisms for both animals and 
humans. They have a GRAS status (generally 
recognized as safe) declared by the FDA (USA) as 
well as the status - QPS (qualified presumption of 
safety) assigned to them by EFSA (European Food 
Safety Authority) (EFSA Panel on Biological (3). The 

lactic acid bacteria (LAB) are isolated from various 
food matrices and those isolates with better 
performances and high competitiveness are used as 
probiotics (4).  LAB, such as the Lactobacillus 
species and yeasts, such as Rhizopus oligosporus, 
Saccharomyces cerevisiae and the Aspergillus 

species, are the main producers of fermented rice 

bran product (5).  

Interestingly, the strain mediating lactic acid 
fermentation of rice can determine some of the 
properties of the fermented product. For example, 
Lactobacillus brevis produces gamma-amino butyric 
acid (GABA) with rice bran, and the fermented rice 
bran product shows antihypertensive properties (6).  

Probiotics are live organisms that confer health 
benefits on the host when consumed in adequate 
amounts, by bringing the microbial balance in the 
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system. They are proficient in inhibiting the growth 
of pathogenic organisms through different 
mechanisms such as adherence to epithelial cells, 
modulation of the immune system, and secretion of 

antimicrobial compounds (7). This proves their 
ability in the bio preservation of food and can be 
used as starter culture in the fermentation process 
under controlled conditions. Therefore, the isolation 
and characterization of LAB from different 
traditional fermented foods and products have 
gained tremendous attention (8). 

 A potent probiotic isolate must possess certain 
characteristics like survival and colonizing ability 

under different environmental conditions (9). The 
isolates should be able to withstand low pH of 

gastric juice with resistance to bile salts and also 
adhere to epithelial cells (10). They should also offer 
certain health benefits like antimicrobial activity, 
anticancer activity, and toxin reducing effects, and 

boosting immune response. Hence, bacteria 
adhering to suitable surfaces and survival in the 
gastrointestinal tract should be confirmed by in vitro 
evaluation prior to using them as probiotics (11).  
The health benefits of LAB as probiotics such as 
lowering the risk of diseases, regulation of allergic 
response, and improving inhabitants of 

gastrointestinal tract with better immune response 
have been reported (12).  

The contribution of LAB in inhibiting the growth of 

pathogenic organisms, reducing their toxin 
secretions, and increasing the nutritional value and 
other functionality has already been studied (13).  
Fermentation is a process by which a carbon source 
is dissimilated by microorganisms yielding energy 
without net oxidation. The primary end products of 

microbial fermentation are generally alcohols and 
organic acids such as lactic acid, acetic acid, and 
propionic acid (14).  

Fermented rice and its products   also exert 
inhibitory effects against pathogenic 
microorganisms (15). LAB strains make different 
classes of chemical compounds. Among them, the 
bacteriocins group is the best-studied one. 
Bacteriocins are toxic to microbes and are the most 

promising primary metabolites for developing 
antibiotic drugs. Bacteriocins are peptides or 
proteins synthesized by ribosomes, and they inhibit 
the growth and reproduction of a variety of bacteria. 
A comprehensive strategy utilizing a One Health 
approach targeting human, animal and 
environmental health is crucial to tackling AMR (1).  

 In spite of the heath benefit associated with this 
grains, products of fermented rice has not be 

exploited as  an alternative to curb the problem of  
antibiotic resistant  in nations where it is a staple 

food.  Strains of probiotic lactic acid bacteria have 
been isolated from various sources; however, much 
research has not been carried out on probiotic lactic 
acid bacterial species from fermented rice source. 

This research was determined on isolation and 
molecularly identifies beneficial lactic acid bacteria 
from fermented rice water 

2.0 Materials and Methods 

2.1 Study Area   

 This study was carried out in Keffi metropolis of 
Nasarawa state, Nigeria. Keffi is about 58 km from 

Abuja, the Federal Capita Territory (FCT), and is 
about 128 km from Lafia, the capital town of 

Nasarawa state. Keffi is situated on latitude 8°5’N 
and longitude 7°50’E, and on the altitude of 850 m 
above the sea level (16).  

2.2 Collection of Raw Materials 

Rice samples was purchased from Rusau Market in 
Keffi local government area, Nassarawa State and 
were transported in sterile sampling bags to the 
laboratory of Department of Microbiology, Nasarawa 
State University, Keffi, Nasarawa state, Nigeria for 

analysis. 

2.3 Preparation of Rice Samples 

Two hundred grams (200g) of the rice was washed 
and rinsed thoroughly to remove dirt and dust that 

may have contaminated the rice during processing, 
winnowing, transportation and even during storage. 
Fermentation was carry out by steeping the rice 
grains with sterile distilled water (rice: water 1:3) 
for 72 hours (3days) at ambient temperature. 

2.4 Microbiological Analysis 

2.4.1 Isolation of LAB from fermented rice 
water 

Lactic acid bacteria were isolated from fermented 
rice water using the pour plate method described by 
Cheesebrough (2000). Fermented rice water (10 
ml) was collected from the steeped rice after 
shaking well in the Vortex and diluted in sterile 

saline (0.85%) solution to obtain concentrations 10 
0, 10-1, 10-2 and 10-3 dilutions.  Aliquots (100 µl) 
of the prepared dilutions were inoculated on to petri 
plates in duplicate using spread plate method. The 
inoculated plates were incubated at 37 oC for 2 days 
under anaerobic conditions created by Anaerobe gas 
packs (Oxoid). Isolated bacteria were purified as 

pure cultures by repeated sub- culturing on media 
used for primary isolation. 
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2.4.2 Biochemical Characterization  

The bacterial isolates were characterized using 
colonial morphology, Gram staining, spore forming 
and biochemical tests. The biochemical tests 
conducted include catalase, citrate and sugar 
fermentation profiles. The isolates were identified 

by comparing their characteristics with those of 
known taxa using Bergey’s Manual of Determinative 
Bacteriology (17). 

2.5 Molecular identification and 
characterization of LAB isolates 

2.5.1 DNA extraction 

Bacteria cells were harvested from 500μl aliquot of 

bacteria broth culture using a micro centrifuge at 
10,000 g for 1min. The residual pellet was 
resuspended in 300μl of Resuspension Buffer and 
2μl of Lysozyme Solution. The mixture was 
homogenized by inverting several times thereafter 
incubated at 37 °C for 1 hour. Resuspended cells 

were recovered by centrifugation and lysed by 
adding 300μl of Lysis Buffer after which 2μl RNase 
A and 8μl proteinase K solution were added; 
followed by incubation at 60 °C for 10mins. The tube 
was cooled on ice for 5min.300μl binding buffer was 
added to the mixture and vortexed briefly; the 
mixture was cooled on ice for 5 mins and thereafter 

centrifuged at 10,000g for 5 min. The supernatant 
was transferred directly into the spin column and 

centrifuged at 10,000g for 1min to trap the DNA. The 
trapped DNA was washed twice with washing buffer 
after which it was eluted with 50μl elution buffer into 
a clean eppendorf tube. Genomic DNA extraction 
was carried out with column-based JENA Bioscience 

Bacteria DNA Preparation Kit following 
manufacturer’s instructions. 

2.5.2 Polymerase Chain Reaction (PCR): (16s 
rRNA Amplification)  

Each PCR reaction mixture consisted of 12.5 µl 
master mix (2x JENA Ruby hot start master mix), 
1µl (10pmol) each of forward primer 27F 5’AGA GTT 
TGA TCM TGG CTC AG3’ and reverse primer 1492R-
5’ TAC GGY TAC CTT GTT ACG ACT T 3’, 1µl DNA 

template and 9.5µl sterile nuclease free water to 
make up a total reaction volume of 25 µl. PCR 

amplification was carried out in an Applied Bio-
system 2720 Thermo cycler. The mixture was 
subjected to an initial denaturation at 94°C for 
3min; followed by 35 cycles of denaturation at 94°C 
for 45s , annealing at 55°C for 60s and extension at 
72°C for 60 seconds; and a final extension at 72°C 
for 10mins. The time was finally extended to 10 

minutes at 72 °C; it was then chilled at 4 °C in a 
GEL [17]. 

2.5.3 Gel Electrophoreses  

PCR products were visualized on a 2 % agarose gel 
containing ethidium bromide in 0.5x Tris-borate 
buffer (pH 8.0) using blue led trans illuminator 
(image attached). A molecular ladder marker (Jena 
Bioscience, 200bp) was run simultaneously to 

determine the size of the amplicons. 

2.5.4 Sequencing 

PCR products were purified and sequenced by 
Sanger sequencing method using AB1 3730XL 
sequencer and done by Inqaba biotec, Pretoria, 

South Africa 

3.0 Results 

3.1 Bacteria isolate and Biochemical identity of 
the isolates from fermented rice 

The bacterial count of fermented rice water is shown 
in table 1. The fermented water from raw rice (RW) 

had the lower bacterial count of 8.0×103 cfu/mL and 
parboiled rice (PR) has bacterial count 8.0×103 

cfu/mL. The microscopic and biochemical tests for 
identification of bacterial isolates from fermented 
rice are shown in table 2. Based on the microscopic 
and biochemical analysis, three (3) suspected 
strains of lactic acid bacteria were identified from 

fermented rice. 

Table 1 Total aerobic microbial count for fermented rice  

s/n Samples Bacterial count (cfu/ML) 

1 PR 8.7×103 

2 RW 8.0×103 

RW:  fermented raw rice, PR: Fermented parboiled rice  

Table 2: Microscopic and biochemical tests of bacterial isolates 

from fermented rice 

Test Isolate A Isolate B Isolate C 

Grm rxn 

Shp 
Cat 

Oxi 

Cit 

VP 

Mot 

Indol 

MR 

S/F 

Glu 
Lac 

Suc 

Fru 

Ara 

Man 

Sor 

Suspected 

organisms 

+ 

Rod 
 

- 

- 

- 

- 

- 

- 

- 

AG 
AG 

AG 

AG 

G 

AG 

AG 

Lactobacillus 

spp 

+ 

Rod 
- 

- 

- 

- 

- 

- 

- 

- 

AG 
AG 

AG 

G 

G 

AG 

AG 

Lactobacillus 

spp 

+ 

Rod 
- 

- 

- 

- 

- 

- 

- 

- 

AG 
AG 

AG 

AG 

G 

AG 

AG 

Lactobacillus 

spp 
Grm rxn: gram reaction Shp: shape Cat: catalase Oxi: oxidase Cit: citrate 
VP: Voges proskauer Mot: Motility Ind: Indole MR: Methyl red SF: spore 

formation Glu: glucose Lac: lactose Suc: sucrose Fru: fructose Ara: 

arabinose Man: mannose Sor: sorbitol AG: Acid and gas production G: gas 

production. 
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3.2 Molecular characteristics of the lactic acid 
bacteria isolated from fermented rice 

The result (SD-3/2-SR5/1) show the sequenced 
amplicons of LAB isolated from fermented  rice  as 
the resulting alignment of the concatenated 
nucleotide (from 5’      3’ and 3’      5’) with other 

known sequences previously blasted in  have waves 
laboratory Ibadan.  The gel documented images of 
the isolated bacterial DNA after electrophoresis 
appeared at 1500kb which indicated pure isolates. 

Lane L represents molecular marker (ladder), lane 
SD-3/2, S3A1 and SR5/1   represents DNA extracted 
from fermented rice as shown in figure 1. 

 
Figure 1: Amplified image of the LAB isolates from Fermented rice. Lane SR5/1; lactiplantibacillus plantarum CIP 103151   lane Sd-3/2;   

Limosilactobacillus   fermentum   CIP 102980 and lane S3A1; didn’t generate good data. 

4.0 Discussion 

LABS are safe microorganisms with abilities to 
produce beneficial compounds (18). With the 
significant reclassification of LAB in 2020 the 

scientific name of Lactobacillus plantarum became 
Lactiplantibacillus plantarum (15). The 16s sequence 
generated using AB1 3730XL sequencer and forward 
primer 27F 5’AGA GTT TGA TCM TGG CTC AG3’ and 
reverse primer 1492R-5’ TAC GGY TAC CTT GTT 
ACG ACT T 3’, were aligned with sequences in this 
database and the sequences that produced similar 

alignment 94.44% assumed Lactiplantibacillus 
plantarum and 95.31% Limosilactobacillus 
fermentum identity of the isolate. Using blue led 

trans illuminator. A molecular ladder marker (Jena 
Bioscience, 2000bp) was run simultaneously to 
determine the size of the amplicons. Probiotics play 
a potential alternative to antibiotics in the treatment 

of inflammatory bowel disease (IBD) (19).  

The continuous increase in multiple resistance 

pathogenic bacteria particularly in the clinical 
setting has led to the investigation of natural 
effective alternatives to known antibiotics. Lactic 
acid bacteria are well known producers of 

antimicrobial compounds especially bacteriocins 
which have high antimicrobial activity.   

Probiotics have been widely considered for the 
treatment and prevention of infectious dis- eases 

because of the various mechanisms In this regard, 
several studies have investigated the effects of 
probiotic and prebiotics use on micro biota of other 
parts of human body (20).  Therefore, probiotics 
are promising in improving skin health by 
modulating the cutaneous mi- crobiota (21). 

By translation, probiotic lactic acid bacteria should 
be exploited to achieving quality advancement in 
one health: integrated and unify approach aim at 

sustainably balance and optimize the health of 
people, animals and ecosystem. The use of LAB 
strains in foodomics techniques is highly 
recommended, as the bacteriocins and volatile 
compounds in LAB strains could improve the 
nutritional quality, Since L. plantarum is listed as 
GRAS (microorganisms and microbial-derived 

ingredients used in food; generally recognized as 
safe), its bacteriocins are also considered safe to be 
use in the food industry as bio preservatives. 
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5.0 Conclusion 

This study has confirmed fermented rice to possess 
probiotic Lactic acid bacteria. The strains of LAB 
isolated: Limosilactobacillus fermentum and 
lactiplantibacillus plantarum have been documented 
to have probiotics potentials and can produce 

antimicrobial substances. The findings in this  study 
suggest that rice and other locally cultivated grains 
should be exploited for probiotic organisms that 
could be useful to man, animals, and the 
ecosystem. 
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