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Abstract 
Water kefir is a traditional fermented beverage that comprises a microbially diverse community enriched in lactic 
acid bacteria (LAB). Previous studies have examined the predominant species recovered from each sample. 
However, functional strain-level variation among multiple LAB isolates within a single kefir grain source remains 
insufficiently explored. This study aimed to isolate and characterise Lactobacillus species from Malaysian water 
kefir grains and evaluate their antioxidant activity and probiotic potential. Bacterial isolates were initially 
characterized through colony morphology, Gram staining, and catalase testing. Antioxidant activity was assessed 
using 2,2-diphenyl-1-picrylhydrazyl (DPPH) and 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) 
radical scavenging assays. Isolates demonstrating high levels of  antioxidant activity were evaluated for probiotic 
characteristics, including acid and bile salt tolerance, adhesion to intestinal epithelial cells, and antibiotic 
susceptibility. Molecular identification was performed through 16S rRNA gene sequencing. Among fifteen 
isolates, isolates 2 and 5 exhibited significantly higher antioxidant activities (p < 0.05) with ABTS radical 
scavenging activities of  72.70 ± 3.38% and 77.74 ± 3.27%, and DPPH radical scavenging activities of  41.62 ± 
1.18% and 48.07 ± 5.18%, respectively. Probiotic characterization demonstrated that isolate 2 exhibited higher 
bile tolerance and adhesion capacity with a 93.57 ± 1.31% survival rate under bile salt stress and 88.8 ± 6.3% 
adhesion rate to HT-29 cells. Molecular identification identified both isolates as Lacticaseibacillus paracasei, a species 
widely associated with probiotic functionality. Taken together, these findings highlight isolate 2 as a promising 
probiotic candidate with antioxidant potential, warranting further investigation to validate its functional efficacy 
and safety. 
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INTRODUCTION 
 
The human gastrointestinal tract hosts a complex 
ecosystem of  trillions of  microorganisms collectively 
known as the gut microbiota, which plays a 
fundamental role in maintaining host homeostasis 
and overall health (Rinninella et al., 2023). This 
intricate microbial community, comprising an 
estimated 100 trillion symbiotic bacteria, significantly 
influences various physiological processes, including 

digestion, immune function, and metabolic regulation 
(Lynch et al., 2024; Uzbay, 2019). Lactic acid bacteria 
(LAB) benefit human health through their metabolic 
activities and support of  key physiological functions 
(Mukherjee et al., 2024). These bacteria include 
Lacticaseibacillus and other related genera, have 
attracted increasing scientific interest in recent years. 
The genus Lactobacillus was reclassified in 2020 into 
multiple genera, including Lacticaseibacillus, to better 
reflect phylogenetic diversity (Zheng et al., 2020). 
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Probiotics are defined by the World Health 
Organization as “live microorganisms that, when 
administered in sufficient amounts, provide health 
benefits to the host”. They have emerged as potential 
agents for promoting gut health, enhancing immune 
responses, reducing cholesterol levels, and potentially 
preventing certain cancers (Huang et al., 2024; Hill et 
al., 2014; Salminen et al., 1999). The growing 
awareness has fuelled substantial market expansion, 
driven by rising consumer interest in the role of  gut 
microbiota in maintaining health (Gao et al., 2024; Li 
et al., 2023). However, probiotic functionality is highly 
strain-specific. This highlights the need to explore 
new isolates from diverse sources, including naturally 
fermented foods, to identify novel probiotic 
candidates. Fermented beverages such as water kefir 
are characterised by a complex and ecologically stable 
microbial environment. This environment supports 
the viability and metabolic activity of  LAB. Increasing 
evidence suggests that such naturally fermented 
products may offer functional benefits compared 
with commercial probiotic supplements (Cheng et al., 
2024; Ibrahim et al., 2023; Garrote et al., 2010). 

Water kefir produced via the fermentation of  
sucrose solutions with its grains represents a natural 
source of  probiotic microorganisms (Lynch et al., 
2021). This beverage is mildly acidic and naturally 
carbonated, resulting in a distinctive sensory profile. 
Water kefir grains, commonly referred to as “tibicos” 
or the “ginger-beer plant,” have been reported in 
association with Opuntia ssp. cactus in Mexico 
(Pendón et al., 2022). Unlike milk kefir grains, which 
are traditionally linked to the Caucasus region, the 
geographical origin of  water kefir remains less clearly 
defined (de Almeida et al., 2025; Rosa et al., 2017). 
Variations in environmental conditions, fermentation 
substrates, and regional practices may contribute to 
the microbial diversity observed in contemporary 
water kefir cultures. 

The microbial composition of  water kefir 
encompasses a diverse community of  
microorganisms, including lactic acid bacteria (LAB), 
acetic acid bacteria (AAB), and various yeast species, 
each contributing unique functional properties to the 
final product (Azizi et al., 2021). Among the LAB 
population, Lactobacillus hilgardii, L. nagelii, L. casei, and 
L. paracasei represent the most prevalent species in 
water kefir grains.  

Water kefir-derived LAB demonstrate a wide 
range of  health-promoting properties, including anti-
inflammatory, antioxidant, antimicrobial, and 
cholesterol-lowering effects (Talib et al., 2024; 
Georgalaki et al., 2021; Kumar et al., 2021b). These 
bioactivities have established water kefir as a probiotic 
beverage. Previous work demonstrated that 
predominant Lactobacillus species isolated from 10 

Malaysian kefir samples displayed notable antioxidant 
capacity and probiotic potential (Talib et al., 2019). 
Probiotics with antioxidant activity have been widely 
investigated for their role in mitigating oxidative 
stress. Oxidative stress is implicated in the 
development of  chronic diseases such as cancer, 
cardiovascular disease, diabetes, and age-related 
disorders (Silva et al., 2025; Yu et al., 2025; Seo, 2024). 
However, only one dominant isolate per sample was 
examined, leaving the broader diversity and functional 
characteristics of  other Lactobacillus strains within a 
single kefir grain source unexplored. This knowledge 
gap is relevant considering the antioxidant capacity 
and probiotic properties of  Lactobacillus species 
derived from Malaysian kefir. 

To address this gap, the present study examined a 
single grain source reported to produce water kefir 
with high antioxidant activity (Kumar et al., 2021a). 
Therefore, this study aimed to examine the 
antioxidant and probiotic properties of  Lactobacillus 
species isolated from Malaysian water kefir grains. 
Understanding the unique properties of  these locally 
sourced species may offer valuable insights for the 
development of  region-specific probiotic 
applications and potential therapeutic strategies.  
 

 
MATERIALS AND METHODS 

 
Water kefir grain preparation and activation 
Water kefir grains were prepared and activated prior 
to the isolation of  LAB. The grains were purchased 
from Kefir and Kombucha (Kuala Lumpur, Malaysia). 
Activation was carried out by cultivating 18 g of  water 
kefir grains in 500 mL of  10% (w/v) jaggery solution, 
prepared by dissolving 50 g of  jaggery (Kefir and 
Kombucha, Malaysia) in 500 mL of  mineral water, 
following the protocol described by Kumar et al. 
(2021a) with minor modifications. Fermentation was 
conducted at room temperature (approximately 25–
28 °C) for 24 hours under static conditions with 
limited oxygen exposure. Successful fermentation was 
indicated by grain flotation, gas bubble formation, 
and a reduction in pH of  the fermentation medium. 
 
Isolation and enumeration of  lactic acid bacteria 
Following fermentation, the fermented liquid was 
discarded, and the grains were thoroughly rinsed with 
mineral water to remove residual fermentation 
medium. Ten grams of  activated water kefir grains 
were transferred into 90 mL of  sterile 0.85% (w/v) 
sodium chloride solution at pH 7.2–7.4 (Merck, 
Darmstadt, Germany) and homogenised using a 
sterile hand-pull blender for 2 minutes to ensure 
uniform bacterial dispersion, as described by Talib et 
al. (2019). Serial ten-fold dilutions were prepared 
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using the same sterile sodium chloride solution as the 
diluent. Aliquots of  100 μL from the final three 
dilutions were spread-plated using de Man, Rogosa, 
and Sharpe (MRS) agar plates (Merck, Darmstadt, 
Germany) in triplicate. MRS medium is a selective 
culture medium widely used for the isolation and 
cultivation of  lactic acid bacteria (LAB). The 
inoculated plates were incubated at 37 °C for 48 
hours. Following incubation, colonies were 
enumerated and expressed as colony-forming units 
per millilitre (CFU/mL). Individual colonies 
exhibiting distinct morphological characteristics were 
selected from MRS agar plates and subcultured in 10 
mL of  MRS broth (Merck, Darmstadt, Germany), 
followed by incubation at 37 °C for 24 hours. To 
obtain pure cultures, 10 μL of  each bacterial culture 
was re-streaked using fresh MRS agar plates using the 
quadrant streak method and incubated at 37 °C for 48 
hours.  
 
Preliminary characterization of  bacterial isolates 
Gram staining and morphological assessment 
Gram staining was performed to differentiate 
bacterial cell wall characteristics and determine 
cellular morphology (Tripathi et al., 2025; 
Cappuccino & Welsh, 2018). The stained smear was 
examined under an inverted light microscope (Nikon, 
Japan) at 400× total magnification, which was 
sufficient to observe Gram reaction (purple staining) 
and general rod-shaped morphology of  the isolates.  
Gram-positive, rod-shaped bacteria were selected for 
further analysis as potential Lactobacillus candidates. 
 
Catalase activity testing 
Catalase activity was assessed to differentiate LAB 
from other bacterial groups by determining the 
presence of  the enzyme catalase (Reiner, 2010; 
Shangari & O’Brien, 2006). A small portion of  the 
bacterial colony was transferred to a sterile 
microscope slide using a sterile inoculating loop. A 
single drop of  3% hydrogen peroxide solution 
(Sigma-Aldrich, USA) was added to the bacterial 
sample and gently mixed. The reaction was observed 
immediately, where effervescence (bubble formation) 
indicated positive catalase activity, while the absence 
of  bubbles indicated negative catalase activity. Only 
catalase-negative isolates were retained for 
subsequent analysis, as this characteristic is typical of  
LAB.  
 
Antioxidant activity assessment 
DPPH radical scavenging assay 
The free radical scavenging activity was assessed using 
the DPPH (2,2-diphenyl-1-picrylhydrazyl) assay with 
Trolox (Sigma-Aldrich, USA) as the reference 
standard. The assay was performed according to the 

method described by Talib et al. (2019) with 
modifications for intact cells of  bacterial cultures.  A 
24-hour bacterial culture was harvested by 
centrifugation at 6,000 × g for 10 minutes at 4°C, 
washed twice, and resuspended in sterile saline to a 
final concentration of  109  CFU/mL. An aliquot of  
50 uL of  the bacterial suspension was added to 250 
uL of  DPPH working solution and incubated at room 
temperature in the dark on an orbital shaker for 30 
minutes. After incubation, the mixture was 
centrifuged at 6,000 rpm for 5 minutes to separate the 
cells, and the supernatant was collected. The 
absorbance of  the supernatant was then measured at 
517 nm using a microplate reader (Bio-Tek 
Instruments, USA). The percentage inhibition of  
DPPH radical was calculated using the formula:  
 
DPPH inhibition (%) = [(A0 – A1) / A 0] × 100  
 
Where A0 represents the absorbance of  the control 
and A1 represents the absorbance of  the sample.  
 
 
ABTS radical scavenging assay 
The antioxidant capacity of  bacterial isolates was 
evaluated using the ABTS (2,2'-azino-bis(3-
ethylbenzothiazoline-6-sulfonic acid)) radical cation 
decolorization assay, with ascorbic acid (Sigma-
Aldrich, USA) serving as a positive control. The assay 
was conducted according to the method described by 
Moreira (2019) with modifications for intact cells of  
bacterial cultures. Bacterial cells were harvested using 
the same method described in the previous section. 
An aliquot of  10 uL of  the bacterial suspension was 
added to 190 uL of  ABTS working solution and 
incubated at room temperature in the dark on an 
orbital shaker for 30 minutes. After incubation, the 
mixture was centrifuged at 6,000 rpm for 5 minutes 
to pellet the cells, and the supernatant was collected. 
The absorbance of  the supernatant was then 
measured at 734 nm using a microplate reader (Bio-
Tek Instruments, USA). The percentage inhibition of  
ABTS radical was calculated using the formula:  
 
ABTS inhibition (%) = [(A0 - A1) / A0] × 100  
 
Where A0 represents the absorbance of  the control 
and A1 represents the absorbance of  the sample.  
 
 
Probiotic characteristics evaluation 
Tolerance to low pH condition 
The survival capacity of  bacterial isolates under 
simulated gastric conditions was evaluated following 
the protocol described by Talib et al. (2019) with 
modifications.  Bacterial cells were harvested using 
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the same method described in the previous section. 
The pellets were washed twice with sterile phosphate-
buffered saline (PBS, pH 7.4) and resuspended in 1 
mL of  PBS (109 CFU/mL) adjusted to pH 2.0 and 3.0 
using 1 M hydrochloric acid (HCl) (Systerm, 
Malaysia). The pH values (2.0 and 3.0) were chosen to 
reflect the range of  gastric acidity in the human 
stomach. A control sample was prepared using PBS 
at pH 7. The bacterial suspensions were incubated at 
37 °C for 3 hours. After incubation, serial ten-fold 
dilutions were prepared, and 100 μL aliquots were 
spread-plated using MRS agar plates in triplicate. The 
plates were incubated at 37 °C for 48 hours, and the 
number of  viable colonies was counted. The survival 
rate was calculated using the equation:  
 
Survival rate (%) = [Final (CFU/mL)/Initial 
(CFU/mL)] ×100%  
 
 
Tolerance to bile salt condition 
Bile salt tolerance was evaluated using the method 
described by Talib et al. (2019) with modifications. 
Bacterial cells were harvested using the same method 
described in the previous section and resuspended in 
1 mL of  PBS (109 CFU/mL) containing 0.3% (w/v) 
and 0.5% (w/v) bile salts (Oxgall, Sigma-Aldrich, 
USA). Bile salts at concentrations of  0.3% (w/v) and 
0.5% (w/v) were applied to simulate the physiological 
bile environment of  the small intestine. A control 
sample was prepared using PBS without bile salts. The 
bacterial suspensions were incubated at 37 °C for 3 
hours. After incubation, serial ten-fold dilutions were 
prepared, and 100 μL aliquots were spread-plated 
using MRS agar plates in triplicate. The plates were 
incubated at 37 °C for 48 hours, and the viable 
colonies were counted. The survival rate was 
calculated using the same formula as described for 
acid tolerance.  
 
Adhesion capacity to intestinal epithelial cells 
The adhesion capability of  bacterial isolates to 
intestinal epithelial cells was assessed using HT-29 
human colorectal adenocarcinoma cells, following the 
protocol described by Talib et al. (2019) with 
modifications. A monolayer of  HT-29 cells was 
cultured in six-well tissue culture plates at a density of  
5 × 105 cells/mL in complete RPMI-1640 medium 
supplemented with 10% fetal bovine serum and 

incubated at 37 °C in 5% CO₂ atmosphere for 24 
hours until reaching 90-100% confluence. Before the 
adhesion assay, the cell monolayer was washed twice 
with sterile PBS (pH 7.2-7.4). Bacterial cells were 
harvested using the same method described in the 
previous section and resuspended in antibiotic-free 
RPMI-1640 medium to achieve a concentration of  

109 CFU/mL. One milliliter of  bacterial suspension 
was added to each well containing the HT-29 cell 
monolayer, corresponding to an estimated bacteria-
to-cell ratio (MOI) of  2000:1. The plates were then 

incubated at 37 °C in 5% CO₂ for 2 hours to allow 
bacterial adhesion. Following incubation, the 
monolayer was washed twice with sterile PBS to 
remove non-adherent bacteria. The adhesion ability 
was assessed by serial dilution and plating on MRS 
agar in triplicate to enumerate viable bacteria. Plates 
were incubated at 37 °C for 48 hours, and adherent 
bacteria were enumerated. The adhesion percentage 
was calculated using the formula:  
 
Adhesion (%) = [Adhered bacteria (CFU/mL)/Total 
added bacteria (CFU/mL)] × 100%  
 
 
Antibiotic susceptibility testing 
Antibiotic susceptibility was determined using the 
Kirby-Bauer disc diffusion method (Wanger & 
Chávez, 2021). Five antimicrobial agents (Oxoid, 
Hampshire, UK) were tested: vancomycin (30 μg), 
gentamicin (10 μg), ampicillin (10 μg), tetracycline (30 
μg), and penicillin (10 IU). MRS agar was used as LAB 
do not grow optimally on Mueller-Hinton agar, in 
accordance with previous LAB susceptibility studies. 
A 24-hour bacterial culture was adjusted to 
approximately 108 CFU/mL prior to being uniformly 
spread onto MRS agar plates, and the discs were 
aseptically placed on the inoculated agar surface with 
adequate spacing to prevent overlapping inhibition 
zones. The plates were then incubated at 37 °C for 48 
hours. Following incubation, the diameter of  
inhibition zones was measured in millimetres using a 
ruler and compared to CLSI interpretive criteria 
(CLSI, 2023). Isolates were interpreted as susceptible, 
intermediate, or resistant based on established 
breakpoints. The absence of  an inhibition zone 
indicated bacterial resistance to the tested antibiotic. 
 
Lactic acid bacteria identification with 16S rRNA 
sequence analyses  
Bacterial genomic DNA was extracted from pure 
cultures using the Genomic DNA Purification Kit 
(Thermo Fisher Scientific, USA) according to the 
manufacturer's protocol. A 24-hour bacterial culture 
of  the selected isolate were centrifuged for 10 
minutes at 5,000 × g. The obtained genomic DNA 
was quantified using a Nanodrop spectrophotometer 
(Implen, Germany). PCR amplification of  the 16S 
rRNA gene was performed using universal bacterial 
primers. The primer sequences were as follows: 
forward primer 5′-GAGTTTGATCCTGGCTCAG-
3′ and reverse primer 5′-TACCGCGGCTGCTGG 
CAC-3′. The expected amplicon size was 
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approximately 500 bp. PCR products were verified by 
agarose gel electrophoresis. The PCR reaction 
mixture (50 μL total volume) consisted of  25 μL of  
PCR Master Mix (Thermo Fisher Scientific, USA), 0.5 
μM of  each primer, 1 μg of  genomic DNA template, 
and sterile water to achieve the final volume. PCR 
amplification was performed using a SelectCycler 
IISBT9600 thermal cycler (Select BioProducts, USA) 
with the following parameters: initial denaturation at 
95 °C for 3 minutes, followed by 30 cycles of  
denaturation at 95 °C for 30 seconds, annealing at 60 
°C for 30 seconds, and extension at 72 °C for 1 
minute. A final extension step was performed at 72 
°C for 10 minutes, followed by cooling to 4 °C. PCR 
products were confirmed on 1.5% agarose gel 
electrophoresis and sent for Sanger sequencing. The 
resulting nucleotide sequences were analysed and 
compared against the National Center for 
Biotechnology Information (NCBI) database using 
BLAST search (rRNA/ITS databases: 16S rRNA 
sequences) to determine species identity based on the 
highest sequence similarity match (≥97%).  
 
Statistical analysis  
All experiments were performed in biological 
triplicates, and data are presented as mean ± standard 
deviation (SD). Statistical analyses were conducted 
using IBM SPSS Statistics version 31.0 (IBM Corp., 
Armonk, NY, USA). Differences among groups were 
analysed using one-way analysis of  variance 
(ANOVA) followed by Tukey’s post hoc test for 
multiple comparisons. A p-value of  less than 0.05 was 
considered statistically significant. 
 
 
 
 

RESULTS 
 
Isolation and preliminary characterization of  
lactic acid bacteria (LAB) from water kefir grains 
A total of  15 bacterial isolates were recovered from 
the Malaysian water kefir grains. The isolates were 
differentiated based on colony characteristics, 
including size, colour, form, margin, elevation, and 
texture. Following preliminary screening, eight 
isolates (Isolates 1, 2, 3, 4, 5, 6, 7, and 8) were 
identified as Gram-positive, catalase-negative bacilli 
and were considered lactic acid bacteria (LAB) 
candidates. As shown in Table 1, these isolates 
exhibited generally similar morphological features, 
with minor variations observed in colony size, margin, 
elevation, and texture. These phenotypic 
characteristics are consistent with lactic acid bacteria, 
supporting their selection for subsequent functional 
screening. 
 
Antioxidant activity of  selected isolates 
The antioxidant potential of  selected isolates was 
evaluated using DPPH and ABTS free radical 
scavenging assays. Variation in scavenging activity was 
observed across the isolates, as summarised in Table 
2.  Isolate 5 exhibited the highest ABTS inhibition 
value at 77.74 ± 3.27%, followed by isolate 2 at 72.70 
± 3.38%, both of  which were lower than the positive 
control (L-ascorbic acid). In the DPPH assay, isolate 
5 demonstrated the highest activity (48.07 ± 5.18%), 
while isolate 2 showed 41.62 ± 1.18%, both lower 
than the positive control (Trolox). Statistical analysis 
indicated that both isolates 2 and 5 showed 
significantly higher antioxidant activities than the 
remaining isolates (p < 0.05). These two isolates were 
therefore selected for further probiotic evaluation 
based on their higher antioxidant activity. 

 
 
Table 1. Morphological characteristics of  isolates that are Gram-positive and catalase-negative bacilli 

Isolate Isolate 1 Isolate 2 Isolate 3 Isolate 4 Isolate 5 Isolate 6 Isolate 7 Isolate 8 

Size (mm) 1 2 1 <0.5 2 <0.5 1.5 1 
         
Colour Opaque 

white 
Shiny 
white 

Opaque 
white 

White White White White White 

         
Form Circular Circular Circular Circular Circular Circular Circular Circular 
         
Margin Entire Entire Entire Entire Undulate Entire Entire Entire 
         
Elevation Convex Flat Flat Convex Flat Flat Flat Umbonate 
         
Texture  Viscid Viscid Viscid Viscid Brittle Viscid Viscid Viscid 
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Table 2. Antioxidant analysis of  isolates against ABTS and DPPH assays 

Sample ABTS Decolorization% DPPH Decolorization% 

L-Ascorbic Acid (0.25 mg/mL) 86.26 ± 0.95 - 

Trolox (0.25 mg/mL) - 83.13 ±  0.84 

1 45.52 ± 2.54a 38.39 ±  1.71a 

2 72.70 ± 3.38b 41.62 ±  1.18ab 

3 14.74 ± 3.75d 21.92 ±  5.88c 

4 71.52 ± 3.36b 38.92 ±  1.49a 

5 77.74 ± 3.27b 48.07 ±  5.18b 

6 55.27 ±1.60c 36.62 ±  0.97a 

7 50.81 ± 1.58ac 34.62 ±  0.77a 

8 45.85 ± 2.49a 22.96 ±  1.48c 

The data presented are representative as mean ± standard deviation (SD) (n=3). Significant differences the same 
column were determined using one-way ANOVA according to Tukey HSD multiple comparison test (p < 0.05) and 
are indicated by different letters. 
 

Evaluation of  probiotic characteristics 
Gastrointestinal tolerance (acid and bile conditions) 
Survival under simulated gastrointestinal conditions 
was assessed under acidic (pH 2.0 and pH 3.0) and 
bile salt (0.3% and 0.5% ox gall) conditions. As shown 
in Figure 1, isolate 2 exhibited significantly higher 
survival than isolate 5 under all tested conditions (p < 
0.05). At pH 3.0, isolate 2 maintained a high survival 
rate (92.86 ± 1.31%), whereas isolate 5 showed lower 
survival (78.57 ± 5.90%). Under more acidic 
conditions (pH 2.0), survival rates declined markedly, 
with only isolate 2 remaining viable. Under bile salt 
exposure, isolate 2 demonstrated strong tolerance, 
maintaining survival rates above 93% at both 0.3% 
and 0.5% bile concentrations. In contrast, isolate 5 
showed significantly lower survival (53.63 ± 1.65% 
and 50.3 ± 1.90%, respectively). These results indicate 
that isolate 2 possesses greater tolerance to simulated 
gastrointestinal conditions, suggesting enhanced 
potential for survival during transit. 
 
Adhesion capacity to intestinal epithelial cells 
In addition to survival under gastrointestinal 
conditions, adhesion to intestinal epithelial cells was 
assessed using HT-29 cells. Isolate 2 exhibited a high 
adhesion rate (88.8 ± 6.30%), whereas isolate 5 
showed significantly lower adhesion (15.90 ± 7.50%) 
(p < 0.05), as shown in Figure 2. This difference 
highlights strain-dependent variation in epithelial 
adherence and suggests a greater potential for 
interaction with the intestinal epithelium by isolate 2. 
 
Antibiotic susceptibility testing 
Antibiotic susceptibility profiles of  the selected 
isolates were determined using the disc diffusion 
method against five clinically relevant antibiotics, as 
summarised in Table 3. Both isolates showed no 
inhibition to vancomycin and gentamicin, indicating 

resistance to both antibiotics under the conditions 
tested. In comparison, both isolates showed 
measurable inhibition zones against ampicillin (22–28 
mm), tetracycline (31–35 mm), and penicillin (35–44 
mm), indicating susceptibility based on established 
interpretative criteria. Although minor variations in 
inhibition zone diameters were observed between 
isolates, both isolates demonstrated comparable 
susceptibility profiles for the antibiotics tested.  
 
Identification of  selected isolates by 16S rRNA 
gene sequencing analysis 
Species identification was confirmed through 
sequencing of  the 16S rRNA gene. BLAST analysis 
of  consensus sequences revealed ≥99% identity to 
Lacticaseibacillus paracasei reference sequences in the 
GenBank database, with E-values of  0.0 for both 
isolates, as shown in Table 4. Despite being classified 
as L. paracasei at the species level, the isolates 
corresponded to different strain entries in the 
database, suggesting the presence of  intraspecific 
genetic diversity.  
 
 

DISCUSSION 
 

This study isolated 15 lactic acid bacteria (LAB) from 
Malaysian water kefir grains, with two selected isolates 
demonstrating antioxidant activity and probiotic-
related characteristics. Preliminary identification 
confirmed that the isolates were Gram-positive, 
catalase-negative bacilli, consistent with typical lactic 
acid bacteria characteristics. Species-level 
identification using 16S rRNA sequencing assigned 
both isolates to Lacticaseibacillus paracasei, although 
they corresponded to different strain entries in the 
GenBank database, suggesting possible intraspecific 
variation.
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Figure 1. The survival rate of  isolated Lactobacillus spp. from 
water kefir grain samples after 3 hours. A. Survival under 
acidic conditions (pH 2.0 and pH 3.0). B. Survival in 0.3% and 
0.5% bile salt conditions. All data are expressed as mean ± 
standard deviation (SD, n=3). Statistical significance was 
determined using one-way ANOVA with Tukey’s HSD 
multiple comparison test (p < 0.05). a–b Different lowercase 
letters in superscript on the bar graph indicate significant 
differences (p < 0.05) for pH 2 and 0.3% bile salt. A–B 
Different uppercase letter in superscript on the bar graph 
indicates a significant difference (p < 0.05) for pH 3 and 0.5% 
bile salt. 
 
 
 
 
 
 
 
 
 
 

 
 
 
Figure 2. Percentage of  adhered isolated Lactobacillus spp. 
from water kefir grain samples to the HT-29 cell line. Data are 
expressed as mean ± standard deviation (SD, n=3). Statistical 
significance was determined using one-way ANOVA with 
Tukey’s HSD multiple comparison test (p < 0.05). Different 
superscript letters (a, b) indicate significant differences. 
 
 
 
 
 
 
 

 
 
Table 3. Antibiotic susceptibility results against selected Lactobacillus sp. isolates. The susceptibility profiles of  the 
selected isolates were determined against a panel of  antibiotics to assess their resistance and sensitivity patterns. 

Isolate Zone of  Inhibition (mm) 

VA CN AMP TE P 

2 - - 23.0 ± 2.6 35.0 ± 1.7 37.0 ± 1.7 
5 - - 28.0 ± 2.0 33.33 ± 1.2 44.0 ± 4.0 

Note: Vancomycin (VA), gentamicin (CN), ampicillin (AMP), tetracycline (TE) and penicillin (P). Values are 
expressed as mean ± SD of  triplicates. Resistant (–); moderately susceptible (10–20 mm), susceptible (21–30 mm), 
and very susceptible (>31 mm). 
 
 
 
 
 
 

B 

A 
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Table 4. Identification of  selected isolates from Malaysian water kefir grains by Sanger sequencing analysis of  the 
16S rRNA gene using the GenBank database. 

Isolates NCBI Accession 
number  

Identification from Sanger 16S 
rRNA gene sequencing  

Query 
coverage  

E-value  Identity (%) with 
GenBank database 
using BLASTn  

2 NR_025880.1 Lacticaseibacillus paracasei strain 
R094  

99% 0.0 100% 

5 NR_025880.1 Lacticaseibacillus paracasei subsp. 
tolerans strain NBRC 15906  

96% 0.0 99% 

 
 

The occurrence of  Lacticaseibacillus spp. in water 
kefir grains has been widely reported across different 
geographical regions, including Mexico, Malaysia, and 
Belgium (Romero-Luna et al., 2020; Talib et al., 2019; 
Verce et al., 2019). However, the microbial 
composition of  water kefir grains may vary 
depending on geographical origin and fermentation 
substrate (Arrieta-Echeverri et al., 2023; Zannini et 
al., 2022). Environmental conditions and processing 
factors have also been reported to influence microbial 
diversity (Abdi et al., 2025; Gamba et al., 2019). 
Despite minor differences in colony characteristics 
such as size and elevation, morphological features 
alone were insufficient to distinguish isolates reliably. 
This limitation is consistent with previous findings 
that phenotypic traits provide only preliminary 
identification and require confirmation through 
molecular approaches. Such variability is not 
unexpected, given the known diversity of  microbial 
populations in water kefir systems (Garmendia et al., 
2025). 

The antioxidant activities observed in the present 
study are consistent with recent reports on LAB 
isolated from fermented foods. Lactobacillus strains 
have been reported to exhibit ABTS -radical 
scavenging activities of  approximately 40–90% and 
DPPH-scavenging activities of  30–80%, depending 
on strain characteristics and assay conditions 
(Qayyum et al., 2024; Ghiasi et al., 2023; Liu et al., 
2022). In particular, Lactobacillus species isolated from 
fermented vegetables and dairy products have been 
reported to demonstrate moderate to high DPPH 
scavenging activity, typically within the range of  30–
60% for intact cells (Ghiasi et al., 2023; Liu et al., 
2022). In comparison, several isolates in the present 
study, particularly Isolates 2 and 5, showed 
comparable or higher antioxidant activity, indicating 
relatively strong antioxidant potential. The observed 
variability among isolates further supports the strain-
dependent nature of  antioxidant activity, consistent 
with the principle that probiotic functional properties 
must be evaluated at the individual strain level (Binda 
et al., 2020). Based on their consistently higher and 
statistically significant antioxidant activities across 

both ABTS and DPPH assays, Isolates 2 and 5 were 
selected for further probiotic characterisation. 

Survival under acidic and bile conditions is 
essential for probiotics to function effectively in the 
gastrointestinal tract. In this study, between the two 
selected isolates, isolate 2 demonstrated strong acid 
resistance, maintaining 92.86 ± 1.31% viability at pH 
3.0 and remaining the only strain to survive at pH 2.0, 
whereas Isolate 5 showed lower survival of  78.57 ± 
5.90%. Acid survival at pH 3.0 is commonly used as 
a benchmark for probiotic screening, as it 
approximates gastric conditions. The performance of  
isolate 2 falls within the upper range reported for 
Lactobacillus species, supporting its potential as a 
probiotic candidate. Differences in acid tolerance 
among isolates originating from the same water kefir 
grain source are consistent with the strain-specific 
nature of  probiotic functional properties described 
earlier in this study, with similar variability reported 
among Lactobacillus spp. (Zommara et al., 2023). This 
difference may be attributed to strain-specific 
adaptive mechanisms, such as variations in membrane 
integrity, bile salt hydrolase activity, or stress response 
systems that enhance survival under gastrointestinal 
conditions. 

Bile tolerance results also favoured isolate 2, 
which retained high survival at both 0.3% and 0.5% 
bile concentrations. These findings are comparable to 
those reported for several L. paracasei strains, such as 
L. paracasei L2 and L. paracasei subsp. paracasei LBC 
81, which demonstrates good survival under similar 
bile conditions (M’hamed et al., 2022; Vogado et al., 
2020). The high survival observed for isolate 2 
indicates tolerance to bile-induced stress, whereas the 
lower survival of  isolate 5 suggests reduced tolerance 
under these conditions.  

Adhesion to intestinal epithelial cells and 
antibiotic susceptibility profiles are key characteristics 
for probiotic evaluation. Adhesion to the intestinal 
epithelium supports interaction with the host, 
protection against pathogens, and modulation of  host 
responses. Isolate 2 showed strong adhesion to HT-
29 cells (88.8 ± 6.3%), while isolate 5 showed much 
lower adherence (15.8%± 7.5%). Comparable 
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adhesion has been reported for L. paracasei strains 
MG4272 and MG4577, as well as other LAB such as 
L. fermentum, which demonstrate high adhesion in HT-
29 cell models (Suebwongsa et al., 2024; Lee et al., 
2023). 

Variability in adhesion capacity among these 
isolates highlights the strain-dependent nature of  
probiotic functional properties, even among isolates 
originating from the same water kefir grain source. 
Probiotic activity does not depend on long-term 
colonisation of  the intestinal tract, as short-term 
adhesion or close association with the epithelial 
surface may be sufficient to allow bacterial 
components or metabolites to interact with the host 
(Gorreja & Walker, 2022). Taken together, the strong 
adhesion observed for isolate 2, together with its 
tolerance to acidic and bile conditions, supports its 
further probiotic characterisation, whereas the limited 
adhesion observed for isolate 5 may reduce its 
potential to establish effective host interactions. 

The antibiotic susceptibility profiles of  the 
isolates are consistent with previous reports for L. 
paracasei strains considered as probiotic candidates, 
which are generally susceptible to β-lactam antibiotics 
such as ampicillin and penicillin, as well as tetracycline 
(Lee et al., 2023; Anisimova et al., 2022). Resistance 
to vancomycin among lactobacilli is well documented 
and regarded as intrinsic, arising from the absence of  
the D-Ala-D-Ala binding target in the cell wall 
(Seifabadi & Baserisalehi, 2021). While susceptibility 
to gentamicin has been reported in some Lactobacillus 
species, resistance has also been observed in others, 
highlighting variability in antibiotic susceptibility 
among lactobacilli (Dang et al., 2023; Singhal et al., 
2020). This variability reflects strain-dependent 
differences and may be influenced by ecological origin 
and genetic background. However, antibiotic 
susceptibility was assessed using the disc diffusion 
method, which provides only a preliminary indication 
of  resistance profiles (Hossain, 2024). Determination 
of  minimum inhibitory concentrations (MIC) would 
provide a more precise evaluation of  antibiotic 
susceptibility and is recommended for future studies 
(Gajic et al., 2022). In addition, no genotypic analysis 
was performed to detect antibiotic resistance 
determinants, which limits the ability to distinguish 
between intrinsic and acquired resistance 
mechanisms, an important consideration in probiotic 
safety evaluation (Anisimova et al., 2022).The 
differences in taxonomic resolution among the 
isolates reflect the known limitations of  16S rRNA 
gene sequencing in distinguishing closely related taxa 
within the Lacticaseibacillus paracasei–casei complex 
(Laref  & Belkheir, 2022; Torres-Miranda et al., 2022). 
Species in this group share highly similar 16S rRNA 
gene sequences, often exceeding 97% sequence 

identity, which limits the ability of  this marker to 
reliably distinguish closely related species and strains 
(Olivier et al., 2023). Although both isolates showed 
high similarity to Lacticaseibacillus paracasei reference 
sequences in the GenBank database, they 
corresponded to different strain entries, indicating 
possible intraspecific variation. 

Despite their close phylogenetic relatedness, the 
isolates showed clear differences in antioxidant 
activity and probiotic-associated functional 
characteristics, as observed in this study. This finding 
is consistent with previous reports indicating that 
probiotic functional properties are highly strain-
dependent and cannot be inferred solely from 
species-level identification (Kelidkazeran et al., 2025; 
Bengoa et al., 2021). Variability in metabolic activity, 
stress tolerance, adhesion capacity, and bioactive 
compound production has been widely documented 
among strains belonging to the same Lacticaseibacillus 
species. 

Overall, these results indicate that 16S rRNA 
gene sequencing provides a widely used approach for 
initial taxonomic assignment. However, it is 
insufficient by itself  to predict functional 
performance among closely related isolates. The 
combination of  molecular identification with 
phenotypic and functional characterisation is 
therefore essential when evaluating and selecting 
potential probiotic candidates for further application 
(Kelidkazeran et al., 2025; Shah et al., 2024). 

The present study focused on in vitro evaluations, 
providing a foundational understanding of  the 
antioxidant and probiotic-associated properties of  
the selected isolate. While these results may not fully 
capture performance under physiological conditions, 
they offer a valuable guide for designing subsequent 
in vivo studies to further validate their functional 
potential (Rudzka et al., 2025; Anjum et al., 2022).  
 

 
 

CONCLUSION 
 
In conclusion, this study isolated lactic acid bacteria 
from Malaysian water kefir grains and evaluated their 
antioxidant activity and probiotic potential. Among 
the recovered isolates, functional variability was 
observed, with isolates 2 and 5 exhibiting strong 
radical scavenging activity in both ABTS and DPPH 
assays. Probiotic characterisation further 
demonstrated that isolate 2 possessed higher 
tolerance to acidic and bile conditions, as well as 
stronger adhesion to intestinal epithelial cells, than 
isolate 5. These findings highlight the strain-
dependent nature of  antioxidants and probiotic-
associated properties among water kefir-derived 
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isolates. Collectively, isolate 2 emerged as the most 
promising candidate for further investigation as a 
functional probiotic strain derived from Malaysian 
water kefir. Further studies, including molecular 
characterisation beyond 16S rRNA sequencing and in 
vivo validation, are required to confirm its functional 
potential and safety profile. 
 
 

ACKNOWLEDGEMENTS 
 

The authors acknowledge the Universiti Putra 
Malaysia Research University Grant Scheme for 
financial support, the Graduate Research Fellowship 
from Universiti Putra Malaysia (UPM), Serdang, 
Malaysia, and Intran Technologies Sdn. Bhd., 
Malaysia, for equipment support. This study was 
supported by the Universiti Putra Malaysia Graduate 
Research Fellowship and the Research University 
Grant Scheme (UPM/700-2/1/GP-IPS/2023/976 
7600). 
 

 
CONFLICT OF INTEREST 

 
The authors have declared that no conflict of  interest 
exists. 

 
 

REFERENCES 

 
Abdi, A., Gatri, E., Guilbaud, J., Bouallagui, H., Fadhlaoui, K., 

Garrait, G., & Ayed, L. (2025). Co-cultivation of  potential 
probiotic strains isolated from water kefir for fermented 
green tea beverage. Fermentation, 11(4), 169. https://doi.org 
/10.3390/fermentation11040169 

Anisimova, E., Gorokhova, I., Karimullina, G., & Yarullina, D. 
(2022). Alarming antibiotic resistance of  lactobacilli 
isolated from probiotic preparations and dietary 
supplements. Antibiotics, 11(11), 1557. https://doi.org 
/10.3390/antibiotics11111557 

Anjum, M., Laitila, A., Ouwehand, A. C., & Forssten, S. D. (2022). 
Current perspectives on gastrointestinal models to assess 
Probiotic-Pathogen interactions. Frontiers in Microbiology, 
13, 831455. https://doi.org/10.3389/fmicb.2022.831455 

Arrieta-Echeverri, M. C., Fernandez, G. J., Duarte-Riveros, A., 
Correa-Álvarez, J., Bardales, J. A., Villanueva-Mejía, D. F., 
& Sierra-Zapata, L. (2023). Multi-omics characterization 
of  the microbial populations and chemical space 
composition of  a water kefir fermentation. Frontiers in 
Molecular Biosciences, 10, Article 1223863. https:// 
doi.org/10.3389/fmolb.2023.1223863 

Azizi, N. F., Kumar, M. R., Yeap, S. K., Abdullah, J. O., Khalid, 
M., Omar, A. R., Osman, M. A., Mortadza, S. A. S., & 
Alitheen, N. B. (2021). Kefir and its biological activities. 
Foods, 10(6), 1210. https://doi.org/10.3390/foods 
10061210 

Bengoa, A. A., Dardis, C., Garrote, G. L., & Abraham, A. G. 
(2021). Health-promoting properties of  Lacticaseibacillus 
paracasei: A focus on kefir isolates and exopolysaccharide-

producing strains. Foods, 10, Article 1311. 
https://doi.org/10.3390/foods10061311 

Binda, S., Hill, C., Johansen, E., Obis, D., Pot, B., Sanders, M. E., 
Tremblay, A., & Ouwehand, A. C. (2020). Criteria to 
qualify microorganisms as “probiotic” in foods and dietary 
supplements. Frontiers in Microbiology, 11, Article 1662. 
https://doi.org/10.3389/fmicb.2020.01662 

Cappuccino, J. G., & Welsh, C. (2018). Microbiology: A laboratory 
manual. Pearson Education Limited. 

Clinical and Laboratory Standards Institute. (2023). Performance 
standards for antimicrobial susceptibility testing (33rd ed., CLSI 
supplement M100). Clinical and Laboratory Standards 
Institute. 

Cheng, T., Zhang, T., Zhang, P., He, X., Sadiq, F. A., Li, J., Sang, 
Y., & Gao, J. (2024). The complex world of  kefir: Structural 
insights and symbiotic relationships. Comprehensive Reviews 
in Food Science and Food Safety, 23(4), e13364. https:// 
doi.org/10.1111/1541-4337.13364 

Dang, H. T., Dinh, H. S., Loc, T. A., & Nguyen, L. A. (2023). 
Antibiotic resistance characteristics of  potential probiotic 
Lactobacillus strains. Vietnam Journal of  Science and Technology, 
61(6), 975–983. https://doi.org/10.15625/2525-
2518/17261 

de Almeida, K. V., Sant’ Ana, C. T., Wichello, S. P., Louzada, G. 
E., Verruck, S., & Teixeira, L. J. Q. (2025). Water kefir: 
Review of  microbial diversity, potential health benefits, 
and fermentation process. Processes, 13(3), 885. 
https://doi.org/10.3390/pr13030885 

de Oliveira Vogado, C., dos Santos Leandro, E., de Alencar, E. R., 
Ginani, V. C., & Zandonadi, R. P. (2020). Survival of  
Lactobacillus paracasei subsp. paracasei LBC 81 in fermented 
milk enriched with green banana pulp under acid stress and 
in the presence of  bile salts. Probiotics and Antimicrobial 
Proteins, 12(1), 320–324. https://doi.org/10.1007/s12602-
019-09534-9 

Gajic, I., Kabic, J., Kekic, D., Jovicevic, M., Milenkovic, M., 
Culafic, D. M., Trudic, A., Ranin, L., & Opavski, N. (2022). 
Antimicrobial susceptibility testing: A comprehensive 
review of  currently used methods. Antibiotics, 11(4), 427. 
https://doi.org/10.3390/antibiotics11040427 

Gamba, R. R., Yamamoto, S., Sasaki, T., Michihata, T., Mahmoud, 
A.-H., Koyanagi, T., & Enomoto, T. (2019). 
Microbiological and Functional Characterization of  Kefir 
Grown in Different Sugar Solutions. Food Science and 
Technology Research, 25(2), 303–312. https://doi.org/ 
10.3136/FSTR.25.303 

Gao, T., Li, R., Hu, L., Hu, Q., Wen, H., Zhou, R., Yuan, P., Zhang, 
X., Huang, L., Zhuo, Y., Xu, S., Lin, Y., Feng, B., Che, L., 
Wu, D., & Fang, Z. (2024). Probiotic Lactobacillus rhamnosus 
GG improves insulin sensitivity and offspring survival via 
modulation of  gut microbiota and serum metabolite in a 
sow model. Journal of  Animal Science and Biotechnology, 15(1), 
89. https://doi.org/10.1186/s40104-024-01046-z 

Garmendia, G., Gyenes, F., Alvarez, A., Arbildi, E., Giménez, S., 
Gonda, M., & Vero, S. (2025). Dynamic microbiota in 
water kefir: Microbial shift and ecological selection during 
fermentation. BMC Microbiology, 25, Article 4461. 
https://doi.org/10.1186/s12866-025-04461-y 

Garrote, G. L., Abraham, A. G., & De Antoni, G. L. (2010). 
Microbial interactions in kefir: A natural probiotic drink. 
In F. Mozzi, R. R. Raya, & G. M. Vignolo (Eds.), 
Biotechnology of  lactic acid bacteria: Novel applications (pp. 327–
340). Wiley-Blackwell. 

Georgalaki, M., Zoumpopoulou, G., Anastasiou, R., Kazou, M., 
& Tsakalidou, E. (2021). Lactobacillus kefiranofaciens: From 
isolation and taxonomy to probiotic properties and 
applications. Microorganisms, 9(10), 2158. https://doi.org/ 
10.3390/microorganisms9102158 



Maideen et al. (2026), AsPac J. Mol. Biol. Biotechnol 34 (2): 91-102 

101 

 

Ghiasi, F., Hashemi, S. M. B., & Abedi, E. (2023). Effective 
enhancement of  food oxidative stability induced by 
Lactobacillus strains: In vitro activity. Food Control, 153, 
109912. https://doi.org/10.1016/j.foodcont.2023.109912 

Gorreja, F., & Walker, W. A. (2022). The potential role of  
adherence factors in probiotic function in the 
gastrointestinal tract of  adults and pediatrics: A narrative 
review of  experimental and human studies. Gut Microbes, 
14(1), Article 2149214. https://doi.org/10.1080/ 
19490976.2022.2149214 

Hill, C., Guarner, F., Reid, G., Gibson, G. R., Merenstein, D. J., 
Pot, B., Morelli, L., Canani, R. B., Flint, H. J., Salminen, S., 
Calder, P. C., & Sanders, M. E. (2014). The International 
Scientific Association for Probiotics and Prebiotics 
consensus statement on the scope and appropriate use of  
the term probiotic. Nature Reviews Gastroenterology & 
Hepatology, 11(8), 506–514. https://doi.org/10.1038/ 
nrgastro.2014.66 

Hossain, T. J. (2024). Methods for screening and evaluation of  
antimicrobial activity: A review of  protocols, advantages, 
and limitations. European Journal of  Microbiology and 
Immunology, 14(2), 97–115. https://doi.org/10.1556/ 
1886.2024.00035 

Huang, Y., Peng, S., Zeng, R., Yao, H., Feng, G., & Fang, J. (2024). 
From probiotic chassis to modification strategies, control 
and improvement of  genetically engineered probiotics for 
inflammatory bowel disease. Microbiological Research, 289, 
127928. https://doi.org/10.1016/j.micres.2024.127928 

Ibrahim, S. A., Yeboah, P. J., Ayivi, R. D., Eddin, A. S., Wijemanna, 
N. D., Paidari, S., & Bakhshayesh, R. V. (2023). A review 
and comparative perspective on health benefits of  
probiotic and fermented foods. International Journal of  Food 
Science & Technology, 58(10), 4948–4964. https://doi.org 
/10.1111/ijfs.16619 

Kelidkazeran, E., Bouri Yildiz, M., & Sahin, F. (2025). In vitro 
assessment of  biological and functional properties of  
potential probiotic strains isolated from commercial and 
dairy sources. Microorganisms, 13(5), 970. https://doi.org 
/10.3390/microorganisms13050970 

Kumar, M. R., Yeap, S. K., Lee, H., Mohamad, N. E., Aziz, M. N. 
M., Khalid, M., Masarudin, M. J., Leow, A. T. C., Abdullah, 
J. O., & Alitheen, N. B. (2021). Selected kefir water from 
Malaysia attenuates hydrogen peroxide-induced oxidative 
stress by upregulating endogenous antioxidant levels in 
SH-SY5Y neuroblastoma cells. Antioxidants, 10(6), 940. 
https://doi.org/10.3390/antiox10060940 

Kumar, M. R., Yeap, S. K., Mohamad, N. E., Abdullah, J. O., 
Masarudin, M. J., Khalid, M., Leow, A. T. C., & Alitheen, 
N. B. (2021). Metagenomic and phytochemical analyses of  
kefir water and its subchronic toxicity study in BALB/c 
mice. BMC Complementary Medicine and Therapies, 21(1), 183. 
https://doi.org/10.1186/s12906-021-03358-3 

Laref, N., & Belkheir, K. (2022). Application of  16S rRNA virtual 
RFLP for the discrimination of  some closely taxonomic-
related lactobacilli species. Journal of  Genetic Engineering and 
Biotechnology, 20, 167. https://doi.org/10.1186/s43141-
022-00448-8 

Lee, H. B., Bang, W. Y., Shin, G. R., Jeon, H. J., Jung, Y. H., & 
Yang, J. (2023). Isolation, characterization, and safety 
evaluation of  the novel probiotic strain Lacticaseibacillus 
paracasei IDCC 3401 via genomic and phenotypic 
approaches. Microorganisms, 12(1), 85. https://doi.org/ 
10.3390/microorganisms12010085 

Lee, J. Y., Kang, J.-H., Jung, Y.-R., & Kang, C.-H. (2023). 
Lactobacillus gasseri MG4247 and Lacticaseibacillus paracasei 
MG4272 and MG4577 modulate allergic inflammatory 
response in RAW 264.7 and RBL-2H3 cells. Probiotics and 

Antimicrobial Proteins, 15(5), 1092–1101. https://doi.org/ 
10.1007/s12602-022-09950-4 

Li, G., Tong, Y., Xiao, Y., Huang, S., Zhao, T., & Xia, X. (2023). 
Probiotic Bacillus subtilis contributes to the modulation of  
gut microbiota and blood metabolic profile of  hosts. 
Comparative Biochemistry and Physiology Part C: Toxicology & 
Pharmacology, 272, 109712. https://doi.org/10.1016 
/j.cbpc.2023.109712 

Liu, C., Xue, W., Ding, H., An, C., Ma, S., & Liu, Y. (2022). 
Probiotic potential of  Lactobacillus strains isolated from 
fermented vegetables in Shaanxi, China. Frontiers in 
Microbiology, 12, Article 774903. https://doi.org/10.3389 
/fmicb.2021.774903 

Lynch, C. M. K., Nagpal, J., Luczynski, P., McVey Neufeld, K. A., 
Dinan, T. G., Clarke, G., Cryan, J. F., Cowan, C. S. M., 
O’Mahony, S. M., & Bienenstock, J. (2024). Germ-free 
animals: A key tool in unraveling how the microbiota 
affects the brain and behavior. In The Gut-Brain Axis (2nd 
ed., pp. 401–454). Elsevier. http://dx.doi.org/10.1016/ 
B978-0-323-99971-7.00012-6 

Lynch, K. M., Wilkinson, S., Daenen, L., & Arendt, E. K. (2021). 
An update on water kefir: Microbiology, composition and 
production. International Journal of  Food Microbiology, 345, 
109128. https://doi.org/10.1016/j.ijfoodmicro.2021.109 
128 

M’hamed, A. C., Ncib, K., Merghni, A., Migaou, M., Lazreg, H., 
Snoussi, M., Noumi, E., Ben Mansour, M., & Maaroufi, R. 
M. (2022). Characterization of  probiotic properties of  
Lacticaseibacillus paracasei L2 isolated from a traditional 
fermented food “Lben.” Life, 13(1), 21. https://doi.org 
/10.3390/life13010021 

Mukherjee, S., Kumar, D., & Guha, D. (2024). Insights of  
probiotics as an alternative medicine for cancer therapy, 
mechanism, and applications. Medical Microecology, 22, 
100111. https://doi.org/10.1016/j.medmic.2024.100111 

Olivier, S. A., Bull, M. K., Strube, M. L., Murphy, R., Ross, T., 
Bowman, J. P., & Chapman, B. (2023). Long-read 
MinION™ sequencing of  16S and 16S-ITS-23S rRNA 
genes provides species-level resolution of  Lactobacillaceae 
in mixed communities. Frontiers in Microbiology, 14, Article 
1290756. https://doi.org/10.3389/fmicb.2023.1290756 

Pendón, M. D., Bengoa, A. A., Iraporda, C., Medrano, M., 
Garrote, G. L., & Abraham, A. G. (2022). Water kefir: 
Factors affecting grain growth and health-promoting 
properties of  the fermented beverage. Journal of  Applied 
Microbiology, 133(1), 162–180. https://doi.org/10.1111 
/jam.15385 

Qayyum, N., Haoyue, H., Ismael, M., Yantin, Q., & Lü, X. (2024). 
In vitro assessment of  antioxidant, antidiabetic, and 
cholesterol-modulating abilities of  lactic acid bacteria: 
Implications for metabolic health and functional foods. 
Food Bioscience, 59, 103952. https://doi.org/10.1016 
/j.fbio.2024.103952 

Reiner, K. (2010). Catalase test protocol. American Society for 
Microbiology. https://www.asmscience.org/content/edu 
cation/protocol/protocol.3226 

Rinninella, E., Tohumcu, E., Raoul, P., Fiorani, M., Cintoni, M., 
Mele, M. C., Ianiro, G., Cammarota, G., Gasbarrini, A., & 
Cintoni, M. (2023). The role of  diet in shaping human gut 
microbiota. Best Practice & Research: Clinical Gastroenterology, 
62–63, 101828. https://doi.org/10.1016/j.bpg.2023 
.101828 

Romero-Luna, H. E., Peredo-Lovillo, A., Hernández-Mendoza, 
A., Hernández-Sánchez, H., Cauich-Sánchez, P. I., Ribas-
Aparicio, R. M., & Dávila-Ortiz, G. (2020). Probiotic 
potential of  Lactobacillus paracasei CT12 isolated from water 
kefir grains (Tibicos). Current Microbiology, 77(10), 2584–
2592. https://doi.org/10.1007/s00284-020-02016-0 



Maideen et al. (2026), AsPac J. Mol. Biol. Biotechnol 34 (2): 91-102 

102 

 

Rosa, D. D., Dias, M. M. S., Grześkowiak, Ł. M., Reis, S. A., 
Conceição, L. L., & Peluzio, M. D. C. G. (2017). Milk kefir: 
Nutritional, microbiological and health benefits. Nutrition 
Research Reviews, 30(1), 82–96. https://doi.org/ 
10.1017/S0954422416000275 

Rudzka, A., Patloka, O., Płecha, M., Zborowski, M., Królikowski, 
T., Oczkowski, M., Kołożyn-Krajewska, D., Kruk, M., 
Karbowiak, M., Mosiej, W., & Zielińska, D. (2025). A 
comparison of  the response of  the human intestinal 
microbiota to probiotic and nutritional interventions in 
vitro and in Vivo—A case study. Nutrients, 17(19), 3093. 
https://doi.org/10.3390/nu17193093 

Salminen, S., Ouwehand, A., Benno, Y., & Lee, Y. K. (1999). 
Probiotics: How should they be defined? Trends in Food 
Science & Technology, 10(3), 107–110. https://doi.org/ 
10.1016/S0924-2244(99)00027-8 

Seo, M. J. (2024). Fermented foods and food microorganisms: 
Antioxidant benefits and biotechnological advancements. 
Antioxidants, 13(9), 1120. https://doi.org/10.3390/antiox 
13091120 

Shafiei Seifabadi, F., & Baserisalehi, M. (2021). Plasmid-mediated 
antibiotic-resistant pattern of  Lactobacillus spp. isolated 
from dairy products. Avicenna Journal of  Clinical Microbiology 
and Infection, 8(1), 1–4. https://doi.org/10.34172/ajcmi 
.2021.01 

Shah, A. B., Baiseitova, A., Zahoor, M., Ahmad, I., Ikram, M., 
Bakhsh, A., Shah, M. A., Ali, I., Idress, M., Ullah, R., Nasr, 
F. A., & Al-Zahrani, M. (2024). Probiotic significance of  
Lactobacillus strains: A comprehensive review on health 
impacts, research gaps, and future prospects. Gut Microbes, 
16(1), Article 2431643. https://doi.org/10.1080/19490 
976.2024.2431643 

Shangari, N., & O’Brien, P. J. (2006). Catalase activity assays. 
Current Protocols in Immunology, 27(1). https://doi.org/ 
10.1002/0471140856.tx0707s27 

Silva, N. S., Cerdeira, C. D., dos Reis, T. M., & Rodrigues, M. R. 
(2025). Effects of  probiotics on markers of  
oxidative/nitrosative stress and damage associated with 
inflammation in non-communicable diseases: A systematic 
review and meta-analysis of  randomized placebo-
controlled trials. Probiotics and Antimicrobial Proteins. 
https://doi.org/10.1007/s12602-025-10710-3 

Singhal, L., Gupta, V., Gupta, M., Goel, P., & Chander, J. (2020). 
Identification and sensitivity of  vaginal and probiotic 
Lactobacillus species to urinary antibiotics. Journal of  
Laboratory Physicians, 12(2), 111–114. https://doi.org/ 
10.1055/s-0040-1716604 

Suebwongsa, N., Kaewreamreuan, C., Yotpanya, P., Lulitanond, 
V., & Panya, M. (2024). In vitro evaluation of  the intestinal 
cell adhesion, immunomodulatory effect, and cholesterol 
assimilation of  the potential probiotic and postbiotic 
isolated from healthy Thai children. Journal of  Current 
Science and Technology, 14(2). https://doi.org/10.59796 
/jcst.v14n2.2024.32 

Talib, N., Mohamad, N. E., Yeap, S. K., Ho, C. L., Masarudin, M. 
J., Abd-Aziz, S., Izham, M. N. M., Kumar, M. R., Hussin, 
Y., & Alitheen, N. B. (2024). Anti-diabetic effect of  
Lactobacillus paracasei isolated from Malaysian water kefir 
grains. Probiotics and Antimicrobial Proteins, 16(6), 2161–2180. 
https://doi.org/10.1007/s12602-023-10159-2 

Talib, N., Mohamad, N. E., Yeap, S. K., Hussin, Y., Aziz, M. N. 
M., Masarudin, M. J., Sharifuddin, S. A., Hui, Y. W., Ho, C. 
L., & Alitheen, N. B. (2019). Isolation and characterization 
of  Lactobacillus spp. from kefir samples in Malaysia. 
Molecules, 24(14), 2606. https://doi.org/10.3390/ 
molecules24142606 

Torres-Miranda, A., Melis-Arcos, F., & Garrido, D. (2022). 
Characterization and identification of  probiotic features in 

Lacticaseibacillus paracasei using a comparative genomic 
analysis approach. Probiotics and Antimicrobial Proteins, 14(6), 
1211–1224. https://doi.org/10.1007/s12602-022-09999-
1 

Tripathi, N., Zubair, M., & Sapra, A. (2025). Gram staining. In 
StatPearls. StatPearls Publishing. https://www.ncbi.nlm 
.nih.gov/books/NBK562156/ 

Uzbay, T. (2019). Germ-free animal experiments in the gut 
microbiota studies. Current Opinion in Pharmacology, 49, 6–
10. https://doi.org/10.1016/j.coph.2019.03.016 

Verce, M., De Vuyst, L., & Weckx, S. (2019). Shotgun 
metagenomics of  a water kefir fermentation ecosystem 
reveals a novel Oenococcus species. Frontiers in Microbiology, 10, 
479. https://doi.org/10.3389/fmicb.2019.00479 

Wanger, A., & Chávez, V. (2021). Antibiotic susceptibility testing. 
In Practical handbook of  microbiology (pp. 119–128). CRC 
Press. https://doi.org/10.1201/9781003099277-13 

Yu, X., Yan, L., Chen, L., Shen, X., & Zhang, W. (2025). 
Alleviating effects of  probiotic supplementation on 
biomarkers of  inflammation and oxidative stress in non-
communicable diseases: A systematic review and meta-
analysis using the GRADE approach. BMC Pharmacology 
and Toxicology, 26(1), 124. https://doi.org/10.1186 
/S40360-025-00957-5 

Zannini, E., Lynch, K. M., Nyhan, L., Sahin, A. W., O’Riordan, P., 
Luk, D., & Arendt, E. K. (2022). Influence of  substrate on 
the fermentation characteristics and culture-dependent 
microbial composition of  water kefir. Fermentation, 9(1), 28. 
https://doi.org/10.3390/fermentation9010028 

Zheng, J., Wittouck, S., Salvetti, E., Franz, C. M. A. P., Harris, H. 
M. B., Mattarelli, P., O’Toole, P. W., Pot, B., Vandamme, P., 
Walter, J., Watanabe, K., Wuyts, S., Felis, G. E., Gänzle, M. 
G., & Lebeer, S. (2020). A taxonomic note on the genus 
Lactobacillus: Description of  23 novel genera, emended 
description of  the genus Lactobacillus Beijerinck 1901, and 
union of  Lactobacillaceae and Leuconostocaceae. International 
Journal of  Systematic and Evolutionary Microbiology, 70(4), 
2782–2858. https://doi.org/10.1099/ijsem.0.004107 

Zommara, M., El-Ghaish, S., Haertle, T., Chobert, J.-M., & 
Ghanimah, M. (2023). Probiotic and technological 
characterization of  selected Lactobacillus strains isolated 
from different Egyptian cheeses. BMC Microbiology, 23(1), 
160. https://doi.org/10.1186/s12866-023-02890-1 


