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Abstract A total of eight strains of lactic acid bacteria
were isolated from water kefir grains and assessed for their
in vitro o-glucosidase inhibitory activity. Lactobacillus
mali K8 demonstrated significantly higher inhibition as
compared to the other strains, thus was selected for in vitro
probiotic potential characterization, antibiotic resistance,
hemolytic activity and adaptation to pumpkin fruit puree.
L. mali K8 demonstrated tolerance to pH 2.5 and resisted
the damaging effects of bile salts, pepsin and pancreatin,
comparable to that of Lactobacillus rhamnosus GG ATCC
53103 (reference strain). Lack of hemolytic activity and
susceptibility to the five standard antibiotics indicated the
safety of the K8 strain. This strain showed singular prop-
erties to be used as starters in the pumpkin fruit puree
fermentation. These preliminary in vitro tests indicated the
safety and functionality of the K8 strain and its potential as
a probiotic candidate.
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Introduction

The definition for probiotics as “live microorganisms
which, when administered in adequate amounts, confer a
health benefit on the host” (FAO/WHO, 2002a). The most
well-known probiotics are lactic acid bacteria (LAB) which
are often found in fermented dairy, fruits, and vegetable-
based food products (Corona et al., 2016; Koh et al., 2017;
Plessas et al., 2017; Randazzo et al., 2016). Research has
shown the correlation of numerous gastrointestinal health
benefits with the probiotic intake which include antibacte-
rial properties, alleviation of lactose intolerance, alleviation
of irritable bowel syndrome and diarrhea (Park et al., 2016).
Besides, probiotics consumption could improve postpran-
dial hyperglycemia by a modest degree and help in con-
trolling Type-2 diabetes mellitus (T2D) (Chen et al., 2014).

Emerging data demonstrated that postprandial hyper-
glycemia could predispose to the progression of T2D (Lee
et al., 2012; van Dijk et al., 2011). Therefore, it is vital to
keep the postprandial blood glucose level under control for
the management of T2D. One method for improving post-
prandial hyperglycemia condition is through a-glucosidase
enzyme inhibition which could retard the glucose absorp-
tion (Lee et al., 2012; Serra-Barcellona et al., 2017). The o-
glucosidase enzyme is a hydrolase attached to the brush-
border of intestinal cells. It hydrolyzes complex carbohy-
drates into glucose to be absorbed by the gut. Curbing the
activity of intestinal o-glucosidase leads to a reduction in
disaccharide hydrolysis which in turn can reduce glucose
liberation and absorption, thereby decreasing blood glucose
levels (Serra-Barcellona et al., 2017). Competitive inhibi-
tors of intestinal a-glucosidase (e.g., miglitol, voglibose,
and acarbose) play an essential role in managing T2D.
However, these drugs commonly have various gastroin-
testinal side effects causing diarrhea and flatulence (Lee
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et al., 2012; Serra-Barcellona et al., 2017). In recent years,
LAB strains have been reported to possess o-glucosidase
inhibitory activity and might serve to alleviate the effects of
T2D without adverse side effects (Chen et al., 2014,
Muganga et al., 2015; Panwar et al., 2014; Zeng et al.,
2016). However, to the best of authors’ knowledge, no study
has dealt with the evaluation of o-glucosidase inhibitory
activity of LAB isolated from water kefir grains for
potential use as anti-hyperglycemic probiotics.

Water kefir is fermented by a consortium of yeasts,
lactic and acetic acid bacteria embedded in exopolysac-
charides matrix called water kefir grains (Koh et al., 2017).
The microbial species from water kefir grains have high
adaptability to different substrates thus could result in the
development of novel probiotic products (Fiorda et al.,
2017). Furthermore, water kefir has the potential to be used
as anti-hyperglycemic and hypolipidemic supplements
(Alsayadi et al., 2014; Koh et al., 2017). Therefore, in this
study, several autochthonous LAB strains from water kefir
grains were isolated, and their ability to inhibit o-glucosi-
dase activity was evaluated, followed by the selection of
the best strain based on the highest o-glucosidase inhibi-
tion. The best strain was then identified and examined for
its safety as well as its in vitro probiotic characteristics. Its
technological and microbiological properties were evalu-
ated through the fermentation of pumpkin fruit puree.

Materials and methods
Isolation of LAB strain from water kefir grains

Commercial water kefir grains were obtained from Cultures
for HealthSM (Morrisville, NC, USA) and were generated by
inoculating them into brown sugar water (10% w/v) at 25 °C
for 72 h. The grains were filtered from the fermented brown
sugar water by using a plastic kitchen sieve and rinsed with
distilled water. The same procedure was replicated for three
subsequent days. Water kefir grains (16 g) were homoge-
nized with 90 mL of Ringer’s solution (Merck, Darmstadt,
Germany) in a sterile stomacher bag at high speed for 5 min.
Subsequently, serial tenfold dilutions were made with
phosphate buffer solution (PBS), and each dilution was
streaked on De Man, Rogosa and Sharpe (MRS) agar sup-
plemented with 150 pg/mL cycloheximide (Sigma-Aldrich,
St. Louis, MO, USA). The plates were incubated at 37 °C for
72 h aerobically. After incubation, colonies from the plates
with the dilutions (1076 and 1077) were isolated and purified.
The comparison between colony morphology was conducted
to quantify presumptive strain diversity, followed by light
microscopy cell morphology observation. According to the
size and shape of appeared colonies, eight colonies were
isolated and successively streaked on MRS agar medium for
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three times, until a uniform colony was obtained. These eight
isolates were Gram-positive and catalase positive; thus they
were preliminarily identified as LAB (Park et al., 2016). The
eight LAB isolates and the control Lactobacillus rhamnosus
GG ATCC 53103 (LGG) strain were keptat — 80 °Cin MRS
broth (Merck) containing 20% (v/v) glycerol and sub-cul-
tured every 6 months. Before every experiment, the isolates
from frozen stocks were sub-cultured at least once in MRS
broth at 37 °C for 24 h.

Evaluation of a-glucosidase inhibition

Stock cultures of 8 isolates and the control LGG strain were
activated and incubated in MRS broth at 37 °C for 24 h. The
cell concentrations obtained were between 1.2 x 10° and 2.7
x 10° CFU/mL. The cell-free supernatant (CFS) was pre-
pared by centrifugation (12,000x g, 15 min, 4 °C), followed
by filtration (0.22 pm membrane filter), and eventually, the
pH of the solution was adjusted to 7.4 using sodium
hydroxide (NaOH). For the preparation of cell-free extract
(CFE), the intact cells were washed quickly with PBS (pH
7.4) and adjusted to 1.2 x 10° CFU/mL in PBS using
McFarland standard. Consequently, the cells were disrupted
by ultrasonication for 30 min in an ice bath (Elmasonic S 60
(H), Elma, Singen, Germany), followed by centrifugation
(12,000x g, 20 min, 4 °C) and filter-sterilization (0.22 pum
membrane filter). The final extract solution was kept at
— 80 °C until use (Chen et al., 2014).

Rat intestinal acetone powder (11630, Sigma-Aldrich)
was dissolved in deionized water (10 mg/mL), and the
solution was subjected to centrifugation (16,000xg,
30 min, 4 °C). The supernatant was kept at — 80 °C and
used as rat intestinal a-glucosidase solution. Inhibition of
a-glucosidase by the different LAB extracts (CFS and
CFE) was assessed. The reaction mixture consisted of p-
nitrophenyl-o-D-glucopyranoside (PNPG) (Sigma-Aldrich)
(25 pL, 10 mM), PBS (pH 6.9, 25 pL, 0.1 M) and CFS/
CFE samples (50 pL). Pre-incubation (37 °C, 10 min) of
the reaction mixture was carried out in a 96-well plate.
Subsequently, the reaction was started by adding rat
intestinal o-glucosidase solution (50 pL) with ten times
dilution in PBS (pH 6.9, 0.1 M) followed by incubation at
37 °C for 30 min. The reaction was stopped by adding
sodium carbonate (100 pL, 0.1 M). The absorbance of p-
nitrophenyl release was measured at 405 nm (Tecan
microplate reader, Mannedorf, Switzerland). The absor-
bance values of the sample (enzyme reaction with sample)
were rectified against sample blank (reaction with sample
but without enzyme), positive control (reaction with
enzyme without sample) and negative control (reaction
without enzyme without sample). Percentage of o-glu-
cosidase inhibition was calculated using the following
formula (Zeng et al., 2016):
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1 — [A405 (sample) — Agos (sample blank)]
[A405 (positive control) — A4gs (negative control)]
x 100

Identification of isolates

Genomic DNA from a single colony of the best isolate
(with the highest a-glucosidase inhibition) was extracted
using the NucleoSpin Tissue kit (Machery-Nagel, Duren,
Germany) following the protocols specified by the manu-
facturer. The amount and purity of the extracted DNA were
determined spectrophotometrically. The pure genomic
DNA was sent to the Centre for Chemical Biology,
Universiti Sains Malaysia, Penang, Malaysia to be identi-
fied by 16S rRNA sequencing and compared with the
BLAST database (sequence-matching).

Evaluation of hemolytic activity

Overnight-grown culture of the best isolate was diluted to a
turbidity level identical to 0.5 McFarland Units and
streaked on blood agar (BD Difco, Sparks, MD, USA)
plates containing 5% defibrinated sheep blood (Thermo
Fisher Scientific, Waltham, MA, USA), followed by
incubation at 37 °C for 24-48 h. After incubation, the
sheep blood agar plates were observed to evaluate the
hemolytic reaction. Presence of a green zone suggested
partial hydrolysis red blood cells (a-hemolysis), whereas a
clear zone surrounding the bacterial colony indicated total
hydrolysis of red blood cells (B-hemolysis). No changes in
the agar surrounding and under the bacterial colony indi-
cated the absence of a hemolytic reaction (y-hemolysis)
(Jovanovic et al., 2015).

Evaluation of antibiotic susceptibility

Antibiotic susceptibility of the best isolate and LGG strain
was performed using agar overlay disc diffusion method
(da Ferrari, 2016). A total of six antimicrobial agents
(Oxoid, Basingstoke, Hampshire, England): vancomycin
(30 pg/disc), chloramphenicol (30 pg/disc), oxacillin
(1 pg/disc), tetracyclin (30 pg/disc), penicillin G (10 units/
disc) and ciprofloxacin (5 pg/disc) were used according to
the Clinical and Laboratory Standards Institute (2012). The
overnight-grown cultures of the best isolate and LGG strain
were diluted to a turbidity level identical to 0.5 McFarland
Units and spread onto MRS agar media. Subsequently,
discs containing specific antibiotic concentration were laid
on the agar, and the plates were incubated at 37 °C for
24 h. The zone inhibition diameters were interpreted as
resistant, < 15 mm,; sensitive, > 21 mm (CLSI, 2012).

Characterization of the probiotic potential in vitro

The probiotic properties (tolerance to low pH, resistant to
bile salts, pepsin, and pancreatin) of the best isolate and
LGG strain were assessed. The overnight-grown bacterial
cell cultures were centrifuged (10,000x g, 5 min, 4 °C) and
inoculated (10° CFU/mL) either into acidified MRS broth
(pH 2.5) supplemented with hydrochloric acid (1 M) or
into MRS broth supplemented with bile salts (Sigma-
Aldrich) at 0.5% (w/v). Cell viability was determined at 0
and 3 h of incubation at 37 °C with hydrochloric acid (pH
2.5) and at 0 and 4 h of incubation at 37 °C with bile salts.
The viable cell counts are presented as Log;(CFU/mL. In a
parallel experiment, the supernatant of overnight-grown
cultures of the best isolate and LGG strain was also inoc-
ulated either in PBS solution (pH 2.0) consisting of 3 mg/
mL pepsin from porcine gastric mucosa (> 2500 units/mg,
Sigma-Aldrich) or in PBS solution (pH 8.0) consisting of
I mg/mL pancreatin from porcine pancreas (Sigma-
Aldrich). The viable cells on MRS agar plates at 0 and 3 h
of incubation at 37 °C with pepsin and at 0 and 4 h of
incubation at 37 °C with pancreatin were enumerated. The
reason of applying the aforementioned different incubation
times was to closely reflect the duration (time) spent by the
food in the stomach (gastric digestion) and small intestine
(pancreatic digestion), respectively (Plessas et al., 2017).

Adaptation to pumpkin fruit puree

The pumpkin fruit puree was prepared by blending steam-
cooked pumpkin fruit with distilled water [2:3 (m/v)]. The
prepared pumpkin fruit puree was employed directly as a
substrate for the best isolate inoculation. For the inoculum
preparation, the overnight-grown isolate cell cultures were
centrifuged (12,000xg, 3 min) and the pellets were sus-
pended in pumpkin fruit puree. A level of 10° viable cells
was used for inoculation into the pumpkin fruit puree
sample. The sample was incubated in the optimized fer-
mentation condition (Koh et al., 2017), and the fermenta-
tion was stopped when the pH value reached 4.5. The
fermented pumpkin fruit puree sample was stored at 4 °C
until further analysis of their technological and microbio-
logical properties.

For the evaluation of the technological properties, a
high-performance liquid chromatography (HPLC) system
(Waters, Milford, MA, USA) coupled with UV/visible and
refractive index chromatograms were used to monitor the
lactic acid and residual sugar concentrations, respectively
(Park et al., 2017). Ethanol concentration was measured by
headspace gas chromatography using a flame ionization
detector (Shimadzu GC-17A, Kyoto, Japan) (Braga et al.,
2013). The pH value was measured at 25 °C using a pH
meter (Mettler-Toledo, Schwerzenbach, Switzerland). For
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the evaluation of the microbiological properties, the via-
bility of LAB in the fermented pumpkin fruit puree sample
was enumerated by using MRS agar plates. A serial deci-
mal dilution was prepared using Ringer’s solution (Sigma-
Aldrich) and spread on the MRS agar, followed by incu-
bation at 37 °C for 72 h. The results are presented as
Log;oCFU/mL.

Statistical analysis

SPSS 21.0 software (IBM, Armonk, NY, USA) was used
for statistical analyses. One-way analysis of variance and
Tukey’s test (o = 0.05) were performed to identify signif-
icant differences among the samples. The paired sample
t test was used to compare the samples before and after
treatment in the in vitro probiotic  potential
characterization.

Results and discussion

Assessment of the a-glucosidase inhibitory activity
of isolated strain

The microbial strain isolated from water kefir grains could
be a potential probiotic strain (Fiorda et al., 2017). In this
study, eight LAB strains were isolated from commercial
water kefir grains; whereas the commercial LGG strain,
which has the antidiabetic properties (Kim et al., 2013),
was used as a reference probiotic strain in all in vitro
characterization of new probiotic candidates. Firstly, these

LAB strains were assessed for their inhibitory activity
against o-glucosidase.

Previous studies have reported that a-glucosidase inhi-
bition by LAB could be beneficial in the regulation of
glycemia (Barreto et al., 2014; Koh et al., 2017; Muganga
et al, 2015; Panwar et al., 2014; Zeng et al., 2016).
Moreover, certain LAB strains were reported to be capable
of generating bioactive components that could inhibit o-
glucosidase activity in vitro (Muganga et al., 2015; Panwar
et al., 2014; Zeng et al., 2016). As observed in Fig. 1, the
a-glucosidase inhibition by CFS ranged from 5.2 to 39.4%,
with the highest value for the K8 strain (39.4%) followed
by LGG strain (37.9%). The o-glucosidase inhibition by
CFE ranged from 2.3 to 15.5%, with the highest value for
the K8 strain (15.5%) followed by LGG strain (13.7%).
The K8 strain exhibited the best inhibitory activity among
the eight strain tested, and the value was higher than that of
the reference strain; thus the K8 strain was used for the
subsequent analyses. The National Center for Biotechnol-
ogy Information (NCBI) basic local alignment search tool
was used to BLAST the sequence of the K8 strain. It was
identified as Lactobacillus mali with GenBank accession
number NR_112691.1 and 96% homology. The 16S rRNA
sequencing is a suitable technique for identification of
probiotic candidates (FAO/WHO, 2002a). The Lacto-
bacillus mali species was proven to be present in water
kefir grains (Hsieh et al., 2012), and a diet supplemented
with Lactobacillus mali APS1 isolated from water kefir
grains was efficacious in maintaining the blood glucose
level in diet-induced obese mice (Lin et al., 2016). Fur-
thermore, the CFS of L. mali K8 which demonstrated
approximately 39% of o-glucosidase inhibition (Fig. 1)

Fig. 1 Eight lactic acid bacteria 45 -
strain from water kefir grains
showing their inhibition 40 - 4 b
percentage (%) of a-glucosidase § «
activity. Error bars represent the
standard deviation of all trials. 351 § §
Different superscripts have 2 % %
mean ranks that are significant T 30 § %
different from each other. Mean § % §
values with different uppercase eh 25 - N N
el §
alphabets (A—G) indicate 3 % §
significant difference among 2 20 § % s CFS
cell-free extract (CFE) samples; Zg \\\\ \§ #: CFE
mean values with different E % §
lowercase alphabets (a—g) :: 15 7 \\\\ % §
indicate significant difference ° o d " \
among cell-free supernatant 10 - % f s % § %\
(CFS) samples. The probiotic . N F N b Yy § X Y
Lactobacillr;s rhamngsus GG 5 1\ § % % §F %E %D § §
ATCC 53103 (LGG) served as a I NH G NT T
reference strain 0 4 § L § ‘ §I ‘ §I ‘ %I ‘ §I ‘ §I ‘ § §
K1 K38 K16 K19 K29 K35 K45 K96 LGG
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suggested its potential to alleviate postprandial hyper-
glycemia in T2D patients.

Evaluation of hemolytic activity

Some lactic acid bacteria cultures exhibited pervasive
hemolytic activity that could attack the host and stimulate
lysis of red blood cells as well as penetration of toxic
pathogenic agents, resulting in cytotoxic or severe bloody
diarrhea (Hwang and Park, 2015; Jovanovi¢ et al., 2015).
Therefore, it is vital to determine whether the hemolysin
was produced by the probiotic candidate in blood agar
media. In the present study, no clear lysis zone was
observed surrounding the colonies of the L. mali K8 strain
(Fig. 2). Hence, L. mali K8 strain was considered as y-
hemolytic. A similar finding conducted by using Brazilian
kefir grains showed that the isolated LAB was non-he-
molytic (Leite et al., 2015).

Evaluation of antibiotic susceptibility

As observed in Table 1, L. mali K8 and LGG strain were
susceptible to all antibiotics tested except vancomycin.
Vancomycin resistance of Gram-positive Lactobacillus
bacteria is considered to be a natural and intrinsic property
which could be due to the antibiotic permeability, antibi-
otic enzymatic degradation, and efflux of antimicrobials
from the cytosol (Jampaphaeng et al., 2017; Lim et al.,
2011).

Characterization of the probiotic potential in vitro

Preliminary information regarding the probiotic properties
of the isolated strain can be obtained through in vitro tests.
Several tests recommended by FAO/WHO (2002b) include
tolerance to gastrointestinal condition (acid, bile salts,

Table 1 Antibiotic susceptibility test results for the best strain,
Lactobacillus mali K8 (selected based on its a-glucosidase inhibitory
activity) and the reference strain, Lactobacillus rhamnosus GG ATCC
53103 as determined by agar overlay disc diffusion assay

Agent (disc) L. mali K8* L. rhamnosus GG*
Vancomycin R R
Chloramphenicol S S
Oxacillin S S
Tetracyclin S S
Penicillin G S S
Ciprofloxacin S S

“Interpretation of zone inhibition diameter, R resistant: less than
15 mm; S susceptible: more than 21 mm

pepsin and pancreatin resistance), where probiotics can
survive, grow, and perform beneficial actions. As can be
seen in Fig. 3, L. mali K8 strain displayed probiotic
potential comparable to the LGG reference strain. More
specifically, when the L. mali K8 strain was exposed to pH
2.5 and pepsin independently for 3 h, this strain presented
satisfactory levels of viability within the range of 10°-10’
CFU/mL. Furthermore, the L. mali K8 strain demonstrated
adequate viability when exposed to bile salts and pancre-
atin independently for 4 h within the range of 10"-10
CFU/mL. The tolerance to low pH, resistance to bile salts,
pepsin and pancreatin of microbial strain is strain-specific
hence could not be generalized (Jovanovié et al., 2015).

Adaptation to pumpKkin fruit puree

The majority of fermented probiotic products are dairy
based thus are unsuitable for those with lactose intolerant
and cholesterol issues (Fiorda et al., 2017). Researchers
have been seeking dairy free fermented probiotic food

Fig. 2 Results of hemolytic phenomenon assay. (A) positive control: Lactobacillus rhamnosus GG ATCC 53103 (y-hemolysis), (B) tested
strain: Lactobacillus mali K8 (y-hemolysis), (C) negative control: Staphylococcus aureus KCTC 1621 (B-hemolysis)
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Fig. 3 Assessment of viability 10
of the best strain, Lactobacillus

mali K8, and the reference 9 -
strain, Lactobacillus rhamnosus

GG ATCC 53103 (LGG) after 8
exposure to low pH, pepsin,
pancreatin and bile salts. Error
bars represent the standard
deviation of all trials. Different
superscripts have mean ranks
that are significantly different
from each other. Mean values
with different lowercase
alphabets (a-b) indicate the
significant difference before and
after treatment; mean values
with different uppercase
alphabets (A-B) indicate the 2
significant difference between

K8 and LGG strain for each 1-
experiment

Final counts (Log CFU/mL)
K

K8

25

Fig. 4 pH value, lactic acid 12
bacteria viability, residual
sugar, lactic acid, and ethanol
content, in the fermented
pumpkin fruit puree inoculated
with the best strain,
Lactobacillus mali K8 during
storage for 4 weeks at 4 °C.
Error bars represent the standard
deviation of all trials. Different
superscripts have mean ranks
that are significant different
from storage time

PH

products developments (Vijaya Kumar et al., 2015).
Among the non-dairy foodstuff, pumpkin fruit puree was
used as a substrate for the L. mali K8 fermentation in this
study due to its potent anti-diabetic properties and ao-glu-
cosidase inhibitory activity (Baldi et al., 2009; Song et al.,
2012). Figure 4 demonstrated the pH, LAB cells viability,
residual sugar, lactic acid, and ethanol concentrations of
the fermented pumpkin fruit puree during 4 weeks of
refrigerated storage (4 °C). Increases in lactic acid
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LGG K8
Tolerance to pH

= 0 hour
# 3 hour
# 4 hour

LGG K8 LGG

Resistant to Bile
salts

LGG K8

Resistant to
Pepsin

Resistant to
Pancreatin

= week 0
% week 1
s week 2
mweek 3

= week 4

Lactic acid

Viability

Residual sugar

concentration (0.2-0.9 g/L) and decreases in pH values
(4.5-4.2) in fermented pumpkin fruit puree sample was
observed, which could be attributed to post-acidification or
the residual activity of the Lactobacillus strain that con-
tinue to produce acid during storage (Costa et al., 2013).
Additionally, the residual sugar content decreased from 5.0
to 2.4 g/L during storage due to the activity of the Lacto-
bacillus strain, which could utilize the residual sugar and
produce lactic acid as a by-product (de Olmos et al., 2015;
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Koh et al., 2017). The formation of lactic acid could lower
the pH and restrict the growth of the fermenting Lacto-
bacilli during storage (Koh et al., 2017). As a result, the
viability of the L. mali K8 strain in fermented pumpkin
fruit puree maintained at 10° CFU/mL throughout the
storage period, and it surpassed the minimum recom-
mended probiotics level required for health benefits (10°
CFU/mL) (Muganga et al., 2015). Furthermore, the ethanol
content increased from 0.2 to 0.8% v/v during storage,
which complied with the halal regulatory guideline (< 1%
v/v ethanol in fermented food products) (Najiha et al.,
2010). The increased ethanol content could be due to the
heterofermentative metabolism of the Lactobacillus strain
that fermented sugar present in the pumpkin fruit puree
substrate thus produced ethanol and organic acids during
storage (de Olmos et al., 2015; Koh et al., 2017). There-
fore, the outcome of this investigation proved that L. mali
K8 strain isolated from water kefir grains has the potential
to serve as a probiotic in the development of functional
fruit and vegetable-based food products.
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