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ABSTRACT

Nowadays, the search for potential probiotics from lactic acid bacteria continues to develop exclusively for
pharmaceutical applications. This study aimed at evaluating the potency of lactic acid bacteria (LAB) isolated from
fermented brine of romaine lettuce as next-generation probiotics. The study began with romaine lettuce fermentation
in a 10% salt solution for four days at room temperature in the dark. The LAB from the fermentation liquid were
grown on MRS agar supplemented with CaCos then purified. Purified colonies were identified using Gram-staining,
catalase test, and 16S rRNA gene marker, and tested for their ability to be developed as the next-generation probiotics
which included the following criteria: antibacterial activity, cholesterol assimilation, and their survival at pH3. The
cholesterol- lowering ability was evaluated by incubating the bacteria in MRS agar supplemented with 0.5%
taurodeoxycholic acid (TDCA). Well diffusion method was used to assess the antibacterial activity. Their ability to
withstand acid environment at pH 3 was also evaluated. This study showed that all isolates (AS1, AS2, AS3, and AS4)
survived at pH 3 for 2 hours and grew until the fifth day. Isolates AS2, AS3, and AS4 inhibited the growth of
Staphylococcus aureus, while AS1, AS3, and AS4 inhibited the growth of Escherihia coli. All isolates had the ability
to lower cholesterol. Isolate AS3 was molecularly identified as Enterococcus faecium. This isolate was chosen to be
identified as it showed the best characteristics among all the isolates tested. We concluded that AS3 can be further
developed as next-generation probiotic.

Keywords: Enterococcus faecium, next-generation probiotics, romaine lettuce, antibacterial, cholesterol-
lowering, acid-resistant.

1. INTRODUCTION acids by lactic acid bacteria (LAB) under anaerobic
conditions. Besides producing organic acids, LAB also

Fermentation has been one of the most ancient forms secrete various antimicrobial substances such as
of food preservation that is still widely used to extend hydrogen peroxide and bacteriocins, which inhibit the
the period of food storage [1]. Common fermentation growth of foodborne pathogens [3]. Some LAB have
practices in food preservation include drying and salting ~ emerged as the next-generation probiotics because of
[2]. During the fermentation process, there will be a  their therapeutic abilities. Traditional probiotics
shift in the microbial community because carbohydrates generally exhibit ameliorative effects, while next-

and other macromolecules are converted into organic generation probiotics (NGP) have been shown to have
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preventive capabilities of several diseases and
therapeutics [4].

Probiotics are live organisms which, when

consumed in sufficient quantities, confer a health
benefit on the host [5]. Also, probiotics can survive in
low pH conditions, which makes them able to pass
through the stomach, where most pathogens do not
survive [6, 7]. Daily intake of probiotics has been
proven to effectively lower plasma cholesterol levels
[8]. The effective dose to lower cholesterol level in 14
days is 4 x 108 CFU/ml per day [9]. The benefit of NGP
among others are the production of antibacterial [10,
11], antioxidant [12, 13], anti-inflammatory,
neuromodulatory [14], antitumor [15, 16], compounds,
alleviating irritable bowel syndrome, bowel diseases,
and colon cancer [17, 18], as well as cholesterol
lowering ability by producing bile salt hydrolase [19,
20].

In addition to being obtained from fermented dairy
products and fruits, LAB can also be isolated from
vegetable  fermentation.  Traditional  fermented
vegetables which are consumed in various parts of
Asian subcontinent include Burong mustasa (pickled
mustard greens Brassica juncea), Dakguadong
(fermented mustard leaves), Dhamuoi (fermented
cabbage Brassica oleracea var. capitata), Gundruk
(fermented mixed leafy vegetables), Kimchi (fermented
Chinese cabbage Brassica rapa subsp. Pekinensis), Pak-
sian-dong (fermented African cabbage Gynandropsis
pentaphylla), Sauerkraut (fermented cabbage), Sayur
asin (fermented mustard greens), and Yan-tsai-shin
(fermented stem of broccoli Brassica oleracea var.
Italica). The LAB produced by these fermented
vegetables, among others are from the genera of
Lactobacillus, Pediococcus, Leuconostoc, Weissella,
Enterococcus, and Lactococcus [21, 22]. A study on
various kinds of kimchi, including lettuce kimchi
showed that the resulting LAB seemed to have
originated from endogenous microflora of the vegetable
raw materials [23].

Various kinda of lettuces are eaten raw, and most are
mixed as a salad ingredient. One type of lettuce that is a
favorite in mixed-salad is Romaine lettuce (Lactuca
sativa L. var. longifolia). The leaves are rosette-shaped
and reach a height of 10 to 15 cm, and stronger than
other varieties of lettuces leaves. The lettuce in mixed-
salad is usually not fermented. Based on experience,
fermentation of romaine lettuce in a salt solution
provides a unique flavor while maintaining a crispy
lettuce texture. This study aimed to isolate and identify
the next potential generation probiotics of lettuce
fermentation products, which have the characteristics of
antibacterial, cholesterol-lowering, and acid resistance.
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2. MATERIAL AND METHODS

2.1 Sample Preparation and Fermentation

The Romaine lettuces were obtained from a local
hydroponic farm. The leaves were cut out from the root.
The whole leaves were put into fermentation containers,
and the weights made of glass were placed on the leaves
to prevent them from floating. A 10% salt solution was
poured into the containers until the leaves were
completely submerged. The containers were closed
tightly and stored in the dark at room temperature for
four days. The containers were designed to remove CO;
but did not allow O; to enter. The fermented brine
containing LAB was used for further analysis.

2.2 Isolation of Lactic Acid Bacteria

The BAL isolation process was conducted according
to previous research [24]. The fermented brine was
diluted up to 10°. Two hundred microliters of serially
diluted samples were plated on de Man, Rogosa, and
Sharpe (MRS) agar and incubated at 37°C for 48 hours.
Colonies that appeared different morphologically, which
produced clear zones around them, were isolated and
purified. The isolated bacteria were verified as LAB by
Gram staining and catalase test. These verified bacteria
were transferred to a slant agar and also NB medium
containing 30% glycerol and stored at -20°C for further
use.

2.3 Acid Endurance Test

The acid endurance of LAB was determined by
using a growth medium (Nutrient Broth/NB) with pH3.
The pH was adjusted with 1IN HCI [25]. Briefly, the
isolates were incubated in 1 ml of NB for 24 hours at
37°C. After 24 hours, the pH of the media was adjusted
to 3 by dropping 1IN HCI. As soon as the pH was
adjusted, 200 pl of the bacterial solution was spread on
MRS agar, and incubated at 37°C. The rest of bacterial
solutions were incubated for 3 hours. At each hour, 200
pl of the bacterial solution was stocked and grown on
MRS agar at 37°C. The media were incubated for 5
days, and bacterial growth was observed every day.

2.4 Evaluation of Antimicrobial Activity

The antimicrobial activity of LAB against indicator
strains was tested using the agar well diffusion assay
[25]. Two hundred microliters of an overnight culture of
indicator strains (Escherichia coli (Migula) Castellani
and Chalmers (ATCC® 25922™) and Staphylococcus
aureus subsp. aureus Rosenbach (ATCC® 25923™™))
containing approximately 108 cells/ml were used for this
purpose. The LAB were grown in NB for 24 hours at
37°C then incubated (heat-killed) at 60°C for 2 hours in
thermo-block, and subsequently centrifuged (10,000 g,
10 min) to prepare cell-free supernatants (CFS). The
indicator bacterial strains were spread on nutrient agar
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media, which had 5-mm-deep wells. About 100 pl of
each CFS was poured into well. The plates were
subsequently incubated for 24 hours at 37°C. The
inhibitory zones of the isolates were checked after 48
hours. Fifty pg/ml 1-cyclopropyl-6-fluoro-1,4-dihydro-
4-ox0-7-(1-piperazinyl)-3-quinolinecarboxylic acid was
used as positive control and sterile dH>O as negative
control. Inhibition zone diameter was measured. The
LAB that produced clear zones <11 mm, 11-16 mm, 17—
22 mm and >23 mm, were classified as negative (-),
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mild (+), strong (++), and very strong (+++) inhibitors,
respectively [27].

2.5 Cholesterol-lowering Assay

Two hundreds mililiter of overnight LAB cultures
on NB were spread onto MRS agar supplemented with
0.5% taurodeoxycholic acid (TDCA). Taurodeoxycholic
acid is a bile salt formed in the liver by conjugation of
deoxycholate with taurine, usually as the sodium salt.

Table 1. The endurance results of isolates AS 1, AS2, AS3 and AS4 at pH 3

Duration of Observation

Time of incubation in pH3 Isolate Day 1 Day 2 Day 3 Day 4 Day 5

Control (without HCI) AS1 +++ +++ +++ +++ +++
AS2 +++ +++ +++ +++ +++
AS3 +++ +++ +++ +++ +++
AS4 +++ +++ +++ +++ +++

0 hour AS1 - + + ++ ++
AS2 - - + ++ ++
AS3 - - - ++ ++
AS4 + + ++ ++ ++

1 hour AS1 - - + + ++
AS2 - - - + ++
AS3 - - - ++ ++
AS4 - - + + +

2 hours AS1 - - - + ++
AS2 - - - - +
AS3 - - - + ++
AS4 - - - + +

3 hours AS1 - - - - +
AS2 - - - - +
AS3 - - - - +
AS4 - - - - -

8 The growth speed and survival ability of isolates: (+++) high; (++) moderate; (+) low; (-) isolates did not grow.

The plates were incubated at 37°C for 1 to 5 days. The

Table 2. Antibacterial activity of isolate AS1, AS2, AS3, and AS4 against indictor strains

Inhibition Zone (mm) + Standard Deviation (SD)

Isolate Code E. coli S. aureus Positive Control Negative Control
ASI1 11.17+0.29 0
AS2 0 9.08+0.14 38.33£2.02 0
AS3 11.17+0.29 11.3+0.58
AS4 11.67+0.29 8.33+£0.76
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formation of white precipitation around LAB colonies
indicates the hydrolysis of bile salts by bile salts
hydrolase (BSH) activity [28].

2.6 Identification of Next-generation
Probiotics

The selected BAL isolates, which showed the best
results on acid resistance, antibacterial activity, and
ability to lower cholesterol, were selected. Identification
included Gram staining [29], catalase test [30], and
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sequences were retrieved from NCBI database, and
were aligned with the sequences of the isolate by Clustal
W. The Maximum Likelihood method was used to
construct a phylogenetic tree with 1000 bootstraps
integrated in MEGA version 7.0.18 [34].

AS4

Figure 1. Precipitation of deoxycholic acids due to deconjugation of taurine-conjugated bile acids observed in
isolate AS1, AS2, AS3, and AS4. The white precipitates around colonies indicates the BSH activity

molecular test using 16S rRNA gene marker. Catalase
test was done to find out whether the isolates produced
the catalase enzyme or not. Briefly, a small amount of
each isolate was placed on a glass slide using a sterile
wooden toothpick. Five percent of H,0, was dropped
onto the colony. The presence of an oxygen bubble on
the tested bacteria indicated a positive result.

Molecular identification began with DNA extraction
using Presto™ Mini gDNA Bacteria kit. The isolated
DNA was amplified using PCR KOD FX Neo kit. The
components of the PCR reaction included 5 pl ddH20,
12.5 pl PCR Buffer KOD FX neo, 5 ul dNTPs, 0.5 pl
KOD FX Neo, 1 pl DNA template, 0.5 pl primer 27F
(forward) dan 0.5 pl primer 1492R (reverse). The
condition of PCR reaction was initial denaturation at
95°C for 3 min (1 cycle), followed by 35 cycles of
denaturation at 98°C for 15 sec, annealing at 52°C for 30
sec, elongation at 68°C for 45 sec, and held at 4°C. The
16S rRNA fragments generated from PCR were
sequenced [31].

2.7 Analysis of 16S rRNA sequences

The stepwise analysis of the 16S rRNA sequences
was conducted following previous research [32]. DNA
sequences were extracted from the chromatogram after
removing 50 nucleotides at the beginning and end of the
sequences containing the primers. The aligned
contiguous consensus sequences were used for the
homology search by BLAST software
(http://blast.ncbi.nlm.nih.gov) algorithm at the National
Center for Biotechnology Information (NCBI). The
results were confirmed using Ez-Taxon database
(https://lwww.ezbiocloud.net/) [33]. The reference

3. RESULT AND DISCUSSION

3.1 Isolation of Lactic Acid Bacteria from
Fermented Brine

Four LAB with distinct colony characteristics were
able to be isolated and purified from 10% Romaine
lettuce fermented brine. The ability to withstand high
salt concentration is one of the characteristics of LAB
[35]. Each colony was coded as follows: isolate AS1,
AS2, AS3 and AS4. The growth of the isolates on
MRSA, which supplemented with 1% CaCOs, produced
clear zones surrounding the colonies. This indicated that
the LAB produced organic acids, such as lactic acid
and/or acetic acid. This clear zone was soluble calcium
lactate as the result of a reaction between lactic acid
produced by LAB and CaCOs in the media.

3.2 Acid Endurance

To evaluate the acid endurance of isolated LAB, we
compared the survival of four LAB isolates in an acidic
environment (pH3) for 3 hours. The results are
presented in Table 1. The isolate AS4 had the highest
survival rate. It started to grow on MRS agar after three
days after being challenged on the acidic environment
for 1 hour. After four days of incubation, AS3 started to
grow. Only isolates AS1, AS2, and AS3 withstood the 3
hours challenge and grew on day 5th.

A study showed that the longer the incubation time
at low pH, the ability to survive, and the speed of
bacterial growth in MRSA media decreased [30]. It was
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because that acidic condition causes damage to the cell
membranes and induces the releasing of intracellular
components, resulting in the death of the cells. This
implies that bacterial isolates that withstood the acid had
resistance to membrane damage. However, because only
a small amount of bacteria survived after being exposed
to an acidic environment, the isolates needed a longer
lag time to adapt to a new environment (MRS agar) and
multiplied. Lactic acid bacteria can survive in the acidic
environment because it has a mechanism to maintain pH
conditions in its cells [36]. Some studies showed that
some LAB isolated from fermented fruits and
vegetables were resistant to acid [37, 38].

3.3 Antibacterial Activity Assay

One important criterion for LAB to be developed as
NGP is antimicrobial activity. This activity is a natural
defense of LAB towards potentially harmful bacteria.
Therefore, four isolates were screened for their activity
against indicator strains (E. coli and S. aureus subsp.
aureus). The results are presented in Table 2. According
to their abilities to inhibit bacterial indicators, the LAB
strains with clear zones <11 mm, 11-16 mm, 17-22 mm
and >23 mm were classified as negative (-), mild (+),
strong (++), and very strong (+++) inhibitors,
respectively. The isolates AS1, AS3, and AS4 had a
mild activity in inhibiting E. coli. The isolates AS3 had
a mild activity, and AS2 and AS4 had no activity
against S. aureus. This finding shows that AS3 had a
broad spectrum caused by its ability to inhibit E. coli
and S. aureus.

The greater the inhibition zone, the more effective
the isolates in inhibiting the growth of microorganisms.
Even so, a small inhibition zone does not indicate that
isolate is less effective, but its concentration has not
reached an effective concentration to inhibit the growth
of microorganisms [39]. A broad antibacterial spectrum
is essential for probiotics [5]. Some study showed that
LAB isolated from fermented vegetables had mild to
strong antibacterial activity against indicator pathogens
[13, 40, 41, 42].

3.4 Cholesterol-owering Assay

One mechanism for cholesterol removal by
probiotics is the deconjugation of bile salts by bile-salt
hydrolase (BSH). The LAB isolates were assayed in
vitro for their BSH activities against taurodeoxycholic
acids (TDCA). The ability of LAB to deconjugate bile
salts demonstrates their potential to lower cholesterol. A
qualitative method in evaluating the ability of the
isolates to lower cholesterol was by spreading them onto
MRS agar supplemented with 0.5% TDCA. The
precipitations of deoxycholic acid were observed in all
isolates after 48-72 hours of incubation at 37°C (Fig. 1).
Bile salt hydrolase (BSH) produced by LAB caused the
release of taurine from taurine-conjugated bile salts and
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produced white precipitate of unconjugated bile salts
(deoxycholic acid) [43].

The formation of a precipitate indicates that the
isolates have BSH that can reduce cholesterol levels.
The greater the precipitation formed, the higher the
ability of these isolates to lower cholesterol. A research
showed opaque white colonies produced by some
intestinal bacteria from the genus Bifidobacterium [44].
Begley [19] explained that in the liver, primary bile
acids (PBAs) are synthesized from cholesterol. Prior to
secretion, PBAs are conjugated with either glycine or
taurine. The peptide linkage of bile salts is hydrolysed
by BSH, resulting the removal of the amino acid group
from the steroid core. The unconjugated bile salts will
precipitate at low pH. Lactic acid bacteria produced by
kimchi fermentation was shown to have the capability to
lower cholesterol [45]. The LAB isolated from
fermented Brassica juncea pickle also had a cholesterol-
lowering activity [46].

3.5 Analysis of 16S rRNA Sequences

Four discrete colonies were able to be separated
from the media for purification and identification. Each
was catalase-negative and Gram-negative with short
rod-shaped morphology. One isolate (AS3) which
showed the highest potential to be developed as NGP
were identified molecularly using 16S rRNA. BLAST
search showed that isolate AS3 had 99.76% identity
with Enterococcus faecium QU 50, while Ez-taxon
database showed that AS3 had 99.65% similarity with
E. durans NBRC 100479. Phylogenetic analysis by
Maximum Likelihood method is shown in Fig. 2. The
genetic distance is presented in Table 3, showing the
number of base substitutions per site between
sequences. The analysis was conducted using the
Kimura 2-parameter model [47].

MH588228 Enterococcus faecium strain ACD44-2
MH569604 Enterococcus faecium strain MZF2
MG911720 Enterococcus faecium strain WR1

MG976843 Enterococcus faecium strain E6

@
8

MH733939 Enterococcus faecium strain LM5.10

MH817719 Enterococcus faecium strain HBUAS54268

MH819597 Enterococcus faecium strain HBUAS54363

MH900221 Enterococcus faecium strain E1

AS3
CP033041 Enterococcus faecium strain JE1

641 AB681177 Enterococcus durans strain NBRC 100479

CP014949 Enterococcus faecalis strain LD33

—
0.0020

Figure 2. Molecular phylogenetic analysis inferred by
using the Maximum Likelihood method based on the
Kimura 2-parameter model (Kimura, 1980). Enterococcus

faecalis was used as an outgroup.

106



ATLANTIS

PRESS

Analysis of phylogenetic showed that isolate AS3 is
clustered with E. faecium except strain JEI which has
100% identity with E. durans. The genetic distance of
AS3 and its allied E. faecium is 0.002 and 0.004 with E.
faecium strain JE1 and E. durans NBRC 100479. This
confirms that AS3 is E. faecium. The Kkinship
relationship of each species can be measured from the
size of the genetic distance. The less the value of the
genetic distance between the two organisms, the closer
is the relationship between them [48]. Enterococci are
lactic acid bacteria (LAB), show tolerance to salts and
acid, and involved in the traditional fermentation
process [49]. Enterococcus  faecium  showed
antibacterial activity [50], probably because of having
bacteriocin as possessed by Enterococci in general [51].
This bacterium had also cholesterol-lowering activity
[52] and survived in acidic conditions [53].
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