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ABSTRACT

Probiotics are living microorganisms that, when given in appropriate amounts, have optimistic effects on body.
This study explores the potential of fresh lettuce (Lactuca sativa) leaves as a probiotic source for individuals
with dairy allergies. Gram staining and the catalase test were used to identify the bacteria that were recovered
from lettuce leaves as gram-positive, catalase-negative strains. The resistance to antibiotics and their capacity to
tolerate low pH and bile salt concentrations both essential for surviving the digestive tract were evaluated. The
bacteria showed a high tolerance to bile salts and low pH, but they were susceptible to ampicillin, streptomycin,
gentamycin, chloramphenicol, and neomycin. Tests for gas production in the presence of glucose revealed no
gas production. Molecular techniques such as PCR and 16S rRNA gene sequencing revealed the presence of

Enterococcus lactis, Enterococcus durans, Lactobacillus paracasei, and Lactobacillus casei
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INTRODUCTION

Lettuce is a well-known leafy green vegetable
appreciated for its fresh surface and mellow flavor. It is
an amazing source of fundamental supplements, and
essential vitamins, minerals and dietary fibers,
including vitamins A, C, and K, as well as folate and
dietary fiber (Yang et al., 2021). Lettuce is a vegetable
which contains high water content and low calories,
that makes it perfect for hydration and weight
management. Its antioxidants contribute to reducing
oxidative stress within the body, and the fiber helps in
digestive health. Incorporating lettuce into a balanced
diet supports overall wellness and enhances stomach
related function due to its high fiber substance
(Haytowitz et al., 2019). Probiotics, beneficial
microorganisms that live in our gut, are crucial for
maintaining a healthy immune system and overall
health. These microbes produce lactic acid, acetic acid,
and bacteriocins, which inhibit the growth of harmful
pathogens (Sanders et al., 2018). Probiotics are linked
to increased activity of natural killer cells, essential for
combating infections, and boosting antibody
production. Studies indicate that probiotics can help
prevent and treat lung, urinary tract, and vaginal
infections (Guarner, 2003). Additionally, probiotics are
being explored for their potential to lessen the threat of
enduring diseases and improve general health outcomes
(Hill, 2014). Among the various probiotic species,
Lactobacillus and Bifidobacterium are the most

commonly utilized. These bacteria reside in different
parts of the human gastrointestinal tract, playing
significant roles in maintaining gut health. Lactobacilli
are mainly found in the colon, while Bifidobacterium
species inhabit the intestine (Lebeer et al., 2008). Other
strains, such as Streptococcus thermophilus and
Lactococcus lactis, also show beneficial effects on gut
health and immune function, though further research is
necessary to fully confirm their safety and efficacy
(Kerry, 2018). Probiotics have become increasingly
popular for promoting health through diet. They are
naturally present in agitated foods which include
yogurt, kefir, and kimchi, but can also be taken as
supplements in capsules, tablets, or powders (Marco,
2017). Green vegetables, including lettuce, are high in
fiber and water, which can improve digestion and
provide numerous health benefits. Fresh lettuce leaves
are particularly valuable, offering essential vitamins,
minerals, and antioxidants that support overall health
(McManus, 2020). This study explores the role of
probiatics in lettuce and their potential health benefits.
Lettuce, with its rich nutrients, provides a favorable
environment for beneficial bacteria. The main
objectives are to isolate, characterize, and identify
probiotic bacteria from fresh lettuce leaves. By
identifying these probiotic strains and understanding
their benefits, we aim to promote lettuce as a safer and
healthier food choice, highlighting the health
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advantages of including green vegetables like lettuce in
the diet.

MATERIAL AND METHODOLOGY

Sampling of Lettuce Leaves: Fresh lettuce leaves
were obtained from three different locations (Lahore,
Gujranwala and Sialkot). To ensure sample
cleanliness, the leaves were thoroughly washed and
then treated with a chlorine solution at 5°C for 20
minutes to eliminate any potential contaminants. One
gram of crushed lettuce pulp was used to make serial
dilutions (10, 102, 103, 10%) in phosphate buffer.
These dilutions were spread on MRS agar plates using
the spread plate technique to isolate probiotic bacteria.
From each plates, five distinct colonies were selected
for further analysis, following a modified version of
Goyal's manual (Bommasamudram et al., 2023).
Sampling details are illustrated in figure 1.
Biochemical Analysis

Test for Antibiotic Sensitivity: To assess antibiotic
susceptibility, Mueller-Hinton reagent plates were
prepared by autoclaving Mueller-Hinton reagent in
distilled water. The sterilized M-H agar was then
added to petri plates. Colonies were selected and
inoculated onto the plates. Antibiotic resistance discs
containing streptomycin, gentamycin,
chloramphenicol, neomycin, and ampicillin were
place at appropriate distance on the inoculated plates.
After incubation at 37°C for 24-48 hours, the zones of
inhibition were measured using a millimeter scale as
per Martinez et al. (2009).

Test for Salt Tolerance: Mannitol salt agar, which is
considered as a selective and differential medium, was
used to assess salt tolerance. Following Shafiq et al.,
2023, with minor modifications mannitol agar (13.32
g) along with distilled water (120 ml) were autoclaved
at 121°C for 30 min and then poured into petri dishes.
After solidification, bacterial culture was streaked and
plates were incubated at 37°C for 24 hours
(Cappuccino & Sherman, 2010).

Bile Salt Tolerance Test: To evaluate bacterial bile
salt tolerance, two MRS broths containing 0.2% and
0.4% bile salt, respectively, were prepared following
Kang et al., 2016, Inoculum was added to the
sterilized broths and incubated anaerobically at 37°C
for 24 hours. After centrifugation, the bacterial culture
was washed in 0.1% peptone water and changes in
optical density (OD) at 600 nm were monitored
(Corsetti & Settanni, 2007).

Testing for Homo Fermentative Isolates: To
identify homo-fermentative isolates, MRS broth
comprising of glucose was prepared and Durham
tubes were implanted in test tubes and autoclaved to
sterilize them. After disinfection, the inoculum was
transferred to the sterile test tubes, and incubated at
37°C for two days (Cvrtila Fleck et al., 2012).

Acid Tolerance Test: Growth medium was organized
with definite components and accustomed to the
preferred pH using hydrochloric acid. Bacterial strains
(L-A, L-B, L-C, L-D and L-E) were inoculated into
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the medium and incubated at 37°C for 24-48 hours.
Optical density (OD) of bacterial growth was measure
edat 600nm using a spectrophotometer (Denkova et
al., 2010).

Catalase enzyme Test : To determine the presence of
the catalase enzyme in the strains, a clean microscopic
slide was used. The strains were retained on the

slides, and 2-3 droplets of hydrogen peroxide were
added. The presence of bubbles indicated appositive
catalase test (Di Martino et al., 2023).

Molecular Characterization

DNA Extraction and Amplification: The most
promising bacterial isolates, selected based on their
bile salt tolerance and low pH resistance, underwent
genomic DNA extraction using a high-quality
extraction kit (Gerasimidis et al., 2016). The isolated
DNA was amplified through PCR using a 25pl
reaction mixture containing universal primers, PCR
buffer, MgCl,, dNTPs, Tag polymerase, and
deionized water. The amplification process involved
35 cycles at specific temperatures, followed by
agarose gel electrophoresis to visualize the PCR
products. Ethidium bromide was used to stain the
DNA bands, which were then observed under a
GelDoc EQ system (Ghazali & Rashid, 2019; Gibson
& Robust, 2011; Goyal et al., 2013; Guarner &
Malagelada, 2003). The amplified products were
subsequently sequenced, and the resulting data was
analyzed using the NCBI BLAST tool to compare and
classify the sequences against known databases
(Hassanzadazar et al., 2012).

Sequencing: Following successful PCR
amplification, the amplicons were sequenced. The
primers used for amplification targeted the 16S rRNA
gene region, with forward primer
(5'AGAGTTTGATCCTGGCTCAG3') and the 16S
reverse primer (5’‘GGTTACCTTGTTACGACTT3).
The resulting sequences were then analyzed using the
National Center for Biotechnology Information
(NCBI) GenBank database through the Basic Local
Alignment  Search  Tool (BLAST) program
(https://blast.ncbi.nlm.nih.gov/Blast.cgi) This analysis
aimed to identify the closest matching sequences
within the database, providing insights into the
potential identity of the isolated bacteria.
Furthermore, the sequences were imported into Mega
X software (https://www.megasoftware.net/) to
construct a phylogenetic tree. This tree visualization
helped to elucidate the evolutionary relationships
between the isolated bacteria and other known
bacterial species. The tree provided a broader
understanding of the closest relatives of the isolated
strains.

Statistical Analysis: To evaluate the performance of
LAB isolates under various conditions, several
statistical analyses were conducted. For the Acid
Tolerance Test, absorbance measurements at pH 2 and
pH 3 for five bacterial strains (L-A to L-E) revealed a
significant difference using a paired t-test (p-value =
0.005). The mean absorbance values were 0.3900 at
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pH 2 and 0.7800 at pH 3, and a 95% confidence
interval for the mean difference of (-0.5783, -0.2017)
(Gibson & Robust, 2011). In the Antibiotic Resistance
Test, the resistance of LAB isolates to five antibiotics
(S, G, CL, N, AM) was investigated using one-way
ANOVA, showing significant differences (p-value =
0.000), with Tukey pairwise comparisons representing
that resistance to CL was expressively higher than the
other antibiotics (Goyal et al., 2013). For the Bile Salt
Tolerance Test, absorbance measurements at 0.2%
and 0.5% bile concentrations were compared using a
paired t-test, which showed a significant difference
(p-value = 0.006). The mean absorbance of 0.3300 at
0.2% bile and 0.2200 at 0.5% bile, with a 95%
confidence interval for the mean difference of
(0.0524, 0.1676) (Huang & Adams, 2004). All
statistical analyses were performed using Minitab 18
(Minitab, Ltd., Coventry, UK), with a significance
threshold level of p < 0.05. The results were based on
triplicate measurements to ensure consistency and
reproducibility.

RESULTS

Characterization and Gram Staining of isolates:
Following 24-48 hours of incubation, five bacterial
colonies were isolated and examined for both
morphological and biochemical characteristics. The
morphological analysis revealed various shapes: three
isolates exhibited cocci morphology (L-A, L-B, and
L-C), while two displayed rod-shaped forms (L-D and
L-E). These findings match with previous research
work in which diverse morphological forms were
understood among bacterial isolates (Jones and Clark,
2019). Gram staining was performed in order to
classify the isolates as gram positive or negative. All
strains were found as purple colored under the Gram
staining procedure, classifying them as gram-positive
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figure 3 provides microscopic images of the bacterial
strains, further supporting these findings.

Catalase Test: To further distinguish the isolates, a
catalase test was conducted. One isolate showed
frothiness reaction when assorted with hydrogen
peroxide (H202). The other four isolates (L-A, L-B, L-
C, L-E) did not show any reaction, specifying they are
catalase-negative. In contrast, strain L-D displayed a
positive catalase reaction, characterized by the
formation of bubbles.

Acid Tolerance Test: All isolates exhibited
variability in the acid tolerance test, with around 70%
survival after 18 hours at various pH levels. The
highest pH for growth (pH 3.0) was observed in the
L-C isolate, corresponding the optimal pH range for
Lactobacilli. However, growth dropped at pH 2.0.
This capability to thrive at low pH, a characteristic of
Lactobacilli, is imperative for probiotic prospective.
A paired t-test was conducted to analyze the
absorbance measurements at pH 2 and pH 3 for the
five bacterial strains (L-A to L-E). The test revealed a
significant variance between the means of absorbance
at these two pH levels, with the mean absorbance at
pH 2.0 being 0.3900 and at pH 3 being 0.7800. The
paired t-test generated a T-value of -5.75 and a p-
value of 0.005, presenting statistical significance. The
95% confidence interval for the mean difference was
(-0.5783, -0.2017), further confirming that the
difference in absorbance between pH 2.0 and pH 3.0
is significant. The results of this acid tolerance test
support the concept that lactobacilli can grow at
different pH values since they are in line with other
studies. Notably, strain L-C was shown to thrive best
at a pH of 3.0, suggesting that it would be an excellent
choice for a probiotic. Furthermore, the genetic
research provided insights into the molecular
differences in acid tolerance across various strains of

bacteria. Figure 2 presents the streaking results, and  Lactobacilli as shown in figure 1.
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Figure 1: Acid Tolerance of Isolates at pH 2.0 and pH 3.0. After 18-Hour Incubation Period, Based on Mean Readings. The
results specify important survival rates of the isolates under extremely acidic conditions. Error bars symbolize the standard
deviation of the mean values, underlining the stability of the tolerance levels among the isolates.

Resistance to Antibiotics: Isolates endured antibiotic
susceptibility testing after 48 hours of incubation.
Some isolates demonstrated sensitivity to antibiotics,
while others exhibited resistance. Zones of inhibition

between 125 and 174 mm were considered
intermediate, while those below 124 mm were
categorized as resistant. All isolates revealed both
sensitivity and resistance to antibiotics, vital
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characteristic for probiotic application. To determine  grouping information classified CL in group A, N in
if there were significant differences in resistance  group B, G and S in group B C, and AM in group C.
levels among the antibiotics (S, G, CL, N, and AM),  The model summary reported an R-squared value of
one-way ANOVA was directed. The ANOVA results  72.49%, suggesting a good fit for the model.
revealed a significant effect (p-value = 0.000), Statistical analysis is represented in figure 3 and
indicating that at least one mean was resistance level  figure 4 respectively. In figure 3, ANOVA test is
was different figure 2. The factor evidence specified conducted while in figure 4, HSD test was conducted
five levels, with equal variances presumed for the to compare the results of antibiotic resistance test. All
analysis. The Tukey pairwise comparisons recognized  five isolates demonstrate sensitivity, which is in
that resistance to CL was meaningfully higher accordance with the essential qualities for probiotics,
compared to the other antibiotics figure 5. The  ensuring their safety and viability.

Antibiotic Resistance Test
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Figure 2: Antibiotic Susceptibility of Bacterial Strains. Diameters <12.4 mm are considered as resistant zones, while
diameters >17.5 mm specifying susceptible (sensitive) zones. Antibiotics tested include Streptomycin (S), Gentamycin (G),
Chloramphenicol (CL), Neomycin (N), and Ampicillin (AM). The Y-axis represents zone ranges from 0-35 mm, and the X-
axis represents bacterial strains.
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Figure 3: Analysis of Variance (ANOVA) results associating antibiotic resistance levels among various bacterial strains.
The test specifies significant differences (p < 0.05) in resistance profiles, emphasizing variations in response to antibiotic
treatments.
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Figure 4: Tukey's Honestly Significant Difference (HSD) test results displaying pairwise comparisons of antibiotic
resistance levels across bacterial strains. Significant differences (p < 0.05) are observed between specific strain pairs,

providing perceptions into different resistance patterns.

Salt Tolerance Test: The growth of four strains, L-
A, L-C, L-D, and L-E, on mannitol salt agar test
after 72 hours of incubation was witnessed to be
insignificant. One strain, L-B, showed good change
among all. The negligible growth observed for
strains L-A, L-C, L-D, and L-E shows that these
isolates may have lower salt tolerance. The
observed color changes in strain L-B during the salt
tolerance test specify its capability to endure
variable salt concentrations as shown in figure 8.

Bile Salt Tolerance Test: The tolerance of the
isolates to various concentrations of bile salts was
confirmed, illuminating that the highest tolerance
level was at 0.2% bile salt concentration. The
tolerance level of the isolates reduced with high
concentration of bile salt. A paired t-test relating the
mean absorbance values at 0.2% and 0.5% bile
concentrations was conducted. The test identified a
noteworthy difference in absorbance among the two

concentrations (p-value 0.006), with a 95%
confidence interval for the mean difference of
(0.0524, 0.1676). The mean absorbance at 0.2% bile
was 0.3300, while at 0.5% bile, it was 0.2200. These
results show the variable tolerance levels of isolates
to bile salts, which is essential for estimating their
potential as probiotics. Research has indicated that
probiotics can withstand acidic stomach settings,
suggesting that they may survive on the way to the
small intestine and colon. Two well-established
methods for determining this kind of survival are the
acid tolerance test and the bile salt tolerance test
(Huang & Adams, 2004). In correspondence to the
previous finding, it is noticed that probiotic count
started to decrease after 24 hours. However, the
isolates showed good resistance to pH 2 and 3. This
implies that these strains may be able to enter the
human gut and survive there. The outcomes of the
bile salt tolerance test are shown in figure 5.
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Bacterial Strains

Figure 5: Optical Density (OD) of the isolates at different bile salt concentrations after 24 hours at 600 nm OD. The Y -axis
represents absorbance (AU), while the X-axis represents bacterial strains.

Gas Production Test: The gas-producing capacity of
the isolates was experienced using glucose in the

medium. The test tubes were witnessed for around
five days to check for buildup of gas in Durham tubes.
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However, no gas accumulation of gas was noticed,
resulting in a negative test.

Identification of 16S rRNA Sequencing: PCR was
employed to amplify 16S rRNA gene segments of the
isolates for identification. This method is broadly
utilized for bacterial classification by associating
sequences with a database. The 16S rRNA gene is
extremely preserved but contains adjustable sectors
for species variation. Sequencing allows comparison
with previous sequences, sustaining in isolate
identification. PCR products were identified using
agarose gel electrophoresis. Sequencing of 16S rRNA
gene segments confirmed the isolates as Lactobacillus
species, aligning with NCBI GenBank database.
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Phylogenetic analysis  further reinforced this
identification. This information is vital for research
and development of probiotic products, authenticating
the genetic makeup and phylogenetic assurance of the
isolates. The sequence similarity indices for the
isolated probiotic bacteria disclose high alignment
with reference sequences: 96.14% for Enterococcus
faecium, 100% for Enterococcus lactis, 99.86% for
Enterococcus durans, and 97.40% for both
Lactobacillus casei and Lactobacillus paracasei as
shown in figure 6. The insignificant deviances are
probably due to mismatches, gaps, or mutations that
may occur naturally.

—— Enterococcus faecium L-4
Enterococcus durans L-C
Enterococcus sp. PP422246
Enterococcus durans OK135593

a3 | Enterococcus durans HBUAS51315

Enterococcus faecium MT231780
Enterococcus faecium EUT17956
Enterococcus lactis strain DHS003
Enterococcus lactis strain CP084248

Enterococcus lactis L-B
Lactobacillus sp. rennangilyf® AY332393
Lacticaseibacillus paracasei CP034973

Lactobacillus casei KF263156
Lactobacillus casei KX426048
Lacticaseibacillus paracasei NR025880
Lactobacillus casei L-D
86 Lactobacillus paracasei L-E
| Lacticaseibacillus chiayiensis CP107523

82

0.20

aa | Lacticasibacillus styriensis CP132483

Figure 6: The evolutionary history was concluded using the Neighbor-Joining method. The ideal tree is shown. The
percentage of replicate trees in which the related taxa bunched together in the bootstrap test (1000 replicates) are shown next
to the branches. The tree is drawn to scale, with branch lengths in the same units as those of the evolutionary distances used
to infer the phylogenetic tree. The evolutionary distances were computed using the Maximum Composite Likelihood method
and are in the units of the number of base substitutions per site. This analysis involved 19 nucleotide sequences. All
ambiguous positions were removed for each sequence pair (pairwise deletion option). There were a total of 117 positions in
the final dataset. Evolutionary analyses were conducted in MEGAL11.

Figure 7: Streaking Result representing the successful isolation of probiotic bacterial strains L-A, L-B, L-C, L-
D, and L-E from lettuce leaves. Each strain was noticeably separated, displaying the variety of probiotic bacteria
present.
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Figure 8: Microscopy of selected strains, A, B, C representing gram positive cocci, while D and E representing gram positive

rod shaped bacteria.

DISCUSSION

Food is generally recognized for its health advantages,
particularly nutrient-dense meals like fresh lettuce.
Ancient diets included probiotic-rich foods like milk,
yogurt, and fermented foods. Lactobacillus and
Bifidobacterium are two types of probiotics that are
well-known for their beneficial effects on health,
including the handling of lactose intolerance and
cardiovascular problems. Probiotic-rich meals, such
as fresh lettuce, can help those with dairy allergies
and those who are health-conscious (Guarner &
Malagelada, 2003; Hill et al., 2014). Probiotics can
improve disease resistance and proliferation abilities,
which can boost general health when incorporated
into a balanced diet. Probiotics provide a number of
advantages, including increased immunity,
competitive exclusion, and enzyme activation. It also
boosts the immune system and strive with pathogens
for binding sites. Probiotics provide several benefits
for enhancing health, even though their exact
mechanisms are still obscure (Huang & Adams, 2004;
Imperial & Ibana, 2016; Kechagia et al., 2013). Five
particular LAB strains were selected for this
investigation and grown in MRS medium with the pH
set to 7. The MRS medium was specifically chosen
since it only promotes the development of probiotic
bacteria. This selection is in accordance with previous
research that found that the ideal pH range for the
culture and screening of LAB is between 6.2 and 8.5
Abo-Amer (2011). Following sampling of lettuce
from different areas, a thorough study of a few strains
was conducted, comprising features such as
microscopic, macroscopic, biochemical, and probiotic
features. Five distinctive LAB strains were found in
the lettuce from this screening process: two rod-

shaped (L-D, L-E) and three cocci-shaped (L-A, L-B,
and L-C). One important discovery from our research
is that none of the five strains produced any gas, as
shown by their negative catalase reactions. These
strains also lacked spore formation and were all
Gram-positive. The results of Gram-positive bacteria
were aligned with previous findings that characterized
by their thick peptidoglycan layer retaining the crystal
violet stain (Brown and Miller, 2021). The presence
of catalase enzyme enables bacteria to convert
hydrogen peroxide into harmless byproducts, avoiding
cellular damage (Khalid et al.,, 2011). Catalase's
implications on bacterial virulence and pathogenicity
revealing that catalase positive bacteria gain a
competitive edge in avoiding host immune responses
by neutralizing reactive oxygen species (Jeyagowri et
al., 2015). Conversely, catalase deficient strains
produce strong host immune reactions due to reduced
oxidative stress management. The bacterial isolates
from kale juice that spontaneously fermented could
produce invaluable probiotic starter cultures that are
used in the fermentation sector (Szutowska et al.,
2021). The isolates' indicated lack of significant gas
production corresponds with previous findings,
suggesting that their gas-producing capacities were
limited under specific test conditions. The absence of
gas production in response to glucose as a substrate
suggests potential metabolic characteristics of the
isolates. Research on lettuce leaves' ability to
withstand acidity suggests that probiotics might be
used to enhance their health. Interestingly, certain
Lactobacilli strains showed physiological and genetic
adaptations that allow them to survive in acidic
environments (Huang and  Adams, 2004).
Comparably, Hassanzadazar et al. (2012) identified
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certain genetic loci connected to acid resistance
mechanisms in Lactobacilli, providing evidence for
the genetic basis of acid tolerance in these bacteria.
Proceeding on to the fermentation investigations, our
research offers fascinating results. In the Durham
tube, specifically, the fermentation of glucose
produced acid rather than gas. Surprisingly, during the
fermentation of glucose or maltose, none of the strains
produced gas. The strains showed strong fermentation
skills, especially when working with glucose. On the
other hand, neither glucose nor maltose fermentation
resulted in the formation of gas. This is reliable with
the results of Khedid et al. (2009), who identified 25
different types of LAB from camel milk,
demonstrating the variety of ways in which these
bacteria can ferment glucose, lactose, and maltose.
The study conducted by Frieri et al. (2017) highlights
the significance of ensuring antibiotic sensitivity in
probiotic bacteria to ensure their reliable and efficient
consumption for better digestive health. The
importance for preserving antibiotic sensitivity to
reduce the possibility of spreading antibiotic
resistance genes was highlighted in a recent analysis
that evaluated possible concerns related to the transfer
of antibiotic resistance from probiotic strains (Bilal et
al., 2021). Continuing to salt tolerance, a study by
khusboo et al. (2023) found that both of the lactic acid
bacteria isolates, which came from fermented milk,
survived at 4% and 6.5% NaCl concentrations,
respectively. In a similar way, in the analysis by
Khedid et al. (2009), half of LAB isolated from camel
milk flourished at 40°C (Khedid et al., 2009).
Remarkably,  bacteria ~ within  the  Bacillus
licheniformis  (BAL) group exhibited high
halophilicity, showing growth in the presence of
around 5-30% salt concentration (Nguyen et al., 2024;
Di Martino et al., 2023). Lactic acid bacteria (LAB)
genera  like  Leuconostoc, Pediococcus, and
Lactobacillus thrive under high NaCl concentrations.

However, our strains (L-A, L-C, L-D, and L-E)
displayed negligible growth at 10% NaCl after 48
hours, except for L-B, which showed prominent salt
tolerance. These exclusive features of LAB strains
grasp aptitude for probiotic applications, including
bacterial growth substitution and valuable metabolite
production. Our study authorizes optimal growth at
37°C, remarkable tolerance to 10% NaCl, and
condensed growth at both 10 and 42°C, highlighting
their potential as probiotics for industrial and
conservation purposes. For actual foundation within
the host's gut, probiotics must show resistance not
only to bile salts but also to the acidic atmosphere of
the stomach. The gastric juice's acidic secretion,
with a pH around 2.0, shows a noteworthy challenge,
leading to decline of most external microorganisms
upon entry into the gut. Hence, the survival of
probiotic bacteria in acidic environments (pH 1.0 to
pH 3.0) and high bile salt concentrations for at least
90 minutes is impressive (Lim & Im, 2009; Xing et
al., 2016). In this research, it was endeavored to
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estimate the capability of these lettuce-derived
probiotic isolates to tolerate acidic conditions. The
results indicated that after 24 hours of incubation,
the isolates exhibited good conflict to pH levels of
2.0 and pH 3.0. However, it's remarkable that the
probiotic count began to deterioration after 24 hours,
suggesting that there may be restrictions to their
flexibility in continued acquaintance to low pH
levels. The current result aligns with the perception
that probiotics can endure the stomach's acidity to
some range. Further results of bile salt tolerance test
are displayed in figure 9. Antimicrobial resistance in
lactic acid bacteria (LAB) is a growing concern,
impacting both human health and the efficacy of
probiotic applications (Zhu et al., 2019). In our
study, the five strains isolated from lettuce exhibited
variable  resistance patterns to  antibiotics,
emphasizing the need for careful selection and
evaluation of LAB strains for probiotic use. Our
findings align with previous research that evaluated
43 strains of LAB from Chinese yogurts, revealing

widespread resistance to antibiotics such as
ampicillin, chloramphenicol, tetracyclines,
lincomycin, streptomycin, neomycin, and

gentamycin among the strains tested (Huang &
Adams, 2004). Specifically, our study's resistance
patterns in LAB strains are comparable to the high
resistance observed in Lactobacillus bulgaricus and
Streptococcus thermophilus strains to multiple
antibiotics, including kanamycin, which all tested
strains were resistant to. Additionally, the presence
of resistance genes such as tet(M), ant(6), and
aph(3")-1lla in the Chinese yogurt study underscores
the potential for these genes to be horizontally
transferred, a concern also relevant to our findings
Azat et al. (2016).

These insights highlight the importance of
understanding LAB's antibiotic resistance suggest
for effective probiotic development and safety.16S
rDNA patterns are a reliable and economical means
to identify probiotic microorganisms, according to
FAO/WHO standards (Binda et al., 2020). The
present investigation exploited 16S rRNA
sequencing to identify isolated organisms. The
results verified that L-A corresponded to
Enterococcus faecium, L-B to Enterococcus lactis,
L-C to Enterococcus durans, L-D to Lactobacillus

paracasei, and L-E to Lactobacillus casei.
According to Haghshenas et al. (2017),
Enterococcus faecium supports digestion and

preserves intestinal integrity, both of which are
factors in gut health. Enterococcus lactis and
Enterococcus durans strengthen the immune
system, improve digestive health, and prevent
diarrhea caused on by antibiotics (Goyal et al.,
2013). Contributing to a balanced gut microbiota,

Lactobacillus  paracasei  enhances immune
function, lowers infection risk, and supports
digestive health. Lactobacillus casei improves

lactose digestion, which helps people with lactose
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intolerance (Goyal et al., 2013).

CONCLUSION

This study found that probiotic bacteria isolated from
fresh lettuce leaves exhibited essential characteristics,
including bile and acid tolerance, which are vital for
effective gut colonization and pathogen resistance.
These traits suggest that all isolates qualify as
potential probiotics. Identifying such beneficial
microorganisms in lettuce could pave the way for
developing probiotics tailored for fruits and
vegetables, enhancing food safety and nutrition. This
approach may also improve quality control in the food
and agriculture sectors, ensuring safer vegetable
consumption. Further research in this area could
uncover insights into the relationship between
probiotics and plant surfaces, fostering advances in
food preservation and innovative applications in
agriculture and medicine.
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