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ackground: We recently isolated five strains of lactic acid bacteria (LAB) from honey and identified 

them via 16S ribosomal RNA gene sequencing. The sequences were deposited in the NCBI GenBank 

database and given the corresponding accession numbers: OL539410 to OL539414. Since LAB are well 

known for their probiotic properties, in this study, we characterized the probiotic potential and safety of 

these isolates. 

Methods: Five LAB strains, including two strains of Lacticaseibacillus  rhamnosus and three strains of 

Enterococcus faecium isolated from honey samples, were examined for their probiotic potential through acid 

and bile salt resistance assays, bacterial cell surface hydrophobicity, autoaggregation, and coaggregation 

assays. In addition, cell free culture supernatant antibacterial activity of mentioned LAB strains was tested 

against E. coli (ATCC 25922), P. aeruginosa (ATCC 27853), K. pneumoniae (ATCC 13883), S. aureus (ATCC 

25923), S. epidermidis (ATCC 12228), and S. pneumoniae (ATCC 6303) Further tests, such as those measuring 

hemolytic activity and antibiotic susceptibility, were also performed to evaluate their safety profile. 

Results: All the LAB strains tolerated and survived the simulated gastrointestinal conditions: pepsin at acidic 

pH (3.0) and bile salt concentration (0.3%) at alkaline pH (8.0), with different levels of viability. According to 

antibacterial assays, L. rhamnosus (P0-2 L) and E. faecium (P0-4 L) exhibited the strongest inhibitory 

activities. Also, L. rhamnosus (P0-2 L) demonstrated high adhesive and aggregative properties. All strains 

tested negative for hemolytic activity, indicating safety for human consumption. 

Conclusion: This study revealed that L. rhamnosus derived from Sidr honey may be used as a potential 

probiotic. This study also showed that honey from different regions can contain probiotics. 
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Introduction 

Probiotic-containing food is in great demand 

worldwide because of the ongoing and active creation 

of research evidence indicating potential health 

benefits for its users. There are many different products 

that include probiotics, such as fermented dairy 

products, functional foods, and dietary supplements, 

which have been shown to have health benefits [1]. 

Natural food products and supplements have been 

most extensively accepted as vehicles for probiotic 

delivery, improving overall community health [2]. 

However, it is still unclear whether probiotics from 

supplements can withstand bile salts and acids, which 

could reduce their ability to offer health advantages [3]. 

Owing to the buffering effects of food on probiotics as 

they pass through the digestive tract, the availability of 

essential nutrients that maintain probiotic bacterial 

activity and efficacy, the synergistic effects of dietary 

components that promote probiotic growth, and 

consumer preferences for food containing probiotics 

over capsules, tablets, and other therapeutic 

formulations, foods may therefore be preferred over 

probiotic supplements [4]. An organism must meet 

certain criteria to qualify as a probiotic: it must be 

essentially nonpathogenic, tolerant of acidic pH and 

high quantities of bile salts, able to decrease pathogens 

attachment to mucosal surfaces and the ability to 

adhere to epithelial cells, and exhibit antibacterial 

activity against potential pathogens [5]. Furthermore, 

these organisms should not transfer antibiotic 

resistance genes through horizontal genetic 

mechanisms to potential pathogens [6]. 

Lactobacilli, bifidobacteria, and enterococci are the 

three types of probiotic bacteria that are widely used. 

According to research studies, probiotics can be 

beneficial for the human body in numerous ways [7]. 

The results from such studies include successful reports 

of probiotics adjuvant treatment for infectious 

diarrhea, diarrhea induced by chemotherapy and 

antibiotics, irritable bowel syndrome, Crohn’s disease, 

Clostridioides difficile colitis, and ulcerative colitis[8]. 

Furthermore, probiotics have a profound effect on the 

stimulation of the immune system, anti-cancer 

properties, antimicrobial properties, lowering 

cholesterol levels, anti-high blood pressure effects, and 

lowering adverse symptoms associated with lactose 

intolerance[9]. The latest research studies highlight the 

microbes origin probiotic substances and provide 

health benefits against different clinical conditions, 

like diabetes mellitus, mental and cardiac diseases [10]. 

Although dairy products have long been used as 

carriers for probiotics, they have several adverse 

effects, including lactose intolerance and milk protein 

allergies. Consequently, there is a growing body of 

research investigating nondairy foods such as 

vegetables, fruits, cereals, and honey as potential 

probiotic carriers [11]. 

The compounds present in honey defend against 

oxidative stress, exert prebiotic effects, and lower 

redox potential, all of which encourage the growth of 

probiotics [12]. According to recent research, honey 

contains a variety of LAB with probiotic properties [13].  

The isolation of probiotic bacteria from sources other 

than dairy can increase the possibilities of obtaining 

probiotic bacterial strains with substantial functional 

properties. In the current study, we have isolated five 

strains of LAB from Somra, Talah, and Sidr honey, 

including two strains of L. rhamnosus and three E. 
faecium strains. These strains were identified by 

traditional phenotypic methods and also 

characterization by 16S rRNA gene sequence 

analysis[14]. To the best of our knowledge, so far the 

probiotic properties of lactic acid bacteria isolated from 

Saudi honey have never been conducted. The traits of 

probiotics differ by the type of strains, it is highly 

recommended to do further investigations to enhance 

our understanding of the probiotic capabilities of novel 

LAB strains. The current research study was based on 

the guidelines outlined by the Food and Agriculture 

Organization and World Health Organization, with the 

prime objective of evaluating the safety and probiotic 

properties of honey-derived LAB strains. 

Methods 

Bacterial Strains 

A total of five LAB strains were used in this study to 

evaluate their probiotic potential, comprising two 

strains of L. rhamnosus and three strains of E. faecium. 
The LAB strains were isolated from the following honey 

types: Somra, Talah, and Sidr, which were produced by 

Apis mellifera jementica (a subspecies of the western 

honey bee), from the Aseer and Al-Baha regions of 

Saudi Arabia. The 16S ribosomal RNA gene sequencing 

was performed to characterize these strains and the 

sequences were submitted to the NCBI GenBank 

database and assigned the corresponding accession 

numbers: OL539410 to OL539414 [14]. Furthermore, a 

reference probiotic commercial strain of L. rhamnosus 

(Protexin), was obtained from Nahdi Pharmacy in 

Jeddah. Other quality control strains tested as 

reference strains, included, S. aureus (ATCC 25923), E. 
coli (ATCC 25922), S. pneumoniae (ATCC 6303), S. 
epidermidis (ATCC 12228), P. aeruginosa (ATCC 

27853), and K. pneumoniae (ATCC 13883), were 

obtained from the Biology Department at King 

Abdulaziz University (KAU) in Jeddah, Saudi Arabia, 

and were utilized for evaluating the antimicrobial and 

coaggregation assay of the LAB strains. 

Acid and Bile Salt Resistance Assays 
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The tolerance of each LAB isolate to acid (pH 3.0) and 

bile (0.3%) was assessed using Al-Masaudi’s method 

[15]. Simulated gastric fluid was made from buffered 

peptone water. To achieve a pH of 3.0, one molar 

hydrochloric acid was used. Sterilized pepsin (Sigma, 

Spain) was added to buffered peptone water to 1000 

U/ml. Bile salts (Biolife, Italy) at 0.3% (w/v) were added 

to create simulated intestinal fluid (SIF), and sodium 

hydroxide was used to adjust the buffered peptone 

water pH to 7. LAB strains were inoculated in MRS 

broth medium (Hi Media) at 37°C for 24 h and then 

centrifuged (3500×g, 6 min). Phosphate-buffered saline 

was used to wash harvested cells before they were 

resuspended in MRS broth (pH 7.0), which served as a 

control, and MRS broth (pH 3) containing pepsin (3 g/L) 

(Sigma‒Aldrich, USA), which was adjusted with 0.1 M 

HCl and incubated at 37°C. For enumeration, aliquots 

(100 μL) were obtained after 0, 1, and 3 h, plated on 

MRS agar, and then incubated for 3 days at 37°C. After 

a 3-h incubation period in SGF, the microorganisms 

were separated via centrifugation (3500 × g, 6 min), 

transferred to SIF, and incubated for 3 h at 37°C. After 

1 and 3 h, samples (100 μL) were taken for plate 

counting. The experiment was repeated two times on 

the same day. 

Antibacterial Activity Assay 

The antibacterial activity of cell-free culture 

supernatants (CFCSs) of LAB against selected ATCC 

strains, including E. coli (ATCC 25922), P. aeruginosa 

(ATCC 27853), K. pneumoniae (ATCC 13883), S. aureus 

(ATCC 25923), S. epidermidis (ATCC 12228), and S. 
pneumoniae (ATCC 6303), was assessed by an agar well 

diffusion assay based on the procedure described by 

Hussain et al. (2015)[16] with slight modifications. 

Briefly, the CFCS of LAB was obtained via 

centrifugation (3500 × g for 5 min) and filtration of the 

overnight culture of each isolate of LAB inoculated in 

MRS broth under anaerobic conditions at 37°C. 

Overnight cultures of ATCC reference strains were used 

to inoculate (107 colony-forming units) Muller‒Hinton 

agar plates (20 ml/plate). Using a sterile agar drill, 7-

mm wells were punched in the inoculated agar plates. 

Each designated well was then filled with one hundred 

twenty microlitres of CFCS from each isolate of LAB. 

The same volume of MRS broth was used as a negative 

control. For 24 h, the plates were incubated at 37°C. On 

the same day, experiments were replicated, and the 

mean ± standard deviation (SD) was calculated to 

determine the inhibitory zone. L. rhamnosus, a 

probiotic strain available commercially, served as the 

control. 

Hydrophobicity Assay 

The basic idea of this method is to gauge the affinity of 

the suspension for the hydrocarbon solvent xylene. The 

LAB strains were cultured for eighteen h at 37°C in 

MRS broth and then centrifuged (1500 × g for 15 min). 

After the medium was removed, the cells were washed 

and resuspended in phosphate-buffered saline (PBS) at 

pH 7.4. The absorbance was set at approximately 0.25 

±0.05 (A0) to maintain a uniform count of bacteria (107-

108 CFU/mL). An equal volume of xylene (Brixworth 

Northants, UK) was then added. After a 10-minute 

preincubation at 37°C, the cell suspensions were 

vortexed for 2 minutes and incubated at 37°C for 1 hour 

to separate the aqueous and organic phases. The 

hydrophobicity assay was conducted to determine the 

microbes' ability to adhere to hydrocarbons, which is a 

marker for gut epithelial cell adherence. The procedure 

by which LAB cell surfaces adhere to hydrocarbons is 

called microbial adhesion to hydrocarbons (MATH) 

[17].  

This method measures the suspension's xylene 

affinity. The LAB strains were incubated in MRS broth 

at 37°C for 18 hours before centrifuging at 1500 g for 15 

minutes. The media was discarded, and cells were 

washed and resuspended in PBS set at pH 7.4. The 

bacterial concentration was adjusted to 107-108 CFU/mL 

by measuring absorbance at 0.25 ± 0.05 (A0). Next, we 

added an equal volume of xylene (Brixworth, 

Northants, UK). After incubating the mixture for 10 

minutes at 37°C, vortexed for 2 minutes and then 

incubated the suspension for 1 hour to separate the 

aqueous and organic phases. After incubation, the 

aqueous phase was carefully removed, and its 

absorbance was measured at 600 nm (A1). The 

following formula was used to calculate the percentage 

of bacteria adhering to the solvent: 

Bacterial cell surface hydrophobicity % = 1 - (A1/A0) × 

100 

A1 = absorbance at 1 h (600 nm), 

A0 = absorbance at 0 h (600 nm). 

Autoaggregation assay and coaggregation assay 

A spectrophotometry approach was used to assess the 

aggregation activity of the isolates. For eighteen h, the 

isolates were cultured in MRS media at 37°C. 

Centrifugation was used to harvest the cultures for 15 

minutes at 5,000 × g to obtain the turbidity of the 

bacterial suspensions, which were adjusted to 0.5 

(approximately 108 CFU/mL), washed 3 times with 

phosphate-buffered saline (PBS), and then resuspended 

in the same buffer following overnight incubation. 

After that, for four hours without stirring, the mixture 

was vortexed and incubated at 37°C. The percentage of 

autoaggregation was calculated as % = 1 - (ODt/OD0) × 

100, where ODt and OD0 represent the absorbances at 

4 h and 0 h (620 nm), respectively. In the same manner, 

as in the autoaggregation assay, bacterial suspensions 

for coaggregation were made. Equal amounts of S. 
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aureus (ATCC 25923), E. coli (ATCC 25922), and LAB 

isolate bacterial suspensions were mixed and incubated 

at 37°C for 24 h without agitation for coaggregation 

analysis. Coaggregation was determined using the 

formula coaggregation % = [(Apath + ALAB)/2 - (Amix)/(Apath 

+ ALAB)/2] × 100, where Apath and ALAB indicate the OD of 

tubes containing pathogens and LAB, respectively, and 

Amix is the OD of tubes containing the mixture, 

calculated at 620 nm. 

Hemolytic activity analysis 

To assess hemolysis, the LAB isolates were grown in 

MRS media for 24 h at 37°C. The isolates were then 

streaked on a blood agar (HiMedia) plate containing 5% 

(w/v) sheep blood for 48 h. If a halo formed around the 

colonies or a change in the color of the media was 

observed, the result was considered positive. 

Antibiotic Susceptibility Assay 

The antimicrobial susceptibility of five isolated LAB 

strains and one probiotic strain sold commercially, L. 
rhamnosus (Con-6 L), was assessed via the 

conventional disc diffusion method [18]. To prepare the 

overnight culture in the appropriate media, a single 

colony of each isolate was picked. After being diluted to 

approximately 105 CFU/mL, 200 μL of the inoculum was 

equally spread on MRS agar plates and allowed to dry 

for 15 minutes at room temperature. Antibiotic-

containing discs (MAST Diagnostics, Merseyide, UK) 

were applied to the plate using sterile forceps. 

Following a 16-h incubation period at 37°C, the sizes of 

the inhibitory zones were calculated. The isolates were 

grouped as resistant (≤15 mm), intermediate (16–20 

mm), or sensitive (≥21 mm) as described previously in 

the literature[18]. Antibiotic susceptibility tests were 

carried out with 16 antibiotics (Table 4). 

Results 

Acid and Bile Salt Resistance Assays 

The tolerances of the LAB honey isolates and the 

commercially available L. rhamnosus strain (Con-6 L) 

to simulated gastric and intestinal fluids were 

determined at different time intervals (after 1 h and 3 

h), as shown in Table 1 and Fig. 1. All the LAB strains 

survived and maintained a viable count after 1 and 3 h 

at pH 3 in the gastric fluid. Similarly, they also 

tolerated and survived in intestinal fluid containing 

0.3% bile at pH 8, maintaining viability for 3 h. As 

benchmarks for probiotic culture acid and bile 

tolerance, survival at pH 3 for two h and growth in a 

medium supplemented with 0.3% bile acid were 

recognized. Compared with the commercially available 

L. rhamnosus strain, there was no significant difference 

in the viability of all the tested strains; rather, E. 
faecium (P0-4 L) had a greater survival rate (42.16%) in 

the gastric fluid after 3 h than the L. rhamnosus strain 

(Con-6 L) (29.00%). Similarly, E. faecium (P01-1 L) also 

had a much greater survival rate (50.72%) in the 

intestinal fluid after 3 h than did the control strain 

(30.52%). E. faecium (P01-1 L) had the lowest survival 

rate (23.41%) in the simulated gastric fluid after 3 h, 

and L. rhamnosus (P14-5 L) had the lowest survival rate 

(23%) in the simulated intestinal fluid after 3 h.  

Antimicrobial Activity 

The antibacterial activity of cell-free culture 

supernatants (CFCSs) obtained from LAB strains 

against selected human pathogens is summarized in 

Table 2. The antagonistic activity of these strains was 

compared to that of L. rhamnosus (Con-6 L), a 

commercial probiotic strain. With varying degrees of 

antibacterial activity, the majority of the CFCSs of the 

tested LAB were able to inhibit the growth of selected 

pathogens. The CFCSs L. rhamnosus (P0-2 L) and E. 
faecium (P0-4 L) inhibited all the tested pathogenic 

bacterial isolates, similar to commercially available 

probiotic strains (Con-6 L) (Table 2). However, the 

CFCSs of Lacticaseibacillus  rhamnosus (P14-5 L) did 

not show antagonistic activity against any of the tested 

pathogenic isolates. E. faecium (P01-1 L and P0-3 L) 

CFCSs showed variable or limited antibacterial activity 

against the tested pathogens; P. aeruginosa and K. 
pneumoniae were not inhibited by the CFCSs of E. 
faecium (P01-1 L), whereas S. aureus and S. 
epidermidis were resistant to the CFCSs of E. faecium 

(P0--3 L). The growth of the other tested pathogens 

was inhibited by E. faecium (P01-1 L and P0-3 L). This 

means that antibacterial activity does not exist in all 

lactic acid bacteria; rather, it is strain-specific. The 

CFCSs of E. faecium (P0-4 L) showed maximum 

inhibition (14 ± 0.5 mm) against E. coli, which was even 

greater than that of the control probiotic strain. 

Cell Adhesion Activity of Isolates 

The ability of LAB to adhere to intestinal epithelial 

cells is crucial for maintaining the presence of bacteria 

in the human gastrointestinal system since it can 

promote competition with other pathogenic microbes. 

The intestinal adhesion parameters are used in the 

selection of probiotic bacteria. Table 3 shows that the 

hydrophobicity values of the tested strains are variable 

in this study, ranging from 32.66 ± 0.35% to 72.25 ± 

0.50%. A difference in hydrophobicity was observed 

among the tested isolates, even between the same 

species. Compared with the other isolates, L. 
rhamnosus (P0-2 L) was more hydrophobic (72.25 ± 

0.50%) and even more hydrophobic than the control 

strain (42.20 ± 0.45%). In terms of adhesiveness, this 

isolate might be considered a possible probiotic 

culture. Variations in cell surface hydrophobicity are 

due to differences in the level of protein expression on 

the cell surface and in environmental conditions. The 
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study findings demonstrated that every strain had a 

different autoaggregation percentage, ranging from 

8.17 ± 0.57% to 55.12 ± 0.35% after 4 h. L. rhamnosus 

(P14-5 L and P0-2 L) presented the highest 

autoaggregation percentages of 55.12 ± 0.35 and 46.86 

± 0.22%, respectively, after 4 h. Coaggregation analysis 

was performed with S. aureus and E. coli (Table 3). The 

ability of all the tested probiotic strains to aggregate 

with pathogenic bacteria was demonstrated; however, 

the rates of coaggregation varied among the isolates. 

The bacterial isolate E. faecium (P0-3 L) had the 

greatest coaggregation percentage (22.76 ± 0.63%), 

whereas L. rhamnosus (P14-5 L) had the lowest 

coaggregation percentage with E. coli. Overall, all the 

tested isolates exhibited greater percentages of 

coaggregation with E. coli than with S. aureus. 

Antimicrobial Susceptibility Pattern 

The isolates were divided into three groups: resistant 

(≤15 mm), intermediate (16–20 mm), and sensitive (≥21 

mm)[18]. The examined LAB strains demonstrated 

varying levels of antibiotic susceptibility. The isolates 

were susceptible to 13 of the 16 tested antibiotics, and 

resistance to sulfamethoxazole, colistin sulfate, and 

fusidic acid was detected in 100% of the isolates (Table 

4). 

Discussion 

Honey has great nutritional and therapeutic value and 

is widely consumed worldwide. In both human and 

veterinary medicine, honey has been revived as a 

treatment for mild to moderate burns, skin ulcers, 

gastrointestinal disorders, allergic coughs, and infected 

wounds [19]. Owing to the presence of prebiotics, zinc, 

phenolic compounds, reducing sugars, and organic 

acids, its matrix offers the perfect environment for 

probiotic bacteria. However, honey, being a natural 

compound, exhibits variability in content and 

composition based on its botanical origin, geographical 

areas, and climatic conditions.  The ability of probiotic 

bacteria to survive in the digestive system is the most 

crucial component of probiotic research; however, 

there are certain other barriers to their survival. The 

two most important criteria for choosing probiotic 

strains are tolerance to low stomach pH and high 

concentrations of bile salts [20]. The stomach pH is 

approximately 3.0, whereas severe GIT conditions are 

typically simulated in vitro at a pH of 2.0. In this study, 

all five tested LAB isolates were able to survive with 

varying degrees of viability in simulated gastric fluid at 

pH 2.0 after 3 h of incubation. (Table 1, Fig. 1). These 

results are consistent with earlier research showing 

that LAB strains isolated from honey survive 

moderately to well in simulated gastric juice at a pH of 

2.0 [21]. The ability of LAB to withstand acid is a 

beneficial characteristic that enhances their ability to 

ferment food, restores a balanced gut microbiome, and 

has several other beneficial effects on human health. 

In the present study, P0-2 L, P14-5 L, and Con-6 L 

were found to belong to the same species of L. 
rhamnosus but exhibited differences in viability at pH 3 

in the presence of pepsin and pH 8 in the presence of 

bile salts. These results are consistent with previous 

studies suggesting that resistance to gastric acidity 

varies depending on the duration of incubation and is 

strain-dependent [22]. Similarly, P01-1 L, P0-3 L, and 

P0-4 L are Enterococcus faecium species, but their 

viability differs under simulated gastric and intestinal 

conditions (Table 1, Fig. 1). It is commonly recognized 

that distinct bacterial strains belonging to the same 

genus and species can have entirely distinct effects on 

their host. As a result, each strain's unique 

characteristics should be identified, and each strain's 

impact on health should be evaluated individually in 

clinical trials. 

It is well-recognized that probiotics, such as 

Lacticaseibacillus, Enterococcus, and Bifidobacterium, 

prevent the growth of numerous intestinal pathogens 

in humans. In this study, we described the inhibitory 

activity of CFCS from a total of six LAB isolates 

(including one L. rhamnosus control strain), namely, L. 
rhamnosus and E. faecium, against clinically important 

pathogens. The tested LAB strains exhibited varying 

levels of antagonistic activity against the selected 

pathogens (Table 2). The CFCSs derived from L. 
rhamnosus (P0--2 L) and E. faecium (P0--4 L) 

demonstrated broad-spectrum activity against 

pathogenic microbes. P0-3 L, on the other hand, 

inhibited all gram-negative bacteria but was unable to 

inhibit gram-positive bacteria other than S. 
pneumoniae. P01-1 L inhibited all the gram-positive 

bacteria but did not impede the growth of all the gram-

negative bacteria except E. coli. P14 did not inhibit any 

of the tested pathogenic bacteria. The results clearly 

show that the antibacterial activity of LAB against 

pathogenic bacteria is strain-specific, which is 

consistent with the results of previous studies [23]. 

One of the principal criteria for the selection of 

presumed probiotic strains is their ability to adhere to 

the intestinal epithelium and subsequently colonize 

the gastrointestinal tract. A study conducted by Lee 

and Yii (1996) classified bacterial strains into three 

groups on the basis of their degree of adherence to 

hydrocarbons: a bacterial cell is considered strongly 

hydrophobic if its adhesion percentage is at least 50%, 

hydrophile if it is less than 20%, and moderately 

hydrophobic if the rate falls within these two ranges 

[24]. Based on these criteria, E. faecium (P01-1 L), L. 
rhamnosus (P0-2 L), and E. faecium (P0-3 L) were 

strongly hydrophobic, whereas E. faecium (P0-4 L), L. 
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rhamnosus (P14-5 L), and L. rhamnosus (Con-6 L) were 

moderately hydrophobic (Table 3). There were no 

strains that were hydrophiles. The results showed that 

the three tested isolates displayed greater 

hydrophobicity than did the commercially available 

probiotic strain L. rhamnosus (Con-6 L). 

To eliminate the pathogenic bacteria from the 

digestive tract, the coaggregation is a desired feature of 

probiotics, needed for inhibiting adherence to the host 

tissue. Therefore, the probiotics initial screening 

methods employed pathogenic bacterial coaggregation 

assay, signifying its safety for both humans and 

animals, as described by Dlamini et al. (2019)[25]. All 

LAB strains were coaggregated with pathogenic strains, 

depending on the combination of the strain and the 

pathogen [25]. On the contrary, one study reported no 

coaggregation between the pathogens and LAB isolates 

examined [26]. In this study, all the tested LAB isolates 

presented moderate to high percentages of 

colonization attributes, including cell surface 

hydrophobicity, coaggregation, and autoaggregation. 

Among them, E. faecium (P0-3 L) presented the highest 

percentage of these properties. Safety aspects of 

probiotic strains are of utmost importance and prior to 

marketing probiotic cultures, safety factors like 

hemolysis in blood agar media must be assessed. In this 

study, the LAB strains showed no hemolytic activity on 

5% sheep blood agar after 48 hours of incubation at 

37°C. These findings suggest that LAB isolates may be 

safe for human consumption. Previous studies [27] 

findings are in concordance with our study findings. 

When evaluating the safety of probiotics, resistance 

to antibiotics is another crucial index parameter; 

therefore, the susceptibility of all potential probiotic 

strains to a variety of widely prescribed antibiotics 

should be evaluated. This process is crucial for 

identifying putative probiotic microorganisms that 

carry genes for transferable antibiotic resistance, which 

could be harmful to the host [27]. The results revealed 

that all the tested LAB isolates were susceptible to 

several different antibiotic classes (Table 4). However, 

they were resistant to fusidic acid, sulfamethoxazole, 

and colistin sulfate. Generally, antibiotic resistance in 

LAB does not represent a safety risk by itself when 

intrinsic resistance mechanisms or mutations cause a 

resistance phenotype; rather, the use of antibiotic-

resistant LAB as a probiotic is advantageous since these 

bacteria can withstand antibiotic treatment and restore 

the gut microbiota [28]. Sulfamethoxazole, colistin 

sulfate, and fusidic acid resistance in LAB has been 

reported in previous studies and has always been linked 

to their innate and intrinsic resistance, most likely as a 

result of their membrane impermeability and cell wall 

structure, supplemented in certain instances by 

potential efflux mechanisms [29]. The major limitation 

of our study is that we could not check the probiotic 

properties of isolated lactic acid bacteria in animal 

models due to time and financial constraints. 

Researchers have been interested in 

Lacticaseibacillus  strains for a long time because of 

their possible use in the food sector and 

gastrointestinal tract disorders as probiotics. L. 
rhamnosus (P0-2 L) isolated from Sidr honey has 

potential probiotic characteristics, such as acid 

resistance and bile salt tolerance, a broad spectrum and 

potent antagonistic potential against six clinically 

important pathogens, even better than that of the 

commercially available probiotic strain L. rhamnosus, 

which has remarkably high adhesive potential and good 

autoaggregation capacity. With respect to the 

assessment of safety, the strain was negative for 

hemolytic activity and resistant to three out of sixteen 

tested antibiotics. The resistance of LAB to these 

antibiotics is generally innate and intrinsically driven, 

suggesting that this strain is nonvirulent and thus safe 

for human consumption. 

 

 
Figure 1: Viable lactic acid bacteria counts of E. faecium (P01-1 
L), L. rhamnosus (P0-2 L), E. faecium (P0-3 L), E. faecium (P0-4 L), 
L. rhamnosus (P14-5 L), and L. rhamnosus (Con-6 L) (log 
CFU/mL) in gastrointestinal simulated fluids at pH 3 and pH 8 
across varying time spans (gastric simulated fluid: 0, 1 and 3 h; 
intestinal simulated fluid: 0, 1, and 3 h). 

 
Figure 2a: Antibacterial activities of lactic acid bacteria against 
E. coli; 2b: detection of hemolysis activity; 2c: zone of inhibition 
(mm) of the multiantibiotic disk diffusion assay against isolated 
bacterial isolates 
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Strain ID Isolates 

Initial viable counts 

(CFU/mL) 

Survival rates in Survival rates in 

Pepsin at pH 3 (%) Bile salts (0.3%) at pH 8 (%) 

0 h 1 h 3 h Survival rates % 1 h 3 h Survival rates % 

P01-1 L E. faecium 1.1×107 4.6×106 2.57×106 23.41 7.1×106 5.58×106 50.72 

P0-2 L L. rhamnosus 1.8×107 7.2×106 5.4×106 30 1.29×107 6.22×106 34.56 

P0-3 L E. faecium 1 ×107 4.3×106 3.44×106 34.4 6.3×106 4.22×106 42.21 

P0-4 L E. faecium 1.5 ×107 9.3×106 6.32×106 42.16 8.4×106 3.27×106 21.84 

P14-5 L L. rhamnosus 2 ×107 9.8×106 7.35×106 36.75 7.6×106 4.6×106 23 

Con-6 L L. rhamnosus 1.9 ×107 1.1×107 5.5×106 29 8.3×106 5.8×106 30.52 

Table 1: The survival rates of five lactic acid bacteria (LAB), including E. faecium (n=3 strains), L.rhamnosus (n=2 strains), and one L. 
rhamnosus commercial control strain, were evaluated in simulated gastrointestinal fluids containing pepsin (at pH 3) and bile salts 
(at pH 8) at two distinct time points: one and three hours. 

Pathogenic 

bacteria 

Inhibition zone (mm) against pathogenic bacteria 

P01-1 L P0-2 L P0-3 L P0-4 L P14-5 L Con-6 L MRS 

broth 

E. coli 9 ± 0.5 11 ± 0.5 11 ± 0.5 14 ± 0.5 NI 10 ± 0.5 NI 

P. aeruginosa NI 12 ± 0.5 13 ± 0.5 11 ± 0.5 NI 12 ± 0.5 NI 

K. pneumoniae NI 10 ± 0.5 11 ± 0.5 12 ± 0.5 NI 11 ± 0.5 NI 

S. aureus 10 ± 0.5 13 ± 0.57 NI 9 ± 0.5 NI 9 ± 0.5 NI 

S. epidermidis 12 ± 0.5 11 ± 0.5 NI 11 ± 0.5 NI 11 ± 0.5 NI 

S. pneumonia 11 ± 0.5 12± 0.5 9 ± 0.5 12± 0.5 NI 10 ± 0.5 NI 

Table 2: Antibacterial efficacy of cell-free culture supernatants measured in milliliters from five lactic acid bacterial strains, 
comprising three E. faecium strains, two L. rhamnosus strains, and one control strain of L. rhamnosus, against pathogenic bacteria 
including E. coli, P. aeruginosa, K. pneumoniae, S. aureus, S. epidermidis, and S. pneumoniae. 
P01-1 L; Enterococcus faecium, P0--2 L; Lacticaseibacillus  rhamnosus, P0--3 L; Enterococcus faecium, P0--4 L; Enterococcus faecium, 
P14--5 L; Lacticaseibacillus  rhamnosus, Con-6 L; Lacticaseibacillus  rhamnosus. (NI); no inhibition zone, and MRS broth was used as a 
negative control. 

Strain ID Isolates Hydrophobicity (%) 
Coaggregation (%) 

Autoaggregation (%) 
Hemolysis 

activity S. aureus E. coli 

P01-1 L E. faecium 57.6 ± 0.53 8.19 ± 0.13 14.19 ± 0.25 36.15 ± 0.13 Nh 

P0-2 L L. rhamnosus 72.25 ± 0.50 6.56 ± 0.22 12.50 ± 0.57 46.86 ± 0.22 Nh 

P0-3 L E. faecium 57.66 ± 0.35 9.76 ± 0.83 22.76 ± 0.63 18.76 ± 0.95 Nh 

P0-4 L E. faecium 36.78 ± 0.25 6.84 ± 0.57 18.04 ± 0.35 24.66 ± 0.03 Nh 

P14-5 L L. rhamnosus 32.66 ± 0.35 3.12 ± 0.30 11.12 ± 0.30 55.12 ± 0.35 Nh 

Con-6 L L. rhamnosus 42.20± 0.45 7.17 ± 0.50 26.17 ± 0.57 48.17 ± 0.57 Nh 

Table 3: Cell surface hydrophobicity, autoaggregation, and coaggregation assays (against S. aureus and E. coli) of 5 lactic acid 
bacteria strains including E. faecium (n=3 strains), L. rhamnosus (n=2 strains) and one L. rhamnosus control strain. 
Nh; no hemolysis, P01-1 L; Enterococcus faecium, P0-2 L; Lacticaseibacillus  rhamnosus, P0-3 L; Enterococcus faecium, P0-4 L; 
Enterococcus faecium, P14-5 L; Lacticaseibacillus  rhamnosus, Con-6 L; Lacticaseibacillus  rhamnosus. 

Antibiotic 
Inhibition zone (mm) 

P01-1 L P0-2 L P0-3 L P0-4 L P14-5 L Con-6 L 

PG Penicillin G 20 ± 0.5 18 ± 1 24 ± 0.5 22 ± 0.57 26 ± 1 19 ± 1 

E Erythromycin 27 ± 1 21 ± 0.5 16± 1 28 ± 0.57 24 ± 1 17 ± 0.57 

CD Clindamycin 24 ± 2 28± 0.5 22 ± 1 20 ± 0.5 26 ± 1 30 ± 0.5 

FC Fusidic acid 12 ± 2 13± 0.5 13 ± 0.57 12 ± 1 14± 0.57 10 ± 0.57 

GM Gentamicin 25± 1 22 ± 0.5 28 ± 1 19 ± 1 26 ± 1 24 ± 1 

TM Trimethoprim 19± 2 23± 2 18± 2 25 ± 0.5 22± 2 28 ± 0.57 

SMX Sulphamethoxazole - - - - - - 

T Tetracycline 18 ± 0.5 25 ± 0.5 21 ± 0.57 23 ± 0.5 20 22 ± 0.57 

AP Ampicillin 25 ± 0.5 22 ± 0.57 23± 0.57 25 21± 2 22 ± 0.5 

CO Colistin sulphate - - - - - - 

KP Cephalthin 17 ± 0.57 19± 0.5 18 ± 0.5 20 ± 0.5 17 ± 1 17 ± 0.57 

S Streptomycin 24  ± 0.57 19 ± 0.57 25 ± 1 20± 1 22 ± 0.5 21 ± 1 

ST Sulphatriad 18 ± 1 22 ± 0.5 20± 0.5 19 ± 0.57 17± 2 20 ± 0.57 

TS Cotrimoxazole 16 ± 2 18 ± 0.57 16  ± 0.5 20 ± 1 17 ± 0.5 16 ± 0.57 

OX Oxacillin 22 ± 2 21 ± 1 23 ± 1 24 ± 0.5 20 ± 0.57 22 ± 1 

NO Novobiocin 18 ± 1 17 ± 0.57 16± 2 20 ± 0.57 18 ± 0.57 20 ± 0.5 

Table 4: Antibiogram of five lactic acid bacterial strains including E. faecium (n=3 strains), L. rhamnosus (n=2 strains), and one L. 
rhamnosus control strain against different classes of antibiotics as determined by disc diffusion method. 
P01-1 L; Enterococcus faecium, P0-2 L; Lacticaseibacillus  rhamnosus, P0-3 L; Enterococcus faecium, P0-4 L; Enterococcus faecium, 
P14-5 L; Lacticaseibacillus  rhamnosus, Con-6 L; Lacticaseibacillus  rhamnosus. A dash (-) indicates no inhibition zone 
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