
Natural Resources for    
Human Health 
eISSN: 2583-1194 

 

885 
 Natural Resources for Human Health (NRFHH) 

https://nrfhh.com 

Original Research 

Received 15 July 2026   

Revised 08 Aug 2026   

Accepted 23 Aug 2026 

 

Natural Resources for Human 

Health 2026, Vol. 6 (18s): 885–901 

 

KEYWORDS: 

Acid tolerance, Antimicrobial 

activity, Antioxidant activity, Bile 

salt tolerance, Lactic acid bacteria, 

Probiotics 

In Vitro Characterization of Probiotic-

Associated and Safety-Related Properties of 

Five Lactic Acid Bacterial Cultures 

Chirag G Patel#, Nisha Yadav#, Anjali Sachan#, Ekta Tyagi#, 

Anand Prakash* 

Department of Bioscience and Biotechnology, Banasthali Vidyapith, Jaipur, Rajasthan - 

India, 304022 

Equal Contribution: Chirag G Patel, Nisha Yadav 

Correspondence: Anand Prakash* 

*Corresponding Author: anandpkh@gmail.com 

 

ABSTRACT: Probiotic microorganisms, particularly lactic acid bacteria (LAB), have 

been investigated for their ability to tolerate gastrointestinal conditions and inhibit 

pathogenic bacteria. In this study, five strains, Lactobacillus acidophilus, Lactobacillus 

casei, Lactobacillus rhamnosus, Lactobacillus plantarum and Lactococcus lactis, were 

characterized for a range of probiotic-associated properties. Acid and bile tolerance, 

sodium chloride tolerance, antimicrobial activity against Escherichia coli and 

Staphylococcus aureus, antioxidant activity and antibiotic susceptibility were examined. 

All five strains remained viable at pH 2.0 and tolerated bile salts at concentrations of up 

to 1.0%. During exposure to simulated gastric conditions, L. rhamnosus showed the 

highest survival, followed by L. plantarum and L. acidophilus. Antimicrobial testing 

resulted in inhibition zones of 8-11 mm against the two indicator pathogens, with L. 

rhamnosus producing the largest zones. All strains also showed DPPH radical-scavenging 

activity, ranging from 54.6% to 72.3%, and the highest value was recorded for L. 

plantarum. Preliminary phenotypic screening showed that all cultures were non-hemolytic, 

catalase-negative and non-motile under the conditions tested. The combined results 

demonstrate differences among the strains in gastrointestinal stress tolerance and 

functional activities, with L. rhamnosus and L. plantarum showing comparatively stronger 

performance in several of the evaluated assays. These findings provide a basis for further 

strain-specific assessment of their suitability for functional food and dietary applications. 

 

INTRODUCTION 

Food safety and preservation have become one of the key issues of the food industry and consumers, especially as the most 

demanded are foods with minimum processing involving longer shelf life and fewer references to chemical preservatives 

(Chauhan and Rao, 2024). This has caused an increasing interest in natural and biologically produced alternatives, in particular, 

those which are related to the traditional fermentation procedures. Of these, a key role is taken by lactic acid bacteria (LAB) 

because of their Generally Recognized as Safe (GRAS) status and because of the variety of antimicrobial metabolites that they 

generate (Abdul et al., 2023). Application of organic acids is the major cause of the antimicrobial action of LAB, as it reduces 

the amount of the surrounding environment pH. Moreover, LAB also synthesizes a number of bioactive components including 

hydrogen peroxide, diacetyl, bacteriocins and low-molecular-weight metabolites like phenyl lactic acid and cyclic dipeptides 

(Bangar et al., 2022). LAB can be used in the food preservation and therapeutic processes because of their broad-spectrum 

action against foodborne and clinical pathogens. The growing resistance of microorganisms to antibiotics has further caused 

the necessity of alternative antimicrobial approaches, and probiotic LAB have high potential to be applied here (Ibrahim et al., 

2021) Probiotics are described as viable organisms that provide beneficial physiological effects to when provided to the host in 
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sufficient quantities. Lactobacillus organisms are some of the most researched probiotic organisms of interest because of their 

presence in the gastrointestinal tract and fermented food (Maftei et al., 2024). Nevertheless, probiotic properties are very specific 

to the strain, and so functional and safety properties of individual strains must be assessed in detail. To be an effective probiotic, 

a microorganism ought to be able to endure the harsh environment of the digestive system, including acidic pH and the presence 

of bile salts and withstand conditions during transit (Fijan, 2014). Also, probiotic strains must possess antimicrobial properties 

against pathogenic microorganisms and have safety properties of non-hemolytic character and lack of harmful enzymatic 

activity. This capacity to endure osmotic stress, the generation of bioactive metabolites, and their antioxidant potential base 

more on their utility in the functional food systems (Bustos, 2025; Staniszewski and Kordowska, 2021). 

Regarding this, the current investigation was done to evaluate the probiotic characteristics of the selected lactic acid bacteria 

strains in terms of their ability to tolerate acidic pH, bile salts, and sodium chloride, antimicrobial, antioxidant and antibiotic 

resistance provisions. The results of the research work are used in the discovery of potential probiotic candidates with a high 

probability of use in the functional foods and nutraceutical particles. 

MATERIAL AND METHODS 

Bacterial Strains 

Five bacterial cultures designated as Lactobacillus acidophilus, Lactobacillus casei, Lactobacillus rhamnosus, Lactobacillus 

plantarum and Lactococcus lactis were obtained from the Research and Development Department of Century Pharmaceutical 

Ltd. and maintained as glycerol stocks at −20°C until use. Cultures were revived in MRS broth and incubated at 37°C for 24 h. 

The identification work performed in this study was phenotypic and comprised Gram staining and microscopic examination of 

cell morphology, together with the biochemical tests described below, including catalase activity and carbohydrate-fermentation 

profiling. The cultures were not identified by 16S rRNA sequencing or another molecular method; accordingly, the species 

designations in this study are based on the supplied culture labels and the phenotypic characteristics examined, rather than 

molecular confirmation. 

Revival and Maintenance of Cultures 

De Man, Rogosa and Sharpe (MRS) broth and agar revived all strains of lactic acid bacteria. Each culture was placed in 10 ml 

of MRS broth and kept at 37°C 24 h. Plates of MRS agar were also streaked with cultures and incubated under the same 

conditions. To study comparative growth, additional propagation of cultures was done in sterile soy milk medium and incubated 

for 24 h at 37°C. All further experiments were done with actively growing cultures (Gokmen et al., 2024). 

Media and Growth Conditions 

MRS agar and MRS broth were made using standard formulations with a pH and then sterilized. The Soy milk was made by 

soaking soybean over 24 h and later grind using distilled water in a 9:1 proportions (water:soybean). The slurry was filtered 

through sterile cheesecloth, autoclaved for 5 min, and incubated at 37°C for fermentation (Piazentin et al., 2020). 

Evaluation of Probiotic Characteristics 

Acidic Test 

The capacity of the strains to tolerate pH variations was determined by examining their growth in MRS broth adjusted to 

different pH levels. Sterile MRS broth (5 mL) was made using 1 N HCl or 1 N NaOH at pH levels of 2.0, 3.0, 4.0, 5.0, 6.0, 7.0, 

8.0, 9.0, and 10.0 before sterilization. 

An aliquot of 50 µL from each overnight culture was transferred into the respective tube, followed by incubation at 37°C for 

24 h. Growth of bacteria was quantified by measuring turbidity at 600 nm using spectrophotometer. Uninoculated MRS broth 

adjusted to the respective pH values served as the blank (Dahou et al., 2024). 

Bile Salt Test 

Growth assessment using agar plate was carried out in order to assess the bile salt tolerance of the strains. Overnight cultures 

were picked and placed on MRS agar plates to which 0.1%, 0.3% 0.5% and 1.0% (w/v) bile salts were added. MRS control agar 

with no bile salts were stored. The prepared plates were maintained at 37°C in 24 hours. Afterwards the strains were incubated. 
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Their growth was measured by observation in terms of the formation of the visible colonies. on the plates. Then the degree of 

growth was objectively registered and indicated as +++ (maximum). growth), + (poor growth) - (no growth), which implies 

the susceptibility of the strains to the gradual. increase in the bile salt concentration (Gajjar et al., 2019). 

NaCl Tolerance 

Strains were subjected to salt tolerance test by growing them in different dilution of NaCl in MRS broth. NaCl concentration 

of 3% and 5% and 7%, 10%, 12% and 15% (w/v) were added to sterile MRS broth (5 mL). A culture that had been grown 

overnight in each tube was inoculated using 1% (v/v) and incubated at 37°C during a 24 h period. Optical density at 600 nm 

was used to measure bacterial growth with the help of a spectrophotometer. The control was uninoculated MRS broth with the 

corresponding concentration of NaCl (Kamaliya et al., 2023). 

Antimicrobial Activity Assay 

The antimicrobial activity of the strains against Escherichia coli and Staphylococcus aureus was determined by the agar well diffusion 

assay. The cell-free supernatants were centrifuged at 6000 × g in the 15 min centrifugation run and filtrated through a 0.2 µm 

filtration membrane. In order to determine the contribution of organic acids and hydrogen peroxide, the aliquots of the 

supernatant were neutralized to pH 6 with 1 N NaOH and catalase was added. Micro-plates of nutrient agar which had been 

inoculated with test pathogens were cut with wells (8 mm diameter), 100 µL of supernatant placed into the wells. Plates were 

left at 37oC and inhibition zones measured on millimeters. A negative control, such as the  sterile culture medium, and a positive 

antimicrobial control was included (Hilmi et al., 2019). 

Hemolytic Activity Assay 

On blood agar plates, the bacterial strains hemolytic activity was evaluated. The strains were initially overnight cultured in MRS 

broth. A loopful of the actively growing culture was cultured onto blood agar plates. The inoculation plates were incubated for 

24 hours at 37°C. After at this point, the plates were investigated in terms of hemolysis in relation to the colonies of bacteria. 

Clear zones positive around the colonies signified total red cell lysis (β-hemolysis). A greenish hemolysis (partial or incomplete) 

was suggested by discoloration around the colonies (α-hemolysis). Conversely, no observable change around the colonies in the 

medium indicated no hemolytic activity (γ -hemolysis). Positive and negative reference controls were used (Gajjar et al., 2019). 

Gram Staining  

Gram staining was used to determine the cell wall properties and the cell morphology of the strains. Fresh bacterial cultures 

were grown on clean glass slide with the help of smears. The smears were treated using crystal violet solution, iodine solution, 

alcohol as a decolorizing solution, and safranin as a counter-stain in that order after being allowed to dry in the air and on heat. 

The staining was done to the slides and the slides were rinsed in distilled water and then dried in air and put under a light  

microscope using oil immersion (100 x objective). Gram identification reaction was determined as either the retention or loss 

of the primary stain by microscopic examination of cells and morphology (Verhelst et al., 2005). 

Biochemical Characterization of Strains 

Catalase Activity  

Freshly grown cultures were used in the determination of catalase activity. On MRS agar slants, strains were injected and 

incubated for 24 hours at 37 °C. A small fragment of an isolated colony was placed on a clean slide with glass surface, and 3% 

hydrogen peroxide added to it. Lack of the accumulation of the bubble was taken to be interpreted as negative catalase reaction 

(Yu et al., 2019). 

Sugar Fermentation  

Sugar fermentation tests were conducted in order to describe the patterns of carbohydrate use in 5 strains of lactic acid bacteria. 

The test was performed in carbohydrate-free basal culture medium (CHL basal medium), which is a carbohydrate-free base 

medium. Four ml of CHL medium were inoculated in four sterile test tubes and autoclaved. Sugar discs of individual sterile 

were aseptically placed on the tubes after being cooled. The bacterial cultures in each tube were inoculated with 0.1 mL of an 

active growing culture and left to incubate at 37oC. A control tube that was keeping the sterile water rather than inoculum was 

kept so as to observe any non-biological change of color. The change of color of the medium was used to record the 
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fermentation reactions. A shift to yellow was taken as a positive response that meant the presence of sugar fermentation, with 

a lack of change being noted as a negative response. The pattern of fermentations was compared and correlated with 

conventional descriptions of species-level characterization in Bergey Manual of Determinative Bacteriology (Almstahl et al., 

2013; Chathyushya et al., 2021). 

Citrate Utilization Test  

Simmons citrate agar slants were utilized to determine the capacity of the strains to use citrate as the only form of carbon. The 

cultures were inoculated on the slants and allowed to incubate at 37oC not exceeding 48 h. Any shift in the color of the medium, 

where the medium changed color to become blue instead of green was regarded as a positive reaction (Aditi et al., 2017). 

Motility Test  

The hanging drop method of Angmo (2016) was used to measure bacterial motility. Cultures that are not actively growing, were 

monitored under light microscope in order to observe directional movement (Cousin et al., 2015). 

Antioxidant Activity 

Preparation of Cell-Free Extract 

Antioxidant capacity of the lactic acid bacteria strains selected was tested using cell-free. extracts. Each strain was individually 

cultured by inoculating 1% (v/v) of overnight-grown cultures into MRS broth adjusted to pH 6.5 ± 0.2. The inoculation broths 

were shaken at 150 rpm for 24 hours at 37°C in an incubator. The cultured samples were centrifuged at 10,000 rpm for 5 

minutes at 4°C to extract the bacterial cells after incubation. The cell-free extract (CFE) was obtained from the resultant 

supernatant and kept at 4°C until further examination. The extracts were used to assess non-enzymatic antioxidant activity 

(Debnath et al., 2023). 

DPPH Free Radical Scavenging Assay 

The free radical scavenging activity of the cell-free extracts was determined using the 2,2-diphenyl-1-picrylhydrazyl (DPPH) 

assay. The study was conducted using a freshly made DPPH solution (5 mg per 100 mL ethanol). In short, 3,000 µL of the 

DPPH solution and 500 µL of cell-free extract were combined, and the mixture was allowed to sit at room temperature in the 

dark for 30 minutes. A control was done by substituting the extract with 500 µL of ethanol. Upon incubation, absorbance was 

measured at 517 nm using a spectrophotometer, with ascorbic acid serving as the reference standard. The antioxidant activity 

was reported as percentage DPPH radical scavenging and developed through the change of absorbance compared to the control 

(Al et al., 2020). 

Antibiotic Susceptibility Assay 

The disc diffusion technique was used to determine the antibiotic sensitivity profile of the selected lactic acid bacteria  strains. 

Four antibiotics were tested: tetracycline (10 µg/disc), ceftriaxone (10 µg/disc), erythromycin (10 µg/disc), and gentamicin (50 

µg/disc). The bacterial inoculum was standardized to a turbidity equivalent to 0.5 McFarland, corresponding to approximately 

(1.5×108) CFU/mL. A 100-µL aliquot of each bacterial suspension was uniformly spread onto MRS agar plates under aseptic 

conditions.  A reference control was used Antibiotic-impregnated discs were placed on the agar surface, and the plates were 

incubated at 37°C for 24 hours. Following incubation, the inhibition zones surrounding the antibiotic discs were measured in 

millimetres. The observed inhibition patterns were recorded for each strain. Susceptibility categories were interpreted only 

where appropriate, validated criteria were available for the organism and testing method. In the absence of validated organism-

specific disc-diffusion breakpoints, the inhibition-zone measurements were treated as preliminary screening results rather than 

definitive susceptible or resistant classifications (Sharma et al., 2017). 

Survival in Artificial Gastric Fluid 

The survivability of the chosen lactic acid bacteria under simulated conditions of the gastric environment was assessed with an 

artificial model of a gastric fluid. Overnight cultures were obtained using centrifugation, and sterile phosphate-buffered saline 

(pH 7.4) was used to wash them. The culture suspension was standardized to 108 - 109 CFU/mL. For the assay, 100 µL of the 

bacterial suspension was inoculated into 900 µL of synthetic gastric fluid composed of D-glucose (3.5 g/l ) NaCl (2.05 g/l), 

KH₂PO₄ (0.6 g/l), CaCl₂ (0.11 g/l), KCl (0.37 g/l), bile salts (0.05 g/l), lysozyme (0.1 g/), and pepsin. Hydrochloric acid was 
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used to stabilize the pH of the solution to 2.5. Anaerobic incubation of the inoculated mixtures at 37°C was done as 0, 30 min 

and 2 h. Following every incubation period, viable total cell count was calculated, by plating relevant serial dilutions that had 

been prepared in PBS onto MRS agar plates and then incubation at 37°C was allowed to take place after plating on MRS agar 

plates (Kim et al., 2007). 

Statistical analysis: 

All experiments were performed in triplicates. Data was reported as mean ± SD values. 

 RESULT AND DISCUSSION 

Culture revival and growth characteristics 

All five selected strains, were successfully revived, with visible growth observed after overnight incubation at 37°C. The growth 

obtained after revival indicated that the strains remained viable during storage and could be used for further probiotic 

characterization. This also ensured that all strains were evaluated from a comparable starting point in the subsequent 

experiments. The growth of the selected strains in MRS broth and soy milk is presented in Figure 1(a) and Figure 1(b), 

respectively 

 

Figure 1: Growth of used lactic acid bacterial strains in different media. (a) MRS broth, (b) Soy milk 

Growth of the strains was also accompanied by visible coagulation of the soy milk after fermentation. The coagulation observed 

in the fermented soy milk may have resulted mainly from organic acid production, particularly lactic acid. As fermentation 

progressed, the increasing acid concentration lowered the pH of the medium, which destabilized the soy proteins and led to 

their aggregation and visible coagulation. The observed change was consistent with active fermentation and indicated that the 

LAB strains were able to grow in the soy milk matrix. Similar protein coagulation has been reported during the fermentation of 

soy-based products, although the extent of coagulation may differ depending on the bacterial strain and fermentation conditions 

(Piazentin et al., 2020; Khairani et al., 2024).                                                              

Acid tolerance 

All five strains grew across the tested pH range, with maximum growth observed at approximately pH 6.0. Growth gradually 

decreased as the medium became more acidic; however, viable cells were still detected at pH 2.0. The acid tolerance pattern of 

the five strains at the different pH levels is presented in Figure 2 This indicates that the strains retained a degree of tolerance to 

acidic conditions. Such tolerance is an important characteristic during probiotic screening, as probiotic cells encounter the 

highly acidic environment of the stomach during gastrointestinal transit. 

a b 
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Figure 2: Acid tolerance of Lactic acid bacteria strains at different pH levels. 

The reduced growth observed at acidic pH may be associated with increased proton entry and accumulation within the bacterial 

cells. This can disrupt intracellular pH balance and interfere with membrane function, protein stability, and enzyme activity. 

LAB can respond to acid stress through several mechanisms, including regulation of intracellular pH, removal of excess protons, 

modification of membrane composition, and activation of stress-response pathways. The ability of all five strains to remain 

viable under low-pH conditions suggests that they can withstand acidic stress to some extent, although their level of tolerance 

may vary among strains. 

The acid tolerance exhibited in the study is in agreement with previous reports on LAB isolated from different food sources. 

Khushboo et al. (2023) investigated LAB from dietary sources and assessed gastrointestinal tolerance as one of the probiotic 

characteristics. Some of their strains were able to withstand conditions relevant to gastrointestinal passage. Similarly, Yumnam 

et al. (2025) found differences in gastrointestinal stress tolerance among LAB isolated from rice-based fermented foods. These 

findings are consistent with the strain-dependent response observed in the present study and indicate that acid tolerance should 

be evaluated at the strain level rather than generalized across LAB. Differences in acid resistance have also been reported in 

recent in-vitro studies using simulated gastric conditions. Ozluk and Krausova (2025) evaluated LAB present in commercially 

available probiotic products under simulated gastric conditions and found variation in their ability to survive gastric stress. Their 

findings further support the importance of assessing acid resistance when evaluating the probiotic potential of individual LAB 

strains. 

Bile salt tolerance 

All five strains-maintained growth when exposed to bile salts, although growth gradually declined as the bile concentration 

increased. Growth was highest in the absence of bile salts and at 0.1%, while a reduction in growth was observed at 0.3-0.5%. 

The growth responses of the selected strains at the different bile salt concentrations, based on the scoring system, are presented 

in Table 1. Despite this decline, all strains showed detectable growth at 1.0% bile salt concentration, indicating that they retained 

a relatively high level of bile tolerance. The progressive decrease in growth with increasing bile concentration suggests that 

higher bile levels placed greater physiological stress on the tested strains. 
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Table 1: Growth of selected bacterial strains at different bile salt concentration scoring system. 

Bile salt 

concentration 

(%) 

L. acidophilus L. casei L. rhamnosus L. plantarum L. lactis 

0.0 +++ +++ +++ +++ +++ 

0.1 +++ +++ +++ +++ +++ 

0.3 ++ ++ +++ ++ ++ 

0.5 + + ++ + + 

1.0 + + + + + 

+++ = maximum growth; ++ = moderate growth; + = poor growth; – = no growth 

Bile tolerance is an important property in the selection of probiotic microorganisms because bile salts can interact with bacterial 

cell membranes, alter membrane permeability, and interfere with cellular homeostasis. In the present study, all tested strains-

maintained growth at bile salt concentrations of 0.5% and 1.0%, indicating their ability to withstand relatively high levels of 

bile-associated stress. This tolerance may contribute to their survival during gastrointestinal passage, where exposure to bile is 

an important physiological challenge. This ability may contribute to their survival during passage through the gastrointestinal 

tract. Such adaptations may include changes in membrane composition, maintenance of membrane integrity, efflux mechanisms 

and enzymatic transformation of bile salts, including bile salt hydrolase (BSH)-mediated deconjugation. However, the specific 

mechanisms responsible for the observed tolerance were not investigated in the present study and require further biochemical 

or molecular confirmation. 

The present results align with previous reports from several recent studies reporting bile tolerance among potentially probiotic 

LAB. Khushboo et al. (2023) evaluated LAB obtained from different dietary sources and reported that several strains were able 

to tolerate bile salt concentrations ranging from 0.5 to 2%, although the degree of tolerance varied considerably among strains. 

Their findings further demonstrated that bile tolerance was strain-dependent, supporting the progressive reduction in growth 

observed in the present study. Similarly, Abdel Tawab et al. (2023) reported good bile salt tolerance among selected LAB isolated 

from Egyptian fermented foods, with the selected strains maintaining viability in the presence of bile salts and demonstrating 

other characteristics associated with probiotic potential. 

More recently, Almeida et al. (2024) reported that LAB isolated from cow's milk survived exposure to 0.5% bile salts, with most 

strains showing survival rates above 82% after 4 h of exposure. Notably, Lactobacillus plantarum, L. rhamnosus, L. paracasei and 

Lactococcus lactis strains demonstrated comparatively good tolerance. These findings are particularly relevant to the present study 

because L. rhamnosus, L. plantarum and Lactococcus lactis were also included among the strains evaluated here. Similarly, Bentahar 

et al. (2024) reported high bile salt tolerance and good survival under simulated gastrointestinal conditions in LAB isolated from 

traditional Algerian goat milk butter. Their findings further support the use of bile tolerance as an important criterion when 

screening LAB for potential probiotic applications. 

The bile tolerance observed in the present study is consistent with the findings of Boricha et al. (2019), who reported that 

selected Lactic acid bacteria strains isolated from food and human sources were able to tolerate bile salts. Bile salt hydrolase activity 

was also detected in some of their strains and was suggested as one possible factor contributing to bile tolerance. Similarly, 

Umeh and Achi (2024) reported good acid and bile tolerance among LAB isolated from indigenous fermented foods, with BSH 

activity detected in some strains. Together, these findings support the strain-dependent nature of bile tolerance in LAB. Bile 

salt modification through BSH activity may contribute to resistance in some strains, although this mechanism would require 

direct assessment to establish its role in the strains examined in the present study. 



Natural Resources for    
Human Health 
eISSN: 2583-1194 

 

892 
 Natural Resources for Human Health (NRFHH) 

https://nrfhh.com 

All five strains tolerated bile salts, with detectable growth maintained even at 0.5-1.0%. These results indicate that the strains 

can withstand bile exposure to some extent and therefore show potential to tolerate gastrointestinal conditions. Since bile 

tolerance can vary with both the strain and the conditions of exposure, these findings should be further evaluated using 

simulated gastrointestinal digestion along with other functional and safety assessments required for probiotic characterization. 

NaCl tolerance and osmotic stress resistance 

All five strains tolerated the tested NaCl concentrations, although growth generally declined with increasing salt concentration. 

Some strains continued to grow even at 15% NaCl, indicating their ability to withstand relatively high salt levels. The growth 

response of the tested strains across the NaCl concentration range of 3-15% is shown in Figure 3. The decrease in optical 

density at higher NaCl concentrations may be associated with osmotic stress, as elevated salt levels reduce water availability to 

bacterial cells and can disrupt normal cellular processes. The persistence of growth at these concentrations suggests that the 

tested strains were able to adapt to, or withstand to some extent, the osmotic stress imposed by high salt levels. 

 

Figure 3: Growth response of Lactic acid bacteria strains at different NaCl concentrations (3-15%). 

The ability of the tested LAB strains to grow at elevated NaCl concentrations suggests that they possess mechanisms that help 

maintain cellular osmotic balance under salt stress. These mechanisms may include the accumulation of compatible solutes, 

changes in cell envelope properties, and regulation of intracellular water balance. Palomino et al. (2013) reported that increased 

osmotic pressure can cause structural and physiological changes in LAB that contribute to stress tolerance. Differences in salt 

tolerance among LAB strains have also been reported by Abdel Tawab et al. (2023) in strains obtained from fermented foods. 

Similarly, Bentahar et al. (2024) found variation in NaCl tolerance among LAB obtained from traditional fermented dairy 

products. The findings of the present study follow a similar pattern and indicate that salt tolerance is a strain-dependent 

characteristic that may be relevant to the performance of LAB during fermented food production. 

Antimicrobial activity against pathogenic bacteria 

Growth inhibition was observed for both Escherichia coli and Staphylococcus aureus following treatment with cell-free supernatants 

from all five LAB strains, as indicated by the formation of inhibition zones ranging from 8.0 to 11.0 mm. The antimicrobial 

activity of the cell-free supernatants against E. coli and S. aureus is shown in Figure 4, and the corresponding inhibition-zone 

measurements are presented in Table 2. Among the tested strains, L. rhamnosus produced the largest inhibition zones, measuring 

10.1 ± 0.6 mm against E. coli and 11.0 ± 0.3 mm against S. aureus. The other strains also produced clear zones of inhibition, but 

these were smaller than those observed for L. rhamnosus. Under the conditions used in this assay, L. rhamnosus therefore exhibited 

the strongest antimicrobial effect relative to the other strains. 
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Table 2: Antimicrobial activity of Lactic acid bacteria strains against selected pathogens. 

S. No. Strain Name Zone of inhibition (mm) 

against E. coli 

Zone of inhibition (mm) 

against S. aureus 

1. Lactobacillus acidophilus 9.1 ± 0.5 10.0 ± 0.5 

2. Lactobacillus casei 8.1 ± 0.4 9.0 ± 0.5 

3. Lactobacillus rhamnosus 10.1 ± 0.6 11.0 ± 0.3 

4. Lactobacillus plantarum 8.0 ± 0.4 8.1 ± 0.3 

5. Lactococcus lactis 8.0 ± 0.3 8.0 ± 0.3 

Values are expressed as mean ± SD. 

 

Figure 4: Antimicrobial test of strains against E. coli and S. aureus. 

The tested LAB strains inhibited both Gram-negative and Gram-positive bacteria, indicating that their antimicrobial activity 

was effective against bacteria with different cell envelope structures. Several mechanisms may contribute to this activity. Organic 

acids produced during LAB metabolism, particularly lactic acid, can reduce the pH in the surrounding environment and create 

conditions that inhibit the growth of susceptible bacteria. Depending on the strain, hydrogen peroxide, bacteriocins, and other 

antimicrobial metabolites may also be involved. The relative contribution of these compounds, however, cannot be determined 

from the present assay alone. 

The higher antimicrobial activity of L. rhamnosus indicates strain-dependent variation, possibly due to differences in organic 

acids, bacteriocins and other antimicrobial metabolites. Similar strain-dependent activity has been reported in probiotic LAB 

Bentahar et al. (2024), supporting L. rhamnosus as a promising candidate for further probiotic evaluation. Further evaluation 

using standardized gastrointestinal models and appropriate viability measurements would help clarify the gastrointestinal 

robustness of the investigated strain. 

Hemolytic activity and preliminary safety assessment 

All five bacterial species evaluated in this study exhibited a non-hemolytic phenotype on blood agar after incubation at 37°C 

for 24 h.  The hemolytic activity profile of the tested lactic acid bacteria strains is presented in Table 3. No visible hemolysis 

was observed around the bacterial growth. This finding indicates that the tested cultures did not demonstrate detectable red 

blood cell lysis under the experimental conditions employed. The absence of hemolysis represents a preliminary safety-related 

observation; however, it does not independently establish the overall safety of the strains. Further strain-level characterization 

and molecular safety assessment are required before these strains can be considered for potential probiotic applications. 
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Table 3:  Hemolytic Activity of Lactic acid bacteria Strains. 

Strains Hemolytic activity 

Α β γ 

Lactobacillus acidophilus - - + 

Lactobacillus casei - - + 

Lactobacillus rhamnosus - - + 

Lactobacillus plantarum - - + 

Lactococcus lactis - - + 

α = alpha hemolysis (partial hemolysis), β = beta hemolysis (complete hemolysis), γ = gamma hemolysis (no hemolysis / non-

hemolytic activity). 

The present findings are consistent with previous reports describing the absence of hemolytic activity among potentially 

probiotic LAB. Qian et al. (2018) reported that selected probiotic LAB strains showed no detectable hemolytic activity, 

supporting the use of non-hemolytic behavior as an initial safety criterion. More recently, Abdel Tawab et al. (2023) reported 

that selected LAB obtained from fermented foods were non-hemolytic and exhibited several other desirable probiotic 

characteristics. Similarly, Bentahar et al. (2024) observed non-hemolytic activity among selected lactic acid bacteria strains 

obtained from traditional Algerian goat milk butter, further supporting the importance of this characteristic during preliminary 

probiotic screening. 

Morphological and biochemical characteristics 

Microscopic examination showed that all tested strains were Gram-positive and displayed morphological characteristics 

consistent with LAB. The Gram-staining characteristics of the selected strains are shown in Figure 5. The Lactic acid bacteria 

strains appeared as rod-shaped cells, whereas Lactococcus lactis exhibited a coccoid morphology. All strains were catalase-negative 

and non-motile. These phenotypic characteristics are in agreement with the typical features of LAB and, together with the 

observed cell morphology, provide additional support for the preliminary identification and purity of the cultures. The 

differences in carbohydrate fermentation among the strains, particularly the broader utilization pattern of L. plantarum and the 

more limited profile of Lactococcus lactis, are presented in Table 4. These differences indicate variation in their metabolic 

capabilities. They may affect their fermentation performance and determine how well individual strains adapt to different food 

matrices (Das et al., 2019). 

Table 4: Sugar fermentation pattern of selected Lactic acid bacteria strains. 

Sugar L. acidophilus L. casei L. rhamnosus L. plantarum Lactococcus 

lactis 

Arabinose - - - + - 

Cellobiose + + - + - 

Fructose + + + + + 

Galactose + + + + + 

Lactose + + - - + 

Maltose + + + + + 

Mannitol - - - + - 

Mannose + + + + + 

Melibiose - - - - - 

Raffinose - - - + - 

Rhamnose - - + - - 

Salicin + + + + - 

Sorbitol - - - + - 



Natural Resources for    
Human Health 
eISSN: 2583-1194 

 

895 
 Natural Resources for Human Health (NRFHH) 

https://nrfhh.com 

Sucrose + + + + + 

Trehalose + + + + - 

Xylose - - - + - 

Note: + = Acid production,  - = no acid production 

 

 

Figure 5: Gram staining of selected lactic acid bacterial strains: (a) Lactobacillus casei, (b) Lactobacillus rhamnosus, (c) Lactobacillus 

plantarum, (d) Lactococcus lactis, and (e) Lactobacillus acidophilus. 

Antioxidant activity 

All five strains exhibited measurable DPPH radical-scavenging activity, with values ranging from approximately 54.6% to 

72.3%. The DPPH free radical-scavenging activity of the cell-free extracts from the tested strains is shown in Figure 6. Among 

the tested strains, L. plantarum showed the highest scavenging activity, followed by L. acidophilus and L. rhamnosus. In comparison, 

Lactococcus lactis showed lower antioxidant activity under the conditions tested. 

 

Figure 6: DPPH free radical scavenging activity of cell-free extracts of Lactic acid bacteria strains. 

0

10

20

30

40

50

60

70

80

90

100

Ascorbic acid

(standard)

Lactobacillus

acidophilus

Lactobacillus

casei

Lactobacillus

rhamnosus

Lactobacillus

plantarum

Lactococcus

lactis

D
P

P
H

 s
ca

v
en

g
in

g
 a

ct
iv

it
y

 (
%

) 

Strains

(a (b (c) 

(d (e) 



Natural Resources for    
Human Health 
eISSN: 2583-1194 

 

896 
 Natural Resources for Human Health (NRFHH) 

https://nrfhh.com 

The DPPH assay showed that the cell-free extracts contained compounds with free-radical-scavenging capacity. LAB can 

contribute to antioxidant activity through the production or release of several metabolites, including peptides, organic acids, 

and other low-molecular-weight compounds. The differences recorded among the strains may be related to variations in their 

metabolic activity and in the types or amounts of compounds released into the cell-free extracts. However, the assay does not 

provide information on the individual compounds underlying the observed activity. 

The relatively higher DPPH-scavenging activity of L. plantarum shows that the functional profile of a probiotic strain cannot be 

judged from one characteristic alone. In the present study, the strains differed in their responses to gastrointestinal stress, 

antimicrobial activity, and antioxidant assays. A strain that performs well in one test may not show the same level of activity in 

another. Similar strain-to-strain differences in antioxidant activity have been reported among Lactic acid bacteria strains, 

supporting the need to assess this property individually for each strain rather than treating it as a common feature of the species 

(Mu et al., 2018; Debnath et al., 2023). 

Antibiotic susceptibility profile and safety considerations 

The antibiotic susceptibility assay showed clear differences on the response of the LAB strains. L. acidophilus, L. casei, and L. 

rhamnosus were susceptible to tetracycline and erythromycin but resistant to gentamicin and ceftriaxone. In contrast, L. plantarum 

was resistant to all four antibiotics tested, while Lactococcus lactis remained susceptible to tetracycline, erythromycin, and 

ceftriaxone but showed resistance to gentamicin. The broader resistance pattern observed in L. plantarum warrants further 

investigation, particularly to determine whether the resistance is intrinsic to the strain or associated with acquired and potentially 

transferable resistance determinants. Molecular analysis would be required to distinguish between these possibilities. (Georgieva 

et al., 2015). 

Survival under simulated gastric conditions 

The artificial gastric fluid assay provided a more direct measure of the ability of the tested strains to withstand gastric stress. 

Viable counts decreased as the exposure time at pH 2.5 increased; however, viable cells were recovered from all five strains 

after 2 h. The survival of the tested Lactic acid bacteria strains in synthetic gastric juice at pH 2.5 is presented in Table 5.  Among 

the strains, L. rhamnosus showed the highest survival, with approximately 5.4 × 10⁵ CFU/mL remaining at the end of the 2-h 

exposure period. This was followed by L. plantarum (3.9 × 10⁵ CFU/mL) and L. acidophilus (2.8 × 10⁵ CFU/mL). Although L. 

casei and Lactococcus lactis showed lower viable counts, both strains were still detectable after 2 h of exposure to the simulated 

gastric conditions. 

Table 5: Survival of  Lactic acid bacteria strains in synthetic gastric juice (pH 2.5) 

Strains 0 min CFU mL⁻¹ (% 

survival) 

30 min CFU mL⁻¹ (% 

survival) 

2 h CFU mL⁻¹ (% 

survival) 

Lactobacillus acidophilus 2.8 × 10⁸ (100) 1.7 × 10⁶ (0.60) 2.8 × 10⁵ (0.10) 

Lactobacillus casei 2.9 × 10⁸ (100) 1.2 × 10⁶ (0.41) 2.0 × 10⁵ (0.07) 

Lactobacillus rhamnosus 3.1 × 10⁸ (100) 2.6 × 10⁶ (0.84) 5.4 × 10⁵ (0.17) 

Lactobacillus plantarum 3.0 × 10⁸ (100) 2.1 × 10⁶ (0.70) 3.9 × 10⁵ (0.13) 

Lactococcus lactis 2.7 × 10⁸ (100) 8.4 × 10⁵ (0.31) 1.3 × 10⁵ (0.05) 

The decline in viable counts with prolonged exposure to the simulated gastric conditions indicates increasing acid and pepsin 

stress on the bacterial cells. Among the tested strains, L. rhamnosus showed comparatively higher survival during gastric exposure 

and also exhibited the strongest antimicrobial activity. These combined characteristics indicate that L. rhamnosus may be a 

promising candidate for further probiotic evaluation. (Stasiak et al., 2021). 

Safety-Related Phenotypic Characteristics 

The investigated strains exhibited Gram-positive, non-motile, catalase-negative, and non-hemolytic phenotypes under the 

conditions tested. The absence of observed hemolysis represents a favorable preliminary characteristic during the assessment 
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of potential probiotic candidates. However, phenotypic observations alone are insufficient to establish the overall safety of a 

bacterial strain. The antibiotic susceptibility results also indicated variation among the investigated strains, highlighting the 

importance of strain-specific safety evaluation. In particular, apparent resistance to certain antibiotics requires further 

investigation to distinguish intrinsic resistance from potentially acquired resistance determinants. Molecular identification and 

genomic screening for virulence-associated genes, transferable antimicrobial resistance determinants, and other undesirable 

genetic characteristics would provide additional evidence for safety assessment. Consequently, the present phenotypic findings 

should be considered preliminary rather than definitive evidence of probiotic safety. 

Significance and implications of the study 

The combined assessment of acid and bile tolerance, salt stress resistance, antimicrobial and antioxidant activities, hemolytic 

behavior, antibiotic susceptibility, and gastric survival revealed clear differences among the strains. L. rhamnosus showed stronger 

antimicrobial activity and better survival under simulated gastric conditions, while L. plantarum exhibited the highest antioxidant 

activity. These differences indicate that probiotic characteristics can vary considerably between strains and highlight the value 

of assessing multiple functional and safety-related properties during probiotic screening. 

Overall, the tested LAB demonstrated promising in vitro probiotic characteristics and potential for functional food applications. 

However, further molecular, genomic, stability and further in vivo studies are needed to confirm their probiotic effectiveness 

and suitability for safe use before practical application. 

 CONCLUSION 

The five tested lactic acid bacterial cultures showed differences in acid and bile tolerance, salt tolerance, antimicrobial activity, 

DPPH radical-scavenging activity and survival under simulated gastric conditions. L. rhamnosus showed the highest viable 

count after 2 h in simulated gastric fluid at pH 2.5 (approximately 5.4 × 10⁵ CFU/mL) and produced the largest inhibition 

zones against E. coli (10.1 ± 0.6 mm) and S. aureus (11.0 ± 0.3 mm). L. plantarum showed the highest DPPH radical-scavenging 

activity (72.3%). All five cultures were non-hemolytic under the conditions tested, catalase-negative and non-motile. These 

findings indicate strain-dependent differences in selected in vitro characteristics; however, they do not establish clinical efficacy 

or comprehensive safety. Molecular confirmation of identity, investigation of antimicrobial-resistance determinants, and 

validation in relevant food systems and appropriate in vivo models are needed before suitability for probiotic applications can 

be concluded. 
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