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INTRODUCTION 

 

The Kangra district of Himachal Pradesh, India is renowned for its rich dairy 

heritage. Kangra curd, which is prepared traditionally, provides an ideal 
environment for the proliferation of beneficial microorganisms. The consumption 

of such fermented dairy products has been associated with various health benefits 

in Indian traditional medicine (Bajaj et al., 2022). Curd is an ideal medium for 
delivering beneficial microbes to the human gut (Kariyawasam et al., 2021). The 

presence of probiotic strains varies geographically. The presence of specific 
probiotic strains in curd can enhance its nutritional profile and contribute to its 

potential health benefits. Probiotics may aid in better nutrition, growth, and 

prevention of several gastrointestinal diseases by increasing the number of useful 
microorganisms, and strengthening the functioning of the gut mucosal barrier 

(Verna and Lucak, 2010; Zeng et al., 2008). This can be used to treat irritable 

bowel syndrome, enteritis, other gastrointestinal problems, and lactose intolerance 
(Markowiak and Slizewska, 2017). It has been shown to reduce the risk of 

respiratory and urinary tract infections (Amara and Shibl, 2015) and positively 

influence cognitive function through the gut-brain axis, which is a two-way 
communication system connecting the gut and the brain. Probiotics may be helpful 

against the symptoms of anxiety, depression, and stress (Nagpal et al., 2012). It 

stimulates the production of antimicrobial peptides, enhances the activity of 
immune cells, and regulates the inflammatory response (Mazziotta et al., 2023). 

It also enhances the absorption of minerals, including calcium, iron, and 

magnesium (Shi et al., 2016). Most probiotics are classified within the 
Lactobacillus genus (Van Baarlen et al., 2013). Different studies have described 

the well-established Lactobacillus species, but the isolation and characterization of 

relatively lesser-explored members like Limosilactobacillus fermentum from curd 
is required (De et al., 2017; Goyal, 2012). 

Limosilactobacillus fermentum, formerly known as Lactobacillus fermentum, is a 

species of lactic acid bacteria (LAB) commonly found in fermented food items, 
including curd (Ao et al., 2012; Kumara et al., 2019). This study is designed to 

isolate and identify the predominant probiotic strain in Kangra curd based on 

morphological, biochemical, and molecular characteristics.  
 

MATERIALS AND METHODS 

 

Sample collection 

 

Samples were aseptically collected in a sterile plastic sample container from 
Chhatri village of Shahpur tehsil of Kangra, Himachal Pradesh (Latitude: 

32°13'27.1"N, Longitude: 76°09'02.7"E, Elevation 760 M) and transferred 
immediately to the laboratory. 

 

Isolation of probiotic strain: 

 

A 1 g of curd sample was suspended in 9 ml of Phosphate Buffer saline (pH=7.2). 

The suspension was homogenized and serially diluted to 102. 9 ml of de Man, 
Rogosa, and Sharpe (MRS) broth was supplemented with 1 ml of the diluted 

suspensions. This was incubated at 370C for 24 hours. On completion of the 
incubation period the culture in broth was streaked on MRS agar by quadrant plate 

method. Plates were then incubated at 37°C for 48 hours to collect the most 

prevalent colony, the process was repeated to get isolation of the single most 
prevalent strain. 

 

Morphological and Biochemical Characterization: 

 

Pure colonies were transferred into MRS broth and grown for 24 hours, then it was 

further characterized morphologically and biochemically to understand its 
physicochemical characteristics. Gram staining was performed to determine the 

Gram reaction of the isolates. The isolates were then subjected to catalase, oxidase, 

sulfide, indole, and motility tests. 
 

Salt tolerance test 

 
Growth at 0.5%, 1%, 1.5%, and 2% salt was observed by adjusting the salt 

concentration of MRS broth to 0.5%, 1%, 1.5%, and 2%. Sterile test tubes were 

filled with 9 ml of the medium. 1 ml of broth containing L. fermentum was further 
added to the test tube and properly mixed. The tubes were then incubated at 37ºC 

for 24 hours and analyzed for growth after measuring optical density at 600 nm 

(OD600) using a UV-Vis Spectrophotometer. 
 

Bile tolerance test 

 
MRS broth containing 0.5, 1, 1.5, and 2% bile salts was prepared and 1 ml of broth 

containing L. fermentum was added to 9 ml of medium with varying concentrations 

of bile. The test tubes, after incubation for 24 hours at 37ºC were observed for 
growth after measuring OD600 using a UV-Vis Spectrophotometer. 

 

 

 

Curd, commonly called “Dahi," is a fermented milk product widely consumed in India for its probiotic benefits. The composition of the 

probiotic strains in curd varies with geographical location. This study aimed to identify the most predominant strain of Lactobacillus in 
the curd collected from Chhattri village, Shahpur tehsil, Kangra district, Himachal Pradesh. The sample was inoculated in MRS broth and 

streaked on the MRS agar plate. The most prevalent isolate was characterized on morphological, biochemical, and molecular bases. 

Comprehensive analysis, including Gram staining, catalase test, oxidase test, motility test, and indole test, as well as evaluations of pH, 
bile, salt, and temperature tolerance was performed. The isolate was gram-positive, catalase, oxidase, sulfide, and indole-negative. It 

showed maximum growth at 0.5% salt, 0.5% bile salts, and 37ºC. Optimal growth occurred between pH 6-8, with peak growth at pH 7. 

Molecular identification and phylogenetic analysis confirmed the isolate as an L. fermentum strain. This strain exhibited the highest 
prevalence in Kangra and showed promising probiotic traits with potential gastrointestinal health benefits. Its dominance highlights the 

probiotic richness of curd obtained from the lower hills of Himachal Pradesh. 
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Temperature tolerance test 

 

Growth at different temperatures was observed by mixing 9 ml of medium with 1 

ml of broth containing L. fermentum. The tubes were incubated at 25 ºC, 37ºC, and 

45 ºC for 24 hours and observed for growth after measuring OD600 using a UV-

Vis Spectrophotometer. 
 

pH tolerance test 

 
Growth at different pH will be observed by adjusting the pH of MRS broth to 2 to 

8 using 1N hydrochloric acid (HCl) or 10% w/v sodium hydroxide (NaOH). 9 ml 
of the medium was distributed into each sterile test tube and 1 ml of broth 

containing L. fermentum was added to these tubes. The tubes, after incubation at 

37ºC for 24 hours, were observed for growth after measuring OD600 using a UV-
Vis Spectrophotometer. 

 

Survival Percentages (SR) of the isolate were calculated as follows: 

 

SR =
OD600 of the strain (in different conditions)

OD600 of the strain (control)
∗ 100 

 

Molecular Identification 

 

Genomic DNA was extracted from the culture by ZR Fungal/Bacterial DNA 
MiniPrep kit. This was further subjected to PCR amplification of the 16S rRNA 

gene by using the universal primers: 27F (AGAGTTTGATCCTGGCTCAG) and 

1492R (TACGGYTACCTTGTTACGACTT), the resulting product was observed 
on Agarose gel electrophoresis. It was purified by gel elution; the PCR product 

was subjected to Sanger sequencing. Sequences were then observed and examined 

with the assistance of Finch TV software version 1.4. The nucleotide sequences 
were compiled and subjected to a similarity search using the BLAST tool. 

 

Phylogenetic analysis 

 

Homologous sequences were identified through BLASTn searches in the NCBI 

GenBank database, selecting sequences with ≥95% similarity. Sequence alignment 
was performed using Clustal W software. Phylogenetic analysis was conducted 

using with Neighbour joining method to compute evolutionary distances (Saitou 

and Nei, 1987). Bootstrap analysis with 1000 replicates was applied to assess the 
statistical support of the tree topology. Evolutionary analyses were conducted in 

MEGA11 (Tamura et al., 2021) 

 

RESULTS 

 

The colony obtained was circular, elevated, and creamy white, margins were 
smooth (Figure - 1). It was gram-positive bacteria while it showed negative results 

for catalase, oxidase, indole, and sulfide tests. It was non-motile (Table - 1). The 

colony obtained from three different plates of DC1 showed varied degrees of 
survival in different salt (NaCl) concentrations (Figure - 2). It was 94.716±0.525 

% at 0.5% NaCl, 89.565±0.262 % at 1% NaCl, 85.158±0.348 % at 1.5% NaCl and 
40.214±5.514 % at 2% NaCl (Table - 2). Maximum growth was found at 0.5% salt. 

The colony of DC1 showed a variable range of survival percentage in different 

concentrations of bile. It was 26.311±0.483 % at 0.5% bile, 20.874±0.320 % at 1% 
bile, 20.565±0.788 % at 1.5% bile, and 16.502±0.428 % at 2% bile. Maximum 

survival was found at 0.5% bile concentration. DC1 strain showed a variable range 

of survival percentages at different temperatures. It was 95.021±0.086 % at 25°C, 

99.977±0.015 % at 37°C, and 70.984±0.309 % at 45°C. Maximum growth was 

found at 37°C. DC strain showed variable survival percentages at different pH 

values. It was 25.786±1.509 % at pH 2, 33.746±3.145 % at pH 3, 61.023±0.745 % 
at pH value 4, 90.724±2.649 % at pH 5, 95.623±2.733 % at pH 6, 96.353±2.886 % 

at pH value 7 and 95.369±5.152 % at pH 8. The maximum survival was obtained 

at pH 7. 
 

 
Figure 1 Colony of DC1 isolated from Kangra curd on agar plate after incubation 
at 370C for 48 hours. The isolate collected from the centre shows a circular shape, 

creamy white color, and smooth margins. 

Table 1 shows the physical and chemical characteristics of the DC1 isolate 

obtained from Kangra curd. 

Microbial Colony DC1 

Colony morphology Circular 

Color Creamy white 

Elevation Convex 

Margins Smooth 

Gram Positive 

Biochemical tests: 

Catalase Negative 

Oxidase Negative 

Sulphide Negative 

Indole Negative 

Motility Negative 

Phenotypic characterization Lactobacillus 

 

 
Figure 2 The survival percentages of DC1 in different salt (NaCl), bile, 

temperature, and pH values. 

 

Table 2 The values of survival rates (%) of DC1 isolates in different salt 

(NaCl),bile, temperature and pH values. 

Condition Survival percentage (%) 

Salt 

0.50% NaCl 94.716±0.525 

1% NaCl 89.565±0.262 

1.50% NaCl 85.158±0.348 

2% NaCl 40.214±5.514 

Bile 

0.50% Bile 26.311±0.483 

1.0% Bile 20.874±0.320 

1.50% Bile 20.565±0.788 

2.0% Bile 16.502±0.428 

Temperature 

25˚C 95.021±0.086 

37˚C 99.977±0.015 

45˚C 70.984±0.309 

pH 

pH-2 25.786±1.509 

pH-3 33.746±3.145 

pH-4 61.023±0.745 

pH-5 90.724±2.649 

pH-6 95.623±2.733 

pH-7 96.353±2.886 

pH-8 95.369±5.152 

 

Molecular Analysis through DNA sequencing and analysis for homology through 
BLAST confirmed the presence of Limosilactobacillus fermentum, it showed 

99.93% similarity. The hit strain was CECT 562(T) and the accession was 

AJ575812. 
 

Table 3 BLAST results of the obtained sequence 

Hit taxon name Limosilactobacillus fermentum 

Hit strain name CECT 562(T) 

Accession AJ575812 

% Similarity 99.93 

 

The phylogenetic tree (Figure 3) illustrates the relationship of the isolate 
Limosilactobacillus fermentum C with other closely related strains based on 16S 
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rRNA sequences. Bootstrap values support the reliability of each branch. The short 

branch lengths between L. fermentum C and other L. fermentum reference strains 

(CIP 102980, NBRC 15885, NCDO 1750) indicate high genetic similarity, 

suggesting close evolutionary relationships. The relatively short branch lengths 

indicated genetic similarity while minor divergence suggested potential strain 

specific adaptations. These findings align with bacterium’s ecological niche. 

 
 

Figure 3 The results of phylogenetic tree analysis of Limosilactobacillus 

fermentum (denoted as L. fermentum C) based on 16s rRNA sequences.  

 

DISCUSSION 

 

The probiotic isolate has been identified based on morphological, biochemical, and 
molecular characterization. In China, 22.6% of the strains of probiotics used to 

produce conventionally fermented milk are L. fermentum (Ao et al., 2012). L. 

fermentum strains from dairy products have been also isolated in Ethiopia, China, 

and Karnataka state of India (Ao et al., 2012; Bao et al., 2010; Kumara et al., 

2019). The physiochemical characteristics of L. fermentum include circular 

morphology, creamy white color, convex elevation, and smooth margins along 

with Gram-positive, catalase, oxidase, sulfide, and indole-negative tests (Karami 

et al., 2017). Our isolate had similar characteristics obtained from Kangra curd. On 

molecular characterization, it was identified as Limosilactobacillus fermentum. 
This is the first report on the dominance of this strain in the Kangra district of 

Himachal Pradesh.  

The probiotic potential of a bacterial isolate is based on the ability to tolerate 
different physiological conditions like the human body’s temperature, bile salts, 

and the acidic environment with low Ph levels that are commonly found in the GI 
tract. These features increase the likelihood that bacterial strains will reach the 

intestines and provide health benefits like assisting with digestion and maintaining 

a healthy gut microbiome (Argyri et al., 2013; Shokryazdan et al., 2014). The 
ability to tolerate NaCl concentrations can vary within the L. fermentum species. 

Some L. fermentum isolates could tolerate NaCl concentrations up to 6.5% 

(Adikari et al., 2021). L. fermentum showed only 60% survival at 1% NaCl 
(Sharafi et al., 2015). Our strain showed 94.71% survival at 0.5% salt and 89% 

survival at 1% salt concentration. The strain obtained from Kangra showed 

effective growth at both 0.5% and 1% salt concentration. 
The capability of LAB to withstand bile is pivotal for their passage through the 

harsh conditions of the small intestine (Khushboo et al., 2023). The potential 

mechanisms include active expulsion of bile salts, hydrolysis of bile salt, and 
alteration in the structure and composition of the cellular membrane and cell wall 

(Urdaneta and Casadesús, 2017; Ruiz et al., 2013). The survival percentage of 

L. fermentum in previous studies showed a decrease with an increase in bile 
concentration; maximum growth was found at 0.3% bile (Srinu et al., 2013). These 

results are similar to our findings where higher bile concentrations are associated 

with decreased bacterial survival, demonstrating the inhibitory effect of bile on 
bacterial viability. Similar trends were also observed by Tulumoglu et al. 2014 on 

the growth of L. fermentum with different concentrations of bile. 

L. fermentum is shown to exhibit good survival at 37°C (Patil et al. 2010). 
According to a study conducted by Riaz et al., the growth of L. fermentum was 

highest at 25°C (Riaz et al., 2010) and weak at 45°C (Patil et al. 2010). Our isolate 

was able to survive best at 37°C, and survival dropped to about 95% at 25°C and 
70% at 45°C. These findings support the findings by Patil et al. 2010. 

 

 

Table 4 Comparative analysis of tolerance traits of L. fermentum with other common probiotic strains.  

Trait L. fermentum Other probiotic strains References 

pH tolerance 
Grow optimally at 6-8. 

Moderate survival at pH 2. 

L. rhamnosus, L. casei, 
L. paracasei: consistent values 

from pH 3 to 7. But at pH 2, 

lower survival than L. 
fermentum. 

Reale et al., 2014; Sharobe et 

al., 2015 

Bile tolerance 
Can tolerate 0.5% bile, drastic 

reduction above 1% bile 

L. acidophilus: Highly sensitive; 

L. rhamnosus: can tolerate 1.0–
1.5% bile 

Mirlohi et al., 2009; Reale et 

al., 2014 

Temperature tolerance Highly viable at 370C 

L. rhamnosus, L. fermentum, L. 

plantarum: optimal survival at 

37°C 

Katiku et al., 2022; 

Palaniyandi et al., 2017. 

Salt tolerance 
Good growth at 0.5 and 1% 

NaCl 

L. acidophilus: tolerates up to 

0.5% NaCl; L. plantarum: 

shows moderate growth at 1% 

NaCl 

Reale et al., 2014 

 

The adeptness of LAB strains to persist in acidic environments is required for their 

viability in the gastrointestinal tract (Khushboo et al., 2023). Different strains of 
Lactobacillus differ in their ability to tolerate acid (Sharma et al., 2021). Riaz et 

al., 2010 reported the best survival of L. fermentum strains at pH 5.5. L. fermentum 

has shown good survival capabilities within the acidic pH range of 1.5, 2.0, 3.0, 
and 3.5 (Srinu et al., 2013). Our isolate exhibits 25% survival at pH 2. Previous 

studies stated that the survival of probiotic strains decreased with decreasing pH 

(Sahadeva et al., 2011). Loss in viability was observed at lower pH values 
(Tulumoglu et al., 2014). These results are consistent with our findings where 

survival percentages increased as pH transitions from highly acidic (pH 2) to 

neutral (pH 7) and slightly decreased with alkaline (pH 8) conditions. The best 
survival of our isolate was found at pH 6 and 7. This pH-dependent trend indicates 

the potential adaptability of this strain to the dynamic environments within the 

human digestive tract. This opposes the findings of Patil et al., 2010 where L. 
fermentum had no growth at 4.4 pH. While in our study 61% growth was observed 

at pH 4. The phylogenetic tree shows evolutionary relationships among strains. 

 

CONCLUSION 

 
The present study reports, for the first time, the presence of Limosilactobacillus 

fermentum species in curd samples from Kangra district of Himachal Pradesh. 

Identification was confirmed through phenotypic characterisation and 16S rRNA 

sequencing. The isolated strain showed significant probiotic potential, 

demonstrating high tolerance to 0.5% and 1% NaCl, exceptional survival at 37°C 
and optimal growth within pH range of 6 to 8 conditions representative of human 

gastrointestinal environment. All these attributes suggest the potential application 

of this strain as a functional probiotic. Limosilactobacillus fermentum was 
predominant probiotic species found in Kangra curd, which enhances probiotic 

potential of curd obtained from lower hills of Himachal Pradesh and opens avenues 

for its further exploration in health promoting formulations.  
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