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The human microbiota is currently receiving significant attention, and the studies
have shown that the changes to this microbiome can lead to extensive consequences. The gut
microbiota’s diversity and composition can be influenced by dietary choices. Human faeces
are the solid waste material excreted as the residual product following the digestion of food
within the small intestine. This waste contains a significant number of viruses, bacteria, fungi,
actinomycetes, and other microorganisms. Lactic acid bacteria (LAB) are prevalent and perform
a significant function in immunity and metabolism. This study involved the processing of faecal
samples from both vegetarian and non-vegetarian sources to isolate various LAB. Lactococcus
spp., Bifidobacterium spp., Leuconostoc spp., Lactobacillus spp., Enterococcus spp., and
Pediococcus spp. were isolated from both samples, although the percentages differ in each case.
In vegetarian samples, Lactobacillus species were predominant (35%), followed by Lactococcus
(24%), Bifidobacterium (20%), Enterococcus (9%), Pediococcus (7%), and Leuconostoc (5%).
Conversely, non-vegetarian samples showed a higher proportion of Lactobacillus (44%),
Leuconostoc (15%) and Enterococcus (18%), with lower percentages of Lactococcus (9%) and
Bifidobacterium (7%) while Pediococcus (7%) remained unaffected. The higher population of
Bifidobacterium in vegetarian suggest greater happiness of vegetarians than non-vegetarians as
the bacterium is known to reduce depression and increase happiness. The processes of isolation,
characterisation, and biochemical identification were conducted using Gram’s staining, oxidase
test, catalase test, and fermentation of sugar. The most effective isolates were determined through
the evaluation of various probiotic characteristics, their antimicrobial properties, and their
sensitivity to antibiotics. This study highlights the impact of dietary habits on the formation
and probiotic functions of microbiota of gut. A diet of vegetarian appears to encourage a higher
prevalence and diversity of LAB that display advantageous probiotic traits.
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The human body co-exists with around
1000 diverse bacterial species that contribute
to the maintenance of host homeostasis. The
gastrointestinal tract (GIT) constitutes a significant
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distinct habitat for these microbes, primarily
comprising beneficial biota such as lactic acid
bacteria (LAB). Dysbiosis of the microbial
community can lead to compromised gut function
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and increased illness susceptibility.' LAB represent
a varied collection of microbes characterised by
their production of lactic acid as the main by-
product of carbohydrate metabolism. LAB are
defined as Gram-positive, typically non-motile,
non-sporogenic organisms that generate lactic
acid as a primary or exclusive outcome of their
fermentative processes. They are a collection of
rod-shaped, lactic acid-producing, phylogenetically
diverse organisms.” Lactobacilli are commonly
found in various natural environments and are
often present in fermented foods, including dairy
products, beverages, fish, pork, and vegetables,
as well as in sewage.? Certain species are
thought to be part of the commensal flora in
the human GIT and are utilised as probiotics to
combat diseases.* The significance of LAB as
a primary category of probiotics is recognised
by the majority of researchers. Recently, a
variety of studies have been conducted on the
identification of probiotic microorganisms.’ A
variety of bacterial and yeast genera are utilised as
probiotics, such as Bifidobacterium, Leuconostoc,
Pediococcus, Lactobacillus, and Enterococcus.
However, the primary species recognised for
their probiotic properties include Bifidobacterium
spp., Lactobacillus casei, and Lactobacillus
acidophilus. These probiotics are defined as
“living microorganisms that, when provided in
sufficient quantities, offer a health advantage to
the host”.® Probiotics possess significant potential
to positively impact the host by altering immune
responses and affecting metabolic functions,
such as cholesterol assimilation, lactase activity,
and vitamin production.”® In this study, the
Lactobacillus species was isolated from the
faeces of human beings having vegetarian and
non-vegetarian diets. Vegetarian and vegan diets
cultivate distinct microbiota in comparison to
omnivorous diets, with only a slight variation
observed between vegans and vegetarians.’
Alterations in microbiota composition may result
from discrepancies in microorganisms ingested by
food, variances in substrates eaten, and fluctuations
in transit time through the gastrointestinal tract. A
plant-based diet seems advantageous for human
health by fostering a more diversified gut microbial
ecosystem and an equitable distribution of various
species.'*!!

MATERIALS AND METHODS

Collection of samples

Total 50 samples were collected from
healthy human individuals, 25 each of vegetarian
and non-vegetarian, respectively. Only those
volunteers were selected who were not on any
medication since last 03 months. The vegetarians
and non-vegetarians were advised and requested
eat respective diets atleast two meals in a day for
one month before collection of their samples for
research. The samples were collected in a sterile
bottle which was provided to the volunteers. The
volunteers were also advised and requested not
to consume the alcohol as it has the bactericidal
activity. The consent form was filled out by all the
volunteers.
Isolation of the lactobacilli isolates from faecal
samples

The strains of Lactic acid bacteria (LAB)
were isolated from faecal samples by weighing 1
gram of the sample that was suspended in 10 mL
sterilized 0.85% normal saline to create the stock
solution. The samples were serially diluted in
0.85% sterpile normal saline to a dilution of 107,
A volume of 100 pL from the dilutions of various
samples in triplicate (i.e., 107, 10, 10-) was spread
onto MRS medium plates aseptically and incubated
anaerobically at 37+1 °C for 24- 48 hours in an
anaerobic gas chamber.
LAB Enumeration

Subsequent to incubation, the colonies
of bacteria were enumerated utilising a digital
colony counter, and the CFU/mL were computed
employing reference methodology.

Colony forming Unit/mL(CFU/mL)=((Total
no.of colonies)(Dilution Factor))/(Vol.of sample
inoculated on agar plate)

Characterisation of Isolates at the Biochemical
Level

Isolated bacteria were sub-cultured to
get a pure colony. The chosen pure colonies were
further processed for biochemical characterisation.
Gram staining, catalase test, oxidase test, and sugar
fermentation assays were performed to characterise
the isolates.
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Gram’s staining: A solitary drop of
sterilized water was applied to a clean glass slide,
and an isolated colony was meticulously chosen
from the plate of MRS media and softly blended
to form a smear. The prepared smear was carefully
fixed with heat and the prescribed protocol for
Gram’s staining was followed, and the slide was
examined under an oil immersion lens (10x X
100x) of a binocular LED research microscope (
Carl Zeiss).

Catalase Test: The catalase test was
conducted for each Gram-positive isolated culture.
Catalase is an enzyme synthesised by several
microorganisms that catalyses the decomposition
of hydrogen peroxide into water and oxygen,
leading to the generation of gas bubbles. A 3%
hydrogen peroxide solution was meticulously
administered to a clean and sterilized glass slide
and examined for the formation of bubbles.'?

Oxidase Test: All isolates demonstrating
negative activity of catalase enzymes were
further analysed using the oxidase test. Enzyme,
Cytochrome c oxidase is found in multiple
bacterial electron transport chains, which
catalyses the oxidation of the reagent tetramethyl-
phenylenediamine, leading to the production of
indophenols that display a purple hue as the final
product."

Sugar fermentation Test: Microorganisms
generate an acid or an acid with gas as a by-
product during carbohydrate fermentation.
The final output may differ depending on the
particular microorganisms engaged. All isolates
demonstrating Gram-positive traits and negative
results for both catalase and oxidase were assessed
for this test. Inoculation of each isolate was done
in solutions of various carbohydrates (Lactose,
Fructose, Glucose, Maltose, Mannitol, Sucrose,
and Starch) including inverted Durham tubes
and incubated for 48 hours at 37+1!. The isolates
were identified based on their sugar fermentation
activity, using Bergey’s Manual of Systematic
Bacteriology.'

Determination of Probiotic Potentials

Following the biochemical
characterisation, all test isolates underwent
evaluation for their probiotic efficacy through
assessments of development at lower pH, varying
temperatures, bile salt tolerance, pancreatin

tolerance, and antimicrobial and antibiotic
resistance.

Growth at low Acidity: The pH level in the
human stomach typically falls between 2 and 3. It
is commonly understood that the food we consume
remains in the stomach for a minimum of 4 hours.
For evaluation of the growth of isolated Lactic acid
bacteria at low acidity, overnight cultured isolated
bacteria were firstly inoculated in MRS broth with
acidic pH levels (pH 3.0, 4.0 and 5.0) and incubated
for a duration of 0 hours, 2 hours and 4 hours. The
test cultures were subsequently inoculated on the
plates of MRS agar and incubated at 37+1°C for a
duration of 48 hours.'

Growth at different temperatures:
The growth of isolates was assessed at various
temperatures by inoculating active cultures onto
MRS agar plates, which were then incubated under
anaerobic conditions at temperatures of 25, 30,
35, and 40°C. The isolates demonstrating optimal
growth at both elevated and reduced temperatures
underwent additional screening.'®

Bile Tolerance: The typical bile
concentration found in the human intestine is
estimated to be 0.3% (w/v). The duration for which
the food we consume remains in the small intestine
is approximately 4 hours. Isolates were tested for
their resistance to different stress factors. For bile
tolerance, 1 mL of test culture (O.D at 600nm using
UV-Spectroscopy model-PC based double beam
Spectrophotometer 2206- Systonic) was transferred
into a fresh broth of MRS media (added with 0.3%
bile) which was diluted serially at every 0, 3 and
6 h and 100 uL was spread onto MRS agar plates.
The method of plate count was used for observing
and enumerating viable colonies, after incubation
at 37+1°C for 48 h and expressed in log cfu/mL.""
Tests were performed in triplicate and the survival
rate (%) was calculated as follows:

% Survival rate = [ log CFU 3rd, 6th h / log CFU
Oth h ] x100

Pancreatin Tolerance: For pancreatin
tolerance 1 mL of test cultures (O.D. 1.0 at 600nm)
was inoculated into fresh MRS broth with 0.5%
pancreatin further diluted serially and from the final
dilution of 100 puL was spread onto MRS plates at
0, 3, and 6 hours.' The feasibility of the isolates
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was determined by the method of plate count after
incubation at 37+1°C for 48 h and expressed in log
cfu/mL. The survival rate was calculated with the
help of the above formula used for the calculation
of the bile salt tolerance."’

Antibiotics Resistance: The isolates
demonstrating optimal growth at both elevated
and reduced temperatures were assessed for
their resistance to standard antibiotics using the
Kirby Bauer method. The isolates exhibited a
uniform distribution across the complete surface
of the MRS agar plates, while the antibiotic
discs, featuring different concentrations, were
placed on the agar surface and gently pressed into
position.”® The plates were allowed to incubate at
room temperature for a period of 24 to 48 hours.
The isolates that failed to generate the anticipated
zone of inhibition surrounding the antibiotic
discs, according to the standard chart, were then
examined for their antimicrobial activities against
common human pathogens.?!

Resistance to Human Pathogens: All the
isolates that met the specified criteria underwent
additional testing for their antimicrobial activities
against prevalent pathogens of humans through
the agar well diffusion method. The indicator
pathogenic microorganisms were distributed across
the entire surface of MRS agar plates using a sterile
core borer with a diameter of 6 mm. The overnight
grown culture of the isolate was inoculated into
the wells using micropipettes. The plates were
maintained in an upright position for the duration
of 24 hours during incubation. Subsequently, the
inhibition zone was measured.

The isolates that exhibited larger inhibition
zones were deemed to possess significant probiotic
potential 22

RESULTS

A total of 50 human faecal samples (24
each from healthy vegetarian and non-vegetarian
diets respectively) were examined in this study. The
results indicated a good growth of LAB on MRS
agar plates. (Figure 1). A total of 120 colonies were
successfully isolated under anaerobic conditions
from the collected samples. Total 75 bacterial
cultures were isolated from the vegetarian samples
and only 45 from the non-vegetarian samples which
clearly suggest higher quantity and greater diversity

of microbiome in vegetarians. The identification
of the isolates was conducted based on their
physiological and biochemical characteristics. The
identification was done on the basis of fermentation
of sugar with the help of the Bergey’s Manual of
Systematic Bacteriology. The Colony forming unit
/mL varies from the range of 10* to 10® and was
counted with the help of the colony counter. The
traits of colonies developed on the MRS plates
differed across the various samples. As the diet
influences the growth of gut microbiota, the MRS
plates spread with the vegetarian samples shows the
high growth of the LAB isolates whereas the plates
spread with the non-vegetarian stool sample having
less count of colonies and the types of colonies on
the spread plates were also decreased (Table 1).

All the isolates in our study were
identified as Gram-positive (Figure 2) and
tested negative for both catalase and oxidase,
indicating their classification within the Lactic
acid bacteria (LAB) group. Considering the
morphological characteristics, texture, and colour
of the colony, along with physiological and
biochemical assessments such as fermentation
of sugar and production of gas, many bacterial
species were isolated including Lactobacillus
species, Lactococcus species, Leuconostoc species,
Bifidobacterium species, Enterococcus species,
Pediococcus species according to the Bergey’s
Manual of Systematic Bacteriology. It is found that
Lactobacillus species were isolated in the highest
percentage (35%) from the vegetarian stool samples
processed under anaerobic conditions followed by
Lactococcus species (24%), Bifidobacterium spp
(20%), Enterococcus spp (9%), Pediococcus spp
(7%) and Leuconostoc spp (5%), respectively
(Figure 3). The species isolated from the non-
vegetarian stool samples were Lactobacillus spp.
(44%), Enterococcus spp. (18%), Leuconostoc spp.
(15%), Lactococcus spp. (9%), Pediococcus spp.
(7%) and the Bifidobacterium spp. (7%) (Figure
4).

All isolates identified as LAB via
biochemical tests underwent additional screening
to assess their probiotic efficacy. Initially, the
development of isolates was assessed at lower
pH levels. Among the 120 isolates examined, 82
exhibited positive growth at pH 3, with 54 of these
bacterial isolates originating from the vegetarian
samples and the remaining from the non-vegetarian
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samples. The growth of these isolates was
subsequently analysed across various temperature
conditions. Out of 82 isolates, 69 demonstrated
robust growth at temp. 40°C and also at temp.
25°C. The isolates underwent additional screening
to assess their tolerance to bile salts and their ability
to withstand pancreatin exposure. Among the 69
isolates examined, 28 demonstrated significant
tolerance to the concentrations of 0.3% (w/v) bile
salts and 0.5% pancreatin. Out of the 28 isolates,
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18 were obtained from the vegetarian sample, while
10 were derived from the non-vegetarian samples.
Based on antibiotic resistance and antimicrobial
activity against prevalent human pathogens, only
five demonstrated the most favourable outcomes.
The pathogenic micro-organisms used for detecting
the antagonistic activity were Escherichia coli
ATCC25922, Salmonella typhi MTCC733,
Staphylococcus aureus ATCC25923, Shigella
dysenteriae ATCC 13313, Klebsiella pneumoniae

Fig. 1. (a) MRS plate showing the growth of LAB from vegetarian samples whereas (b) shows the growth of
LAB from non-vegetarian samples

Table 1. Average number CFU/mL of LAB isolated from the human faecal samples using Standard Plate
Count (S1-S10 Vegetarian samples and NV1-NV10 non-vegetarian samples). Each figure is an average of three
independent replicates

Sample No. of Sample No. of Sample No. of Sample No. of
No. CFU/mL No. CFU/mL No. CFU/mL No. CFU/mL
from from from non- from non
vegetarian vegetarian vegetarian -vegetarian
samples samples samples samples
S1 7.4x107 S14 8.6x107 NV1 4.2x10* NV14 4.7x10?
S2 5.9x10% S15 3.9x10* NV2 3.5x10° NVI15 6.3x10°
S3 4.6x107 S16 6.7x10* NV3 2.8x10? NV16 2.8x10°
S4 6.6x10° S17 4.4x10° NV4 6.3x10° NV17 3.5x10*
S5 5.8x10° S18 7.6x10° NV5 4.2x10° NVI18 5.8x10°
S6 6.3x107 S19 8.1x10% NV6 8.7x10* NVI19 7.2x10?
S7 7.2x108 S20 3.3x10°¢ NV7 7.5x10° NV20 8.1x10*
S8 3.9x107 S21 8.8x10% NV8 3.2x10° NV21 7.5x10?
S9 4.2x10° S22 2.8x108 NV9 4.6x10° NV22 2.2x10°
S10 8.9x10° S23 6.1x10° NV10 3.6x10* NV23 8.8x10*
S11 5.2x10° S24 4.9x107 NVl 5.9x10° NV24 1.3x10*
S12 9.8x10° S25 9.9x10° NVi2 3.8x10° NV25 8.2x102
S13 5.9x10° NV13 3.5x10?
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MTCC3384, and Pseudomonas aeruginosa
ATCC27853. The clinical and laboratory standards
institute’s criteria for determining the minimum
inhibitory concentration (MIC) were followed in
order to assess antibiotic susceptibility. The CLSI
breakpoints were used to interpret the data. 2

DISCUSSION

This study sought to assess how vegetarian
and non-vegetarian diets affect the prevalence and

BAMAL & GARG, Biosci., Biotech. Res. Asia, Vol. 22(2), 779-788 (2025)

characteristics of lactic acid bacteria (LAB) in
human faecal samples. The results demonstrate
a greater prevalence and diversity of LAB
among individuals following a vegetarian diet
in contrast to those on a non-vegetarian diet.
A total of 75 LAB isolates were sourced from
vegetarian samples, while 45 were derived from
non-vegetarian samples. This difference indicates
that diets rich in plant-based foods could enhance
the proliferation of LAB within the gut microbiota.
This observation is consistent with earlier findings

Fig. 2. Gram’s staining observation under 10 x 100 magnifications using binocular LED research microscope (A-
Lactobacillus acidophilus, B- Lactobacillus plantarum , C- Lactobacillus fermentum, D- Bifidobacterium sp. ,
E- Pediococcus sp., F- Enterococcus sp., G- Leuconostoc sp., H- Lactobacillus rhamnosus
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Fig. 3. Percentage of isolated LAB species from the vegetarian samples under anaerobic conditions
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Fig. 4. Percentage of isolated LAB species from the non-vegetarian samples under anaerobic conditions

that indicate plant-based diets improve microbial
diversity and stability in the gut.”® The colony-
forming units CFU/mL varied between 10> and 10x
, with vegetarian samples showing elevated LAB
counts. This reinforces the idea that dietary habits
play a pivotal role in shaping the composition of
microbiota of gut.?

Morphological, physiological, and
biochemical analysis identified several genera
of LAB, including Leuconostoc, Lactococcus,
Bifidobacterium, Lactobacillus, Enterococcus, and
Pediococcus. In vegetarian samples, Lactobacillus
species were predominant (35%), followed by
Lactococcus (24%), Bifidobacterium (20%),
Enterococcus (9%), Pediococcus (7%), and
Leuconostoc (5%). Conversely, non-vegetarian
samples showed a higher proportion of Lactobacillus
(44%), Leuconostoc (15%) and Enterococcus
(18%), with lower percentage of Lactococcus
(9%) and Bifidobacterium (7%) while Pediococcus
(7%) showed no difference. Interesting, the higher
percentage of bifidobacteria from vegetarian
samples suggest that the vegetarians are less
susceptible to dipression and harbour higher
percentage of happy bacteria than non-vegetarians.
Bifidobacteria are known toproduce short chain
fatty acids, particularle butyric acid which cause
happiness. The prevalence of Lactobacillus species

in both dietary groups aligns with current literature
emphasising their common presence in the human
gut.”” The heightened occurrence of Enterococcus
species in non-vegetarian samples could be linked
to dietary elements that promote their proliferation.
The evaluation of probiotic potential showed that
82 out of 120 isolates demonstrated growth at pH
3, highlighting their acid tolerance. Of these, 69
strains exhibited strong growth at both at 25°C
and 40°C, indicating their adaptability to different
temperature conditions. Subsequent screening
revealed 28 isolates exhibiting notable tolerance
to 0.3% bile salts and 0.5% pancreatin, which
are critical characteristics for endurance in the
gastrointestinal environment. The results align
with previous studies that have identified LAB
strains exhibiting probiotic characteristics, such as
tolerance to acid and bile.?® The increased quantity
of probiotic derived from vegetarian samples (18
out of 28) may indicate the impact of plant-based
diets on enhancing LAB with beneficial probiotic
characteristics.”

Five isolates demonstrated significant
antimicrobial activity against prevalent human
pathogens, such as E. coli, S. aureus, K. pneumoniae,
S. typhi, S. dysenteriae, and P. aeruginosa. This
antagonistic effect highlights the promise of these
LAB strains as probiotic candidates that can
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improve gut health by suppressing pathogenic
bacteria. Comparable antimicrobial characteristics
have been documented in LAB strains obtained
from diverse sources, reinforcing their potential
use in enhancing human health.*® Plant based diets
contain a variety of carbohydrates that provide
direct energy and facilitate sugar fermentation
and the production of either lactic acid alone
(homofermentation) or lactic acid with acetic
acid (heterofermentation) that provide a suitable
environment for the growth and development of
diversity of LAB. Animal proteins, though, are
good sources of proteins but have raised serious
environmental issues like emission of greenhouse
gases during meat production and red meat
increases the health risks including various chronic
diseases®'. The digestibility of animal proteins is
also poor in comparison to plant-based protiens that
contain a large variety of amino acids in the form of
oligopeptides that provide a wide range of nutrients
to the growing LAB in the gut. Replacement of
animal meat proteins by plant-based proteins
maintains a nutritional balance that facilitates
greater and higher diversity of LAB in the gut*.

CONCLUSION

This investigation emphasises the
influence of dietary practices on the makeup
and probiotic capabilities of gut microbiota.
A vegetarian diet seems to promote a greater
prevalence and diversity of LAB that exhibits
beneficial probiotic characteristics. The identified
LAB strains, especially those exhibiting
antimicrobial properties, show potential for
development as probiotic supplements aimed at
enhancing gastrointestinal health. Plant-based diet
is good for healthy gut microbiome. Vegetarian diet
supports higher quantity and greater diversity of
gut microbiome including the higher population of
bifidobacteria that are commonly known as happy
bacteria.
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