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ABSTRACT
Objective: Evaluation of Antimicrobial and Antifungal potential of Phytoconstituents present in leaf extracts of Bergenia ligulata (wall.) plant.

Methods: The antimicrobial effects of leaves of Bergenia ligulata (wall.) were evaluated using both ethanol and aqueous extracts against Escherichia coli,
Staphylococcus aureus, Pseudomonas aeruginosa, Candida albicans, and Penicillium spp. Agar well diffusion method was employed in determining the
antimicrobial activity and the broth dilution method for determining the Minimum Inhibitory Concentration. All the isolates examined were susceptible
to both the ethanol, aqueous, and the combined aqueous and ethanol extracts (synergetic effect) of the Bergenia ligulata leaves.

Results: The zone of inhibition ranged from 6.93+0.02> mm to 12.81+0.032 mm, with Escherichia coli being the most susceptible at 12.81+0.032 mm
to the ethanol and 11.53+0.022 mm to the aqueous extracts at 250 mg/ml concentration while P. aeruginosa and Penicillin spp. were the slightest
susceptible at 10.88+0.022 mm to the ethanol and 09.76+0.022 mm to the aqueous extract at 250 mg/ml concentration. The control/standard
antimicrobial agent (Gentamicin and Metronidazole) exhibited higher inhibitory activity than the plant extracts. The least inhibitory value of 6.25
mg/ml was produced against P. aeruginosa by the ethanolic extract and against C. albicans by the combined (aqueous and ethanol) extracts of the
plant. The qualitative and quantitative phytochemical screening of the leaves of Bergenia ligulata reveals the presence of flavonoids, tannins,
saponins, alkaloids, and steroids. The most abundant percentage composition observed was flavonoids (7.72%), while tannins had the least
component (4.29%).

Conclusion: The findings from this study show that the leaves extracts hold considerable antimicrobial activity against commonly encountered
microorganisms in the environment. This, therefore, implies that it can be used as a chemotherapeutic agent which will contribute to the

development of antibiotic drugs against the test organisms.
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INTRODUCTION

Plants are the basic sources of the acquaintance of modern medicine
as several synthetic drugs are made from starting molecules
extracted from plants and play an important role in drug
development programs in the pharmaceutical industry based on
their use in traditional medicine and natural products [1]. Medicinal
plants are an abundant source of antimicrobial compounds, and an
extensive range of these plant extracts are used to treat numerous
infections caused by resistant microorganisms as they have
potential antimicrobial activity [2]. They could have effects such as
bacteriostatic, bactericidal, sterilizing disinfectant, antiseptic, and
preservative.

Bergenia ligulata, commonly denoted as a "stone flower/stone
breaker, a member of the Saxifragaceae family, is a well-known
Ayurvedic medicine Paashanbheda. This plant is a highly regarded
medicinal herb and one of the most well-known examples of
controversial drugs in Indian medicine and is well-known for its
ability to dissolve kidney stones. Bergenia comes in three varieties
of B. ligulata, B. ciliata, and B. stracheyi [3]. It is mostly grown in cold
and temperate climates and found in the Himalayas, from Kashmir
to Bhutan [4]. The leaves are simple or compound, alternate,
occasionally opposite, typically exstipulate, inflorescence cymose or
racemose, rarely flowers solitary flowers, bisexual or sometimes
unisexual are the main botanical characteristics of the Saxifragaceae
family. For epochs, the plant's roots have been used in Ayurvedic
medicine and we can also use Bergenia in over-the-counter weight-
loss and kidney health supplements [5, 6].

Traditionally, the plants are also used to treat asthmatic disorders
when taken orally, simply chewed if it's still fresh, to treat diarrhea
and vomiting. The plant is also reported for the treatment of fever,

cough, pulmonary affections, prolonged uterine hemorrhage,
bladder disorders, dysentery, menorrhagia, splenic enlargement,
and heart diseases in Ayurveda and Unani medicines [7]. The extract
of the rhizome of B. ciliata is used as an anti-tussive for colds and
cough by the local people of the Sikkim and West Bengal [8, 9].

The phytochemical screening of Bergenia ligulata has revealed the
leaf extracts of the plant to possess numerous active compounds
with Bergenin, afzelechin, and gallic acid as the most active
compounds [10]. The methanolic extract of B. ciliata rhizomes holds
antibacterial activity and inhibited influenza virus replication in a
dose-dependent manner but lacked virucidal activity at an
appropriate concentration due to the presence of condensed tannins
in the extract [8, 11]. Therefore, this study was intended to consider
the antimicrobial properties and phytochemical investigation of the
leaves extract of Bergenia ligulata.

MATERIALS AND METHODS
Collection and identification of plant material

The leaves of B. ligulata were purchased from an online source
nursery live and were identified and authenticated by the Central
Institute of Medicinal and Aromatic Plants (CIMAP) Lucknow, India
by Dr. Rakesh Kumar Shukla, Senior scientist, Department of Botany
and a voucher specimen (CIMAP/2020/3152) was deposited at the
research Centre CIMAP Lucknow, India.

Preparation of extract

The leaves were washed with sterilized water, dried in shade and
ground to a fine powder using a mechanical blender. The ethanol
and aqueous extracts were prepared by soaking 200 grams of the
powdered leaves in 650 ml of 95% ethanol and 600 ml of distilled
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water individually at room temperature for 24 h. The extracts were
filtered separately through Whatman’s filter paper and concentrated
using a rotary evaporator, warmed in a water bath at 75 °C for the
aqueous extract and temperature of 50 °C for ethanol extracts, to
obtain crude extracts [12]. The extracts were stored at 4 °C in a
refrigerator till further use. A mixture of both extracts (ethanol and
aqueous) was used in the synergetic valuation.

Collection and maintenance of test organisms

Stock cultures of bacterial isolates of Escherichia coli, Staphylococcus
aureus and Pseudomonas aeruginosa and fungal isolates of Candida
albicans and Penicillium spp., were obtained from the laboratory
stock of the Department of Microbiology, Ganesh Shankar Vidyarthi
Memorial Medical College Kanpur, Uttar Pradesh, India. They were
resuscitated and their identities were confirmed using standard
procedures and methodology [13, 14]. Pure culture of the bacterial
species was maintained on nutrient agar slant and the fungi species
on potato dextrose agar slant at 4 °C before use.

Antimicrobial assay

The agar well diffusion method was executed to influence the
antimicrobial activities of the leaves extract. Sterile Mueller-Hinton
agar plates and potato dextrose agar plates were inoculated with
standardized 50 pl inoculum of each selected test organism using
the spread plate technique. Wells of 6 mm in diameter were made
and 0.1 ml of the various concentrations (50 mg/ml, 100 mg/ml and
250 mg/ml) of the leaf extracts were distributed into the wells.
Gentamicin and Metronidazole 250 mg/ml were used as a positive
control. The plates were incubated at 37+2 °C for 24 h. for bacteria
and room temperature (25%2 °C) for 72 h for fungi. The
antimicrobial potential was estimated by measuring the diameter of
the resultant zones of inhibition in millimeters (mm) around the
wells [15].

Determination of minimum inhibitory concentration

For the determination of the Minimum inhibitory concentration
(MIC) of the extracts, the broth dilution method was employed.
Various concentrations of the extracts were prepared by serial
dilution method to acquire concentrations of 50 mg/ml, 25 mg/ml,
12.5 mg/ml, 6.25 mg/ml, 3.125 mg/ml 1.5625 mg/ml. 2 ml of
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nutrient/potato dextrose broth holding the test organisms was each
distributed into sterilized test tubes and a 1 ml extract of various
concentrations added to the test tubes containing the test
organisms. The test tubes were corked and incubated aerobically at
37+2 °C for 24 h. for bacteria and 25+2 °C for 72 h for fungi. The
turbidity in the test tubes was determined and compared after
incubation to determine the MIC. The MICs for each organism were
articulated as the lowest concentrations, which inhibit the growth of
the microbial test isolates [16].

Determination of minimum bactericidal/ fungicidal concentration

The minimum bactericidal and fungicidal concentrations (MBCs and
MFCs) were determined by subculturing 2ul from each of the tubes
showing no growth (MIC culture tubes) onto nutrient and potato
dextrose agar plates and incubating for 24 h. at 37+2 °C and 72 h. at
28+2 °C correspondingly. The lowest concentration with no
observable growth was defined as MBC and MFC correspondingly,
indicating 99.90% Kkilling of the original inoculums [12].

Qualitative and quantitative phytochemical analysis

Phytochemical screening of the plant extracts was carried out using
standard methods to ascertain the presence or absence of the
different metabolites (Glycosides, flavonoids, tannins, saponins,
steroids and alkaloids) [17, 18].

Statistical analysis

Data was collected and analyzed using One-way analysis of variance
(one-way ANOVA). Values were reported as means of triplicate
determination+standard deviation.

RESULTS

The diameter of the zone of inhibition of the ethanol and
aqueous extracts of Bergenia ligulata against Escherichia coli,
Staphylococcus aureus, Pseudomonas aeruginosa, Candida
albicans and Penicillin species illustrates that both extracts had
inhibitory activity against the isolates at higher concentrations
of between 100 and 250 mg/ml, with the ethanolic extracts
represents more activity (table 1) (fig. 1).

Table 1: Antimicrobial screening of ethanolic and aqueous extracts of Bergenia ligulata against selected test organisms

Test Ethanolic extract concentration (mg/ml) Aqueous extract concentration (mg/ml) Control (Gentamicin and
organisms 250 100 50 250 100 50 metronidazole 250 mg/ml)
E. coli 12.81+0.032 6.93+0.02b 0.04+0.01¢ 11.53+0.022 2.01+0.00v 0.03£0.00c  21.91+0.04
S. aureus 11.78+0.022 7.11+£0.02b 1.30+0.01¢ 10.21+0.012 1.02+0.00b 1.27£0.01¢  19.08+0.02
P. aeruginosa 10.88+0.022 6.87+0.01> 0.91+0.01¢ 10.76+0.022 0.91£0.02° 0.86+0.00c  23.89+0.02
C. albicans 12.23+0.012 7.98+0.01° 1.21£0.01¢ 10.13+0.022 2.78+0.02b 1.15+0.01¢  26.17+0.06
Penicillin spp.  10.97+0.022 7.35+0.02b 0.88+0.01¢ 9.76+0.022 6.44+0.02b 0.74+0.00c  28.37£0.06
Values with different superscripts are significantly dissimilar from each other (P<0.05).
Plot of Concentration (mg/ml) Vs Zone of Inhibition (mm)
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Fig. 1: Plot of antimicrobial screening of ethanolic and aqueous extracts of Bergenia ligulata against selected test organisms
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Comparison made between standard drugs (Gentamicin and
Metronidazole 250 mg/ml) Vs various concentrations of the
ethanolic and aqueous extract of B. ligulata (50,100 and 250
mg/ml). P<0.05 considered significant data.

The collective (Synergetic) effects of the ethanol and aqueous
extracts of B. ligulata against the test isolates illustrate that the
highest in vitro antimicrobial activity (14.17+0.02 mm) was revealed
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at the concentration of 250 mg/ml against E. coli, while the least
antimicrobial activity (11.96+0.01 mm) against P. aeruginosa and
Penicillin spp. was also revealed at the concentration of 250 mg/ml.
The zone of inhibition produced by the standard antimicrobial
agents (Gentamicin and Metronidazole) against the test
microorganisms exhibited higher inhibitory activities than the
extracts of Bergenia ligulata (table 2) (fig. 2).

Table 2: Antimicrobial screening for the synergetic effect of aqueous and ethanol extracts of Bergenia ligulata against selected test

organisms
Test organisms Ethanol+Aqueous extract concentration (mg/ml) Control
200 100 (Gentamicin and metronidazole 250 mg/ml)

E. coli 14.17+0.022 11.07+0.01° 1.51£0.01¢ 21.91+0.04
S. aureus 13.19+0.032 9.21+0.02b 1.41£0.01¢ 19.08+0.02
P. aeruginosa 11.96+0.022 7.21£0.01b 1.92+0.01¢ 23.890.02
C. albicans 13.23+0.022 8.16+0.01 1.76£0.01¢ 26.17+0.06
Penicillin spp. 11.97+0.022 7.34+0.01P 1.24+0.01¢ 28.37+0.06

Values with different superscripts are significantly dissimilar from each other (P<0.05).

Plot of concentration (mg/ml) Vs Zone of inhibition (mm.)
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Fig. 2: Antimicrobial screening for the synergetic effect of aqueous and ethanol extracts of bergenia ligulata against selected test
organisms

Comparison made between standard drugs (Gentamicin and
Metronidazole 250 mg/ml) Vs various concentrations of the
combination of ethanolic and aqueous extract of B. ligulata (50,100
and 250 mg/ml). P<0.05 considered significant data.

The minimum inhibitory concentration (MIC) of the extracts of B.
ligulata in contradiction to the test isolates are epitomized in table 3

and table 4. Both extracts (aqueous and ethanol) exhibited active
inhibitory effects, but the ethanolic extracts showed more activity.
The least inhibitory value of 6.25 mg/ml was produced against P.
aeruginosa and C. albicans by the ethanolic extract and by the
combined extract of the aqueous and ethanolic extracts of B. ligulata
correspondingly.

Table 3: MIC values of aqueous and ethanol extracts of B. ligulata against test isolates

Extracts Test organisms Concentrations (mg/ml)
50 25 12.5 6.25 3.12 1.56 MIC
Aqueous E. coli + + + + + + 50
S. aureus + + + + + + 50
P. aeruginosa + + + + + + 50
Penicillin spp. - + + + + + 25
C. albicans - - + + + + 12.5
Ethanolic E. coli - + + + + + 25
S. aureus - + + + + + 25
P. aeruginosa - - - + + + 6.25
Penicillin spp. - - + + + + 12.5
C. albicans - - + + + + 125

Key: += Positive,-= Negative, MIC-Minimum Inhibitory Concentration.
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Table 4: MIC values of collective extract (Aqueous+Ethanol) of B. ligulata against test isolates

Combined extract Test organisms

Concentrations (mg/ml)

(Aqueous and 50 25 12.5 6.25 3.12 1.56 MIC

ethanolic E. coli - + + + + + 25
S. aureus - + + + + + 25
P. aeruginosa - - + + + + 12.5
Penicillin spp. - + + + + + 25
C. albicans - - - + + + 6.25

Key: += Positive,-= Negative, MIC-Minimum Inhibitory Concentration.

The minimum bactericidal/fungicidal concentration showed more
activity by the ethanolic extracts of B. ligulata against P. aeruginosa
at 12.5 mg/ml (table 5), and the combined (ethanolic+aqueous)

extracts against C. albicans at 12.5 mg/ml (table 6), while the
aqueous plant extract had cidal action at the concentration of 50
mg/ml for all the isolates tested.

Table 5: Minimum bactericidal/fungicidal concentration (MBC/MFC) values of aqueous and ethanolic extracts of B. ligulata against test

isolates
Extracts Test organisms Concentrations (mg/ml)
50 25 12.5 6.25 3.12 1.56 MBC/MFC
Aqueous E. coli + + + + + + 50
S. aureus + + + + + + 50
P. aeruginosa + + + + + + 50
Penicillin spp. - + + + + + 50
C. albicans + + + + + + 50
Ethanolic E. coli - + + + + + 50
S. aureus - + + + + + 50
P. aeruginosa - - - - + + 125
Penicillin spp. - - + + + + 25
C. albicans - - + + + + 25

Key: += Positive,-= Negative, MBC-Minimum Bactericidal Concentration, MFC-Minimum Fungicidal Concentration.

Table 6: Minimum bactericidal /fungicidal concentration (MBC/MFC) values of combined extracts (Ethanolic+Aqueous) of B. ligulata
against test isolates

Combined extract Test organisms

Concentrations (mg/ml)

(Aqueous and ethanolic) 50 25 12.5 6.25 3.12 1.56 MIC
E. coli - + + + + + 50
S. aureus - + + + + + 50
P. aeruginosa - - + + + + 50
Penicillin spp. - + + + + + 50
C. albicans - - - - + + 12.5

Key: += Positive,-= Negative, MBC-Minimum Bactericidal Concentration, MFC-Minimum Fungicidal Concentration.

The qualitative and quantitative phytochemical screening of the
leaves of Bergenia ligulata showed the presence of flavonoids,
tannins, saponins, alkaloids and steroids. The most copious
percentage composition detected was flavonoid (7.72 %), followed
by and Tannins (4.29 %), Alkaloid (3.81 %) and saponins having the
least component (1.26 %). Some tests also represent the presence of
steroids in the least quantity (0.90 %).

Table 7: Qualitative phytochemical analysis of the leaves
extract of Bergenia ligulata

Group of phytochemicals Observations % Composition
Flavonoids +++ 7.72+0.17
Tannins +++ 4.29+0.12
Alkaloids ++ 3.81+0.04
Saponins + 1.26+0.02

Values are results of triplicate analysis.

DISCUSSION

Antibiotics have persisted as the pillar of drug therapy for
infectious diseases worldwide. Investigations of natural
components from plants that may oblige as valuable sources of
antimicrobial agents for therapeutic uses seem to be a practicable

alternative to conventional antibiotics in the face of enhancing
antibiotic resistance. In this study, antimicrobial influence and
synergistic effect of crude aqueous and ethanolic extracts of leaves
of Bergenia ligulata against Staphylococcus aureus, Pseudomonas
aeruginosa, Escherichia coli, Candida albicans and Penicillium
species were examined (table 1 and 2).

The results attained from the antimicrobial potential of the extract
of the leaves of Bergenia ligulata, independently and in combination
(synergy) possess considerable antimicrobial activity against
commonly encountered microorganisms considered.

The antimicrobial potential of the extracts was detected to be
concentration-dependent, and the activity varied with concentration
against the tested pathogens. All the organisms tested were sensitive
to the extracts of Bergenia ligulata between the concentrations of
100 mg/ml to 250 mg/ml. The inhibition zone ranged from
6.97+0.00 mm to 14.17+£0.02 mm, with Escherichia coli being the
most vulnerable (at 14.17+£0.02 mm, 12.81+0.03 mm and 11.53+£0.02
mm) to the synergy, ethanol and aqueous extracts at 250 mg/ml
concentration correspondingly while P. aeruginosa and Penicillin
spp. were the least susceptible (at 11.97+0.022 mm, 10.88+0.02 mm
and 10.76+0.02 mm) to the synergy, ethanol and aqueous extract at
250 mg/ml concentration correspondingly.
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The circumstance that the various microbial isolates subjected to the
extract of Bergenia ligulata were susceptible shows that the leaves
of this plant have antimicrobial potency. The results were approved
with the work of [19], who reported that the leave extract of
Bergenia ligulata has antimicrobial and antioxidant potential against
some selected range pathogens and infectious diseases. The results
obtained show that the ethanolic extracts possess maximum
potential against the extract on all microorganisms tested than the
aqueous extracts. This probably indicates that ethanol is a better
solvent than water in the extraction of the active components of the
plant. This. Additionally, ethanol extract produced the maximum
zones of inhibition, agreeing with the previous studies [20]. The
result attained in this study is comparable with similar studies on
Moringa oleifera extracts that have been reported to validate
antimicrobial activity against Staphylococcus aureus, Escherichia coli,
Salmonella typhi, Candida albicans, and Mucor species [21-23].

The minimum inhibitory concentration (MIC) of the various
extracts was detected to be between the concentrations of 6.25
mg/ml and 12.5 mg/ml for the ethanolic and combined (synergy)
extracts on both bacterial and fungal isolates and 50 mg/ml for the
aqueous extracts on both bacterial and fungal isolates (table 3 and
4). These findings are in favor of similar reports that documented
remarkable activity against the growth of E. coli, S. aureus and K.
pneumonia with zones ranging from 13 mm to 26 mm and MIC
values of 25 mg/ml, 50 mg/ml and 100 mg/ml for the test
organisms correspondingly [24, 25].

The minimum bactericidal/fungicidal concentration (MBC/MFC)
values imitate the superior activity of the ethanol extracts against P.
aeruginosa at 12.5 mg/ml, Penicillin spp. and C. albicans at 25 mg/ml
when associated with the aqueous extracts at concentrations of 50
mg/ml against all tested isolates (table 5). The combined (synergy)
extracts had values of 12.5 mg/ml against C. albicans and 50 mg/ml
against all bacterial isolates tested (E. coli, S. aureus, P. aeruginosa)
and Penicillin spp. (table 6). The study concluded that the ethanolic
extracts have more inhibitory effects as an antimicrobial agent in
comparison to aqueous extracts and when compared with the
control (standard antibiotics) that produced maximum inhibition
than the various extracts against all the test organisms.

Phytochemical screening of leaves of Bergenia ligulata shows the
presence of flavonoids, tannins, saponin, alkaloids and traces of
steroids. Quantitatively, the percentage yields of phytochemical
content of the leaves of Bergenia ligulata resulted from Flavonoids
(7.72%), Tannins (4.29%), Alkaloids (3.81%) and Saponins (1.26%)
which shows that the leaves of the plant B. ligulata having
considerable amount of the phytochemicals responsible for its
therapeutic importance.

CONCLUSION

The in vitro antimicrobial potential established by Bergenia ligulata
leaves extracts against the microbial test isolates designates that the
plant has potential antimicrobial strength. Thus, validating the local
use of Bergenia ligulata for medicinal purposes in treating infectious
diseases such as gastrointestinal disorders, gonorrhea, diarrhea,
typhoid and other infections in which the tested pathogens may be
concerned. The presence of phytochemicals and the ability of the
leaves extracts to inhibit the growth of numerous microbial species
is an indication of the broad-spectrum antimicrobial potential of
Bergenia ligulata, which makes it a potential candidate for a
prospective antimicrobial drug. Thus, this plant is effective and
comprises natural compounds that could be used in the treatment of
infections and helps promote alternative medicine as better
substitutes to synthetic antimicrobials.
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