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ABSTRACT

Bergenia ciliata is an effective medicinal plant since it contains a significant number
of bioactive chemicals and has a broad spectrum of biological action. The current
study was conducted to evaluate the antimicrobial activity of Bergenia ciliata rhizome
extract using microwave-assisted extraction (MAE) with 1 g of plant material in 10
mL of solvent ratio. For extraction, several factors such as power level, time, ethanol
and petroleum ether solvents were used. The highest extract weight of 0.957 g was
discovered in ethanol, using a combination of 200 W (power) and 150 seconds
(time). The phenolic content in the rhizome of Bergenia ciliata was also determined
by measuring absorption at 765 nm with a UV spectrophotometer. The highest total
phenolic content in Bergenia ciliata rhizomes extract with ethanol was reported to be
62.43063a + 0.1 mg/g at a power level of 200 W after 150 seconds of microwave
irradiation. Antimicrobial activity was tested using selected bacterial (Escherichia
coli, Salmonella enterica and Staphylococcus aureus) and fungal (Trichoderma
harzianum, Alternaria alternata, and Fusarium oxysporum) strains after extraction.
Ethanol showed the highest antimicrobial action. By utilizing the anti-microbial
properties of Bergenia ciliata, current research can be expanded to examine
alternative drug discoveries.
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INTRODUCTION
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in the Himalayan area of Sikkim, which is located in Northeastern India for usage as a food, the plant is taken out of
the wild (O’'Neill et al., 2017).

Bergenia ciliata (Haw.) Sternb. is a significant Himalayan medicinal plant. A plant species' phenotypic features change
with altitude in order to adapt to and overcome changing and challenging surroundings. Several environmental
parameters, such as mean temperature, soil properties, precipitation, radiation intensity, etc, alter with altitudinal
gradient and hence influence plant morphology. With increasing altitude, plant height, leaf breadth and length,
inflorescence length, and petiole length all decrease significantly (Magray et al., 2022).

The extraction method utilized in the extraction procedure has a substantial impact on the successful and focused
extraction of physiologically active chemicals from plant material. Organic solvents including methanol, ethanol, and
acetone are frequently employed to extract bioactive compounds (Tilburt et al., 2008).

Microwave extraction of plant components has gained significant attention and potential in recent years. A more recent
extraction technique called microwave-assisted extraction (MAE) blends conventional solvent extraction with
microwave technology. The term "microwave-assisted extraction" describes the method of heating solvents and plant
tissues with microwaves to increase the extraction rate. If sufficient study is conducted, this technology has the potential
to replace other traditional ways of plant extraction on a large scale because it offers several advantages over previous
methods of extraction. Some of the benefits include reduced solvent and energy usage, shorter extraction times, and
protection of thermolabile chemicals (Tariqg et al., 2017; Akhtar et al., 2020). It is now one of the most widely used and
economical extraction techniques available today, with a number of sophisticated MAE instruments and methodologies
available, such as solvent-free microwave-assisted extraction (SFMAE) and pressurized microwave-assisted
extraction (PMAE) (Mandal et al., 2007).

According to studies conducted in numerous countries, the antibacterial capabilities of plant extracts and
phytochemicals, can be highly beneficial in treatments. Many plant's microbiological traits are derived from secondary
metabolites known as phenolic chemicals, which are components of essential oils and tannins (Negi et al., 2014).
Bergenia ciliata has yielded a variety of beneficial secondary metabolites such as tannic acid, glucose, gallic acid,
mucilage, stigmasterol, bergenin, arbutin, phytol, B-sitosterol, 3 methyl-2 buten-1-ol, and others. Various parts of these
plants contain antiviral, antilithic, diuretic, antipyretic, anti-bradykinin, anti-bacterial, anti-inflammatory, insecticidal,
hepatoprotective, and a-glycosidase activities and are used to eliminate urinary bladder stones. Bergenia ciliata, one
of the three Bergenia species reported, is widely used in folk medicine and contains antitussive, antiulcer, antioxidant,
antibacterial, hypoglycemic, toxicological anticancer, and anti-adiabatic qualities (Kanth et al., 2019).

MATERIALS AND METHODS

The current study was conducted in the Botany Department's Plant Tissue Culture Lab at Lahore College for Women
University in Lahore. Microwave-assisted extraction of Bergenia ciliata for polyphenol extraction was completed in this
study. The rhizome of Bergenia ciliata was obtained from Azad Kashmir. Bergenia ciliata rhizomes were air-dried,
ground into a fine powder, and extracted to promote solvent penetration and release of active components. This powder
was kept in an airtight container and then extracted.

Preparation of Plant Extract

An electronic scale was used to weigh the rhizome powder in order to prevent solvent evaporation and control the
solvent's boiling pressure after microwave heating. A calibrated solvent (10 mL) was poured, along with 1g plant
material, and covered with a perforated polyethylene bag. Whatman filter paper No. 1 was used to filter the extract,
resulting in the crude extract.

Parameters for Microwave Assisted Extraction

The Extraction parameters to be studied were as follows;

Solvents: Ethanol and petroleum ether were used as solvents for extraction from powder. The solvent-to-plant material
ratio of 10 mL/1 gram was used respectively.

Power levels: 200, 400, 600, and 800 Watts of power level of microwaves were used during the experimental work.
Time duration: 30, 60, 90, 120, 150 seconds time intervals were used.

Spectrophotometric Analysis of Phenolics

Spectrophotometric methods are semi-quantitative methods used to estimate phenolic content in plant extracts. 1 g of
plant material was homogenized with 1 solvent and filtered using Whatman filter paper no. 4. The Folin-Ciocalteu (FC)
assay was used to analyze response 1, or phenolic content. The sample 125, 500 and 125 uL of Folin-Ciocalteu
reagent was combined with distilled water, 1.25 mL of 7% Na2CO3, and 3 mL distilled water, incubated in the dark for
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90 minutes. The absorbance at 760 nm was measured, and gallic acid was produced in various concentrations to
create a standard curve (Rebey et al., 2012).

Figure 1. MAE extract of Bergenia ciliata.

Figure 2. Spectrophotometer.

Antimicrobial Activity

The antibacterial activity of Bergenia ciliata extracts produced through various extraction processes was tested using
the agar well diffusion method against various bacterial strains and fungal strains (Singh et al., 2017). Bacterial
(Escherichia coli, Staphylococcus aureus and Salmonella enterica) and fungal (Fusarium oxysporum, Trichoderma
harzianum and Alternaria alternata) strains were obtained from Lahore College for Women University's Botany
Department.

Preparation of Media Plates

The culture medium was prepared by dissolving 3.9 g of Potato Dextrose Agar (PDA) in 100 mL of distilled water,
sterilizing it using autoclave (temperature 121 °C and the pressure 151b2/inch). After cooling the autoclaved medium
was placed into sterilized petri plates under aseptic conditions, and 20 mL of Agar medium was poured into each plate.
Culturing of Bacterial Strains

The bacterial strains were subcultured on solidified agar plates after being kept at 4 °C. Bacterial cultures were
transferred from agar plates to freshly produced agar plates using a sterilized red-hot inoculating needle. After that, the
plates were incubated for at 37 °C for full day.

Preparation of Inoculum

Isolated colonies were diluted in a saline solution and then transferred to fresh agar plates. After that, the plates were
incubated at 37°C for 24 hours. The solution's turbidity indicated bacterial colony expansion.

Inoculation of Plates

The study involved placing 100 mL of bacterial inoculum on agar plates, keeping the flask close to the flame, heating
the opening to prevent contamination, and allowing the inoculums to solidify. Then, in each Petri plate, four 9 mm
diameter wells were created using a sterile cork borer. All of the plates were appropriately labeled before applying plant
samples.

Sample Application and Inoculation
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Each well received 100 L of the corresponding sample by micropipette. The plates were then placed in a 37 °C
incubator (UNB-400). The results were obtained after a 24-hour incubation period.

Measurements of the Zone of Inhibition

The zone of inhibition, indicating bacterial growth inhibition, was determined by measuring the diameter of a clean
region surrounding the well. A transparent mm ruler was used to measure the zone's diameter (mm), and the results
were noted as the mean zone of inhibition. All tests were isolated in duplicate.

Statistical Analysis

The resulting data were analyzed using One Way ANOVA, and the treatment means were compared for significance
using Duncan's New Multiple Range Test at a 5% level of significance using SPSS computer software.

RESULTS AND DISCUSSION

Microwave Assisted Extraction (MAE)

Extraction was performed with microwave-assisted extraction. For extraction, 1 g of plant material (Bergenia ciliata
rhizomes) powder and 10 mL of solvent (Ethanol and Petroleum ether) were taken. Different power levels of 200, 400,
600, and 800 Watts and times 30, 60, 90, 120, 150 seconds were used. After filtering the extract with Whatman filter
paper No. 1 the filtrate was poured into glass vials and it was air dried, extract weight was calculated by formula:
Extract weight= initial weight-final weight

Effect of various Power Levels on Weight of Ethanolic Extract of Berginia ciliata

Comparison of a maximum and minimum amount of yield (extract of Bergenia ciliata) was obtained through microwave-
assisted extraction using two different solvents (Ethanol and Petroleum ether).

As shown in Table (1), with ethanol the maximum extract (0.95g + 0.1) was yielded at 200 W when the mixture was
heated for 150 seconds. The minimum amount of extract (0.06g + 0.01) however was obtained at 800 W but the time
was just 30 seconds.

With petroleum ether at 200 W maximum amount of extract was observed (0.48 g + 0.01) at 60 sec, whereas the
minimum in (0.02 g £ 0.01) at 120s. At 400 W power maximum amount of extract (0.79 g + 0.01) was observed at 90s,
whereas the minimum (0.19 g + 0.01) at 120s. At 600 W maximum amount of extract was observed (0.42 g + 0.01) at
150s, whereas the minimum (0.02 g + 0.01) at 30s. At 800 W power maximum amount of extract was observed (0.68
g £ 0.01) at 120s, whereas the minimum (0.04 g £ 0.01) at 90s.

The results showed that ethanol showed better results in terms of extraction of plant extract as compared to petroleum
ether when all the other factors were kept similar.

Table 1. Extract weights of samples of MAE.

Power (Watts) Ethanol Petroleum ether
Time (seconds) Weight (g) Time (seconds) Weight (g)
30 0.74 £ 0.1 30 0.38 + 0.1
200 W 120 0.08%0.1 120 0.02%0.01
150 0.95 + 0.1 150 0.47 + 0.1
400 W 90 0.81 + 0.1 90 0.79 + 0.01
120 0.17 £ 0.1 120 0.46 + 0.1
150 0.68 + 0.1 150 0.33+0.1
30 0.38 + 0.1 30 0.02 + 0.01
60 0.04 + 0.01 60 0.24 + 0.1
600 W 150 0.71 £ 0.01 150 0.42 + 0.01
30 0.06 + 0.01 30 0.10 + 0.1
60 0.61 + 0.1 60 0.13+0.1
800 W 150 0.81 + 0.01 150 0.15+ 0.1

Total Phenolic Content Determination by using the Folin Ciocalteu Method
The total phenolic content of the extracts of different solvents was evaluated by the Folin Ciocalteu colorimetric method.
A powdered rhizome extract of Bergenia ciliata was employed for the analysis of polyphenols. The absorbance of the
treated sample was contrasted with the standard curve (equation) of Gallic acid.
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At 200 W, total phenolic content using MAE with the time interval of 30, 60 90, 120, and 150 seconds were estimated
with Ethanol. It is shown in the table that the maximum amount of total phenolic content was present in the 150s
(62.43063 + 1.0 mg/g) while the minimum amount of total phenolic content was present in the 60s (16.20841 + 1.0
mg/g). At 400 W, the maximum amount of total phenolic content was present in the 150s (34.52715 + 1.0 mg/g) while
the minimum amount of total phenolic content was present in the 60s (8.975482 + 1.0 mg/g). At 600 W, the maximum
amount of total phenolic content was present in the 90s (34.71103 £ 1.0 mg/g) while the minimum amount of total
phenolic content was present in the 150s (8.003503 £ 1.0 mg/g). At 800 W, the maximum amount of total phenolic
content was present in the 60s (23.92294 + 1.0 mg/g) while the minimum amount of total phenolic content was present
in the 120s (15.91068 + 1.0 mg/g).

When total phenolic content using MAE were estimated with Petroleum ether at 200 W, with the time interval of 30, 60,
90, 120, and 150 seconds, as shown in the Table (2), the maximum amount of total phenolic content was present in
the 150s (16.34851a = 1.0 mg/g) while the minimum amount of total phenolic content was present in the 90s (6.781086d
1+ 1.0 mg/g). At 400 W, the maximum amount of total phenolic content was present in the 30s (24.29947a + 0.1 mg/g)
while the minimum amount of total phenolic content was present in the 120s (3.949212e + 0.1 mg/g). At 600 W, the
maximum amount of total phenolic content was present in the 30s (17.78459a £ 1.0 mg/g) while the minimum amount
of total phenolic content was present in the 90s (4.168126¢ + 1.0 mg/g). At 800 W, the maximum amount of total
phenolic content was present in the 90s (7.495622a + 1.0 mg/g) while the minimum amount of total phenolic content
was present in the 60s (4.063047c + 1.0 mg/g). Thus, the maximum amount of total phenolic content (62.43063 + 0.1
mg/g) was obtained in ethanol through MAE at a low power level (200 W) and maximum time (150 s).

Table 2. Total phenolic content of samples of MAE.

Power (Watts) Ethanol Petroleum ether

Time (seconds) Total phenolic Time (seconds) Total phenolic

content mg/g content mg/g
60 16.20841¢ £ 1.0 60 7.338004¢ £+ 1.0
200 W 90 33.17863> £ 1.0 90 6.7810869+ 1.0
150 62.430632 £ 1.0 150 16.348512 £ 1.0

30 1217163+ 1.0 30 24.299472 + 0.1

120 15.70928°+ 1.0 120 3.949212¢ £ 0.1

400 W 150 34.527152£ 1.0 150 4.6497379+ 0.1
30 34.343262 £ 1.0 30 17.784592 + 1.0
600 W 90 34.711032 + 1.0 90 4.168126°+ 1.0
150 8.0035039 £ 1.0 150 6.663748>+ 1.0
60 23.922942 £ 1.0 60 4.063047¢+ 1.0
800 W 90 16.077060 + 1.0 90 7.4956222 + 1.0
120 15.91068° + 1.0 120 5.59544¢b¢ + 1.0

Antifungal Activity of Bergenia ciliata Rhizome Extracts

Analysis of variance showed the significant effect of Bergenia ciliata and its different concentrations on Bacterial
(Escherichia coli, Salmonella enterica and Staphylococcus aureus) and fungal (Trichoderma harzianum, Fusarium
oxysporum and Alternaria alternata) strains.

Ethanolic extracts of Bergenia ciliata remarkably retarded the growth of Trichoderma harzianum (test fungus). At a
power level of 200 W, the maximum antifungal activity against strain Trichoderma harzianum was 19.5 mm at 150
seconds while the minimum activity was 16 mm at 60 seconds. At a power level of 400 W, the maximum antifungal
activity against strain Alternaria alternata was 26 mm at 120 seconds while the minimum activity was 19.5 mm at 60
seconds. At a power level of 800 W, the maximum antifungal activity against strain Fusarium oxysporum was 25 mm
at 150 seconds while the minimum activity was 18 mm at 30 seconds.

Petroleum ether extracts of Bergenia ciliata significantly slowed the growth of Trichoderma harzianum (test fungus). At
a power level of 200 W, the maximum antifungal activity against strain Trichoderma harzianum was 17.5 mm at 150
seconds while the minimum activity was
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13.5 mm at 90 seconds. At a power level of 400 W, the maximum zone of inhibition against strain Alternaria alternata
was 24 mm at 30 seconds while the minimum activity was 18 mm at 120 seconds. At a power level of 800 W, the
maximum antifungal activity against strain Fusarium oxysporum was 21 mm at 90 seconds while the minimum activity
was 16 mm at 30 seconds. Comparison of Trichoderma harzianum growth on Bergenia ciliata. Ethanolic and Petroleum
ether extract are shown in Table (3).

Table 3. Comparison of Trichoderma harzianum growth on Bergenia ciliata ethanolic and petroleum ether extract.

Power (Watts) Time (Seconds) Zone of inhibition (mm)
Ethanol Petroleum Ether
90 15.5d+ 1.0 13.5%+ 1.0
120 18+ 1.0 15.5%+ 1.3
200 W 150 19.52+ 1.0 17.5%b+ 1.0
60 17.5°¢ 1.0 14¢+ 1.0
400 W 120 19.52+ 1.0 16.5°+ 1.7
150 202+ 1.0 182+ 1.0
30 18b+ 1.0 17°+ 0.76
600 W
60 15+ 1.0 159t 1.0
120 19b+ 1.0 182+ 1.0

Antibacterial Activity of Bergenia ciliata

The applied concentration of Ethanolic extracts of Bergenia ciliata inhibited the growth of test bacteria (Escherichia
coli, Salmonella enterica, and Staphylococcus aureus). Ethanolic extracts of Bergenia ciliata remarkably retarded the
growth of E. coli (test bacteria). At a power level of 200 W, the maximum antibacterial activity against strain E. coli was
25 mm at 120 seconds while the minimum activity was 18 mm at 60 seconds. At a power level of 600 W, the maximum
antibacterial activity was 21 mm at 90 seconds while the minimum activity was 15 mm at 30 seconds. At a power level
of 800 W, the maximum antibacterial activity was 23 mm at 150 seconds while the minimum activity was 18.5 mm at
30 seconds.

The applied concentration of Petroleum ether extracts of Bergenia ciliata inhibited the growth of test bacteria
(Escherichia coli, Salmonella enterica, and Staphylococcus aureus). Petroleum ether extracts of Bergenia ciliata
remarkably retarded the growth of E. coli (test bacteria). At a power level of 200 W, the maximum antibacterial activity
against strain E. coli was 25 mm at 150 seconds while the minimum activity was 16.5 mm at 30 seconds. At a power
level of 600 W, the maximum antibacterial activity against strain S. enterica was 20.5 mm at 30 seconds while the
minimum activity was 15 mm at 120 seconds. At a power level of 800 W, the maximum antibacterial activity against
strain S. aureus was 21 mm at 150 seconds while the minimum activity was 15 mm at 30 seconds. On Comparison of
Bergenia ciliata Ethanolic and Petroleum ether extract, Ethanolic extracts of showed better antibacterial activity, as
shown in Table 4.

It is well recognized that Bergenia ciliata has significant therapeutic value. The medicinal properties of its several
portions are the subject of conflicting claims. Its rhizomes are employed in various Ayurvedic formulations and are
used to treat bladder stones and disorders related to the urinary tract. Locals in the Himalayan region make tea from
dried B. ciliata rhizomes and use them as a tonic to treat muscle soreness, diarrhea, and fever (Khan et al., 2012). In
various parts of Jammu & Kashmir, samples of B. ciliata leaves, roots, and rhizomes are used ethnomedically as a
tonic for fever, headache, skin conditions, abrasions, wound healing, digestive disorders, diarrhea, kidney and bladder
stones, irregular menstruation, pulmonary infections, and asthma. (Gairola et al., 2014)

This study was conducted for optimization of microwave assisted extraction of phenolics from rhizomes of Bergenia
ciliata. Extraction of Bergenia ciliata was performed with two solvents, Ethanol, and Petroleum ether, different power
levels (200, 400, 600, and 800W) and time (30, 60, 90,120 and 150 seconds) were used for extraction. In the present
study, maximum amount of extract was obtained from ethanol using MAE, at 400 W and 30 seconds while the minimum
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amount of extract was obtained from petroleum ether at 800 W and 150 seconds. Earlier a study reported the maximum
percentage of extract obtained from ethanol in microwave-assisted extraction (Bagade and Patil, 2021).

Extraction using MAE gave a high value of extraction yields. High power level in MAE was a reason for the abrupt
splitting of cells and in a short time extract was obtained while in soxhlet long-term exposure to heat break down of
phytochemicals, MAE has a higher potential for extraction of phytochemicals from plants (Akhtar et al., 2019).

Table 4. Comparison of solvents.

Power Time Zone of inhibition (mm)

(Watts) (Seconds) Ethanol Petroleum Ether
90 18%+ 1.0 16.59¢ 1.0

200 W 120 252+ 1.0 20°+ 1.0
150 22+ 1.0 252+ 1.0
60 17.59+ 1.0 14+ 1.0

400 W 120 19.5¢+ 1.0 16.5%+ 1.0
150 20+ 1.0 18t 1.0
30 18°t 1.0 169t 1.0
60 20.5b+ 1.0 21°+ 1.0

800 W
90 23+ 1.0 19°+ 1.0

Table 5. Comparison of solvents.

Power Time Zone of inhibition (mm)

(Watts) (Seconds) Ethanol Petroleum Ether
60 16+ 1.0 169 1.0

200 W 90 15.5%+ 1.0 159 1.0
120 189 1.0 19.5b+ 1.0
150 20°+ 1.0 17.5°¢ 1.0
60 17.5°¢ 1.0 14%+ 1.0

400 W 120 19.5%°+ 1.0 16.5 1.0
150 20+ 1.0 180+ 1.0
30 18.59+ 1.0 1549+ 1.0

800 W 90 21+ 1.0 180+ 1.0
150 239+ 1.0 212+ 1.0

MAE, a larger ratio can result in lesser recoveries, which might be caused by insufficient solvent stirring. Therefore, in
MAE, careful adjustment of this value is crucial (Truong et al., 2019). In the current study, it was observed that with
increasing time MAE resulted in a decrease in the amount of plant extracts.

In MAE solvent and plant material interact with each other. If the dielectric constant of the solvent is high then it can
absorb microwave energy and fast dissipation of energy occurs between solvent and plant material. Based upon dipole
rotation and ionic conduction, microwave energy causes the transformation of the sample and solvent. When
electromagnetic energy hits polar molecules they start moving with a changing electric field. This process occurs
several million times and internal pressure is created which ruptures the cell wall of plant material and substances
enclosed in the cell wall come out rapidly (Seoane et al., 2017). As reported earlier a high yield of phenolics from
Bergenia ciliata using MAE was observed (Choudhary et al., 2023).

In Bergenia ciliata rhizomes extract with ethanol, the maximum amount of total phenolic content was found to be
62.43063a + 0.1 mg/g obtained at power level 200 W after 150 seconds of microwave irradiation. The minimum total
phenolic content was found to be 8.003503d + 1.0 mg/g obtained at power level 400 W after 120 seconds of microwave
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irradiation. In contrast to Petroleum ether, the maximum amount of total phenolic content was found to be 24.29947a
+ 0.1 mg/g obtained at power level 400 W after 30 seconds of microwave irradiation. The minimum total phenolic
content was found to be 3.949212e £ 0.1 mg/g obtained at power level 400 W after 90 seconds of microwave irradiation.
Total phenolic content was increased with an increase of time but when time reached above 150 seconds phenolic
content might be decomposed. It was concluded that ethanol could absorb components at low power levels and gave
a maximum amount of phenolic content.

In the present research work, it is also evident that MAE did not affect the antimicrobial activity of extract from Bergenia
ciliata when extracted under optimized conditions, as has also been reported earlier (Akhtar et al., 2019).

Ethanolic extract of plant Bergenia ciliata was found to be more effective than petroleum ether extract against Bacterial
(Escherichia coli, Staphylococcus aureus, and Salmonella enterica) and fungal (Trichoderma hazarium, Fusarium
oxysporum, and Alternaria alternata strains. At a power level of 400 W, the maximum antifungal activity shown against
strain Alternaria alternata, was 26a + 1.0 at 120 seconds while the minimum antifungal activity shown against strain
Fusarium oxysporum, was 16d + 1.0 at 30 seconds.

At a power level of 200 W, the maximum antibacterial activity against strain E. coli was 25a + mm at 120 seconds while
the minimum activity was 18cd + 1.0 mm at 60 seconds. These findings demonstrate that the most antifungal and
antimicrobial activity in Bergenia ciliata was observed in the bacterial strain of E. coli and the fungus strain of Fusarium
oxysporum. According to the current research, the ethanol extract of B. ciliata has the potential to yield natural
antibacterial chemicals that might be exploited in the food and pharmaceutical industries.

CONCLUSION

It was concluded from the present research that microwave-assisted extraction can be used for the extraction of
compounds (phenolics) from the extract of dry rhizomes of Bergenia ciliata. Through MAE, considerable amount of
extract can be obtained within short time duration. The rhizomes of Bergenia ciliata contained phytochemicals that
might serve as a medicine for the treatment of persistent ilinesses and for other purposes. Therefore, the study would
further help to correlate the presence of phenolic content in other parts. It was concluded from conducted research
work that Bergenia ciliata has significant antimicrobial activity against different bacterial and fungal strains.
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