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Abstract

ackground: Plants are main source of various bioactive compounds that possess great medicinal
B importance and have gained much popularity for therapeutics due to their less side effects. A diverse

category of plants is present to be explored and evaluated for the treatment of different bacterial
infection. In the current work, Berberis vulgaris extract in various solvents was evaluated for its phytochemical
properties and antimicrobial potential against six different pathogenic bacterial strains.

Methods: Different phytochemical tests were carried out to analyze the plant for active biocomponents. The
disc diffusion method was used to screen the plant for different pathogenic bacterial strains. Phytochemical
analysis revealed the presence of various plant bioactive compounds (alkaloids, saponins, tannins, flavonoids,
terpenoids, carbohydrates, and proteins) in variable amount.

Results: Among all solvents extracts, butanoic and aqueous fraction showed abundant presence of bioactive
compounds, while n-hexane showed least intensity of various phytochemicals. For antimicrobial potential,
methanolic and butanoic fractions showed maximum growth inhibition against all strains tested at 1.5mg disc-
1, Ethyl acetate and n-hexane also showed better activity against all tested bacteria at all concentrations. The
most susceptible microbe was Bacillus subtilis. These results further revealed that least activity was recorded
by water extracted solvent and showed no activity against Staphylococcus aureus at all concentrations.

Conclusion: The current work highlights the apparent antimicrobial potential of extract derived from of
Berberis vulgaris. This plant may be explored for further activities and can be used for the production of
antibiotics.
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Introduction

For thousands of years plants have been used as
medicine for the very purpose of treatment [1]. About 60
to 80% of the world population still depends upon
medicines which are derived from different plants [2].
The use of plants having medicinal impacts, which are
traditionally used all across the world for healing
mechanisms, became an important source for the
discovery of novel antibiotics [3]. Recently, it has been
reported that most of the pathogenic bacteria become
resistant to various antibiotics [4]. Staphylococcus
aureus (gram positive), Pseudomonas aeruginosa (gram
negative) and Mycobacterium tuberculosis are the most
important resistant bacteria [5]. These medicinal plants
need very deep study so that their undiscovered
abilities, safety and effects are better identified [6].

The barberry, botanically named as Berberis vulgaris
represents the most significant Berberidaceae of Europe.
Different species of Barberry have been found to be very
active against various microbes and poisonous
substances [7, 8]. Now-a-days, the bark and roots of
barberry are mostly used in medicine and found to be
very effective against malaria and leishmaniasis [9].
Many studies show that barberry acts faster than
antibiotics [10]. The active chemical constituent present
in barberry is berberine e.g., isoquinoline alkaloids [11].
Different constituents of berberine have been found to
inhibit the growth of bacteria, amoebae, fungi, and
protozoa [12]. This phytochemical constituent normally
treats diarrhea caused by Escherichia coli[13].

Phytochemicals are basically divided into two
categories, primary and secondary. Secondary
metabolites hold great importance in medicinal
purposes [14]. Alkaloids have been utilized as anesthetic
agents and they are present in many medicinal plants
[15]. It is generally noted that phenolic acids occur
naturally and have been detected for various
allelopathic activities [16]. Alkaloid, coumarin,
flavonoids, saponins and volatile components of the
essential oils have been discovered as allelopathic
agents [17]. This study has been conducted to screen the
bioactive components of Berberis vulgaris and to
evaluate the antibacterial potentials in active solution of
butanol, methanol, ethyl acetate, n-hexane and water
extracted samples against six different pathogenic
strains of bacteria (Bacillus subtilis, Escherichia coli,
Klebsiella pneumoniae, Pseudomonas aeruginosa,
Xanthomonas campestris and Staphylococcus aureus).

Methods

This study has been performed at Institute of
Biotechnology and Genetic Engineering, The University
Agriculture Peshawar KPK Pakistan.

Plant Collection and Sample Preparation

Berberis vulgaris (bark) was obtained from Mardan
herbarium, Pakistan. The selected parts of the plant
were washed with tap water and shade dried. After
drying, samples were grinded finely into powdered form
through tissue homogenizer (Infinigen™ Tissue Mixer
Mill, ACTGene) and stored for further study.

Preparation of Plant Extract

About 25g of each sample was taken in 400ml of
different solvents i.e butanol, methanol, ethyl acetate,
n-hexane and distilled water. All solutions were
prepared separately in five beakers and kept at room
temperature for 6 to 7 days until the color of the solvent
changed. These different mixtures were then filtered
using Whatman filter paper to get the filtrate and then
kept at room temperature to air dry. After 4 to 5 days the
final extract from each sample was obtained and used for
phytochemical and antibacterial test.

Media Preparation

The media made up of agar technical (agar No. 3) and
nutrient broth (CM0001) was used in this study for the
growth and culturing of bacteria. The required number
of media was prepared from agar technical (28g/liter)
and nutrient broth (13g/liter) by dissolving it into
distilled water in a conical flask. The media was
sterilized in autoclave for 40 minutes at 20 psi and 120°C.
The media was poured into petri dishes just after
sterilization aseptically in a laminar flow hood to
prevent contamination. The petri dishes were kept in
laminar flow hood for 30 to 45 minutes to allow
solidification of media and then these dishes were
placed in incubator for 24 hours at 37°C. Next day
contaminated plates were discarded and
uncontaminated were used for culturing of bacteria.

Phytochemical analysis

Crude aqueous extract of Berberis vulgariswas tested for
the presence of terpenoids, tannins [18], proteins,
carbohydrates [19], alkaloids, flavonoids and saponins
[20] with little modification.

Antimicrobial activity

Bacterial Strains

Different bacteria used in this study are shown in Table.
3Table. 1. All bacterial cultures were taken from
different labs, then refresh by streaking with a sterile
loop in a nutrient agar media inside laminar flow hood.
Then they were kept at 37°C for 24 hours to incubate.
Next day the cultures were again streaked on fresh plates
and incubated at 37°C for 24 hours. The culture was
taken from the sub-culture with the help of sterile loop
and incubated in a nutrient broth media in a shaking
incubator at 37°C (180 rpm) for 24 hours.
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Detail of bacterial strains

Bacterial species Gram strain type used
Escherichia coli Gram negative ATCC#25922
Pseudomonas aeruginosa Gram negative ATCC#9721
Xanthomonas campestris Gram negative ATCC#33913
Klebsiella pneumonia Gram negative ATCC#700603
Bacillus subtilis Gram positive ATCC#6051
Staphylococcus aureus Gram positive ATCC#6538

Table 1: Bacterial strain tested for susceptibility of Berberis
vulgaris extracts.

Disc diffusion susceptibility assay

Bacterial strains were tested against different extracts of
Berberis vulgaris which were obtained through different
solvents by disc diffusion method as described by Bakht
et al [21]. Plant extracts having concentrations of
0.5mg/disc, 1mg/disc, and 1.5gm/disc in 6ul, 12ul, and
18ul volume were applied on the disc respectively.
Azithromycin (50pg/6ul) was used for gram positive
bacteria as a control while ciprofloxacin (50ug/6ul) was
used for negative bacteria. For negative control DMSO
6ul/disc was used. The diameter of inhibition zones was
measured in mm after incubation at 37°C for 24 hours.
The triplicate of this experiment was conducted, and the
inhibition zones were determined by the formula.

Inhibition % = (Zone of sample)/(Zone of control) x 100

Statistical Analysis

The data was analyzed as mean of triplicate data and
LSD test was used at p<0.05 through GraphPad Prism 5
[22].

Results

Phytochemical analysis of different extracts of Berberis
vulgaris

In this study different extracts from bark of Berberis
vulgaris were analyzed for phytochemical screening
according to standard procedures of analysis (Table 2).
The methanolic extract was found rich in tannins and
carbohydrates whereas less concentration of saponins
were detected. In case of butanoic extract, flavonoids
were much higher in concentration. Phytochemical
analysis of ethyl acetate and n-hexane showed negative
result for saponins. All other constituents were also
found in much lesser quantity. Alkaloids, saponins, and
terpenoids were found in higher concentration in
aqueous extract. For saponins aqueous extract showed
negative result.

Antimicrobial potential of Berberis vulgaris extract
against various bacterial strains

This work investigates the antibacterial potential of
selected plant sample against different bacterial strains.

Escherichia coli

Plant extract of Berberis vulgaris was applied to E. coli
at different concentrations i.e., 0.5, 01 and 1.5 mg/disc
as described in material and methods. Among different
extracts tested, methanolic extract was found to be more
effective followed by butanol, while aqueous extract
showed least effect against E. coli. At highest
concentration (1.5 mg/disc), methanolic extract showed
maximum zone of inhibition i.e., 59.8%, while aqueous
extract showed minimum zone of inhibition of 37.92 %
at 1.5 mg/disc. The effect of different solvent extracted
sample was dose dependent i.e., higher the
concentration of the plant extract showed higher zone
of inhibition.
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Figure 1: Antibacterial activities of aqueous, ethyl acetate,
methanolic and butanoic extracts of Berberis vulgaris bark against
Escherichia coli.

Pseudomonas aeruginosa

Results in Fig. 2 indicated that butanoic and methanolic
fractions inhibited growth almost at the same level at all
concentrations except slight differences (48.59% by
butanoic extract and 47.98% by methanolic extract at
1.5mg disc'!). The lowest zone of inhibition (ZI) was
formed by aqueous extract (37.04%) at 1.5mg disc?. It
showed that the activity of ethyl acetate and n-hexane
extracted sample was normal. These results revealed
that zone of inhibition is dependent upon concentration
of the extracts.

Zone ofinhibition in %

t*o\
o

& >
Solvent Extracts
Figure 2: Antibacterial activities of aqueous, ethyl acetate,

methanolic and butanolic extracts of Berberis vulgaris bark against
Pseudomonas aeruginosa.

Advancements in Life Sciences | www.als-journal.com | October 2022 | Volume 9 | Issue 3 291



Phytochemical Analysis and Antibacterial Activity of Berberis vulgaris Extract

Solvents PHTO-CHEMICALS CONSTITUENTS

ALKALOIDS SAPONINS TANNINS FALVONOIDS TERPENOIDS CARBOHYDRATE PROTEINS
METHANOL ++ + 4+ ++ ++ ot ++
BUTANOL ++ ++ ++ +++ ++ ++ o+
E. ACETATE + _ ++ + + + +
AQUEOUS +++ +++ + ++ +++ ++ ++
N-HEXANE _ _ + _ + ++ +

Table 2: Phytochemical profile of solvent extracted samples from shoots of Berberis vulgaris.

Staphylococcus aureus

Aqueous fraction of Berberis vulgaris did not inhibit the
growth of Staphylococcus aureus at any concentration
(Fig. 3). Methanolic extract at high concentration (1.5mg
disc'!) showed maximum activity (49.67%) against S.
aureus when compared with the positive control.
Butanol, ethyl acetate and n-hexane extracts showed
significant activities at Img disc'! and 1.5mg disc* while
at 0.5mg disc ! they showed less activity. distribution of
other reasons for not taking a Pap smear test from the
participants' point of view is shown in detail in Table 4.
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Figure 3: Antibacterial activities of aqueous, ethyl acetate,
methanolic and butanolic extracts of Berberis vulgaris bark against
Staphylococcus aureus.

Bacillus subtilis

Methanolic fraction was observed as more potent to
control the growth of B. subtilis at all concentrations
followed by butanolic extract then other tested samples
(Fig. 4). Methanolic extract inhibited the growth of B.
subtilis by 59.89% at 1.5mg disc! and its activity was
reduced with the decrease in concentrationi.e., 50.4% at
1mg disc! and 37.34% at 0.5mg disc™!. Butanolic fraction
exhibited slightly less activity than methanol (54.67%)
at 1.5mg discl. In case of ethyl acetate at higher
concentration (1.5mg disc'') the zone of inhibition
formed was 49.4% which was recorded much lower than
the methanolic fraction. N-hexane and aqueous extracts
showed same activity at low concentration while the
activity of aqueous extracts was increased with increase
in concentration.

Klebsiella pneumonia

The data also revealed that methanolic fraction
inhibited the growth of K. pneumonia at maximum level
then it was followed by butanolic extract (Fig. 5).
Methanolic fraction controlled the activity up to 47.65 %
at a concentration of 1.5mg disc'! which was recorded as

highest. Meanwhile in case of butanolic extract the zone
of inhibition was 46.02 % slightly less than methanolic
fraction. Ethyl acetate and aqueous sample extract
showed some resistance to K. pneumoniae, but n-
hexane fraction was recorded less-resistant fraction as it
did not stop the growth level effectively.
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Figure 4: Antibacterial activities of aqueous, ethyl acetate,

methanolic and butanoic extracts of Berberis vulgaris bark against

Bacillus subtilis
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Figure 5: Antibacterial activities of aqueous, ethyl acetate,
methanolicand butanolic extracts of Berberis vulgaris bark against
Klebsiella pneumonia.

Xanthomonas campestris

Data regarding different extracted samples against
Xanthomonas campestris is shown in Fig. 6. Butanolic
and ethyl acetate fractions presented a similar activity
i.e., 48.03% at highest concentration 1.5mg disc'* while
the highest zones were recorded in methanolic extracts
(57.17%) at 1.5mg disc'l. At high concentration n-
hexane and aqueous samples revealed similar activityi.e
38 %. At lower concentration n-hexane showed slightly
higher activity than aqueous fraction (21.32%).
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Figure 6: Antibacterial activities of aqueous, ethyl acetate,
methanolic, n-hexane and butanoic extracts of Berberis vulgaris
bark against Xanthomonas campestris.

Discussion

The phytochemical analysis showed that methanolic
extract was found rich in tannins and carbohydrates
whereas saponins were present in less concentration. In
case of butanolic extract, flavonoids were much higher
in concentration. Phytochemical analysis of ethyl
acetate and n-hexane showed negative result for
saponins. All other constituents were found in much
lesser quantity. Alkaloids, saponins and terpenoids were
found in higher concentration in aqueous extract. For
saponins aqueous extract showed negative result. Same
findings were also previously reported [12, 23, 24].

The antibacterial potential of Berberis vulgaris
extracts revealed that methanolic extracts were more
effective against E. coli than other tested extracts. At
highest concentration of 1.5 mg/disc, methanolic
extract showed maximum zone of inhibition i.e., 59.8%,
while aqueous extract showed minimum zone of
inhibition at 1.5 mg/disc i.e., 37.92%. Similar results
were also previously reported [25, 26]. The data further
suggested that butanolic and methanolic fractions
inhibited the growth of P. aeruginosaalmost at the same
level at all concentrations except slight differences at
1.5mg disc!. The lowest zone of inhibition (ZI) was
formed by aqueous extract (37.04%) at 1.5mg disct.
These results agree with the results previously reported
[27]. It was observed that aqueous fraction of Berberis
vulgaris did not inhibit the growth of S. aureus at any
concentration. Methanolic extract at high concentration
(1.5mg disc'') showed maximum activity against S.
aureus when compared with the positive control.
Butanolic, ethyl acetate and n-hexane showed
significant activities at 1mg disc! and 1.5mg disc?,
while at 0.5mg disc'! they showed less activity. Similar
results were also reported earlier [28, 29].

Our results also showed that methanolic fraction was
observed as more potent to control the growth of B.
subtilis at all concentrations followed by butanolic than

fraction exhibited slightly less activity than methanolic
at 1.5mg disc'. In case of ethyl acetate, at higher
concentration (1.5mg disc!) the ZI formed, which was
lesser than methanolic fraction. N-hexane and aqueous
extracted samples showed same activity at low
concentration while the activity of aqueous extracts was
increased with increase in concentration. These findings
are in correspondence with previous reports [30, 31].
Methanolic fraction inhibited the growth of K
pneumonia at higher level then followed by butanolic
fraction. Methanolic fraction stopped the growth upto
47.65% at a concentration of 1.5mg disc'' which was
recorded as highest. Meanwhile in case of butanolic
extract zone of inhibition was slightly less than
methanolic extract. Ethyl acetate and aqueous extract
showed some resistance to K. pneumonia, but n-hexane
was being recorded less-resistant fraction as it did not
stop the growth level effectively. These results resemble
with previous reports [22]. Our results also showed that
butanolic and ethyl acetate extracts of X. campestris
showed similar activity at highest concentration 1.5mg
disc'! while the highest zones were recorded in
methanolic extracts at 1.5mg discl. At high
concentration n-hexane and aqueous samples revealed
similar activity while at lower concentration n-hexane
showed slightly higher activity than aqueous fraction.
These results are also supported by previous reports
[24].

This study revealed the presence of different
important phytochemical compounds in plant extract of
Berrberis vulagaris. Plant extract of Berrberis vulagaris
showed antimicrobial potential against different
bacterial strains i.e., Escherichia coli, Pseudomonas
aeruginosa, Staphylococcus aureus, Bacillus subtilis,
Klebsiella pneumonia and Xanthomonas compestris.
Further research is required to use these extracts for
antibiotic production for treatment of various diseases.

Competing Interest

The authors declare that there is no conflict of interest
regarding the publication of this paper.

Author Contribution

Mian Afag Ahmad (Conceptualization, Supervision of
project), Attequr Rahman (Experimental work, Writing
of manuscript and submission), Abdur Rauf & Hamza
Igbal (Analysis), Bakhtiar Ali & Farman Ullah
(Interpretation of results), Mohib Ullah & Sidra Ahmad
(review & editing), Murad Ali & Maaz Igbal (Data
curation).

other solvents. Methanolic extract stopped the growth References

of B. subtilis highly at 1.5mg disc? and its activity was

reduced with decrease in concentration. Butanolic

@ Advancements in Life Sciences | www.als-journal.com | October 2022 | Volume 9 | Issue 3 293



Phytochemical Analysis and Antibacterial Activity of Berberis vulgaris Extract

10.

11.

12.

13.

14.

15.

16.

17.

Gunnar S, Bohlin L. Drugs of Natural Origin, A Textbook of
Pharmacognosy. Swedish Pharmaceutical society, (1999): 56(17):
99-121.

Sheikh N, Kumar Y, Misra A, Pfoze L. Phytochemical screening to
validate the ethnobotanical importance of root tubers of Dioscorea
species of Meghalaya, North East India. Journal of Medicinal
Plants, (2013); 1(6): 62-69.

Okpekon T, Yolou S, Gleye C, Roblot F, Loiseau P, et al.
Antiparasitic activities of medicinal plants used in Ivory Coast.
Journal of Ethnopharmacology, (2004); 90(1): 91-97.

Fair R], Tor Y. Antibiotics and bacterial resistance in the 21st
century. Perspectives in Medicinal Chemistry, (2014); 6PMC.
$14459.

Eloff J, Famakin ], Katerere D. Combretum woodii (Combretaceae)
leaf extracts have high activity against Gram-negative and Gram-
positive bacteria. African Journal of Biotechnology, (2005); 4(10):
215-233.

Doughari ], Obidah J. Antibacterial potentials of stem bark extracts
of Leptadenia lancifolia against some pathogenic bacteria.
Pharmacologyonline, (2008); 3172-180.

Stermitz FR, Beeson TD, Mueller PJ, Hsiang J-F, Lewis K.
Staphylococcus aureus MDR efflux pump inhibitors from a
Berberis and a Mahonia (sensu strictu) species. Biochemical
Systematics and Ecology, (2001); 29(8): 793-798.

Freile M, Giannini F, Sortino M, Zamora M, Judrez A, et al.
Antifungal activity of aqueous extracts and of berberine isolated
from Berberis heterophylla. Acta Farmacéutica Bonaerense,
(2006); 25(1): 83-101.

Grebe HB, Gregory PJ. Inhibition of warfarin anticoagulation
associated with chelation therapy. Pharmacotherapy: The Journal
of Human Pharmacology and Drug Therapy, (2002); 22(8): 1067-
1069.

Shamsa F, Ahmadiani A, Khosrokhavar R. Antihistaminic and
anticholinergic activity of barberry fruit (Berberis vulgaris) in the
guinea-pig ileum. Journal of Ethnopharmacology, (1999); 64(2):
161-166.

Gorval L, Grishkovets V. State Nikitskii botanical garden, Yalta.
Ukraine Chem Nat Compd Consultants Bureau, (1999); 116(9):
35223-224.

M Saeed A, Najma S, Saima Sher B. Multivariate calibrations in UV
spectrophotometric analysis. (2007); 51(23): 234-249.

Rabbani G, Butler T, Knight J, Sanyal S, Alam K. Randomized
controlled trial of berberine sulfate therapy for diarrhea due to
enterotoxigenic Escherichia coli and Vibrio cholerae. Journal of
Infectious Diseases, (1987); 155(5): 979-984.

Mahato SB, Sen S. Advances in triterpenoid research, 1990-1994.
Phytochemistry, (1997); 44(7): 1185-1236.

Hérouart D, Sangwan R, Fliniaux M, Sangwan-Norreel B.
Variations in the leaf alkaloid content of androgenic diploid plants
of Datura innoxia. Planta medica, (1988); 54(1): 14-17.

Singh H, Batish D, Kaur S, Kohli R. Phytotoxic interference of
Ageratum conyzoides with wheat (Triticum aestivum). Journal of
agronomy and crop science, (2003); 189(5): 341-346.

Mungole A, Day S, Kamble R, Kanfade H, Chaturvedi A, et al. Active
phytochemical and antibacterial potentiality of in-vitro
regenerated plantlets of Canscora decurrens (Dalzell). Indian
Journal of Science and Technology, (2010); 6679-683.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Shad AA, Bakht J, Shah HU, Hayat Y. Antioxidant activity and
nutritional assessment of under-utilized medicinal plants.
Pakistan Journal of Pharmaceutical Sciences, (2016); 29(6): 2039-
2045.

Siddiqui AA, Ali M Practical pharmaceutical chemistry. Chapter:
Book Name. 1997 of publication; CBS Publishers & Distributors.
Trease G, Evans W (1989) Pharmacognsy. 11th edn. Brailliar Tiridel
Can. Macmillian publishers.

Bakht ], Khan S, Shafi M. In vitro antimicrobial activity of Allium
cepa (dry bulbs) against Gram positive and Gram-negative bacteria
and fungi. Pak Journal of Pharmaceutical Sciences, (2014); 27(1):
139-145.

Bakht J, Panni MK, Shafi M. Antimicrobial potential and phyto
chemical analysis of different solvent extracted samples of viola
pilosa. Pakistan Journal of Botany, (2017); 49(4): 1485-1489.
Vishal A, Parveen K, Pooja S, Kannappan N, Kumar S. Diuretic,
laxative and toxicity Studies of Viola odorata aerial parts.
Pharmacol online, (2009); 11(2): 1739-748.

Adhikary P, Roshan K, Kayastha D, Thapa D, Shrestha R, et al.
Phytochemical screening and anti-microbial properties of
medicinal plants of Dhunkharka community, Kavrepalanchowk,
Nepal. International Journal of Pharmaceutical and Biological
Archives, (2011); 2(6): 1663-1667.

Lenza VA, Morel L], Coppede ]S, Fernandes VC, Martinez-Rossi
NM, et al. Antimicrobial activities of ethanol extract and
coumestans from Eclipta alba (L.) Hassk.(Asteraceae). Latin
American Journal of Pharmacy, (2009); 28(6): 863-868.

Rahman MS, Rashid MA. Antimicrobial activity and cytotoxicity of
Eclipta prostrata. Advances in Traditional Medicine, (2008); 8(1):
47-52.

Bakht J, Islam A, Ali H, Tayyab M, Shafi M. Antimicrobial
potentials of Eclipta alba by disc diffusion method. African Journal
of Biotechnology, (2011); 10(39): 7658-7667.

Wiart C, Mogana S, Khalifah S, Mahan M, Ismail S, et al.
Antimicrobial screening of plants used for traditional medicine in
the state of Perak, Peninsular Malaysia. Fitoterapia, (2004); 75(1):
68-73.

Dalal S, Kataria SK, Sastry K, Rana S. Phytochemical screening of
methanolic extract and antibacterial activity of active principles of
hepatoprotective herb, Eclipta alba. Ethnobotanical leaflets,
(2010); 10(3): 3-15.

Ahmad N, Shinwari ZK, Hussain ], Ahmad I, Perveen R, et al.
Phytochemical screening and biological activities of different parts
of Centaurea montana. International Journal of Plant Science and
Ecology, (2015); 1237-240.

Xie C, Kokubun T, Houghton PJ, Simmonds MS. Antibacterial
activity of the Chinese traditional medicine, Zi Hua Di Ding.
Phytotherapy Research: An International Journal Devoted to
Pharmacological and Toxicological Evaluation of Natural Product
Derivatives, (2004); 18(6): 497-500.

This work is licensed under a Creative
Commons Attribution-Non Commercial 4.0
International License. To read the copy of this
license please visit:  https:/creativecommons.org/licenses/by-
nc/4.0/

Advancements in Life Sciences | www.als-journal.com | October 2022 | Volume 9 | Issue 3 294


https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/

