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ARTICLE INFO ABSTRACT

The current investigation explores the antibacterial properties of Quercetin, a flavonoid found in plants, and lemon peel extract, renowned
for its rich bioactive content, against multiple drug resistant bacteria. The study method involved the identification of multidrug-resistant
bacteria through antimicrobial susceptibility testing (AST). Nine standard bacterial strains exhibited resistance to different antibiotics,
with a MAR index exceeding 0.10, including Ampicillin, Vancomycin, Polymyxin B, Nitrofurantoin, Trimethoprim, and Penicillin. In the
present study bioactive compounds from lemon peel were extracted using two solvents, methanol and water, and their efficacy was
assessed against drug-resistant bacteria. Minimum Inhibitory Concentration (MIC) values, determined by using the well plate method,
revealed higher MIC values for the water extract (LPWE) compared to the methanol extract (LPME) and quercetin. For instance, the MIC
for LPWE against E. hermanniensis ATCC 700323 was 140 mg/ml, whereas it was 50 mg/ml for quercetin & 1 mg/ml for LPME. From
the results, it can be interpreted that Methanol extract was most effective against drug-resistant bacteria when compared to water extract
and quercetin.Furthermore, GC-MS analysis was performed to analyze the chemical entities present in each extract. Given the activity of
LPME, LPWE, and Quercetin against both Gram-negative bacteria and Gram-positive bacteria, these extracts hold promise as broad-
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spectrum antibacterial agents applicable in various fields such as medicine, food, and cosmetics.
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INTRODUCTION

Quercetin is a plant flavone from the flavonoid group of polyphenols found in
many fruits, vegetables, red onions etc. It is a yellow, crystalline, water insoluble
substance found in citrus fruits. Different sources of Quercetin are red onion, apple,
spinach, tea, cranberries etc. (Sagi S.S., 2021). It is known to have anti-
carcinogenic,antioxidant, anti-inflammatory, antibacterial, antiviral&antifungal
properties (Azeem M.et al., 2022). Quercetin also has GRAS (Generally
Recognized as Safe) status upto a level of 500mg/day assigned by U.S. Food &
Drug Administration (USFDA) (Mohtashami E. et al., 2020). Lemon, a Rutaceae
family member, is a valuable medicinal plant recognised for its alkaloids, which
has been reported to exhibit anticancer properties and antibacterial effects in
various parts such as leaves, stem, root, and flower (Naseer S. et al., 2018). Citrus
limon, commonly known as lemon, ranks third among citrus species, following
oranges, with global production during the 2001/2002 season exceeding 4.4
million tons. Lemon peel, a by-product obtained after processing of lemon juice,
holds significant potential for utilization. It comprises two main tissues: the
Flavedo, the outer colorful layer ranging from green to yellow, known for its
abundance of essential oils (Li H. et al., 2019), and the Albedo, the primary
component beneath the Flavedo, characterized by its spongy and cellulosic nature
(Mhgub I. M. et al., 2018).

Lemon fruits are rich inwide variety of natural chemical substances, like phenolic
compounds (mainly flavonoids) and other nutrients and non-nutrients (dietary
fiber, minerals, carotenoids, essential oils, and vitamins) (Belbase C.et al., 2022).
Citrus flavonoids have abroad range of biological activity, which includes
antifungal, antibacterial, antidiabetic, antiviral, and anticancer due to their
naturally ocurring antioxidant characteristics (Burt, 2004; Ortuno et al., 2006).
Flavonoids have the potential to function as free radical scavengers and
antioxidants with the ability to inhibit the activity of enzymes and inhibit cell
proliferation (Juca M. M. et al., 2020). They seem to be playing a defensive role
against invasive pathogens such as viruses, fungus and bacteria in plants.
Preparations made from the peel, flowers, and leaves of orange (Citrus aurantium
L) are frequently utilized to lessen central nervous system disorders (Mejri H. et
al., 2022). Despite citrus fruits being widely consumed globally as raw produce
and juice, the peel is commonly disposed of as waste. However, the peel contains
a diverse array of secondary components that has remarkable antioxidant activity,
surpassing that of other parts of the fruit (Russo C. et al., 2021). The global
production of citrus fruit has seen a notable rise in recent years, reaching 166

million tons in the period of 2022-2023. Oranges, being the most commercially
significant citrus fruit, contribute roughly around 48 million tons to this total, with
about 41% utilized for production of juice, which results in approximately 44%
peel as a by-product. Compounds extracted from fruit peel show potential within
the food industry as an abundant reservoir of bioactive elements. Furthermore, the
utilization of citrus peel would aid in mitigating pollution issues stemming from
the improper disposal of such residues. (Rafiqg S. et al., 2018).

Resistance to antimicrobial agents, particularly antibiotics, is a significant
worldwide concern. The challenges in treating resistant microbes pose a barrier to
discovering new drugs that can effectively combat these resilient pathogens (Li B.
& Webster T.J., 2018). Flavonoids have been found to possess a variety of
biological functions and therefore have been the subject of medical research. These
functions include antimicrobial, antitumor, vascular activity, antimalarial activity
etc. they have also been used for treatment of diabetes mellitus & skin infection
(D'Arcy, M. S., 2022). Thus, the current study evaluates the effect of methanolic
and water lemon peel extract on multidrug resistant (MDR) bacteria. It involves
determining the minimum inhibitory concentration (MIC) of Quercetin and lemon
peel extract against standard bacterial strains, as well as conducting GC-MS
analysis of the lemon peel extracts.

MATERIAL AND METHODS
Materials

The lemon peels were obtained from a fruit juice center located in Ambernath,
Mumbai, Maharashtra. Nutrient Agar (M001) and Mueller Hinton Agar (M173),
Antibiotic discs were purchased from HiMedia, Mumbai while the Methanol and
Quercetin Dihydrate was purchased from Sigma Aldrich, Mumbai. Pure standard
ATCC cultures of Enterococcus hermanniensis ATCC 700323, Staphylococcus
aureus ATCC BAA 1026, Pseudomonas aeruginosa ATCC 27853,
Staphylococcus aureus ATCC 29213, Stenotrophomonas maltophilia ATCC
17666, Staphylococcus aureus ATCC 25923, Escherichia coli ATCC 25922,
Enterococcus faecalis ATCC 29212, Staphylococcus aureus ATCC 6538, that
were used in the study were provided by Department of Microbiology, Smt.
C.H.M. College, Dist. Thane, Maharashtra.
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Methods
Culture Maintenance

Pure standard ATCC cultures of test organisms were subcultured on sterile nutrient
agar slants and then incubated for 24 hrs at 37°C. After the incubation period, the
subcultured organisms were grown on nutrient agar plates. Subsequently, cultures
were inoculated in Trypticase soy broth for their enrichment. (Fouda A. et al.,
2021).

Lemon peel extract preparation

Citrus fruit peel samples were prepared into extracts using the method outlined by
Irkin et al. (2015), with slight modification.The peels were meticulously rinsed
under running water and then washed with sterile purified water. Subsequently,
they were air-dried for two days at 40°C, grounded into a fine powder using a mixer
grinder which was sterilized, and stored in storage containers (air-tight). For
preparation of lemon peel extract, dried lemon peel powder was mixed in solvents
(Methanol, Distilled Water separately) to make methanol, water extracts
respectively. Lemon peel powder and solvent were mixed in 1:10 proportion and
kept for 48 hours at room temperature on the shaker. Water extract was prepared
by boiling the lemon peel powder till the volume was reduced to Y th, filtrated and
kept at 500C for drying. For the solvent extracts, the extracts were filtered by using
Whatman filter paper No.1 to remove unwanted particles and were concentrated
under vacuum using a rotary vacuum evaporator (Trident Labortek, India) below
40°C. The resulting dried extracts after exposure to the UV rays for 2 hrs was
assessed for sterility on nutrient agar media plates. Subsequently, they were stored
in Labelled sterile bottles at 4°C until further use.

Antimicrobial Susceptibility testing (AST) by disc diffusion Method

The clinical microbiology laboratory's proficiency in conducting AST is crucial for
determining susceptibility to selected empirical antimicrobial agents and then
identifying resistance in individual bacterial isolates. The primary objective of such
test is to detect potential resistance to drug in common pathogens and confirm
susceptibility to drugs selected for specific infections. The disk diffusion
susceptibility method, being straightforward and pragmatic, has been thoroughly
standardized. In this study, the disk diffusion susceptibility method was employed.
The test involved applying a bacterial inoculum, prepared from a 24-hour-old
culture suspension of approximately 1 x 10 cfu/ml, onto the surface of Muller-
Hinton (MH) agar plates using a swab. Subsequently, paper antibiotic disks were
positioned on the MH agar plate with sterile forceps, and the plates were then
incubated for 24 hours at 37°C. Following incubation, the zones of growth
inhibition surrounding each antibiotic disk were measured. (Sakarikou C. et al.,
2018). The zone diameters of each drug were elucidated by using the criteria
published by CLSI or Kirby- Bauer’s chart (Iqubal et al., 2020). The MAR
(Multiple antibiotic resistances) index of each organism was calculated by using
the below formula (Kusuma SAF et al., 2021). MAR index (A/B) = Number of
antibiotics resistant (A) +~ Number of antibiotics used (B).

Minimum inhibitory concentration (MIC) determination

For MIC determination Agar well diffusion method was used for all the pure
standard ATCC organisms mentioned in the materials section. The concentrations
of extracts i.e. Methanolic extract (LPME), Water extract (LPWE) and Quercetin
dilutions were prepared in the range of 1mg/ml to 100mg/ml, 20mg/ml to
200mg/ml and 10mg/ml to 100mg/ml respectively, by using 25% DMSO
(Dimethyl sulphoxide) as diluent (Bush A.A. et al., 2020). Concentration of stock
solutions was prepared ranging from 1mg/ml to 200mg/ml by using 25% DMSO
(Dimethyl sulphoxide) as diluent. Highest concentration used for LPME &
Quercetin was 10mg/ml and that of for LPWE was 200mg/ml ranging from
20mg/ml to 200mg/ml of the extract. The agar well diffusion test was conducted
using Mueller and Hinton (MH) agar media. The inoculum was prepared using
a 24 hrs-old bacterial culture, and the suspension was made with sterile peptone
water. The suspension's turbidity was adjusted using a spectrophotometer at 530
nm to match the concentration of 0.5 McFarland standards. 20 milliliters of MH
agar butt were inoculated with 1 ml of the test organism suspension and poured
into empty sterile petri plates, allowing them to cool down. Once the medium
solidified, four wells, with diameter of 10 mm each, were made in the agar using a
sterile cork borer. Next, 100 pl of each concentration of the antibacterial substance,
such as lemon peel extracts and quercetin, were added into each well. The plates

were then incubated at 37°C for 24 hours. After the incubation period, the zone of
inhibition was measured in millimeters. Controls were performed concurrently,
and these tests were carried out in triplicate. (Malhotra-Kumar S. et al., 2018).

GC-MS analysis of Lemon peel extracts

The samples of Lemon peel extract i.e. (Methanolic and water extract) were
subjected to gas chromatography-mass spectrometer analysis for identification of
compounds present in the extracts. The extracts were processed for GC-MS by
dissolving it in 60% methanol. To ensure the removal of any debris, filtration was
carried out twice for each sample. The column was washed with 60% methanol
before the samples were subjected to analysis.The analysis was carried out on
AccuTOF GCV JMS-T100GCV(Agilent Technologies, Santa Clara, CA) present
at SAIF laboratory, IIT Bombay. Compounds were separated on an HP5 column
of dimensions 30mx0.2mmx 2mm, temperature programmed at 80°C to 250°C
with a hold time of 30-40 min. Helium was utilized as the carrier gas at a flow rate
of 1 milliliter per minute. The temperature of the injection port was set to 250°C,
and under manual injection mode. Mass spectrometric detection parameters were
configured as mentioned below, ionization method Electron Impact (El), electron
energy set at 70 electron volts (eV), and the ion source temperature maintained at
230°C. Identification was performed by comparing the mass spectra with reported
libraries (Ramu R. et al., 2021).

RESULTS AND DISCUSSION
Antimicrobial susceptibility test (AST)

Antimicrobial Susceptibility Test (AST) of the selected organism was done by Disc
diffusion method using the Kirby Bauer technique (Segawa I. et.al., 2020) and as
per recommendation of NCCLS all test was performed on Muller- Hinton agar.
The antibiotic susceptibility pattern of each organism was studied using different
antibiotics for different organisms as shown in Table 1.

All the isolates exhibited resistance to more than 60% of antibiotics used. All the
nine organisms were selected for further study.

Minimum Inhibitory Concentration (MIC) determination

Two different lemon peel extracts (methanol extract and water extract) were used
for minimum inhibitory concentration against nine different drug resistant
organisms including Enterococcus hermanniensis ATCC 700323, Escherichia coli
ATCC 25922, Enterococcus faecalis ATCC 29212, Staphylococcus aureus ATCC
BAA 1026, Staphylococcus aureus ATCC 29213, Stenotrophomonas maltophilia
ATCC 17666, Staphylococcus aureus ATCC 25923, Staphylococcus aureus
ATCC 6538, and Pseudomonas aeruginosa ATCC 27853.

Lowest concentration showing inhibition was considered as MIC (minimum
inhibitory concentration) of that antimicrobial agent here extracts. The
antimicrobial activity assessments were conducted in triplicate, and the outcomes
are reported as the average of three measurements.

MIC of Lemon Peel Methanol Extract (LPME)

The methanol extract concentration used to study MIC ranges from 1 mg/ml to
100mg/ml. The inhibitory action of methanol extract was exhibited at 1mg/ml
yeilding an inhibition zone of 15 + 0.8 mm against Enterococcus hermanniensis.
Notably, the extarct exhibited its highest inhibition against Enterococcus
hermanniensis at 1 mg/ml concentration followed by S. aureus up to concentration
of 50 mg/ml and other organisms were inhibited between 60 mg/ml to 200mg/ml
concentrations. Against the methanolic extract Escherichia coli exhibited the
lowest inhibition at the concentration of 100 mg/ml. Furthermore, Minimum
Inhibitory Concentration (MIC) assessments were conducted to provide
guantitative insights into the efficacy of the studied extracts, corroborating the
earlier findings. MIC values of the methanolic extract against various isolates are
detailed in Table 2. Findings reported by Saleem, and his coworker demonstrate
that the methanol extract derived from lemon peel exhibits greater efficacy as an
antimicrobial agent against gram-negative bacteria when compared to gram-
positive (Saleem M. & Saeed M.T., 2020). Researchers conducting antimicrobial
activity studies using methanol solvent extracts have reported similar results for
Pseudomonas aeruginosa, E. coli, and E. faecalis bacteria. (Liya S.J. & Siddique
R., 2018).
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Table 1 Antibiotic susceptibility testing (AST) of bacterial strains

S. S.
I E. coli ATCC P. aeruginosa S. aureus E. faecalis E. hermanniensis  S. aureus ATCC S. aureus maltophilia aureus
Antibiotics Used 25022 ATCC 27853 ATCC6538  ATCC20212  ATCC 700323 29213 s ATCC ATCC
17666 25923
Amikacin S S S - - S R S S
Ampicillin R S R R R R - R
Chlora(r)r;phenlc s ) s s s S S S S
Nalidixic acid S - - - - - - S -
Ciprofloxacin S S S | S S R S S
Tetracycline S - S S S S S S S
Erythromycin - - S | R S R - S
Streptomycin S - S - - S S - S
Rifampicin - S S S R S S - S
Vancomycin R - S | S S S - S
Polymyxin B R R - - - - R -
Ofloxacin | S S - - S R S S
Trimethoprim S - S R R S S R S
Nitrofurantoin S R S | S S R - S
Amoxicillin | R - - - - - - -
Gentamicin S S S - - R R S S
Kanamycin S - S S S S R - S
Tobramycin S S S - - S R - S
Azithromycin - S S - - S R - S
Penicillin - R R S S R R - R
Oxacillin - - R R R - R
Clindamycin - - S - - S R - S
Bacitracin - - S - - S S - S
MAR INDEX 0.18 0.33 0.15 0.18 0.36 0.20 0.65 0.22 0.15
Legend: S — susceptible, R — resistance, | — intermidiate, - —not used
Table 2 Antibacterial activity of Lemon Peel Methanol extract against drug Resistant Organisms
Concentration Zone of Inhibition (mm)*
of Methanol E. coli P. aeruginosa E. faecalis E. hermanniensis S.aureus  S.aureus S.aureus s. maltophilia S. aureus
Extract ATCC25922  ATCC27853  A~ICC ATCC700323 ~ ATCC  ATCC  ATCC  ireci7ees ATCC
(mg/ml) 29212 29213 6538 25293 BAA1026
1 - - - 15+£0.8 - - - - -
2.5 - - - 16+1.7 - - - - -
5 - - - 16+0.1 - - - - -
7.5 - - - 17+0.7 - - - - -
10 - - - 17+0.5 - - - - -
20 - - - 18+ 0.9 - - - - -
30 - - - 19+14 - - - - -
40 - - - 20+0.8 - - - - -
50 - - 15+0.3 20+0.5 - - 12+1.1 - 12+0.9
60 - 16+0.1 15+0.2 21+0.7 13£1.0 - 11+19 - 13+£0.3
70 - 17+£04 15+0.1 21+£0.2 13+04 12+1.1 13+0.3 - 14+ 0.6
80 - 18+0.5 17+0.1 22+04 14+0.3 13+£0.9 12+0.5 12+0.3 14+0.5
90 - 18 +£0.6 17+£0.7 20+2.7 15+0.3 13+0.2 12+0.5 12+0.3 15+0.2
100 13+£0.9 17+1.0 16+0.2 21+£1.5 17+0.5 14+ 0.3 13+£0.5 13+£0.3 16 +0.3

Legend: - — No Inhibition (Omm)
* Mean value = SD, n = 3.

MIC of Lemon Peel Water Extract (LPWE)

The Lemon peel water extract concentration used to study MIC of drug resistant
isolates ranged from 20mg/ml to 200mg/ml.Water extract exhibited highest
inhibition against Pseudomonas aeruginosa and Enterococcus hermanniensis at
concentrations of 60 mg/ml and140 mg/ml respectively. Most of the organisms
were inhibited at the higher concentration ranging from 140-200mg/mL. Water
extract is less effective as compared to that of methanolic extract, therefore the
concentration required to inhibit organism by water extract is high when compared
to methanol extract. The lowest inhibition of the organism was seen against
S.aureus BAA1026 at concentration of 200mg/ml. It should be emphasized that
the extracts exhibit effectiveness against almost all of the studied gram-negative
bacteria and gram-positive bacteria. But they demonstarte minimal efficacy against
S. aureus ATCC BAA1026 and S. aureus ATCC 29213.These results exhibit that
both the extracts were effective against organisms but at different concentrations,
MIC values of water extract against different isolates are mentioned in Table 3. In
a study by, Mehmood T. and coworkers they reported that the stage of ripening can
also impact the results (Mehmood T. et al., 2018). They found that when compared
to water extract of unripe lemon the water extract of ripe lemon exhibited higher
zone of inhibition. In this study when compared to methanol extract and quercetin
water extract exhibited a higher zone of Inhibition. Similiarly in a study conducted
by Saleem M. and his team they also reported same results for antimicrobial
activity against S. aureus, P. aeruginosa, and E. coli, and based on methanol
solvent extract (Saleem M. & Saeed M.T., 2020).

MIC of Quercetin

The quercetin concentration used to evaluate their antibacterial activity against
drug resistant bacteria ranged from 10mg/ml to 100mg/ml. At the concentration of
50mg/ml Quercetin exhibited highest inhibition against S. aureus 6538 and E.
Hermanniensis ATCC 700323 and the lowest inhibition was observed against
S.aureus ATCC 29213 at the concentration of 90mg/ml. No antibacterial activity
was observed against S. aureus BAA1026 and E. coli ATCC25922 by Quercetin.
Concentrations required to inhibit the growth of other organisms ranged from
60mg/ml to 100mg/ml. Compared to all extracts used in this study the MIC value
of Quercetin is less. This may be due to the fact that the antibiotic compound is
pure and more refined compared to the extracts used in this study. MIC values of
quercetin against different isolates are mentioned in Table 4. In a study done by
M.G. Shehata and coworkers they reported that when phenol is used as a solvent
in lemon peel extraction the yield obtained was highest and the extract exhibited
strong antibacterial activity in lemon peel (Shehata et al., 2021). But in this study
we found that the highest antibacterial activity was exhibited by LWPE. This
difference could possibly be attributed to the extraction method, the difference in
phytochemical composition in different parts of the plant, and genotypes
differences of the citrus plants used in the research.
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Table 3 Antibacterial activity of Lemon Peel Water extract against drug Resistant Organisms

Zone of Inhibition (mm)*

Concentration p E. S, aureus s
of Water E. coli aeru i‘nosa S.aureus  E.faecalis  hermanni  S.aureus S.aureus ATCC maltol hili
Extract ATCC2s TR ATCC ATCC ensis ATCC  ATCC oo, TR
(mg/ml) 922 6538 29212 ATCC 29213 25293
27853 6 17666
700323
20 - - - - - - - - -
40 - - - - - - - - -
60 - 11+0.3 - - - - - - -
80 - 13+0.3 - - - - - - -
100 - 13+04 - - - - - - 12+0.3
120 - 15+0.5 - - - - - - 13+0.4
140 13+£0.5 16+0.2 - - 12+0.7 - - - 13+04
160 15+0.4 18+ 0.3 - 11+0.5 12+0.8 - 14+ 0.4 - 13+0.3
180 16 £0.5 18 £0.5 14+ 0.6 11+0.8 14+0.9 13+£0.3 15+0.2 - 14+0.3
200 16 0.5 18+0.4 14+0.3 13+£0.3 15+0.3 15+0.3 15+0.2 12+£0.5 14+0.7
Legend: - — No Inhibition (Omm) * Mean value + SD, n = 3.
Table 4 Antibacterial activity of Quercetin against Drug Resistant Organisms
Zone of Inhibition (mm)*
Concentration E. E. P. E. S aureus S aureus  S.aureus S. aureus S.
of Quercetin coliAT faecalis aeruginosa  hermannie ATCC ATCC ATCC ATCC maltophilia
(mg/ml) CC259 ATCC ATCC nsis ATCC 20913 6538 25203 BAA102 ATCC
22 29212 27853 700323 6 17666
10 - - - - - - - - -
20 - - - - - - - - -
30 - - - - - - - - -
40 - - - - - - - - -
50 - - - 11£0.3 - 13+0.8 - - -
60 - - 14+0.8 11+0.2 - 14+ 0.8 - - -
70 - - 14+0.3 12+0.8 - 14+ 0.7 - - 12+0.3
80 - 10£+0.3 15+04 13+0.3 - 14+1.0 12+04 - 12+0.5
90 - 12+1.1 15+0.6 11+04 14+ 0.8 13+0.6 13+0.7 - 14+1.2
100 - 12+1.4 16+ 0.8 13+0.6 15+1.1 14+ 0.3 13+1.3 - 15+ 0.8
Legend: - — No Inhibition (Omm) * Mean value + SD, n = 3.
From the above data, it can be interpretated that against all the organisms the
methanol extract was more effective than water extract and quercetin. The results 250
also revealed that the peel extracts were potent in inhibiting microbial growth.
While water extract was effective against organisms only at higher concentrations 200
the LPME extract was more effective at concentration of 100mg/ml exhiobiting
inhibition against all organisms. Quercetin was more effective against 160
Enterococcus when compared with water extract. Out of these 9 organisms 150 140

Enterococcus hermanniensis and Pseudomonas aeruginosa were more sensitive to
all the extracts as well as to Quercetin.

Results of antibacterial activity of lemon peel extracts suggested that E. coli was
most resistant strain to plant extracts and as well as to Quercetin followed by
Stenotrophomonas and S. aureus BAA1026 while Pseudomonas and Enterococcus
were the most susceptible strains against the LPWE and LPME (Table 5.). Higher
concentration (upto 200mg/ml) of LPWE may be required to be effective against
drug resistant organisms.

Table 5 MIC of LPME, LPWE and Quercetin against selected organisms

. MIC (mg/ml)
Organisms "
LPWE LPME Quercetin

E. coliATCC25922 140 100 -

E. faecalis ATCC 29212 160 50 80
P. aeruginosa ATCC 27853 60 60 60
E. hermanniensis ATCC 700323 140 1 50
S. aureus ATCC 29213 180 60 90
S. aureus ATCC 6538 180 70 50
S. aureus ATCC 25293 160 50 80
S. aureus ATCC BAA1026 200 50 -

S. maltophilia ATCC 17666 100 80 70

o

Inhibitory concentrations in mg/ml

100 80
60600
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0
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Figure 1 MIC of Lemon peel Methanol extract, Water extract and Quercetin
against selected organisms

GC-MS analysis of Lemon Peel Extracts
Analysis of Lemon Peel Methanolic Extract
The lemon peel methanolic extracts GC-MS analysis exhibited the presence of 14

different compounds. The below chromatogram presents the chemical compounds
identified in methanolic extract.
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Figure 2 Chromatogram of Lemon Peel Methanol Extract

Table 6 Various constituents present in LPME extract after GC-MS Analysis

been used extensively not only as an antitussive agent and expectorant but also as
a therapeutic option for antioxidant, antibacterial, anti-inflammatory, and
antitumour purposes (Liang et al., 2017). Pentadecanoic acid, 14-methyl ester,
a member of the fatty acid family exhibits antifungal and antibacterial activity.
Moreover, it also serves as a biomarker for rheumatoid arthritis detection (Beschi
et al., 2021). Duffy and his team (2018) have reported that n-decanoic acid serves
various roles, including as an anti-inflammatory agent, an antibacterial agent, a
component of volatile oils, a human metabolite, and metabolites in both plants and
algae. Hence, from the Chromatogram we can conclude that the methanol extract
of lemon peel contains compounds which have medicinal applications and hence
can be used as a cheaper alternative.

Analysis of Lemon Peel Water Extract

GC-MS analysis of lemon peel water extract exhibited the presence of 15 different
compounds. The below chromatogram presents the chemical compounds identified
in water extract.
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i ST W T I BUET BE| [ 1k 252
E EERE [ w562 05 1352 10 16814
14 I T I T i 17527] 6] [
7 20.88 n-decanoic acid CioH20, 172 E EHINE e I BE EH]| EIE| %)
5 21.95 T-Tridecyne CraHe 180 Figure 3 Chromatogram of Lemon Peel Water Extract
9 22.27 Pentanoic acid,4-methyl ~ CiH1,0, 116 The major constituents present in Water Extract are tabulated in Table 7. 2H-1-
Benzopyran-2-one-4,7-dihydroxy has not been quantified, but detected in, several
10 23.01 Anthracene,9- Cughz 248 different foods, such as green vegetables, and teas like black tea, green tea, and
butyltetradecanhydro herbal tea. This compound could potentially serve as a biomarker for the
—— consumption of these foods (The Metabolics Innovation Centre, 2019).
1 23.61 9-Hexadecanoicacid, CaHe0, 418 Floxuridine is used for treating gastrointestinal (Gl) tract cancer (specifically
hexadecy! ester stomach or intestinal cancer) that has metastasized to the liver. Classified as
- antimetabolite, floxuridine operates by inhibiting the growth of cancer cells in the
" 23.97 Kryptogenin 24- CaHso 790 body either by slowing their growth or halting it altogether (Society of Health-
dinitrophenyl hydrazone System Pharmacists, Inc., 2012).
25.37 2(1,2-dihydroxyethyl)-9-  C1,HigN,O; 328
13 (b-d-ribofuranosyl)
hypoxanthine
25.68 6,9,12-octadecatrienoic Ca2s5H360, 368
14

acid

The major constituents present in Methanol Extract are tabulated in Table 6.
CyclopropylCarbinol serves as an intermediate in agrochemicals, pharmaceuticals,
and various organic synthesis. Additionally, it finds applications polymer
additives, electronics chemicals, adhesives, coatings, surfactants, and other diverse
fields (Ntushelo K., 2016). Pinski et al., (2021) has reported that 3,4-Dehydro-L-
proline serves as both a substrate and inhibitor of various enzymes. It acts as an
alternate substrate for the amino acid oxidase (NikD) which inhibits collagen
secretion by chondrocytes. On the other hand, glycidol an epoxide functions as a
chemical intermediate in manufacturing of glycidyl urethanes, pharmaceuticals,
functional epoxides, and other goods. Additionally, it is employed as a reactive
diluent in epoxy resin systems and as a sterilant (Cespi et al., 2016). Esculetin has
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Table 7 Various constituents present in LPWE extract after GC-MS Analysis

Sr. R_etentiqn Name of Compound Molecular Mole_cular
No. Time(min) Formula Weight
4.23 Phosphine imide,p,p,p-  Cz4H17C;sNP 455
1 tris(P-chlorophenyl)-N-
phenyl
4.62 2,4-Furandione, dihydro-  CsH4Os 112
2 3-methylene
3 10.75 Oxiranemethanol C3HsO> 74
12.93 4-Ethyl-2- C7H1002 126
4 hydroxycyclopent-2-en-
one
19.99 2H-1-Benzopyran-2- CyHsO4 178
5 one-4,7-dihydroxy
21.48 Methyl-4-0-acetyl-2,3,6-  CisHz0; 320
6 trio-o-ethyl,d-
galactopyranoside
22.70 1,2,4-trioxolane,3,5- CsH1603 160
! dipropyl
23.74 Acetamide,N-(4- CoHgN20,S 208
8 hydroxy-2-
benzothiazolyo)
9 25.19 2,3-Epoxyhexanol CeH120, 116
28.17 3,3-Diphenyl-5-methyl- Ci6H14N; 234
10 3H-pyrazole
11 31.32 1-Hepten-4-ol C/H10 114
31.77 Hexanoic acid,decyl  CisH3,0, 256
12 ester
13 32.63 Floxuridine CyH1:FN,O5 246
33.66 1H-Indene,1-hexadecyl-  CysHa, 342
14 2 3-dihydro
33.81 2-Formyl-4- CoH1603 172
15 methylpentanoic
acid,ethyl ester
CONCLUSION

The present study aimed to investigate the antibacterial activity of LPWE, LPME
and quercetin against MDR organisms. The test organisms were resistant to several
drugs including Ampicillin, Vancomycin, Polymyxin B, Nitrofurantoin,
Trimethoprim and penicillins with MAR index greater than 0.10. In the present
study, these bioactive compounds were extracted using two different solvents
(Methanol and Water) and their efficiency was checked against drug resistant
organisms. MIC values were high in case of LPWE (water extract) when compared
to LPME and Quercetin. From the results it can be interpreted that Methanol
extract was most effective against drug resistant bacteria.

Methanol extract exhibited highest inhibition activity against all organisms when
compared to water extract and Quercetin. As all three compounds (LPME, LPWE
and Quercetin) were active against both Gram negative and Gram-positive
organisms hence they can be considered as broad spectrum whereas these extracts
can be used in various creams as anti-infectious agent in treatment of various
diseases. Peel extracts are rich in phytocemicals which exhibit properties like
antioxidant, antibacterial, antifungal, antidiabetic, anti-inflammatory etc. The
extracts may be used in treatment of skin diseases as well as can be used as an
ingredient in sunscreen to protect skin from harmful UV radiations. The fruit peel
extracts rich in phenolic compounds possess excellent properties to reduce the
oxidative damage. Thus, Lemon peel extracts and Quercetin can find applications
in medicine, cosmetics, food industry.
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