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Abstract

Essential oils from various plants are valued for their therapeutic, aromatic, antimicrobial, and
antioxidant properties. The majority of them are employed in cleaning procedures, aromatherapy,
stress reduction, food flavouring and preservation, and beauty products. The present investigation
focuses on elucidating the chemical composition along with the antimicrobial and antioxidant
properties of essential oil extracted from locally available orange (Citrus sinensis) peels, mainly
exploring its bio-efficacy. The antibacterial property was studied against the gram-negative
bacterium Escherichia coli and the gram-positive bacterium Bacillus subtilis. The analysis results
revealed significant antimicrobial activity with zones of inhibition of 4 mm and 5.5 mm, respectively.
The antifungal property was studied against the opportunistic pathogenic yeast Candida albicans,
which showed positive activity, producing 4.5 mm of zone of inhibition. The antioxidant activity of
the oil was determined using DPPH free radical scavenging assay, which showed an ICso value of
1.3532 pL/mL. Qualitative phytochemical screening of the essential oil as determined using some
standard colour-developing methods showed the presence of alkaloids, flavonoids, terpenoids,
phenols, cardiac glycosides, and saponins. The above results were validated by FT-IR and GC/MS
analysis. The FT-IR analysis revealed the presence of nitrogen-containing and oxygen-containing
functional groups. The GC/MS analysis showed the presence of limonene, d-limonene, 1S-a-Pinene,
1R-a-Pinene, B-myrcene, linalool, a-humulene, a-terpineol, etc. These findings demonstrated that
orange peels from Nepal that are readily available locally could be a source of compounds with
antibacterial, antifungal, and antioxidant properties.
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Introduction consumption are increasing day by day in an

The use of essential oils is a mounting exciting way [5]. Essential oil production
directive due to their wide range of applications, technologies are being refined day by day to
such as biological applications [1], soaps, improve their overall yield and quality. The
detergents, cosmetics products [2], various well-known methods of extraction are
pharmaceutical products, perfumes, infusion, maceration, Soxhlet extraction, solid-
aromatherapy [3], confectionery food products, liquid extraction, and liquid-liquid extraction [6].
soft drinks and hard drinks, distilled alcoholic = Some methods of extraction consume high heat
beverages, and insecticides [4]. Due to its energy and also take a long time for extraction

perfumatory value, its production and [7]. Some methods also require toxic solvents,
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which make them difficult to handle. The high
temperature used in some extraction processes
may damage thermolabile compounds present
in the sample [8]. The use of waste orange peels
for the production of an essential oil is one of
the best ways to manage solid waste materials.
The residue left after the extraction of essential
oil can also be used for various purposes [9].
Orange peels are common solid waste materials
sucked out of orange juice factories and juice
is in

shops. The consumption of oranges

increasing demand with the increasing
population due to their health benefits. The
greater the use of orange juice, the more solid
waste materials are produced. Hence, managing
the produced orange peels in a novel way is a
very important step in solid waste management.
The orange essential oil has a pronounced
[10],

antifungal [11], antioxidant [12], antiulcer [13],

prominence due to its antibacterial
and anticancer [14] properties. Even a low
concentration of essential oil in cell culture is
found to kill bacteria without harming the
cultured cell. The growth of fungi causing
spoilage of the food is also prevented [11].

Limonene is one of the most abundant
components of an essential oil commonly found
in orange (Citrus sinensis) peels. It has been
found to possess anti-stress, anti-inflammatory,
and antioxidant properties. Moreover, d-
limonene is one of the most common terpenes
and is an abundantly available constituent of an
orange essential oil, which is a chemopreventive
and chemotherapeutic agent to inhibit manifold
kinds of tumors [15, 16]. Some workers have
reported that citrus essential oil has anticancer
activity [12, 17].

The present work focuses on the extraction
of essential oil from locally available orange
peels from Nepal, and studying its antibacterial,
antioxidant efficacies.

antifungal, and
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Additionally, FT-IR, GC-MS, and phytochemical

analyses of the oil have been performed to
validate the results thus obtained. Research
results are expected to contribute to fields such
as pharmaceuticals, fragrances, and solid-waste
management.
Materials and Methods
Materials

The orange peel waste was collected from a
local juice shop located in Thamel, Kathmandu.
The collected orange peels were washed several
times. Then it was cut into small pieces. After
making small pieces, the sample was crushed in
mortar in order to make powder. This powder
sample was collected in an airtight bottle for
further use.
Preparation of microbial culture media

The Mueller-Hinton Agar (MHA) plates were
prepared by dissolving 28 g of nutrient agar
powder (Sisco Research Laboratories Pvt. Ltd.,
India) in 1 L of water. The mixture was
autoclaved at 15 psi pressure at 121 °C for 15
minutes. The sterilized media were cooled down
to 40-50 °C, followed by transfer into Petri
dishes (25 mL each). The prepared media plates
were stored in the refrigerator for further use.
Extraction of orange peel essential oil

Essential oils are commonly extracted using
hydro distillation, water and steam distillation,
steam distillation, cohobation, maceration, and
enfleurage. In the present work, orange peel
hydro

Clevenger

essential o0il was extracted by the

distillation method wusing the
apparatus. The 150 g of powdered orange peel
sample was poured into a round-bottom flask of
Clevenger apparatus and rinsed with 250 mL of
pure distilled water. The Clevenger apparatus
was well fitted, and a regular supply of water
was made for the condensation of steam
produced from the sample mixture by a heat

supply of 45 °C. After 2 hours, separation of
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steam and essential oil was observed in the
Florentine vase. This was collected in a conical
flask, and the oil was separated using a
separating funnel.
Characterization of the essential oil by GC-
MS and FT-IR

The
characterized by both FT-IR and GC/MS

techniques. FT-IR analysis of the essential oil

extracted essential oil was

was carried out by the KBr pellet method, and
the presence of various vibrational modes was
investigated. The FT-IR analysis was used to
identify functional groups present in the
essential oil. The GC was equipped with Agilent
190915-433 (30 m x 250 pym x 0.25 pm). The
mass spectrum was obtained by electron
ionization (EI) at 70 eV with a thermal aux 2
heater at 230 °C. The injection volume was 2 uL
with an inlet heater at 230 °C and a pressure of
6.6018 psi, maintaining the rate flow to be 1 mL
per minute. The oven temperature was 320 °C,
and the split ratio was 75:7. The sample was
programmed at 32 °C for 5 minutes up to
230 °C with 5 °C per minute, and then the hold
time was 15 minutes, resulting in a total time of
59.6 minutes. This GC-MS technique was used
to identify the compounds and obtain
information about the unit cell molecules.
Phytochemical Analysis

The qualitative phytochemical analysis of
the essential oil was carried out using colour
reactions for the identification of medicinally
active secondary metabolites present in the
essential oil. The screening of various secondary
metabolites was performed as described in the
literature [18].
Antimicrobial Analysis

The antimicrobial analysis was carried out
by the disc diffusion method against the

microbial strains Escherichia coli, Bacillus
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subtilis, and Candida albicans, as described in
the literature [19].
Antioxidant Analysis

Antioxidants are substances that protect
cells against free radicals, which may cause
heart disease, cancer, and other diseases. DPPH
free radical

scavenging is a well-accepted

mechanism for screening the antioxidant
activity of plant extracts and essential oil
extracts. The radical scavenging activity of the
plant sample was evaluated using the 96-well
microplate method as described in the literature
[20], which is a modified colorimetric method.
Results and Discussion

The extracted essential oil was
characterized by the FT-IR technique to identify
functional groups present in the compounds of
the oil. The FT-IR spectrum has been displayed
in Fig. 1.This illustrates the presence of various
kinds of biomolecules in the essential oil. The
adsorption band located at 3000 cm!
corresponds to stretching vibrations of the
alkenyl (C=C-H) group. The band at 3460.30 cm-
1 represents the amine N-H stretch. The peak at
2372.44 cm! represents the presence of C-O
stretch. The absorption bands at 1645.28 cm™!,
1440.83 cm! and 1375.25 cm! represent amide,
nitrosamine, and isopropyl groups, respectively.
The absorptions at 887.26 cm™! and 794.67 cm-
1 represent the presence of aromatic C-H

bonding and octadiene, respectively.

Transmittance (%+)

Wavenumbers (cm™*)

Figure 1: FTIR spectra of the orange peel essential oil
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GC-MS Analysis

To obtain information about the chemical
composition of the extracted essential oil, GC-
MS techniques were utilized. The components of
the essential oil as recorded by GC-MS have
been recorded in Table 1
Table 1. Chemical composition of the orange peel

essential oil

Peak RT Compounds Area %

1 2.454
2.497

8.77
0.57

Cyclohexane
Hexane, 2-methyl
2.616 0.30

0.25

Hexane, 3-methyl

W N

11.020 Bicyclo hex-2-ene, 2-

methyl-5- (1-
methylethyl)

Bicycle hexane,
methyl-1- (1-
methylethyl),

didehydro derive.
11.203 1S a Pinene, 1R a 1.09
Pinene
Bicycle hept-2-ene,
2,6,6-trimethyl
12.725

B Phellandrene 1.32

Bicyclo hexane, 4-

methylenel- (1-
methylethyl)

13.469 p Myrcene 1.78

Bicyclo hex-2-ene, 4-

methy-1- (1-
methylethyl)

13.900

14.257

Octanal 0.21

Bicycle hept-2- 0.23

ene,3,7,7-trimethyl-

Cyclohexene, 4-
methyl-3-(1-
methylethylidene)
1,3-cyclohexadiene, 1-
methyl-4-(1-
methylethyl)

10 14.893

d-Limonene, 75.68
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Limonene

11 15.745 1,4 cyclohexadiene, 1- 6.22

methyl-4-(1-
methylethyl)

12 16.652 Cyclohexene, 0.35

methyl-4-(1-
methylethylidene)
13 1,6-octadien-3-ol, 3,7-

17.137 1.52

dimethyl, 2-
aminobenzoate
19.446 3-cyclohexen-1-ol, 4- 0.45
methyl-1-(1-
methylethyl)
15 19.867

3-cyclohexane-1- 0.31

methanol, o, , 4-
trimethyl
16

17

20.298 Decanal 0.29

21.129 Benzene, 2-methoxy- 0.20

4-methyl-1-(1-

methylethyl)

Phenol, 2-(1,1-
dimethylethyl)-5-
methyl

18

22.823 Thymol, Phenol,

2-methyl-5-(1-

0.43

methylethyl)

RT: retention indices determined on Agilent 190915-
433 column (using He gas 1 mL per minute).

The total ion chromatogram of orange essential
oil has been shown in the Fig. 2. The major
compounds were found to be 1S-a-Pinene (a
terpene), 1R-a-Pinene (a terpene), f-myrcene (a
monoterpene), d-limonene (a cyclic
monoterpene), linalool (a terpene alcohol), a-
humulene (a terpene), and a-terpineol (an
alcohol). These compounds have several health
benefits, like anti-inflammatory, anti-cancer,
antioxidant, and antimicrobial activities [14-16].
The results from the GC-MS analysis reveal the
potential of the essential oil from orange peel as

an important source of bioactive compounds.
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Figure 2: GC-MS spectra of the orange peel essential
oil
Antibacterial Analysis

The antibacterial analysis of the essential oil
extracted from the orange peels was performed
against Escherichia coli (E. coli), a gram-negative,
facultative anaerobic, rod-shaped, and coliform
bacterium, and Bacillus subtilis (B. subtilis), a
gram-positive bacterium, also known as Hay
bacillus or Grass bacillus. The zone of inhibition
was determined in both cases. The experimental

results have been shown in Fig. 3 and Fig. 4.

Figure 3: Antibacterial activity of the orange peel
essential oil against E. coli

The zone of inhibition in E. coli was found to be
4.0 mm, and that in B. subtilis was found to be
5.5 mm. These findings show that orange peel
essential oil (extracted by hydro-distillation
method) has fairly good antibacterial action

against B. subtilis and E. coli, yet it appears to
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be less potent than that of methanolic extract in
earlier research [21]. To get rid of over load of E.
coli and B. subtilis beyond their normal balance
in the body, the essential oil extracted from
Citrus sinensis has been expected to be very

effective.

Figure 4. Antibacterial activity of the orange peel
essential oil against B. subtilis
Antifungal Analysis
The antifungal analysis of the essential oil
extracted from the orange peels was performed
against the fungus C. albicans, which is an
yeast of the
The of

inhibition was determined, and the result is

opportunistic  pathogenic

Saccharomycetaceae family. zone

displayed in Fig. 5.

Figure 5: Antifungal activity of the orange peel
essential oil against C. albicans
The zone of inhibition was found to be 4.5 mm

demonstrating fairly good antifungal activity

https://www.nepjol.info/index.php/INCS
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against Candida albicans. However, it appears
that this extract's effectiveness is lower than
that of the wild fruit extract employed in earlier
research [22]. This reveals the application of the
oil as a potential source of antifungal
substances.
Antioxidant Analysis

The antioxidant activity of the methanol
measured by DPPH

scavenging assay. The inhibition curve was

extract was radical
plotted by plotting extract concentration versus
the corresponding % scavenging effect, which is
displayed in Fig. 6. The ICso (50% inhibitory
concentration) value was determined using this
curve. The ICso value indicates the effective
concentration of the sample, which is required
to scavenge 50% of the DPPH free radicals.The
antioxidant activity assay revealed the ICso value
of the oil to be 1.3532 uL/mL. This result
indicates that the extracted essential oil exhibits
excellent antioxidant efficacy. Previous
researchers have demonstrated this efficacy as
well [12]. Thus, the oil is capable of reducing the
risk of many diseases including heart disease
and certain cancers.
120 4
100

80 -
60 -
40

20 + I

0 @ "

0.312 0.625

Concentration pL/mL

% Inhibition

1.25

Figure 6: A plot of percentage radical scavenging

activity versus concentration

Conclusions

In the present investigation, essential oil
was extracted from locally available orange peels
from Nepal. The extracted oil was subjected to
bio-efficacy analysis. The oil was found to have
Antimicrobial

good biomedical properties.

analysis was carried out against gram-negative
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bacteria Escherichia coli (E. coli), gram-positive
bacteria Bacillus subtilis (B. subtilis), and the
fungus Candida albicans (C. albicans). Excellent
antimicrobial activity was noted, with zones of
inhibition of 4 mm, 5.5 mm, and 4.5 mm,
respectively. DPPH free radical scavenging assay
of the oil revealed excellent antioxidant activity,
with an ICso value of 1.3532 uL/mL. The
phytochemical screening of the oil revealed the
presence of alkaloids, flavonoids, terpenoids,
phenols, cardiac glycosides, and saponins.
These secondary metabolites are responsible for
their antimicrobial, and antioxidant activities.
GC-MS analysis was performed to explore the
presence of possible biomedically important
compounds. The compounds found in
abundance were limonene, d-limonene, 1S-a-
Pinene, 1R-a-Pinene, B-myrcene, linalool, a-
humulene, and a-terpineol. These compounds
have various marvelous and unique properties
that can be used in various fields of life sciences
astoundingly. These results vouch for the
applicability of the locally available orange peels
from Nepal for the extraction of various
biomedical substances. Moreover, this
investigation also explores a way for solid waste

management.
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