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Comparative study on the antimicrobial effects of
essential oils from peels of three citrus fruits

Abstract

The use of Essential Oils as antimicrobial agents have become popular over the years
in an attempt to find alternative ways of dealing with strains of bacteria that have
become resistant to conventional antibiotics. This study was carried out to compare
the antimicrobial effects of Citrus peel essential oils obtained from Okene Main
Market, 7°33°4.39” N 6°14°9.20”" E, Kogi State, Nigeria, on the clinical isolates of
some microorganisms (Escherichia coli, Pseudesomonas aeruginosa, Staphylococcus
aureus, and Aspergillus niger). The oils were extracted from the peels using the cold
maceration method with n-hexane as the solvent. The agar diffusion method was used
to test the susceptibility of the micro-organism strains using ciprofloxacin as the
standard positive control. The experiment was carried out in duplicates and obtained
data was analysed using one-way analysis of variance (ANOVA) and Duncan Multiple
Range Test (DMRT), with P<0.05 considered significant. The results revealed that
Orange (Citrus sinensis) exhibited the inhibitoriest effect on the test isolates followed
by lime (Citus aurantifolia) and Lemon (Citrus Limon) with the least significant effect.
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Introduction

Herbs are widely exploited in the traditional medicine and their
curative potentials are well documented.! About 61% of new drugs
developed between 1981 and 2002 were based on natural products
and they have been successful, especially in the areas of infectious
disease and cancer.” Recent trends however show that the discovery
rate of novel chemical entities is declining.’ Natural products of higher
plants may give a new source of antimicrobial agents with possibly
novel mechanisms of action.*® The effects of plant extracts on bacteria
have been studied by a very large number of researchers in different
parts of the world.® Herbal medicines have been known to man for
centuries. Therapeutic efficacy of many indigenous plants for several
diseases has been described by practitioners of traditional medicine.”

Essential Oils (EOs) are products obtained from plants vegetable
raw materials (leaves, buds, fruits, flowers, herbs, twigs, barks, woods,
roots, and seeds) * which are complex mixtures whose composition
may include volatile terpenic compounds, [(C;H,)n] monoterpenes
[n=2], sesquiterpenes [n=3], diterpenes [n=4] e. t. ¢.” These are
secondary metabolites in plants'® and responsible for the characteristic
aroma in some plants (including Citrus).

Essential oils showed antimicrobial activity against a wide range
of bacteria including antibiotic resistant species and fungal species.
They can affect both Gram positive and Gram negative bacteria in
addition to yeasts and filamentous fungi."" The reduction of the
microbial population depends on the concentrations of essential oil
where high concentration of essential oil will give high antimicrobial
effect and may completely inhibit the growth of micro-organisms."
There are many methods that quantify microbiological activity of
essential oils and these includes assays such as optical density, agar
well diffusion, disk-diffusion and hole plate diffusion.” The peel of
Citrus fruit is a rich source of flavonoid, glycerol and volatile oils.'
Many polymethoxylated flavones have several important bioactivities

which are very rare in other plants.'® Citrus essential oils have been
industrially applied in many products including foods and beverages'®
and their activities against some of the most important food borne
pathogens have been proven.'” Since Citrus essential oils are mainly
located in the fruit peels, their extraction is economically sustainable,
because the fruit peel constitute a waste for the fruit juice industry.'
Citruses belonging to the family Rutaceae, are one of the main fruit
crops grown throughout the world. Citrus fruits have been used by
man for centuries for Agricultural, Medicine, and Herbal purposes.
19 Several pharmacological properties have been attributed to various
members of the Citrus species, ranging from anticancer,?>* antifungal,
2 anti-typhoid, »* anti-oxidant, * antiulcer, >’ hypolipidemic*® among
others.

Resistant bacteria represent a challenge in the treatment of various
well known infections and therefore necessitate the need to find
new substances with antimicrobial properties to use against these
micro-organisms. The harmful micro-organisms can be controlled
with drugs and these results in the emergence of multiple drug-
resistant bacteria and it has created alarming clinical situations in the
treatment of infections. The significance of this work is to determine
the antimicrobial and inhibitory effect of three different species of
Citrus peel essential oils and compare to determine the most effective
based on the facts that grounds of medical pharmacology have been
constructed by herbal remedies for ages and have formed basis for
traditional medicine as natural antimicrobial agents (agents that kill or
inhibit the growth of other micro-organisms) have potential benefits
over synthetic antimicrobials® and have received popularity from a
series of micro-organisms control related issues and also as a source
of pharmaceutical active compounds®® which is not only cheap but
safe and with no side effects.’!

The aim of this research is to carry out a comparative study of the
antimicrobial effect of the essential oils of the peels of three Citrus
fruits (Orange, Lemon and Lime) on micro-organisms.
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Materials and methods

Collection of plant materials

The Citrus fruits used in this study were obtained from the okene
main market, 7°33°4.39” N 6°14°9.20” E Kogi State, Nigeria and was
confirmed at the department of Biological Sciences. It was washed
with de-ionized water, peeled, and cut into smaller pieces which
were then taken to the laboratory of the department of Biochemistry,
K.S.U. Anyigba, Kogi State and oven dried at 70°C for two days until
required for analysis.

Extraction of oil from plant materials

Chemical used in this study (n-hexane) was of reagent grade and
were sought from the same department as mentioned above where the
extraction was executed. The cold maceration method was adopted
in extracting the essential oils by the use of n-hexane as described
by A. OA. C, (2000) and the percentage oil yield was determined.
Oven dried Citrus peels samples of 96.5grams of orange, 120.0grams
of lemon and 78.56grams of lime were weighed and wrapped in a
paper towel separately, and each sample was soaked separately in an
air-tight container using n-hexane (boiling point 65°C) for a period
of twenty-four hours. The extracts were concentrated after twenty-
four hours using the rotary evaporator. The oil content was weighed
to determine the density of the oil and the percentage oil yield was
obtained by expressing the oil weight as a percentage of the sample.

% oilyield= (weightofsample+papertowel)-
(weightofsample+papertowel) x100/weight of sample

Isolates of bacteria and fungi was obtained from the department of
Microbiology Kogi State University, Kogi State, Nigeria.

Sterilization of materials

Sterilization of the glass wares used was done by autoclaving at
121°C for 15minutes. The heat liable materials were also autoclaved
at same temperature for a period of 8minutes.

Sterilization of culture media

The culture media used which include; Mueller Hinton’s agar
and peptone water were prepared according to the manufacturer’s
instruction and autoclaved at 121°C for 15minutes. The workbench
was continuously kept in a sterilized condition by swiping with
Methylated Spirit.

Test micro-organisms and growth media

The following bacterial strains Staphylococcus aureus, Escherichia
coli, and Pseudomonas aeruginosa and fungal strain Aspergillus
Niger, were chosen based on their clinical and pharmacological
importance. The bacterial strains which were obtained from the
Department of Micro-Biology, Kogi State University, Anyigba
was used for evaluating the antimicrobial activity of the extracted
essential oils. The bacterial and fungal stock cultures were revived
using peptone water and incubated for 24hours at 37°C following
refrigeration storage at 4°C. The bacterial and fungal strains were
grown in Mueller-Hinton agar (MHA) plates at 37°C and the stock
cultures were maintained at 4°C.

Antimicrobial bioassay

In vitro antibacterial and antifungal activities of plant part (Citrus

Copyright:
©2019 Edogbanya et al. 0

fruits peels essential oils) against three pathogenic bacteria (two
Gram-positive and negative) and a pathogenic fungi (4spergillus
niger) were investigated by the agar diffusion method.*> Antimicrobial
activity testing was carried out by using agar diffusion method. A set
of three dilutions (90, 60, and 30%) of the Citrus fruits peels extracts
were prepared by diluting in a diluent of 0.5% tween 20, and 0.5%
DMSO made up to 100ml by distilled water. Mueller-Hinton sterile
agar plates were flooded with 2ml indicator microbial stains (10°
cfu) (Escherichia coli, Pseudomonas aeruginosa, Staphylococcus
aureus, Aspergillus Niger), and the excess drained. A cork borer was
flamed and used to bore five wells which contained the treatments
0.5% tween and 0.5% DMSO (negative control), 30, 60, and 90%
(extracts), and 0.5% Ciprofloxacin (positive control) and allowed to
stay at 37°C for 3hours. The zones of growth inhibition around the
disks were measured using venier caliper and a meter rule after 18 to
24hours of the incubation at 37°C for bacteria and 48 to 96hours for
fungi at 28°C. The experiments were done in duplicates.

Statistical analysis

One way Analysis of Variance (ANOVA) was used to compare the
mean inhibition zones of the different treatment groups and Duncan
Multiple Range Test (DMRT) was used to separate means where
significant. P<0.05 was considered significant.

Results

After extraction, 20.0ml, 22.5ml, and 20.0ml of essential oil were
obtained from the orange, lemon, and lime peels with a density of
0.67, 0.7, and 0.76 respectively (Table 1). The sensory evaluation
revealed them to be watery in viscosity, orange, dark green and light
green in colour respectively with a pungent smell.

Antimicrobial test

Effect of various extracts on different isolates: The lemon peel
essential oil extract had no significant effect (p>0.05) on all the bacterial
isolates (Escherichia coli, Pseudomonas aeruginosa, Staphylococcus
aureus.) except on Aspergillus Niger at 30% concentration, when
compared to the positive control (Table 2).

The lime peel oil extract had a significant effect (p<0.05) on
Pseudomonas aeruginosa, Staphylococcus aureus and Aspergillus
Niger but had little significant effect on Escherichia coli. For
Pseudomonas aeruginosa, the zone of inhibition increases significantly
(p<0.05) from 6.00mm to 20.00mm as the concentration of oil extract
increased from 0 - 90%. The zone of inhibition for Staphylococcus
aureus also increased significantly (p<0.05) from 0.00mm to
28.50mm as the concentration of oil extract increased from 0 - 90%
and same for Aspergillus niger which increases from 6.00mm to
25.75mm.The lime extract only proved effective on Escherichia coli
at 90% concentration. There was no significant difference (p>0.05)
between the zone of inhibition at 90% and the positive control (0.5%
ciprofloxacin) (i.e. at 90% the extract competed favorably with the
ciprofloxacin) (Table 3).

The orange peel oil extract had significant effect on all the
test isolates. The zone of inhibition of Escherichia coli increased
significantly (p<0.05) from 6.00mm to 5.50mm, Pseudomonas
aeruginosa from 8.50mm to 21.00mm and the zone of inhibition for
Staphylococcus aureus also increased significantly (p<0.05) from
13.75mm to 19.00mm as the concentration of oil extract increased
from 0-90%. The fungal strain Aspergillus Niger was only affected by
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the extract at higher concentrations of 90% with a zone of 17.50mm.
There was no significant difference (p>0.05) between the zone of
inhibition at 60%, 90% and the positive control (0.5% ciprofloxacin)
(at 60% the extract competed favorably with the ciprofloxacin which
is a standard drug) (Table 4).

Comparative effects of lemon, lime and orange peel oil extracts at
different concentrations on various isolates: The results revealed that
only the orange extract at 60% had a significant effect (p<0.05) on
Escherichia coli with zones of inhibition of 13.25mm (Table 5).

At 30% there was no significant difference in the effects of all
three extracts on Pseudomonas aeruginosa. At 60% only the lime
extract had a significant effect (p<0.05) on Pseudomonas aeruginosa
with an inhibition zone of 14.50mm. At 90% the lemon extract had
the highest significant effect on Pseudomonas aeruginosa with a zone
of inhibition of 14.50mm, while there was no significant difference
Table | Quantity and density of essential oil extracted from the citrus peels
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(p<0.05) in the effects of lime and orange extracts (Table 6).

At 30% only the orange extract had a significant (p<0.05) effect
on Staphylococcus aureus. At 60% the orange extract had the highest
significant effect (p<0.05) on Staphylococcus aureus with a zone of
inhibition of 22.25mm, followed by that of lime extract (7.50mm),
while that of lemon extract had no significant (p>0.05) effect. At 90%
the lime extract had the highest significant (p<0.05) effect with a zone
of inhibition of 26.50mm, followed by that of orange (19.00mm),
while that of lemon extract had no significant effect (p>0.05) (Table
7).

At 30 and 60% there were no significant differences in the effects of
the three extracts on Aspergillus Niger. At the concentration of 90%
the lime and orange extracts had a significant effect on Aspergillus
niger with inhibition zones of 25.75mm and 17.50mm respectively,
but there was no significant difference between them (Table 8).

Plant material Weight (gm.) Volume of n-hexane %oil yield Volume of oil (ml) Density
Orange peel 9675% 50000% 1168% 2000% 0.67
Lemon peel 120.01 500 1.2 225 0.7
Lime peel 78.56 500 13.21 20 0.76
Table 2 Effect of oil extract of lemon peel on various strains of isolates
Treatment Zone of Inhibition (mm)
(%vlv)
E.C PA S.A A.N

A 0.00+ 0.00a 0.00+0.00a 0.00+0.00a 0.00+0.00a

B 0.00+0.00a 0.00+0.00a 0.00+0.00a 7.00£7.00a

C 0.00+0.00a 0.00+0.00a 0.00+0.00a 0.00+0.00a

n=3; values with same superscript down the column are not significantly different (p>0.05)

KEY: A=Negative control (0.05% DMSO and 0.05% tween 20); B=30% extract; C=60% extract; D=90% extract; E=0.5% Ciprofloxacin; E.C, Escherichia coli; PA,

Pseudomonas aeruginosa; S.A, Staphylococcus aureus; A.N, Aspergillus Niger

Table 3 Effect of oil extract of lime peel on various strains of isolates

Treatment(% v/v)

Zone of Inhibition (mm)

E.C P.A S.A A.N
A 0.00+0.00 a 0.00+0.00a 0.00+0.00a 0.00+0.00a
B 0.00+0.00 a 6.00£6.00ab 0.00+0.00a 6.00£6.00a
C 0.00+0.00 a 14.50+2.50bc 7.50£7.50ab 11.25+11.25a

n=3; values with same superscript down the column are not significantly different (p>0.05)

KEY:A=Negative control (0.05% DMSO and 0.05% tween 20); B=30% extract; C=60% extract; D=90% extract;E=0.5% Ciprofloxacin; E.C, Escherichia coli; PA,

Pseudomonas aeruginosa; S.A, Staphylococcus aureus; A.N, Aspergillus Niger
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Table 4 Effect of oil extract of orange peel on various strains of isolates.

Treatment(% v/v) Zone of Inhibition (mm)

E.C PA S.A A.N
A 0.00+0.00 a 0.00+0.00a 0.00+0.00a 0.00+0.00a
B 6.00+6.00 a 8.50+8.50a 13.75+1.25b 0.00+0.00a
C 13.25£1.75 ab 8.25+8.25a 22.25%1.25¢ 0.00+0.00a

n=3; values with same superscript down the column are not significantly different (p>0.05)

KEY:A=Negative control (0.05% DMSO and 0.05% tween 20); B=30% extract; C=60% extract; D=90% extract; E=0.5% Ciprofloxacin; E.C, Escherichia coli; PA,
Pseudomonas aeruginosa; S.A, Staphylococcus aureus; A.N, Aspergillus Niger

Table 5 Comparative effect of oil extract of lemon, lime and orange peel on Escherichia .coli at different concentration

Extract Zone of inhibition (mm)

0% 30% 60% 90%
Lemon 0.00 +0.00a 0.00+0.00a 0.00£0.00 a 10.00+10.00 a
Lime 0.00 +£0.00a 0.00+0.00a 0.00£0.00a 0.00£0.00 a
Orange 0.00 +0.00a 6.00+6.00a 13.25+6.00b 5.50+£5.50 a

n=3; values with same superscript down the column are not significantly different (p>0.05)

Table 6 Comparative effect of oil extract of lemon, lime and orange on Pseudomonas aeruginosa at different concentrations

Extract  Zone of inhibition (mm)

0% 30% 60% 90%
Lemon 0.00+0.00a 0.00+0.00a 0.00+0.00a 0.00£0.00a
Lime 0.00+0.00a 6.00+6.00 a 14.50+2.50b 20.00+0.00b
Orange 0.00+0.00a 8.50£8.50a 8.25+8.25a 21.00+1.00b

n=3; values with same superscript down the column are not significantly different (p>0.05)

Table 7 Comparative effect of oil extracts of lemon, lime and orange on Staphylococcus aureus at different concentration

Extract Zone of inhibition (mm)

0% 30% 60% 90%
Lemon 0.00+0.00a 0.00£0.00a 0.00£0.00 a 0.00£0.00 a
Lime 0.00+0.00a 0.00£0.00 a 7.50£7.50ab 26.50+8.50b
Orange 0.00+0.00a 13.75+1.25b 22.25%1.25b 19.00 +2.50ab

n=3; values with same superscript down the column are not significantly different (p>0.05)

Table 8 Comparative effect of oil extracts of lemon, lime and orange on Aspergillus Niger at different concentrations

Extract Zone of inhibition (mm)

0% 30% 60% 90%
Lemon 0.00+0.00a 7.00 £7.00a 0.00+0.00 a 0.00+0.00 a
Lime 0.00£0.00a 6.00£6.00 a 11.25+11.25a 25.75+3.25b
Orange 0.00+0.00a 0.00+0.00a 12.50+12.50a 17.50+2.50 b

n=3; values with same superscript down the column are not significantly different (p>0.05)
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Discussion

The finding of this research contradicts a similar work by Kamal
S33 who reported that among the Citrus species tested, Citrus sinensis
has the highest percentage oil yield followed by Citrus reticulate
and Citrus paradisii respectively compared to this research in which
Citrus aurantifolia has the maximum oil yield despite it been the
least quantity wise followed by Citrus sinensis and Citrus limon
respectively. This difference could be attributed to the method of
extraction employed as** made use of the Soxhlet extraction method
and this research made use of the cold maceration method.

By comparison of the antimicrobial effects of the three Citrus
species essential oil extracts, orange extract proved to be the most
effective against the tested microorganisms followed by Lime while
lemon turned out to be the least effective as it exhibited no significant
effect on all the isolates. The Orange peel extract exhibited effect on
all three bacterial isolates (Escherichia coli, Pseudomonas aeruginosa
and Staphylococcus aureus) at the three different concentrations.
It also proved effective against Aspergillus Niger at 60 and 90%.
The effectiveness of the extract increased with an increase in its
concentration. The lime extract had effect on both Pseudomonas
aeruginosa and Aspergillus Niger at the three different concentrations
(30, 60 and 90%) and Staphylococcus aureus at 60 and 90% with
a little effect on Eschericha coli (a stubborn and more resistant
bacteria). The Lemon extract was only effective on Aspergillus Niger
at 30% and ineffective at an increased concentration. It exhibited no
effect on any of the bacterial strains at all. It was observed that the
antimicrobial activities of the essential oils generally increased with
an increase in their concentrations.

At all three concentrations, orange peel essential oil proved
effective against Escherichia coli while lemon was only effective
against it at 90% and Lime peel essential oil completely ineffective
at all concentrations.

At all three concentrations, Orange and Lime exhibited significant
effects on Pseudomonas aeruginosa with orange being the most
effective at 30 and 90% and lime at 60%. Pseudomonas aeruginosa
was completely resistant against Lemon peel essential oil at all
concentrations.

The orange peel essential oil proved to be the best against
Staphylococcus aureus as it was effective at all three concentrations
(30, 60, and 90%) while Lime was effective at higher concentrations
of 60 and 90% and Lemon peel essential oil was completely resisted
by Staphylococcus aureus at all concentrations.

Aspergillus Niger was inhibited most by lime peel essential
oil compared to others. The Lime extract was effective at all three
concentrations followed by Orange at 60 and 90% and Lemon at 30%
only.

This work contradicts a similar work by Shalu H** who reported
that Lemon peel oil showed the most inhibitory effect than orange
and lime with a recorded inhibitory effect on Candida alibican by
the three essential oils but in total support of the work of**> which
reported that orange peel oil is more effective as an antibacterial
agent than Lemon peel oil. The discrepancy in result could be as a
result of difference in the environmental conditions of the different
location source as clearly reported by Ozcan M* that location causes
variation in the chemical composition of essential oils as the plant
samples used in this work were gotten from the Okene main Market,
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7°33°4.39” N 6°14°9.20” E Okene, Kogi State, Nigeria while that of*’
was from Mumbai, India. The method of extraction is another factor
to consider also as’” made use of hydrodistillation method while the
cold maceration method with n-hexane was employed in this work.

The reason for the different sensitivity of the Gram negative
bacteria (Escherichia coli and Pseudomonas aeruginosa) compared
to that of Gram positive (Staphylococcus aureus) could be due to
differences in their cell wall composition as the later possess an outer
peptidoglycan layer which act as a permeability barrier whereas
the former have an outer membrane.*® The inhibitory activity of the
essential oil may be a cumulative effect of D-Limonene and some
other unidentified components or flavonoids and phenolic compound
present.* For instance, Flavonoids are known as antimicrobial agents
and some phenolic compounds have been shown to inhibit the growth
of Staphylococcus aureus.*

Conclusion

From this research, it can be concluded that lemon (Citrus
limon) peel essential oil has the least or no antimicrobial effect on
the four microorganisms test isolate while orange (Citrus sinensis)
peel essential oil proved to be the most effective against the tested
microorganisms isolate, followed by Lime (Citrus aurantifolia). The
citrus fruit peels essential oils could be seen to have more inhibitory
effect on bacterial strains compared to the fungal strain.

Citrus peels wastes needing urgent disposal to avert health hazards
from environmental pollution should be harnessed to generate
industrial raw materials with great potential for stimulating industrial,
economic growth, employment generation and national wealth.

Citrus peel essential oils should be employed as an alternative to
synthetic preservatives to minimize their ill effects as they are natural
and protect human health.
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