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Abstract

Introduction: Citrus paradisi is abundant in insoluble pectin fibre, rich in vitamin C and
phytochemicals. With the increasing resistance of common clinically-important pathogens
(especially bacteria) to antibiotics today, it brings the focus to antimicrobial properties of plant
extracts containing bioactive phytochemical compounds which can potentially Kill or inhibit
the growth of microorganisms. Objective: This study aims to measure the antimicrobial effects
of methanolic extracts of C. paradisi peels, juice vesicles, and seeds. Materials and methods:
These samples were procured fresh and processed prior to antimicrobial assays, including disk-
diffusion assays and minimum inhibitory concentration tests. In addition, independent t-tests
and 1-way ANOVA were integrated to study the significance of microbial growth inhibition.
Results: B. subtilis was found possessing the highest sensitivity towards all extracts, especially
to juice vesicles and seed extracts. Other microorganisms (eg. Staphylococcus aureus and
Escherichia coli) exhibited a moderate level of tolerance or sensitivity towards different
extracts. Conclusion: To our knowledge, this is the first study reporting the antimicrobial
effects of C. paradisi juice vesicles. We have also highlighted the needs in identifying and

investigating the phytochemical(s) which are effective in inhibiting microbial growth.
Corresponding author:
Dr.Hong-Wai Tham

thamhongwai@outlook.my

Introduction

In view of the increasing concern regarding antibiotic-resistant bacterial strains worldwide,
plants have been serving as a good source of medicinal agents?, including antimicrobial agents.

Citrus paradisi, conventionally known as grapefruit, belongs to the family of Rutaceae. It is
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generally believed to have originated from a natural cross-hybridisation between Citrus grandis
(pomelo) and Citrus sinensis (orange). C. paradisi usually presents a yellow outer peel, with

their pulps in either red or pink which indicate the presence of lycopene?.

There are various health benefits of C. paradisi. A rich amount of soluble fibre - pectin has
been found in the pulps. Several studies have confirmed the medicinal value of pectin in
preventing prostate and colon cancer®#. On the other hand, a membranous content found inside
the citrus fruit’s endocarp - juice vesicle is filled with lipids which improve the scent or aroma
of citrus fruits®. On the other hand, extracts from the seeds of C. paradisi have been shown to
carry antimicrobial properties®’. Despite these discoveries, the antimicrobial properties of
extracts from C. paradisi peels, fruits (especially juice vesicles), and seeds against human

pathogens remained elusive.

Despite its health benefits, the juice of C. paradisi has exhibited juice-drug interaction as well.
These properties have affected drug bioavailability in the recipients. In 2019, it was reported
that the juice of C. paradisi inhibited the intestinal CYP3A4 enzyme thus causing the
augmentation or decrement of drug bioavailability®. Another organic compound that may
interfere with the bioactive compound of C. paradisi juice is multidrug resistance protein 1
(MDR1), which can be found in the human intestinal epithelium acting as drug efflux pumps®.
Also, the juice of C. paradisi inhibits the organic anion transporting polypeptides (OATPS),
which serve as drug transporters across the cell membrane of kidney and liver cells. In
addition, several drugs which exhibit juice-drug interaction with C. paradisi were also reported

earlier: 13,

In order to avoid juice-drug interaction while applying antimicrobial properties of C. paradisi
in clinical / non-clinical settings, further investigation on antimicrobial properties of Citrus
fruits is needed. Numerous studies are available for antimicrobial properties of Citrus sinensis

(oranges) and Citrus limon (lemons).

In 2018, a study reported the antimicrobial activity of C. sinensis peel organic solvents and
aqueous extracts. The results proved that the extracts of C. sinensis peel possessed a significant
antimicrobial activity against Bacillus cereus, Escherichia coli, Pseudomonas aeruginosa,
Staphylococcus aureus and Candida albicans!. Other studies investigated the antibacterial
activity of C. sinensis peel and juice extracts. Their results showed a remarkable antibacterial
activity of the extracts against S. aureus, E. coli and P. aeruginosa®>!®. On the other hand,

several research groups have reported the antimicrobial characteristics of C. limon methanolic
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or ethanolic extracts against important microbial pathogens, including E. coli, C. albicans and

S. aureust’18,

Compared to C. sinensis and C. limon, the antimicrobial properties of C. paradisi extracts
remained elusive. Although data were available in 2001 and 2004, Negi and Jayaprakasha
reported the antimicrobial properties of C. paradisi peel extracts’®, while Cvetni¢ and
Vladimir-Knezevi¢ reported using its seed extracts otherwise?®. Therefore, this study was
designed to update the research gaps pertaining to the antimicrobial properties of C. paradisi
peel and seed extracts under the same experimental settings. In addition, we have included an
additional sample - juice vesicle’s extract of C. paradisi in this study. To our knowledge, this
is the first research study focusing on the antimicrobial effects of C. paradisi extracts from its

juice vesicles.
Materials and Methods

Procurement of samples: C. paradisi fruits were purchased from local grocery stores located

in Klang Valley, Malaysia.

Preparation of C. paradisi extracts:_The peels, juice vesicles, and seeds of C. paradisi were
dried in an oven (60°C, 72 hours). The dried samples were ground into powders using pestle
and mortar. Then, these powders were mixed with methanol (99%) until the samples were fully
immersed. All bottles were kept in an incubator (45°C, 72 hours), with swirling using magnetic
stirrers. After 72 hours, all mixtures were filtered, with filtrates placed in bottles half immersed
in a water bath (50°C) to evaporate the excess methanol. The filtrates were then transferred into
an oven (60°C) until the methanol was dried completely. Next, the weight of peel, juice vesicle,

and seed extracts were measured and recorded.

Reconstitution of extracts:_To reconstitute the dried powders, methanol (99%) was added to
dissolve the dried extracts. The mixtures were sonicated to ease the process of reconstitution.

The reconstituted extracts were kept in -20°C until used.

Antimicrobial assays: All experimental procedures were conducted under an aseptic
environment. The bacterial strains used in this study were Staphylococcus aureus, Escherichia
coli, and Bacillus subtilis. Bacterial cultures were maintained on nutrient agars. Plate cultures
were transferred to nutrient broth (Oxoid, CM0001) to 0.5 McFarland standard, with 50 pL of
the nutrient broth culture inoculated onto a fresh nutrient agar. Inoculum was spread evenly

using a sterile L-shape glass rod.
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Filter paper disks were prepared, autoclaved, and dried prior to this procedure. Sterile filter
paper disks were soaked thoroughly in the prepared extracts, and air-dried in a biosafety
cabinet. Dried filter paper disks were placed on the surface of inoculated nutrient agars. Then,
the plates were placed in an incubator (37°C, 18 hours). After that, the diameter (in milimeter,

mm) of inhibition zones were measured and recorded.

Determination of minimum inhibitory concentrations (MIC): MIC tests were carried out using
serial dilution method. Since C. paradisi juice vesicles showed a significant microbial growth
inhibitory effect, MIC was conducted only to juice vesicle extracts. First, a serial dilution of
bacterial cultures were prepared in sterile 1.5 mL tubes (11 tubes ranged from 1580 mg/mL to
0 mg/mL). Bacterial cultures of S. aureus, E. coli, and B. subtilis were prepared to 0.5
McFarland standard, with 10 pL of each culture inoculated into all mixtures with different
concentrations of C. paradisi juice vesicle extract. All tubes were placed in an incubator (37
°C, 18 hours). After that, the MIC of each extract was determined by observing the turbidity of
the solutions, and confirmed by inoculation of each sample onto fresh nutrient agar plates.

Statistical analyses: Statistical analyses were conducted to determine the significance of
difference between the type of C. paradisi extract (ie. peels, juice vesicles, seeds) and their
antimicrobial effect against different microorganisms (ie. E. coli, S. aureus, B. subtilis).
Analyses were conducted using Statistical Package for the Social Sciences (SPSS®, IBM®),
version 23. One-way Analysis of variance (1-way ANOVA) was measured with P value of

<0.05 considered as significant data.

Ethics approval:This project was conducted with approval by SEGi University Ethics
Committee (Ethics number: SEGIEC/SR/FOP/10/2020-2021).

Results

C. paradisi extractions: Methanolic extracts of C. paradisi were measured and documented in
Table 1 below. Overall, the yield from juice vesicles was higher compared to peels and seeds
(Table 1).

Antimicrobial assays (disk diffusion assays): Antimicrobial properties of each extract were
determined via disk diffusion assays. The microbial inhibitory effects of each sample were

measured and presented in Figure 1.

Determination of minimum inhibitory concentrations (MIC): The presence of live

microorganisms (either E. coli, S. aureus, or B. subtilis) was detected by viewing the turbidity
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of each culture tube. This was complemented by observing the presence of the respective

microorganisms on nutrient agars (Table 2).

The minimum inhibitory effect of C. paradisi juice vesicle extract was determined at between
790 - 1580 mg/mL, 395 - 790 mg/mL, and 197.50 - 395 mg/mL for E. coli, S. aureus and B.
subtilis, respectively (Table 2).

Statistical analyses: The P values of One-way Analysis of Variance (1-way ANOVA) are
indicated in Table 3. The significance of differences between antimicrobial effects between the
parts of C. paradisi were measured at 0.256, 0.075, and 0.016 against E. coli, S. aureus, and B.

subtilis, respectively.

Table 1: Concentrations of C. paradisi extractions.

Parts of C. paradisi Concentrations of extracted sample after reconstitution (g/mL)
1st extraction 2nd extraction

Peels 0.3577 0.4030

Juice vesicles 1.0746 1.5801

Seeds 0.1294 0.1805

Table 2: The presence of microorganisms detected in each culture tube with serial dilution of

C. paradisi juice vesicle extract.

Culture | Final concentration | Presence of microorganism
tube (mg/mL) of C. paradisi
juice vesicle extract E. coli S. aureus B. subtilis
1st 1580.00 No No No
2nd 790.00 Yes No No
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3rd 395.00 Yes Yes No

4th 197.50 Yes Yes Yes
5th 98.75 Yes Yes Yes
6th 49.38 Yes Yes Yes
7th 24.69 Yes Yes Yes
8th 12.34 Yes Yes Yes
9th 6.17 Yes Yes Yes
10th 3.08 Yes Yes Yes
11th 0.00 Yes Yes Yes

Table 3: 1-way ANOVA analyses between the types of C. paradisi extracts and their
antimicrobial effects.

Type of microorganism | Source of variation P-value
E. coli Between Groups 0.256
S. aureus Between Groups 0.075
B. subtilis Between Groups 0.016*

* Significant value(s)
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Figure 1: The average diameter of zone of inhibition (mm) of E. coli, S. aureus, and B. subtilis
against different concentrations of extracts after reconstitution. (Y-axis) Average diameter of
inhibition zones (mm); (X-axis) Different strains of microorganisms inhibited by the respective
reconstituted methanolic extracts; (A) Peel extracts of C. paradisi; (B) Juice vesicle extracts of
C. paradisi; (C) Seed extracts of C. paradisi. Asterisk indicates a significant value (P = 0.0005)

found in the growth inhibition of B. subtilis by juice vesicle extracts.
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Discussions

Despite previously reported studies, this study has highlighted several variations on
antimicrobial effects of peels, juice vesicles, and seeds of C. paradisi. These variations can be
derived from the differences in chemical constituents of polyphenols from various parts of C.

paradisi, as reported in previous studies?-%,

In general, E. coli exhibited a higher resistance against methanolic extracts of all parts of C.
paradisi. This could be ascribed to the differences of cell wall components between Gram-
positive and Gram-negative bacteria. The outer lipopolysaccharide layer and a peptidoglycan-
containing periplasmic space of Gram-negative bacteria have been proven to confer additional
protection to certain microorganisms?*2°, In addition, some enzymes found in the periplasmic
space of Gram-negative bacteria have been reported to prevent the entry of foreign molecules

into the cytoplasm?.

The peel methanolic extracts of C. paradisi were prepared at 2 different concentrations (ie.
0.3577 g/mL and 0.4030 g/mL). Other than the sample with 0.3577 g/mL against E. coli, both
concentrations exhibited microbial inhibitory effects towards E. coli, S. aureus, and B. subtilis
(Figure 1). For E. coli, the inhibitory effect increased significantly when the concentration
increased from 0.3577 g/mL to 0.4030 g/mL (P = 0.0007). This result was consistent with
research findings previously reported®?”-?8, Similar trends were reported for S. aureus and B.
subtilis. The findings of this study described the microbial inhibitory effects of C. paradisi peel
extracts against S. aureus, and these findings are also in accordance with several previous
studies®?°. Similarly, for B. subtilis, microbial inhibitory effects were also reported previously
with different lengths of inhibitory zones®?”. Upon investigations, the differences in the zone
of inhibition can be due to the variables during plant extract preparations and the status of
microorganisms during inoculations. While most of the reported studies employed essential
oils at high concentration, our study extracted pure methanolic extracts from fresh C. paradisi,

which were used in sample testing without a long delay.

The C. paradisi juice vesicle methanolic extracts exhibited a similar inhibitory pattern against
E. coli and S. aureus (Figure 1B). A significant improvement in growth inhibitory effect was
observed in E. coli when the extracts of juice vesicles increased from 1.0746 g/mL to 1.5801
g/mL (P = 0.003). The same pattern was also observed in B. bacillus (P < 0.0005) (Figure 1B,
marked with asterisk). To our knowledge, this is the first study reporting the microbial growth

inhibitory effect of C. paradisi juice vesicle extracts.
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Although the seed extract of C. paradisi was reported not to hold any antimicrobial effect
against E. coli, S. aureus, and B. subtilis®®, our results suggest that the extracts possess
microbial growth inhibitory effect against B. subtilis at concentration of 0.1805 g/mL (Figure
1C). Compared to a study by Sahlan et al., our seed extract does not exhibit a strong inhibitory
effect towards B. subtilis®. This can be explained by the different parts of C. paradisi used in
extract preparation, whereby Sahlan et al. employed a mixture of C. paradisi seeds and pulps,
while this study presented the inhibitory effect of extracts purely prepared from seeds only.
Similar to juice vesicle extracts, the findings on seed extracts have highlighted the need to

further investigate the phytochemical compounds which play their antimicrobial roles.

The significant increase (P = 0.0005) in microbial growth inhibitory effect towards B. subtilis
by juice vesicle extracts has drawn our interest in its antimicrobial activities (Figure 1B).
Therefore, its minimum inhibitory concentration (MIC) against different microorganisms was
tested, with results tabulated in Table 2. Limited studies are available to deduce the MIC of C.
paradisi juice vesicle extracts. Although some researchers reported a much lower MIC of C.
paradisi extract towards E. coli, S. aureus and/or B. subtilis®, these studies analysed
phytochemical activities of C. paradisi seeds, pulps, or citrus juice concentrates. Our findings
tabulated in Table 2 show the same inhibitory patterns as disk-diffusion assay (Figure 1B),
whereby B. subtilis exhibited the highest sensitivity towards the juice vesicle extract of C.
paradisi. This phenomenon indicated the presence of specific phytocompounds which can
effectively suppress the growth of B. subtilis, which can be lethal to vertebrate animals once

being introduced into the animals®?.

One-way Analysis of variance (1-way ANOVA) analyses were conducted to measure the
significance of difference between the type of C. paradisi extract (ie. peels, juice vesicles,
seeds) and their antimicrobial effect against different species of microorganisms (ie. E. coli, S.
aureus, B. subtilis). As shown in Table 3, our results have clearly indicated that B. subtilis
exhibited a significant difference in sensitivity towards different types of extract from C.
paradisi. This finding has again highlighted the needs in exploring and identifying the
phytochemical compounds in the seeds and juice vesicles of C. paradisi that exhibit the

antimicrobial properties.
Conclusion

This study has reported the antimicrobial effect of C. paradisi extracts from its peels, juice

vesicles, and seeds against both Gram-positive and Gram-negative bacteria (ie. E. coli, S.
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aureus, B. subtilis), using common methodologies including disk-diffusion assays, minimum
inhibitory effect (MIC) tests, and some integrations of statistical analyses (independent t-test,
1-way ANOVA). The results indicated that the well-studied Gram-positive bacteria - B. subtilis
possessed a high sensitivity towards C. paradisi extracts, especially those prepared from juice
vesicles and seeds. MIC tests have also highlighted the research needs in identifying the
phytochemical compounds in these samples for characterisation studies. To our knowledge,
this is the first study elucidating the antimicrobial effect of dried C. paradisi juice vesicles,
instead of the while pulp or extracted fruit juice.
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