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Plants have an increased consumer preference and acceptability for the treatment of several
diseases. Here, the antibacterial properties of organic extracts obtained from leaves and peels of
Citrus aurantifolia from Algeria have been characterized. Two solvents, methanol, and ethanol,
were employed to extract the bioactive components. Quantitative analysis of total phenols and
flavonoids was conducted for the different extracts. The antibacterial activity was tested against
multidrug-resistant Staphylococcus aureus strains originating from raw milk and reference strains
including  Escherichia  coli  ATCC 25922, Pseudomonas  aeruginosa ~ ATCC
27853, Staphylococcus aureus ATCC 25923, and Bacillus cereus ATCC 11778. The results
revealed that leaves and peels extracts displayed significant antibacterial activity against the tested
bacteria. The inhibition zone diameters observed ranged from 16.00 mm to 22.00 mm. The highest
antimicrobial effect was observed with the ethanol extracts against the multidrug-resistant S.
aureus strains, as indicated by a minimum inhibitory concentration of 1.56 mg/ml. The highest
total phenolics and flavonoids contents were found to be 96 mg GAE/g and 54 mg QE/g in peels.
Hence, the reported results unveil valuable insights into the antibacterial effects of Citrus
aurantifolia extracts which have potential antimicrobial applications.
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Introduction

Staphylococcus aureus is widely observed in mastitis that
causes mammary gland infections in cows.® S. aureus represents a
significant and economic public health risk because it usually
contaminates milk and enters the human food chain resulting in
foodborne poisoning.2 Specific toxin-mediated diseases, such as
scalded staphylococcal food poisoning, skin syndrome, and toxic shock
syndrome are usually observed.® Moreover, S. aureus is a principal
cause of infective endocarditis, osteoarticular, and pulmonary diseases.*
Studies on S. aureus have intrigued researchers around the world,
particularly in relation to its global distribution.> Moreover, Methicillin
resistance in Staphylococcus aureus (MRSA), has consistently been
linked to significant mortality rates worldwide annually.®
Antimicrobial therapy is a well-recognized strategy used to treat dairy
cow mastitis.”® Nevertheless, its success is decreasing due to the
emergence of resistant strains observed in bacterial populations,

requiring the exploration of alternative sources.®
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Plants represent an inexhaustible source of novel molecules for
antimicrobial discovery research.’®* In comparison to synthetic
allopathic medications, antimicrobials derived from plants have little
adverse effects and toxicity, while offering significant therapeutic
potential for the treatment of various infections.*?

Citrus plants members of the Rutaceae family are among the popular
cultivated crops worldwide mostly in the tropical and sub-tropical
regions. Citrus reticulata (mandarin), Citrus sinensis (orange), Citrus
paradisi (grapefruits), Citrus limon (lemons), and Citrus aurantifolia
(lime) are among the most significant commercially grown Citrus fruits
in the world.'® Based on the data reported by Food and Agriculture
Organization Corporate Statistical Database (FAOSTAT),' its global
output in 2020 amounted to 158,490,986 tons, up around 7.5% from
2017.%5 Citrus fruits are widely known as a promising source of diverse
bioactive chemicals, including phenolic acids, carotenoids, vitamins,
flavonoids, and essential oils.'%"® The benefits of citrus plants for
health have been the subject of several studies. These advantages
consist of a variety of biological effects, including anti-inflammatory,
antioxidant, anticancer, antimicrobial, antimalarial, and
immunostimulatory properties.>'%2 Among the bioactive compounds
identified, hesperidin and vitamin C from fruits have antiviral properties
against SARS-CoV-2,2 nobiletin is a potential drug against
neurodegenerative diseases such as Alzheimer’s disease and
Parkinson’s disease,?? and colon cancer.?® In terms of antibacterial
activity, Citrus metabolites have been effective against pathogenic
bacteria responsible for human and animal diseases and food
spoilage.?*% Recent reports demonstrated that essential oil and
methanol: dimethyl sulfoxide (1:1) extract from Citrus aurantifolia fruit
peels have antibacterial activity against MRSA.?"2® Hence, this study
aimed to assess the antibacterial activities of the methanol and ethanol
extracts of leaves and peels of Citrus aurantifolia from Algeria against
multi-drug resistant Staphylococcus aureus strains isolated from raw
milk.
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Material and Methods

Plant Material Collection

Citrus aurantifolia fresh leaves and fruits (Figure 1) were collected in
March 2023 from Annaba City (36.85508, 7.70647), Algeria. The plant
material was identified by Dr. Azzeddine Zeraib, Department of
Agronomy, University Abbes Laghrour Khenchela, Algeria, and stored
under the voucher specimen number BLCIT-001-1-2023. After
harvesting, leaves and fruits were washed. Then, Citrus aurantifolia
peels and leaves were air-dried for five days. The dried samples were
ground into a fine powder and used immediately.

Preparation of crude extracts

Methanol (MeOH) (80% v/v) (absolute, Sigma-Aldrich) and ethanol
(EtOH) (70% v/v) (absolute, Sigma-Aldrich) were used for the
extraction at room temperature by maceration. 10 g of powder biomass
were resuspended in 200 mL of each solvent and allowed to stand for
72 hours. Then, the extracts were filtered through a Whatman No. 1
filter paper (GE Healthcare Life Sciences). The filtrates were dried
under reduced pressure at 37—40°C (Buchi R-210 Rotary Evaporator)
and kept at -20°C for further studies.

Bacterial strains

The antibacterial activity of Citrus aurantifolia extracts was determined
against seven bacterial strains, including reference strains obtained from
the National Center for Biotechnology Research (Constantine,
Algeria): Escherichia coli ATCC 25922, Pseudomonas aeruginosa
ATCC 27853, Staphylococcus aureus ATCC 25923, Bacillus cereus
ATCC 11778, and tree Staphylococcus aureus strains: SaS1, SaS2,
SaS3 isolated from raw cow milk from dairy farms located in Remila
(Khenchela). Staphylococcal isolates were identified by APl STAPH
test strips (bioMerieux, France).

Antibiotic Susceptibility pattern testing

The antimicrobial drug susceptibility of the staphylococci strains was
assessed and interpreted in accordance with Clinical and Laboratory
Standard Institute (CLSI) guidelines.?® Six antibiotic agents (Thermo
Scientific, France) that belong to four categories were used: penicillin,
tetracycline, neomycin, kanamycin, erythromycin, and oxacillin.

Antibacterial activity evaluation

The antibacterial activities of extracts derived from C. aurantifolia were
evaluated using the agar well diffusion test.?® Bacterial suspensions
were prepared in sterile physiological solution (0.9% of NaCl) from
overnight cultures, and turbidity was adjusted to 0.5 McFarland’s index.
Bacterial suspensions were spread on Petri plates containing Muller-
Hinton medium (MH, Sigma-Aldrich) using sterile swabs. The extracts
were prepared using a solution of 4% dimethyl sulfoxide (DMSO,
Sigma Aldrich, UK) at a concentration of 200 mg/mL and loaded in the
wells of 6 mm (40uL/well). DMSO and ampicillin (10 pg/disc) were
utilized as negative and positive controls, respectively. After pre-
diffusion at 4°C for 3 hours, the plates were incubated (BF 115, Binder,
Germany) at 37°C for 24 hours. Subsequently, the diameters of the
inhibition zones were recorded in millimeters.

W

Figure 1: Citrus aurantifolia leaves and fruits

Determination of minimum inhibitory concentration
The minimal inhibitory concentration (MIC) was determined for each
extract against all tested bacterial strains using the microdilution broth

ISSN 2616-0684 (Print)
ISSN 2616-0692 (Electronic)

assay following the National Committee for Clinical Laboratory
Standards (NCCLS) recommendations.®® Bacterial cultures incubated
for 24 hours in nutrient broth were used to prepare inoculums
corresponding to 10° CFU/mL. Stock solutions of leaves and peel
extracts were prepared at 200 mg/ml in 10% (v/v) DMSO. 100 pL of
each bacterial inoculum and 100 pL of each extract were loaded in 96
well plates (Thermo Scientific, UK). Subsequently, serial dilutions
ranging from 200 to 0.097 mg/mL were performed. The plates were
subjected to incubation at a temperature of 37 °C for 18 to 24 hours. The
MICs were recorded as the minimal concentration at which no
observable growth was detected.

Determination of total phenolic and flavonoids contents

The total phenolic contents in the various extracts were determined
using the Folin-Ciocalteu method described by Arruda et al.’* The
results were expressed in milligrams of gallic acid equivalents per gram
of dry sample (mg GAE/g). The quantification of flavonoid contents
was conducted using the aluminum chloride (AICIs) colorimetric
assay.* Flavonoid contents were expressed as milligrams of quercetin
equivalents per gram of sample in dry weight (mg QE/ g).

Statistical analysis

For each data point, at least three independent measurements were
performed. The results were presented in mean and standard deviation.
The obtained data were treated using GraphPad Prism® 7.01 program
Software Inc., San Diego, CA, USA. Data were analyzed using one-way
analysis of variance (ANOVA) followed by Tukey—Kramer post-hoc
test for multiple comparisons. P values < 0.05 were considered
significant.

Results and discussion

Antibiotic susceptibility of S. aureus strains

Table 1 shows the results for antibiotic susceptibility against a set of six
antibiotic agents. Two strains, S. aureus SaS1 and SaS2, exhibited
resistance to all antibiotics that were subjected to testing. On the other
hand, the third strain S. aureus SaS3 presented an intermediate
sensitivity to kanamycin and neomycin. According to the European
Centre for Disease Prevention and Control (ECDC), which defines
multidrug resistance (MDR) as the lack of susceptibility to three or more
antimicrobial categories,® isolated S. aureus strains are recorded as
MDR. Wendlandt et al.** indicated that staphylococci originating in
animals often have more than 40 antimicrobial resistance genes. More
importantly, antimicrobial resistance is considered a major global health
issue; this phenomenon is responsible for approximately 700,000 deaths
per year worldwide.®

Antibacterial activity

The antimicrobial activity of different C. aurantifolia extracts against
three S. aureus strains isolated from raw milk and reference strains was
investigated by well diffusion method. The results obtained are
represented in Table 2. All strains were sensitive to the different leaves
and peels extracts, and statistically significant differences between the
different treatments were observed for each strain. For the methanol
extract of the leaves, the highest inhibition effect was found against
Bacillus cereus ATCC 11778, with a diameter zone inhibition of 22 +
0.8 mm. It was found that this extract acts better on B. cereus than
ampicillin. The lowest inhibition zone diameter, 16 mm, was recorded
against Pseudomonas aeruginosa ATCC 27853. For the ethanol extract
of the leaves, Gram-positive strains, namely Staphylococcus aureus
ATCC 25923, Bacillus cereus ATCC 11778, S. aureus SaS1, S. aureus
SaS2, and S. aureus SaS3, exhibited the highest inhibition zone
diameters in comparison with Gram-negative strains, where the
inhibition zone diameters registered were 14 + 1.25 mm for Escherichia
coli ATCC 25922 and 16 + 0.5 mm for Pseudomonas aeruginosa ATCC
27853. Concerning the peel extracts, the highest inhibition zone
diameters were observed against Staphylococcus aureus ATCC 25923
for the methanol (21 = 0.8 mm) and the ethanol (22 + 0.5 mm) extracts,
while the lowest inhibition zone was 16 + 0.8 for the ethanol extract
against Escherichia coli ATCC 25922.
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According to our study, previous results with C. aurantifolia indicated
that peels and leaves extracts obtained with methanol and ethanol
exhibit antibacterial activity against pathogenic bacteria.® For instance,
Phattayakorn and Wanchaitanawong® reported the antimicrobial
properties of ethanol extract of fruit peel from Thailand against Bacillus
licheniformis; however, the obtained results, between 11.00 and 14.00
mm, were less than those observed in our study with the species Bacillus
cereus. The result of Shakya et al.®® with the absolute ethanol extract
from peel fruit from Nepal against Bacillus sp. (20.33 + 1.527 mm) was
very close to the results observed in our study for the strain Bacillus
cereus. However, the same extract was found to have weak activity
against S. aureus ATCC 25923 (12 £1 mm), unlike our findings.
Another study made with methanol extract from the leaves of Citrus
aurantifolia from Sudan showed positive antibacterial effect against
Bacillus cereus ATCC 10876. Nevertheless, the same extract
demonstrated insufficient ineffectiveness towards various multi-drug
resistant clinical strains.®® It was reported that bacterial sensitivity to
bioactive compounds is strain-dependent.®®4! Overall, Gram-negative
bacteria demonstrate a notable level of resistance to plant bioactive
metabolites due to the presence of the outer complex membrane, which
is connected to the cell wall. This particular structural characteristic
serves to obstruct the flow of chemical substances.*?

Many factors can also affect the biological activity of plant extracts
including the plant parts used, extraction process, environmental
conditions, and differences in geographical locations.*® Furthermore,
during the extraction process, each solvent has a unique potential to
dissolve particular phytochemical compounds, depending on the
structure and the polarity of the substance.** Pasaribu et al.*®
investigated the antibacterial effect of citrus peel extracts against two
bacterial species involved in periodontitis, Porphyromonas gingivalis,
and Fusobacterium nucleatum. Among the three solvents tested, the
ethanol extract was more effective than the n-hexane and ethyl acetate
solvents with an inhibition zone diameter of 16.05 mm. Similarly, the
ethanol peel extract of Citrus aurantifolia (Christm.) Swingle was more
efficient against Vibrio parahaemolyticus than hexane and
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dichloromethane extracts.*® A similar study conducted by Munawaroh
et al.” on the antibacterial properties of lime peel extracts using two
solvents, ethyl acetate, and ethanol, found that the ethyl acetate was
more efficient in the extraction of compounds from C. aurantifolia peels
than ethanol. However, among three extracts made with methanol,
ethanol, and acetone of fruit peels of three different species of Citrus
aurantifolia, used against pathogenic bacteria, the methanol extract
showed inhibitory effect against Pseudomonas sp.*® In addition, the
efficacy of the methanol extract derived from the leaves was found to
be superior to that of the aqueous and ethanol extracts when tested
against Staphylococcus aureus, Pseudomonas aeruginosa, and
Trichophyton rubrum.*

Minimum inhibitory concentration (MIC)

Leaves and peels extracts showed MIC values between 12.5 and 1.56
mg/mL (Figure 2). The best results (1.56 mg/mL) are shown by the
ethanol extracts of peels and leaves on S. aureus multidrug-resistant
strains. According to our study,> Zage et al. observed the lowest MIC
value with the ethanol leaves extract (3.125mg/mL) against Shigella sp.
Ugwu et al.*® also observed the lowest MIC value, 0.76 mg/mL, for
Staphylococcus aureus and Pseudomonas aeruginosa ATCC 27853
with the same solvent and leaves extract.

Total phenols and flavonoids contents

Total phenolics and flavonoids contents values were higher in peels than
leaves and varied between 81 and 96 GAE mg/g, and 48 and 54 QE/qg,
respectively (Table 3). It has been confirmed that citrus peels and leaves
are rich in phenols and flavonoids,***5! which have been linked to
potent antibacterial properties.>? These chemicals can alter the
membrane permeability, impact enzymes involved in intracellular
functions, interact with the cell membrane resulting in compromised
structural integrity, and inhibit DNA and ATP synthesis.5® Flavonoids,
can also inhibit energy metabolism and DNA replication, modify
intracellular pH, and disrupt ATP production pathways.%*

Table 1: Antibiotic susceptibility of S. aureus strains according to CLSI guidelines

Chemical class Antibiotics (concentration)

Sensitive (S)/ Intermediate (1)/ Resistant (R)

S. aureus SaS1

S. aureus SaS2 S. aureus SaS3

pB-lactam Oxacillin (5 pg)

Macrolide Erythromycin (15 pg)
Aminoglycoside Kanamycin (30 pg)
Aminoglycoside Neomycin (30 pg)
Tetracyclines Tetracycline (30 pg)

fS-lactam Penicillin-G (10 pg)

R

n T UV TV DO

R R
R
Intermediate
Intermediate
R
R

n T W TV DO

Table 2: Mean inhibition zone diameters of Citrus aurantifolia extracts on the test bacteria

Zone of inhibition (mm)*

Bacterial strains Ampicillin Leaves extracts Peels extracts

Gram-negative bacteria 10 pg/disc MeOH 80% EtOH 70% MeOH 80% EtOH 70%
Escherichia coli ATCC 25922 17+0.0° 18+0.0° 14+1.25° 18 +0.52°¢ 16 +0.823P
Pseudomonas aeruginosa ATCC 27853 17+0.0¢% 16+0.0° 16+05¢ 17+05¢ 20+0.0°¢
Gram-positive bacteria

Staphylococcus aureus ATCC 25923 27+05° 19+08° 22+05¢ 21+0.8°¢ 22+05¢
Bacillus cereus ATCC 11778 11+0.0°% 22+0.8° 21+05°0¢ 17+0.5¢ 19+0.9¢d
S. aureus SaS1 19+0.0° 20+0.0° 22+05° 18+0.8% 19+052
S. aureus SaS2 19+05% 21+0.0° 22+0.0° 19+0.0° 19+0.9°
S. aureus SaS3 20+05° 19+052b 21+09a 17+0.0°¢ 18+0.5°¢

*Values are presented as the mean of triplicates + standard deviation of 3 independent experiments. #2< 9 in the lines indicated significant differences

between treatments according to Tukey test (p<0.05).
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Figure 2: Minimum inhibitory concentrations of C. autantifolia extracts
Table 3: Phenolic and flavonoids contents of Citrus aurantifolia extracts
Phenolic contents (GAE mg/g) Flavonoids contents (QE mg/ g)
Plant part MeOH 80% EtOH 70% MeOH 80% EtOH 70%
Leaves 75 74 42 37
Peels 96 81 54 48
Conclusion different raw milk samples in China. Front Microbiol. 2022;

In this study, methanol and ethanol extracts of Citrus aurantifolia leaves
and peels showed important antimicrobial activity against three multi-
resistant Staphylococcus aureus strains originating from raw milk, and
pathogenic strains: Escherichia coli ATCC 25922, Pseudomonas
aeruginosa ATCC 27853, Staphylococcus aureus ATCC 25923,
and Bacillus cereus ATCC 11778. Based on the MIC values, the ethanol
extracts exhibited the highest level of effectiveness. This suggests that
C. aurantifolia could be a valuable source for discovering antimicrobial
products. Moreover, additional investigation is required to elucidate the
structure of bioactive compounds.
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