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Abstract: Food waste is one of the main topics of various scientific studies of the last decade. In
this regard, this work analyzed an essential oil (EO) extracted from the flavedo of Citrus aurantium
‘Crispifolia’ fruit. The analysis, performed by GC-MS, showed a chemically variegated chromatogram
characterized by the presence of limonene (33.35%), but also by oxygenated monoterpenes such as
B-linalool (7.69%), a-terpineol (7.06%), and geranyl acetate (10.12%). EO from the external part of
the C. aurantium peel had several properties, including excellent antimicrobial and good antibiofilm
activities. It also showed antioxidant activity in vitro and decreased the amount of cellular ROS, thus
stimulating the catalytic activity of crucial enzymes involved in mitigating oxidative stress.

Keywords: Citrus aurantium ‘Crispifolia’; essential oil; antimicrobial activity; antibiofilm effect;
antioxidant properties

1. Introduction

Citrus aurantium L., belonging to the family Rutaceae, is a species originating from the
Asian continent [1,2] but today is distributed in all continents except Antarctica. Known as the
bitter orange, it is a hybrid of C. reticulata Blanco and the pummelo C. maxima Burm. F. Merr. [1,3].
Even today, C. aurantium is used as a rootstock for obtaining different citrus fruits. Different
studies have investigated the origin of this species. Scora [4] and Barrett & Rhodes [5]
proposed the origin of this species from C. reticulata and C. grandis, results that were
later supported by enzymatic studies [6] and RAPD and SCAR markers [7]. Different
studies [7,8] demonstrated that the pummelo was the female parent of the bitter orange,
excluding a hybrid originating from the sweet orange and the mandarin [9]. This result
strongly argued that the pummelo was probably the maternal parent of the sour orange.
The results obtained by Li et al. [10] strongly suggested that the mandarin was instead the
“father” of the bitter orange, identifying more clearly the maternal and paternal origins of
the bitter orange compared to all other previously collected scientific data.

In Italy and also in the Iberian Peninsula, the bitter orange is cultivated intensely,
contributing 80% of the total production in Europe [11]. In addition to the production of
juices and other food products (candies, granitas, etc.) from the bitter orange, its waste,
mainly the peel and in particular the flavedo, can be used for the production of cosmetic
and pharmaceutical products [12,13].

The flavedo of fruits of the genus Citrus are used to produce essential oils (EOs) that
are chemically rich in limonene but have varying concentrations of other terpenoids, such
as linalool, B-myrcene, and a-terpineol. However, the composition is dependent on various
factors, such as harvest year [14], harvest date [15], cultivar [16], and extraction system [17].
In this context, the chemical composition of an EO from the Sicilian cultivar C. aurantium
‘Crispifolia’ Risso & Poit. was investigated by GC-MS. This cultivar is known by the local
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name “Aranciu amaru a fogghi rizzi” because it has curled, dense leaves, and small fruit
that are oval-oblong in shape. The EO of this fruit species is known for its antimicrobial
properties [18]. C. aurantium EO showed good biofilm activity, and it is known that several
plant species produce EOs capable of inhibiting biofilm formation [19]. Another important
aspect concerns the antioxidant capacity of C. aurantium essential oil, which reduced the
concentration of HyO, and ABTS in vitro. In polymorphonuclear blood cells, it inhibited
the production of oxygen free radicals and enhanced the catalytic effect of enzymes such as
catalase and superoxide dismutase, which is of fundamental importance in processes that
induce oxidative stress.

2. Materials and Methods
2.1. Plant Material and Isolation of Essential Oil

The fruit of C. aurantium ‘Crispifolia’ Risso & Poit. cultivar, collected in the Botanical
Garden of Palermo (38°06'48.39" N; 13°22/21.68" E), Italy, was harvested in the first days of
January 2020. A sample was accurately identified by Prof. Rosario Schicchi and deposited
in the Mediterranean Herbarium of the same Botanical Garden with Voucher No. 109738.

The EO was extracted using a Clevenger apparatus with the procedure reported by
European Pharmacopoeia 10.3.2020 [20]. The flavedo was acquired from twenty C. aurantium
‘Crispifolia’ fruit (111 g) collected from the only tree specimen present in the Botanical
Garden of Palermo by manually peeling the fruit, which was then ground and subjected to
hydrodistillation for 3 h. The obtained yield was 2.28% (v/w).

2.2. GC-MS Analysis

The experimental procedure was carried out as described by Badalamenti et al. [21] for
the chemo-qualitative determination of C. aurantium ‘Crispifolia” EO. A 1 uL diluted sample
of EO (1/100 v/v, in n-pentane) was injected at 250 °C in splitless mode. GC-MS analysis
was performed on an Agilent 6850 Ser. II apparatus fitted with a fused silica DB-5MS apolar
capillary column (30 m x 0.25 mm, 0.33 um film thickness) and coupled to an Agilent Mass
Selective Detector MSD 5973 with an ionization voltage of 70 eV, electron multiplier energy
of 2000 V, and transfer line temperature of 295 °C. Helium was used as the carrier gas
(1 mL/min). Identification of compounds was carried out using NIST 11, Wiley 9, FENSC 2,
and Adams databases. The identifications were confirmed by linear retention indices with
those available in the literature by the SciFinder database. The retention indices were
determined in relation to a homologous series of n-alkanes (Cg—Cy) injected under the
same operating conditions. Relative component concentrations were calculated based on
GC peak areas without using correction factors.

2.3. Bacterial Strains

Gram-negative strains (Escherichia coli DH5«, Pseudomonas aeruginosa PAOL ATCC 15692,
and Salmonella Typhimurium ATCC14028) and Gram-positive strains (Staphylococcus aureus
ATCC6538P, Bacillus cereus ATCC10987, and Mycobacterium Smegmatis mc?155) were used
to evaluate antimicrobial activity. Mycobacterium Smegmatis mc?155 was used to evaluate
antibiofilm activity.

2.4. Antibacterial Tests

The antibacterial activity of the essential oil of C. aurantium was evaluated utiliz-
ing the inhibition halo experiment method with modifications [22]. EO activity was as-
sessed in different quantities: 1, 10, and 50 pL of 22 mg/mL stock solution. The nega-
tive control was 50 pL dimethyl sulfoxide (DMSO) diluted in distilled water (40% v/v),
which was also used to resuspend the C. aurantium EO. The antibiotic ampicillin (1 pL of
22 mg/mL stock solution) was used as the positive control. After incubation overnight at
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37 °C, the halos were measured and antimicrobial activity was calculated according to the
following formula [23]:

Diameter of the zone of clearance (mm) x 1000

AU/mL = Volume taken in the well (uL)

The cell viability of the indicator strains was used to quantitatively test the antibacterial
properties of the EO. Different amounts of EO (1, 10, 100, and 200 ng/mL) were given to
the indicator strains, using the same negative control as in the inhibition halo experiments.
We used several antibiotics as positive controls, based on the resistance of the bacterial
strains. In particular, we used 8, 24, 120, and 250 pg/mL ampicillin against S. aureus,
B. cereus, E. coli, and S. Typhimurium, respectively. For P. aeruginosa, we used colistin at
2 ug/mlL, while for M. smegmatis, we used rinfampicin at 20 pg/mL.

The number of colonies present in the experimental control (samples consisting of cells
plus PBS) were compared to the those in the treated samples [24]. Each test was performed
at least three times (p value < 0.05).

2.5. MIC Experiment

Minimal inhibitory concentrations of C. aurantium EO against all indicator strains
were determined according to the microdilution method established by the Clinical and
Laboratory Standards Institute (CLSI). An aliquot of ~5 x 10° CFU/mL of each indicator
strain was added to 95 uL of Mueller-Hinton broth (CAM-HB; Difco) supplemented or
not with various concentrations (1-200 pg/mL) of C. aurantium EO [25]. Each test was
performed at least three times.

2.6. Antibiofilm Inhibition Test

A colorimetric assay was performed in order to assess M. Smegmatis biofilm inhibition.
Microstyrene wells were filled to 1 mL in volume. Bacterial cells and medium plus DMSO
was used as the negative control, cells treated with the antibiotic kanamycin (2 pg/mL)
was used as the positive control, and the treated samples contained prokaryotic cells and
EO (1,25, 5, and 10 ug/mL). The plate was incubated at 37 °C for 36 h [26]. The percentage
of biofilm formation was calculated by dividing the optical density values of the samples
treated with EO and untreated samples.

2.7. Fluorescence Microscopy Experiment

Aliquots (100 uL) of E. coli DH5x and S. aureus ATCC6538P cells were placed in
the dark for 2 h at 37 °C with stirring in the presence or absence of C. aurantium EO,
at a concentration of 200 pg/mL. Samples were observed using an Olympus BX51 fluo-
rescence microscope (Olympus, Tokyo, Japan) using a DAPI filter (excitation/emission:
358/461 nm) [27].

2.8. ABTS Scavenging Properties

The ABTS radical scavenging test was conducted according to the protocol cited by
Napolitano et al. [28] with some modifications. A 1 mL aliquot of ABTS solution was added
to 100 uL of EO (1, 10, 100, 200, 400, 500, and 1000 ug/mL). Each test was performed at
least three times.

2.9. Hydrogen Peroxide Scavenging Test

The determination of the H,O, scavenging capacity was measured by the decrease in
the absorbance at 240 nm, as previously described in the literature [29]. Various concen-
trations of EO (1 to 1000 pg/mL) were incubated in 1 mL of hydrogen peroxide solution
at room temperature. After half an hour, the hydrogen peroxide concentration was deter-
mined by measuring the absorbance. Each test was performed at least three times.
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2.10. Cytotoxicity Tests

HaCat (human keratinocytes) and Caco-2 (intestinal epithelial cells) cell lines were
used for the cytotoxicity tests. Cells were cultured at 37 °C in a humidified atmosphere
under 5% CO, for 24 and 48 h. EO (10 to 1000 ug/mL) was added in complete growth
medium (DMEM) for the cytotoxicity assay [30,31]. Each experiment was performed in
triplicate and the reported result was an average of three independent experiments.

2.11. ROS Generation and Antioxidant Enzyme Activity against Polymorphonuclear
Leukocytes (PMN)

Healthy volunteers (females and males) who provided consent underwent whole
blood sampling in the morning.

PMNs were isolated following the protocol described by Badalamenti et al. [24]. PMNs
were treated with C. aurantium EO at different concentrations (1, 10, 100, and 200 pg/mL)
without or with opsonized zymosan (OZ; 0.5 mg/mL) for 6 h and then incubated with
2/,7'-dichlorodihydrofluorescine diacetate (DCFH-DA; final concentration 10 uM) for
15 min at 37 °C [32]. Commercial kits (BioAssay System, San Diego, CA, USA) were used to
determine superoxide dismutase (SOD) and catalase (CAT) activities in PMN cells [33].

2.12. Statistical Analysis

The data shown in Figures 5 and 7 (values are presented as mean and standard error;
numbers not accompanied by the same letter are significantly different at a p value < 0.05)
were examined by one-way analysis of variance (ANOVA), followed by Tukey’s multiple
comparison post-hoc test.

3. Results and Discussion
3.1. Composition of the Essential Oil

Hydrodistillation of the flavedo of C. aurantium ‘Crispifolia’ fruit produced an EO
with a strong yellow-orange hue and strong sour aroma. The chemical composition of this
EO was previously described and reported by Badalamenti et al. [34]. As can be seen in
the Table 1, the EO was characterized by a predominant component, limonene (33.35%),
which contributed to almost all hydrocarbon monoterpenes (36.21%), but the main chemical
class was oxygenated monoterpenes (44.79%). Regarding the latter, bergamol (6.77%), neryl
acetate (6.28%), geranyl acetate (10.12%), a-terpineol (7.06%), and B-linalool (7.69%) were
the main components. Both oxygenated and hydrocarbon sesquiterpenes and other com-
pounds were present in minimal quantities (3.03—4.57%). The entire chemical composition
of the EO is reported in Table 1. Based on these observations, the antimicrobial, antibiofilm,
and antioxidant potential of C. aurantium ‘Crispifolia’ EO was explored.

Table 1. Chemical composition of the EO of the flavedo of C. aurantium ‘Crispifolia” from Palermo,
Sicily (Italy).

No. Compounds LRIexp A LRIy B A € (%)
1 B-Pinene 977 981 0.914
2 B-Myrcene 990 994 1.95f
3 Limonene 1031 1028 3335f
4 n-Octanol 1070 1078 1.59 2
5 B-Linalool 1098 1101 7.69 2
6 «-Terpineol 1189 1194 7.06°
7 cis-Geraniol 1229 1235 1.632
8 B-Citral 1238 1242 1.88%
9 Bergamol 1256 1258 6.77 2
10 trans-Geraniol 1259 1267 3.36 2
11 Neryl acetate 1365 1366 6.28 2
12 Geranyl acetate 1386 1392 10.122
13 n-Decyl acetate 1402 1406 1.44°
14 Caryophyllene 1419 1423 1.002
15 Germacrene D 1480 1485 3484
16 trans-Nerolidol 1550 1554 4574
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Table 1. Cont.

No. Compounds LRIeyp A LRI; B A € (%)
Monoterpene Hydrocarbons 36.21
Oxygenated Monoterpenes 44.79
Sesquiterpene Hydrocarbons 4.48
Oxygenated Sesquiterpenes 4.57
Others 3.03
Total 93.08

A Linear retention index, obtained through the modulated chromatogram, reported for DB-5MS apolar column;
B Linear retention index reported for DB-5MS column or equivalents reported in the literature; © Content is the
peak volume percentage of compounds in the essential oil sample; Results followed by different letters in a same
line are significantly different (p < 0.05) by Tukey’s multiple range test.

3.2. Antimicrobial Activity Tests

To confirm the literature hypotheses [35] in which EOs extracted from similar plants
possessed antimicrobial activity, inhibition halo experiments were performed according to
the modified Kirby and Bauer protocol [22]. Figure 1 shows the relationship between the
widths of the bacterial growth inhibition halos of two model indicator strains (E. coli and
S. aureus) and the amount of EO spotted on a plate containing rich agar medium. As can
be seen in the bar graph, the antimicrobial activity was directed against both bacterial
strains and showed a proportionality between the size of the halo and quantity of EO
(Samples 1, 2, and 3). The antibiotic ampicillin was used as a positive control and DMSO,
which did not inhibit microbial growth, was used as a negative control.

250 mE coli

S. aureus

200 + I
[

150 A &
I

100 A I
0 b T T T T 1

CTRL+ CTRL- Sample I  Sample 2 Sample 3

Arbitrary Unit (AU/mL)

W
(=]
1

Figure 1. Determination of bacterial growth inhibition halo, expressed in arbitrary units. The
histogram represents the zone of inhibition, expressed in AU/mL, of C. aurantium ‘Crispifolia” against
E. coli and S. aureus. Samples 1, 2, and 3 represent 1, 10, and 50 pL of C. aurantium ‘Crispifolia’ EO,
respectively. Positive control is ampicillin, negative control is DMSO (40%). The values are expressed
as means of three different experiments; standard deviations are always less than 10%.

It was decided to extend the panel of indicator strains to include three Gram-negative
bacteria (E. coli, P. aeruginosa, and S. Typhimurium) and three Gram-positive bacteria
(S. aureus, B. cereus, and M. smegmatis). In addition to E. coli, we used P. aeruginosa, a
well-known opportunistic pathogen that is capable of infecting small skin wounds [36,37]
and responsible for intestinal infections [38]. S. Typhimurium was chosen because this
serotype is also at the origin of numerous episodes of foodborne illness that have occurred
in recent years in various European and non-European countries. Additionally, epidemio-
logical evidence has demonstrated its close correlation with the swine supply chain [39].
Among Gram-positive bacteria, in addition to the use of M. smegmatis as a model strain for
the formation of bacterial biofilms, we used S. aureus, an opportunistic pathogen involved
in foodborne illness that normally resides on the skin of mammals and is therefore capable
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of infecting small lesions very quickly [37,38]. We also used B. cereus, which produces two
types of toxins: the first is stable to heat and causes vomiting, while the second is labile to
heat and responsible for a form of diarrhea in unsuitable environmental conditions [40].
As shown in Figure 2, the dose-response curves indicate a proportionality between the
concentration of EO and bacterial survival. The maximum EO concentration (200 pg/mL)
reduced almost all bacterial strains by more than 50%. The most sensitive strains were
represented by E. coli and S. aureus.

A 100 - B 100 -
=&=P. aeruginosa == \[. smegmatis
=85 Typhimurium 8= DB. cereus
30 - = E. coli 30 4 S. aureus
s ®
> >
e |5
3 60 1 3 60 1
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] ]
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Concentration [ug/mL] Concentration [pg/mL]

Figure 2. Determination of C. aurantium ‘Crispifolia’ EO antimicrobial activity against (A) P. aeruginosa,
S. Typhimurium, and E. coli; and (B) S. aureus, M. smegmatis, and B. cereus. The assays were performed
in three independent experiments. p value < 0.1.

Table 2 shows the MIC values obtained using the microdilution method. As expected from
previous experiments, the lowest MIC values were determined against E. coli and S. aureus.
This result, in accordance with the previous results, confirmed that the antimicrobial action of
C. aurantium EO was directed against both Gram-positive and Gram-negative bacteria.

Table 2. Determination of minimum concentration values (MIC) inhibiting bacterial growth. The
MICj is expressed in pg/mL of C. aurantium ‘Crispifolia” EO against the indicator strains. The
values were obtained from a minimum of three independent experiments.

Strains MICygp [ng/mL]
E. coli DH5«x 200
P. aeruginosa PAO1 ATCC 15692 >200
S. Typhimurium ATCC14028 >200
S. aureus ATCC6538P 200
B. cereus ATCC10987 >200
M. smegmatis MC?155 >200

In order to obtain some information about the mechanism of action of C. aurantium
EO against the model strains, fluorescence microscopy was performed. Figure 3 shows
optical (panels A, C, E, and G) and fluorescence microscope images (panels B, D, F, and H).
EO at 200 ng/mL was administered to prokaryotic cells and two dyes were added. DAPI
(4',6-diamidino-2-phenylindole) is a blue fluorescent stain that strongly binds to adenine-
thymine-rich regions in the DNA. Because DAPI can pass through intact cell membranes,
it is a marker of cell viability. PI (propidium iodide) cannot pass through intact cell mem-
branes, so it is a marker of dead cells, showing a red color through damaged membranes.

E. coli bacterial cells treated with C. aurantium EO (panel C) appeared to be intact and
dark gray, similar to the control cells under the same conditions (panel A). In panel D,
the treated E. coli cells appeared blue, similar to the respective control cells (panel B).
S. aureus cells treated with the maximum EO concentration (panel G) used for the other
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experiments (200 pg/mL) had the same morphological features as the control cells (panel F).
Furthermore, treated S. aureus cells (panel H) appeared blue, similar to the control cells
(panel F). In conclusion, we hypothesize that the bacterial membrane was still intact after
the administration of C. aurantium EO. Several studies reported that compounds present in
the oil enter the bacterial cell, causing damage [41].

Figure 3. Analysis by fluorescence microscopy. Panels show E. coli bacterial cells (A-D) and S. aureus
bacterial cells (E-H). Panels (A,C,E,G) show the cells observed under the optical microscope, and
panels (B,D,F,H) show the cells observed under the fluorescence microscope. Untreated bacterial
cells (A,B,E,F); cells treated with C. aurantium ‘Crispifolia” EO (C,D,G,H). Scale bars: 1 um (A-H).

3.3. Antibiofilm Tests

Some EOs can inhibit bacterial biofilm formation [26,42]. For this purpose, a colorimetric
assay with crystal violet was performed. As shown in Figure 4, C. aurantium ‘Crispifolia’
EO had a good ability to inhibit M. smegmatis biofilm formation. The light blue curve shows
a decrease in biofilm formation of more than 50% at the maximum EO concentration used.
The positive control, represented by kanamycin (dark blue curve), and the negative control,
represented by DMSO—in which the EO was dissolved (blue curve)—are also shown in the
same figure. The EO was used in increasing concentrations, which did not cause mortality
of the bacterial strain. The obtained effect was exclusively due to a decrease in the amount
of biofilm, which was proportional to the increase in the EO concentration and not due
to the death of the bacteria. Furthermore, C. aurantium ‘Crispifolia” EO already showed
antibiofilm activity at low concentrations. These aspects are very important for the potential
use of C. aurantium EO, especially for use in cosmetics or as a food additive [43,44].

100 1 P
«&—Kanamycin
80 - C. aurantium crispifolia
=o=DMSO 40%
=
=
S 60 - ]
£ |
£ T
E . I
2=
2 40
m I L
c\e J.
20 =
0 # ? ? ! ?
0 1 2.5 5 10

Concentration [pg/mL]

Figure 4. Percentage of M. smegmatis biofilm inhibition. Different concentrations of C. aurantium
‘Crispifolia’ EO were tested (x-axis). The assays were performed in three independent experiments.
Standard deviations are always less than 5%.
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3.4. Antioxidant Activity

The EO of C. aurantium ‘Crispifolia’ was rich in limonene (~33%), a hydrocarbon
monoterpene that has an antioxidant activity [45]. Figure 5 shows the increasing ABTS and
H,O; radical scavenging activities as the EO concentration increased from 1 to 1000 pg/mL.
The data shown in Figure 5 are expressed in Table 3 as ICsq values, indicating the EO
concentration that caused a 50% reduction in ABTS and H,O, radicals. C. aurantium EO
showed anti-H,O, activity with an IC5) value of 10 ug/mL and the lowest anti-radical
effect (IC5q value > 1000 ng/mL) for ABTS. Antioxidants are the chemical traps that inhibit
oxidation, especially those used to counteract the deterioration of stored food products.
Numerous antioxidants are commercially available for use in foods; however, natural
antioxidants are preferred over synthetic ones because of their safety and functional and
sensory properties. Monoterpenes are the major components of EOs of many plants known
for their natural antioxidant potential [46]. The antioxidant activity possessed by our EQ,
along with the previous investigated activities, is of considerable importance for possible
future nutraceutical applications.

=]

100 4

80 A

60 -

40 1

H202 radical scavenging activity (%)

10 100 200 400 500 1000 0 1 10 100 200 400 500 1000

Concentration [pg/mL] Concentration [pg/mL]

Figure 5. Determination of antioxidant activity of C. aurantium ‘Crispifolia” EO. Panel (A) shows
the abatement of ABTS radical activity reported as % of ABTS removed with respect to the control.
Panel (B) shows the hydrogen peroxide scavenging activity reported as % of H,O, removed relative
to the control. Data were presented as mean and standard error and they were analyzed with a paired
t-test. Bars not accompanied by the same letter were significantly different at p < 0.05.

Table 3. Concentration at 50% scavenging activity.

Sample ICs59 ABTS (ug/mL) Sample ICs59 H>O; (ug/mL)
C. aurantium C. aurantium
‘Crispifolia” EO 1000 ‘Crispifolia” EO 10
Ascorbic acid 0.03 Resveratrol 0.05

3.5. Cytotoxic Activity

As shown in Figure 6, cytotoxicity tests were performed against HaCat cells (panel A)
and Caco-2 cells (panel B) at different concentrations of C. aurantium EO (up to 1000 pg/mL).
The MTT assay results after 24 and 48 h incubation with C. aurantium ‘Crispifolia” EO
revealed that the survival of treated cells was comparable to that of control cells. These
tests led to the conclusion that this EO was non-toxic to the tested cell lines under these
experimental conditions, which is very important for future applications in cosmetics and
possibly as a food additive.
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Figure 6. Determination of cytotoxic activity of C. aurantium ‘Crispifolia’ EO. Panel (A) shows
the % cell survival of the HaCat cell line, while panel (B) shows the % cell survival of the Caco-2
cell line. Both cell lines were treated with different concentrations (x-axis) of EO for 24 and 48 h.
% Cell survival is shown on the y-axis. The assays were performed in three independent experiments.
Standard deviations are always less than 10%.

3.6. ROS Generation and SOD and CAT Activity in PMN

The variations in ROS levels and activities of antioxidant enzymes were evaluated in
PMN:s stressed with OZ (to induce oxidative stress) following treatment with C. aurantium
‘Crispifolia” EO at different concentrations. As can be seen from Figure 7, there was an
increase in ROS in PMNs stressed with OZ, but there was a gradual reduction in ROS fol-
lowing treatment with 100 and 200 pug/mL EO until reaching a situation comparable to the
control (non-stressed PMNs). Regarding SOD and CAT, a gradual increase in enzyme activ-
ity was observed in PMNs treated with EO compared to untreated PMNSs, probably to coun-
teract the increase in ROS. The enzyme activity appeared to stabilize at 100 and 200 pg/mL
C. aurantium EO.

SOD CAT

u/L

Figure 7. ROS generation and SOD and CAT activities in PMNs treated with EO of C. aurantium
‘Crispifolia’ at different concentrations (x-axis) with or without OZ. Data were presented as mean and
standard error and they were analyzed with a paired t-test. Bars not accompanied by the same letter
were significantly different at p < 0.05.
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4. Conclusions

The EO of C. aurantium ‘Crispifolia” was characterized by a high amount of the
monoterpene hydrocarbon limonene (33.35%), but also by the presence of several oxy-
genated monoterpenes, such as bergamol (6.77%), neryl acetate (6.28%), geranyl acetate
(10.12%), a-terpineol (7.06%), and B-linalool (7.69%).

The antimicrobial properties of this EO were investigated, demonstrating that this
EO had effects against both Gram-negative and Gram-positive strains. It was also very
effective against opportunistic pathogenic bacteria, which play a crucial role in food-borne
or small skin wounds infections. We discovered considerable antibiofilm activity at low
concentrations, indicating that the use of this EO in low concentrations could provide an
important weapon against the formation of biofilms on skin wounds. The in vitro results
with polymorphonuclear cells also enriched the findings of this study, demonstrating the
antioxidant properties of this EO. Although it is quite complex to attribute a mixture of
beneficial and protective biological activities for humans to a single compound, surely the
combination of molecules present in C. aurantium EO makes it a natural source ideally
suitable for nutraceutical application.
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