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Abstract

Pelargonium graveolens has garnered attention for its therapeutic proper-
ties, especially in treating dermatological conditions. The aim of this study
was to investigate the phytochemicals, antioxidant action and antibacterial
effect of its flower extracts obtained through maceration, sonication and
infusion. The findings show that the highest total phenolic content was ob-
tained from the hydroethanolic sonication extract (280.39 mg GAE/g), fol-
lowed by the hydroethanolic maceration extracts (272.87 mg GAE/g). The
total flavonoid content varied from 21.51 mg EQ/g (hydroethanolic macera-
tion) to 12.32 mg EQ/g (aqueous infusion). Condensed tannins were highest
in the hydroethanolic maceration extracts (8.40 mg/mL). Additionally, the
antioxidant action was assessed using the DPPH, FRAP, TAC and ABTS meth-
ods. The extracts from hydroethanolic sonication showed a high free radical
scavenging capacity (ICso= 0.31 mg/mL) compared with extracts from aque-
ous infusion and hydroethanolic maceration. However, antibacterial tests
revealed that all extracts had better activity against Gram-positive bacteria.
The hydroethanolic maceration extracts showed pronounced sensitivity,
exhibiting zones of inhibition ranging from 13 to 24 mm for Gram-negative
bacteria and 19 to 24 mm for Gram-positive bacteria. These extracts
demonstrated significant efficacy against methicillin-resistant Staphylococ-
cus aureus and Panton-Valentine Leukocidin-Positive Staphylococcus aureus.
These findings suggest potential applications in the pharmaceutical and
dermatological fields, particularly for developing natural antioxidant and
antibacterial agents.

Keywords
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Introduction

Bacterial skin infections such as impetigo, folliculitis, abscesses and necrot-
ising fasciitis are prevalent in dermatological consultations (1). These infec-
tions can range from benign to serious and potentially fatal (2). They are
mainly caused by Streptococcus pyogenes (group A) and Staphylococcus
aureus, including methicillin-resistant strains (MRSA) and Panton-Valentine
leucocidin-producing strains (PVL-SA). The persistence of these pathogens
tableis often linked to a compromised host defense system and the
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expression of virulence factors, notably surface proteins
and toxins. However, the limited epidemiological data on
these infections in Morocco represents a major challenge
for the development of effective treatments, particularly
against antibiotic-resistant strains (3).

In Morocco, traditional medicine holds significant
importance, leveraging a rich botanical heritage that is
supported by diverse bioclimatic conditions (4). The coun-
try is home to over 4200 species of flora, establishing it as
a major global supplier of aromatic and medicinal plants
(5). Furthermore, from a socioeconomic perspective, the
cultivation and development of medicinal and aromatic
plants (MAP) offer promising opportunities for diversifying
agricultural production and enhancing income generation
for local communities (6). In recent years, traditional medi-
cine has gained renewed interest, significantly enhancing
drug discovery, as a significant proportion of modern
pharmaceuticals are derived from plant sources, under-
scoring its importance in meeting global health challenges
and promoting therapeutic innovation (7). However, the
main reason behind this interest lies primarily in the de-
clining efficacy of synthetic drugs and awareness of their
adverse effects (8, 9).

Pelargonium species, native to South Africa, were
introduced into Europe in the 17th century and have since
been hybridized throughout the world. Belonging to the
Geraniaceae family (10), within the order Geraniales, it
comprises of 5-7 genera and approximately 830 species of
dicotyledonous flowering plants, distributed across tem-
perate, subtropical and tropical regions. Their flowers are
typically bisexual and actinomorphic, with 4 to 5 sepals
that are free or slightly connate and persistent (11). Pelar-
gonium graveolens, commonly known as Rose Geranium,
is one such Pelargonium species that has garnered atten-
tion for its therapeutic properties with particular emphasis
on dermatological conditions (44 %) (12). Numerous stud-
ies have demonstrated its pharmacological properties of
arial part, particularly its antibacterial, antifungal and an-
tioxidant activities (13). To date, however, no studies have
been carried out on the effect of its flower against patho-
genic bacteria implicated in skin infections. Further com-
prehensive phytochemical and pharmacological investiga-
tions of the flower are necessary to fully elucidate its ther-
apeutic potential.

As part of the growing interest in natural remedies,
this study assesses the polyphenol, flavonoid and tannin
content of P. graveolens flower extracts. In addition, the in
vitro antioxidant capacity was assessed using 4 comple-
mentary methods: DPPH, ABTS, TAC and FRAP. The anti-
bacterial activity of these extracts was evaluated using the
agar well diffusion method and the microdilution test on
pathogenic and resistant clinical strains involved in skin
diseases.

Materials and Methods
Plant materials

The flowers of P. graveolens were harvested (Fig. 1) from
Sahel Boutaher, Taounate, located in the Fes-Meknes

region of Morocco, in May 2022. Subsequently, the flowers
underwent a 2 weeks drying process at room temperature,
after which they were finely powdered using an electric
grinder (Fritsch, Industriestrasse 8, 55743 Idar-Oberstein,
Germany). The powdered material was then carefully
stored for subsequent extraction procedures.

Preparation of the extracts

Extraction procedures represent a fundamental aspect in
the isolation of specific chemical compounds from plant
materials. Employing both polar and non-polar solvents is
imperative to achieve effective extraction of the desired
components. In the present study, we employed 3 distinct
extraction methodologies: Maceration, sonication and
infusion.

The infusion method involved introducing 2.5 g of
plant material into a recipient containing 75 mL of boiling
distilled water. Following a 40 min infusion period, the
mixture was allowed to cool. Subsequently, the macera-
tion technique was employed, wherein 10 g of plant mate-
rial were introduced into an Erlenmeyer flask containing
100 mL of ethanol, or alternatively, a mixture of ethanol
and water (70 % ethanol - 30 % water). Continuous mag-
netic stirring for 24 h at ambient temperature ensured
comprehensive extraction of the target compounds. Last-
ly, the sonication method was employed, whereby 2.5 g of
plant material were subjected to extraction using 50 mL of
ethanol, followed by another extraction utilizing a mixture
of 70 % ethanol and 30 % water. The application of ultra-
sonic waves for 45 min facilitated the breakdown of plant
cell walls, thereby enhancing extraction efficiency.

Following each extraction procedure, the resultant
solutions underwent filtration using Whatman no. 1 paper
to eliminate solid residues. Subsequent centrifugation at
3000 rpm for 10 min facilitated the separation of any par-
ticulate matter. A fraction of the extract was maintained in
its unaltered state, while another fraction underwent vac-
uum evaporation using a rotary evaporator to remove the
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extraction solvent. All resulting extracts were meticulously
stored at 4 °C for subsequent analysis and application.

Phenolic compounds quantification
Total polyphenol content

The total polyphenol content (TPC) of all extracts was de-
termined (14) and as described in a previous study with
some modifications (15), using the Folin-Ciocalteu rea-
gent. Briefly, 450 pL of Folin-Ciocalteu (10-fold diluted)
and 450 pL of sodium carbonate (7.5 %) were added suc-
cessively to 50 uL of extracts. After 2 h of incubation in ob-
scurity, absorbance was measured at 765 nm by a UV-VIS
spectrometer (Rohs, UV-1800pc ultraviolet spectroscopy)
and results were expressed in terms of gallic acid equiva-
lents per g of plant material (pg GAE/g), (y = 4.081x +
0.2432, R*=0.9965).

Total flavonoid content

Total flavonoid content (TFC) of crude extracts was quanti-
fied according to the aluminum trichloride method with
some modifications (16). Briefly, 500 uL of aluminum chlo-
ride solution (10 %) was added to 500 L of diluted extract,
followed by incubation in the dark for 1 h. Absorbance was
measured at 420 nm using a UV-VIS spectrometer (Rohs,
UV-1800pc ultraviolet spectroscopy, Macy, China) and con-
centration was determined using a standard curve of quer-
cetin prepared using the same conditions (y = 14.424 x +
0.206 and R* = 0.998).

Condensed tannins (CT)

Condensed tannins were analyzed using the Bate-Smith
reaction (17). In short, 1 mL of each extract was combined
with 0.5 mL of distilled water and 1.5 mL of 37 % hydro-
chloric acid. The mixture was heated for 30 min in a water
bath at 100 °C, then absorbance was measured at 550 nm
against a control containing tubes at room temperature.
The difference in the absorbance between the hydrolyzed
sample and the control was considered as the content of
tannins contained in the extract using the following equa-

Tannins (mg/mL) = (HH}?ﬂ[‘D]}?EEﬂ = Acontrol }K 19.33

tion:
Antioxidant activity
DPPH radical scavenging method

The DPPH" free radical scavenging activity of extracts was
determined following the method (18). In brief, a 0.05 mL
sample of the diluted extract was added to 1.95 mL of the
freshly prepared methanolic solution of DPPH (2.5 mg dis-
solved in 100 mL methanol under stirring for 3 h) and then
the mixtures were incubated for 30 min in the dark. The
absorbance was then measured at 517 nm, and ascorbic
acid was used as the standard antioxidant following the
same operating conditions.

ABTS® + radical scavenging method

Extracts of P. graveolens flowers were also evaluated for
their ability to trap the ABTS®* radical (2,2'-azino-bis(3-
ethylbenzothiazoline-6-sulfonic acid) according to stand-

ard procedure (19). The ABTS solution was prepared by
mixing 50 % of 7 mM ABTS and 50 % of 2 mM potassium
peroxide sulfate, followed by incubation at ambient tem-
perature for 16 h. For further processing, this solution was
diluted with H,O until an absorbance of 0.700 + 0.002 at
734 nm was obtained. For sample analysis, 500 pL of sam-
ple solution was homogenized with 1 mL of ABTS solution,
then the mixture was incubated at room temperature for
7 min and its absorbance was recorded at 734 nm.

Ferric reducing antioxidant power

Ferric reducing antioxidant power (FRAP) test was per-
formed according to the standard method (20). Briefly,
0.25 mL of each diluted extract (6 sets of dilutions) was
added to 1.25 mL of the phosphate buffer solution and
1.25 mL of the aqueous solution of potassium ferricyanide
(1 %) and the mixture was incubated for 20 min at 50 °C in
a water bath. After cooling to ambient temperature,
1.25 mL of 10 % trichloroacetic acid was added to the reac-
tion mixture, followed by centrifugation (Mikro 220R, Het-
tich, Westphalian, Germany) at 3000 rpm for 10 min, then
1.25 mL of the supernatant was added to 1.25 mL of dis-
tilled water and 0.25 mL of ferric chloride solution (0.01 %).
Absorbance was measured after 10 min of incubation at a
wavelength of 700 nm. Results are expressed in terms of
ascorbic acid equivalents per mg of plant material (ug
GAA/mg), Y =3.2283 +0.2706 and R? = 0.9999.

Total antioxidant capacity

The total antioxidant capacity (TAC) was estimated (21)
with minor modifications. Briefly, 200 pL of each extract at
different concentrations was added to 3000 uL of a rea-
gent composed of sulfuric acid (60 M), disodium phos-
phate (280 mM) and ammonium molybdate (40 mM). The
mixture was incubated at 95 °C for 90 min, then cooled
down to room temperature for 20-30 min before measur-
ing the absorbance at 695 nm. The control consisted of 200
uL of methanol with 3000 pL of the above reagent. Results
are expressed in terms of ascorbic acid equivalents/mg of
plant material (ug GAA/mg), y = 1.5683x + 0.3666, R* =
0.9688.

TAC and FRAP results were quantified as mg of
ascorbic acid equivalent per g of plant material (mg GAA/g),
while DPPH and ABTS tests were represented by ICso (mg/
mL). This parameter is defined as the concentration of the
antioxidant that induces a 50 % reduction of DPPH or ABTS
radical activity.

Antibacterial activity

P. graveolens flower extracts were tested against 8 clinical
bacteria: Pseudomonas aeruginosa, Streptococcus py-
ogenes, Staphylococcus aureus, Panton-Valentine Leuko-
cidin ~ Staphylococcus aureus (PVL-SA), methicillin-
resistant Staphylococcus aureus (MRSA), Escherichia coli, E.
coli producing extended spectrum B-lactamase (E. coli -
ESBL), Bacillus anthracis and Klebsiella pneumoniae. These
strains, selected for their pathogenicity and propensity to
cause skin infections, were sourced from the University
Hospital Center Hassan Il.

Sensitivity testing
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A disc diffusion method as described by the Clinical and
Laboratory Standards Institute (22), was employed to eval-
uate the sensitivity profile of the targeted bacterial strains.
Clinical isolates were cultivated on Brain Heart Infusion
(BHI) agar plates and incubated at 37 °C for 18 h. A single
colony from each strain was then inoculated into 5 mL of
Mueller-Hinton broth (MHB). Following a 6 h incubation at
37 °C, bacterial suspensions were adjusted to the 0.5
McFarland standard (1.5 x108 CFU/mL) using sterile saline
(0.85 % NacCl). Mueller-Hinton Agar (MHA) plates were uni-
formly inoculated with bacterial suspensions using sterile
swabs. After a 5 min drying period, antibacterial discs
(amoxicillin 10 pg, ciprofloxacin 5 pg, gentamicin 10 pg,
tetracycline 30 pg, amikacin 30 pg, ampicillin 10 pg, methi-
cillin 5 pg, Oxacillin 10 pg, vancomycin 30 pg) were placed
on the inoculated plates using sterile forceps, ensuring
adequate spacing to prevent overlapping inhibition zones.
The plates were then incubated at 37 °C for 18 h. Post-
incubation, the diameters of the inhibition zones were

Table 1. Antibiogram profile of the selected bacterial strains

the bacterial inoculum was spread evenly across the entire
surface of Luria-Bertani agar (LB). Following this, a sterile
plug drill was used to aseptically create a hole with a di-
ameter of 5 mm, into which 80 pL of the extract solution
was added at a concentration of 50 mg/mL. The bacterial
strains were then incubated for 24 h at 37 °C and the diam-
eter of the inhibition zones was measured in mm.

Determination of the minimum inhibitory concentration

The determination of the minimum inhibitory concentra-
tion (MIC) of our extracts was conducted using a 96-well
plate method (24). In brief, 100 pL of serial concentrations
ranging from 16 to 0.12 mg/mL of the extracts were dis-
pensed into each well. Subsequently, 50 pL of bacterial
inoculum prepared in LB liquid medium was added to
each well. The plates were then incubated at 37 °C for 18 h,
after which 10 pL of resazurin (0.05 %) was added to each
well to assess bacterial growth. The plates were re-
incubated for an additional 2 h at 37 °C. The MIC values

Inhibition zone diameter (mm) and resistance of clinical isolates

Antibiotic (family) Disc Potency

EC BLSE PA SP BA SARM KSP SA
Gentamicin (Aminoglycosids) 10 pg 14 14 20 17 15 23 R
Amikacin (Aminoglycosids) 30pg 16 20 18 - - 22 - -
Ampicillin (Betalactamins) 10 pg R R 16 R R 14 R 20
Methicilin (Betalactamins) 5pg - R - 17
Oxacillin (Betalactamins) 10 pg R R 14 R - 14 - -
Tetracyclin (Cyclins) 30 pg R R 22 R R R - 24
Vancomycin (Glycopeptids) 30 pg R R 20 R R 16 17 22

EC : Escherichia coli, BLSE : E.coli producing extended spectrum B-lactamase, PA: Pseudomonas aeruginosa, SP: Streptococcus pyogenes, BA: Bacillus anthracis,
SARM : Methicillin-resistant Staphylococcus aureus, KSP: Klebsiella pneumoniae, SA: Staphylococcus aureus, R: no inhibition zone recorded as resistant strain,

(-): not specified.

measured in mm and are presented in Table 1 for further
comparison with extracts inhibition capacity. The absence
of an inhibition zone was indicated as a resistant strain.

Inoculum’s preparation

Bacterial regrowth was achieved by subculturing the agar
plate on the Luria-Bertani (LB) agar surface and incubating
at 37 °C for 18 to 24 h. The bacterial inoculum was pre-
pared from fresh colonies using the direct colony suspen-
sion method. Briefly, 1-2 colonies were suspended in ster-
ile saline (NaCl 0.9 %) and adjusted to the 0.5 McFarland
standard to achieve standardized inoculum (10® CFU/mL).

Agar well diffusion method

The antibacterial activity of our extracts was qualitatively
tested against the pathogenic strains as reported earlier
(23) using the agar well diffusion method. Briefly, 1 mL of

Table 2. Phenolic compounds of P. graveolens flowers extracts

represent the concentration (mg/mL) observed in the well
just prior to the initial occurrence of pink coloration.

Statistical analysis

The experiments were performed in triplicate, with results
presented as mean + SD. One-way ANOVA followed by Tuk-
ey's test was used for statistical analysis and comparison
of means, considering differences significant at p < 0.05.
The data were analyzed using Origin 2024 software.

Results and Discussion
Phenolic compounds

Total phenolic compounds (TPC) contents, flavonoids
(TFC) and condensed tannins (CT) of P. graveolens flower
extracts are presented in Table 2. The hydroethanolic soni-

Sonication Maceration Infusion
Methods
EtOH- H.O0 EtOH EtOH- H.0 EtOH H.0
TPC (mg GAE/g of plant material 280.39+3.78° 134.31+1.57° 272.87 +2.58¢ 168.94+0.19¢ 159.69+1.23¢
TFC (mg QE/g of plant material) 19.93 +1.612 18.16 +2.5920 21.51+2.16 16.15 + 1.04< 12.32+£0.36°
CT (mg/mL) 6.63 +£0.44° 3.50+0.43° 8.40+0.59¢ 7.92 +0.422¢ 4.83+0.62°

Values are expressed as means + standard error (n = 3). Letters in the same row are statistically significant at p < 0.05. values were compared by using one way
ANOVA followed by t-test. TPC: total phenolic content; TFC: total flavonoid content; CT: Condensed Tannin; mg GAE/ g plant material: mg gallic acid equivalent
per g of plant material; mg QE/ g plant material: mg quercetin equivalent per g of plant material.
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cation extract yielded the highest content of TPC (280.39 +
3.78 mg GAE/g of plant material), followed by the  hy-
droethanolic and ethanolic extracts via maceration
(272.87 + 2.58 and 168.94 + 0.19 mg GAE/g plant material
respectively), infusion (159.69 + 1.23 mg GAE/g) and etha-
nolic extract via sonication (134.31 + 1.57 mg GAE/g). In a
recent study (25), there conducted in Meknes, Morocco,
the aerial parts of P. graveolens have been reported to pro-
vide the highest total phenolic content in the methanol
extract, reaching 381.25 + 2.65 mg GAE/g. In the current
investigation, P. graveolens flower phenolic content was
extracted using solvents of different polarities and a selec-
tion of extraction techniques. The results underscore that
polar and non-polar organic solvents are suitable for ex-
tracting phenolic compounds. Additionally, statistical
analysis revealed a significant difference (p > 0.05) be-
tween maceration, sonication and infusion methods for
TPC extraction using ethanol and water as eco-friendly
solvents. The hydroethanolic extracts have been indicated
to promote the extraction of specific polyphenols like cat-
echin, epicatechin and epigallocatechin (26). Comprehen-
sively, the addition of water to organic solvents increases
the solubility of polyphenols because it weakens the hy-
drogen bonds in aqueous solutions, facilitating the extrac-
tion process (27). TFC varied from 21.51 + 2.16 to 12.32 +
0.36 mg QE/g of plant material, corresponding respectively
to the hydroethanolic extracts by maceration and the wa-
ter infusion. Moreover, the aqueous extract exhibited the
lowest TFC, possibly attributable to the limited solubility
of certain compounds such as quercetin and kaempferolin
water solvent and extractable with organic solvents (28).
However, flavonoids, prevalent in plant extracts, exist ei-
ther as aglycones or glycosides, the latter being linked to a
sugar moiety via a glycosidic bond (29). Glycosylated flavo-
noids exhibit enhanced water solubility (30). The findings
reveal a significant difference (p < 0.05) in TFC between the
infusion method and the sonication method. Notably,
within the maceration method, a distinction emerged be-
tween absolute ethanol and a 70 % ethanol-water solu-
tion. In contrast, the sonication method exhibited no sta-
tistical difference (p < 0.05) when employing absolute eth-
anol or a hydroethanolic solution for TFC extraction.

Similarly, the highest overall CT was obtained by
maceration extraction using hydroethanolic solution
(8.40 + 0.59 mg/mL), followed by ethanolic maceration
(7.92 + 0.42 mg/mL), hydroethanolic sonication (6.63 *
0.44 mg/mL) and water infusion (3.50 + 0.43 mg/mL). Sta-
tistically, within the sonication method, a significant
difference was observed between CT values when using

Table 3. Antioxidant activity of P. graveolens flower extracts

absolute ethanol and ethanol diluted with 30 % water as
extract solution, whereas this was not the case for the
maceration method (p < 0.05).

Antioxidant activity

The antioxidant potential of P. graveolens flower extracts
were evaluated using the DPPH, FRAP, TAC and ABTS
methods, as detailed in Table 3. Across all extracts, a nota-
ble capacity for scavenging free radicals was observed.
Vitamin C, serving as our positive control, exhibited the
highest DPPH radical scavenging potential, with an ICso
value of 0.14 + 0.03 mg/mL, followed by the hydroethanol-
ic sonication extract (ICso= 0.31 + 0.02 mg/mL), while the
lowest capacity was attributed to the ethanolic macera-
tion extract (ICso= 0.68 + 0.04 mg/mL). There was no signifi-
cant difference (p < 0.05) observed among the ICs, values
of the hydroethanolic sonication and the water infusion
extracts. Regarding the ABTS radical scavenging ability of
P. graveolens flower, no significant difference (p < 0.05)
was found between vitamin C and the hydroethanolic son-
ication, the hydroethanolic and the ethanolic maceration
extracts. Following vitamin C, both hydroethanolic ex-
tracts from sonication and maceration demonstrated the
highest activity in scavenging the ABTS radical, with the
lowest 1Cso values recorded as 0.025 + 0.021 mg/mL and
0.180 + 0.030 mg/mL respectively. Conversely, the water
infusion extract exhibited the lowest potential in scaveng-
ing the ABTS radical (ICso= 1.27 + 0.264 mg/mL). However,
it is noteworthy that the ICs, value of Vitamin C in scaveng-
ing the ABTS radical, which is equal to 0.004 mg/mL, was
lower than that of all tested extracts.

Concerning the FRAP test, the hydroethanolic ex-
tract obtained by sonication and water infusion extract
showed the highest activity (435.78 + 1.95 and 418.19 +
1.94 mg GAA/g of plant material respectively), followed by
the hydroethanolic and the ethanolic maceration extracts
(431.63 + 1.39 and 403.15 + 2.05 mg GAA/g respectively)
and the ethanolic sonication extract (389.44 + 5.02 mg
GAA/g). Similarly, the hydroethanolic sonication and the
water infusion extracts presented the highest total antioxi-
dant capacity (TAC), (458.05 + 1.92 and 340.21 + 3.59 mg
GAA/g respectively), whereas the ethanolic extracts in both
maceration and sonication methods exerted the lowest
activity. In the case of hydroethanolic maceration extract,
a statistically significant correlation was found between
the TPC and its corresponding antioxidant activity, as eval-
uated according to the DPPH and ABTS methods (p < 0.05,
r = 0.99). Moreover, phenolic compounds such as gallic
acid and vanillic acid have been shown to have significant

Sonication Maceration Infusion
Methods Vitamin C
EtOH- H.O0 EtOH EtOH- H.0 EtOH H.0
FRAP (mg GAA/g plant material) 435.78 £1.952 389.44 +5.02° 431.63+1.392 403.15+2.05¢ 418.19 + 1.94¢
TAC (mg GAA/g plant material) 458.05+1.922 334.86+2.09° 428.19 +3.03¢ 325.28 + 5.53¢ 340.21 + 3.59°
DPPH (ICsp mg/mL) 0.14+0.032 0.31+0.02° 0.58 +£0.03%¢ 0.52+0.11¢ 0.68 +0.04¢ 0.35+0.05°
ABTS (ICso mg/mL) 0.004 +0.0012 0.025 +£0.0212 0.610 +1.165° 0.180 +0.030° 0.170 £0.062° 1.270 +0.264°

Values are expressed as means + standard error (n = 3). Letters in the same row are statistically significant at p < 0.05. DPPH: DPPH free radical scavenging activi-
ty; FRAP: Ferric reducing antioxidant power assay; ABTS: ABTS radical scavenging assay; TAC: Total antioxidant capacity. mg GAA/ g plant material t: mg gallic

acid equivalent per g of plant material.
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antioxidant properties (31, 32). Additionally, flavonoids
including kaempferol, myricetin and eriodictyol glucoside
pentoside, have been reported to contribute to the antiox-
idant effect, as previously elucidated by researchers (33-
35). Phenolic compounds, valued for their antioxidant
qualities, are notably influenced by specific structural fea-
tures, such as the presence of an ortho-dihydroxybenzene
group, the arrangement of hydroxyl groups and the exist-
ence of an enone unit (36). These structural factors play a
pivotal role in determining the extent of their antioxidant
activity (37).

Antibacterial activity

The most common bacterial agents that cause skin and
soft tissue infections are S. aureus, including methicillin-
resistant forms (MRSA) and Panton Valentine Leukocidin
Staphylococcus aureus (PVL-SA). Other implicated microor-
ganisms include P. aeruginosa, E. coli, B. anthracis and K.
pneumoniae (38-41).

In the present study, the inhibitory effect of P. grav-
eolens flower extract against a range of pathogenic bacte-
rial strains involved in skin infections was evaluated and
the results are presented in Table 4. Inhibition zone (1Z)
measurements are expressed in millimeters, ranging from
sensitive (9-14 mm) to very sensitive (15-19 mm) based on
the established criteria (42). Notably, all extracts exhibited
greater activity against Gram-positive bacteria compared
to Gram-negative counterparts. Inhibition zones ranged
from 11.0 to 29.0 mm and MIC values for sensitive strains
fell within the range of 0.25 to 2.67 mg/mL. Particularly the
hydroethanolic maceration extract exhibited pronounced
sensitivity, displaying inhibition zones ranging from 13.0 to
24.5 mm for gram-negative strains and 19.0 to 24.3 mm for

gram-positive strains. The water infusion extract show-
cased a bacteriostatic effect against P. aeruginosa, evi-
denced by a substantial 29.0 mm inhibition zone and a MIC
value of 0.50 mg/mL. This extract also exerted robust in-
hibitory effects on B. anthracis, S. aureus and S. pyogenes,
with inhibition zones in order, measuring 20.0, 20.0 and
22.0 mm in diameter and MIC values of 0.75, 0.70 and 1.16
mg/mL. Conversely, ESBL-EC, E. coli and K. pneumoniae
demonstrated heightened resistance against the extracts,
with inhibition diameters ranging from 11.0 to 15.0 mm.

Table 1 lists the inhibition diameters of gentamicin,
amikacin, ampicillin, oxacillin, tetracycline and vancomy-
cin of 20, 18, 16, 14, 22 and 20 mm respectively, against P.
aeruginosa. Conversely, S. pyogenes showed resistance to
ampicillin, oxacillin, tetracycline and vancomycin but dis-
played sensitivity to the tested P. graveolens flower ex-
tracts. This discovery therefore adds considerable poten-
tial value regarding its pharmaceutical and dermatological
applications. Furthermore, MRSA and PVL.SA showed lower
MICs, ranging from 2.67 to 0.83 mg/mL and from 0.33 to
1.08 mg/mL respectively. Phenolic compounds such as
kaempferol, quercetin, protocatechuic acid and caffeic
acid, have been proven to be potent antibacterial agents
against clinical strains of S. aureus and MRSA (43). These
compounds, with their phenolic hydroxyl groups, show a
strong affinity for protein binding, potentially inhibiting
bacterial enzymes and increasing their interaction with
cytoplasmic membranes.

Conclusion

The present study demonstrated that P. graveolens flower

Table 4. Antibacterial activity of P. graveolens flower extracts, expressed by inhibition zone in mm and minimum inhibitory concentration in mg/mL

Sonication Maceration Infusion
Strains Methods
EtOH-H.0 EtOH EtOH-H.O EtOH H.0
1z 22.5%0.1* 24.5+0.1% 24.5+0.1% 26.0+£0.3*¢ 29.0+0.1°
P. aeruginosa
MIC 0.25+0.00* 0.25+0.00* 0.25+0.00* 0.25+0.00* 0.50+0.00*
1z 20.5+0.1? 19.5+0.1° 19.0+0.1° 19.5+0.1° 20.0+0.0°
S. aureus
MIC 0.37+0.18 0.25+0.00* 0.25+0.00* 0.25+0.00* 0.70+0.35°
E coli 1z 13.5+0.2° 13.5+0.3° 14.0+0.2° 16.5+0.1° 15.0+0.0°
. coli
MIC >16 >16 >16 >16 >16
1Z 20.0+0.1° 23.5+0.1° 20.0+0.2° 20.0+0.1° 20.0+0.12
B. anthracis
MIC 0.37+0.17° 0.50 +0.00° 0.25+0.00° 0.25+0.00° 0.75+0.35°
1Z 14.0+0.5° 11.0+0.22 14.0+0.5° 13.0+0.3? 12.0+0.0*
K. pneumoniae
MIC >16 >16 >16 >16 >16
1Z 15.0+1.0° 14.0+0.1* 13.0+0.7° 11.0+0.0° 15.0+1.1*
BLSE-EC
MIC >16 >16 >16 >16 >16
1Z 11.0+0.1* 13.0+0.0° 15.0+0.2° 11.0+£0.0* 10.0 £0.0¢
MRSA
MIC 2.67+1.15° 1.67+0.58* 0.83+0.29° 2.16+1.75° 2.33+£1.52°
s 1Z 21.3+0.6* 21.3+0.6% 243+1.2° 22.7+1.5% 19.3+0.6°
PVL-
MIC 0.41+0.14° 0.41+0.14° 0.33+1.14° 1.08 +0.872 0.58 +0.38°
1Z 22.3+0.6° 21.0+0.0* 24.0+0.0° 22.0+0.0° 22.0+0.1°
S. pyogenes
MIC 0.50+0.43° 0.22+0.28° 0.29+0.19% 1.67 £0.58° 1.16+0.77%

Values are expressed as means + standard error (n = 3). Letters in the same row are statistically significant at p <0.05. MIC: Minimum inhibitory concentration, 1Z:
Inhibition zone. B. anthracis: Bacillus anthracis, E. coli : Escherichia coli, ESBL-EC: Escherichia coli producing extended spectrum B-lactamase, MRSA: Methicillin-
resistant Staphylococcus aureus, P. aeruginosa: Pseudomonas aeruginosa, PVL-SA: Panton-valentine leukocidin Staphylococcus aureus, S. aureus: Staphylococcus
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extracts are abundant in phenolic compounds when ex-
tracted by sonication and hydroethanolic maceration. Fur-
thermore, P. graveolens extracts show strong antioxidant
activity, particularly in DPPH and FRAP assays and signifi-
cant inhibition of Gram-positive bacteria, including re-
sistant strains such as MRSA and PVL-SA. Resistant strains
such as MRSA and S. pyogenes in particular showed great-
er sensitivity to the extracts as compared to antibiotics.
The high content of phenolic compounds probably con-
tributes to this antibacterial effect, underlining the poten-
tial of these extracts in pharmaceutical and dermatologi-
cal applications against resistant bacterial infections. Fu-
ture studies are required to identify and isolate the active
compound behind the potent antibacterial activity.

Acknowledgements

The authors express their sincere gratitude to the Universi-
ty Hospital Center Hassan Il for its invaluable support and
contributions to this research project. We also thank the
pharmaceutical industry Zenith Pharma in Casablanca, for
their cooperation in providing certain reagents used in this
study.

Authors’ contributions

NE and AZ were responsible for the study design and man-
uscript preparation. NE, IZ and HB conducted the labora-
tory experiments and data analysis. All authors reviewed
and approved the final version of the manuscript.

Compliance with ethical standards

Conflict of interest: The authors have no conflicts of inter-
est to declare.

Ethical issues: None

Declaration of generative Al and Al-assisted tech-
nologies in the writing process

During the preparation of this work, the author(s) used
GPT-3.5 in order to improve language and readability, with
caution. After using this tool/service, the author(s) re-
viewed and edited the content as needed and take(s) full
responsibility for the content of the publication.

References

1. Hassani L, Sahel H. Enquéte sur ['activité de consultations en
dermatologie entre le secteur public et privé. [ Survey of derma-
tology consultations between the public and private sectors].
Doctoral Thesis in Medicine, Faculty of Medicine in Constantine
3, Salah Boubnider University. 2023. https://dspace.univ-
constantine3.dz/jspui/bitstream/123456789/5372/1/THESE%
20Dr%20HASSANI.pdf

2. Dziri S, Azzabi A, Tlili G, Sahtout W, Azouz M, Aicha NB, et al.
Dermatological conditions seen in kidney transplant recipients:
prevalence and risk factors. Exp Clin Transplant. 2024;22(Suppl
1):310-14. https://doi.org/10.6002/ect. MESOT2023.P108

10.

11.

12.

13.

14.

15.

16.

Mouad S. Infections bacteriennes cutanees: epidemiologie et
nouvelles recommandations de prise en charge. [Bacterial skin
infections: epidemiology and new management recommenda-
tions]. Doctoral Thesis in Medicine, M1472021, Faculty of Medi-
cine and Pharmacy, Mohammed V University in Rabat. 2021.
https://toubkal.imist.ma/handle/123456789/29956

Elachouri M, Kharchoufa L, Fakchich J, Lorigooini Z, Subhasis P,
Subhash M. Ancestral phytotherapeutic practices in Morocco:
regards on history, current state, regulatory and safety of com-
monly used herbal medicine. Arabian Journal of Chemical and
Environmental Research. 2021;8(1):133-49. https://
www.mocedes.org/ajcer/volume8/AJCER-09-Elachouri-
2021.pdf

Radi FZ, Khamar H, Remok F, Amine S, Drioiche A, Aoudry S, et
al. Aromatic and medicinal plants in the Ifrane region
(Morocco): Floristic diversity, with special emphasis on ethno-
botanical and socioeconomic studies of six spontaneous plants.
J Pharm Pharmacogn Res. 2022;10(3):517-50. https://
doi.org/10.56499/jppres21.1331_10.3.517

Salem AB, Boujraf A, Dallahi Y, El Aboudi A. Contribution to the
evaluation of the biomass of medicinal and aromatic plants in
Morocco: Case of Globularia alypum. Biosystems Diversity.
2023;31(4):535-41. https://doi.org/10.15421/012363

Hiben MG. Trends of traditional medicine research and drug
discovery: A review. Int J Pharmacogn. 2023;11(2):534-53.
https://doi.org/10.13040/IJPSR.0975-8232.1JP.10(11).534-53

Anand U, Jacobo-Herrera N, Altemimi A, Lakhssassi N. A com-
prehensive review on medicinal plants as antimicrobial thera-
peutics: potential avenues of biocompatible drug discovery.
Metabolites. 2019;9(11):258. https://doi.org/10.3390/
metabo09110258

Dubey N, Kumar R, Tripathi P. Global promotion of herbal medi-
cine: India's opportunity. Curr Sci. 2004;86(1):37-41. https://
www.jstor.org/stable/24109515

Miller DM. The taxonomy of Pelargonium species and cultivars,
their origins and growth in the wild. Geranium and Pelargoni-
um: CRC Press. 2002; p. 61-91. https://www.taylorfrancis.com/
chapters/edit/10.1201/9780203216538-13/taxonomy-
pelargonium-species.

Xu Z, Deng M. Geraniaceae. In: Identification and Control of
Common Weeds: Volume 2. Springer, Dordrecht; 2017. https://
doi.org/10.1007/978-94-024-1157-7_45

Chraibi M, Fikri-Benbrahim K, Amrani M, Farah A, Bari A, Ouariti-
ni ZB. Etude éthnobotanique sur 'utilisation de Mentha pule-
gium, Mentha piperita et Pelargonium graveolens au nord du
Maroc (Taounate) et évaluation de leur pouvoir antimicrobien.
[Ethnobotanical study on the use of Mentha pulegium, Mentha
piperita and Pelargonium graveolens in northern Morocco
(Taounate) and evaluation of their antimicrobial properties].
Eur Sci J. 2018;14(24):113-33. https://doi.org/ 10.19044/
€sj.2018.v14n24pl14

Asgarpanah J, Ramezanloo F. An overview on phytopharmacol-
ogy of Pelargonium graveolens L. Indian J Tradit Knowl. 2015;14
(4):558-63. https://api.semanticscholar.org/CorpusID:55701384

Lister E, Wilson P. Measurement of total phenolics and ABTS
assay for antioxidant activity (personal communication). Crop
Research Institute, Lincoln, New Zealand. 2001;7:235-59.
https://doi.org/ 10.1016/j.apjtm.2017.07.024

Moutawalli A, Benkhouili FZ, Ouchari L, El Fahime E, Benzeid H,
Doukkali A, Zahidi A. Quantitative phytochemical, antioxidant
and antimicrobial properties of the seeds of Lawsonia inermis L.
Plant Science Today. 2024;11(2):105-16. https://
doi.org/10.14719/pst.2834

Djeridane A, Yousfi M, Nadjemi B, Boutassouna D, Stocker P,
Vidal N. Antioxidant activity of some Algerian medicinal plants

Plant Science Today, ISSN 2348-1900 (online)


https://dspace.univ-constantine3.dz/jspui/bitstream/123456789/5372/1/THESE%20Dr%20HASSANI.pdf
https://dspace.univ-constantine3.dz/jspui/bitstream/123456789/5372/1/THESE%20Dr%20HASSANI.pdf
https://dspace.univ-constantine3.dz/jspui/bitstream/123456789/5372/1/THESE%20Dr%20HASSANI.pdf
https://doi.org/10.6002/ect.MESOT2023.P108
https://toubkal.imist.ma/handle/123456789/29956
https://www.mocedes.org/ajcer/volume8/AJCER-09-Elachouri-2021.pdf
https://www.mocedes.org/ajcer/volume8/AJCER-09-Elachouri-2021.pdf
https://www.mocedes.org/ajcer/volume8/AJCER-09-Elachouri-2021.pdf
https://doi.org/10.56499/jppres21.1331_10.3.517
https://doi.org/10.56499/jppres21.1331_10.3.517
https://doi.org/10.15421/012363
https://doi.org/10.13040/IJPSR.0975-8232.IJP.10(11).534-53%20
https://doi.org/10.3390/metabo9110258
https://doi.org/10.3390/metabo9110258
https://www.jstor.org/stable/24109515
https://www.jstor.org/stable/24109515
https://www.taylorfrancis.com/chapters/edit/10.1201/9780203216538-13/taxonomy-pelargonium-species.
https://www.taylorfrancis.com/chapters/edit/10.1201/9780203216538-13/taxonomy-pelargonium-species.
https://www.taylorfrancis.com/chapters/edit/10.1201/9780203216538-13/taxonomy-pelargonium-species.
https://doi.org/10.1007/978-94-024-1157-7_45
https://doi.org/10.1007/978-94-024-1157-7_45
https://doi.org/%2010.19044/esj.2018.v14n24p114
https://doi.org/%2010.19044/esj.2018.v14n24p114
https://api.semanticscholar.org/CorpusID:55701384
https://doi.org/%2010.1016/j.apjtm.2017.07.024
https://doi.org/10.14719/pst.2834
https://doi.org/10.14719/pst.2834

EL-OTMANI ETAL

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

extracts containing phenolic compounds. Food Chemistry.
2006;97(4):654-60. https://doi.org/10.1016/
j.foodchem.2005.04.028

RibéreauGayon P, Stonestreet E. Dosage des tanins du vin rouge
et détermination de leur structure. [Determination of red wine
tannins and their structure]. Chimie Analytique. [Analytical
Chemistry]. 1966;48(4):188-96.

Topcu G, Ay M, Bilici A, Sarikiirkcii C, Oztiirk M, Ulubelen A. A
new flavone from antioxidant extracts of Pistacia terebinthus.
Food Chemistry. 2007;103(3):816-22. https://doi.org/ 10.1016/
j.foodchem.2006.09.028

Ait Bouzid H, Sakar EH, Bijla L, Ibourki M, Zeroual A, Gagour J, et
al. Physical fruit traits, proximate composition, antioxidant
activity and profiling of fatty acids and minerals of wild Jujube
(Ziziphus lotus L.(Desf.)) fruits from eleven Moroccan origins. J
Food Qual. 2022;14:1-15. https://doi.org/10.1155/2022/9362366

Oyaizu M. Studies on products of browning reaction antioxida-
tive activities of products of browning reaction prepared from
glucosamine. Jpn J Nutr Diet. 1986;44(6):307-15. https://
doi.org/10.5264/eiyogakuzashi.44.307

Prieto P, Pineda M, Aguilar M. Spectrophotometric quantitation
of antioxidant capacity through the formation of a phosphomo-
lybdenum complex: specific application to the determination of
vitamin E. Analytical Biochemistry. 1999;269(2):337-41. https://
doi.org/10.1006/abio.1999.4019

Jenkins SG, Schuetz AN, editors. Current concepts in laboratory
testing to guide antimicrobial therapy. Mayo Clinic Proceedings.
Elsevier. 2012. https://doi.org/ 10.1016/j.mayocp.2012.01.007

Al-Mijalli SH, Mrabti HN, Assaggaf H, Attar AA, Hamed M,
Baaboua AE, et al. Chemical profiling and biological activities of
pelargonium graveolens essential oils at three different pheno-
logical stages. Plants. 2022;11(17):2226. https://
doi.org/10.3390/plants11172226

Bouyahya A, Belmehdi O, El Jemli M, Marmouzi |, Bourais I,
Abrini J, et al. Chemical variability of Centaurium erythraea
essential oils at three developmental stages and investigation
of their in vitro antioxidant, antidiabetic, dermatoprotective and
antibacterial activities. Industrial Crops and Products.
2019;132:111-17. https://doi.org/10.1016/j.indcrop.2019.01.042

El Aanachi S, Gali L, Nacer SN, Bensouici C, Dari K, Aassila H.
Phenolic contents and in vitro investigation of the antioxidant,
enzyme inhibitory, photoprotective and antimicrobial effects of
the organic extracts of Pelargonium graveolens growing in Mo-
rocco. Biocatal Agric Biotechnol. 2020;29:101819. https://
doi.org/10.1016/j.bcab.2020.101819

Raghunath S, Budaraju S, Gharibzahedi SMT, Koubaa M, Rooh-
inejad S, Mallikarjunan K. Processing technologies for the ex-
traction of value-added bioactive compounds from tea. Food
Engineering Reviews. 2023;1-33. https://doi.org/10.1007/s12393
-023-09338-2

Su M, Jin R, Zhu J, Pei J, Chai X, Wang Y, et al. Investigation of
the microstructure and dynamical evolution following gradient
hydration of deep eutectic solvent, with application to polyphe-
nol extraction. ACS Sustain Chem Eng. 2024. https://
doi.org/10.1021/acssuschemeng.3c05709

Chebil L, Humeau C, Anthoni J, Dehez F, Engasser J-M, Ghoul M.
Solubility of flavonoids in organic solvents. J Chem Eng Data.
2007;52(5):1552-56. https://doi.org/10.1021/je7001094

Xiao J. Dietary flavonoid aglycones and their glycosides: Which
show better biological significance?. Crit Rev Food Sci Nutr.
2017;57(9):1874-905.
https://doi.org/10.1080/10408398.2015.1032400

Tsao R, McCallum J. Chemistry of flavonoids. In: Fruit and Vege-

table Phytochemicals. Blackwell Publishing. 2010;131-53.
https://doi.org/10.1002/9780813809397.ch5

32.

33.

34,

35.

36.

37.

38.

39.

40.

41.

42.

43.

Kahkeshani N, Farzaei F, Fotouhi M, Alavi SS, Bahramsoltani R,
Naseri R, et al. Pharmacological effects of gallic acid in health
and diseases: A mechanistic review. Iranian Journal of Basic
Medical Sciences. 2019;22(3):225. https://doi.org/10.22038/
ijbms.2019.32806.7897

Ghareib HRA, Abdelhamed MS, Ibrahim OH. Antioxidative effects
of the acetone fraction and vanillic acid from Chenopodium
murale on tomato plants. Weed Biol Manag. 2010;10(1):64-72.
https://doi.org/10.1111/j.1445-6664.2010.00368.x

Kashyap D, Sharma A, Tuli HS, Sak K, Punia S, Mukherjee TK.
Kaempferol-A dietary anticancer molecule with multiple mech-
anisms of action: Recent trends and advancements. J Funct
Foods. 2017;30:203-19. https://doi.org/10.1016/].jff.2017.01.022

Buranasudja V, Muangnoi C, Sanookpan K, Halim H, Sritularak
B, Rojsitthisak P. Eriodictyol attenuates H.0»-Induced oxidative
damage in human dermal fibroblasts through enhanced capaci-
ty of antioxidant machinery. Nutrients. 2022;14(12):2553.
https://doi.org/10.3390/nu14122553

Leal Filipe P. Sur les mécanismes moléculaires de l'action des
flavonoides lors d'un stress oxydant ou photooxydant. [On the
molecular mechanisms of flavonoid action during oxidative or
photooxidative stress]. Doctoral Thesis, Paris 7. 2005. https://
theses.fr/2005PA077204

Zhao W, Subbiah V, Xie C, Yang Z, Shi L, Barrow C, et al. Bioac-
cessibility and bioavailability of phenolic compounds in sea-
weed. Food Reviews International. 2023;39(8):5729-60. https://
doi.org/10.1080/87559129.2022.2094404

M’Hiri N. Etude comparative de l'effet des méthodes d’extrac-
tion sur les phénols et l'activité antioxydante des extraits des
écorces de I'orange «Maltaise demi sanguine» et exploration de
Ueffet inhibiteur de la corrosion de [’acier au carbone.
[Comparative study of the effect of extraction methods on the
phenols and antioxidant activity of extracts from the peel of the
"Maltese half-blood" orange and exploration of the corrosion-
inhibiting effect on carbon steel]. Doctoral Thesis, INAT, Tunis.
2015.http://docnum.univ-lorraine.fr/public/
DDOC_T_2015_0183_M_HIRI.pdf

Brook I. Microbiology of polymicrobial abscesses and implica-
tions for therapy. J Antimicrob Chemother. 2002;50(6):805-10.
https://doi.org/10.1093/jac/dkg009

Percival SL, Emanuel C, Cutting KF, Williams DW. Microbiology
of the skin and the role of biofilms in infection. Int Wound J.
2012;9(1):14-32.
https://doi.org/10.1111/j.1742-481X.2011.00836.x

Kumari S, Harjai K, Chhibber S. Efficacy of bacteriophage treat-
ment in murine burn wound infection induced by Klebsiella
pneumoniae. J Microbiol Biotechnol. 2009;19(6):622-28. https://
doi.org/10.4014/jmb.0808.493

Krapp F, Morris AR, Ozer EA, Hauser AR. Virulence characteristics
of carbapenem-resistant Klebsiella pneumoniae strains from
patients with necrotizing skin and soft tissue infections. Sci Rep.
2017;7(1):1-14. https://doi.org/10.1038/s41598-017-13524-8

Moreira M, Ponce A, Del Valle C, Roura S. Inhibitory parameters
of essential oils to reduce a foodborne pathogen. LWT-Food
Science and  Technology. 2005;38(5):565-70.  https://
doi.org/10.1016/j.lwt.2004.07.012

Miklasinska-Majdanik M, Kepa M, Wojtyczka RD, Idzik D, Wasik
TJ. Phenolic compounds diminish antibiotic resistance of
Staphylococcus aureus clinical strains. Int J Environ Res Public
Health. 2018;15(10):2321. https://doi.org/10.3390/
ijerph15102321

https://plantsciencetoday.online


https://plantsciencetoday.online
https://doi.org/10.1016/j.foodchem.2005.04.028
https://doi.org/10.1016/j.foodchem.2005.04.028
https://doi.org/%2010.1016/j.foodchem.2006.09.028
https://doi.org/%2010.1016/j.foodchem.2006.09.028
https://doi.org/10.1155/2022/9362366
https://doi.org/10.5264/eiyogakuzashi.44.307
https://doi.org/10.5264/eiyogakuzashi.44.307
https://doi.org/10.1006/abio.1999.4019
https://doi.org/10.1006/abio.1999.4019
https://doi.org/%2010.1016/j.mayocp.2012.01.007
https://doi.org/10.3390/plants11172226
https://doi.org/10.3390/plants11172226
https://doi.org/10.1016/j.indcrop.2019.01.042
https://doi.org/10.1016/j.bcab.2020.101819
https://doi.org/10.1016/j.bcab.2020.101819
https://doi.org/10.1007/s12393-023-09338-2
https://doi.org/10.1007/s12393-023-09338-2
https://doi.org/10.1021/acssuschemeng.3c05709
https://doi.org/10.1021/acssuschemeng.3c05709
https://doi.org/10.1021/je7001094
https://doi.org/10.1080/10408398.2015.1032400
https://doi.org/10.1002/9780813809397.ch5
https://doi.org/10.22038/ijbms.2019.32806.7897
https://doi.org/10.22038/ijbms.2019.32806.7897
https://doi.org/10.1111/j.1445-6664.2010.00368.x
https://doi.org/10.1016/j.jff.2017.01.022
https://doi.org/10.3390/nu14122553
https://theses.fr/2005PA077204
https://theses.fr/2005PA077204
https://doi.org/10.1080/87559129.2022.2094404
https://doi.org/10.1080/87559129.2022.2094404
http://docnum.univ-lorraine.fr/public/DDOC_T_2015_0183_M_HIRI.pdf
http://docnum.univ-lorraine.fr/public/DDOC_T_2015_0183_M_HIRI.pdf
https://doi.org/10.1093/jac/dkg009
https://doi.org/10.1111/j.1742-481X.2011.00836.x
https://doi.org/10.4014/jmb.0808.493
https://doi.org/10.4014/jmb.0808.493
https://doi.org/10.1038/s41598-017-13524-8
https://doi.org/10.1016/j.lwt.2004.07.012
https://doi.org/10.1016/j.lwt.2004.07.012
https://doi.org/10.3390/ijerph15102321
https://doi.org/10.3390/ijerph15102321

