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Abstract: Geraniaceae are typically used as diuretic, anti-
diarrhoeal, stomachic, and anti-hemorrhagic drugs. This
study examined the phytochemicals and bioactivities in

methanolic extract (ME) and petroleum ether extract (PEE)
of the Erodium trifolium aerial part. Inductively coupled
plasma mass spectrometry was used to assess the mineral
profiles, high-performance liquid chromatography coupled
with mass spectrometry (HPLC-MS) and high-performance
liquid chromatography with diode-array detection (HPLC-
DAD) were used to assess the phenolic content of ME, and
gas chromatography-mass spectrometry (GC-MS) was used to
assess the fatty acid and volatile composition of the PEEs.
In addition, the bioactivities of extracts were evaluated by
using the 1,1-diphenyl-2-picrylhydrazyl, ABTS, and cupric
reducing antioxidant capacity assays, including enzyme inhi-
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bition against acetylcholinesterase (AChE), butyrylcholines-
terase (BChE), α-amylase, α-glucosidase activities, and anti-
bacterial properties. HPLC-MS identified eight compounds
in ME: rutin, catechin, and caffeine were the major phenolic
compounds detected. HPLC-DAD analysis showed that 11 com-
pounds detected among epicatechin, catechin, chlorogenic
acid, and gallic acid were predominant. GC-MS analysis
revealed 30 fatty acids in PEE, with palmitic acid and oleic
acid being predominant. The mineral content showed that
Fe was the abundant microelement, and Ca and K were
the abundant macroelements. The ME exhibited the highest
activity compared to the PEE in all tests regarding antioxidant
and antibacterial activities. Furthermore, all the extracts
showed moderate inhibition against AChE, BChE, α-amylase,
and α-glucosidase. In conclusion, E. trifoliummay be employed
to separate novel bioactive metabolites with potential pharma-
ceutical activities.

Keywords: Erodium trifolium, phenolic compounds, HPLC-
DAD, fatty acid, minerals, biological activity

1 Introduction

The etymology of the Erodium genus is derived from the
Greek word “Erodius,” which means heron (signified fruit
with a long beak); for that reason, the genus is commonly
known as “Heron’s Bill” [1]. This genus belongs to the Ger-
aniaceae, a cosmopolitan family, but is mainly found in
temperate zones [2]. The plants of this genus are annual,
perennial (sometimes biennial), inerminous, or subshrubs
[3]. A major center of Erodium diversity is found in the
Mediterranean basin region (about 63 species), where it
grows in mountainous and disturbed areas, while other
regions have only a few native species: one in North
America, one in South America, five in Australia, and
four in Asia [4]. In North Africa (Algeria, Morocco, Tunisia,
Libya, and Egypt), there are 134 taxa in the genus Erodium,
the majority of which are recognized in Morocco (37 taxa)
and Algeria (35 taxa). Among these taxa, three are endemic
to Algeria [5]. Erodium trifolium (Cav.) Guitt. was first
described as endemic to Algeria as Geranium geifolium
Desf., then taken by Quézel and Santa [6] under E. hyme-
nodes L’Her. It was subsequently retained for Morocco and
Tunisia as E. trifolium endemic to these three countries
(Algeria, Tunisia, and Morocco). In Algeria, the species is
mainly found in the rocky areas of the high mountains of
Oran, Algiers, and Constantine, going up to the highlands,
including the mountains of Djelfa, where it becomes very
rare [6]. E. trifolium is an annual plant, perennial herb, or
subshrub. The leaves are simple or compound, arranged

alternately or oppositely, divided palmately or pinnately,
and divided up to 2 × 3 rounded crenelated lobes; flowers
are dark pink, primarily bisexual, actinomorphic, solitary,
or in inflorescences arranged in cymes and pseudoumbels
[6]. The seeds are pendulous, mostly with little endosperm
or exalbuminous. The schizocarpic fruit is formed from
five carpels joined and attached to the capsule, enveloping
the seed at the base of the fruit [7]. At maturity, the carpels
separate elastically around a central axis (named the
beak) [8].

Erodium is used in traditional medicine in many cul-
tures. This cultural heritage was passed down from genera-
tion to generation long before modern medical practices
took place and current drug development strategies were
established [9]. The whole plant of Erodium has been used as
an astringent, to stop the bleeding of uterine and other
hemorrhages, and as an abortifacient [10]. It has also
been used to restore various diseases (indigestion, urinary
inflammation, diabetes, constipation, eczema, gastrointest-
inal, hemorrhage, skin disorders, carminatives, and ana-
sarca) [11]. E. trifolium extracts were also used in traditional
medicine as diuretic, anti-diarrhoeal, stomachic, and anti-
hemorrhagic drugs [12]. In Algeria, few ethnobotanical stu-
dies reported traditional uses of Erodium species, Wang
et al. [13] reported traditional uses of E. glaucophyllum L.
in the Algerian desert against diarrhea, colds, influenza, and
respiratory system disorders.

Nowadays, the exploration of bioactive substances
from the genus of Erodium is considered a novel source
of bioactive compounds and has been gaining attention
over the last few decades [13]. The extraction is an impor-
tant factor in the recovery of antioxidant compounds
[14,15]. From a phytochemical point of view, Fecka and
Cisowski [12] demonstrated that the main phenolic com-
pounds present in Erodium were gallic acid, protocatechic
acid, ellagic acid, corilagin, geraniin, isoquercetin, methyl
gallate 3-O-β-D-glucopyranoside, and rutoside by using two
analytical methods: mass spectrometry (MS) and nuclear
magnetic resonance (NMR). Tannins, sugars (galactose,
fructose, and glucose), catechins, amino acids (glutamic
acid, alanine, tyrosine, proline, tryptophan, histidine, and
glycine), and vitamins K and C were identified in the
extracts of some Erodium species (E. cicutarium) [16,17].

However, the predominant phenolic compounds vary
between species, and it is also mentioned that Erodium con-
tains essential oils [11]. It is also relevant to mention that
Erodium spp. contains essential oils. Lis-Bachlin and Hart
[18] identified the following volatile compounds: methyl
eugenol, geraniol, citronellol, isomenthone, and linalool.
Generally, Erodium spp. is a rich source of natural antiox-
idants, phenolic compounds, and other secondary plant
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metabolites. The information from the literature indicated,
particularly for phenolic composition and antioxidant potential,
that Erodium species and solvent composition are the relevant
factors to be considered. At the moment, the phytochemical
composition of Erodium spp. needs to be better investigated
to find more data on polyphenols, antioxidant compounds,
essential oils, and other compounds.

A recent study [19] suggested that Erodium spp. is a
discernible source of antimicrobial and antioxidant compo-
nents with significant usefulness for medicinal purposes. It
seems, therefore, that the anti-inflammatory potential of the
Erodium spp. extracts require more research because of the
limited number of published in vitro and in vivo studies [20].
However, except for some works carried out on E. glauco-
phyllum [21], there are almost no studies exploring the com-
position and chemical properties of Erodium species native
to Algeria, especially those endemics. The present study
pointed to carrying out phytochemical profiling through a
qualitative and quantitative analysis using gas chromato-
graphy-mass spectrometry (GC-MS), high-performance liquid
chromatography coupled with mass spectrometry (HPLCMS),
and high-performance liquid chromatography with diode-
array detection (HPLC-DAD), antioxidant, antimicrobial, and
anti-enzymatic activities, and mineral analyses of E. trifolium
extracts, endemic to North Africa and growing in Algeria.

2 Materials and methods

2.1 Chemicals and reagents

The measurements of bioactivity were performed on a 96-
well microplate reader (SpectraMax 340PC384, Molecular
Devices, USA). The results were then treated using Softmax
PRO v5.2 software. GC-MS analyses were accomplished with
the aid of Varian Saturn 2100T coupled with 3900GC (USA).
Ammonium acetate, boron trifluoride–methanol complex,
copper(II) chloride, ethanol, ferrous chloride, methanol,
n-hexane, pyrocatechol, and quercetin were obtained from
E. Merck (Darmstadt, Germany). 1,1-Diphenyl-2-picrylhydrazyl
(DPPH), 3-(2pyridyl)-5,6-di(2-furyl)-1,2,4-triazine-5′,5″-dis-
ulfonic acid disodium salt (Ferene), 4-N-nitrophenyl-a-D-gluco-
pyranoside (PNPG), 5,5′-dithiobis (2 fatty acids and activities of
4 Serratula species, 88 nitrobenzoic) acetic acid, acetonitrile,
acetylcholinesterase (AChe) from electric eel (Type-VI-S, EC
3.1.1.7, 425.84 U/mg; Sigma), acetylthiocholine iodide acid
DTNB, amoxicillin (AMC), amphotericin B (AMB), ascorbic
acid, butylatedhydroxyl anisole (BHA), butyrylcholinesterase
(BChE) from horse serum (EC 3.1.1.8, 11.4 U/mg; Sigma), butyr-
ylthiocholine chloride, caffein, catechin, cefazolin (CZ), cefoxitin

(FOX), ceftriaxon (CRO), chloroform, chlorohydricacid,Dragendorff’s
reagent (potassium bismuth iodide composed of basic bis-
muth nitrate [Bi(NO₃)₃]), Folin–Ciocalteu’s reagent, formic
acid, galantamine, gallic acid, hydrochloric acid, hydrogen
peroxide, iodine, isoamyl alcohol, kojic acid, 3,4-dihydroxy-
D-phenylalanine, magnesium turnings, Mayer’s reagent
(composed of mercuric chloride, potassium iodide [KI]),
Mueller–Hinton (MH) agar, neocupron, nitric acid, nicotina-
mide, petroleum ether, phosphate buffer, polytetrafluor-
oethylene, KI), potassium persulfate, rutin, sinapic acid,
sodium acetate, sodium carbonate, sodium chloride, sodium
hydroxide, sodium phosphate, Stiasny’s reagent, sulfuric
acid, tartaric acid, tyrosinase from mushroom (EC 232-653-4,
250 KU, ≥1,000 U/mg solid; Sigma), vanillin, α-amylase,
α-glucosidase, and α-tocopherol were obtained from Sigma
Chemical Co. (Sigma-Aldrich GmbH, Sternheim, Germany).
Escherichia coli ATCC 8739, Pseudomonas aeruginosa ATCC
9027, and Staphylococcus aureus (MRSA) ATCC 34300 were
obtained from the Pasteur Institute of Msila (Algeria). All
other chemicals and solvents were of analytical grade.

2.2 Plant materials

The stems, leaves, and flowers of the plant E. trifolium
(Cav.) are its aerial parts. The Guitt. were collected in
Bou Taleb, Setif province, Algeria, in April 2021, at an alti-
tude of 680 m, with geolocation coordinates N 35.6686°, W
5.3243°. Professor Rebbas K. utilized the available literature
and assistance from Algeria Flora to conduct botanical iden-
tification. An archived specimen (No KR0044) has been
stored in K. Rebbas’ personal herbarium at the Natural
and Life Sciences Department, University of M’sila, Algeria
(Figure 1).

2.3 Phytochemical screening

Phytochemical screening involves qualitative analysis uti-
lizing colorimetric reactions and precipitation to identify
major chemical groups, categorized as noticeable positive
reactions (+++), positive reactions (++), moderate positive
reactions (+), or adverse reactions (−). Tannin’s presence
was assessed using various tests: adding 1mL of the metha-
nolic extract (ME) to 1% FeCl3 for green or dark blue colora-
tion; boiling a 5mL extract with concentrated hydrochloric
acid for catechin tannins indicated by a red precipitate, and
employing Stiasny’s reagent followed by FeCl3 solution (1%)
for gallic tannins, revealed by a precipitate [22]. Flavonoid
detection involved adding 1mL of the extract to 1mL of hydro-
chloric acid and then adding some magnesium turnings and
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1 mL of isoamyl alcohol, with red indicating flavonols,
orangish pink indicating flavones, and purplish pink indi-
cating flavonols [22]. Sterols were identified through a red-
dish-brown ring formed by adding 1mL of sulfuric acid
(H2SO4) to 1mL of extract [23]. Alkaloids were detected using
1mL of Dragendorff’s reagent with 1mL of each extract, with
smoky orange coloration indicating alkaloids in Dragendorff’s
test and yellowish coloration inMayer’s test [24]. The presence
of saponosides following vigorous shaking of 0.2mL of the
extract with 5mL of distilled water indicated saponins [24],
while a temporary red coloration after adding 1mL of extract
to a few drops of dilute iodine solution suggested phenolic
compounds [24]. Coumarin was detected by the appearance
of a yellow color after mixing 0.5mL of extract volume with
0.2mL of NaOH and chloroform [24].

2.4 Preparation of crude extracts

Before extraction, plant material was cleaned and dried
in a well-ventilated, humidity-free environment at room

temperature for 7 days, avoiding direct exposure to sun-
light. The dried aerial parts thus obtained were crushed
into a fine powder using an electric milling machine to be
used thereafter to prepare the extracts. To extract polyphe-
nols, the air-dried powdered material of the plant (20 g)
was macerated at room temperature three times in 200mL
of methanol for 72 h [25]. The solvent used was commonly
renewed at the start of all attempts upon evaporation under a
vacuum [25]. In the case of fatty acids and volatile compo-
nents, extraction was carried out using a Soxhlet apparatus
using 1 L of petroleum ether (six cycles) (60°C), and the lipo-
philic compounds were obtained after removing the solvent
by evaporation [25]. The filtrates were finally stored at 4°C
until use.

2.5 HPLC-DAD analysis

The phenolic components present in the ME of E. trifolium
were analyzed using a Shimadzu reversed-phase HPLC-
DAD system (Shimadzu Cooperative, Japan) using a

Figure 1: Illustration of E. trifolium plant: (a) and (b) photos taken by K. Rebbas (Zone of Bou Taleb, 21/4/2020), and (c) plant deposited on the
herbarium board of Faurel (Zone of Bou Taleb, 23/5/1937).
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validated method based on 27 standards [26]. Separation
was performed on an Inertsil ODS-3 column (4 μm film
thickness, Inertsil, 150 mm × 4.0 mm) and an Inertsil ODS-
3 guard column; the column temperature was set at 40°C. A
stock solution (8 mg/mL) of each extract was prepared in
methanol/water (80/20, v/v). The stock solutions were pre-fil-
tered using disposable LC disc filters (Agilent 0.45 µm). The
0.5% acetic acid in water (A) and methanol (B) were used as
the mobile phase. The gradient elution was programmed and
lasted for 40min: 0–0.01min (0–20% B); 0.01–2min (20–60% B);
2–15min (60–80% B); 15–30min (100% B); 3–35min (100–10%
B); and 35–40min (10–0%B). The flow ratewas 1.5mL/min, and
20 μl of the sample was introduced. Twenty microliters of the
sample were injected. Identification was performed using a
diode array detector (DAD) in the 230–350 nm range and
referred to each commercial standard’s UV data and retention
times (RTs). All samples and standards were filtered using Agi-
lent 0.45 µm filters. Three replicates were performed for every
analysis. Phenolic products were recognized after comparison
of their times of retention, with findings presented as mg/g dry
weight of extract.

2.6 Analysis using HPLC-MS

HPLC system equipped with MS detection was utilized for
chromatographic analysis of the methanolic extracted por-
tion of E. trifolium. The HPLC YL-Clarity 9100 series has a C18
reversed-phase HPLC column made up of silicon dioxide par-
ticles with an apolar hydrocarbon item attached to them. Ten
milligrams of methanolic extracted portion were mixed with
2 mL of methanol, treated with sonication for 60min, and
then passed through a microfilter (0.45 µm). Reverse-phase
HPLC categorizes various phytochemical categories based
on their polarity (ranging from moderate to apolar) within
one chromatogram. Next, the ME was introduced inside a
gradient pump that was linked to a photodiode detector.
The flow rate was set at 1mL/min, with a pressure of
245 bar, and operating at a temperature of 25°C. A C18 column
(4.6mm × 250mm) was used for separation, with a gradient
system of acidified water and 1% formic acid-acetonitrile. The
solvent used was 1% formic acid mixed with water (v/v:
“eluent A”) and pure acetonitrile (v/v: “eluent B”), with a
linear gradient starting at A 95% (B: 5%) at 0min, A 60% (B
40%) at 50min, and A 5% (B 95%) at 60min. The extracts were
analyzed at a wavelength of 254 nm. The compounds of the
plant were identified and quantified, and each molecule was
based on the RT, absorption spectrum, and chromatographic
peak area by direct comparison with different concentrations
of relatively pure standards [27].

2.7 Methylation and analysis of fatty acids,
volatiles, and other apolars using GC-MS
and GC-FID

About 25 mg of petroleum ether extract (PEE) of E. trifolium
were thawed in 2 mL of 0.5 N NaOH in a 25 mL flask. The
bottle was sealed and warmed in a water basin for 5 min,
taken out, cooled, and reacted with 2 mL of boron tri-fluor-
ide–methanol complex (BF3–MeOH). The blend was cov-
ered and heated again in a boiling aqueous bath at 80°C
for 3 min, followed by cooling and the addition of 5 mL of
a saturated solution of sodium chloride and shaken. In
the end, it was subjected to two extractions using 20 mL
of n-hexane each time. The analysis involved using a
Shimadzu GC17 AAF with a DB-1 capillary column (ID:
0.25 mm, film: 0.25 µm, length: 30 m) for GC-FID analysis.
Helium was the carrier gas flowing at 1.3 mL/min. The
temperature program began at 100°C for 5 min, then
ramped up to 238°C at a rate of 3°C min, and was main-
tained for 9 min. Injector and detector temperatures were
set at 250 and 280°C, respectively. The concentration of
fatty acid methyl esters (FAMEs) was determined using
CLASS GC10 computer software.

An ion trap analyzer Varian Saturn 2100T with a non-
polar DB-1 capillary column (ID: 0.25 mm, film: 0.25 µm;
length: 30 m) was used for GC-MS analysis. The carrier
gas, helium, flowed at 1.3 mL/min. The temperature pro-
gram mirrored that of the GC-FID analysis. Electron ioniza-
tion at 70 eV was employed. Injector, transfer line, and
detector temperatures were set at 220, 290, and 240°C,
respectively. FAMEs were identified through Nist/Wiley
2005 library searches and comparisons with fatty acid stan-
dards [28,29].

2.7.1 Mineral analyses

The samples were prepared using multiple steps and the
method outlined by Cicero et al. [30] with a few modifica-
tions. First, the gathered samples were cleaned and cut,
and then dried for 24 h at 105°C in a Nüve oven located
in Istanbul, Turkey. After being dried, the samples were
mixedwith an IKA homogenizer from Staufen (Germany) and
then sieved on a 10-mesh to obtain particles measuring
1,600 µm. The particles were later stored in sanitized poly-
ethylene containers. Deionized water (conductivity of
18.2MΩ cm−1) from a Milli-Q® system (Human Power I Plus,
Sejong-si, Korea) was used during the entire process. Every
tool was carefully disinfected using a mixture of 10% nitric
acid and deionized water. A CEM Mars 5 microwave-sealed
system from Matthews (North Carolina, United States) was
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used for the digestion step. About 0.5 g of the dried plant
material was crushed and digested with a mixture of 6mL
of 65% nitric acid (HNO3) and 2mL of 30% hydrogen peroxide
(H2O2). The Ethos 1 digester, manufactured by Milestone in
Bergamo, Italy, was used for the mineralization with the fol-
lowing settings: 1,000Wpower, temperature between 150 and
200°C, a 20-min ramp, and a 2-min hold at 100% power. Fol-
lowing cooling, the samples were filtered, mixed with 100mL
of ultra-pure water, and subsequently stored at 4°C. Mineral
levels were analyzed utilizing inductively coupled plasma
optical emission spectrometry (ICP-OES), with precision con-
firmed using SRM NIST-CRM-1203 Drinking Water, main-
taining RSD% below 8% consistently. Additionally, mineral
concentrations on a dry-weight basis were analyzed using
an Agilent 7700x ICP-MS. Blank samples were included in
the analysis to monitor for potential contamination. Detailed
operating conditions for the inductively coupled plasmamass
spectrometry (ICP-MS) analysis are provided in Table 1.

2.8 Biological activities

2.8.1 Antioxidant activity

2.8.1.1 Free radical scavenging activity on DPPH assay
The Blois [31] assay was used to determine the free DPPH
radical-scavenging capacity of the E. trifolium extracts. A
0.1 mM solution was made by dissolving 39.4 mg of DPPH in
methanol, and 4mL of this solution was combined with
1 mL of extracts in methanol at various concentrations.
After stirring the resulting solution for 30min at room
temperature in the dark, its absorbance was measured at

517 nm using a 96-well microplate reader. Butylated hydro-
xyanisole (BHA) was used as the reference for further anti-
oxidant activity comparisons. The ability to scavenge the
DPPH was determined using the following formula:

Scavenging activity % = [Abs (control) – Abs (sample)]/
Abs (control) × 100,

where Abs Sample is the absorbance of the remaining DPPH
concentration in the presence of extract and positive control,
and Abs Control is the original concentration of DPPH.

The results are reported in IC50 (g/mL), indicating the
amount of extract needed to achieve a 50% inhibition of DPPH.

2.8.1.2 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic
acid (ABTS)

The assay of Re et al. [32] was used to assess the ABTS
scavenging capacity of ME and PEE of E. trifolium. The
ABTS was prepared by reacting 2.45 mM potassium persul-
fate with 7 mM potassium ABTS in water for 12 h at room
temperature in the dark. Ethanol was used to dilute
the ABTS solution before use, yielding an absorbance of
0.703–0.025 at 734 nm using a 96-well microplate reader.
Ethanol was used as the control. The results are expressed
as IC50. A graph displaying the percentage of ABTS scavenging
effect versus sample concentration was used to estimate the
sample concentration that gave 50% ABTS scavenging effect
(IC50): ABTS scavenging effect % = [(A Control − A Sample)/A
Control] × 100, where A Sample is the absorbance of the
residual ABTS concentration in the presence of the extract
and positive control, and A Control is the starting ABTS con-
centration. The antioxidant standard BHA was utilized to
compare the activity.

2.8.1.3 Cupric reducing antioxidant capacity (CUPRAC)
With some adjustments to Öztürk and Akgün [33], the
CUPRAC test of ME and PEE of E. trifolium was conducted
using the methodology of Apak et al. [34]. Following the
addition of 60 μL of 1 M ammonium acetate buffer (NH4Ac
buffer, pH 7.0), 40 μL of sample solutions at different con-
centrations was added along with 50 μL of 7.5 mM neocu-
pron and 50 μL of 10 mM Cu(II) solution. The absorbance
was measured at 450 nm using a 96-well microplate reader
following an hour of incubation at room temperature. Each
sample was measured three times. Results are presented as
A0.50 values (g/mL), where A0.50 represents the sample con-
centration, and 0.50 represents the absorbance intensity.
BHA was employed as the benchmark antioxidant to mea-
sure activity.

Table 1: Operating conditions of the ICP-MS instrument

Instrument Agilent™ 7700x ICP-MS

RF power 1,600 W
RF match 2.10 V
Depth of sampling 10.0 nm
Nebulizer gas 0.57 L/min
S/C temperature 2°C
Type of nebulizer MicroMist
Spray chamber Scott-type double-pass
Rate of flow Plasma: 15 L/min; Auxiliary: 0.9 L/min;

Nebulizer: 1.0–1.1 L/min
Rate of solution
uptake

1.8 mL/min

Vacuum interface 4 torr, quadrupole: 2 105 torr
Acquiring data Peak hopping; replicate time, 200 ms; dwell

time, 200 ms; sweeps/reading, 3; readings/
replicate, 3; number of replicates, 3
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2.8.2 Enzyme inhibition activity

2.8.2.1 Anticholinesterase activity
The method of Ellman et al. [35] was used to assess the
enzyme inhibitory activity of ME and PEE of E. trifolium
to AChE and BChE. After mixing 150 μL of buffer with 10 μL
of sample solutions in ethanol, 20 μL of either AChE (5.32 ×
10−3 U) or BChE (6.85 × 10−3) was added to the enzyme
solution and incubated at 25°C for 15 min. Finally, 10 μL
of 0.5 mM DTNB was added. Ten microliters of either butyr-
ylthiocholine chloride (0.2 mM) or iodide acetylthiocholine
(0.71 mM) were added to start the reaction. The hydrolysis
of these substrates was observed using a 96-well micro-
plate reader every 5 min for 15 min at 412 nm. Each sample
was measured three times. Galantamine was employed as
the control, using an equal concentration of the samples
under analysis. The formula to calculate the percentage of
AChE and BChE inhibition is equal to ([enzyme activity
with no extract − enzyme activity with extract]/enzyme
activity with no extract) × 100.

2.8.2.2 α-Amylase/α-glucosidase inhibitory activities
To test the α-amylase/α-glucosidase inhibitory activity of E.
trifolium, ME and PEE were analyzed spectrophotometri-
cally by using a 96-well microplate reader [36,37]. Softmax
PRO v5.2 software (Molecular Devices, Silicon Valley) was
utilized to calculate and measure the data related to
bioactivity.

Using the method previously published by Quan
et al. [37], the α-amylase inhibitory activity of E. trifolium
ME and PEE was assessed. Slight adjustments were made
to the incubation times, reagents, volumes of reagents,
and samples used. About 50 µL of α-amylase solution
(0.1 unit/mL) was mixed with 25 µL of sample solution
in phosphate buffer (20 mM, pH = 6.9 phosphate buffer
made with 6 mM NaCl). The mixture was incubated for
10 min at 37°C. Then, 50 µL of starch solution (0.05%) was
added after pre-incubation and incubated at 37°C for
10 min. To stop the process, 100 µL of Lugol’s solution
and 25 µL HCl (0.1 M) were mixed. A microplate reader
was used to determine the absorbance at 565 nm. The stan-
dard chosen was acarbose. Based on the graph showing the
inhibitory activity of α-amylase versus sample concentration,
the concentration of the sample was determined that result in
50% inhibitory activity (IC50).

The method reported by Kim et al. [36] was used to
assess the α-glucosidase inhibitory activity of E. trifolium
ME and PEE, with a few minor modifications to incubation
periods, reagents, volumes of reagents, and samples used.
The following ingredients were combined: 25 µL of PNPG

(4-N-nitrophenyl-a-D-glucopyranoside), 50 µL of phosphate
buffer (0.01 M, pH = 6.9), 10 µL of sample solution in phos-
phate buffer (0.01 M pH = 6.9), and 25 µL of phosphate
buffer (0.01 M, pH = 6.0) containing 0.1 unit/mL of α-gluco-
sidase. For 20min, the mixture was incubated at 37°C. In
order to complete the procedure, 90 µL of Na2CO3 solution
(0.1 M) was introduced to the microplate. A microplate
reader was used to determine the absorbance at 400 nm.
Acarbose was used as a standard. The IC50 value was deter-
mined based on the graph showing the inhibitory activity
of α-glucosidase against different sample concentrations.

2.8.3 Determination of antibacterial activities

Following the recommendations of the Clinical and Laboratory
Standards Institute [38], the disc diffusion test was used to
investigate the antibacterial activity of MEs of E. trifolium.
This method was reported by Nicoletti et al. [39]. All used
equipment were autoclaved for 15 min at 121°C. Three refer-
ence strains of bacteria from the American Type Culture Col-
lection (ATCC) were used as test subjects to determine the
antibacterial activity: Escherichia coli ATCC 8739, P. aeruginosa
ATCC 9027, and S. aureus (MRSA) ATCC 34300. To obtain young
cultures and isolated colonies, bacterial strains were serially
subcultured overnight at 37°C in nutrient agar, incubated for
24h at 37°C tomaximize their growth, and then streaked to ensure
purity. Briefly, cells were resuspended in saline (1–2 × 108 cells/mL
for bacteria (0.5 McFarland) and 106 cells/mL for Candida)
and plated on MH agar in Petri dishes. Six-millimeter dia-
meter sterile Whatman paper discs were positioned on the
inoculation Petri dish surface with 10 µL of 50, 100, and
200mg/mLmethanolic extracted portion dissolved in dimethyl
sulfoxide (DMSO). The Petri dishes containing MH agar were
then incubated for 24 h at 35 (±1)°C. The growth inhibition zone
(IZD) surrounding the paper disc was measured compared to
the reference antibiotic diameter, and the activity was repli-
cated three times. The diameter is restricted to 6–14mm, on
average ranging from 14 to 20mm. DMSO-soaked Wattman
discs with AMC (30 µg), CZ (30 µg), ceftriaxone (CRO, 30 µg),
cefoxitin (FOX, 30 µg), and AMB (20 µg) were used to adjust
negative controls.

2.9 Statistical examination

The results from three independent replicates were aver-
aged for all biological tests. The information was presented
as the average plus/minus standard deviation (SD). The
results of all biological assessments represent the average
of three independent replicates. One-way analysis of
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variance (1-ANOVA) was initially applied to search for
global differences. Tukey’s HSD test was specifically used
to determine the significance of the difference between stan-
dards and extracts after multiple comparisons between
means. The results of each of the statistical analyses above
were deemed significant at p-values less than 0.05.

3 Results and discussion

3.1 Phytochemical screening results

Table 2 lists the phytochemicals screening found in E. tri-
folium extracts, such as tannins, gallic tannins, catechin tan-
nins, sterols, flavonoids, alkaloids, phenolic compounds,
saponosides, and coumarin. The highlighting of different
classes of phytochemicals allows us to have a good idea
about the phytochemistry of the plant. According to the

results of E. trifolium, ME and PEE contained alkaloids, fla-
vonoids, phenolic compounds, tannins, and coumarins in
varying concentrations. In trace amounts, traces of saponosides
were found in the MEs. The findings from the screening of
phytochemicals confirmed that themethanolic extracted portion
of E. trifolium had a higher amount of phytochemical compo-
nents compared to the PEE. According to Lis-Balchin and Hart
[18], E. cicutarium contains alkaloids. Besides, Al-Shamm and
Mitscher [40] confirmed that E. acaule, E. pelargonijlorum, and
E. laciniatum contained all alkaloids. However, negative results
were reported for E. cicutarium [41], E. ciconium, E. glauco-
phyllum [40], and E. rupestre [42], which confirms that alkaloid
synthesis is variable within species of the genus Erodium and
depends on environmental factors.

3.2 Qualitative analysis of phenolic
compounds by HPLC-MS

The results of the chemical composition of E. trifolium
obtained by HPLC-MS show that only eight compounds
were identified (Table 3 and Figure 2). Sinapinic acid, nico-
tinamide, ascorbic acid, gallic acid, vanillin, caffeine, rutine,
and catechin were found in the ME of E. trifolium. To the
best of our knowledge, no previous publications have
addressed the chemical makeup of E. trifolium. Only a few
studies attempted to identify and/or quantify phenolic che-
micals from Erodium spp. Studies on the phytochemical
composition of Erodium species have revealed the presence
of phenolic substances such as flavonoids and tannins. It
was claimed that the primary phenolic compounds in Ero-
dium petraeum, Erodium botrys, and Erodium gruinumwere
ellagic acids; however, in Erodium cicutarium and Erodium
manescavi, brevifolin predominated [11]. With the aid of

Table 2: Phytochemical screening results of ME and PEE of Erodium
trifolium

Assays Extracts

Methanolic Petroleum ether

Tannins +++ −

Gallic tannins ++ −

Catechin tannins ++ −

Sterols − +
Flavonoids +++ −

Alkaloids ++ −

Phenolic compounds +++ −

Saponosides + −

Coumarins + −

Table 3: Phenolic composition of E. trifolium MEs by HPLC-MS analysis

No RTmin Area (mV s) Height (mV) Area (%) Height (%) W05 (min) Compound

1. 3.183 95.150 10.873 0.8 2.7 0.11 Cinapic acid
2. 3.913 245.792 10.505 2.1 2.6 0.27 Nicotinamide
3. 4.513 536.915 17.501 4.5 4.4 0.65 Ascorbic acid
4. 5.453 302.943 12.561 2.5 3.1 0.37 /
5. 7.683 250.616 16.123 2.1 4.0 0.25 Gallic acid
6. 11.103 73.335 5.429 0.6 1.4 0.19 /
7. 12.327 864.639 48.525 7.3 12.1 0.53 Vanilin
8. 13.283 1001.498 63.966 8.4 16.0 0.23 Caffeine
9. 14.120 1486.119 70.164 12.5 17.5 0.52 /
10. 15.220 1374.780 76.789 11.5 19.2 0.25 Rutin
11. 28.867 5682.787 67.631 47.7 16.9 0.62 Catechin
Total 11914.575 400.068 100.0 100.0
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planar chromatography, Fecka and Cisowski [12] demon-
strated the presence of geraniin, isoquercitrin, corilagin,
and dehydrogeraniin in Erodium spp. In a different study,
Fecka and Cisowski [12] used nuclear magnetic resonance
andmass spectrometry to examine the structure of the main
phenolic compounds of E. cicutarium, including 3-O-(6″-O-gal-
loyl)-β-D-galactopyranoside, methyl gallate 3-O-β-D-glucopyrano-
side, rutin, gallic acid, 3-O-galloylshikimic acid, protocatechuic
acid, corilagin, geraniin, didehydrogeraniin, isoquercitrin, and
hyperin. Additionally, the analysis of the chemical profiles of E.
cicutarium using UHPLC and MS methods revealed the pre-
sence of 85 phenolic compounds, the majority of which are
derivatives of gallic acid with 24 compounds, several deriva-
tives of ellagic acid, including ellagitannins with 22 com-
pounds, flavonol glycosides with 19 compounds; derivatives
of hydroxycinnamic acid with 8 compounds, and other
hydroxybenzoic acid derivatives with 7 compounds, fla-
vonol aglycones with 3 compounds, and procyanidins with
2 compounds [21].

3.3 Quantitative analysis of phenolic
compounds by HPLC-DAD

A DAD detector-equipped HPLC was used to investigate the
phenolic chemicals. The compounds were identified by
contrasting the spectroscopic properties of compounds’
and RTs with those of reference compounds (Table 4 and
Figure 3). Eleven compounds were detected, among which
epicatechin was the predominant (21.02mg/g extracts), fol-
lowed by catechin (10.78mg/g), chlorogenic acid (6.09mg/g),

gallic acid (3.21 mg/g), and rutin (2.19mg/g). Other constitu-
ents were protocatechuic acid (1.88mg/g), fisetin (1.08mg/g),
p-hydroxybenzaldehyde (0.71mg/g), propyl gallate (0.52mg/g),
trans-2-hydroxycinnamic acid, and apigenin in trace
amounts. Epicatechin and catechin are flavonoid-class nat-
ural antioxidants present in grapes, fruits, and green tea
[43,44]. These two elements are flavan-3-ol stereoisomers
with identical antioxidant and free radical scavenging prop-
erties. Chlorogenic acid is one of the most common polyphe-
nols found and is highly abundant in most foods and coffee,
with antioxidant potential [45], anti-inflammatory bioeffects
[46], anti-obesity, anti-diabetic properties, anti-hypertensive
properties, and an antibacterial effect [47]. According to
Farbood et al. [48], gallic acid has potent antioxidant, anti-

Figure 2: HPLC-MS chromatogram of E. trifolium MEs.

Table 4: Phenolic composition of E. trifolium MEs by HPLC-DAD analysis

No Compounds RT mg/g extract

1. Gallic acid 15.225 3.21
2. Protocatechuic acid 24.625 1.88
3. Catechin 30.274 10.78
4. p-Hydroxybenzaldehyde 33.367 0.71
5. Epicatechin 35.278 21.02
6. Chlorogenic acid 40.116 6.09
7. Prophylgallate 46.984 0.52
8. Rutin 47.527 2.19
9. Trans-2-Hydroxycinnamic acid 48.243 tr
10. Fisetin 51.243 1.08
11. Apigenin 64.071 tr

Total – 47.48

tr: trace amount.
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mutagenic, anti-carcinogenic, and neuroprotective proper-
ties. According to Harborne [49], rutin is an essential nutrient
for plants, and its name comes from the plant Ruta grave-
olens, which also contains rutin. Chemically, it is a glycoside
comprising the disaccharide rutinose and the flavonol agly-
cone quercetin [50]. Due to its numerous qualities, such as its
antioxidant, cardiovascular, neuroprotective, anti-inflamma-
tory, antidiabetic, and anti-carcinogenic actions, rutin has
been demonstrated to have a wide range of therapeutic appli-
cations [51,52].

3.4 Fatty acid and volatile composition

The fatty acid and volatile composition of the E. trifolium
PEE is given in Table 5, and the chromatogram is shown in
Figure 4. Thirty fatty acids, volatile and other apolar, were
detected by using GC and GC–MS in the E. trifolium PEE.
The dominants were palmitic acid (29.49%) and oleic acid
(21.48%). The total unsaturated and saturated fatty acid
percentages were 34.95 and 44.08%, respectively. However,
isobutyl methyl phthalate, myristic acid (C14:0), diisobutyl
phthalate, linoleic acid (C18:2), stearic acid (C18:0), and
eicosanoic acid (C20:0) were found in the extract tested in a
small amount (between 1 and 7.5% in concentration). Other
fatty acids such as trans-2-nonenal, nonanoic acid, methyl
9-oxodecanoate, dimethyl phthalate, buthylatedhydroxytoluene,

nonanedioic acid (azaleic acid), tridecanol, methyl 10-oxo-8-
decenoate,1-hexadecanol, pentadecanoic acid (C15:0), phytone,
1-heptadecanol, 14-methyl-hexadecanoic acid, margaric acid
(C17:0), docosane,11-eicosenoic acid (C20:1), and docosanoic
acid (C22:0) were detected in small quantities (less than 1%
in concentration). The results obtained herein are different
from those of Lis-Balchin and Hart [18], who showed that
the volatile compounds from leaves of E. cicutarium comprise
methyl eugenol (10.6%), geraniol (16.7%), citronellol (15.4%),
isomenthone (11.2%), and linalool (3.1%).

3.5 Mineral content

To the best of our knowledge, no reports on mineral quan-
tification on the E. trifolium plant have been published.
Notably, this is the first report in our work on the elemental
mineral content. The mineral composition was determined
using ICP-OES. The results are shown in Table 6.

Our results show that the examined plant material
contains high amounts of minerals, especially iron, man-
ganese, zinc, boron, and copper. The most abundant trace
element in the aerial part was iron at a concentration of
627.67 ± 12.55 ppm, followed by zinc, manganese, boron,
and copper (45.27 ± 1.35; 44.22 ± 1.76; 26.54 ± 0.53; and 10.43
± 0.5 ppm, respectively). Calcium had the highest concen-
tration among the macro elements at 2.15 ± 0.01%, while

Figure 3: HPLC-DAD chromatogram of E. trifolium at 254 nm (Inertsil ODS-3 column (4 μm, 4 mm × 150 mm)). Mobile phase: 0.1% acetic acid–methanol
(gradient elution). Flow rate: 1 mL/min. DAD (254 nm). (1) Gallic acid, (2) protocatechuic acid, (3) catechin, (4) p-hydroxybenzaldehyde, (5) epicatechin,
(6) chlorogenic, (7) acid prophylgallate, (8) rutin, (9) trans-2-hydroxycinnamic acid, (10) fisetin, and (11) apigenin.
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potassium had a concentration of 1.46 ± 0.04%. However,
the concentrations of phosphorus and magnesium in the
aerial parts of the plants studied were lower than 0.4%.
The minerals play essential roles in body function, making
E. trifolium an excellent nutritional supplement. Phosphorus
and magnesium are necessary for bone mineralization [53].
Iron plays a vital role in preventing anemia by synthesizing
hemoglobin and myoglobin [53]. It is also involved in many
metabolic processes, including respiration and DNA synth-
esis; it is also responsible for producing iron-containing
enzymes and other types of enzymes [53].

Calcium is essential for the growth of teeth and bones,
as well as the proper functioning of muscles and nerve

fibers [54]. Potassium can lower blood pressure and enhance
bone health. It is also a crucial nutrient in the diet for main-
taining the acid/base and water balances in cells, where it
accounts for ∼70% of the total cations. Calcium is essential
for the cardiac and smooth muscles and, therefore, for the
normal course of digestion and muscle contraction [55].

In addition, magnesium is involved in glucose home-
ostasis and significantly affects diabetes control [29]. It is a
cofactor for numerous metabolic processes and is crucial
for the mineralization of bones and the relaxation of mus-
cles [56]. Manganese, copper, and zinc play important roles
in various functions within cells, tissues, and subcellular
structures. These functions include immune regulation,

Table 5: Fatty acids, volatile composition, and other apolar compounds (%) of E. trifolium PEE

No RT Compound name RI Area Concentration (%)

1. 9.126 trans-2-Nonenal (volatile) 1161 100 0.00
2. 11.773 Nonanoic acid 1226 100 0.00
3. 15.827 Methyl 9-oxo decanoate 1429 505995 0.64
4. 16.682 Dimethyl phthalate (volatile) 1431 769413 0.97
5. 18.978 Butylated hydroxytoluene (volatile) 1443 478606 0.60
6. 20.448 Nonanedioic acid (azaleic acid) 1540 530929 0.67
7. 22.125 Tridecanol (fatty alcohol) 1577 100 0.00
8. 22.232 Methyl 10-oxo-8-decenoate 1592 443912 0.56
9. 25.23 Isobutyl methyl phthalate (esters) 1689 2.35 × 106 2.96
10. 27.212 Myristic acid (C14:0) 1725 1.34 × 106 1.69
11. 29.632 1-Hexadecanol 1810 326157 0.41
12. 30.872 Pentadecanoic acid (C15:0) 1815 367070 0.46
13. 31.529 Phytone 1842 410266 0.52
14. 32.392 Diisobutyl phthalate (ester phthalate) 1862 841678 1.06
15. 34.425 Palmitic acid (C16:0) 1938 2.34 × 107 29.49
16. 35.762 Unidentified 1.34 × 106 1.69
17. 36.562 1-Heptadecanol (fatty alcohol) 1968 370982 0.47
18. 36.774 14-Methyl-hexadecanoic acid 1985 216867 0.27
19. 37.717 Margaric acid (C17:0) 2028 475526 0.60
20. 38.065 Unidentified 547145 0.69
21. 38.992 Unidentified 2.57 × 106 3.23
22. 39.893 Linoleic acid (C18:2) 2090 5.69 × 106 7.16
23. 40.11 Oleic acid (C18:1) 2095 1.71 × 107 21.48
24. 40.928 Stearic acid (C18:0) 2128 5.01 × 106 6.30
25. 44.262 Unidentified 1.47 × 106 1.85
26. 46.044 Docosane 2200 92370 0.12
27. 46.372 11-Eicosenoic acid (C20:1) 2279 392164 0.49
28. 46.951 Eicosanoic acid (C20:0) 2248 1.49 × 106 1.88
29. 52.601 Docosanoic acid (C22:0) 2531 279207 0.35
30. 57.854 Unidentified 1.07 × 107 13.40

Total 79462587 100.00
Total saturation 44.08
Total unsaturation 34.95
Others 20.86
Saturation/unsaturation ratio 1.26
Linoleic acid/oleic acid ratio 0.33

aRT: retention time; bRI: retention index on Rxi-5Sil MS (Restek) fused silica non-polar capillary column (30 mm × 0.25 mm ID, film thickness: 0.25 μm);
t: trace, less than 0.1%.
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muscle contraction, nerve transmission, membrane poten-
tial regulation, enzymatic reactions, and mitochondrial
activity. Zinc and copper play vital roles as antioxidant
defenses [57,58]. Every mineral and trace element that
were tested are essential micronutrients needed for
proper bodily function because of their beneficial impact

on physiological processes [59]. These components have
been involved in numerous reactions involving biochem-
istry; they serve as steadfast constituents of proteins and
enzymes, playing a role as cofactors. for various enzymes [60].

3.6 Biological activities

3.6.1 Antioxidant properties

The antioxidant characteristics of methanol and petroleum
ether extracted portions from the aerial parts of E. trifolium
were assessed using the DPPH, ABTS, and CUPRAC methods.
These tests are commonly utilized to assess the capacity of
natural antioxidants in transferring protons to free radicals
from hydrogen. The antiradical activity was assessed in this
study by measuring the IC50 values; the findings are dis-
played in Table 7 in comparison to the standard BHA.

According to the results obtained (Table 7), we can say
that ME shows better antiradical activity compared to the

Figure 4: The chromatogram of the fatty acid and volatile composition of E. trifolium PEE. (1) trans-2-nonenal (volatile); (2) nonanoic acid; (3) methyl 9-
oxo decanoate; (4) dimethyl phthalate (volatile); (5) butylated hydroxytoluene (volatile); (6) nonanedioic acid (azaleic acid); (7) tridecanol (fatty alcohol);
(8) methyl 10-oxo-8-decenoate; (9) isobutyl methyl phthalate (esters); (10) myristic acid (C14:0); (11) 1-hexadecanol; (12) pentadecanoic acid (C15:0); (13)
phytone; (14) diisobutyl phthalate (ester phthalate); (15) palmitic acid (C16:0); (16) unidentified; (17) 1-heptadecanol (fatty alcohol); (18) 14-methyl-
hexadecanoic acid; (19) margaric acid (C17:0); (20) unidentified; (21) unidentified; (22) linoleic acid (C18:2); (23) oleic acid (c18:1); (24) stearic acid (C18:0);
(25) unidentified; (26) docosane; (27) 11-eicosenoic acid (C20:1); (28) eicosanoic acid (C20:0); (29) docosanoic acid (C22:0); (30) unidentified.

Table 6: Mineral contents of the aerial parts of E. trifolium

Mineral contents Mineral contents

Macro element Phosphorus (%) 0.15 ± 00.001
Potassium (%) 1.46 ± 0.04
Calcium (%) 2.15 ± 0.01
Magnesium (%) 0.21 ± 0.01

Microelement Iron (ppm) 627.67 ± 12.55
Copper (ppm) 10.43 ± 0.5
Manganese (ppm) 44.22 ± 1.76
Zinc (ppm) 45.27 ± 1.35
Boron (ppm) 26.54 ± 0.53

Values are mean ± SD of three parallel measurements. PPM: part-per-
million.

12  Amina Bouhedda et al.



PEE in all tests, and is thus closely related to the standard
activity (BHA). The highest activity for ME was exhibited by
the ABTS+ assay and the DPPH assay (IC50: 2.06 ± 0.08 and
4.76 ± 0.68 µg/mL, respectively), followed by the CUPRAC
assay (IC50: 13.23 ± 0.06 µg/mL). Indeed, only a significant
difference was detected for the latter assay between the
antioxidant activities recorded in the ME extract and the
standard BHA (Tukey’s HSD post-hoc test, p < 0.05). Simul-
taneously, PEE exhibited weak activity in all tests (193.7 ±

5.05, 224.9 ± 7.88, and 282.2 ± 79.4 for the CUPRAC, ABTS,
and DPPH assays, respectively). Such a pattern was sup-
ported by highly significant differences with BHA (Tukey’s
HSD test, p < 0.0001).

According to the literature, no study has been con-
ducted on the antioxidant activity in E. trifolium species.
Still, in similar studies, the IC50 value was 20.29 ± 2.64 μg/mL
in E. glaucophyllum, 49.1 ± 3.6 μg/mL in E. hirtum, and 56.9 ±
3.3 μg/mL for E. guttatum with the DPPH test [9], which has
high antioxidant activity (DPPH) and is matchless with our
extract. Compared to the study of Alali et al. [61], the ME of
E. bryoniifolium presented a lower activity (25.4 μmol TE/g)
than that found in our samples for the APTS test. Similarly,
compared with the work of Sarikurkcu et al. [62] on E.
cicutarium using the CUPRAC test, the result of the reducing

power was 130.44 ± 4.26mg ETs/g. It was weaker than our
results obtained for the ME.

The results obtained in our previous tests can be
explained by the fact that there is a significant correlation
between the antioxidant activities and the phenolic con-
tent of E. trifolium. Analysis using HPLC-DAD showed the
richness of the ME of E. trifolium in polyphenols, such as
epicatechin and catechin, which have been identified as
antioxidants [63–65] and could scavenge hydroxyl, peroxyl,
and DPPH radicals and chelate iron ions [66]. The same
assumption is valid for chlorogenic acid, which is consid-
ered an antioxidant and is present in extracts of various
plants [48]. At the same time, gallic acid is a potent anti-
oxidant with anti-mutagenic and anti-cancer properties
[48]. These results suggest that phenolic compounds in
plant extracts contribute significantly to their antioxidant
potential [67]. Even though PEE is an apolar extract, it is for
sure less rich in polyphenols.

3.6.2 Anticholinesterase activity

The anticholinesterase activity of E. trifolium ME and PEE
is shown in Table 8. Plants are considered an important nat-
ural source of cholinesterase inhibitors, useful in treating neu-
rodegenerative diseases [68]. The anticholinesterase activity of
ME and PEE of E. trifoliumwas determined using galantamine
as a standard compound to validate these methods. Anticho-
linesterase assayswere performed against two enzymes: AChE
and BChE. The IC50 results of the inhibitory activity of AChE
showed that the activity ofME and PEEwasweak (>200 µg/mL)
compared to the standard value of 5.01 µg/mL. The IC50 results
of BChE showed that the methanol extract had weak inhi-
bitory activity (>200 µg/mL) and the PEE had moderate inhi-
bitory activity (105.1 µg/mL), significantly higher than the
standard (53.9 µg/mL) (Tukey’s HSD test: p < 0.0001). Com-
pounds exhibiting anticholinesterase activity also involve

Table 7: Antioxidant activities of the ME and PEE of E. trifolium

Extracts and
compounds

Antioxidant activity IC50 (µg/mL)

DPPH assay ABTS+ assay CUPRAC assay

ME 4.76 ± 0.68 2.06 ± 0.08 13.23 ± 0.06 (*)
PEE 282.2 ±

79.4 (****)
224.9 ±
7.88 (****)

193.7 ±
5.05 (****)

BHA 3.44 ± 0.09 1.88 ± 0.06 5.62 ± 0.08

BHA: 2-tert-Butyl-4-hydroxyanisole. Values are mean ± SD of three par-
allel measurements. Stars indicate significant differences with BHA
(Tukey’s HSD test): p < 0.05 (*); p < 0.0001 (****).

Table 8: Anticholinesterase and anti-diabetic activities (IC50 values) of the ME and PEE of E. trifolium

Extracts and compounds Anticholinesterase activity IC50 (µg/mL) Antidiabetic activity IC50 (µg/mL)

AChE assay BChE assay α-Amylase inhibitory assay α-Glucosidase inhibitory assay

Methanol extract >200 (NA) >200 (NA) >400 (NA) >400 (NA)
PEE >200 (NA) 105.1 ± 1.12 (***) >400 (NA) >400 (NA)
Galantamine 5.01 ± 0.10 53.9 ± 0.56 Nd Nd
Acarbose Nd Nd 0.26 ± 0.02 0.28 ± 0.0

AChE: acetylcholinesterase; BChE: butyrylcholinesterase. The values expressed herein are mean ± SD of three parallel measurements. Stars indicate
significant differences with references (Tukey’s HSD test): p < 0.0001 (***); Nd: not determined; NA: statistical comparison not applicable with the
standard; ψ: reference compound (standard).
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antiradical or antioxidant activity [69]. E. trifolium is rich in
phenolic compounds (Table 4), such as chlorogenic acid,
which is abundant in the human diet and has attracted great
interest due to its antioxidant activity associated with neu-
rological benefits [70].

The neuroprotective effects of polyphenolic gallic acid
have been attributed to its ability to penetrate the blood–
brain barrier [48]. Endurance exercise, chronic gallic acid
administration, and simultaneous treatment with exercise
and gallic acid consumption had adequate neurotrophic
and immunomodulatory effects, especially in male Alzhei-
mer’s disease rats [48]. Rutin has shown its efficacy in
remedying many diseases through pharmacological inves-
tigations. Its therapeutic potential has also sparked a lot of
interest in numerous models of neurodegenerative disor-
ders [71]. Several studies suggest that rutin is potentially
protective against neurodegenerative diseases due to its
powerful antioxidant benefits [72,73]. This is also because
it can reduce and reverse Aβ25-35 fibril formation and
probably in relation to its free radical scavenging activity
and subdued neurotoxicity [74].

3.6.3 Antimicrobial activity

The antimicrobial activities of E. trifolium ME and PEE on
S. aureus, P. aeruginosa, and E. coli are shown in Table 9
and Figure 5. The disc approach allowed for the determi-
nation of the effects of the plant extracts dissolved in DMSO
on the various strains, according to the data acquired. This
test showed that the ME had a significant antibacterial
impact on all examined microorganisms. Generally, values
of the inhibition zone diameter (IZD, mm) ranged between
14 and 15 mm. While the petroleum ether had moderate
activity against all strains tested (7 and 8mm), these results
indicated that ME from E. trifolium possess the greatest
inhibitory activity. A stronger antimicrobial activity was
thus shown for ME, whereas the PEE from E. trifolium
possess less clear activity. These results also confirm that
ethanol extracts contain a relatively higher antimicrobial
activity than PEE at the same concentration.

This is consistent with the results of Al-Hadid et al. [75],
who observed the antibacterial properties of Jordanian
E. gruinum ethanol extract against P. aeruginosa and
S. aureus. Furthermore, Abdelkebir et al. [17] showed that
the extracts of E. glaucophyllum obtained with high extract
solvent showed zone diameters of the extracts up to 14mm
for Gram-negative bacteria and up to 15mm for Gram-positive
bacteria. Besides, Bakari et al. [21] demonstrated that metha-
nolic/water extracts of the E. glaucophyllumwere considered a
powerful antimicrobial agent against all strains of bacteria
including Bacillus cereus JN 934390, B. subtilis JN 934392, Staphy-
lococcus aureus ATCC 6538, Micrococcus luteus, Enterococcus
faecalis, Salmonella enteric serotype enteritidis ATCC43972,
Escherichia coli ATCC 25922, and Klebsiella pneumoniae.

In this study, E. trifolium extract was shown to have
promising antibacterial activity against S. aureus, P. aeru-
ginosa, and E. coli. The inhibition of these strains by the ME
of E. gruinum may also be attributed to phenolic com-
pounds, which have recently attracted significant attention
due to their diverse practical, pharmacological, and biolo-
gical proprieties, such as protocatechuic acid, catechin, and
epicatechin, which are known to have antibacterial activity
against several pathogenic bacteria [76].

4 Conclusions

The current study investigated the chemical composition of
ME and PEE of E. trifolium (Cav.) Guitt. The HPLC-MS was

Table 9: Antimicrobial activity of ME and PEE of E. trifolium

Microorganism Extract

Methanolic Petroleum ether

S. aureus 15 mm 8mm
P. aeruginosa 15 mm 8mm
E. coli 14 mm 7mm

Figure 5: Antibacterial effectiveness of ME and PEE of E. trifolium using
the agar disk-diffusion method. SA: Staphylococcus aureus; PA:
Pseudomonas aeruginosa; EC: Escherichia coli; ME: methanolic extract; PEE:
petroleum ether extract; MeOH: methanol; PE: petroleum ether.
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used to identify and quantify eight compounds in the ME:
rutin (19.2%), catechin (16.9%), caffeine (16%), and vanillin
(12.1%) were the major phenolic compounds detected. The
HPLC-DAD was used to identify and quantify 11 compounds
in the ME, where the major compounds detected are epi-
catechin (21.02 mg/g extracts), catechin (10.78 mg/g), chloro-
genic acid (6.09mg/g), gallic acid (3.21mg/g), and rutin (2.19mg/g).
The GC-MSwas used to detect 30 fatty acids and volatile in PEE,
where the dominant compounds were palmitic acid (29.49%),
oleic acid (21.48%), and linoleic acid (7.16%). We also deter-
mined the mineral contents and the results indicated that
the highest values of macro-elements were calcium (2.15%)
and microelements were iron (627.67 ppm). Furthermore, the
antioxidant activities showed that the extract of methanolic
was significative with all assays (4.76 µg/mL for DPPH,
20.6 µg/mL for ABTS, and 13.23 µg/mL for CUPRAC) compared
with petroleum ether. In addition, anticholinesterase (AChE
and BChE) activity, α-amylase, and α-glucosidase were eval-
uated in both extracts and showed moderate inhibition for
all extracts and activities. Based on the antibacterial activ-
ities observed, it was clear that ME showed the highest anti-
microbial activity, with values of 15mm for S. aureus and P.
aeruginosa for each, and 14mm for E. coli. Overall, our
findings suggest that E. trifolium exhibits interesting proper-
ties and may be used as a potential source of natural phe-
nolic compounds for feeding and pharmaceutical purposes.
More studies are currently needed to investigate the pre-
sence of medicinal compounds in different solvent extracts
and their bioactivities.

Acknowledgments: This work was supported and funded
by the Deanship of Scientific Research at Imam Mohammad
Ibn Saud Islamic University (IMSIU) (grant number IMSIU-
RPP2023030).

Funding information: This work was supported and funded
by the Deanship of Scientific Research at Imam Mohammad
Ibn Saud Islamic University (IMSIU) (grant number IMSIU-
RPP2023030).

Author contributions: A.B., H.L., A.M.A-E., N.B.H., and C.Ç.:
methodology and writing – original draft; Z.S., N.B.H., N.B.,
M.Ö., and C.Ç.: methodology; N.B., F.B., M.M.A., S.Ö.: statis-
tical analyses; Z.S., N.B.H., A.M.A-E., M.Ö.: software; F.B.,
S.Ö., M.M.A.: funding acquisition and conceptualization;
N.S., F.B., H.B., Z.S., S.Ö.: review – editing; M.Ö., M.M.A.,
H.B.: supervision and structured evaluation. All authors
have reviewed and approved the final version of the manu-
script for publication.

Conflict of interest: The authors declare no conflict of interest.

Ethical approval: The conducted research is not related to
either human or animal use.

Data availability statement: All the data in the article are
available from the corresponding author upon reasonable
request.

References

[1] Kokwaro JO. The family <<Geraniaceae>> in North-East Tropical
Africa. Webbia. 1971 Jan;25(2):623–69. doi: 10.1080/00837792.1971.
10669944.

[2] Perveen A, Mohammad Q. Pollen Flora of Pakistan -XV
Geraniaceae. Turkish J Bot. 1999;23(4):263–70.

[3] Alarcón ML, Roquet C, Aldasoro JJ. Evolution of pollen/ovule ratios
and breeding system in Erodium (Geraniaceae). Syst Botany. 2011
Sep;36(3):661–76. doi: 10.1600/036364411x583637.

[4] Fiz-Palacios O, Vargas P, Vila R, Papadopulos AS, Aldasoro JJ. The
uneven phylogeny and biogeography of Erodium (Geraniaceae):
radiations in the Mediterranean and recent recurrent interconti-
nental colonization. Ann bot. 2010;106(6):871–84.

[5] Dobignard A. Contributions à la connaissance de la flore du Maroc
et de l’Afrique du Nord Nouvelle série. 2. La flore du Nord-Maroc.
Le J de botanique. 2009;46(1):3–136. doi: 10.3406/jobot.2009.1065.

[6] Quezel P, Santa S. Nouvelle flore de l’Algérie et des régions
désertiques méridionales, 1962–1963; 2, CNRS ed. Paris, France;
1962-1963. p. 1170.

[7] Albers F, Van der Walt JJA. Geraniaceae. Flowering Plants Eudicots
[Internet]; 2007. p. 157–67. doi: 10.1007/978-3-540-32219-1_19.

[8] Abraham Y, Elbaum R. Hygroscopic movements in Geraniaceae:
The structural variations that are responsible for coiling or
bending. N Phytol. 2013;199(2):584–94.

[9] Hamza G, Emna BH, Yeddes W, Dhouafli Z, Moufida TS, El Akrem H.
Chemical composition, antimicrobial and antioxidant activities data
of three plants from Tunisia region: Erodium glaucophyllum,
Erodium hirtum and Erodium guttatum. Data Brief. 2018;19:2352–5.

[10] Mowang SC, Chen F, Zeenat C. Study on genetic diversity between
Erodium (Geranaiceae) species based on inter-simple sequence
repeat markers. Genetika. 2021;53(2):927–39.

[11] Munekata PES, Alcántara C, Collado MC, Garcia-Perez JV, Saraiva JA,
Lopes RP, et al. Ethnopharmacology, phytochemistry and biological
activity of Erodium species: A review. Food Res Intern.
2019;126:108659.

[12] Fecka I, Cisowski W. Tannins and flavonoids from the Erodium
cicutarium herb. Z für Naturforschung B. 2014;60(5):555–60.

[13] Wang H, Wolock TM, Carter A, Nguyen G, Kyu HH, Gakidou E, et al.
Estimates of global, regional, and national incidence, prevalence,
and mortality of HIV, 1980–2015: the Global Burden of Disease
Study 2015. Lancet HIV. 2016;3(8):e361–87.

[14] Giacometti J, Bursać Kovaćević D, Putnik P, Gabrić D, Bilušić T,
Krešić G, et al. Extraction of bioactive compounds and
essential oils from mediterranean herbs by conventional
and green innovative techniques: A review. Food Res Int.
2018;2018(113):245–62.

[15] Li S, Yang Y, Li J, Zhu Z, Lorenzo JM, Barba FJ. Increasing yield and
antioxidative performance of Litchi pericarp procyanidins in baked

Phytochemical profiling and biological activities of Erodium trifolium  15

https://doi.org/10.1080/00837792.1971.10669944
https://doi.org/10.1080/00837792.1971.10669944
https://doi.org/10.1600/036364411x583637
https://doi.org/10.3406/jobot.2009.1065
https://doi.org/10.1007/978-3-540-32219-1_19


food by ultrasound-assisted extraction coupled with enzymatic
treatment. Molecules. 2018;23:2089.

[16] Sroka Z, Rządkowska Bodalska H, Mażol I. Antioxidative Effect of
Extracts from Erodium Cicutarium L. Z Für Naturforschung C.
1994;49(11-12):881–84.

[17] Abdelkebir R, Alcántara C, Falcó I, Sánchez G, Garcia-Perez JV,
Neffati M, et al. Effect of ultrasound technology combined with
binary mixtures of ethanol and water on antibacterial and antiviral
activities of Erodium glaucophyllum extracts. Innov Food Sci Emerg
Technol. 2019;52:189–96.

[18] Lis-Balchin MT, Hart SL. A pharmacological appraisal of the folk
medicinal usage of pelargonium grossularioides and erodium
cicutarium. J Herbs Spices Med Plants. 1994;2(3):41–8.

[19] Ljoljić Bilić V, Gašić U, Milojković-Opsenica D, Nemet I, Rončević S,
Kosalec I, et al. First extensive polyphenolic profile of Erodium
cicutarium with novel insights to elemental composition and anti-
oxidant activity. Chem Biodiv. 2020;17:2000280.

[20] Munekata PES, Alcántara C, Collado MC, Garcia-Perez JV, Saraiva JA,
Lopes RP, et al. Ethnopharmacology, phytochemistry and biological
activity of Erodium species: A review. Food Res Int. 2019
Dec;126:108659. doi: 10.1016/j.foodres.2019.108659. Epub 2019
Sep 9.

[21] Bakari S, Hajlaoui H, Daoud A, Mighri H, Ross-Garcia JM,
Gharsallah N, et al. Phytochemicals, antioxidant and antimicrobial
potentials and LC-MS analysis of hydroalcoholic extracts of leaves
and flowers of Erodium glaucophyllum collected from Tunisian
Sahara. Food Sci Food Sci Technol. 2018;38(2):310–7.

[22] Dohou N, Yamni K, Tahrouch S, Idrissi Hassani LM, Badoc A,
Gmira N, et al. Phytochemical screening of an Ibero-Moroccan
endemic, thymelaea lythroides. Bull Soci Pharma Bordx.
2003;142:61–78.

[23] Bankole AE, Adekunle AA, Sowemimo AA, Umebese CE,
Abiodun O, Gbotosho GO. Phytochemical screening and in vivo
antimalarial activity of extracts from three medicinal plants
used in malaria treatment in Nigeria. Parasitol Res.
2016;115:299–305.

[24] N’Guessan K, Kadja B, Zirihi G, Traoré D, Aké-Assi L. Screening
phytochimique de quelques plantes médicinales ivoiriennes
utilisées en pays Krobou (Agboville, Côte-d’Ivoire). Sci Nat.
2009;6(1):1–6. doi: 10.4314/scinat.v6i1.48575.

[25] Singh UK, Kumar B. Pathways of heavy metals contamination and
associated human health risk in Ajay River basin, India.
Chemosphere. 2017;174:183–99.

[26] Ertas A, Firat M, Yener I, Akdeniz M, Yigitkan S, Bakir D, et al.
Phytochemical Fingerprints and Bioactivities of Ripe Disseminules
(Fruit-Seeds) of Seventeen Gundelia (Kenger-Kereng Dikeni)
Species from Anatolia with Chemometric Approach. Chem
Biodivers. 2021;18(8):1–8. doi: 10.1002/cbdv.202100207.

[27] Tokul-Ölmez Ö, Şahin B, Çakır C, Öztürk M. Rapid and easy
method for simultaneous measurement of widespread 27
compounds in natural products and foods. J Chem Metrol.
2020;14(1):1–11.

[28] Crupi P, Bleve G, Tufariello M, Corbo F, Clodoveo ML, Tarricone L.
Comprehensive identification and quantification of chlorogenic
acids in sweet cherry by tandem mass spectrometry techniques.
J Food Comp Anal. 2018;73:103–11.

[29] Öztürk M, Duru ME, Doğan B, Harmandar M. Fatty acid composi-
tion, antioxidant, anticholinesterase and tyrosinase inhibitory
activities of four serratula species from Anatolia. Rec Nat Prod.
2013;7(2):86–95.

[30] Cicero N, Gervasi T, Durazzo A, Lucarini M, Macrì A, Nava V, et al.
Mineral and microbiological analysis of spices and aromatic herbs.
Foods. 2022;11(4):548.

[31] Blois MS, Antioxidant determinations by the use of a stable free
radical. Nature. 1958;181(4617):1199–200.

[32] Re R, Pellegrini N, Proteggente A, Pannala A, Yang M, Rice-Evans C.
Antioxidant activity applying an improved ABTS radical cation
decolorization assay. Free Radic Biol Med. 1999;26(9–10):1231–7.
doi: 10.1016/s0891-5849(98)00315-3.

[33] Öztürk M, Akgün ÖE. Üniversite öğrencilerinin sosyal paylaşım
sitelerini kullanma amaçları ve bu sitelerin eğitimlerinde
kullanılması ile ilgili görüşleri. Sakarya Univ J Educ. 2012;2(3):49–67.

[34] Apak R, Güçlü K, Özyürek M, Çelik SE. Mechanism of antioxidant
capacity assays and the CUPRAC (cupric ion reducing antioxidant
capacity) assay. Microchim Acta. 2008;160:413–9.

[35] Ellman GL, Courtney KD, Andres V, Featherston RM. A new rapid
colorimetric determination of acethylcholinesterase activity.
Biochem Pharmacol. 1961;7:88–95.

[36] Kim JS, Hyun TK, Kim MJ. The inhibitory effects of ethanol extracts
from sorghum, foxtail millet and proso millet on α-glucosidase and
α-amylase activities. Food Chem. 2011;124(4):1647–51.

[37] Quan NV, Xuan TD, Tran HD, Thuy NTD, Trang LT, Huong CT, et al.
Antioxidant, α-amylase and α-glucosidase inhibitory activities and
potential constituents of Canarium tramdenum bark. Molecules.
2019;24(3):605.

[38] CLSI. Clinical and laboratory standards institute. Vol. 19, Wayne
PA: 2009.

[39] Nicoletti M, Mariani S, Maccioni O, Coccioletti T, Murugan K. Neem
cake: Chemical composition and larvicidal activity on Asian tiger
mosquito. Parasitol Res. 2012;111:205–13.

[40] Al-Shamma, Mitscher LA. Comprehensive survey of indigenous
Iraqi plants for potential economic value. 1. Screening results of
327 species for alkaloids and antimicrobial agents. J Nat Prod.
1979;42(6):633–42. Retrieved from http://www.ncbi.nlm.nih.gov/
pubmed/541687.

[41] Rodrigo GC, Almanza GR, Akesson B, Duan RD. Antiproliferative
activity of extracts of some Bolivian medicinal plants. J Med Plants
Res. 2010;4(21):2204–10.

[42] Viladomat F, Codina C, Llabres JM, Bastida J. Alkaloid screening of
plants of Catalonia (Spain) III. Int J Crude Drug Res.
1986;24(3):123–30.

[43] Frankel EN, Huang S, Aeschbach R. Antioxidant activity of green teas
in different lipid systems. J Am Oil Chem Soc. 1997;74(10):1309–15.

[44] Carpenter R, O’Grady MN, O’Callaghan YC, O’Brien NM, Kerry JP.
Evaluation of the antioxidant potential of grape seed and bear-
berry extracts in raw and cooked pork. Meat Sci. 2007;76(4):604–10.

[45] Santana-Gálvez J, Cisneros-Zevallos L, Jacobo-Velázquez DA.
Chlorogenic acid: recent advances on its dual role as a food addi-
tive and a nutraceutical against metabolic syndrome. Molecules.
2017;22(3):358.

[46] Liu CC, Zhang Y, Dai BL, Ma YJ, Zhang Q, Wang Y, et al. Chlorogenic
acid prevents inflammatory responses in IL-1β-stimulated human
SW-1353 chondrocytes, a model for osteoarthritis. Molecules.
2017;16(2):1369–75.

[47] Naveeda M, Hejazi V, Abbas M, Kamboh AA, Khan GJ, Shumzaid M,
et al. Chlorogenic acid (CGA): A pharmacological review and call for
further research. Biomed Pharmacother. 2018;97:67–74.

[48] Farbood Y, Sarkaki A. Hashemi Sh. The effects of Gallic acid on pain
and memory following transient global ischemia/reperfusion in
wistar rats. Avicenna J. 2013;25:1–12.

16  Amina Bouhedda et al.

https://doi.org/10.1016/j.foodres.2019.108659
https://doi.org/10.4314/scinat.v6i1.48575
https://doi.org/10.1002/cbdv.202100207
https://doi.org/10.1016/s0891-5849(98)00315-3
http://www.ncbi.nlm.nih.gov/pubmed/541687
http://www.ncbi.nlm.nih.gov/pubmed/541687


[49] Harborne JB. Nature, distribution and function of plant flavonoids.
Prog Clin Biol Res. 1986;213:15–24.

[50] Ganeshpurkar A, Saluja AK. The pharmacological potential of rutin.
Saudi Pharm J. 2017;25:149–64.

[51] Al-Dhabi NA, Arasu MV, Park CH, Park SU. An up-to-date review of
rutin and its biological and pharmacological activities. EXCLI J.
2015;14:59–63.

[52] Perk AA, Shatynska-Mytsyk I, Gerçek YC. Rutin mediated targeting
of signaling machinery in cancer cells. Cancer Cell Int.
2014;14(1):124.

[53] Abbaspour N, Hurrell R, Kelishadi R. Review on iron and its
importance for human health. J R Med Sci: J Isfahan Univ Med Sci.
2014;19(2):164.

[54] Beto JA. The role of calcium in human aging. Clin Nutr Res.
2015;4(1):1–8.

[55] Çayan F, Tel-Çayan G, Özler MA, Duru ME. Comparative study of
fatty acids profile of wild mushroom species from Turkey. Eurasian
J Anal Chem. 2017;12(3):257–63.

[56] Al Alawi AM, Majoni SW, Falhammar H. Magnesium and human
health: perspectives and research directions. Int J Endocrinol.
2018;2018:1–17.

[57] Spears JW, Weiss WP. Role of antioxidants and trace elements in
health and immunity of transition dairy cows. Veterin J.
2008;176(1):70–6.

[58] Negi PS. Plant extracts for the control of bacterial growth: Efficacy,
stability and safety issues for food application. Int J Food Microbiol.
2012;156(1):7–17.

[59] Calabrese JR, Gulledge AD, Hahn K, Skwerer R, Kotz M,
Schumacher OP. Autoimmune thyroiditis in manic-depressive
patients treated with lithium. Am J Psychiatry. 1985;142:1318–21.

[60] Siddiqui MH, Al-Whaibi MH. Role of nano-SiO2 in germination of
tomato (Lycopersicum esculentum seeds Mill.). Saudi J Biol Sci.
2014;21(1):13–7.

[61] Alali FQ, Tawaha K, El-Elimat T, Syouf M, El-Fayad M, Abulaila K,
et al. Antioxidant activity and total phenolic content of aqueous and
methanolic extracts of Jordanian plants: An ICBG project. Nat Prod
Res. 2007;21(12):1121–31.

[62] Sarikurkcu C, Targan S, Ozer MS, Tepe B. Fatty acid composition,
enzyme inhibitory, and antioxidant activities of the ethanol extracts
of selected wild edible plants consumed as vegetables in the
Aegean region of Turkey. Int J Food Prop. 2017;20(3):560–72.

[63] Soobrattee MA, Neergheen VS, Luximon-Ramma A, Aruoma OI,
Bahorun T. Phenolics as potential antioxidant therapeutic agents:
Mechanism and actions. Mutat Res. 2005;579:200–13.

[64] Apak R, Gorinstein S, Böhm V, Schaich KM, Özyürek M, Güçlü K.
Methods of measurement and evaluation of natural antioxidant

capacity/activity (IUPAC Technical Report). Pure Appl Chem.
2013;85:957–98.

[65] Zhang Y, Li Q, Xing H, Lu X, Zhao L, Qu K, et al. Evaluation of
antioxidant activity of ten compounds in different tea samples by
means of an on-line HPLC-DPPH assay. Food Res Int.
2013;53:847–56.

[66] Yilmaz Y. Novel uses of catechins in foods. Trends Food Sci Technol.
2006;17(2):64–71.

[67] Dudonné S, Vitrac X, Coutière P, Woillez M, Mérillon JM. Comparative
study of antioxidant properties and total phenolic content of 30
plant extracts of industrial interest using DPPH, ABTS, FRAP, SOD,
and ORAC assays. J Agri Food Chemi. 2009;57(5):1768–74.

[68] Mustafa AM, Eldahmy SI, Caprioli G, Bramucci M, Quassinti L,
Lupidi G, et al. Chemical composition and biological activities of the
essential oil from Pulicaria undulata (L.) C. A. Mey. Growing wild in
Egypt. Nat Prod Res. 2018;34(16):2358–62. doi: 10.1080/14786419.
2018.1534107

[69] Papandreou MA, Dimakopoulou A, Linardaki ZI, Cordopatis P,
Klimis-Zacas D, Margarity M, et al. Effect of a polyphenol-rich wild
blueberry extract on cognitive performance of mice, brain antiox-
idant markers and acetylcholinesterase activity. Behav Brain Res.
2008;198(2):352–8. doi: 10.1016/j.bbr.2008.11.013.

[70] Anggreani E, Lee CY. Neuroprotective effect of chlorogenic acids
against Alzheimer’s disease. Int J Food Sci Nutr Diet.
2017;6(1):330–7.

[71] Enogieru AB, Haylett W, Hiss DC, Bardien S, Ekpo OE. Rutin as a
potent antioxidant: Implications for neurodegenerative disorders.
Oxid Med Cell Longev. 2018;2018:1–17. doi: 10.1155/2018/6241017.

[72] Park SE, Sapkota K, Choi JH. Rutin from Dendropanax morbifera
Leveille protects human dopaminergic cells against rotenone
induced cell injury through inhibiting JNK and p38 MAPK signalling.
Neurochem Res. 2014;39(4):707–18.

[73] Yu XL, Li YN, Zhang H. Rutin inhibits amylininduced neurocyto-
toxicity and oxidative stress. Food Funct. 2015;6(1):3296–3306.

[74] Jiménez-Aliaga K, Bermejo-Bescós P, Benedí J, Martín-Aragón S.
Quercetin and rutin exhibit antiamyloidogenic and fibril-disaggre-
gating effects in vitro and potent antioxidant activity in APPswe
cells. Life Sci. 2011;89(25–26):939–45.

[75] Al-Hadid KJ, Al-Karablieh N, Sharab A, Mutlak I. Phytochemical
analyses and antibacterial activities of Erodium, Euphorbia,
Logoecia and Tamarix species. J Infect Devel Countries.
2019;13(11):1013–20.

[76] Arakawa R, Yamaguchi M, Hotta H, Osakai T, Kimoto T. Product
analysis of caffeic acid oxidation by on-line electrochemistry/elec-
trospray ionization mass spectrometry. J Am Soc Mass Spectrom.
2004;15(8):1228–36.

Phytochemical profiling and biological activities of Erodium trifolium  17

https://doi.org/10.1080/14786419.2018.1534107
https://doi.org/10.1080/14786419.2018.1534107
https://doi.org/10.1016/j.bbr.2008.11.013
https://doi.org/10.1155/2018/6241017

	1 Introduction
	2 Materials and methods
	2.1 Chemicals and reagents
	2.2 Plant materials
	2.3 Phytochemical screening
	2.4 Preparation of crude extracts
	2.5 HPLC-DAD analysis
	2.6 Analysis using HPLC-MS
	2.7 Methylation and analysis of fatty acids, volatiles, and other apolars using GC-MS and GC-FID
	2.7.1 Mineral analyses

	2.8 Biological activities
	2.8.1 Antioxidant activity
	2.8.2 Enzyme inhibition activity
	2.8.3 Determination of antibacterial activities

	2.9 Statistical examination

	3 Results and discussion
	3.1 Phytochemical screening results
	3.2 Qualitative analysis of phenolic compounds by HPLC-MS
	3.3 Quantitative analysis of phenolic compounds by HPLC-DAD
	3.4 Fatty acid and volatile composition
	3.5 Mineral content
	3.6 Biological activities
	3.6.1 Antioxidant properties
	3.6.2 Anticholinesterase activity
	3.6.3 Antimicrobial activity


	4 Conclusions
	Acknowledgments
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /POL (Versita Adobe Distiller Settings for Adobe Acrobat v6)
    /ENU (Versita Adobe Distiller Settings for Adobe Acrobat v6)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


