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NOVEL PHYTOCHEMICAL ANALYSIS OF THE ENDEMIC
LIBYAN PLANT “ONOPORDUM CYRENAICUM MAIRE &
WEILLER” AND ITS ANTIBACTERIAL ACTIVITY

Raw plant extracts are considered the best source for herbal medicines and their derivative
products. Onopordum cyrenaicum Maire & Weiller, a species within the Onopordum genus
of the Asteraceae family, is a medicinal plant endemic to Libya. This study seeks to explore,
for the first time, the phytochemical components and antibacterial properties of this plant. A
slightly modified maceration technique was employed to extract the bioactive components
successively using three different solvents (petroleum ether, chloroform, and methanol).
Phytochemical analysis identified the presence of several phytochemical components,
including terpenoids, tannins, glycosides, flavonoids, saponins, and alkaloids. Remarkably,
the methanol extract exhibited exceptional antibacterial activity, outperforming the other
extracts, with inhibition zones of 28 mm for S aureus, 22 mm for MRSA, and 30 mm for
S epidermidis, while the minimum inhibitory concentrations (MIC) were 6.25, 50, and 3.75
mg/ml, respectively.

Keywords: Onopordum cyrenaicum, phytochemicals, inhibition zone, antibacterial
properties.

1. INTRODUCTION

Plants have long been known as a provider of food and medicine [1]. Ancient
civilizations relied on plants to treat ailments; even today, they remain a cornerstone
of traditional medicine [2]. The secret to their efficacy lies in a wide range of chemical
compounds known as phytochemicals [3]. Onopordum cyrenaicum Maire & Weiller
belongs to the genus Onopordum, tribe Cardueae within the family Asteraceae [4]. The
genus Onopordum (Asteraceae), containing approximately 50 species [5], includes
perennial spermatophyte plants that are extensively used as a traditional therapies of
many human ailments [6]. These plants considered a significant supplier of bioactive
compounds with a broad range of therapeutic applications [7]. This species is native to
Libya with its unique morphological properties and ecological roles, and contributes
considerably to both natural ecosystems and cultural practices as it can be seen in
figure (1) [8, 9].

The vital role of plant’s efficacy due to the wide range of chemical compounds
known as phytochemicals, which, classified generally into primary and secondary
metabolites [10, 11]. Extraction of phytochemical components from plants is a method
of separating bioactive compounds from inactive material using a suitable solvent and
ordinary extraction technique. Although primary metabolites, like sugars and amino
acids are essential for the plant’s basic functions [12, 13], phytochemical components,
such as alkaloids, flavonoids, and terpenoids, play roles in defense, attraction, and
communication [14]. Phytochemical analysis aims to identify these compounds,
exploring their functions and potential applications in medicine, agriculture, and

DOI: https://doi.org/10.18524/2304-0947.2025.1(89).335205 139
© K.A. Atayalla, M.A. Acka, 2025



| SSN 2304-0947 K.A. Atayalla, M.A. Acka

Cxypr

Chad

Fig. 1. The important plant areas in Libya

environmental science [15, 16]. Among the 50 species of Onopordum Cyrenaicum
Maire & Weiller which native to Libya, has not yet been explored before, and that is the
aim of this work.

2. EXPERIMENTAL

2.1. Plant material

A sample of Onopordum cyrenaicum Maire & Weiller weighted 2 kg was collected
from the valley of Souf El Jeen in Bani Waleed city, during 2024. The botanical
identification was performed by Dr. Hana M. Abdi at the Department of Botany, Bani
Waleed University, Libya. The plant sample was cleaned under running tap water and
then by distilled water [17]. The cleaned plant sample was dried at 38 °C in the shade
for 14 days, then the dried sample were crushed in a blender to gain a powder sample
[18]. Finally, the powder of Onopordum cyrenaicum Maire & Weiller sample was
stored at —4 °C for further analysis.

2.2. Extraction of the plant material

The powdered plant sample was extracted using a classic process called maceration.
20 g of preserved plant material and 200 ml of petroleum ether were mixed at room
temperature (around 40 °C in the summer). The mixture was manually shaken for three
minutes to ensure homogenization. The mixture stirred for 48 hours then filtered and
repeated three times in order to improve extraction. The plant material which had been
filtered was further extracted by chloroform 3 x 200 ml and methanol individually.
Eventually, a rotary evaporator was used to remove the extraction solvents, yielding a
dry extracts which then stored at —4 °C for upcoming investigation.

2.3. Phytochemical analysis

Qualitative methods were employed to identify the phytochemical components
found in Onopordum cyrenaicum Maire & Weiller. The procedures was described in ref
[19].

2.4. Quantifying the total phenols content

The quantity of phenol in the crude extracts were measured by Folin-Ciocalteu reagent
technique with a slight modification. Different concentrations (100, 200. 400, 600 pg/
ml) of pyrogallol solution were used as a standard solutions. 1.5 ml of 10% FCR and 1
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ml of 2% of Na2CO3 were added to 0.5 ml of the each standard solution separately, and
kept for 20 minutes at 40 °C. Finally, a JASCO UV-VIS equipment was used to measure
the samples’ absorbance at 760 nm. This process was repeated to each crude extract. The
TPC of the extracts were reported as mg pyrogallol per g of dried plant [20].

2.5. Quantifying the total flavonoid content

The quantity of flavonoids in the crude extracts were measured by using a slightly
modified aluminum chloride method. Several concentrations of quercetin (100, 200, 400,
and 600 pg/ml) were prepared as standard solutions. 1 ml of each standard was placed in
a 10 ml conical flask containing 0.2 ml of 5% NaNO, and mixed for 2 minutes. 0.2 ml
of'a 10% AICl; was added to the obtained mixture and mixed for 2 more minutes. Then,
0.5 ml of 0.1 M CH3COOK was added to the flask, then the volume was continued to
10 ml with DI water and kept away for 20 minutes at 40 °C. Finally, a JASCO UV-VIS
equipment was used to measure the samples’ absorbance at 415 nm. The TFC of the
extracts were reported as mg quercetin per g of dried plant sample [21].

2.6. Antibacterial Activity Testing

The bacteria used in this study were S. epidermidis, S. aureus, and MRSA. These
bacterial strains were carefully gained from Tripoli Teaching Hospital in Tripoli, Libya.
The bacteria were incubated at 37 °C for 24 hours to provide the ideal conditions for
their culture to grow. [22].

2.6.1. Disk Diffusion Method

Bacterial cultures were standardized to the 0.5 McFarland scale and evenly spread
onto Mueller-Hinton agar plates using sterile swabs. After a 15-minute drying period,
the plates were prepared for sensitivity testing. Disks, 6 mm in diameter, saturated with
the respective extracts, were placed on the agar surface. Additionally, Klacid antibiotic
was used as a positive control. The plates, arranged with wells spaced 5 cm apart, were
incubated at 37 °C for 24 hours. Subsequent to the incubation, the plates were inspected
for the occurrence of clear inhibition zones around the wells, which were measured to
determine the antibacterial effect.

2.7. Statistical analyses

The measurements were done in triplicate and reported as the mean = SD, and the
obtained data was analyzed using one-way ANOVA in Excel 2019. The correlation
coefficients (R) between TPC and TFC were computed to assess their relationship.

3. RESULTS AND DISCUSSION
3.1. Phytochemical analysis

Table 1

Summary of phytochemical constituents of Onopordum cyrenaicum Maire & Weiller extracts

Extracts Alkaloids | Glycosides | Flavonoids| Saponins | Tannins | Terpenoids
petroleum ether - - - - - +
Methanol + + + + + +
Chloroform - - + - + -

(+): existence; (—): nonexistence.
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Table 1 Demonstrates the phytochemical investigation of Onopordum cyrenaicum
Maire & Weiller extracts. The results exposed the existence of bioactive components
among the three extracts. The methanol extract indicates the presence of tannins and
flavonoids, although saponins, alkaloids, glycosides, and terpenoids were absent.
Methanol extract revealed the attendance of all the phytochemicals, although petroleum
ether extract indicated only terpenoids. The investigation of the plant extracts showed
the existence of a variety of phytochemicals that are identified as clinically and
physiologically active. Such as tannins, which are polyphenolic substances known for
their antibacterial properties [23].

Flavonoids have a polyphenolic structure with hydroxyl groups, typically produced
by plants to deal with microbial infections [24]. Their effectiveness depending on the
capability of creating complexes with bacterial cell walls. Terpenoids have antibacterial
activity due to their aromatic qualities [25]. Saponins have been shown to inhibit the
growth of the gram-positive bacterium, S. aureus [26]. Consequently, the phytochemical
analysis indicated that the methanol extract contains chemical compounds with
antibacterial properties, which may explain the results observed in the antibacterial
investigation.

80:
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Fig. 2. Tllustrates TPC and TFC in the Onopordum Cyrenaicum Maire & Welller extracts

The methanol extract indicated the highest TPC value of 76.56 = 0.3 mg GAE/g,
while the lowest value of TPC was found in the petroleum ether extract with 11.21+
0.1 mg GAE/g, despite the fact that the chloroform extract contained 27.63 + 0.2
GAE/g. Nevertheless, the TFC of the OCMW extracts was similar to the latter, with the
highest value in methanol extract (37.63 + 0.2 mg QE/g) followed by the chloroform
extract (16.41+0.1 mg QE/g), while petroleum ether extract contains the lowest TFC
with 5.20 £ 0.3 mg QE/g.
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3.2. Antibacterial Activity

Fig. 3. Shows the inhibition zones of Onopordum Cyrenaicum Maire & Weiller extracts and
Klacid antibiotic (4, water, 5 petroleum ether, 6 chloroform and 7 methanol)

Table 2
Inhibition zones in mm for Onopordum Cyrenaicum Maire & Weiller extracts
Extracts inhibitory zones (mm)
. Antibiotic
Bacterial types . MIC (mg/ml)
Kl
petroleum Chloroform Methanol (Klacid)
ether

S. aureus 50

(MRSA) - 03 22 30
S. epidermidis - 06 30 32 375

S. aureus - 06 28 32 625

In the current study, three different extracts of Onopordum cyrenaicum Maire &
Weiller were tested to determine their inhibitory effect against standard bacteria,
MRSA, S aureus, and S. epidermidis. The results in Table 2 demonstrated that the
petroleum ether and the chloroform extracts showed no antibacterial activity against
the bacteria tested. In contrast, the notable effectiveness of the plant methanol extract
against all bacterial strains emphasizes its potential as a natural substitute for
traditional antibiotics. Specifically, the extract exhibited strong inhibitory activity
against MRSA, achieving an inhibition zone of 22 £+ 0.5 mm and 50 £ 1 mg/ml (MIC).

Its activity was even more pronounced against non-resistant S. aureus and S.
epidermidis, with a higher inhibition zone and lower MIC value (28 + 0.5 mm inhibition
zone and an MIC of 6.25 = 0.1 mg/ml for the former, while 30 = 0.5 mm inhibition zone
and an MIC of 3.75 + 0.1 mg/ml for the latter). The activity of the methanol extract is
because of the high concentrations of flavonoids and terpenoids, as revealed by the first
phytochemical analysis, which indicates that the bioactive compounds of Onopordum
cyrenaicum Maire & Weiller may employ various mechanisms of action, potentially
targeting multiple critical pathways in bacterial physiology. The significant activity
observed against resistant strains highlights the need of isolating and characterizing the
responsible compounds, intending to develop them as innovative natural antibiotics.
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CONCLUSION

The present work shows that the Onopordum cyrenaicum Maire & Weille has
some important phytochemicals such as terpenoids, alkaloids, glycosides, flavonoids,
saponins, and tannins according to the qualitative phytochemical investigation.
Onopordum cyrenaicum Maire & Weille species contains a large number of bioactive
components with therapeutic importance. The variety of phytochemicals in Onopordum
cyrenaicum Maire & Weille makes it a potential source for developing medications
to treat various ailments. Although the observed antibacterial effect of Onopordum
cyrenaicum Maire & Weille chloroform extract suggests the presence of bioactive
compounds, this study did not identify the specific bioactive compounds responsible for
the antibacterial activity, which may encourage researchers and pharmacists to develop
antibiotics from this plant.
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HOBUM ®ITOXIMIYHUN AHAJII3 EHJIEMIYHOI JIIBIMCBKOI
POCJIMHU «ONOPORDUM CYRENAICUM MAIRE & WEILLER»
TA Ii AHTUBAKTEPIAJIbHA AKTUBHICTb

PocnuHHI eKCTPaKTH BBAXKAIOTHCS HAWKPALIIM JDKEPEIIOM IS JTIKapChKOi POCINHHOT CHPOBH-
HY Ta NOX1AHUX TPOLYKTiB. Onopordum cyrenaicum Maire& Weiller, Bun 3 pony Onopordum
ponuHu Asteraceae, € TiKapchbKOO pociuHOI0, eHaemikoM JliBii. Lle mocmimkeHHs mMano Ha
MeTi BIIepIle BHBYMTH (DITOXIMIUHI KOMIIOHEHTH Ta aHTHOAKTepialbHi BIACTHBOCTI JaHOL
pocauHU. /171 OCTIIOBHOTO BMUTyYeHHS 010JI0T1YHO aKTHBHUX KOMIIOHEHTIB 3 BUKOPHUCTAH-
HSIM TPHOX PI3HUX PO3YMHHUKIB (TIETPOJICHHOTO eTepy, XJI0podhopMy Ta METAHOIY) 3aCTOCO-
ByBaJi MoAM(iKOBaHy TeXHIKy Marepamii. KimbKicTh peHONBHUX CHOMYK B €KCTPAKTaX BU3-
Havayy 3 3acTocyBaHHsIM peakTuBy Domina-Yokanbrey, pe3yabraTd BKazaHi K KUJIbKICTb MT
MipOTaoNy Ha rpaM BUCYIICHOT pocinHu. KibKicTh (pIaBOHOIIB B EKCTPAKTAaX BUMIPIOBAIIH
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10.

11.

12.

3a JIOTIOMOTOI0 MOAM(IKOBAHOTO METOAY 3 XJIOPHJIOM AJIOMiHIIO, Pe3yJbTaTd BKa3aHi sK
KUIBKICTB MI' KBEPLIETHHY Ha I'PaM BHUCYIICHOI POCIHHH.

®DiToXIMIYHMI aHaJi3 BUSBHUB HAsSBHICTH psay O10JIOTIYHO aKTUBHUX KOMIIOHEHTIB, BKJIIO-
Yalouu TEepIIeHOINH, AyOMIbHI PEIOBHHH, TIIKO3HUIH, (DIIaBOHOINM, CAllOHIHM Ta ajKaJIolIu.
Cain BiAMITHTH, 010 METAHOJBHHH EKCTPAKT MPOAEMOHCTPYBAB BHHATKOBO BHCOKY
aHTHOaKTepiabHy aKTUBHICTH, MEPEBEPIIYIOUN IHIN EKCTPAKTH, i3 30HaMM IHTiOyBaHHS
28 mm must S. aureus, 22 mm st MRSA ta 30 mm aust S. epidermidis, Toni sik MiHIManbHi
inrioyroui konnenrpauii (MIK) cranosumu 6,25, 50 1 3,75 Mr/mi BiIoBigHO.

Benuka KinbkicTh Oiosoriuno akTWBHMX pedoBuH y Onopordum cyrenaicum Maire &
Weille poOuts HOro moOTEHIIHHUM JpKEpelIoM B po3poOmi (apManeBTHYHHX IpenapaTis
U JIKYBaHHSA Ta MPOQITaKTHKKA PI3HOMAHITHUX 3aXBOPIOBAHb. X04a CIIOCTEPE)KYBAHUI
aHTHOaKTepiaIbHUHI e(PeKT JOCIIDKSHNX POCIMHHUX EKCTPAKTIB CBIIYUTH ITPO HASIBHICTH B IX
cKi1azi 010J0T1YHO aKTHBHUX CHONYK, I1€ JOCTIDKEHHS HE BUSBHIO KOHKPETHUX 010JIOTI4HO
aKTUBHUX CIIONYK, BIJIIOBIJaJbHUX 3a aHTHOaKTepianbHy Hifo. OfHAaK 3Ha4YHAa aKTHBHICTH
EKCTPAKTiB, IO CHOCTEPIraeTbcsi MPOTH PE3UCTEHTHUX IITaMiB OakTepiid, MiIKpeciroe
HCOOXI1IHICTh BUIUJICHHS T4 XapaKTCPUCTUKH BiIIIOBIIHUX 1HMBIIyaIbHUX CIIOIYK, 3 METOKO
PO3poOKH Ha IX OCHOBI IHHOBALITHUX MIPUPOJHUX aHTHO10THKIB.

KurouoBi ciaoBa: Onopordum cyrenaicum, (GiTOXiMi4HI pPEYOBHMHH, 30HA IHTIOyBaHHS,
aHTHOaKTepiaabHI BIACTHBOCTI.
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