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Evaluation of chemical composition, some elements and antioxidants to
various solvent extracts from Ruta chalepensis L. plant growing in
al-jabal al- khadar region, Libya
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Abstract: This study was conducted to evaluate the active substances and antioxidants of
Ruta chalepensis L. in two types of different polar solvents (ethanol - hexane). It is one of the
medicinal plants of commercial importance. It was collected in May 2023 in the city of Al-
Qubba, located in northeastern Libya in the al-jabal al-khadar region, drying it and preparing
extracts (flowering tops/seeds, leaves, stems). The results of detecting the active ingredients
showed the superiority of the solvent hexane over ethanol, especially in leaves, while the
highest values of mineral elements(sodium/potassium and copper) recorded for the leaves in
the solvent ethanol, respectively (9.14 / 5.9 / 42), whilst the highest value for iron was
recorded in the flower tips and seeds in hexane, about 2.2 ,This demonstrated the superiority
of ethanol over hexane in extracting mineral elements and in addition to estimating the
percentage of antioxidants for each studied parts, and they showed the highest value in the
leaves and flowering tops 0.3ug/g, and the lowest value in the stems, 0.09ug/g. This supports
that the higher the percentage of phenolic content of the plant, the greater its antioxidant
activity, which gives it great potential for use as a natural antioxidant.

Keywords: Ruta chalepensis L., Medicinal plants, Polar solvents, Flavonoids, Mineral
elements.
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Introduction:

Plants constitute a valuable source of natural antioxidants such as vitamins, phenolic
compounds, and flavonoids (El-Ghorab, et al., 2007). Moreover, chemical treatments cause
side effects, for order to minimize that, research is increasingly developing natural processes
based on extracts and active ingredients of plant origin, where this trend is concomitant with
an increasing interest valorization of natural antioxidants of plant origin (Karmakari, et al.,
2011).
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Ruta is a genus of Rutaceae family and features primarily shrubby plants that are native to
the Mediterranean region and usually grow on rocky slopes. The three most diffused species
are Ruta chalepensis L., Ruta graveolens L., and Ruta montana L., were this plant is
commonly used as a traditional medicinal plant. It is protective against various disorders
such as rheumatism, fever, mental disorders, dropsy, neuralgia, menstrual problems,
convulsions, and other bleeding and nervous disorders (Pollio, et al., 2008 & Aguilar, et al.,
1995). However, data on the bioactivities of R. chalepensis are scarce.

R. chalepensis herb contains secondary metabolites from various chemical groups:
coumarins: simple coumarins (coumarin, scopoletin, umbelliferon), coumarin dimers
(daphnorin),  furanocoumarins  (bergapten, chalepensin, chalepin, isopimpinellin,
xanthotoxin), dihydrofuranocoumarins (rutamarine, isorutarin); alkaloids: acridine
(arborinin, rutacridone), quinoline (graveolin, graveolinin, 3-hydroxygraveoline),
furoquinoline (dictamine, isotaifine, cocusaginine, maculosidine, skimmianine, taifine,
fagarine, 8-methoxytaifine); flavonoids (hesperidin, rutoside); and essential oil
(approximately 0.7%) (Kacem, et al., 2015)

In this work we aimed to evaluate the phenolic composition and the antioxidant for
(ethanolic/hexane) extracts of R. chalepensis as function of the plant parts (flowering
tops/seeds, leaves, stems) In addition, the objective of this study was to establish differences
between the two solvents and to evaluate which is the most interesting. The results of this
work highlighted the possibility of using R. chalepensis organs as a potential source of
natural antioxidants.

Materials and Methods:

Collection and Preparing Plant: The Ruta chalepensis L. plant was collected on May
2023 in the city of Al-Qubba, which is located in the northeast of Libya in the Jabal Al-
Akhdar region. The city of Al-Qubba is about 40 km west of the city of Derna and about 50
km east of the city of Al-Bayda
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(0) Figure showing a map of Libya and identifying the Qubba area

The whole R. chalepensis plant (leaves - stems - flower tops and seeds) was collected and
carefully separated, then washed twice with water, then dried for 10-14 days in the shade,
stirring, at room temperature to avoid damage and contamination. After the drying process,
the plant parts are separated individually and partially ground, and the resulting product is
stored in bags for use. (Jarada et al., 2016)

e Preparation of extracts: Weights were taken from the previously prepared samples
(leaves
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- stems - flower tops and seeds) in order to prepare extracts in solvents (ethanol - hexane).
They were 30 g of samples in 300 ml of solvent and left for 48 hours, then filtering the samples
and then extracting them and disposing of the solvents using... Rotary evaporator. (Zirihi, et
al., 2003)

e Chemical detection: Chemical reagents were prepared in cooperation with the
Department of Chemistry at the College of Science, University of Derna. Chemical tests
were carried out on each of the plant parts separately and included: Tannins, alkaloids,
flavonoids, phenols, saponins and terpenes. (Harborne, 1973 & El-Hefnawy, et al., 1992)

e Estimating the concentration of some mineral elements: The concentration of some
mineral elements (iron (Fe) - sodium (Na) - potassium (K) - copper (Cu)) was measured using
an atomic absorption spectrophotometer in cooperation with the Department of Chemistry,
College of Science, Omar Al-Mukhtar Al-Bayda University.

e Estimation of antioxidant activity: 1 gram of plant powder was added to it, adding 5 ml
of diethyl ether, then the mixture was shaken for a few minutes and filtered to take the
remaining part of the sample, adding 10 ml of methanol with shaking, then adding 10 ml of
hydrochloric acid (HCI), adding 100 ml of methanol, then filtering where the remaining
extract was. From the filtrate, it is placed in a rotary extraction flask until the quantity is
reduced to 10 ml. Take 5 ml of this filtrate, plus 3 ml of distilled water with 3 ml of iron
cyanide K3 [Fe(Cn)6],

concentration 0.008 M, plus 3 ml of hydrochloric acid 0.1 M HCI and a solution of ferric
chloride, FeCl3, and leave it. Solution for 10 minutes, then measured at two wavelengths of
720nm using an atomic absorption spectrophotometer using the method (Wangensteen et al.,
2004).

Results:

1. Chemical detection of active substances in different parts of the plant: Table No. 1
shows the results of chemical detection of the active substances of the parts (leaves - stems -
flower tops and seeds) of the Ruta chalepensis plant that were detected (alkaloids,
flavonoids, tannins, terpenes, phenols and soaps) to compare the presence of the active
compound in the different parts of the plant. Depending on the type of solvent (ethanol -
hexane).

The results showed that the plant parts contained alkaloids in equal quantities in the solvent
(ethanol), while in the solvent (hexane), the highest concentration was in the leaves, followed
by the stems, and then the flower tops. In addition, saponins were present in the flower tops
and seeds in a noticeable concentration than in the rest of the plant parts in (the solvent).
Ethanol) and quite the opposite in (hexane solvent), where it showed its absence in the tops
and its presence in the rest of the plant parts.

As for astringent substances (tannins), upon detection, they showed their absence in both
leaves and stems, and their presence was limited to the flower tips and seeds in the ethanolic
solvent, while they appeared in high and equal quantities in the leaves and stems, and their
absence in the flower tips and seeds in the hexane solvent.

The results showed the presence of terpenes in all parts of the plant in equal quantities in the
ethanolic solvent, while in the hexane solvent they were absent in the flower tips and seeds,
while their concentration was high in the leaves and stems.

The results of detection of phenols and soaps were somewhat similar, as they appeared in
noticeable concentrations in both leaves and stems in the ethanolic and hexane solvents, while
they were absent in the hexane solvent of the flower tips and seeds.
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plants parts
Flower tops and seeds Leaves  The stems

Active compound
groups

Type of solvent

Alkaloid Ethanol + + +
aloles Hexane + 4+ ++
Ethanol ++ + i
Flavones
Hexane ++ ++ ++
. Ethanol + - -
Tannins
Terpenes Ethanol + + +
P Hexane - + -
Phenolic Ethanol + + +
compounds Hexane - ++ +
s ) Ethanol ++ + +
aponins
P Hexane - ++ +

e The sign (+) indicates the presence of the substance upon detection, the

sign (-) indicates its absence, while the signs (++) and (+++) indicate the

concentration and clarity of the substance upon detection.

2. Determining the mineral elements present in the Ruta chalepensis plant: Table No.
2 shows the mineral elements detected in plant parts (leaves - stems - flower tops and seeds)
in both solvents (ethanol - hexane) using a spectrophotometer, in three replicates for each
sample.

Thephighest percentage of iron was recorded in the leaves, which was 0.6 for the ethanolic
solvent, while it was at a noticeable concentration in the flower tips and seeds in the hexane
solvent, at about 2.2, and the lowest concentration in the leaves, at about 0.03. While the
sodium element recorded the highest value in the leaves, about 9.14, and the lowest, about
3.43, in the flower tips and seeds in the ethanolic solvent, while the results were equal in the
hexane solvent, while the potassium element recorded the highest value, 5.9, in the leaves,
followed by the stems, with a value of 1.71 in the ethanolic solvent, and its absence in the
hexane solvent for all parts. While the results were for copper in the ethanolic solvent in
varying concentrations, they recorded values respectively (42 - 25 - 2.31) (leaves - flower tops
and seeds - stems), while it was recorded only in the leaves with a value of 1.29 and its absence
in the rest of the parts in the hexane solvent.

plants parts
Metal elements | Type of solvent
yp Flower tops and seeds leaves  The stems

Ethanol 0.4 0.6 0.1
Fe+3 Hexane 2.2 0.03 0.2
Ethanol 3.43 0.14 5.14
Na Hexane 1.83 1.94 1.94
Ethanol 0 5.9 1.71

K Hexane 0 0 0
Ethanol 25 42 2.31

Cu Hexane 0 1.29 0
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Estimation of antioxidants in Ruta chalepensis: Figure (3) shows the detection of
antioxidants in the dry weight of R. chalepensis as a comparison between plant parts (leaves-
stems - flower tops and seeds). The results showed the highest value of antioxidants in the
leaves, flower tops and seeds, about 0.3 (g/g). ) after rounding, while it was lower in the
stems by about 0.09 (ug/g) after rounding.

It shows the antioxidants in the dry weight of R.
chalepensis L
© 0.297 0 0.282
. 0.3
0.25
0.2
0.15
o
0.087 0.1
0.05
0
The stem Leaves Flower tops and
seeds

Discussion:

1. Chemical detection of Ruta chalepensis L: The results showed, in general, for the
aforementioned materials in the table, the presence of the active substances in the leaves,
followed by the flower tips, seeds, and some in the stems. This is consistent with the study of
(Fakhfakh, et al., 2012), which confirmed the connection between the presence of the active
substances in the leaves as secondary metabolites. Also mentioned that most alkaloids and
saponins vary in quantities in different parts of the same plant, and the differences may be
related to the morphological differentiation that occurs during the phenological cycle
(Ouerghemmi, et al., 2016).

As (Kasimala, et al., 2014) indicated that the R. chalepensis plant contains (alkaloids,
flavonoids, tannins, terpenes, phenols, and saponins), the total phenolic content is affected by
the polarity of the solvent used for extraction, and it is maximum in polar solvents and
minimum in non-polar solvents, so The phenolic content of R. chalepensis is polar and
extracts well with polar solvents. Ereifej et al., 2015), and (Al-Ismail, et. al., 2022) indicated
that more polar solvents will produce a greater extraction yield, as the higher the percentage
of phenolic content, the greater the antioxidant activity.

2.Determination of mineral elements of Ruta chalepensis L: The detection results showed
(iron, sodium, potassium, copper) in varying degrees and concentrations, where Cu recorded
the highest values (42 and 25), and compared with the study (Ereifej, et al., 2015) in which
Cu recorded a value of 0.14, while the values of the elements were ( Fe / K/ Na)
respectively (2.1 /52 / 9.4) and may be due to the distribution and accumulation of minerals
in the leaves of R. chalepensis L., a reflection of the mineral composition of the soil and the
environment in which R. chalepensis L. grows. The plants accumulate Metals from soil and
the environment in their different parts (Solomon, et al., 2018). In addition, these compounds
are synthesized during secondary metabolism and their production and accumulation may
vary according to species and environmental conditions (Da Silva et al., 2014)

3.Estimation of antioxidants in Ruta chalepensis L: The results of estimating antioxidants
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for plant parts (leaves - stems - flower tops and seeds) showed the highest concentration in
the (leaves, flower tops and seeds) about 0.3pg/g. and the lowest value in the stems 0.0 9
Hg/g.

where the biological activity of the plant may depend on factors such as the part of the plant,
the geographical source, soil conditions and time. Harvest, moisture and post-processing
methods. Therefore, when harvested, Ruta chalepensis leaf extract has high phenolic content
and antioxidant activity as well as moderate antimicrobial activity, so this plant can be useful
as a medicinal plant. (Abdel Aziz et al., 2020) As the study clearly indicated, R. chalepensis

L. has great potential to be used as a natural antioxidant as well as an anti-diabetic agent (Al-
Ismail et al., 2022).

Conclusion: This study concluded that the difference in the polarity of the solvent has an
effect in extracting the active substances of medicinal plants, and it was clear in Ruta
chalepensis, where it was clear that some of them were present in ethanol and their absence in
hexane. In addition, their presence in hexane and their absence in ethanol, and this supports
the theory of extraction, as the solvent spreads in the plant material and dissolves the
compounds. Which has a similar polarity to it. Addition, the results showed that the higher
the percentage of phenolic content, the greater the activity of antioxidants. The results also
indicated the presence of most of the active substances, antioxidants, and mineral elements in
noticeable concentrations in the leaves, while they varied in the rest of the plant, which
reinforces previous studies that reported that an increase in solvent polarity follows. High
extraction productivity.

Acknowledgements: We extend our sincere thanks and gratitude to: Nawal Abdel Karim
Rajab (Head of the Chemistry Department, College of Science/Al-Qubba) - Nouri Masoud
(Faculty member in the Chemistry Department-College of Science/Al-Qubba) - Asmaa
Saleh Habib (Faculty member in the College of Environmental Materials/Omar Al-Mukhtar
Al-Bayda University )- Dr. Souad Gaddafi (faculty member in the Department of Chemistry
- College of Science / Omar Al-Mukhtar Al-Bayda University) - Safaa Ghaith (Master’s
student in the Department of Botany - College of Science / Omar Al-Mukhtar Al-Bayda
University) who helped us in completing the practical aspect of the research topic.

Refinances:

e Abdul-Aziz Y. Al-Ghamdi, Abdelfattah A. Fadlelmula, and Mohamed O.M. Abdalla,.
(2020): Total Phenolic Content, Antioxidant and Antimicrobial Activity of Ruta chalepensis
L. Leaf Extract in Al-Baha Area, Saudi Arabia. Jordan Journal of Biological Sciences.
Volume 13, Supplementary Issue, December 2020 ISSN 1995-6673 Pages 675 — 680.

e Aguilar-Santamaria L, Tortoriello J. (1995): Anticonvulsant and sedative effects of crude
extracts of Ternstroemia pringlei and Ruta chalepensis. Phytother Res 1995;10:531e3.

e DaSilva, F.G,, Da, S., Mendes, F.R., Da, C., Assuncdo, J.C., Pinheiro Santiago, G.M.,
Xavier Bezerra, M.A., Barbosa, F.G., Mafezolic, J., Rodrigues Rocha, R., (2014): Seasonal
variation, larvicidal and nematicidal activities of the leaf essential oil of Ruta graveolens L.
J. Essent. QOil Res. 26 (3), 204-2009.

e E|-Ghorab AH, Shibamoto T, Ozcan M. (2007): Chemical composition and antioxidant
activities of buds and leaves of capers (Capparis ovata Desf. Var. Canesencene) cultivated in
Turkey. J Essent Oil Res 2007;19:72e7.

e El-Hefnawy, G. B., El-Borari, M. A., El-Said, A. A. & Gabr, A. A. 1992. Indian J. Fibre
Textile Res. 17, 87-91

e FErcifej K, Feng H, Rababah T, Almajwa A, Alu’datt M, Gammoh Sl and Oweis LI.

BAYAN.J@su.edu.ly 127 Leadall OLJI WA



2024 4. Ao paled) suall ISSN:2790-0614

(2015): Chemical composition, phenolics, anthocyanins concentration and antioxidant
activity of ten wild edible plants. Food Nutr Sci, 6: 581-590.

e Fakhfakh N, Zouari S, Zouari M, Loussayef C, Zouari N. (2012): Chemical composition
of volatile compounds and antioxidant activities of essential oil, aqueous and ethanol extracts
of wild Tunisian Ruta chalepensis L. (Rutacea). J Med Plants Res 2012;6:593e600.

e Harborne ,J. B., 1973. Phytochemical methods .Chapman and Hall.London .

e Ines Ouerghemmi, Iness Bettaieb Rebey, Fatma Zohra Rahali, Soumaya Bourgou , Luisa
Pistelli , Riadh Ksouri, Brahim Marzouk, and Moufida Saidani Tounsi. (2016): Antioxidant
and antimicrobial phenolic compounds from extracts of cultivated and wild-grown Tunisian
Ruta  chalepensis. Journal of Food and Drug Analysis (2016),
http://dx.doi.org/10.1016/j.jfda.2016.04.001

e Kacem, M.; Kacem, |.; Simon, G.; Ben Mansour, A.; Chaabouni, S.; Elfeki, A.; Bouaziz,
M. (2015): Phytochemicals and biological activities of Ruta chalepensis L. growing in
Tunisia. Food Biosci. 2015, 12, 73-83.

e Karmakari I, Dolai N, Saha P, Sarkar N, Bala A, Kanti P. (2011): Scavengingactivity of
Curcuma caesia rhizome against reactive oxygen and nitrogen species. Orient Pharmacology
Experimental medicine. 2011; 11: 221-228.

e Khalid Al-Ismail, Rawya Al-Atewi, Maher Al-Dabbas and Radwan Ajo. (2022):
Antioxidant and A-Amylase Inhibition Activity of Ruta Chalepensis L Extracts. Carpathian
Journal of Food Science and Technology, 2022, 14(1), 110-117

e Madhu Babu Kasimala, Merih Tukue, and Robiel Ermias. (2014): Phytochemical
Screening and Antibacterial Activity of Two Common Terresterial Medicinal Plants Ruta
Chalepensis and Rumex Nervosus. Bali Medical Journal (Bali Med. J.) 2014, Volume 3,
Number 3: 116- 121 P-ISSN.2089-1180, E-ISSN.2302-2914

e N. A. Jaradat, A. N. Zaid, A. Abuzant, and R. Shawahna, (2016): “Investigation the
efficiency of various methods of volatile oil extraction from Trichodesma africanum and their
impact on the antioxidant and antimicrobial activities,” Journal of Intercultural
Ethnopharmacology, vol. 5, no. 3, pp. 1-7, 2016.

e Pollio A, De Natale A, Appetiti E, Aliotta G, Touwaide A.(2008): Continuity and change
in the Mediterranean medical tradition: Ruta spp. (Rutaceae) in Hippocratic medicine and
present practices. J Ethnopharmacol 2008;116:469e82.

BAYAN.J@su.edu.ly 128 Leadall OLJI WA


http://dx.doi.org/10.1016/j.jfda.2016.04.001

