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Article Info. Abstract

Keywords: The phytochemical profile and antioxidant capacity of Ruta graveolens L. leaves, collected from
antioxidants, Msallata, Libya, are investigated in this study. Four solvents were used to extract the bioac-
heavy metals, tive compounds: petroleum ether, ethanol, water, and chloroform. Moisture, ash, total proteins,
phytochemicals, total alkaloids, total phenols, total flavonoids, antioxidant activity, and mineral content in the

leaves were measured. Ethanol was the extract with the highest extraction efficiency (16.32%)
and the highest concentrations of antioxidant activity (6.47 mg/g), total flavonoids (3.77 mg/g),
and total phenols (37.65 mg/g). According to phytochemical screening, all extracts lacked
saponins but contained proteins, carbohydrates, phenols, flavonoids, alkaloids, coumarins, gly-
cosides, steroids, and terpenes. Copper was the least common element, according to mineral
analysis, whereas calcium, sodium, and magnesium were the most abundant. Iron was the most
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1. Introduction While modern scientific studies support many of these appli-
cations and continue to study its pharmacological potential,

Humans have utilized medicinal plants for centuries astra-  traditional medicine has used R. graveolens for illnesses

ditional therapies and food sources [1-3]. Many bioactive ranging from inflammation to digestive issues [14,15].
substances, including phenols, flavonoids, terpenes, sapo-
nins, quinones, and tannins, have antibacterial, antioxi-
dant, anti-inflammatory, and anticancer qualities, which
contribute to their therapeutic potential [4-7]. Modern
research has renewed interest in these natural compounds
because they show promise as synthetic therapeutic sub-
stitutes, especially for chronic and infectious disorders
[8,9].

A popular medicinal plant, Ruta graveolens (Rue)
(Figure 1), received interest because of the presence of
several different phytochemicals, such as rutin, couma-
rins, and essential oils, which support its wide range of
biological activities. Its antidiabetic, antibacterial, anti-
fungal, antioxidant, anti-inflammatory, and antican-
cer effects have all been documented in studies [10-13]. Figure (1): Ruta graveolens L.
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Numerous investigations have emphasized the medic-
inal values of R. graveolens. For example, Agidew [16]
documented its traditional uses in the treatment of fever,
cough, and malaria, whereas Yu et al. [14] showed its anti-
cancer efficacy against human breast carcinoma cell lines.
The antibacterial and antifungal properties of its extracts
were validated by Ahmed [17], and Diwan [18] discov-
ered a favorable relationship between antioxidant capac-
ity and total phenolic content (TPC). Further evidence of
its anti-inflammatory and antioxidant properties was
provided by Melnyk [19]. All of these results highlight the
potential of R. graveolens as a natural source of medicinal
compounds.

The purpose of this study was to assess the antibac-
terial activity and chemical composition of R. graveolens
extracts gathered from Libya. The experiment involved
determining the phytochemical contents (phenols, flavo-
noids, tannins, saponins, and alkaloids), assessing the anti-
microbial activities against certain bacterial and fungal
strains, and evaluating antioxidant activity. The findings
support the potential use of R. graveolens in natural prod-
uct-based therapies and offer further information on its
pharmacological significance.

Ruta graveolens L. Leaves as a Potential Source of Natural Antioxidants and Phytochemicals

2. Materials and Methods

The collection and preparation of R. graveolens L. leaves
was the first experimental step in this study. Other steps
included phytochemical screening, extraction using vari-
ous solvents, and quantitative measurements of proteins,
alkaloids, phenols, flavonoids, antioxidant activity, and
mineral content. Figure 2 depicts the general workflow of
the experimental techniques.

2.1. Collection and preparation of the plant

R. graveolens L. leaves were obtained from Msallata,
Libya, which is noted for its flora and fauna, between
February and May 2020. Using morphological analysis, a
plant specialist from the Department of Botany, El-Mergib
University, identified the plant samples. After that, voucher
specimens were stored in the Plant Science Laboratory of
the same department. The leaves were carefully cleaned
with distilled water to remove any dirt or impurities and
were air-dried for 15 days at room temperature (25 °C)
to ensure purity. After that, 100 g of Urtica urens powder
was prepared by coarsely crushing the dried leaves in a

@ollection (Msallata, Libya)

@cation & voucher sp@

<__Washing — Air drying (15 days, 25°C) — Grinding — Powder storage >

i

Extraction procedure
Maceration (Water, Ethanol, Cholorofom, Petroleum ether, 72 h, RT)
Filtration — Evaporation (40°C) — extract yield

i

Phytochemical & Antioxidant tests
Phytochemical screening (flavonoids, alkaloids, etc.)
Protein, alkaloid, phenols, flavonoids
DPPH radical scavenging (517 nm)

l

Mineral analysis
Wet digestion (HNO, + H,0,)
AAS (Fe, Zn, Mn, Cu, Mg)
Flame photometer (Ca, Na)

l

@stical analysis (excel, p < 0.05)

Figure (2): Experimental procedure for an experiment that includes plant collecting, phytochemical and antioxidant

analysis, and mineral assay.
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laboratory ultra-centrifugal mill ZM 200 (Retsch GmbH,
Haan, Germany) to a flour-like consistency [20]. The pow-
der was maintained at room temperature in glass vials,
providing the necessary preparation for the later investi-
gation of the phytochemical and heavy metal content of the
leaves.

To determine the moisture content in the plant sample,
3.0 g of the powder was weighed in a crucible and dried
for 3 h at 100°C. After cooling, the crucible was weighed
to determine its final weight. Appropriate formulas were
used to calculate the moisture content [21]. The ash con-
tent was ascertained by weighing 3.00 g of the sample and
heating it at 550 °C for 3 h in a porcelain crucible. After
cooling, the crucible was weighed again. The method used
to calculate the ash content was documented in the study
by Alkherraz et al. [22].

2.2. Extraction procedure

The phytochemicals from the dried R. graveolens L. leaves
were extracted by maceration. The plant material was
soaked in different solvents (water, ethanol, chloroform,
and petroleum ether) for 72 h at room temperature. The
mixtures were filtered and evaporated at 40 °C under vac-
uum, following previous studies [23,24]. The extract yield
was calculated by weighing the dried samples [25]. This
method ensured the effective extraction and concentra-
tion of the phytochemicals.

2.3. Phytochemical analysis

R. graveolens L. leaf extracts were screened for phytochem-
icals using aqueous, ethanol, chloroform, and petroleum
ether extracts. The techniques used in this analysis are
well established and documented in the literature [26,27].
Using accepted practices, the contents in the extract were
examined for the presence of flavonoids, coumarins, phe-
nolics, alkaloids, tannins, saponins, steroids, terpenoids,
quinones, glycosides, carbohydrates, and proteins.

2.4. Total protein analysis

The protein content of plant materials was ascertained
using the modified Kjeldahl technique [28]. In this process,
powerful sulfuric acid oxidises the plant material, destroy-
ing all components except nitrogen. After that, the nitrogen
is converted into ammonia, and the amount of ammonia is
measured via a reverse titration process with an indicator
such as methyl red.

2.5. Total alkaloid analysis

The modified gravimetric approach was used to determine
the total alkaloids [29]. After being steeped in ethanol
and acetic acid, the plant powder was filtered and concen-
trated. Ammonium hydroxide was used to precipitate the
alkaloids, which were then collected, centrifuged, cleaned,
and filtered. The alkaloid content in the residue was esti-
mated by drying and weighing it.

Ruta graveolens L. Leaves as a Potential Source of Natural Antioxidants and Phytochemicals

2.6. Total phenols analysis

The modified Folin-Ciocalteu technique [29] was used to
determine the TPC in the aqueous and ethanolic extracts
of the plant. After combining the extract with the Folin-
Ciocalteu reagent, the mixture was incubated and diluted
using sodium carbonate solution. After 30 min, the absor-
bance was measured at 765 nm. Gallic acid equivalents
were used to calculate and express the phenolic content,
and the gallic acid concentrations on the calibration curve
ranged from 10 to 60 mg/L.

2.7. Total flavonoid analysis

The modified aluminum chloride approach was used
to determine the total flavonoid concentration in plant
extracts [3]. Rutin served as the reference standard, and
the overall content of flavonoids was expressed as rutin
equivalent. To create a standard calibration curve, rutin
concentrations ranging from 1 to 60 mg/L were generated.

2.8. DPPH radical scavenging assay

The capacity of ethanolic and aqueous extracts to scavenge
DPPH radicals was used to measure their antioxidant activ-
ity. A modified method from Kirby and Schmidt (1997)
[30] was applied to achieve this goal. A mixture of 2 mL of
DPPH solution and 1 mL of the sample solution (water or
ethanol extract) or ascorbic acid solution was prepared to
measure the antioxidant activity of the extract and ascor-
bic acid. The entire volume was subsequently lowered to
10 mL. Following that, the mixture was kept in the dark
for 30 min, during which the absorbance was measured at
517 nm. The same method was used to measure the absor-
bance of the DPPH solution without the sample or ascorbic
acid to establish a baseline.

2.9. Mineral analysis

The Atomic Absorption Spectrophotometer (VARIAN 220
FS) was employed to analyze the concentrations of essen-
tial microelements, namely Fe, Zn, Mn, Cu, and Mg. On the
other hand, the Flame photometer (PFP7 Jenway) was uti-
lized for the quantification of essential macroelements,
specifically Ca and Na. To eliminate organic matter from
the plant material, the wet digestion method was applied,
which involved the oxidation process using nitric acid and
hydrogen peroxide [31-33].

2.10. Statistical analysis

All experiments were conducted in triplicate, and the mean
values and standard deviation (SD) are shown for each
result. The reliability of the data was assessed using the
standard error of the mean (SEM). The threshold for sta-
tistical significance was set at P < 0.05. The results were
confirmed by the inclusion of suitable controls, which were
blank samples devoid of an absorbent. Microsoft Excel 2016
was used to handle the data and conduct statistical analysis.
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3. Results and Discussion

3.1.Yield, moisture, and ash contents

Table 1 provides the percentages of yield, moisture, and ash
content of the four extracts. The alcoholic extract exhib-
ited the highest yield, while the aqueous and chloroform
extracts displayed comparable percentages. Conversely,
the ether extract showed the lowest yield. These findings
align closely with a previous study conducted by Molnar
et al. [34], which investigated the R. graveolens L. plant
and reported alcoholic extract yields ranging from 9.95
to 14.95%. Another study by Aljaiyash et al. [35] found a
relatively higher alcoholic extract yield of 34.18%. A vari-
ety of factors, including the freshness of the plant material
and the extraction method employed, influence the yield
percentage disparity. A comparatively high moisture con-
tent of 13.46% was observed in this study. This figure is
significantly higher than the measurement given by Dhale
et al. (7.55%) [36], but it is close to the data reported by
Molnar et al. (12.19%) [34]. The ash content was also found
to be relatively high. Nonetheless, this finding is consistent
with that of the research project carried out by Nigam and
Biswal (6.0%) [37]. It is significant to remember that the
amount of ash in a sample can be used as an indicator of
the mineral composition of the sample.

3.2. Phytochemical screening results

The presence of proteins, carbohydrates, phenols, fla-
vonoids, alkaloids, coumarins, glycosides, steroids, and
terpenes was found in the chemical analysis of various
extracts of R. graveolens L. leaves, as indicated in Table 2.
No saponins were found in any of the extracts. Azalework
et al. [38], in their study on R. graveolens L. leaves, found
a variety of active substances, including saponins, while
multiple phenols, carbohydrates, and proteins were
absent. The presence of saponins was also reported in
other studies, such as those of Perera et al. [39], which dif-
fers from the findings of the current research. However, a
study by Amabye et al. [12] aligned with the current study
in the absence of saponins but differed in the absence of
phenols and tannins in this plant. A study conducted by
Aljaiyash et al. [35], which investigated both R. graveolens
L. and Aloe Vera plants, revealed the presence of phenols,
carbohydrates, tannins, flavonoids, steroids, and terpenes
in alcoholic extracts, while alkaloids and glycosides were
not detected in the tested extracts. These variations may

Ruta graveolens L. Leaves as a Potential Source of Natural Antioxidants and Phytochemicals

be attributed to differences in the extraction methods
utilized.

3.3. Total proteins and total alkaloid contents

Table 1 displays the total protein and total alkaloid con-
tent values. There have been no prior investigations on R.
graveolens L. protein content. However, when compared to
the protein content of other plants, it appears to be similar.
In a study conducted by Ahmed et al. [17] on the alkaloid
content of R. graveolens L. and other plants, the alkaloid
content ranged from 14-17%, which is significantly higher
than the current study result. In a previous study on vari-
ous medicinal plants in Nigeria [40], including Ruta bran-
silensis, the findings varied from 0.34 to 1.04%, which is
comparable to the current study results.

3.4. Total phenolic content

Total phenolic content in extracts was calculated using
extrapolation from a calibration curve (Y = 0.0046X;
R? = 0.9458) based on gallic acid concentrations. TPC was
measured in milligrams of gallic acid equivalence (GAE)
per gram. Using a regression equation, the quantification
of phenolic components in different quantities of aqueous
and ethanolic extracts was achieved, and the findings were
reported as gallic acid equivalents (Table 3). There were
no significant differences (P > 0.05) between the tested
concentrations of each extract.

The phenolic content of the aqueous and ethanolic
extracts from R. graveolens leaves was determined and is
presented in Table 3. The results indicated that the plant
leaves had a high phenolic content. A comparison with
previous studies revealed that the current results were
in line with several studies that reported similar values.
For instance, Frent et al. [41], Pekal et al. [42], Mokhtar
et al. [43], and Diwan et al. [18] reported phenolic con-
tents of 37.98, 39.90, 41.63, and 37.0 mg/g, respectively.
However, some studies reported lower or higher values
than the current results. For example, Yu et al. [15], Workie
and Desta [44], Ahmed et al. [17], and Kaplan [45] reported
phenolic contents of 24.96, 142.16, 3.16, 2.90, and 34.12-
54.10 mg/g, respectively. These variations could be due to
several factors, such as geographical location, extraction
method, solvent type, and harvesting time [15]. Because
of its possible therapeutic applications, the TPC evaluation
is important when analysing plants. According to a recent
study by Chen et al. [46], older people who consume phenols

Table (1): Results of yield, moisture, ash, protein, and alkaloids of Ruta graveolens +

% Water Ethanol Chloroform Ether
Yield 13.75+0.47 21.05+0.93 12.60 + 0.54 9.05+0.21
Moisture 13.46 £+ 0.74

Ash 594 +0.34

Protein 11.72+1.12

Alkaloids 0.28 £0.07

Mean + SD (for 5 replicates)
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Table (2): Phytochemical results for Ruta graveolens L.

Phytoconstituent Solvent
Water Ethanol Chloroform Ether

Alkaloids ++ ++ + +
Phenols +++ 4+ ++ +
Flavonoids + + - -
Terpenoids - - + T+
Steroids - - 4 T+
Saponins - - - _
Tannins ++ ++ - -
Coumarins +++ ++ + +
Carbohydrates +++ ++ - -
Glycosides ++ + - .
Proteins ++ + - -

(+++) visible change occurred, (++) moderate change, (+) very slight change, (-) no change occurred.

Table (3): Amounts of TPC, TFC, TAC,
and IC for Ruta graveolens L.

Water Ethanol
Total phenols content (mg/g) 35.19+£0.74 | 37.65+0.61
Total flavonoid content (mg/g) 291 +0.23 3.77 £0.09
Total antioxidant content (mg/g) | 6.51 +0.31 6.47 £0.22
IC,, (mg/mL) 0.89 £ 0.09 0.85+0.04

Mean + SD.

through food are less likely to experience cognitive deteri-
oration. Similarly, studies by Liu et al. [47] suggested that
phenols might protect against dysbiosis of microbiota and
gastrointestinal inflammation. The results of this study
demonstrate the possible significance of phenols in main-
taining general health and improving well-being in general.

3.5. Total flavonoid content

R. graveolens leaves were used to determine the total flavo-
noid content (TFC) by using a linear regression equation,
Y = 0.0036x%, which was obtained from a rutin calibra-
tion curve. Strong correlation was indicated by the linear
regression coefficient (R?) of 0.963 that was obtained from
this research. The results are displayed in Table 3 and are
expressed as mg of rutin equivalent per gram of the dry
material.

Compared to values reported in earlier research
studies, including Yu et al. [15], (11.90 mg/g), Workie
and Desta [44], (118.25 mg/g), Mokhtar et al. [43], (13.97
mg/g), and Kaplan [45], (18.94-54.10 mg/g), the TFC in
both the aqueous and ethanolic extracts in this study was
generally lower. However, other investigations, including
the ones by Diwan et al. [18] (0.8-17.0 mg/g) and Arruda et
al. [48] (5.88 mg/g), have findings that are in line with the
current study.

Studies on R. graveolens have revealed varying levels of
flavonoid concentration, which can be attributed to many

factors, such as the study location, the extraction method
utilized, and the solvent employed. Numerous studies have
attempted to pinpoint the precise kinds of flavonoids that
are present. For example, R. graveolens has a high concen-
tration of phenolic compounds, with a TPC of 41.63 mg/g
and a flavonoid content of 13.97 mg/g, according to the
investigation by Mokhtar et al. [43] into the phenolic pro-
file of the plant. Nine phenolic compounds were identi-
fied in this experiment, comprising three phenolic acids
and six flavonoids. With 464.95 g/g, rutin was found to be
the most prevalent phenolic component in R. graveolens.
Syringic acid came in second with 179.74 g/g, while nar-
ingenin came in third with 109.78 g/g. In another investi-
gation by Elansary et al. [49], conducted in Northern Saudi
Arabia, various polyphenols such as quercetin, isochlo-
rogenic acid, chlorogenic acid, and p-coumaric acid were
detected in R. graveolens. However, specific quantification
of these polyphenols was not provided in the study.

3.6. Total antioxidant activity

Ascorbic acid (AA) was used as the reference ingredient to
create a calibration curve for determining the DPPH free
radical scavenging ability of the aqueous and ethanolic
extracts of R. graveolens leaves. With a linear regression
coefficient of R = 0.9874 and a linear regression equation
of Y = 12.004x, the calibration curve was a straight line.
The DPPH radical scavenging capacity of each extract was
determined using this curve. The mean values of the DPPH
free radical scavenging activity at different dosages of
both leaf extracts are shown in Table 3. The I ., values (i.e.,
the concentration of R. graveolens extract or control sam-
ple that inhibited 50%) are also included in Table 3. These
values were determined by plotting the inhibition percent-
age against the concentration of the plant extract or con-
trol sample and analyzing the resulting graph.

The antioxidant activity of R. graveolens plant extracts
has been investigated by several previous studies. These
studies used different solvents for extraction and various
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methods for antioxidant evaluation. Alotaibi et al. [24]
reported values of 0.94 mg/g and I ., = 56.6 ug/mL, which
were consistent with the current study results. Al-Ghamdi
et al. [50] also reported similar results, ranging from 3.48
to 8.81 mg/g, using different solvents. Kaplan’s study [45]
showed a similar range of results, from 2.5 to 7.36 mg/g,
with the ethanolic extract having the highest value. Ahmed
et al. [17] also reported a similar range of results, from
5.02 to 7.47 mg/g.

Based on the results of this study as well as earlier
research, it has been determined that the R. graveolens
plant has significant antioxidant qualities. These qualities
are vital for protecting the body from oxidative stress and
the harmful effects of free radicals. This high concentra-
tion of flavonoids and phenolic substances in this plant
greatly enhances its antioxidant capacity. It is significant
to remember that environmental elements such as pH
and temperature might have an impact on the antioxi-
dant activity of R. graveolens. The antioxidant and anti-
bacterial qualities of agitated cultures of different Rue
species, including R. graveolens, were assessed in a study
by Szewczyk et al. [11]. R. graveolens has a wide variety of
actions, including antioxidant, anti-inflammatory, spas-
molytic, sedative, antibacterial, antifungal, and antiviral
characteristics, according to the findings. Jianu et al. [51]
revealed that the essential oil produced from R. graveo-
lens has antioxidant activity, as proven by its capacity to
decrease peroxide and thiobarbituric acid levels and scav-
enge DPPH radicals.

3.7. Mineral contents

The concentrations of certain essential elements (Na, Ca,
Mg, Mn) and heavy metals (Fe, Cu, Zn) in R. graveolens were
determined using flame emission spectroscopy and atomic
absorption spectroscopy. The results are presented in
Figures 3 and 4.

The elemental concentrations in the examined plant
samples are displayed in the figures. Every mineral ele-
ment was found in every sample. The results showed that
the concentration of calcium was highest. Magnesium and
sodium were likewise highly concentrated, and iron had
the highest concentration of all the heavy metals. The
other elements had varying concentrations, with copper
having the lowest. The element concentrations were in the
sequence Ca>Na>Mg>Fe>Zn>Cu.

7000
6000
5000
4000
3000
2000
1000

Levels, mg/kg

| I —
Na Mg Ca

Figure (3): Na, Mg, and Ca concentrations in R. graveolens.
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Figure (4): Mn, Fe, Cu, and Zn concentrations in
R. graveolens.

The present study findings are consistent with the
investigations of Ozyigit et al. [52], which revealed cal-
cium and iron concentrations of 6,839.97 mg/kg and
279.569 mg/kg, respectively. Their average values for the
concentrations of copper, sodium, zinc, and magnesium,
however, were less than the findings of the present inves-
tigation. Moreover, the manganese level of 78.279 mg/kg
was reported in the same research, which countered the
results of the current investigation. Similar to the current
findings, another study conducted by Khalid et al. [53] dis-
covered iron, zinc, and copper in the leaves of R. graveolens.

4. Conclusions

This study assessed the phytochemical composition, min-
eral content, and antioxidant capabilities of R. graveolens
L. leaves collected from Msallata, Libya, using extracts of
ethanol, water, chloroform, and petroleum ether. Ethanol
produced the greatest levels of flavonoids, phenolics, and
antioxidant activity among the extracts. According to min-
eral analysis, zinc and copper were comparatively low,
whereas calcium, sodium, magnesium, and iron were the
most prevalent elements. Except for saponins, phytochem-
ical screening revealed the existence of a number of ben-
eficial chemicals. According to these findings, the leaves
of R. graveolens are a rich natural source of antioxidant
chemicals, especially flavonoids and phenolics, which are
known to have a variety of biological functions. To estab-
lish their biological significance and possible uses, more
research is required, including the isolation of individual
compounds and in vivo assessments, as the current find-
ings are restricted to in vitro experiments and composi-
tional analysis.
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