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ABSTRACT

Water treatment using sustainable methods is currently a major
focus for researchers. In this context, the presented study explores an
eco-friendly approach for removing harmful dyes from wastewater
by utilizing extracts from the leaves of Ruta Montana L. and Ruta
Chalepensis L. for the photodegradation of dye-contaminated water.
The photo-catalytic performance of the obtained extracts and the
pure xanthotoxin isolated from these extracts was investigated for
methylene blue elimination using the photo-degradation process
followed by UV-Vis spectroscopy. This method combines the power of
sunlight with plant-derived photo-catalysts, especially furocoumarins
known for their photochemical properties. The results of the UV-Vis
measurement showed that the Ruta chalepensis extract exhibited
better photo-degradation performance (24%) than Ruta montana
extract (18%) at a concentration of 20 mg L. In comparison, the
pure xanthotoxin, the active ingredient, showed an interesting photo-
degradation of dye (33%); this efficiency increases with increasing
extract dose. The use of the Xanthotoxin/ZnO hetero system caused an
improvement of the photo-degradation ability to (91%). These results
were confirmed by the study of the kinetic of the dye degradation,
where the hetero system Xanthotoxin/ZnO represents the highest
values of the rate constant (k) and the correlation coefficients (R?).
Also, the xanthotoxin can be separated from the wastewater mixture
by centrifugation, and spectroscopic analysis showed that the photo-
degradation process did not alter the molecule.

1. Introduction

tons of synthetic dyes are complex in structure

Water pollution is increasing daily, and its impact
on human health [1,2], aquatic ecosystems
[3], and biodiversity [4,5] is a serious threat.
Industry represents the leading cause of water
contamination due to various toxic chemicals,
organic and inorganic substances like pesticides,
pharmaceuticals, and dyes [6]. More than 10,000
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and used in various industries, mainly in textile
manufacturing [7]. The wastes of these industries can
cause a direct or indirect danger to our environment
if they are released without adequate treatment.
For this reason, various chemical processes
such as advanced oxidation [8], electrochemical
degradation [9], and physical separation [10], such
as filtration, membrane separation [11,12], and
biological methods [13] for degradation of organic
pollutants and water purification were investigated.
Photo-degradation is of great interest because of
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its efficiency and feasibility [14]; however, this
process requires effective, biocompatible photo-
catalysts with a high surface area [15]. The use
of ionic liquids based on functionalized Carbone
nanotubes [16,17] and several metals (Ag, Au)
and oxides nanoparticles as photo-catalysts has
been the object of different studies [18,19];
most applications use TiO, and ZnO in photo-
degradation reactions [20-22], these catalysts
were also used in junction [23,24]. Currently, the
use of plant extracts for adsorption of dyes [25],
and for green synthesis of nano-materials used in
photo-catalytic degradation of organic pollutants
is recommended for an environmentally friendly
technology in order to minimize the danger of
the chemicals used in the treatment of water [26].
Furocoumarins are a class of secondary metabolites
produced by a variety of plants, consisting of a
furan ring fused with a coumarin; (furan moiety
fused at C, and C,, respectively: linear psoralens
and non-linear angelicins: furan moiety fused at C,
and C,, respectively) [27]. They have a lipophilic
character and have limited solubility in water. The
largest quantities of these compounds are found
in the Apiaceae family, such as Ammi, parsnip
[28,29], and in the Rutaceae, including all citrus
fruits and Ruta species [30]. Furanocoumarins are
used in phototherapy due to their photo-reactivity
under UV light irradiation at 320-380 nm [31], the
photosensitivity of these compounds allows them
different applications [27, 29]. In the present study,
Ruta montana L. and Ruta chalepensis L. extracts
rich in furocoumarins, in addition to the pure
xanthotoxin, were extracted and characterized with
different spectroscopic methods and then tested for
their photo-catalytic activity for the degradation of
methylene blue under solar and artificial light.

2. Materials and Methods

2.1. Instrumental, Materials, and Reagents

The Ruta montana L. leaves were collected from
Tipaza (70 km west of Algiers) in October 2022,
and Ruta chalepensis L. from Ain defla (145 km
southeast of Algiers) in October 2022. After being
cleaned with distilled water, the Ruta species leaves

were dried at room temperature. Methylene blue
(MB) (C,H,,CN.S), a basic (cationic) dye, was
purchased from SPECILAB, CAS No: 61-73-4, and
ZNO (99.5%) (CAS No: 1314-13-2) from Riedel-
de Haen. Petroleum ether 40-60 °C (CAS No: 8032-
32-4) and ethanol (96%) (CAS No: 64-17-5) were
purchased from Biochem (France). Ultraviolet-
Visible spectra were measured in a quartz cuvette
with a Shimadzu UV-1800 spectrophotometer, and
the FT/ IR was registered on a BRUKER FT/IR
spectrophotometer. The 'H NMR and *C NMR
spectra were recorded on a Bruker-Ascendi 400
MHz spectrometer in DMSO-d, (Sigma-Aldrich,
Germany).

2.2. Extraction Process

Ruta montana L. and Ruta chalepensis L. leaves
were extracted using a Soxhlet apparatus and
petroleum ether as a solvent. The resulting extracts
were concentrated under reduced pressure in a
rotary evaporator. After the solvent evaporation,
xanthotoxin was separated from the crude extracts
as a white powder; the precipitate was filtered and
recrystallized in ethanol.

2.3. Phytoscreening Tests

The Ruta extracts were tested for the presence of
secondary metabolites like alkaloids, flavonoids,
tannins, coumarins, and quinines using standard
phytochemical procedures, according to the
concept of Pandey and Tripathi [32]. The following
test detected the alkaloids, flavonoids, tannins,
and coumarins. Ruta extracts were contacted with
Mayer’s reagent (Potassium Mercuric lodide).
The formation of a yellow or brown precipitate
indicates the presence of alkaloids as a detection
test [32]. In a test tube, 1.0 mL of concentrated HCI
was added to 1 mL of the extract, followed by a
few magnesium turnings to detect Flavonoids. The
appearance of red, orange, or pink color indicates
the presence of flavonoids [33,34]. To detect
Tannins, 2 mL of each extract was added to 0.5
mL of FeCl, (1%). The appearance of a greenish
or blue-black color after incubation for 15 min at
room temperature indicates the presence of tannins



Analysis of MB dye by Ruta extracts and UV-Vis spectrometry

[34,35]. Detection of coumarins was followed by
5 mL of each extract dissolved in 1-2 mL of hot
distilled water, which was divided into two parts.
Half of the volume was taken as a witness, and 0.5
mL 10% NH,OH was added to the other volume;
then, from each preparation, a spot was put on a
filter paper and examined under UV light. The
presence of coumarins was indicated by intense
fluorescence [35,34].

2.4. Photocatalytic Degradation Procedure

The photocatalytic activity of Ruta Montana extract,
Ruta chalepensis extract, ZnO, and xanthotoxin was
tested by photodegradation of an aqueous solution
of 20 mg L' methylene blue dye. The effect of
adsorption of MB on the catalysts was determined
by dispersing the catalyst to be tested in the MB
solution, and putting it under continual stirring for
30 min in the dark. After the adsorption, the reactor
is introduced under sunlight irradiation or artificial
light using a SYLVANIA UV-A lamp (20 W) with
stirring for 120 min. Samples are taken at different
reaction times (15, 30, 60, 90, 120 minutes) using a
piston pipette and placed in an EPPENDORF 5804
centrifuge at 5000 rpm for 10 min, then in quartz cells
1.0 cm thick, and then measuring the absorbance by
the UV-Visible spectrophotometer. The results are
illustrated (C/ACO0 =f{(t)), with C:Concentration of the
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solution at t, C: the initial concentration of the MB
solution (20mg L"), and t: time of irradiation.

3. Results and Discussion

3.1. Extraction

3.1.1.Phytochemical Screening

Table 1 represents the qualitative analysis of
phytochemicals present in the petroleum ether
extracts of Ruta Montana and Ruta chalepensis.
The presented study revealed that flavonoids,
coumarins, and tannins were the secondary
metabolites found in the petroleum ether extracts
of both Ruta Montana and Chalepensis. The most
published articles recognized the presence of
these phytochemicals in the Rufa species extracts
[34, 35]. As shown in Table 1, the Ruta montana
extract is richer in coumarin and tannins than
Ruta chalepensis but richer in flavonoids. This
is in line with previous studies where the apolar
extract (petroleum ether, diethyl-ether) of Ruta
montana contained a high yield of coumarins,
essentially: bergapten, rutamarin, xanthotoxin,
chalepensin [36].

3.1.2. Xanthotoxin characterization

After recrystallization  of
xanthotoxin as previously purified [34], its
chemical structure was elucidated using UV-Vis,

purification and

Soxhlet apparatus

Ruta
chalepensis L.

LY.

MB solution

—

Extraction

Uv-Vis

; heisl
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photosensitizer

K .~ "’;/

Xanthotoxin
purified

Crude extract

Dvyve degradation

Fig.1. Extraction and photo-degradation procedure
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Table 1. Phytochemical screening of Ruta species

Phyto-chemicals

Ruta montana L.

Ruta chalepensis L.

Alkaloids -

Flavonoids ++ +++
Coumarins +H+ ++
Tannins +++ +

IR,'H-NMR, and *C-NMR spectra. Xanthotoxin was
characterized as a white powder, with mp: 145° C and
Rf: CH,COOC,H/ CH , (7:3 V/V) = 0,46. The UV-
vis spectrum represents four bands at 215, 246-250,
294, and 346 nm (UV Amax). We can generally find
these bands in the UV-Vis spectra of coumarins [37,
38]. The infrared spectrum (KBr) of xanthotoxin is
characterized by the presence of characteristic peaks
at: 3117 em'(=CH__ ); 2951, 2917, 2848 cm’(-
CH); 1705 cm'(C=0); 1681 cm'(C=C); 1332, 1150
cm!(C-O). These results are comparable to other
methods [34]. The signals of the NMR H! and NMR
CPB obtained and cited below were practically identical
to those obtained by other researchers [39, 40].

NMR H' (DMSO-d ,400 MHz): 6/ppm: 4.20 (s, 3H,
OCH), 6.44 (d, J=9.5 Hz, 1H, H-3), 7.10 (d, J=2.0
Hz,IH, H-4’), 7.67 (s, 1H, H-5), 8.13 (d, J=2,0 Hz,
1H, H-5), 8.15 (d, J=10.0 Hz, 1H, H-4).

NMR C*(DMSO-d 400 MHz): 5/ppm: 61.58(9-OCH)),
107.72 (C-4"), 114.01 (C-3), 114.64 (C-3), 116.92 (C-6),
125.96 (C-4a), 132.51 (C-8), 142.26 (C-8a), 145.72 (C-
4), 147.32 (C-2), 147.89 (C-5"), 160.18 (C-7).

3.2. Photo-degradation study of MB dye

The present study examined the potential of the
Ruta montana L. extract, Ruta chalepensis L.
extract, and pure xanthotoxin for photocatalytic
degradation of methylene blue under direct sunlight
and artificial light.

3.2.1.Effect of Ruta extracts and pure
xanthotoxin

The absorbance spectra of methylene blue solutions
containing 20 mg L! of Ruta extracts under sunlight
are shown in Figure 2. It is clear that without using
Ruta extracts, there was no significant degradation

over 2 hours, whereas in the presence of Rutamontana
L. and Ruta chalepensis L. extracts, the absorbance
steadily lowers with increasing exposure time. Ruta
extracts caused a degradation of approximately 20-
25% of methylene blue after 2 hours of exposition
under sunlight, representing a relatively medium
photocatalytic activity. This comparative study
observed that the Ruta chalepensis extract exhibited
better photo-degradation performance (24%) than the
Ruta montana L. extract (18%). This photocatalytic
activity is relative to the presence of photoactive
molecules in our extracts, especially furocoumarins,
which are known for their photosensitizing properties
[27]. It has been reported that some essential oils
and plant extracts rich in furocoumarins, such as the
essential oils of Citrus bergamia, Citrus limonum,
Citrus paradisi, and Citrus sinensis, are photoactive
and show solar water disinfectant properties [41].
These results led us to test the ability of the pure
furocoumarins; in this context, the xanthotoxin was
isolated from the apolar extract of both plants by
purification and crystallization as already shown
[34]. We have obtained a yield of 0.4% from Ruta
montana L extract and 0.31% of xanthotoxin from
Ruta chalepensis extract. The effect of initial
xanthotoxin dose variation on photo-catalytic
degradation efficiency was examined by changing
its concentration at a constant dye dose C= 20 mg
L and pH= 7.4 under artificial light using a UV-A
lamp. Figure 3 shows xanthotoxin showed an
interesting photodegradation at low concentration.
It is clear that the degradation efficiency increase
with increasing xanthotoxin dose, where 20
mg L' of xanthotoxin caused a degradation of
approximately 33% of methylene blue dye. In
contrast, 40 mg L' degraded 59% of dye; these
results are comparable with photo-degradation of
dyes using ZnO at 40 mg L' [24].
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Fig. 2. Degradation of methylene blue (MB) dye in the presence of 20 mg L"!
of the Ruta montana L. extract (R.m) and Ruta chalepensis L. extract (R.ch) under sunlight
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Fig. 3. Effect of xanthotoxin concentration
on Methylene blue (MB) degradation, pH=7.4 under UV-A light (20 W).



70 Anal. Methods Environ. Chem. J. 8 (2) (2025) 65-77

3.2.2.Mechanism

Xanthotoxin is a natural furocoumarin having
photoactive properties photosensitize (320-400 nm)
UV by way of Type I (sensitizer-substrate) and Type 11
(sensitizer-oxygen) mechanisms [42], for these reasons
it represents interesting photo-degradation capabilities,
this molecule is activated by absorbing photons from
natural or artificial light and pass from the ground state
to the excited state, and transfer energy to the oxygen by
returning to the ground state which pass to the excited
state and transfer an electron to the oxygen dissolved
in water to produce singlet oxygen ('O,) and hydroxyl
radicals, which attack the dye molecules and involves
breaking down conjugated systems in the dye structure.

Catalyst Regeneration

The xanthotoxin used in adsorption can be
regenerated after photo-degradation of dye using
centrifugation and precipitation, and we can
filter it from the treatment water solution, as it
is an organic product. Figure 4a and b, which
represent the IR spectra of xanthotoxin before
and after photo-degradation, show that the photo-
degradation process did not alter the molecule, and
the IR spectrum was not modified. Also, the UV-
Vis spectrum and H' NMR spectra of Xanthotoxin
and the C"” NMR spectra of Xanthotoxin were
shown in Figures 4c-e.
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3.2.3.Hetero-system study

The photo-catalytic activity of different catalysts
and extracts for the photo-degradation of methylene
blue is presented in Figure 5. The presented results
show that the photocatalytic activity of ZnO at 40 mg
L was (60 %), this is comparable with the previous
researches of ZnO [24], so in order to improve this
activity; the photo-sensitizer Xanthotoxin is added
gradually to determine the best ratio in the mixture
of Xanthotoxin/ZnO. The photodegradation of
methylene blue has been increased to 91 % using

the hetero system Xanthotoxin/ZnO.

The calculated degradation efficiency of MB,
represented in Figure 6, shows that 60mg/L of
heterosystem Xanthotoxin /ZnO, with a ratio
of (33.33%: 66.66%), means the highest photo-
degradation ability. It was reported that the
photocatalytic activity of ZnO increases by using
mixtures of photocatalysts [43,44]. These results
are compared with the effects of other catalysts
studied for their photocatalytic activity and
illustrated in Table 2.
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Fig. 5. Variation of absorbance of methylene blue (MB) dye in the presence of 20 mg of xanthotoxin (Xan), 40 mg of
Zn0, and the combination of 60 mg/L of ZnO+Xan with a (66.66%:33.33%) ratio under UV-A light (20 W) and pH=7.4.
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Fig. 6. Histogram showing the photo-activity of Ruta extracts (20mg/L), ZnO (40 mg L"), Xanthotoxin (40 mg/L),
and their combination in hetero system (Xan+ZnQO), MB (20 mg L) at pH=7.4 under UV-A light (20 W)
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Table 2. Effects of catalyst loading on photocatalytic degradation of some pollutants in wastewaters

Catalyst Pollutant Amount of catalyst Degl::/d;l tion References
(]
Xanthotoxin /ZnO Methylene Blue 40 mg L' 91% This work
CuO/TiO2-graphene Methylene Blue 30 mg per 100 mL"! 80% [45]
CuO/ZnO Amoxicilline 0.5g L 90% [24]
Ag/ZnO Methyl Orange 30 mg per 100 mL"! 90% [44]
Bi,0,/TiO Formaldehyde - 95% [21]
23 2

3.2.4.Degradation kinetics

The kinetic constants of dye photo-degradation were
estimated according to first-order kinetics, and the
plot of Versus time for all samples (Fig.7). C, is the
initial concentration of the MB solution, and C, is the
concentration of the MB solution at time t.
Degradation rate constants (k) and linear regression

coefficients (R?) determined from the straight-line
graph using linear fitting =kt are presented in Table 3.
The values of k and R? confirm that the Xanthotoxin
/ZnO hetero system exhibits improved photo-
catalytic performance, where the highest values
were obtained (k=0.019 and R*=0.970) compared
with the other photosensitizers and catalysts tested.
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Fig. 7. The linear plot of vs. time for methylene blue (MB) dye degradation in the presence of 20 mg L' of the Ruta
montana extract (R.m) and Ruta chalepensis extract (R.ch), xanthotoxin (Fr), 40 mg of ZnO, and 60 mg L' of the
combination (ZnO+Fr)

Table 3. Photocatalytic reaction parameters

Type of catalyst Rate constant (k) min™ R?

Ruta montana L. extract 0.001 + 0.800
Ruta chalepensis L. extract 0.002 + 0.888
Xanthotoxin 0.006 = 0.915
ZnO 0.006 + 0.881
ZnO-Xanthotoxin 0.019 + 0.970
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4. Conclusion

The presented study investigated a sustainable and
simple method for photo-degrading methylene blue
dye from apolar Ruta extracts. Ruta montana L. and
Ruta chalepensis L. extracts are rich in secondary
metabolites like flavonoids, tannins, and especially
coumarins, which are natural photosensitizers.
The xanthotoxin, known for its photosensitizer
properties, was isolated from the Ruta extracts,
and its chemical structure was confirmed using
different spectroscopic methods. The Ruta extracts
and the pure xanthotoxin have shown the ability for
photo-degradation of methylene blue dye studying
by UV-Vis spectroscopy at a concentration of
20 mg L', where the Ruta chalepensis extract
exhibited better photo-degradation performance
(24%) than Ruta montana extract with (18%) of
degradation, whereas the pure xanthotoxin showed
more efficiency (33%) at the same concentration
and a comparative photo-degradation results as
Zn0O (60%) with 40 mg L'; on the other hand the
use of the Xanthotoxin /ZnO hetero system caused
an increased to (91%) in the photo-degradation
ability. After photo-degradation, xanthotoxin was
separated from the mixture by centrifugation, and
spectroscopic analysis showed that the process did
not alter the molecule.
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