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Abstract: Laurus nobilis, sometimes referred to as laurel, has been used for medicinal and culinary
purposes for a very long time. The main subjects of this study are the phytochemical composition,
mineralogical profile, and potential antioxidant properties of Laurus nobilis in Tangier, Northern Mo-
rocco. For phytochemical analysis of methanolic extracts, high-performance liquid chromatography
(HPLC-UV-MS) was used, and Fourier transformation infrared spectroscopy (FT-IR) was used to
identify each individual component. Minerals were studied by inductively coupled plasma atomic
emission spectroscopy (ICP-AES) and wavelength dispersive X-ray fluorescence (WD-XRF). Total
tannin, flavonoid, and phenolic amounts were quantified using aqueous and methanolic extracts.
The antioxidant properties were assessed using 2,2-diphenyl-1-picrylhydrazyl (DPPH), 2,2′-azino-
bis (3ethylbenzothiazoline-6-sulfonic acid) (ABTS), ferric reducing antioxidant power (FRAP), and
oxygen radical absorbance capacity (ORAC) assays. Research has revealed a complex array of phy-
tochemicals, including tannins, flavonoids, and phenolic acids. Mineral analysis has revealed the
existence of vital components that are beneficial to health. Comparing the methanolic extract to the
water extract, it demonstrated higher levels of phenols, flavonoids, and tannins as well as stronger
antioxidant activity, indicating greater health benefits. This comprehensive study highlights the
importance of Laurus nobilis from Northern Morocco as a reliable botanic resource with potential
pharmaceutical, nutritional, and cosmetic uses.
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1. Introduction

Native to the Mediterranean region, Laurus nobilis, also known as bay laurel, is a
fragrant evergreen tree or big shrub [1,2]. Due to its many health-promoting qualities,
it has been widely utilized in traditional medicine in addition to culinary uses, where
it lends a unique flavor [3,4]. Its usage for treating conditions ranging from infections
and inflammation to dyspepsia and arthritis has been described in historical writings
and ethnobotanical investigations. Its diverse mix of bioactive chemicals is thought to be
responsible for this broad variety of uses [5].

The pharmacological assessment of traditional medicinal plants is one aspect of the
growing interest in natural and holistic approaches to health in the scientific community
today [6]. Laurus nobilis is an important topic for these kinds of investigations because of
its wide range of possible therapeutic benefits [2,7]. Although numerous regional studies
have acknowledged the therapeutic benefits of Laurus nobilis, little is known about the
unique qualities and possible advantages of the bay laurel from Tangier, Northern Morocco,
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especially with regard to its complete mineral composition and particular antioxidant
mechanisms [8]. This gap offers a chance for comprehensive, comparative study rather than
original investigation, which might uncover different phytochemical and mineralogical
profiles as a result of local soil compositions and climates. Such variations may have
significant effects on our comprehension of this Laurus nobilis variation from a scientific
and practical standpoint [9].

Providing a thorough phytochemical profile of Laurus nobilis from Tangier, Northern Morocco,
is the main goal of this study. With the use of advanced analytical methods, including
Fourier-transform infrared (FT-IR) spectroscopy and high-performance liquid chromatog-
raphy (HPLC-UV-MS), we hope to detect and measure the important phytochemicals,
flavonoids, and phenolic components. This study uses wavelength dispersive X-ray fluores-
cence (WD-XRF) and inductively coupled plasma atomic emission spectroscopy (ICP-AES)
to evaluate the mineralogical composition of the plant in addition to chemical analysis.

Furthermore, because oxidative stress has been linked to a number of chronic diseases,
it is important to comprehend Laurus nobilis’s antioxidant properties. As a result, a variety
of tests, including DPPH, ABTS, FRAP, and ORAC, will be used to assess the antioxidant
potential of both methanolic and aqueous extracts. These discoveries will further our
knowledge of the plant’s possible health advantages and open the door for its application
in cosmetic, pharmaceutical, and nutraceutical fields.

This study promotes the responsible and efficient use of natural resources like Laurus
nobilis and adds to the global effort to support traditional medicine with scientific research.
We intend to support the plant’s practical use and maybe expand its uses in contemporary
medicine by clarifying the phytochemical and mineral compositions of this plant as well as
its antioxidant activity.

2. Results and Discussion
2.1. Mineralogical Analysis

ICP-AES and WD-XRF were used in the mineralogical investigation of Laurus nobilis
to determine the plant’s elemental composition and oxide content, as indicated in
Tables 1 and 2.

Table 1. Elemental composition of Laurus nobilis obtained by ICP-AES.

Element Cr Zn Ni Mn Fe Mg Ca Cu Al K

Value (mg/kg) - - - 72.25 124.275 1635 10,012.75 3.475 144.45 4645.5

Table 2. Oxide content of Laurus nobilis obtained by WD-XRF.

Element CaO K2O SiO2 SO3 P2O5 Al2O3 MgO

Concentration % 1.362 0.763 0.255 0.255 0.162 0.084 0.074

Element Fe2O3 MnO Na2O ZnO SrO CuO NiO

Concentration % 0.061 0.022 0.019 0.007 0.006 0.003 0.003

Since ICP-AES is well renowned for its high sensitivity and precision in analyzing a
wide range of elements, it is a great option for determining the elemental composition of
plant specimens like Laurus nobilis.

Conversely, WD-XRF spectroscopy offers a non-destructive method for figuring out an
element’s composition, which is highly useful for examining valuable or delicate materials.

The findings from the ICP-AES and WD-XRF investigations of Laurus nobilis, or bay
laurel, offer important new information about the mineral and oxide components of the
plant. The plant’s potential health advantages, nutritional value, and pharmaceutical uses
may be affected by these findings.
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Laurus nobilis has a substantial number of important minerals, especially calcium (Ca)
and magnesium (Mg), measured at 10,012.75 mg/kg and 1635 mg/kg, respectively, which
were detected in the greatest amounts, according to the elemental analysis conducted using
ICP-AES. These minerals are essential to human health because they support enzyme
activity, cardiovascular health, and bone health [10,11]. Potassium (K), another necessary
nutrient found in significant concentrations, is critical for preserving cardiovascular health
and cellular function [12,13]. Despite being found in lesser amounts than calcium and
magnesium, iron (Fe) and manganese (Mn) are essential for the transfer of oxygen and the
operation of enzymes, respectively [14,15]. Additionally, trace levels of copper (Cu) and
aluminum (Al) were found. Copper is crucial for blood health, whereas aluminum is a
prevalent, if non-essential, element in plants [16].

For instance, studies from diverse geographical locations, such as Ukraine [17], have re-
ported varying mineral compositions of Laurus nobilis leaves. Notably, a study from Ukraine
documented the presence of essential minerals, including calcium, phosphorus, potassium,
iron, copper, magnesium, manganese, and zinc, in Laurus nobilis leaves, with particularly
high concentrations of calcium and magnesium. Interestingly, calcium and magnesium
were found in high concentrations, with calcium at 377 mg/100 g and magnesium at
550 mg/100 g. On the other hand, a study from Southern Algeria [18] revealed a high concen-
tration of potassium (6665.92 mg/kg), copper (20.37 mg/kg), magnesium (1605.97 mg/kg),
and manganese (10.95 mg/kg). Incorporating insights from such studies underscores the
importance of considering geographical variations in elemental composition.

The oxide composition of Laurus nobilis was revealed by WD-XRF analysis, with
calcium oxide (CaO) and potassium oxide (K2O) being the two most common oxides,
with a concentration of 1.36% and 0.763%, respectively. This supports the plant’s prospec-
tive nutritional value by indicating a significant contribution from these elements to the
plant’s total mineral makeup [2,19]. Smaller concentrations of sulfur trioxide (SO3) and
silicon dioxide (SiO2) were also found; these compounds may have a role in the struc-
tural or metabolic traits of the plant [20]. Furthermore, the smaller quantities of alu-
minum oxide (Al2O3) and phosphorus pentoxide (P2O5) suggest that these substances
may have a role in the growth and health of plants [21]. Other oxides, such as iron oxide
(Fe2O3) and magnesium oxide (MgO), are correlated with vital nutrients that are good for
human health [22].

Laurus nobilis has a significant mineral content that highlights its potential as a nu-
tritional supplement and in pharmaceutical uses [2,19]. This mineral richness includes
important elements, including calcium, magnesium, and potassium. The plant’s antioxi-
dant effects may be attributed to trace elements and their associated oxides, as investigated
in a number of tests, increasing the plant’s worth in the pharmaceutical and cosmetic
sectors [22]. The plant’s importance in health-related applications is highlighted by the
presence of these essential nutrients and advantageous chemicals in bay leaves, which not
only makes them attractive candidates for nutritional supplements but also highlights their
potential in therapeutic goods [21,23].

2.2. FT-IR Analysis

The FT-IR spectrum of Laurus nobilis extract was examined to determine the functional
groups of its active components. Figure 1 and Table 3 present the findings. The analysis
revealed a broad range of functional groups spanning from 400 to 4000 cm−1.

Table 3. FT-IR spectrum analysis of Laurus nobilis methanolic extract.

Peak No. Wavenumber (cm−1) Vibration Type Functional Group Assignment Intensity

1 3278.80 O-H stretching vibration Alcohols or phenols Strong sharp

2 2928.34 C-H stretching vibration Aliphatic hydrocarbons Strong
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Table 3. Cont.

Peak No. Wavenumber (cm−1) Vibration Type Functional Group Assignment Intensity

3 1688.28 C=O stretching vibration Ketones or aldehydes Medium

4 1598.39 C=C stretching Aromatic rings Strong

5 1516.59 C=C stretching Aromatic compounds Weak

6 1450.35 C-H (CH2) bending Alkanes Medium

7 1366.51 C-H bending Methyl groups Medium

8 1267.57 C-N stretching Amines Medium

9 1187.39 C-N stretching Nitro compounds or amines Weak

10 1162.60 C-N stretching Amines Weak

11 1116.62 C-O stretching vibration Ethers Weak

12 1030.33 C-H bending Alkanes Strong

13 857.85 C-H bending Aromatic compounds Weak

14 815.31 C-H bending Substituted aromatic compounds Weak

15 560.61 C-Cl stretching Alkyl chlorides Medium

16 514.41 C-Cl stretching Alkyl chlorides Medium

17 458.82 C-Br stretching Alkyl bromides Medium

18 446.30 C-Cl stretching Alkyl chlorides Medium

19 429.91 C-Cl stretching Alkyl chlorides Medium

20 417.58 C-Br stretching Alkyl bromides Medium
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A prominent peak at 3278.80 cm−1, characterized by strong and sharp features, sig-
nifies the O-H stretching vibration, indicating the presence of alcohols or phenols—a
characteristic feature of phytochemical compounds found in Laurus nobilis [24]. Addi-
tionally, strong peaks at 2928.34 cm−1 and 1030.33 cm−1 were observed, corresponding
to C-H stretching and bending vibrations, respectively. These vibrations are typical of
aliphatic hydrocarbons and alkanes, underscoring the organic compound content within
the extract [25]. Medium-intensity peaks at 1688.28 cm−1 and 1267.57 cm−1 were identi-
fied as C=O stretching vibrations and C-N stretching vibrations, suggesting the potential
presence of ketones or aldehydes and amines, respectively [26]. Further, strong peaks at
1598.39 cm−1, along with weaker peaks at 1516.59 cm−1 and 857.85 cm−1, indicate C=C
stretching and C-H bending vibrations associated with aromatic rings and compounds [27].
These observations strongly suggest the existence of aromatic phytochemicals in the extract.
Moreover, medium-intensity peaks at 560.61 cm−1, 514.41 cm−1, 458.82 cm−1, 446.30 cm−1,
429.91 cm−1, and 417.58 cm−1 point towards the presence of alkyl chlorides and alkyl
bromides, corresponding to C-Cl and C-Br stretching vibrations, respectively [28]. Collec-
tively, these findings provide valuable insights into the complex molecular composition of
the methanolic extract of Laurus nobilis, showcasing a diverse phytochemical profile with
potential medicinal properties.

2.3. HPLC-MS-UV Analysis

Figure 2 depicts the HPLC-UV-MS profiling of the methanolic extract of L. nobilis.
Table 4 shows thirteen phenolic compounds, including flavonoids (flavonols, flavon-3-ols,
and proanthocyanidins) and phenolic acids, with their Rt, precursor ion, m/z, fragment
ions, molecular formula, and molecular weight, while Figure 3 represents structures of
representative compounds.

Biophysica 2024, 4, FOR PEER REVIEW 5 
 

 

Table 3. FT-IR spectrum analysis of Laurus nobilis methanolic extract. 

Peak No. Wavenumber (cm−1) Vibration Type Functional Group Assignment Intensity 
1 3278.80 O-H stretching vibration Alcohols or phenols Strong sharp 
2 2928.34 C-H stretching vibration Aliphatic hydrocarbons Strong 
3 1688.28 C=O stretching vibration Ketones or aldehydes Medium 
4 1598.39 C=C stretching Aromatic rings Strong 
5 1516.59 C=C stretching Aromatic compounds Weak 
6 1450.35 C-H (CH2) bending Alkanes Medium 
7 1366.51 C-H bending Methyl groups Medium 
8 1267.57 C-N stretching Amines Medium 
9 1187.39 C-N stretching Nitro compounds or amines Weak 

10 1162.60 C-N stretching Amines Weak 
11 1116.62 C-O stretching vibration Ethers Weak 
12 1030.33 C-H bending Alkanes Strong 
13 857.85 C-H bending Aromatic compounds Weak 
14 815.31 C-H bending Substituted aromatic compounds Weak 
15 560.61 C-Cl stretching Alkyl chlorides Medium 
16 514.41 C-Cl stretching Alkyl chlorides Medium 
17 458.82 C-Br stretching Alkyl bromides Medium 
18 446.30 C-Cl stretching Alkyl chlorides Medium 
19 429.91 C-Cl stretching Alkyl chlorides Medium 
20 417.58 C-Br stretching Alkyl bromides Medium 

2.3. HPLC-MS-UV Analysis 
Figure 2 depicts the HPLC-UV-MS profiling of the methanolic extract of L. nobilis. 

Table 4 shows thirteen phenolic compounds, including flavonoids (flavonols, flavon-3-ols, 
and proanthocyanidins) and phenolic acids, with their Rt, precursor ion, m/z, fragment 
ions, molecular formula, and molecular weight, while Figure 3 represents structures of 
representative compounds. 

 
Figure 2. HPLC-UV-MS chromatogram profile of Laurus nobilis methanolic extract. 

  

Figure 2. HPLC-UV-MS chromatogram profile of Laurus nobilis methanolic extract.

Table 4. Phenolic compounds identified in laurel methanol extract by HPLC-MS-UV data.

Peak Number Rt (min) [M-H]−/[M+H]+ (m/z) MS2 Ions (m/z) Molecular Formula Proposed Compound Molecular Weight (g/mol)

1 16.64 865.2 577, 289 C45H38O18 Procyanidin trimer 866.772

2 17.93 169.015 125 C7H6O5 Gallic acid 170.120

3 19.82 179.039 135 C9H8O4 Caffeic acid 180.159
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Table 4. Cont.

Peak Number Rt (min) [M-H]−/[M+H]+ (m/z) MS2 Ions (m/z) Molecular Formula Proposed Compound Molecular Weight (g/mol)

4 20.34 290.07 152, 139, 123 C15H14O6 Epicatechin 290.27

5 21.77 289.072 272, 152, 139, 123 C15H14O6 Catechin 290.271

6 24.71 443.09 289, 139 C22H18O10 Epicatechin gallate 442.4

7 27.79 609.145 301 C27H30O16 Rutin 610.521

8 33.40 447.09 301, 271, 255, 151 C21H20O11 Quercetin-3-rhamnoside 448.38

9 33.57 447.093 284 C21H20O11 Kaempferol-3-O-hexoside 448.4

10 36.33 593.15 285, 145 C27H30O15 Kaempferol-3-O-rutinoside 594.526

11 37.23 463 268, 179, 151 C21H19O12 Quercetin-3-glucoside 463.4

12 37.55 434.085 301, 151 C20H18O11 Quercetin-3-O-pentoside 434.30

13 38.92 317.03 179, 151 C15H10O8 Myricetin 318.24
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These compounds were proposed based on a characteristic fragmentation pattern
using ESI-MS experiments (key aglycone fragments of 285, 243 for kaempferol, 151 for
quercetin, 139 for catechin) [29,30].

1. Phenolic acids

Compounds 2 and 3 were detected as gallic acid and caffeic acid based on previous
data [31,32]. The MS/MS spectra of these compounds revealed fragment ions at m/z
125 and 135 owing to CO2 loss. This finding underscores the presence of basic phenolic
acids in the Laurus nobilis extract.
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2. Flavonoids

The metabolite 9 (m/z 447) and the ion [M-H]− collided to produce an aglycone
radical (m/z 284) that is linked to the flavonol kaempferol. The molecular anion at m/z
593 in Compound 10’s ESI spectra was determined to be kaempferol-3-O-rutinoside. This
kaempferol glycoside was cleaved at m/z 285 [M-H]−, yielding the anion aglycone [33–35].

Compound 7’s molecular anions at m/z 609 in its complete MS spectra were deter-
mined to be rutin; the loss of quercetin produced an MS ion at m/z 301 [36–38]. Compound
8 was defined as quercetin-3-rhamnoside ([M-H]− ion at 447 m/z, MS2 ion at 301 m/z,
formed by rhamnose moiety loss). The tentative identification of compound 11 was found
to be quercetin-3-glucoside (also known as quercetin-3-O-hexose) ([M-H]− ion at 463 m/z,
MS2 ion at 301 m/z, formed by loss of hexose moiety). Compound 12’s mass spectrum
supported the existence of quercetin-3-O-pentoside. Indeed, at m/z 434, it displayed the
deprotonated molecular ion [M-H]−. A radical aglycone with a mass of 301 was produced
by the collision of the ion [M-H], pointing to the flavonol quercetin. The glyconic moiety’s
pentose composition was suggested by the neutral loss of 132 m/z [39].

The [M-H]− ion of compound 5 was 289, which corresponds to catechin, and its
retention time was 21.77 min. The fragment at 245 m/z suggests that the hydroxyl group
on C3 as well as the [CH2-COOH] group from C3 and C4 in ring C were lost. Compound
4 had a retention time of 20.34 min and a molecular ion [M-H]− at 289, and it also had a
fragment ion at 245 m/z as catechin [40–42]. The detection of catechin derivates emphasizes
the presence of flavon-3-ols in the bay laurel methanolic extract.

The sixth compound (6), detected at 24.71 min, corresponds to epicatechin gallate,
a flavan-3-ol gallate. With a molecular formula of C22H18O10 and a molecular weight of
442.4 g/mol, this compound indicates the presence of gallate-containing flavonoids in the
bay laurel extract.

Compound 13 was identified by the detection of the [M-H]− ion, which had an m/z
value of 317.03 and characteristic MS/MS fragments at m/z 179 and 151, respectively. These
fragments correlated with retrocyclization on the A-C ring and the subsequent loss of CO,
indicating that compound 13 was myricetin [43]. This one contributed to the flavonol
content of the Laurus nobilis methanolic extract.

3. Proanthocyanidins

The extracted ion chromatogram’s molecular ion at m/z 577 pointed to a procyani-
din trimer (compound 1) made up of catechin/epicatechin units connected by either a
C4–C8 or C4–C6 interflavonoid bond. The procyanidin trimer’s [M-H]− ion MS/MS spec-
trum displayed ions at 289 and 245 that serve as confirmation of catechin/epicatechin
units [42,44]. This compound represents a member of the proanthocyanidin class, contribut-
ing to the complex phenolic profile of the bay laurel extract.

2.4. Qualitative Phytochemical Analysis

To identify the presence of several classes of secondary metabolites in both methanolic
and aqueous plant extracts, Laurus nobilis underwent phytochemical screening and qualita-
tive estimation. The results (Table 5) show that the methanol phytochemical profile had a
similar trend as the aqueous extract. It was observed that the flavonoids, saponins, and
tannins were intensively present in both plant extracts, whereas terpenoids were present
only in the methanolic extract. However, anthocyanins were absent in both the methanolic
and the aqueous extract. After qualitatively confirming the presence of essential phyto-
chemicals, we performed a quantitative assessment. Methanol as an extraction solvent for
bioactive compounds of plant extracts offers various benefits. Studies have shown that
methanol extracts of plants like Haberlea rhodopensis, Acroptilon repens, Amaranthus
retroflexus, and Andrographis paniculata exhibit significant anti-tumor, antimicrobial,
antioxidant, and anti-proliferative activity [45–47]. Methanol extraction has been found
to yield higher concentrations of phenolic and flavonoid contents compared to other sol-
vents, indicating its efficiency in extracting phytochemical compounds [48]. Additionally,
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methanol extracts of plants like Citrullus colocynthis, Solanum nigrum, Solanum surat-
tense, Calotropis procera, Agave americana, and Anagallis arvensis have shown potential
as antioxidant, antibacterial, antifungal, and antidiabetic agents [49]. Overall, methanol
extraction proves to be a versatile and effective solvent for obtaining bioactive compounds
with various beneficial properties from plant materials.

The phytochemical substances found are recognized to have therapeutic value. Alka-
loids, for instance, have been described as potent poisons, and many of their biologically
active derivatives from medicinal plants have anti-inflammatory properties [50] and an-
timicrobial [51], antispasmodic, cytotoxicity, and pharmacological effects [52]. On the other
hand, flavonoids have substantial anticancer action and are powerful water-soluble antioxi-
dants and free radical scavengers that prevent oxidative cell damage [53]. Red blood cells
can be precipitated and coagulated by saponin [54]. Research has shown that tannins have
antibacterial [55], anticancer, and antiviral properties [56]. They function by precipitating
microbial protein, which renders dietary protein inaccessible to them [57].

Table 5. Phytochemical constituents of Laurus nobilis extracts.

Flavonoids Tannins Alkaloids Anthocyanins Saponins Coumarins Terpenoids/Steroids

Aqueous Extract + + + − + + −
Methanolic Extract + + + − − + +

+ = Present; − = absent.

2.5. Quantitative Phytochemical Analysis

Significant antioxidant activity is seen in plants with high concentrations of secondary
metabolites as phenolics, flavonoids, and tannins. Phytochemical analysis of laurel showed
differences in phenolic compound content between aqueous and methanolic extracts. The
data in Table 6 show that the highest concentration of those secondary metabolites was
measured in the methanol extract, which contained 46.223 mg GAE/g dw, 42.386 mg
QE/g dw, and 300.506 mg TAE/g dw, followed by the aqueous extract, which had a lower
content of polyphenols, flavonoids, and tannins (33.766 mg GAE/g dw, 37.059 mg QE/g
dw, and 98.43 mg TAE/g dw, respectively). This could be the case because the polarity of
various extracting solvents elutes specific components in diverse ways. In a different study,
laurel leaf extract contained 25.70 GAE/g dw of polyphenols and 12.11 mg CE/g dw of
flavonoids [18]. The phenolic and flavonoid content was lower than what we found. The
discrepancies in these data might be attributed to the extraction method, the species, or the
stage of plant growth.

Table 6. Quantitative analysis of total phenolic, flavonoid, and tannin content of methanolic and
aqueous extracts of Laurus nobilis.

Extraction Solvent Total Phenolic Content
(mg GAE/g dw)

Flavonoid Content
(mg QE/g dw)

Tannin Content
(mg TAE/g dw)

Aqueous Extract 33.766 ± 1.701 a 37.059 ± 1.905 a 98.439 ± 2.581 a

Methanolic Extract 46.223 ± 0.637 b 42.386 ± 0.514 b 300.506 ± 7.747 b

GAE: gallic acid equivalents; QE: quercetin equivalents; TAE: Tannic acid equivalents; dw: dry weight; different
letters in the same column indicate significant differences (p < 0.05) within conditions.
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2.6. Antioxidant Activity

Due to the presence of several bioactive substances such phenolic compounds, flavonoids,
and tannins, medicinal plants are recognized for their exceptional antioxidant qualities [58].
The body needs these antioxidants to protect it from oxidative stress and free radical dam-
age. Medicinal herbs aid in preventing cellular and tissue damage, which is linked to
the development of several chronic illnesses, including cancer, cardiovascular problems,
and neurological diseases, by scavenging free radicals and stabilizing reactive oxygen
species [59]. These organic antioxidants play a crucial role in conventional medical pro-
cedures and continue to receive a lot of attention in contemporary medicine due to their
ability to improve health, strengthen the body’s defenses, and promote general wellbeing.
Due to these factors, four complementary in vitro assays based on various mechanisms,
including free radical scavenging assays (DPPH and ABTS), ferric reducing antioxidant
power assay (FRAP), and oxygen radical absorbance capacity (ORAC), were used to assess
the antioxidant properties of aqueous and methanolic extracts made from laurel leaves.

Both methanol and aqueous extracts demonstrated highly significant, exceptional
antioxidant activity in all radical scavenging experiments, at p < 0.05. As indicated in Table 7,
the IC50 values were used to express the scavenging effects of the radical scavenging assays
DPPH and ABTS. Free radical DPPH is a synthetic, somewhat stable nitrogen radical, and
this test technique is based on electron transfer, in which an antioxidant chemical decreases
the oxidant by donating an electron, leading to a change in color and subsequent change
in absorbance [60,61]. The ABTS radical scavenging technique relies on the decrease in
the preformed radical cation ABTS+ by the addition of an antioxidant. The amount of
ABTS+ chromophore decolorization measured spectrophotometrically at 734 nm provides a
measure of the sample’s antioxidant activity [62]. By quantifying the decrease in the cation
radical as the percentage of inhibition, the degree of ABTS+ inhibition was displayed as a
function of concentration [63]. The methanolic extract exhibited a strong DPPH and ABTS
scavenging effect of about 0.079 and 0.148 mg/mL compared to the aqueous extract with an
IC50 of 0.169 and 0.221 mg/mL, respectively. The analyzed extracts from L. nobilis exhibited
IC50 values that were obtained are greater than those found in published research, with an
IC50 = 0.17 mg/mL (DPPH) [64] and 1.901 mg/mL (ABTS) [65].

Table 7. The content of antioxidant activity in methanolic and aqueous extracts of Laurus nobilis.

Extraction Solvent DPPH Scavenging
IC50 (mg/mL)

ABTS Scavenging
IC50 (mg/mL) FRAP (mg TE/g dw) ORAC (mg TE/g dw)

Aqueous Extract 0.169 ± 0.005 a 0.221 ± 0.026 a 46.291 ± 0.299 a 40.754 ± 0.109 a

Methanolic Extract 0.079 ± 0.002 b 0.148 ± 0.006 b 73.262 ± 0.535 b 77.006 ± 2.682 b

DPPH: 2,2-diphenyl-1-picrylhydrazyl; ABTS: 2,2′-azino-bis (3ethylbenzothiazoline-6-sulfonic acid); ORAC: oxy-
gen radical absorbance capacity; FRAP: ferric reducing antioxidant power. Different letters indicate significant
differences (p < 0.05) within conditions.

The approach of ferric reducing antioxidant potential (FRAP) relies on a reduction
in a colorless ferric complex (Fe3+-tripyridyltriazine) to a blue ferrous complex (Fe2+-
tripyridyltriazine) at low pH caused by the action of antioxidants that donate electrons.
The decrease in absorbance at 593 nm is used to gauge the reduction [66]. Table 7 shows
that the methanolic extract (73.262 mg TE/g dw) had the highest reducing power compared
to the aqueous extract (46.291 mg TE/g dw). Lu et al. [67] reported a significantly higher
FRAP value of 504.25 µmol TE/g, which is higher than that in our study.
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Based on an extract’s ability to shield the fluorescent probe fluorescein from peroxyl
radicals, the oxygen radical absorbance capacity (ORAC) assay produces longer fluores-
cence decay curves that can be integrated [68]. The highest value was recorded in the
methanolic extract (77.006 mg TE/g dw) in comparison to the aqueous extract (40.754 mg
TE/g dw). ORAC test results showing the antioxidant potential of Laurus nobilis L. leaves
vary significantly in the literature. As an example, Kratchanova et al. [69] identified an
ORAC value lower than our study’s for a water extract, which was 170 µmol TE/g.

Besides that, the phenolic, flavonoid, and tannin contents were correlated with the
outcomes of the DPPH, ABTS, FRAP, and ORAC experiments. The high phenolic content of
the methanolic extract of Laurus n. leaf extract is what gives it its antioxidant capabilities.
This study suggests that the polyphenol content of an extract may influence its ability to
scavenge free radicals.

3. Materials and Methods
3.1. Plant Material

The collection of the leaves of Laurus nobilis was carried out in a forest called Rmilat
(Tangier, Northern Morocco). They were taken to the laboratory of Physical Chemistry
of Materials, Natural Substances and Environment, Faculty of Sciences and Technologies
(Tangier, Morocco). The leaves were stripped from the plant and air-dried in the lab under
shade. After complete shade drying, the dried leaves of the plants were crushed into a fine
powder and stored in a small, airtight plastic bag to avoid contact with moisture.

3.2. Extract Preparation

The pulverized plant leaves were extracted with methanol 80% and dH2O (4.5 g of
plant material was added to 45 mL of methanol 80% or dH2O), and shaken continuously
(250 rpm) in the dark for 48 h at room temperature. The extracts were filtered with Whatman
filter paper and then put in incubator at 37 ◦C so the solvents could evaporate. The dried
extracts were weighed to determine the percent recovery of solvent [70].

3.3. ICP-AES Analysis

We carefully weighed 0.1 g of sample (leaf powder), to which we added 3 mL of
hydrochloric acid and 1 mL of nitric acid. The mixture was allowed to stand for 24 h,
followed by heating for 2 h at 95 ◦C. Subsequently, the sample was diluted to 25 mL using
ultrapure water. Finally, the solution was filtered through a 45 µm sieve before being
analyzed by an ICP ULTIMA EXPERT apparatus, HORIBA, Palaiseau, France.

3.4. WD-XRF Analysis

Quantitative analysis of the Laurus nobilis plant sample was carried out using a WDXRF
spectrometer, which is an advanced instrument that enabled precise elemental analysis of
various sample forms, including solids, fused beads, pressed or unpressed powders, and
liquid samples. The instrument operated with a rhodium anode and had a maximum power
of 4 kW and a maximum current of 160 mA. The X-ray tube in the WDXRF spectrometer
recorded the characteristic radiation from major, minor, and trace elements through ten
distinct scans to identify all elements present in the plant samples. This instrument (Axios
2005, PANalytical, Malvern, UK) is widely used for elemental analysis and is considered
one of the most important tools in the field of analytical chemistry.
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3.5. FT-IR Analysis

Little milligrams of methanolic freeze-dried extract were dispersed and encapsulated
in potassium bromide (KBr) to form a thin translucent sample disc for FT-IR analysis.
The disc was then placed in a sample cup of a diffuse reflectance accessory. FT-IR experi-
ments were performed using a PerkinElmer 2000 infrared spectrometer (PerkinElmer, Inc.
Waltham, MA, USA) to identify the characteristic functional groups in the sample. The
spectra were recorded within a range of 4000–400 cm−1, with a resolution of 4 cm−1 [71].

3.6. HPLC-MS-UV Analysis

Samples were analyzed by HPLC-UV-MS using a Q-Exactive plus mass spectrome-
ter (Thermo Scientific, Waltham, MA, USA) fitted with nanoflow reversed-phase HPLC
(Ultimate3000 RSLC, Dionex, Sunnyvale, CA, USA). HPLC-MS-UV analyses of phenolic
compounds were performed on a reverse-phase BDS Hypersil C18 (4.6 × 150 nm, 5 µm)
using a gradient program with two solvents: water (solvent A) and acetonitrile (solvent
B)—both with the addition of 0.1% formic acid to enhance the ionization of metabolites.
The following composition of gradient was applied: 0 min 2% of B in A, 15 min 25% of B in
A, 30 min 45% of B in A, 40 min 95% of B in A, 43 min 2% of B in A. The injection volume of
all samples at a concentration of 10 mg/mL was 20 µL, the flow rate was 0.2 mL/min, the
analysis run was 50 min, and the post run was 10 min. Mass spectrometry was operated
in the m/z range of 200–2000 using an optimized negative electrospray ionization (ESI)
spectrum. The identification of eluted components was detected spectrophotometrically
at 280 nm [72].

3.7. Phytochemical Screening

The entirety of the qualitative procedures allowing for the identification of
various chemical groups present in a plant organ is collectively referred to as phyto-
chemical screening. Physical–chemical reactions allow us to recognize the presence of
chemical compounds.

Although there are many phytochemical groups, the primary ones are the total
polyphenols, which include flavonoids, anthocyanins, tannins, coumarins, alkaloids,
saponins, and terpenoids/steroids. The qualitative results are expressed as (+) for the
presence and (−) for the absence of phytochemicals.

The following phytochemical tests were performed in triplicate and relied on protocols
described by several groups.

3.7.1. Flavonoids

In a test tube containing 10 mL of the extract, a solution of NH4OH was added; after
3 h, a light yellow color appeared in the upper part of the tube, which indicated the presence
of flavonoids [73].

3.7.2. Tannins

A total of 0.5 g of leaf extracts was mixed with 10 mL of distilled water before being
filtered. Then, 5% ferric chloride was added in a few drops. The occurrence of black or
blue–green precipitation was seen as a sign that tannins were present [74].

3.7.3. Alkaloids

A total of 5 g of dried and roasted plant materials were macerated in 50 mL of HCl at
1%, filtered, and tested by Mayer’s reagent. The presence of aldehydes was indicated by a
white precipitate [75].
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3.7.4. Anthocyanins

To 5 mL of the infusion we add a few drops of HCl and then a few drops of NH4OH.
The color change indicated the presence of anthocyanins [76].

3.7.5. Saponins

In a test tube, 0.5 g of each plant extract was mixed with 10 mL of distilled water
individually. When heated in a water bath for five minutes, foaming took place and
continued, indicating the presence of saponins [77].

3.7.6. Coumarins

A total of 5 mL of the etheric extract was evaporated, and the residue was taken up in
2 mL of hot water. Then, we added 0.5 mL of NH4OH to the tube at 25%. The presence of
coumarins was indicated by fluorescence observed under UV at 366 nm [78].

3.7.7. Terpenoids/Steroids

Maceration of 4 g of the plant material was carried out in 20 mL of petroleum ether.
After filtration, the organic phase was evaporated, and 0.5 mL of acetic acid was poured on
the residue obtained. Then, 1 mL of sulfuric acid was concentrated. The formation of violet
or maroon rings at the contact area of the two liquids revealed the presence of terpenes [79].

3.8. Determination of Total Phenolic Content

The total phenolic content was determined by the Folin–Ciocalteu method, following
Ennoury et al. [80]. To 100 µL of the sample, 400 µL of Folin Ciocalteu reagent and 1 mL
of saturated Na2CO3 (7%) were added, and the final volume was increased to 1.6 mL
with distilled water. The tubes were left to stand in the dark for 30 min, after which the
absorbance was read at 725 nm against a blank. The total phenolic content of the plant
extracts was expressed as milligrams of gallic acid equivalent per gram of dry weight (mg
GAE/g dw) through the calibration curve with gallic acid.

3.9. Determination of Total Flavonoid Content

The flavonoid content was assessed following the method of Ennoury et al., with some
modifications [80]. Briefly, 40 µL of each sample were mixed with 10 µL of acetate potassium
(1 M) and 10 µL of aluminum chloride (10%). Thereafter, 100 µL of 50% methanol were
added and the total volume was increased to 400 µL with distilled water. The absorbance
of the mixture was determined at 415 nm. Quercetin was used as standard. The flavonoid
content was expressed as milligram of quercetin equivalent (QE) per gram of extract.

3.10. Determination of Total Tannin Content

The tannins were determined by the Folin–Ciocalteu method [74]. About 0.1 mL of the
sample extract was added to a volumetric flask (10 mL) containing 7.5 mL of distilled water,
0.5 mL of Folin–Ciocalteu phenol reagent, and 1 mL of 35% sodium carbonate solution and
was diluted to 10 mL with distilled water. The mixture was shaken well and kept at room
temperature for 30 min. Absorbance for test and standard solutions were measured against
a blank at 700 nm. The estimation of the tannin content was carried out in triplicate. The
tannin content was expressed in terms of mg of tannic acid equivalent/g of dried sample.

3.11. DPPH Radical Scavenging Assay

The radical scavenging capacity was determined using the stable free radical DPPH
(2,2-diphenyl-1-picrylhydrazyl) and following the method described by BenMrid et al.
with some modifications [70]. Adequate dilutions of sample were realized to obtain a final
volume of 50 µL. Extract solutions (50 µL) were mixed with 150 µL of a freshly prepared
DPPH solution. The mixture was shaken vigorously and left to stand in the dark and
at room temperature for 30 min. The reduction in the DPPH radical was measured at
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517 nm. The DPPH scavenging activity was determined by calculating the percentage of
DPPH discoloration using the following equation:

%Scavenging effect = [(ADPPH − AS)/ADPPH] × 100

where AS corresponds to the values of the sample and ADPPH refers to the absorbance of
the DPPH solution. The extract concentration providing 50% inhibition (IC50) was deter-
mined from the graph of the scavenging effect percentage against the extract concentration
in the solution.

3.12. ABTS Radical Scavenging Assay

The radical scavenging activity against the radical ABTS+ was evaluated following
the method of BenMrid et al. [70]. ABTS+ was generated by the oxidation of ABTS with
potassium persulfate. Prior to assay, the ABTS+ stock solution was diluted with methanol
until it reached an absorbance of 0.700 ± 0.020 at 734 nm. Then, 185 µL of the diluted
ABTS+ solution were mixed with 15 µL of the sample, and the absorbance was mea-
sured at 734 nm after 10 min. The radical scavenging activity was calculated using the
following formula:

%Scavenging effect = [(A ABTS − AS)/AABTS] × 100

where AS corresponds to the values of the sample and AABTS refers to the absorbance of
the ABTS solution. The extract concentration providing 50% inhibition (IC50) was calculated
from the graph of the scavenging effect percentage against the extract concentration in
the solution.

3.13. FRAP Assay

The ferric-reducing antioxidant power (FRAP) assay was estimated following the
method reported by Olatunji et al. [81].

The FRAP reagent was prepared with acetate buffer 30 nM, TPTZ 10 nM, and FeCl3
in a proportion of 10:1:1. The diluted extract was put on the microplate with the FRAP
reagent, which was incubated before at 30 ◦C.

The absorbance was read at 593 nm, and the Trolox was used as a calibration curve.
The results are presented with the Trolox equivalent.

3.14. ORAC Assay

Antioxidant activity of the extracts were determined by the ORAC assay, as reported
by Escribano et al. [82]

The sample was placed on a microplate with 120 µL of fluorescein 80 nM (diluted
with PBS 13.3 mM). The microplate reader was prepared before use and fixed at 37 ◦C. The
initial fluorescence was read and then the AAPH solution was read. The plate continued to
be read quickly every 2 min for 120 min. The Trolox was used as the calibration curve.

3.15. Statictical Analysis

All the experiments were conducted in triplicate, and the data are presented as mean
± SD (standard deviation). SPSS (version 23; SPSS Inc., Chicago, IL, USA) was used to
process the results. For the antioxidant activity assays, a one-way ANOVA test followed by
Tukey’s test (p < 0.05) was used to analyze the differences among IC50 of the CEE and its
various fractions.
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4. Conclusions

In conclusion, our investigation into Laurus nobilis specimens collected from the north-
ern region of Morocco has revealed compelling findings regarding the extraction methods
and the subsequent quantification of secondary metabolites and antioxidant properties.
This study is the first to evaluate the nutritional and therapeutic potential of Laurus nobilis
leaves from this particular location using a wide range of analytical techniques, including
infrared and several chromatographic methods. It is shown by tests utilizing WD-XRF
and ICP-AES methods that vital minerals such calcium, magnesium, and potassium were
present. These minerals are critical to human health. The noteworthy quantities of these
constituents, in conjunction with the identification of advantageous trace elements such
as iron, manganese, and copper, indicate that Laurus nobilis may represent a good dietary
supplement for augmenting food intake and bolstering diverse physiological processes.

This plant is rich in flavonoids, especially those belonging to flavonols (myricetin,
kaempferol, and quercetin), flavan-3-ols (catechin, epicatechin, and epicatechin gallate)
and proanthocyanidins. The comparative analysis between the methanolic and aqueous
extracts of laurel leaves yielded noteworthy disparities. The methanolic extract of laurel
leaves displayed significantly higher values in terms of secondary metabolites, including
total phenolic, flavonoid, and tannin content, compared to the aqueous extract. This
discrepancy underscores the superiority of methanol as a solvent for extracting these
bioactive compounds from Laurus nobilis leaves. These secondary metabolites are well
known for their potential health benefits, including antioxidant, anti-inflammatory, and
antimicrobial properties. Furthermore, the assessment of antioxidant properties through
various assays, namely, DPPH, ABTS, FRAP, and ORAC, demonstrates that the methanolic
extract outperformed the aqueous extract. This finding indicates that the methanolic extract
of laurel leaves collected from the Northern Morocco region possessed stronger free radical
scavenging abilities and a greater capacity to mitigate oxidative stress.

The observed disparities between the two extraction methods emphasize the impor-
tance of selecting an appropriate solvent for the extraction of bioactive compounds from
Laurus nobilis. The methanolic extract in particular stands out as a more effective choice
for harnessing the full potential of laurel leaves in terms of secondary metabolites and
antioxidant properties. In conclusion, this study contributes valuable insights into the
utilization of Laurus nobilis from the Northern Morocco region as a source of bioactive
compounds with immense potential for improving human health and well-being.
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