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YMUS and Salvia are among the most popular plants both in traditional medicine and
in the culinary arts. This study has the aims to detect the chemical composition of the
extracts and the powder of Thymus zygis L. (T) and Salvia officinalis L. (S) collected from the
Fez-Meknes region. Two extracts were prepared: aqueous and essential oil. Phytochemical tests
were performed to qualitatively evaluate the presence or absence of phytoconstituents using
standard methods. The essential oils were analyzed by gas chromatography-mass spectrometry
(GC/MS). Two powder analyses were performed: Fourier transform infrared spectroscopy
(FTIR) analysis and elemental analysis. The drying of both plants took a similar amount of time
with a noticeable loss in weight for Sa/via. The phytochemical screening revealed the abundant
presence of terpenoids, catechic tannins, steroids and sterols in the two plants. GC/MS analysis
showed richness in carvacrol for Thymus zygis L. and in thujone for Salvia officinalis L. The
analysis by FTIR showed characteristic peak readings of various functional groups in the
powders, citing proteins, aliphatic compounds, carbonyl compounds and aromatic rings. In
the elemental analysis, there is a high carbon content for Thymus and Salvia (T: 66.70%, S:
53.34%), followed by oxygen (T: 36.45%, S: 37.88%) and hydrogen (T: 6.08%, S: 5.61%).
Altogether, this study highlights the richness of these two species in chemical compounds that
can be used in the pharmaceutical industry.

Keywords: Elemental analysis, FTIR, Phytochemical screening, Salvia officinalis L., Thymus
zygis L.

Introduction

solution in the relief of many health problems

Mankind has used various plants found in the
environment to treat and cure many diseases.
They represent a huge reservoir of primary and
secondary metabolites (amino acids, polyphenols,
flavonoids) with a wide range of biological
activities with or without a direct function in
the growing and development of plants (Crozier
et al., 2008). Currently, despite the remarkable
development of modern medicine, traditional
medicines and pharmacopoeia remain a basic

(Abouri et al., 2012).

Morocco is a country well-known for its
floral diversity due to its geography and climate,
and it is one of the countries whose population
is accustomed to the use of herbal remedies
(Hammada et al., 2004; Msanda et al., 2005).

The Lamiaceae family is one of the most
represented plant families in popular medicine
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in Morocco (Abouri et al., 2012; El-Ghazouani
et al., 2021). It is full of valuable aromatic plants
used in both folk and contemporary medicine,
and they represent an important part of the food
and pharmaceutical industries. The most popular
plants of this family are used for the treatment of
gastro-colitis, dermatitis, respiratory diseases, and
many other infections and inflammations (Nieto,
2017). Particularly, several species of the genus
Thymus and Salvia have been used in many parts
of Morocco to fight against various diseases and to
contribute to the culinary arts. Parts of these plants
are used to make decoctions, infusions, hydro
alcoholic extracts, and essential oils (EOs) for oral
administration or external application (Bodalska
et al., 2021). Essential oils are liquid, and at the
same time volatile, clear, and rarely colored. They
are soluble in lipids and organic solvents and
generally have a low density compared to water
(Bakkali et al., 2008). Antimicrobial, antifungal,
and antioxidant properties have been attributed to
EOs, but the use of the whole plant, powder, or
another type of extract seems to have a beneficial
impact as well (Hou et al., 2022).

Among the 1000 species of the genus Salvia
and 215 species of the genus Thymus, we found
Thymus zygis L. and Salvia officinalis L. (Khiya
et al.,, 2019; Fakchich & Elachouri, 2021),
which have been considered as medicines since
antiquity. Salvia officinalis L. is mainly used in the
oropharyngeal sphere (laryngitis, pharyngitis, and
tonsillitis) and pulmonary areas (bronchitis and
bronchiolitis). Thymus zygis L. is broadly applied
for its antiseptic, antispasmodic, carminative, and
antitussive properties (Bodalska et al., 2021).

It is important to highlight the presence of
secondary metabolites and to prove the biological
effects of Thymus zygis and Salvia officinalis
extracts which are the most traditionally used by
Moroccan people. For this purpose, the objectives
of this study include a qualitative analysis of
the aqueous extracts by phytochemical tests, a
quantitative analysis of the essential oils of the
two plants by GC/MS, and finally, FTIR and
elemental analysis of the powder samples to
identify the purity of characteristic groups.

Materials and Methods

Biological material
Thymus zygis L. and Salvia officinalis L.
were first gathered in June 2021 in two distinct
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localities in the region of Fez-Meknes: El
Menzel (Thymus zygis L.) and El Haj Kaddour
(Salvia officinalis L.), with the geographic and
climatic characteristics listed in Table 1. Plants
were shade-dried separately in a well ventilated
dry area at room temperature until weight
settled (Nurhaslina et al., 2022). The aerial
parts were crushed using a FRITSCH electric
mill type PULVERISETTE 11, then sifted to
obtain a finely ground vegetable powder.

Extract preparation

Aqueous extract

The aqueous extracts were prepared
according to the protocol of Jaradat et al.
(2015), with some modifications. The infusion
was done by dissolving about 2g of powder of
each plant in 80mL of boiling distilled water and
then leaving it to infuse for 24h. The decoction
was prepared by mixing 2g of powder of each
plant in 80mL of distilled water, and then
the mixture was heated on a hot plate at 30-
40°C and continuously stirred for 20min. The
resulting mix was filtered through Whatman
filter paper No.4, and the filtrate was used for
subsequent phytochemical analysis (Jaradat et
al., 2015).

Essential oil

Essential oils were prepared using aerial
plant material without grinding and subjected to
hydro distillation in a Clevenger-type apparatus
connected to an essential oil extractor. Thymus
zygis L. and Salvia officinalis L. (100g) were
put in a vial and heated for 3 hours using a flask
heater at kW h (Liu et al., 2022). Essential oils
were stored at 4°C in the dark until analyzed
(Karahisar et al., 2022). The average yield was
obtained after 3 extractions and was expressed
as a percentage according to the following
formula:

Eow
P

=100,

where, EOw is the weight of the essential
oil, and PW is the initial weight of the plants
(Cutillas et al., 2018).

Preliminary phytochemical tests

To evaluate the presence or absence of
phytoconstituents in Thymus zygis L. and
Salvia officinalis L., some standard tests were
performed as listed in Table 2.
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TABLE 1.Characteristics of the harvest locations

Sample Altitude

T Humidity Precipitations

location GPS (my  Climat ©CC) (%) (mm)
Thymus 33°50°41.6N- Hot
zygis L. El Menzel 4°35°08.7W 809 Mediterranean 17.1 70 468.2
Salvia El 33°840738N- Hot
officinalis L.  Hajkaddour 5°477390W 663 Mediterranean 171 36 Sl

TABLE 2. Qualitative tests for preliminary phytochemical screening

Compounds Test or reagents Positive sign

Terpenoids Salkowski’s test (Adusei et al., 2019) Reddish-brown precipitate

Alkaloids Hydrochloric acid+ Dragendroff reagent (Fannang et Orange or red precipitate
al., 2021)

Flavonoids Alkaline reagent test (Jaradat et al., 2015) Dark yellow coloration

Glycosides Keller Kilian test (Jaradat et al., 2015) Red coloration

Catechic tanins
Gallic tanins
Condensed tanins
Coumarins
Saponins
Organic acid
Steroids

Unsaturated sterols

FeCl3 (1%) (Benzeggouta, 2017).
FeCl3 (1%) (Benzeggouta, 2017)
Hydrochloric acid (Benzeggouta, 2017)
NaOH (Benzeggouta, 2017)

Foam test (Adusei et al., 2019)
Bromothymol Blue (Benzeggouta, 2017)
Libermann Burchard (Fannang et al., 2021)
Sulfuric acid (Benzeggouta, 2017)

Greenish coloration
Blackish blue coloration
Persistent red color
Yellow fluorescence
Persistent foam with a height >1 cm
Canary yellow
Red coloration

Red coloration

GC/MS analysis

GC/MS was executed by gas chromatography
type GC/MS-TQ8040 NX (Shimadzu) equipped
with a triple quadrupole detector and an apolar
Rxi-5MS capillary column (30m x 0.25mm ID
x 0.25um). The carrier gas of the GC/MS was
helium. The analysis was carried out by injection
of 1uL of essential oil in splitless mode under a
pressure of 37.1KPa. The column temperature
was programmed to increase from 50 to 250°C
at a rate of 4°C/min. The ionization energy was
set to 70eV. The ion source temperature was
200°C and the interface temperature was 200°C.
The essential oils were diluted with hexane
solvent. The compounds were identified based
on a comparison of their mass spectra with the
11" edition (2017) of the National Institute of
Standards and Technologies, Mass Spectra
Libraries (NIST) (Zaim et al., 2015; Lemjallad
etal., 2019).

Fourier transform infrared spectroscopy (FTIR)
analysis

Each powdered sample was analyzed in the
450cm” and 4000cm™ infrared region by the
“Perkin-Elmer LS 55” spectrophotometer, which

was coupled to “PerkinElmer Spectrum TM 10”
software that allows for presenting the results
as spectra. These were then read and interpreted
with the help of the 2021 “OriginLab” software.
Each analysis was repeated thrice to confirm the
spectrum pics (Jaadan et al., 2020).

Elemental analysis

CHNS/O elemental analysis was used to
evaluate the carbon (C), hydrogen (H), nitrogen
(N), sulfur (S), and oxygen (O) content of powder
samples from two plants (Thymus zygis L. and
Salvia officinalis L.). Organic elemental analysis
was performed using a Flash Smart CHNS/O
Thermo Fisher Scientific Organic Elemental
Analyzer. The CHNS analysis was performed
at a furnace temperature of 950°C. The samples
were combusted in the presence of 240mL/min
oxygen flow, and the gases produced (CO2,
H20, SO2 and N2) were carried by a constant
flow of carrier gas (helium) at 100ml/min and
then separated by gas chromatography at an oven
temperature of 65°C. Oxygen was determined
using a pyrolysis furnace at a temperature of
1050°C with the same helium flow (100mL/
min) (Malik et al., 2015).
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Results and Discussion

Drying process and essential oil yield

The drying of both plants took a similar
amount of time: 18 days for Thymus zygis L. and
20 days for Salvia officinalis L., with more weight
loss for Salvia officinalis L., (Fig. 1) proving that
it has a higher water content.

Weight (g) = Thymus zygis

120

salvia officinalis
100
80
60
40
20

0 + Time

0 3 10 15 18 20 B (D)

Fig. 1. Draying curve of Salvia officinalis L. and
Thymus zygis L.

The average EO yield of Thymus zygis L.
and Salvia officinalis L. was 1.63 % and 2.2%,
respectively. Yield and quality of essential oils
are affected by a number of factors including
cultivation techniques, plant age, genetic
factors, geographical location, soil type, climatic
conditions, post-harvest handling practices, and
drying methods, Furthermore, the influence
of the extraction method and analysis of data
compounds can also have an effect (Thamkaew
et al., 2020; Tibaldi et al., 2022). Shade drying
provides a superior yield of essential oil
compared to other high-temperature processes
and is considered the best method for drying
herbs to preserve the majority of its constituents

(Nurhaslina et al., 2022). The yield of Thymus
zygis L. obtained remains satisfactory in
comparison with the lower yields obtained by
Rodrigues et al. (2019) in Portugal (1.2%) and
Cutillas et al. (2018) (from 0.4 to 0.8%) and
Carrasco et al. (2015) (from 0.2 to 1.5%) in Spain.
In Morocco, the study conducted by Bouymajane
etal. (2022)in Ifrane gave a lower yield than ours
(1.5%). On the other hand, studies of Radi et al.
(2021) (yielding 5.25%) in Ifrane and Drioiche
et al. (2022) (yielding between 2.68 and 4.12%)
in three localities, Tigrigra, Ain Aghbal and
Timahdite had notably higher yields.

In this study, Salvia officinalis presented a
better yield than those obtained in studies carried
out in Algeria by Dob et al. (2007) (0.9%) and
Adrar et al. (2016) (0.97%) and in Italy by
Vergine et al. (2019) (0.7%). However, it remains
close to the studies in Tunisia (1.8%), in France
(2.05%), in Portugal (2.9%), and in Romania
(2.3%) mentioned by Fellah et al. (2006). Also, a
study by Khiya et al. (2019) showed the highest
Salvia officinalis EO yield of 4.13%.

Phytochemical compounds

Phytochemical screening is the conventional
method for identifying major families of
secondary metabolites. The aqueous extract was
used to simulate human consumption in the form
of herbal tea to search for beneficial functional
groups. The presence of organic acids and starch
was detected by decoction, whereas the other
chemical groups were identified by infusion.
The results shown in Table 3 reveal the abundant
presence of terpenoids, catechic tannins, steroids,
and sterols in the two plants. Gallic tannins,
organic acids, carotenoids, and coumarins were
absent in both plants. Condensed tannins were
absent in Thymus zygis L. and present in moderate
traces in Salvia officinalis L. Flavonoids were not
abundant in the two aqueous extracts.

TABLE 3. Phytochemical screening of Thymus zygis L. and salvia officinalis L. aqueous extracts

T Alc Flv Glec Teca

Teo Ao S Su Ct Cm Sp

Thymus zigus L. ++ ++ + ++ A+

Salvia officinalis L. +++ +++ + ++ 4+t

- S - +

++ B T - ++

T:terpenoid, Alc: alkaloids, Flv: flavonoids, Gle: glycosides, Tca: catechic tanins, Tco: condensed tanins, Ao: organic acides, S: steroids,

Su: unsaturatedsterols, Ct: carotenoids, Cm: coumarins, Sp: saponins. +++: abandant, ++: medium, +: traces, -: absent.
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The results of Salvia officinalis are
consistent with those cited by Khiya et al. (2019)
in the Khenifra region, except for gallic tannins
(+) and saponins (-). The results of preliminary
tests for Thymus zygis L. are lacking, but in
comparison with other genera, there is variance
in the compounds with the presence of some and
absence of others (Sayout et al., 2015).

GC/MS

GC/MS analysis in Table 4 showed richness
in p-cymen-2-ol (carvacrol) for the Thymus
zygis L. On the other hand, Salvia officinalis
L. presented richness in thujone. Carvacrol
has many bioactive properties including
antimicrobial, antitumor, antimutagenic,
analgesic, antispasmodic, anti-inflammatory,
antiparasitic, antiplatelet, insecticidal and
hepatic protection. This monoterpenic phenol
isomeric with thymol has shown good results
in the treatment of gastrointestinal diseases
as well as in the breeding of bees (Husnu Can
Baser, 2008; Sharifi-Rad et al., 2018). Thujone
is found in many medicinal plants. It is a natural
terpenoid with antioxidant, anti-diabetic, and
anti-tumorigenic properties. It is also used as
a food ingredient and a cosmetic additive (Lee
et al., 2020). Several studies have reported
neurotoxicity at very high doses (Pelkonen et al.,
2013). After carvacrol as a major EO component
for Thymus zygis L. comes y-terpinene followed
by o-cymen, thymol and linalool. Regarding
Salvia officinalis L., after thujone there
are camphor, eucalyptol, cariophylene and
humelene, respectively.

Thymus zygis L. from Portugal presented
the same majority of components, but with a
dominance of p-cymene. Carvacrol came in
third place after thymol (Rodrigues et al., 2019).
A review edited by Coimbra et al. (2022a)
found that carvacrol was dominant in three
samples, followed by thymol. The three other
major components of these essential oils are
y-terpinene, p-cymene and camphene (Coimbra
et al., 2022a). Another study identified thymol as
the main component (43%), with carvacrol and
p-cymene as the next most important compounds
(Coimbra et al., 2022b). The study on Moroccan
Thymus zygis L. from the Ifran region edited
by Drioiche et al. (2022) also revealed a
predominance of carvacrol in the essential oil.

The Algerian Salvia officinalis L. has the
same compounds as cited but with a prevalence
of camphor followed by thujone (Dob et al.,
2007). However, Koubaa-Ghorbel et al. (2020)
presents eucalyptol as the main component
without any mention of thujone. The study done
by Tardugno et al. (2018) on Salvia officinalis
L. essential oil also shows a composition rich
in thujone as a major component, followed by
camphor and eucalyptol.

This difference in the order of major
components can be because of differences in
either the natural conditions relative to the plant
(soil, climate, etc.) or to the technical conditions
before obtaining the essential oil (harvest,
drying, etc.) and during its analysis (GC/MS
conditions, equipment, etc.).

TABLE 4. The main chemical components revealed by the GCMS analysis

Compounds name  Retention time Peak area Molecular Molecular
(%) formula weight
Carvacrol 19.167 62.81 C,H,0 150.21
y-Terpinene 11.591 10.95 C H, 136.23
Thymus zygis L. O-cymene 10.560 11.61 CH, 134.21
Thymol 18.748 5.81 C,H,0 150.22
Linalool 12.803 3.67 C,HO 154.25
Thujone 13.377 30.79 cH.0 152.23
Camphor 14.258 17.48 C,H,0 152.23
Salvia officinalis L. Eucalyptol 10.805 18.67 C,H,0 154.24
Caryophyllene 23.380 7.61 C.H, 204.35
Humulene 24.558 4.75 C.H, 204.35
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Fourier transform infrared spectroscopy (FTIR)
analysis

In the single band area (2500-4000cm™), the
broad absorption bands, as shown in Figs. 2 and 3,
with peaks between 3300 and 3500cm™ indicate
a hydrogen bond, which means the presence of a
hydrate (H,0), a hydroxyl (-OH), an ammonium,
or an amino. This wide band is representative of
the cellulose components (Sahu et al., 2020). For
both plants, two clear peaks reflect the presence
of aliphatic compounds in two narrow bands,
namely the peaks at 2917 and 2849cm’! for thyme,
and the peaks at 2919 and 2850cm for sage. The
triple band zone (2000-2500cm™') contains peaks
around 2200 cm™ (2210.49 and 2190.47 for sage
and 2201.29 for thyme) indicating the presence
of an absorption band of C=C. In the area of
the double band (1500-2000cm™), peaks such as
1686.54cm’ and 1733.83cm™ for sage and
1685.38cm! and 1724.34cm™ for thyme give
information about the presence of carbonyl
compounds. In particular, the peaks 1980.2cm
for sage and 1871cm™!, 1903cm’!, and 1980.7cm’!

for thyme indicate the presence of active carbonyl
groups such as anhydrides, halogenated acids,
or halogenated carbonyls or cyclic carbonyls,
such as lactones or organic carbonates. Peaks
between 1750 and 1700cm™ (sage: 1733.83 cm’!
and thyme: 1724.34cm™) refer to simple carbonyl
compounds such as ketones, aldehydes, esters,
and carboxyls. All peaks below 1700cm™’ (sage:
1686.54cm, 1604.93cm™, and 1516.89cm’;
thyme: 1685.38cm™ and 1606.78cm™) indicate
amide or carboxylate functional groups. The
high intensities detected at 1606.78cm™ (T)
and 1604.93cm™ (S) indicate the existence of
aromatic compounds (aromatic rings), which is
corroborated by the presence of numerous low
intensities between 1700 and 2000cm ™' noticed for
both plants. The fingerprint area (450-1500cm™)
is a complex area with many bands. It contains
a large number of low-intensity peaks, making it
difficult to identify individual peaks. Moreover,
the peaks detected for both plants have many
possible interpretations (Table 5).
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Fig. 3. FTIR spectrum of Salvia officinalis L.
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TABLE 5. FTIR peaks, general bands and assignments of the FTIR spectra of Thymus zygis and Salvia
officinalis from references: Coates (2000), Movasaghi et al. ( 2008), Kumar et al. (2016), and
Talari et al. (2016)

Peaks value (cm™)

Thymus Sal.via . Wavenumber Assignments
wgis L. officinalis range (cm™)
L.
3288.49 3284.94 3300-3200 -N-H str. of proteins (amide A) and O-H stretching (str)
3346.54 3500-3300 -O-H str. of the hydroxyl group
-O-H, N-H, C-H
2955.77 2953.96 2956 -Asymmetric stretching vibration of CH, of acyl chains (lipids)
2960-2955 -Mainly from C-H str. (asym) of CH, from lipid acyl chains and also little
from proteins
2917.83 2919.32 3000-2890 -C-H str. of methane groups
2917 -Cholesterol ester
2917/8/9 -Stretching C-H
2869.94 2875-2868 -C-H str. (sym) of CH,
2870 -CH, symmetric stretching: protein side chains, lipids, with some
contribution from carbohydrates and nucleic acids
2849.72 2850.26 2855-2845 -C-H str. (sym) of CH, from lipid acyl chains
2850 -C-H stretching bands
-vs CH,,, lipids, fatty acids
-CH, symmetric
2657.65 2633/678 -Stretching N-H (NH,+)
2201.29 2210.49 2260-2190 -C=C Medial alkyne (disubstituted)
2190.47
2163.28 2169.6 2175-2140 -Thiocyanate (-SCN)
2114.44 2113.21 2140-2100 -C=C Terminal alkyne (monosubstituted)
2050.43 2050.49 2150-1990 -Isothiocyanate (-NCS)
2014.06 2012.24 2200-2000 -Cyanide ion, thiocyanate ion, and related ions
1980.73 1980.2 2100-1800 -Transition metalcarbonyls
1903.27 -Active carbonyl groups
1871
1724.34 1733.83 1740-1720 -Aldehyde group
1745-1730 -Ester group (lipid)
1725- 1745 -C=0 stretching band mode of the fatty acid
1685.38 1686.54 1695-1680 -B-turns also B-sheets (anti)
1685 -Amide I (disordered structure-non-hydrogen bonded)
-Amide I B-turns of proteins
1606.78 1604.93 1680-1590 -C=Cstr
1605 -vas (COO-) (polysaccharides, pectin)
1604/1606 -Adenine vibration in DNA
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TABLE. 5. Cont.

Peaks value (cm™)

Thymus Salvia Wavenumber Assignments
. officinalis range (cm™)
zygis L.
L.
1516.89 1519-1514 -CC and C-H vibration from Tyrosine
1517 -Amide II
1455.12 1451.82 1451 -Asymmetric CH, bending modes of the methyl groups of proteins
1455/6 -3[(CH,)] asymmetric
-Aas CH and das CH,
1430-1470 -Methyl C-H asym/sym bend
1422.9 1470— -Methyl C-H asym./sym. Bend
1430/1380—
1419.18 1370 -vs(COO-) (polysaccharides, pectin
1419
1410-1420 -vinyl C-H in plane bend
1376.89 1370-1420 -Organic sulfate
1366.21 1340-1365 -Sulfonate
1365-1370 -Gem-dimethyl or iso- (doublet)
1314.3 1319.76 1314 -Amide III (protein), vP=O (lipid, nucleic acid)
1300-1335 -Dialkyl/aryl sulfones
1310-1360 -Aromatic tertiary amine, CN stretch
1256.29 1241.3 1256 -PO, asymmetric (Phosphate I)
1270-1220 -PO, antisymmetric str
1241 -PO, asymmetric (Phosphate I)
-Phosphate band
(phosphate stretching modes originate from the
phosphodiester groups of nucleic acids and suggest an increase in the
nucleic acids in the malignant tissues)(Generally, the PO,- groups of
phospholipids do not contribute to these bands)
-Phosphate stretching bands from phosphodiester groups of cellular
nucleic acids
-vas Phosphate
-Amide III (protein), vP=0 (lipid, nucleic acid)
1156.97 1161.96 1200-900 -C-0, C-C str., C-O-H, C-O-C def (carbohydrate)
1130-1190 -Secondary amine —CH stretch
1161/2 -Mainly from the C-O stretching mode of C-OH groups of serine,
threosine & tyrosine of proteins)
-v(CC), 6(COH), v(CO) stretching
1162 -Stretching modes of the C-OH groups of serine, threonine, and tyrosine

residues of cellular proteins

-0(C-0-C), ring (polysaccharides, cellulose)
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TABLE. 5. Cont.

Peaks value (cm™)

Salvia Wavenumber

Thymus Lo Assignments
wgis L. officinalis range (cm™)
L.
1100.49 1101.75 1200-900 -C-0, C-C str., C-O-H, C-O-C def (carbohydrate)
1101 -Methyl-carbon stretching (polypeptides)
1023.84 1027.59 1200-900 -C-0, C-C str., C-O-H, C-O-C def (carbohydrate)
1000-1100 -Phosphate ion
1028 -Glycogen absorption due to C-O and C-C -stretching and C-O-H
deformation motions
808.28 813.09 700-1000 -Out-of-plane bending vibrations
813 -Ring CH deformation
777.07 767.96 700-1000 -Out-of-plane bending vibrations
719.28 713.22 700-1000 -Out-of-plane bending vibrations
700-1300 -Skeletal C-C vibrations
670-900 -Aromatic C-H out of plane bend
(several)
670-715 -Aryl thioether (C-S stretch)
636.57 660.77 600-900 -CH out-of-plane bending vibrations
630-660 -Thioethers, CH,-S- (C-S stretch)
600-620 -Disulfide (S-S stretch)
610-680 -Alkyne C-H bend
562.98 599.89 500-600 -Aliphatic iodo compound
531.68 590-720 -Alcohol, OH out of plane bending
471.17 515.55 430-500 -Aryl disulfide (S-S stretch)

470-500 -Polysulfides (S-S stretch)

Elemental analysis

In the current study, the values of carbon,
hydrogen, nitrogen, and sulfur detected in the
sample of Thymus zygis L. were 66.70, 6.08,
1.65, and 0%, respectively. The percentage of
oxygen content was 36.45%. Salvia officinalis
L. presented as 53.34 % carbon, 5.6 % hydrogen,
2.11% nitrogen, 0.23% sulfur and 37.88% oxygen
(Fig. 4).

Carbon is the most abundant element, which
with high hydrogen content, indicates the
presence of hydrocarbons (aliphatic, olefinic, and
aromatic), which are the basic elements of many
metabolites, as well as secondary metabolites
(Kupareva et al., 2013; Mandal et al., 2017). Both
plant samples had a lower H/C ratio, indicating
high aromaticity (Sahu et al., 2020). The high
oxygen and hydrocarbon contents provide several

functional groups (Braun & Pantano, 2014).
Another important element, nitrogen, is present
in almost all the amino acids and in nucleic acid
(DNA). It is also an essential nutrient for plant
growth (Anjum et al., 2019). Thymus zygis has a
higher C/N ratio than Salvia officinalis, reflecting
a greater resistance of the cell wall (Mandal
et al.,, 2017). The rate of sulfur is very low or
even absent; it is an element that also affects the
growth of the plant; its presence in the soil is
primordial, and it ensures numerous functions in
the enzymatic reaction and synthesis of proteins
(Mandal et al., 2017). The results obtained by
this analysis correlated with those of the FTIR
analysis. The latter method is more informative.
Close values have been reported for other plants
in the study of Anjum et al. (2019), and as far as
we know, these plants have never been the subject
of an elemental analysis.
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Fig. 4. CHNS/O elemental analysis of Thymus zygis
L. (T) and Salvia officinalis L. (S)

Conclusion

The Mediterranean area, especially Morocco,
is characterized by the quality of its medicinal
plants. This study reveals a multitude of beneficial
chemical compounds for numerous uses, whether
in aqueous extracts or in essential oils of Thymus
zygis and Salvia officinalis from the region of
Fez-Meknes. Furthermore, Fourier-transform
infrared spectroscopy and elemental analysis
have highlighted the richness of both plants
in functional molecules and macroelements.
Through this study, a contribution has been made
to the phytochemical valorization of these plants.
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