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ABSTRACT
Melissa officinalis L. and Mentha spicata L. are widely used aromatic plants; however, variations in essential oil 
composition related to geographical origin may significantly influence their biological activities. The present study 
aimed to characterize the chemical composition and comparatively evaluate the antioxidant and antimicrobial 
properties of essential oils obtained from plants collected in the Settat region of Morocco. Essential oils were ex-
tracted by hydrodistillation and analyzed using GC–MS. Geraniol (30.37%), (Z)-2,6-octadien-1-ol (22.52%), and 
citronellol (13.54%) were the major constituents of M. officinalis oil, whereas (-)-carvone (58.05%) predominated 
in M. spicata oil, followed by trans-carveol (7.29%) and (R)-1-methyl-5-(1-methylethenyl)cyclohexene (5.45%). 
Antioxidant activity was assessed using DPPH, ABTS, and FRAP assays. M. spicata oil demonstrated stronger 
radical-scavenging activity in DPPH and ABTS assays, while M. officinalis showed higher ferric-reducing power. 
Antimicrobial activity was evaluated against Gram-positive and Gram-negative bacteria and one yeast strain. Both 
oils exhibited higher inhibitory effects against Staphylococcus aureus and Staphylococcus epidermidis compared 
with Pseudomonas aeruginosa. The obtained results demonstrate distinct compositional profiles of the essential 
oils, with dominant terpenoid constituents associated with the measured antioxidant and antimicrobial activities. 
The characterized chemical composition and corresponding bioactivities indicate their suitability for further con-
sideration in pharmaceutical, food, and cosmetic applications.
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INTRODUCTION

Traditional medicine has been practiced for 
millennia and continues to represent an important 
source of therapeutic agents. Medicinal plants are 
particularly valued for their ability to synthesize 
structurally diverse bioactive secondary metabo-
lites. Among them, species of the Lamiaceae fam-
ily are recognized for their aromatic properties 
and broad spectrum of biological activities (Uritu 
et al., 2018). Ethnobotanical investigations con-
ducted in the Settat region of Morocco have docu-
mented the traditional use of Mentha spicata L. 
and Melissa officinalis L. in local herbal medicine 
for the management of various disorders (Bouha-
di et al., 2021; Lahyaoui et al., 2025).

Melissa officinalis is traditionally used as an 
antiseptic and sedative, particularly in the man-
agement of digestive disorders (Abdellatif et al., 
2023; Pineau et al., 2016). Its biological activ-
ity is associated with a complex phytochemical 
composition that includes phenolic acids such as 
rosmarinic and caffeic acids, flavonoids includ-
ing luteolin and quercetin, and volatile constitu-
ents such as geranial, neral, and citronellal. Sim-
ilarly, Mentha spicata is characterized by a high 
content of carvone and other monoterpenoids, 
which are associated with anti-inflammatory, an-
tioxidant, and antimicrobial effects (Baser et al., 
1999). The essential oil of M. spicata is widely 
used in the food, cosmetic, and pharmaceutical 
sectors due to its aromatic properties and bio-
logical activities (Kiełtyka-Dadasiewicz et al., 
2017; Pintilia et al., 2025). In traditional medi-
cine, it is employed to alleviate headaches, nau-
sea, and gastrointestinal disorders (Mahboubi, 
2021), effects that have been partly attributed to 
monoterpenoids such as limonene and 1,8-cin-
eole (Mahendran et al., 2021).

Despite the documented therapeutic rel-
evance of these species, the yield and chemical 
composition of their essential oils are known to 
vary significantly depending on environmental 
conditions, climatic factors, harvesting period, 
and plant genotype (Shahbazi, 2015). Such vari-
ability may directly influence their biological 
properties, including antioxidant and antimicro-
bial activities. Although numerous studies have 
reported the bioactivity of these plants, compara-
tive data integrating chemical profiling and bio-
logical evaluation of essential oils from the Settat 
region of Morocco remain limited. In particu-
lar, the relationship between dominant volatile 

constituents and the observed biological effects 
has not been sufficiently characterized for locally 
grown populations.

Based on the known bioactivity of these 
plants, we hypothesize that the Melissa officinalis 
and Mentha spicata essential oils will exhibit sig-
nificant antioxidant and antimicrobial activities. 
Additionally, we hypothesize that the chemical 
profiles of each essential oil will lead to differ-
ent mechanisms of action and varying efficacy 
against a range of tested microorganisms.

Therefore, the present study aimed to charac-
terize the chemical composition of essential oils 
obtained from Melissa officinalis L. and Men-
tha spicata L. cultivated in the Settat region of 
Morocco using GC–MS analysis, and to com-
paratively evaluate their antioxidant and antimi-
crobial activities. By integrating phytochemical 
profiling with multiple in vitro bioassays (FRAP, 
DPPH, and ABTS), this study sought to determine 
whether compositional differences are associated 
with variations in biological efficacy. The gener-
ated data provide region-specific insights into the 
chemical variability and bioactivity of these spe-
cies and contribute to a more detailed understand-
ing of composition–activity relationships in their 
essential oils.

MATERIALS AND METHODS

Botanical material and extraction procedure 
of essential oils 

Fresh aerial parts (leaves) of Melissa offic-
inalis L. and Mentha spicata L. were collect-
ed in January and February 2022, respectively, 
from the Settat region, Morocco (33°06’35.6”N 
7°43’01.5”W; altitude around 370 m above sea 
level). (Figure 1) Botanical identification was 
confirmed by the Department of Botany at the 
Scientific Institute of Rabat, Morocco. Vouch-
er specimens were deposited in the institutional 
herbarium under accession numbers RAB 114745 
(M. officinalis) and RAB 114746 (M. spicata).

The plant materials were air-dried under con-
trolled ambient conditions (20–24 °C; relative hu-
midity 45–55% for 7 to 10 days until a constant 
weight was achieved. The dried leaves were then 
separated, crushed using a laboratory grinder, and 
stored in tightly sealed, dark containers for three 
weeks to ensure material integrity. For the extrac-
tion of volatile compounds, 200 g of the dried 
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material was subjected to hydrodistillation using 
a Clevenger-type apparatus for 3 h with 1000 ml 
of distilled water. Extractions were performed in 
triplicate to ensure reproducibility. Essential oil 
yield was calculated as a percentage (w/w) rela-
tive to the dry plant material. The obtained yields 
were 1.0% for M. officinalis and 1.8% for M. 
spicata. The resulting oils were dried over anhy-
drous sodium sulfate, filtered, and stored in sealed 
amber vials at 4 °C until phytochemical and anti-
oxidant analysis (Table 1) (Figure 2).

Gas chromatography-mass spectroscopy 
analysis

Chemical characterization was performed using 
a Thermo Trace 1300 gas chromatograph coupled 
to a TSQ 8000 EVO triple quadrupole mass spec-
trometer. Chromatographic separation was achieved 
on a TR-35MS fused-silica capillary column (30 
m × 0.25 mm i.d., film thickness 0.25 μm). The 
oven temperature program was as follows: the in-
itial temperature was set at 40 °C and held for 2 
min, then increased at a rate of 4 °C/min to 180 °C 

(held for 0 min), and finally increased at 20 °C/min 
to a final temperature of 300 °C, which was main-
tained for 2 min. Helium was used as the carrier gas 
at a constant flow rate of 1.5 mL/min. Samples were 
injected in split mode (split ratio 1:33.3; split flow 
50 mL/min) with the injector port maintained at 
200 °C. Mass spectra were obtained using electron 
ionization (EI) in full scan mode. The transfer line 
temperature was maintained at 250 °C, while the ion 
source was set at 200 °C. Compound identification 
was based on a comparison of mass spectra with 
the NIST library and literature data, as well as the 
calculation of retention indices (RI) relative to a ho-
mologous series of $n$-alkanes (C8–C24). Relative 
percentages of compounds were calculated by peak 
area normalization without correction factors.

In vitro antioxidant assays

Evaluation of DPPH radical inhibition capacity

The radical scavenging potential of the essen-
tial oils was evaluated according to the method 
described by Sahin et al. (2004) with slight modi-
fications. A concentration range of [specify range, 
e.g., 0.05–2 mg/mL] for each essential oil was pre-
pared in methanol. Briefly, an aliquot of 0.1 mL 
of each preparation was reacted with 3.9 mL of 
a 60 µM DPPH (2,2-diphenyl-1-picrylhydrazyl) 
solution in methanol. Butylated hydroxytoluene 
(BHT) was employed as the positive reference an-
tioxidant. The mixtures were thoroughly vortexed 
and incubated in the dark at room temperature for 
30 min. The absorbance was measured at 517 nm 
using a Multiskan™ Multiplate Photometer UV-
Vis spectrophotometer. All tests were performed 
in triplicate. The radical scavenging activity was 
expressed as the percentage of DPPH radical in-
hibition and calculated using Equation 1:

	
𝐼𝐼𝐼𝐼ℎ𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 = 

= (𝐴𝐴𝐴𝐴𝐴𝐴 𝑜𝑜𝑜𝑜 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐−𝐴𝐴𝐴𝐴𝐴𝐴 𝑜𝑜𝑜𝑜 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠)
(𝐴𝐴𝐴𝐴𝐴𝐴 𝑜𝑜𝑜𝑜 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐)  × 100 

 
(1)  
 
 
 

Fina𝑙𝑙 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 = 

=
(𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 ×  𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣)

𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣  
 
 
(2) 
 

	(1)

The antioxidant activity of each essential oil 
was expressed as the IC50 value, defined as the 
concentration of the test material required to 
cause a 50% decrease in the initial DPPH con-
centration. To determine these values, Melissa 
officinalis was tested at concentrations ranging 
from 100 to 900 µg/mL, Mentha spicata from 
50 to 800 µg/mL, and the reference antioxidant 
(BHT) from 100 to 700 µg/mL. Absorbance was 
measured at 517 nm using a Multiskan™ Multi-
plate Photometer UV-Vis spectrophotometer. All 

Figure 1. The Settat region (Morocco) and sampling 
locations for testing: Samples 1 (33°06’35.6”N 

7°43’01.5”W; altitude around 370 m above sea level)
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measurements were performed in triplicate. The 
IC50 values were determined by nonlinear regres-
sion analysis (or linear regression, depending on 
your curve fit) using Origin 2018 software. The 
final concentration of each oil and the reference 
standard after the addition of the DPPH reagent 
was calculated according to Equation 2. Results 
are expressed as mean ± standard deviation (SD).

	

𝐼𝐼𝐼𝐼ℎ𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 = 
= (𝐴𝐴𝐴𝐴𝐴𝐴 𝑜𝑜𝑜𝑜 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐−𝐴𝐴𝐴𝐴𝐴𝐴 𝑜𝑜𝑜𝑜 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠)

(𝐴𝐴𝐴𝐴𝐴𝐴 𝑜𝑜𝑜𝑜 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐)  × 100 
 
(1)  
 
 
 

Fina𝑙𝑙 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 = 

=
(𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 ×  𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣)

𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣  
 
 
(2) 
 

	(2)

ABTS radical scavenging assay

The ABTS•⁺ radical cation was obtained 
by mixing 7 mM ABTS solution with 2.45 mM 
potassium persulfateand allowing the mixture 
to stand in the dark for 16 h at room tempera-
ture. Before use, the solution was diluted with 
methanol to obtain an absorbance of 0.700 ± 
0.02 at 734 nm. A volume of 20 μL of essential 
oil solution (1–900 mg/mL) was added to 2 mL 
of ABTS•⁺ working solution. After 6 min of in-
cubation in the dark, absorbance was recorded 
at 734 nm by unsing a MultiskanTM Multiplate 
Photometer UVVis spectrophotometer. Trolox 
(100–180 µg/mL) was used as a standard. All 
experiments were conducted in triplicate. Next, 
the percentage of radical scavenging activity 

was worked out from the equation used for the 
DPPH (Formula 1) test, where Trolox served as 
the standard reference compound. The real con-
centration of each oil and reference by adding 
ABTS reagent solution was calculated by using 
Formula 2. Results were expressed as mean ± 
standard deviation.

Ferric reducing antioxidant capacity assay (FRAP)

The ferric reducing antioxidant power meth-
od was employed to assess the reducing ability of 
the essential oils. In brief. An aliquot of 0.2 mL 
of each tested sample, prepared at different con-
centrations(100–900 mg/mL), was transferred 
into a reaction mixture containing 2.5 mL of 0.2 
M phosphate buffer (pH 6.6) and 2.5 mL of 1% 
potassium ferricyanide solution [K3Fe(CN)6]. 
The resulting mixture was incubated in a ther-
mostatically controlled water bath for 20 minutes 
at 50 °C to allow the reduction process to occur. 
Following incubation, the reaction was termi-
nated through the addition of 2.5 mL of 10% 
trichloroacetic acid, thereby stopping further re-
dox activity. Following vigorous agitation. An 
aliquot of the resulting supernatant (2.5 mL) was 
then combined with distilled water (2.5 mL) and 
0.5 mL of 0.1% FeCl3 solution. Butylated hy-
droxytoluene (BHT) was utilized as the standard 

Table 1. Essential oil yield of Mentha spicata and Melissa officinalis obtained by hydrodistillation

Plant species Plant material 
(g, dry)

Water volume 
(mL) Extraction method Duration (h) Number of 

replicates
Yield (% w/w, 

dry basis)
Mentha 
spicata 200 1000 Hydrodistillation 

(Clevenger-type apparatus) 3 3 1.8

Melissa 
officinalis 200 1000 Hydrodistillation 

(Clevenger-type apparatus) 3 3 1.0

Figure 2. Sample preparation for analysis: (a) plant implantation, (b) dried plant, (c) plant shredder, 
(d) essential oil extrcation
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antioxidant for comparison. The reducing power 
was evaluated by measuring absorbance at 700 
nmusing a MultiskanTM Multiplate Photometer 
UVVis spectrophotometer, with increased ab-
sorbance indicating stronger reducing potential. 
Results were expressed as EC₅₀ values (µg/mL), 
calculated from calibration curves R² =93. The 
real concentration of each oil and reference by 
adding ABTS reagent solution was calculated 
by using Formula 2. Results were expressed as 
mean ± standard deviation.

Antimicrobial activity

The antimicrobial activity of Melissa officina-
lis and Mentha spicata essential oils was assessed 
against five pathogenic microorganisms: Candida 
albicans ATCC 1023, Pseudomonas aeruginosa 
ATCC 9027, Staphylococcus aureus ATCC 6538, 
Staphylococcus epidermidis ATCC 12228 and 
the Escherichia coli ATCC 8739. The microbial 
strains were obtained from the Microbiology De-
partment at Cheikh Khalifa International Univer-
sity Hospital, Casablanca, Morocco.

Disc-diffusion technique

The antimicrobial efficacy was evaluated 
against a panel of five microbial strains: Can-
dida albicans ATCC 10231, Pseudomonas ae-
ruginosa ATCC 9027, Staphylococcus aureus 
ATCC 6538, Staphylococcus epidermidis ATCC 
12228, and Escherichia coli ATCC 8739. Bac-
terial strains were cultured on Mueller–Hinton 
Agar (MHA), while the yeast strain was cul-
tured on Sabouraud Dextrose Agar (SDA). All 
procedures were performed in accordance with 
the Clinical and Laboratory Standards Institute 
(CLSI) guidelines (CLSI M07-A10 for bacteria 
and CLSI M27-A3 for yeast).

The susceptibility of the tested microorgan-
isms was assessed using the disk diffusion meth-
od (Kalemba and Kunicka, 2003). A microbial 
suspension (0.5 mL of 106 CFU/mL) was uni-
formly spread onto the surface of the appropri-
ate agar medium. After 15 min of drying, sterile 
paper disks (Whatman No. 1, 6 mm diameter) 
were impregnated with 10 µL of essential oil at 
serial concentrations ranging up to 200 and 400 
mg/mL. The oils were diluted using 10% Tween 
80 in sterile distilled water. Disks loaded with 
10% Tween 80 (without essential oil) served 
as negative controls. Positive controls includ-
ed Ceftriaxone (CRO), Teicoplanin (TEC), 

Ceftazidime (CAZ), and Piperacillin-Tazobac-
tam (TPZ) at a concentration of 30 µg/disk. The 
plates were incubated at 37 °C for 24 h (bacteri-
al strains) and 48 h (fungal strains). Antimicro-
bial activity was evaluated by measuring the di-
ameter of the inhibition zones (mm). All assays 
were conducted in triplicate, and results were 
expressed as mean ± SD.

Minimum inhibitory concentration assay 

The minimum inhibitory concentration 
(MIC) of the essential oils was determined us-
ing the broth microdilution method in 96-well 
microplates, following the procedures described 
by Chen et al. (2024) and Tina et al. (2025) in 
accordance with CLSI standards. Briefly, se-
rial two-fold dilutions of the essential oils were 
prepared in [specify broth, e.g., Mueller-Hinton 
broth for bacteria / sabouraud broth for yeast] 
supplemented with 10% Tween 80. A volume of 
100 µL of each oil concentration (ranging from 
0.097 to 100 mg/mL) was added to wells contain-
ing 100 µL of microbial inoculum ($10^6$ CFU/
mL).The microplates were incubated at 37 °C for 
24 h for bacterial strains and 48 h for the yeast 
strain. Following incubation, microbial growth 
was assessed visually by the presence or absence 
of turbidity. MIC was defined as the lowest con-
centration of the essential oil that showed no vis-
ible growth. All assays were executed in triplicate 
to ensure reproducibility.

Statistical analysis

All experimental measurements were conduct-
ed in three replicates, with All experimental find-
ings were analyzed using a one-way ANOVA, with 
statistical computations carried out in IBM SPSS 
(version 25), where a confidence level of 95% (p 
< 0.05) was used to identify significant variations 
between treatment groups. To further delineate 
these differences, multiple comparisons of aver-
age valueswere executed through Tukey’s post hoc 
test. All experiments were performed in triplicate 
and the results were expressed as mean ± standard 
deviation (SD). Data normality was evaluated us-
ing the Shapiro–Wilk test. Statistical analysis was 
carried out using one-way analysis of variance 
(ANOVA) followed by Tukey’s post hoc test with 
IBM SPSS Statistics version 25. Differences were 
considered statistically significant at p< 0.05.
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RESULTS

Phytochemical composition

The chemical constituents of the essential oils 
from Melissa officinalis and Mentha spicata were 
characterized via GC–MS (Figure 3). The original 
chromatograms, showing all detected peaks and in-
tegration data, are provided in the supplementary 
materials (Figures S1 and S2). The identified com-
ponents are presented with their corresponding re-
tention times and percent compositions, expressed 
as peak area percentages (Table S1 and S2). As 
shown in Table S1 (Supplementary Files), geraniol 
was identified as the predominant component of 
M. officinalis, accounting for 30.37% of the total 
composition, followed by (Z)-2,6-octadien-1-ol, 
3,7-dimethyl- (21.7%), and citronellol (13.54%). 
Conversely, the principal components identified 
in M. spicata were carvone (58.5%), trans-carveol 
(7.29%), and 1-methyl-5-(1-methylethenyl)-(R)-
Eucalyptol cyclohexene (5.45%) (Table S2, Sup-
plementary File). 

Antioxidant activity

The antioxidant potential was examined using 
three distinct assays: DPPH, ABTS, and FRAP. 
As summarized in Table 2, M. spicata essential oil 
exhibited higher antioxidant activity than M. offic-
inalis in both DPPH (926.60 ± 5.25 µg/mL) and 
ABTS (1772.60 ± 217.10 µg/mL) tests. However, 
this trend was reversed in the FRAP assay, where 
M. officinalis oil displayed a superior reduction ca-
pacity (2702.99 ± 33.50 µg/mL) (Tables 3–5).

Antimicrobial activity

Table 6 presented the qualitative and quan-
titative antibacterial activity results for essential 
oils from Melissa officinalis and Mentha spicata 
plants. Against Pseudomonas aeruginosa, both 
extracts exhibited very limited activity, with inhibi-
tion zones not ex-ceeding 8 mm and relatively high 
MIC values (3.12 mg/mL). This weak effectiveness 
contrasts with reference antibiotics, particularly 
piperacillin/tazobactam (27 mm) and ceftriaxone 

Figure 3. The phytochemical constituents of the essential oil from (a) Melissa officinalis plant, 
(b) Mentha spicata plant
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Table 2. IC50 of essential oils from Melissa officinalis and Mentha spicata

Tests M. officinalis (µg/mL) M. spicata (µg/mL) BHT (µg/mL) Trolox (µg/mL)

DPPH 1509.15 ± 167.40ᵃ 926.60 ± 5.25ᵇ 27.91 ± 2.03ᶜ -

ABTS 2055.10 ± 600.60ᵃ 1772.60 ± 217.10ᵇ - 2.07 ± 0.03

FRAP 2702.99 ± 33.50ᵃ 5474.72 ± 517.56ᵇ 16.87 ± 0.10ᶜ -

Table 3. Experimental results of the DPPH radical scavenging activity of Mentha spicata and Melissa officinalis

R
DPPH of  Mentha spicata

Concentration
(mg/ml)

Real concentration 
(mg/ml) DO A% Negative test IC50 (µg/mL) Moyenne Ecart type

R1

10 0.243902439 0.7459 13.6589883

0.8639

922.90143

926.616667 5.25413894

20 0.487804878 0.6988 19.1110082

40 0.975609756 0.6373 26.2298877

50 1.219512195 0.6251 27.6420882

R2

10 0.243902439 0,7281 15.719412

930.331904
20 0.487804878 0,6787 21.4376664

40 0.975609756 0,6373 26.2298877

50 1.219512195 0,6251 27.6420882

R3

10 0.243902439 0,7370 14.6892002

926.616665
20 0.487804878 0,6888 20.2743373

40 0.975609756 0,6373 26.2298877

50 1.219512195 0,6251 27.6420882

DPPH of Melissa officinalis

R1

10 0.243902439 0,771 7.35

0.5883

1390.73316

1509.13192 167.44

20 0.487804878 0,4818 44.2296562

30 0.731707317 0,4353 49.6122236

40 0.975609756 0,3667 57.5529575

50 1.219512195 0,3431 60,2847552

R2

10 0.243902439 0,59 5.85

1627.53067

20 0.487804878 0,5096 41.0116912

30 0.731707317 0,4798 44.4611645

40 0.975609756 0,4234 50.9896979

50 1.219512195 0,3631 57.9696724

R3

10 0.243902439 0,6805 6,6

1509.13192

20 0.487804878 0,4957 42,6206737

30 0.731707317 0,4575 47,0366941

40 0.975609756 0,3950 54.271326

50 1.219512195 0,3531 57.627214

(20 mm), confirming that the tested extracts are 
not a promising alternative against this highly re-
sistant bacterium. Regarding Escherichia coli, both 
extracts showed moderate activity, with inhibition 
zones around 12 mm at the highest concentration 
and an MIC of 1.56 mg/mL. Although this activity 
was similar between M. officinalis and M. spicata, 
it remained clearly lower than that of standard an-
tibiotics such as ceftriaxone (30 mm), teicoplanin 
(23 mm), and piperacillin/tazobactam (30 mm). 

The most significant activity was observed against 
Gram-positive bacteria. Indeed, for Staphylococcus 
aureus, both extracts demonstrated strong inhibi-
tion, but with different profiles. Melissa officinalis 
showed greater potency, reflected by a particularly 
low MIC (0.19 mg/mL), whereas Mentha spicata 
displayed larger inhibition zones (up to 21.5 mm) 
but with a slightly higher MIC (0.78 mg/mL). 
These results bring both ex-tracts close to the ef-
fectiveness of reference antibiotics (CRO = 22 mm, 
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Table 4. Experimental results of the ABTS radical scavenging activity of Mentha spicata and Melissa officinalis

R
ABTS ofMentha spicata

Concentration
(mg/ml)

Real Concentration 
(mg/ml) DO A% Negative test IC50 (µg/mL) Moyenne Ecart type

R1

10 0.476190476 0.4953 20.17728

0.6205

1926.241

1772.664 217.1905

20 0.952380952 0.4107 33.81144

30 1.428571429 0.3626 41.56326

50 2.380952381 0.2744 55.7776

60 2.857142857 0.1908 69.2506

R2

10 0.476190476 0.5272 15.03626

1619.087

20 0.952380952 0.0821 33.81144

40 1.428571429 0.2727 56.05157

50 2.380952381 0.2385 61.56326

60 2.857142857 0.1908 69.2506

R3

10 0.476190476 0.51125 17.60677

1772.664

20 0.952380952 0.24640 33.81144

40 1.428571429 0.31765 48.807415

50 2.380952381 0.25645 58.67043

60 2.857142857 0.19080 69.2506

ABTS Melissa officinalis

R1

10 0.476190476 0.6204 0.128783

0.6212

1625.927

2055.101 606.9431

20 0.952380952 0.5348 13.90856

30 1.428571429 0.5054 18.64134

40 1.904761905 0.4128 33.54797

60 2.857142857 0.2801 54.90985

R2

10 0.476190476 0.6102 1.770766

2484.274

20 0.952380952 0.5348 13.0856

30 1.428571429 0.4878 21.47457

40 1.904761905 0.4746 23.59948

60 2.857142857 0.3287 47.08628

R3

10 0.476190476 0.6153 0.949774

2055.100

20 0.952380952 0.5348 13.49708

30 1.428571429 0.4966 20.057955

40 1.904761905 0.3087 28.573725

60 2.857142857 0,3044 57.627214

TEC = 20 mm, CAZ = 27 mm), highlighting their 
promising potential. A similar trend was observed 
for Staphylococcus epidermidis, where Melissa of-
ficinalis proved clearly more effective than Mentha 
spicata. With inhibition zones ranging from 15 to 
18 mm and an MIC of 1.56 mg/mL, it approached 
the activity of reference antibiotics (CRO = 25 mm, 
CAZ = 20 mm). In contrast, M. spicata showed 
weaker inhibition (8–11.5 mm) and a higher MIC 
(6.25 mg/mL), indicating more modest activity. 
Finally, against Candida albicans, both extracts 
exhibited weak inhibition, with inhibition zones of 
only 6–7 mm. However, M. spicata demonstrated 

greater potency in terms of MIC (0.39 mg/mL vs. 
2.34 mg/mL for M. officinalis), although these re-
sults remain far below those expected for signifi-
cant antifungal activity (Table 7).

DISCUSSION

The chemical profiles of essential oils from 
M. officinalis and M. spicata are known to ex-
hibit considerable variation, largely affected by 
environmental factors including light intensity, 
cultivation conditions, geographic origin, nutrient 
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Table 5. Results of the experimental FRAP assay using Mentha spicata and Melissa officinalis

R
FRAP of  Mentha spicata

Concentration (mg/ml) Real concentration (mg/ml) DO IC50 (µg/mL) Moyenne Ecart type

R1

10 0.534759358 0.0999

5108.81393

5474.78483 517.561015

20 1.069518717 0.118

30 1.604278075 0.1652

60 3.20855615 0.2542

70 3.743315508 0.4379

R2

10 0.534759358 0.0906

5840.75574

20 1.069518717 0.118

30 1.604278075 0.1316

60 3.20855615 0.269

70 3.743315508 0.4379

R3

10 0.534759358 0.09525

5474.78485

20 1.069518717

30 1.604278075

60 3.20855615

70 3.743315508

R FRAP of Melissa officinalis

R1

10 0,534759358 0.0762

2679.31034

2702.99749 33.4986826

20 1,069518717 0.1881

30 1,604278075 0.2589

60 2,673796791 0.5105

70 0,534759358 0.0762

R2

10 0,534759358 0.0957

2726.68464
20 1,069518717 0.1881

30 1,604278075 0.2941

60 2,673796791 0.5105

R3

10 0,534759358 0.08595

2702.99749
20 1,069518717 0.1881

30 1,604278075 0.2765

60 2,673796791 0.5105

Note: DO – optical density, SD – standard deviation.

availability, temperature, harvest stage, and genet-
ic diversity (El Machrafi et al., 2025). Such vari-
ability has been well-documented in the scientific 
literature (Othman and Kamel, 2021; Singh and 
Agarwal, 2013). The GC-MS analysis of the es-
sential oils in this research demonstrated a com-
plex mixture of bioactive constituents, confirming 
a distinct profile for each plant. Our finding that 
geraniol is the dominant compound in M. offici-
nalis. Carvone is the major component in M. spi-
cata aligns with previous research with previous 
research on these species and confirms the chemo-
type of the plants from the Settat region (Hajlaoui 
et al., 2021; Hosnaroodi and Ghavam, 2025). The 
presence of these oxygenated monoterpenes is 

directly linked to the observed biological activi-
ties. In addition to these major constituents, vari-
ous studies have identified other key compounds 
in Melissa officinalis essential oil, including neral, 
citral, β-caryophyllene, and caryophyllene oxide 
(Abdellatif et al., 2023; Alizadeh and Shahidi, 
2019), while Mentha spicata is known to contain 
significant amounts of limonene, piperitone, and 
ter-pinen-4-ol (Şahin et al., 2004). Antioxidant 
activity can be assessed using several analytical 
methods, each based on different mechanisms 
of action (Argyropoulos and Müller, 2014; Saeb 
and Gholamrezaee, 2012). In this study, the anti-
oxidant potential of the essential oils was investi-
gated using three analytical approaches, including 
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Table 6. Antimicrobial susceptibility of essential oils from Melissa officinalis and Mentha spicata

Parameter
DIZ (mm)

MIC
(mg/mL)

DIZ (mm)
MIC

(mg/mL) CRO TEC CAZ TPZ200 mg/
mL

400 mg/
mL 200 mg/mL 400 mg/mL

Escherichia coli 6 ± 0.0 12.33 ± 
1.33 1.56 6 ± 0.0 12.66 ± 0.48 1.56 30 23 NT 30

Pseudomonas 
aeruginosa 8 ± 0.0 6 ± 0.0 3.12 7 ± 0.11 6 ± 0.0 3.12 20 NT NT 27

Candida albicans 7 ± 0.0 7 ± 0 2.34 6 ± 0.0 6 ± 0.0 0.39 NT NT NT NT
Staphylococcus 
epidermidis

15 ± 2 18 ± 2 1.56 8 ± 0.0 11.5 ± 0.0 6.25 25 NT 20 NT

Staphylococcus 
aureus 7 ± 1 12 ± 0.0 0.19 10 ± 1.16 21.5 ± 0.5 0.78 22 20 27 NT

Note: NT – no test.

Table 7. In vitro assessment of the antimicrobial activity of essential oils derived from Mentha spicata and Melissa 
officinalis

Mentha Spicata Melisse Officinalis

Parameter R1(200
mg/ml)

R2(200 
mg/ml)

R3(200
mg/ml)

Mean
±SD

R1(400
mg/ml)

R2(400
mg/ml)

R3(400
mg/ml)

Mean
±SD

R1(200
mg/ml)

R2(200
mg/ml)

R3(200
mg/ml)

Mean 
±SD

R1
(400 

mg/ml)

R2
(400 mg/

ml)

R3 
(400

mg/ml)

Mean±
SD

E coli 6 6 6 6±0.0 12 13 13 12.67
±0.58 6 6 6 6±0.0 11 12 14 12.33

±1.33

S aureus 9 10 11 10±1.0 21 22 22 21.67
±0.58 6 7 8 7±0.0 12 12 12 12± 0.0

P. 
aeruginosa 7 7 7 7±0.0 5 5 5 5±0.0 8 8 8 8±0.0 5 5 5 5±0.0

S. 
epidermidis 11 12 11 11.33

±0.58 8 8 8 8±0.0 13 15 17 15±2.0 16 18 20 18±2

Candida 6 6 6 6±0.0 6 6 6 6±0.0 7 7 7 7±0.0 7 7 7 7±0.0

the DPPH and ABTS assays, which are based on 
a hydrogen atom transfer mechanism, and the 
FRAP assay, which relies on an electron trans-
fer mechanism. The results indicate that both es-
sential oils possess notable antioxidant potential, 
although with different strengths. The essential 
oil of M. spicata showed stronger activity in the 
DPPH and ABTS assays, suggesting its compo-
nents are highly effective at donating a hydrogen 
atom to neutralize free radicals (Medjeldi et al., 
2022; Nguyen et al., 2026). In contrast, the essen-
tial oil of Melissa officinalis demonstrated a great-
er tendency for electron transfer, as evidenced by 
its stronger performance in the FRAP assay. This 
distinction highlights the value of using multiple 
assays to fully characterize a plant’s antioxidant 
potential, as a single method may not capture the 
full spectrum of activity.

In terms of antimicrobial activity, both essen-
tial oils showed selective efficacy, with a greater 
inhibitory effect against Gram-positive bacteria. 
This is a commonly reported finding and and can 
be attributed to the intrinsic structural differences 
between Gram-positive and Gram-negative bacte-
ria. The lipophilic structure of essential oil compo-
nents allows them easily to permeate and disrupt 

the simple peptidoglycan layer of Gram-positive 
bacterial cell walls, resulting inleakage of cellular 
contents and subsequent cell death (Nourbakhsh 
et al., 2022). Conversely, Gram-negative bacteria 
possess a structurally complex, multilayered outer 
membrane enriched with lipopolysaccharides, 
which functions as an effective permeability bar-
rier and consequently reduces their susceptibility 
to essential oils (Gulluce et al., 2007).

While our study found limited activity against 
P. aeruginosa, a Gram-negative bacterium, it is im-
portant to acknowledge that some literature reports 
successful inhibition of Gram-negative bacteria by 
Mentha spicata essential oil, suggesting that ef-
ficacy can be influenced by specific oil composi-
tion and the microbial strain (Shahbazi, 2015). The 
antibacteri-al properties of essential oils are gener-
ally attributed to their content of phenols, terpenes, 
and aldoketones (Guimarães et al., 2019). The en-
hanced antimicrobial activity observed at higher 
concentrations can be attributed to increased lev-
els of monoterpenes like carvone, limonene, and 
geraniol, which have well-established antibacte-
rial properties. This observation opens a crucial 
avenue for future research: the investigation of 
synergistic effects. Combining these essential oils 
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with other natural extracts or even conventional 
antibiotics may enhance their efficacy and help 
combat the rise of antibiotic resistance by targeting 
multiple sites on the bacterial cell (Gulluce et al., 
2007). The observed compositional variations and 
mechanisms of action underscore the potential for 
creating powerful new formulations by blending 
these essential oils. This study, therefore, provides 
a foundational characterization of these locally 
sourced plants, validating their traditional use and 
paving the way for more detailed investigations 
into their therapeutic applications.

CONCLUSIONS

The present study established the chemical 
composition and in vitro biological activities of es-
sential oils obtained from Melissa officinalis and 
Mentha spicata cultivated in the Settat region of 
Morocco. GC–MS analysis demonstrated distinct 
compositional profiles, with geraniol predominat-
ing in M. officinalis oil and carvone in M. spicata 
oil. Comparative antioxidant assessment revealed 
differential activity patterns depending on the as-
say mechanism. M. spicata essential oil exhibited 
stronger radical-scavenging activity in DPPH and 
ABTS assays, whereas M. officinalis demonstrated 
higher ferric-reducing capacity in the FRAP assay. 
These findings indicate that variations in dominant 
oxygenated monoterpenes are associated with dif-
ferences in antioxidant performance. Both essen-
tial oils showed measurable antimicrobial activity, 
with greater inhibitory effects observed against 
Gram-positive bacteria than Gram-negative strains 
and yeast. This variation in susceptibility is con-
sistent with structural differences in microbial cell 
envelopes. The results support the hypothesis that 
compositional differences between the two essen-
tial oils are associated with variations in antioxi-
dant and antimicrobial efficacy. The study provides 
region-specific data contributing to the understand-
ing of composition-activity relationships in essen-
tial oils of these species.
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