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Abstract

Background: The Moroccan community is well-known for using medicinal and aromatic plants (MAPs) to treat a variety of
ilinesses. The purpose of this work is to investigate the use of MAPs in the Fez-Meknes region, located in central-northern
Morocco.

Methods: An ethnobotanical survey (January-March 2023) interviewed 300 respondents to document the use of MAPs in the
treatment of diseases of microbial origin. Data were analyzed using citation indices such as Relative Frequency of Citation
(RFC), Family Importance Value (FIV), Plant Part Value (PPV), and Fidelity Level (FL) and Factorial Correspondence Analysis
(FCA) performed by PAST software to link socio-demographic factors (age, gender, education, and socio-economic level) with
plant use.

Results: Among the people interviewed, 90.66% use MAPs. For the treatment of infectious diseases, 68 plant species
belonging to 32 families (Lamiaceae, Myrtaceae, Apiaceae, etc.) have been recommended, including Rosmarinus officinalis,
Thymus atlanticus, Chamaemelum nobile, etc. These plants are frequently prepared by decoction. The categories of people
most likely to use MAPs are women, the elderly, people with low or average incomes, and those who are illiterate or have
only primary schooling.

Conclusions: The current study emphasized the widespread usage of MAPs as traditional treatments among the people
surveyed in the Fez-Meknes area. As a result, this effort will provide researchers access to a valuable ethnobotanical database
that they may use to further pharmaceutical knowledge. In addition, the species identified could constitute a promising
resource of new natural antimicrobial agents, offering interesting opportunities in the fight against antibiotic resistance.

Keywords: Ethnobotanical study, Medicinal and aromatic plants, Traditional medicine, Phytotherapy, Infectious diseases,
Fez-Meknes
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Background

Microbial infectious diseases remain a significant global health burden because antimicrobial agents are steadily losing
efficacy against resistant bacteria, fungi and parasites (Papaneophytou et al. 2019, Salam et al. 2023). Yet the scale and
consequences of resistance are strongly context-dependent, and Morocco faces a particularly acute situation due to limited
antibiotic stewardship and restricted access to second-line drugs.

In Morocco, recent surveillance (2018 - 2024) has revealed multidrug-resistant (MDR) isolates of Escherichia coli, Klebsiella
pneumoniae and Staphylococcus aureus in the tertiary hospitals of the Fez-Meknes region (Al-Selwi and Barkat 2023, Nejjari
et al. 20). Because many rural households cannot afford or obtain these antibiotics, they continue to rely on traditional
medicinal plants as first-line therapy (Ajjoun et al. 2021).

Traditional medicinal plants therefore constitute an indispensable, culturally embedded pharmacopeia throughout Morocco.
Ethnobotanical inventories list more than 250 medicinal-and-aromatic-plant (MAP) taxa in Fez-Meknes alone, sold in local
souks and prescribed by herbalists for infectious ailments (Ait Bouzid et al. 2024). Among the most frequently cited species
are Ammi visnaga, Inula viscosa, Origanum elongatum and Thymus zygis; their dominant flavonoids, polyphenols and
terpenoids inhibit Moroccan MDR strains at minimum inhibitory concentrations < 128 ug / mL (Benyahya et al. 2023, Khalil
et al. 2020, Lamine et al. 2022).

Despite their widespread use, only a small subset of these plants has been rigorously assessed for efficacy and safety, and
the associated empirical knowledge is rapidly eroding under urbanisation and biomedicalization (Dar et al. 2023, Katara et
al. 2023).

Aim of the study. The present ethnobotanical survey documents anti-infective MAPs currently employed in Fez-Meknes,
examines how their use varies with age, gender, education and residence, and prioritises the most-cited taxa for subsequent
phytochemical and antimicrobial assays. By bridging regional heritage with contemporary science, we seek to generate
evidence-based leads for novel therapeutics while preserving intangible cultural knowledge.

Materials and Methods

Study area

The Fez-Meknes region is located in the center of northern Morocco (Fig. 1), extending over the mountain ranges of the Rif
and Moyen Atlas and partially encompassing the Sais plain. Its 40.075 km? of surface area makes up 5.7% of the country's
total area (Moroccan Ministry of the Interior, 2016). This region includes the provinces of Boulemane, El Hajeb, Ifrane,
Moulay Yaacoub, Sefrou, Taounate, and Taza, as well as the prefectures of Fez and Meknes.

With 4,236,892 inhabitants, which represents 13% of the country's total population (Kingdom of Morocco 2016), the Fez-
Meknes region has three different types of climates: a continental climate that is hot and dry in the summer, cold and humid
in the winter, and snowy in the mountainous areas, and a semi-arid climate in the high Boulemane mountains (Moroccan
Ministry of the Interior Wilaya of the Region Fez-Meknes, 2016). According to the primary agricultural sector, Fez-Meknes is
one of the most productive regions in the country. The entire area of useful agricultural land is 1,340,826 hectares, or 15%
of the country's total useful agricultural land. With an estimated total area of 1,246 255 hectares, the region's forest cover
accounts for 14% of the country's total area (Tlemcani et al. 2023).

Data collection

The present ethnobotanical investigation was carried out in the Fez-Meknes region, following a standardized methodology
as described by Martin (2004). Data were collected over a three-month period, from January to March 2023, through
structured, face-to-face interviews using a pre-designed questionnaire comprising both demographic and ethnobotanical
sections. A total of 300 participants were randomly selected, ensuring representativeness by including both urban (38%) and
rural (62%) populations, as well as marginalized groups such as residents of remote villages and traditional healers.

Before the main survey, the questionnaire was pilot-tested on a sample of 20 individuals to assess its clarity, cultural
sensitivity, and linguistic appropriateness. Revisions were made accordingly to ensure that all items were comprehensible in
both Arabic and local dialects. Prior informed consent was obtained from all participants after clearly explaining the purpose
of the study.
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Each interview lasted a minimum of 30 minutes and was structured in two parts. The first section collected socio-
demographic information, including gender, age, marital status, educational background, and socio-economic level
(low/medium/high). The second section focused on the medicinal plants used, covering details such as vernacular names,
parts used, methods of preparation, routes of administration, and therapeutic indications. Since participants lacked formal
medical training, they were asked to report plants traditionally used to treat symptoms commonly associated with infectious
diseases, such as diarrhea, fever, urinary pain, vomiting, and coughing, etc.

Regional division of the Kingdom
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Figure 1. Map of the Fez-Meknes region, Morocco.

Plant species identification

The identification of the plant species selected through the questionnaire was performed by expert botanists from Sidi
Mohamed Ben Abdellah University in Fez, Morocco. For each plant, a voucher specimen was prepared and deposited, with
corresponding identification numbers assigned to ensure traceability and reproducibility of the botanical authentication
(Table 3).

Data analysis

After the collection of data using field survey forms, the information was manually entered into a database, processed, and
statistically examined using Microsoft Office "Excel 2019". Informants' sociodemographic information was evaluated using
basic descriptive statistics (percentages and frequencies). Ethnobotanical data were interpreted using the quantitative
citation indices of RFC, FIV, PPV, and FL. Further, PAST software was used to perform Factorial Correspondence Analysis
(FCA) in order to reveal the structure of interactions between humans and plants that differed by age, marital status, gender,
and educational level.

Relative frequency of citation (RFC)

This index shows the relative importance of each species in the region under study. It is calculated by dividing the number
of informants who report the species' use (the frequency of citation, or FC) by the total number of respondents using MAPs
(N). It is determined using Tardio and Pardode-Santayana's formula (Tardio & Pardo-De-Santayana, 2008):

RFC=FC/N
With (0 < RFC < 1)
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Family Importance Value (FIV)
The level of significance of plant families is indicated by the Family Importance Value (FIV). It is computed as follows and
attempts to evaluate the biological taxonomic value of the plants (Sreekeesoon & Mahomoodally, 2014).

FIV = FCramily / Ns

FCtamity = RFC: Number of informants revealing the family
Ns: Total number of species within each family.

Fidelity level (FL)

The fidelity level (FL) demonstrates the efficiency of a plant species against a given disease. It is determined as a percentage
based on the number of respondents declaring the usage of a particular plant species to treat a particular disease in the
research region (Sreekeesoon & Mahomoodally, 2014):

FL=Ip / Lu x100

Ip= The number of informants reporting of the species used in a specific disease treatment.
Lu=the Number of informants who cited the same species as useful.

Plant part value (PPV)
The plant part value (PPV) is calculated to determine how frequently a particular plant part is used (Gomez-Beloz, 2002).

PPV=RU plant part / RU

RU plant part: the sum of uses reported per a given plants part.
RU: the number of uses reported for all plant parts.

Factorial Correspondence Analysis (FCA)

Factorial Correspondence Analysis makes it possible to visualize the underlying trends and investigate the relationships
between various qualitative variables. It was performed by PAST software to comprehend the structure of relationships
between plants and humans varying by age, educational level, gender, and marital status. Since the FCA is frequently used
for qualitative data, the respondents' age—which is a quantitative factor—was converted into qualitative variables using
different classes:

For the age:

- Age-Low: Age < 20 years.
- Age-Medium: 20 < Age < 40 years.
- Age- High: Age > 40

Two parameter’s Kolmogorov-Smirnov (K-S) test

Statistical analysis was carried out to compare the frequencies of MAPs use between different socio-demographic categories,
such as gender, age, education level, marital status, and socio-economic status. For each comparison, the frequencies of
MAPs usage were calculated and compared between the groups defined by these categories. The two-parameter
Kolmogorov-Smirnov test was carried out with PAST software to determine whether the frequency distributions of MAPs
use differed significantly between the groups compared. The null hypothesis (equality of distributions) was tested at a
significance level of p = 0.05.

If the p-value is less than 0.05, the equality hypothesis will be rejected, indicating a significant difference in frequency
distribution between the groups compared. Each analysis included all informants aged between 15 and 81 years old, with a
total of 66 values per category.

The combination of the FCA and K-S tests ensures a thorough analysis, reliable statistical validation, and effective visual
representation.
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Results and Discussion

Use of MAPs by respondents

In the Fez-Meknes region, the use of aromatic and medicinal plants by the population exceeds 90%, while the percentage of
people choosing not to use MAPs is around 9% (Table 1), which indicates that these plants have a major role to play in the
traditional treatment of microbial diseases. These results are very close to those found by Benamar et al who reported a
percentage of 93.44% of people using MAPs, which demonstrate the degree to which the population studied is attached to
its traditional heritage regarding the use of MAPs (Benamar et al. 2023).

Table 1. Distribution of respondents using or not using MAPs according to socio-demographic factors.

Variable Categories Using MAPs (%) Not Using MAPs (%)
General use - 90.66% 9.33%
Age <20 years 8.08% 53.57%
20-40 years 25.73% 32.14%
>40 years 66% 14.28%
Gender Male 41.17% 64.28%
Female 58.82% 35.71%
Education Illiterate 36.76% 10.71%
Primary 33.82% 17.85%
Secondary 29.41% 28.57%
Higher education 7.35% 42.85%
Socio-economic level Low 45.95% 10.71%
Medium 34.55% 17.85%
High 19.48% 71.42%
Marital status Single 31.61% 60.71%
Married 68.38% 39.28%

Socio-demographic data of respondents

Age

Table 1 shows that MAPs use in the study area is most widespread among people aged over 40 (66%), followed by those
aged between 20 and 40 (25.73%), while the lowest percentage of MAPs use is found among people aged under 20 (8.08%).
For people who don't use MAPs, the highest percentage (53.57%) is shown among young people under 20, followed by
people between 20 and 40 (32.14%), then people over 40 (14.28%). These results are very similar to other studies that
reported a percentage greater than 60% of people over 40 years who frequently use MAPs (Salhi et al. 2023, Ed-Dahmani et
al. 2024). According to the answers, the predominance of MAPs use by the older generation could be explained by the fact
that they have a better knowledge of Moroccan plants and the use and preparation of each plant, as well as a strong
confidence in the effectiveness of their traditional medicinal use. For people who don't prefer to use MAPs, according to
them, either they don't know enough about plants, or they're afraid of their toxicity and the dose to be used. In other side,
the low use of medicinal plants among young people is linked to their frequent use of social networks and their confidence
in modern medicine (Septiadi et al. 2020).

Gender

In the Fez-Meknes region, women use MAPs more often than men, indicating a gender-based difference in use. Table 1
shows that 41.17% of informants who use MAPs are men, compared with 58.82% of women, which is very close to the
percentage reported in another study showing that 62% of women use MAPs (Habchaoui et al. 2023). In our region and
according to the informants' responses, many practical, sociological, and cultural variables may be at the source of this
difference. It may be that women in this region have more traditional knowledge of how to prepare and administer the
therapeutic qualities of these plants. In many cultures, women are more likely to be the primary caregivers and to participate
in household health practices, which may explain why they are more familiar with herbal treatments. In addition, given their
responsibilities for family health and household management, women may have more time for these activities, which
explains the high percentage found among women. However, these interpretations remain hypothetical, as the present
study did not include qualitative interviews or direct sociological investigation to substantiate such claims. Further
ethnographic or qualitative research would be necessary to confirm these cultural assumptions.
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Educational level

Table 1 illustrates that, in the region studied, the majority of medicinal plant users are illiterate, followed by those with
primary education (36.76% and 33.82% respectively), while 29.41% have secondary education. The lowest percentage
(7.35%) corresponds to users with a university educational level. According to a study conducted by El Mekkaoui which also
found a high percentage of illiterates using MAPs, this situation could be influenced by a variety of factors, including the low
education rate of rural women (Reports on Gender and Development in Rural Areas), the prevalence of elderly people, socio-
economic status, or the availability and accessibility of educational resources (El Mekkaoui et al. 2024).

Socio-economic status

In our region, most people using MAPs have a low socio-economic level (45.95%), followed by those with an average level
(34.55%), while 19.48% have a high socio-economic level (Table 1). Our results is similar to others, which showed that people
with low and average incomes are the most frequent users of MAPs (El-Ghazouani et al. 2024, Benkhaira et al. 2021). This
can be explained by the fact that people with a low or medium socio-economic level have greater recourse to traditional
medicine in the treatment of illnesses, as it is an accessible and effective way, on the other hand, to minimize the cost of
treatment. As for those who don't use MAPs, only 10.71% have a low socio-economic level, while the majority (71.42%) have
a high level. This result suggests that the latter may be users of modern medical treatments.

Marital status

Due to the need for affordable health care, married people (81.28%) use MAPs much more frequently than single people
(18.71%), according to the ethnobotanical study (Table 1). Our findings are consistent with other studies conducted in
Morocco (Radi et al. 2024, Maache et al. 2024). Informant responses indicate that families, particularly those with children,
frequently use MAPs to save money on the high cost of doctor's visits and treatments. Given that they are usually the primary
caregivers and possess a wealth of information on herbal remedies, this practice further underlines the importance of
women in Moroccan society. The intensive use of MAPs in the family setting is further reinforced by the important role
played by women in managing household health, highlighting the cultural and economic elements in health practices.

Factorial Correspondence Analysis of collected data

The results of the FCA test, presented in Figure 2, reveal the relationship between respondents' socio-demographic
characteristics and their use of MAPs. In total, the two axes F1 and F2 account for 69.09% of the total variation in the data,
with F1 explaining 52.83% and F2 16.26%. These results indicate that the first two factors do indeed represent the key
dimensions of MAPs use within the respondent groups.

Respondents can be divided into three distinct classes according to their frequency of MAPs use: high MAPs use, medium
MAPs use and low MAPs use. These classes were determined by examining respondents' socio-demographic characteristics.
On the left-hand side of axis 2, we find those who frequently use MAPs. These are mainly women, illiterate or with a primary
level of education, married, elderly and from a low or medium socio-economic level. These respondents tend to make
massive use of MAPs to treat illnesses of microbial origin. On the other hand, men, middle-aged people and those with a
high level of education make moderate use of MAPs. This group lies towards the center of the graph, reflecting a balanced
approach to the use of MAPs. Finally, young people under the age of 20, single people, university-educated people and
people of a high socio-economic level rarely use MAPs. This group is located on the right-hand side of the graph, indicating
that they tend to prefer modern methods of healthcare and are less likely to turn to MAPs for treatment.

These results indicate that various factors, such as gender, age, level of education, and socio-economic status, influence the
use of MAPs. In particular, the use of MAPs for medical purposes is more frequent among older adults, those with lower
levels of education, and those from low-income backgrounds. There are many interrelated reasons for this trend. Firstly,
accessibility, both financially and geographically, is important, as conventional treatments are often cheaper and easier to
find than pharmacological substitutes. In addition, traditional therapeutic methods are maintained, and their continued use
is reinforced by the generational transfer of ethnobotanical knowledge. These decisions are also influenced by people's
perceptions of contemporary medicine, distrust of formal health systems, whether due to unfavorable experiences in the
past or a lack of knowledge, can lead some people to prefer conventional treatments.
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Figure 2. Biplot of multiple component analysis applied to different variables related to the respondents. The first
dimension (F1) explains 16.26% of the total variance, and the second dimension (F2) explains 52.83%. A.Low: Age-Low (<
20 years), A.Medium: Age-Medium (20 < age < 40 years), A.High: Age-High (> 40 years), S-E.Low: socio-economic level low,
S-E.Medium: socio-economic level Medium, S-E.High: socio-economic level high.

These results are consistent with the information presented in Table 1, highlighting the important role played by women and
the elderly in traditional Moroccan medicine and their competence in MAP. In addition, they draw attention to the influence
of socio-economic status on healthcare decisions, particularly for middle- and low-income groups seeking affordable
treatment options.

Informant population’s socio-demographic and cultural traits analysis by Kolmogorov-Smirnov test

This ethnobotanical study, based on random sampling of informants, aimed to analyze the factors influencing the use of
MAPs. To supplement the results of the FCA test, we carried out a statistical comparison of different population categories,
assessing their use or non-use of MAPs in the 15 to 81 age group. To assess differences in plant choice between demographic
groups, we used the Kolmogorov-Smirnov test. The null hypothesis (Ho) postulates that plant choice distributions are
identical between two groups, while the alternative hypothesis (H;) suggests a significant difference. The results, presented
in Table 2, indicate that the equal distribution hypothesis was rejected for three categories: gender, socio-economic status
and marital status. These results are consistent with those of the FCA (Fig. 2).

Table 2. Results of the two parameters Kolmogorov-Smirnov test applied to the datasets of different categories of
informant’s populations represented in table 1.

Figure Category Sample D (KS P-value Permutation p Hypothesis
size statistic)

3 <40and 66 0.20896 0.09306 0.0001 Accepted
240

4 Male and 66 0.26866 0.01255 0.0001 Rejected
Female

5 Illetrate and 66 0.19403 0.142 0.0001 Accepted
Educated

6 SE.Low and 66 0.25373 0.02171 0.0001 Rejected
SE.High

7 Married and 66 0.23881 0.03639 0.0001 Rejected

Single
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Specifically, the test revealed no significant differences in plant choice between age groups (<40 vs 240) or education levels
(llletrate vs. educated) (p > 0.05), confirming Ho. This can be explained by the fact that young and middle-aged people, and
those in primary and secondary school, use MAPs moderately, especially plants that are well known and used in Moroccan
cuisine. Conversely, significant differences (p < 0.05) were observed between men and women, people with high or low
socio-economic status, and married or single people, leading to the rejection of Ho in favor of Hs.

These results suggest that gender, socio-economic status and marital status influence medicinal plant selection, while age
and education level do not appear to be determining factors.

Floristic analysis

The ethnobotanical survey carried out in the Fez-Meknes region enabled us to identify 68 species of MAP, belonging to 32
botanical families, used for the treatment of numerous diseases of microbial origin. All the plants selected are presented in
Table 3, where the scientific and vernacular names of the species, the botanical families, the parts used, the preparation
method and data on FC, RFC, FL, and FIV are given for each one.

Among the 32 families selected from the survey, the most representative are Amaranthaceae, Lamiaceae, Oleaceae,
Myrtaceae, Verbenaceae, Geraniaceae and Euphorbiaceae, with a FIV greater than 0.5 (Fig. 3). Our results are in line with
several other studies that have found similar results to ours, particularly for the Lamiaceae, Myrtaceae, Oleaceae, Fabaceae
and Apiaceae families, which are repeated in several studies, confirming the importance and efficacy of plants belonging to
these families in traditional medicine (Achour et al. 2022, Ghabbour et al. 2024). Furthermore, the most frequently cited
species are Chenopodium ambrosioides L., Rosmarinus officinalis, Salvia officinalis, Origanum majorana, Thymus atlanticus,
Mentha piperita, Thymus algeriensis, Mentha pulegium L., Lavandula stoechas, Chamaemelum nobile, Artemisia herba alba,
Curcuma longa, Zingiber officinale, Olea europaea, Cuminum cyminum L., Syzygium aromaticum, Eucalyptus globulus, Aloysia
citrodora, Pelargonium graveolens and Ricinus communis with an RFC greater than 0.2 (Fig. 4).

The predominance of the Lamiaceae and Myrtaceae families can be attributed to a number of factors, not least their
abundance of bioactive compounds with antimicrobial qualities. The Lamiaceae, which include genera such as Thymus,
Origanum, and Rosmarinus, are particularly well known for their abundance of essential oils rich in thymol, carvacrol,
menthol, and rosmarinic acid, as well as molecules with well-documented antibacterial and antifungal properties (Karpinski,
2020, Khoury et al. 2016, Marchese et al. 2016). These substances disrupt the integrity of micro-organisms' cell membranes,
preventing the development of pathogenic bacteria (Kachur and Suntres 2020). On the other hand, Myrtaceae, which include
genera such as Eucalyptus and Myrtus, have a chemistry that is advantageous for medical uses (Nicoletti et al. 2018). They
include monoterpenes with antiseptic, antiviral, and anti-inflammatory properties, such as myrtenal and eucalyptol (1,8-
cineole) (Zielinska-Btajet & Feder-Kubis, 2020).

The predominance of these two families can also be attributed to their wide distribution, their ability to adapt to local
climates, and their long-established use in traditional medical practices. The dominance of the Lamiaceae and Myrtaceae
families is not unique to the Fez-Meknes region. In the Rif Mountains, Chaachouay et al. (2019) reported 31 medicinal plant
species, primarily from Asteraceae and Lamiaceae, while Myrtaceae were underrepresented. In contrast, Teixidor-Toneu et
al. (2016) documented 159 taxa in the High Atlas, with Asteraceae and Lamiaceae again predominant, but Myrtaceae
accounting for <2% . These differences likely reflect ecological gradients such as altitude, precipitation, and soil type,
underscoring the importance of local bioclimatic conditions in shaping ethno-floristic patterns. Several studies have shown
that plants belonging to these two families are frequently recommended in traditional medicine across other Moroccan
regions, such as the High Atlas and Rif (Hilah et al. 2016, Fakchich & Elachouri, 2021).

This regional pattern is confirmed by recent studies. According to Tlemcani et al. (2023), the Lamiaceae account for
approximately 18% of all species used traditionally in the Fez-Meknes region — a proportion significantly higher than the
national average. El Oihabi et al. (2024) similarly noted the prominence of Lamiaceae in adjacent regions like Beni Mellal-
Khenifra, where species are employed for their antimicrobial, anti-inflammatory, and digestive properties. Myrtaceae, while
generally less represented on a national scale, play a notable role locally. For instance, Myrtus communis has been frequently
cited in the Fez-Meknes region for managing conditions such as diabetes and infections (Mechchate et al. 2020).

These findings suggest that both families are not only rich in bioactive secondary metabolites but also deeply embedded in
the local ethnobotanical landscape. Their consistent use across regions could be attributed to a combination of cultural
transmission, ecological availability, and perceived therapeutic efficacy. However, deeper cross-regional comparisons would



Ethnobotany Research and Applications

help distinguish whether their dominance is driven primarily by pharmacological properties, cultural preferences, or

ecological abundance.
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Figure 4. Distribution of the most cited species according to their RFC

For the preparation and use of these plants, people frequently use infusion followed by decoction to extract the plant's

compounds, or consume the raw plant in powder form with water or milk. The use of these techniques is explained by their

ease and efficiency in extracting and solubilizing the bioactive molecules contained in plants (Checkouri et al. 2020). These

results are similar to other studies, which have mentioned infusion and decoction as the main techniques for preparing these

plants to facilitate administration of their active ingredients (Barkaoui et al. 2017, Beniaich et al. 2022).
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Table 3. Some characteristics of the MAPs used by the people interviewed in the Fez-Meknes region, scientific and vernacular names, parts used, methods of preparation, and citation indexes (FC,

RFC, and FIV).
Family Botanical name (Vouchers No.) Local name Part used Preparation mode FC RFC FIV FL
Amaranthaceae Chenopodium ambrosioides L. Mkhinza Leaves Infusion 150 0.5 0.5 FV 82% /
BLMUP354 PI 24%
Gentianaceae Erythraea centaurium Qesst-Hayya Whole aerial Decoction 10 0.033333 0.033333 FV 70% /
BLMUP355 part DR 40%
Lamiaceae Ajuga iva BLMUP356 Chendgoura Leaves Infusion 12 0.04 0.552381 FV 100%
Melissa officinalis BLMUP357 Marsita Leaves Infusion 98 0.326667 FV 100%
Marrubium vulgare BLMUP358 Merriwta/ Marriwa Leaves Infusion 134 0.446667 FV 50% /
ORL 62%
Rosmarinus officinalis Azir Leaves Infusion 250 0.833333 FV 100%
BLMUP359 R
Salvia officinalis BLMUP360 Salmiya Leaves Infusion 256 0.853333 FV 100%
Origanum majorana BLMUP361 Merdedouch Leaves Infusion 184 0.613333 FV 100%
Thymus atlanticus BLMUP362 Ziitra Leaves Infusion 272 0.906667 SD 100% /
VO 100%
Mentha piperita BLMUP363 Naanaa laabdi Leaves Infusion 187 0.623333 SD 60% /
FV 47%
Thymus algeriensis BLMUP364 Zaatar Leaves Infusion 270 0.9 SD 100% /
VO 100%
Calamintha officinalis L. Mantha Leaves Infusion 67 0.223333 SD 100%
BLMUP365 R
Lavandula officinalis L. Khzama Flower Infusion 53 0.176667 FL 100%
BLMUP366 R
Mentha pulegium L. BLMUP367 Fliyo Leaves Infusion 266 0.886667 FL 100%
Ocimum basilicum BLMUP368 Rihane Leaves Infusion 89 0.296667 SD 100%
Lavandula stoechas BLMUP369 Al-halhal Leaves Infusion 182 0.606667 SD 89% /

Ul 11%
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Brassicaceae Anastatica hierochuntica Keff-Meryem Whole aerial Decoction 20 0.066667 0.126667 IN 100%
BLMUP370 part
Lepidium sativum BLMUP371 Heb Arrechad Grains Decoction 56 0.186667 SD 100%
Caryophyllaceae Arenaria rubra L. BLMUP372 Herras-Lahjar Whole aerial Decoction 5 0.016667 0.033333 Ul 60% /
part KD 40%
Corrigiola telephiifolia Serghina Roots Decoction 15 0.05 RI 100%
BLMUP373
Rosaceae Crataegus monoguna Admam Leaves Infusion 73 0.243333 0.151667 ND
BLMUP374
Sanguisorba minor BLMUP375 Hayat-Nofous Whole plant Decoction 18 0.06 FV 80% /
DR 60%
Arecaceae Chamaerops humilis BLMUP376 Aghaz Fruit Infusion 143 0.476667 0.476667 RI 100%
Thymelaeaceae Thymelaea hirsuta BLMUP377 Mathnan Whole plant Decoction 16 0.053333 0.06 IN 100%
Aquilaria malaccensis Aoud Aghris Roots Decoction 20 0.066667 ND
BLMUP378
Asteraceae Inula viscosa BLMUP379 Magramane Leaves Infusion 75 0.25 0.041667 SI 100%
Saussurea costus BLMUP380 Quisst-Lhindi Roots Decoction 122 0.406667 RI 100%
Anacyclus pyrethrum BLMUP381 Taquandicht Roots Decoction 18 0.06 ND
Chamaemelum nobile Babounj Leaves Decoction 269 0.896667 DR 23% /
BLMUP382 SD 77%
Artemisia herba alba BLMUP383 Chih Leaves Infusion 270 0.9 FV 80% /
PI 20%
Artemisia absinthium L. Chiba Leaves Infusion 114 0.38 SD 85% / SI
BLMUP384 15%
Anacardiaceae Pistacia lentiscus BLMUP385 Drou Leaves Infusion 23 0.076667 0.048333 SD 100%
Rhus pentaphylla BLMUP386 Tizgha Fruit Infusion 6 0.02 SD 100%
Cannabaceae Cannabis sativa BLMUP387 Lkif Seeds Decoction 22 0.073333 0.073333 ND
Zingiberaceae Elettaria cardamonum Hab Al-hal Seeds Decoction 47 0.156667 0.435556 SD 100%

BLMUP388
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Curcuma longa BLMUP389 Kharkoum Roots Decoction 160 0.533333 SD 90% /
IN 10%
Zingiber officinale BLMUP390 Zenjabil Roots Decoction / Raw 185 0.616667 SD 14% /
IN 46% /
CO 100%
Oleaceae Olea europaea BLMUP391 Zitoun El-berri Leaves Infusion 220 0.733333 0.733333 SI 100%
Aristolochiaceae Aristolochia longa BLMUP392 Barztem Leaves Infusion 9 0.03 0.03 Ul 80% /
KD 33%
Aizoaceae Rabiea sp BLMUP393 Rebiit-Sem Leaves Infusion 2 0.006667 0.006667 ND
Fabaceae Melitolus officinalis BLMUP394 Azroud Grains Decoction 3 0.01 0.011111 SD 100%
Retama raetam BLMUP395 Rtem Leaves Infusion 5 0.016667 RI 100%
Prosopis farcta BLMUP396 Tasslbout Roots Decoction 2 0.006667 RI 100%
Apiaceae Ptychotis verticillata BLMUP397 Nanoukha / Nankha Seeds Decoction 5 0.016667 0.315714 U1 100% /
SD 60%
Carum carvi L. BLMUP398 Karwiya Seeds Decoction 33 0.11 SD 100%
Coriandrum sativum L. Kasbour Seeds Decoction 94 0.313333 SD 100%
BLMUP399 -
Cuminum cyminum L. Kamoun Seeds Raw 214 0.713333 SD 100%
BLMUP400 E—
Foeniculum vulgare Mill. Nafaa Seeds Raw 148 0.493333 SD 100%
BLMUP401
Petroselinum crispum Maadnouss Leaves Infusion 136 0.453333 Ul 100%
BLMUP402
Ammi visnaga BLMUP403 Bechnikha Seeds Decoction 33 0.11 KD 100%
Plantaginaceae Verbascum sinuatum BLMUP404 Mousshandar Leaves Infusion 2 0.006667 0.006667 RI 100%
Myrtaceae Syzygium aromaticum Queranfel Flower Raw 264 0.88 0.891667 SI10% / FL
BLMUP405 100%
Eucalyptus globulus BLMUP406 Eucalyptus Leaves Infusion 271 0.903333 RI 10% /
CO17%/
FL 100%
Rutaceae Citrus aurantium BLMUP407 Renj Fruit Infusion 30 0.1 0.138333 SD 100%

Ruta chalepensis L. BLMUP408 Lfijel Leaves Infusion 20 0.066667 ORL 100%
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Ruta graveolens BLMUP409 Rota Leaves Infusion 33 0.11 ORL 100%
Lauraceae Laurus nobilis BLMUP410 Chajrat Sidna Moussa Leaves Infusion 46 0.153333 0.153333 RI 26% /
SD 76%
Lythraceae Punica granatum BLMUP411 Remman Peel Decoction 118 0.393333 0.393333 PI11%/IN
94%
Rubiaceae Rubia tinctorum BLMUP412 Fowa / Fessa Leaves Infusion 17 0.056667 0.056667 Ul 100%
Rhamnaceae Ziziphus jujuba BLMUP413 Zefzouf Fruit Infusion 19 0.063333 0.063333 SD 100%
Myristicaceae Myristica fragrans BLMUP415 Gouza Sahraouiya Leaves Infusion 3 0.01 0.01 SD 100%
Tamaricaceae Tamarix articulata BLMUP416 Tara Sahraouiya Leaves Infusion 4 0.013333 0.013333 Ul 100%
Solanaceae Solanum nigrum L. BLMUP417 Bougnina Leaves Infusion 8 0.026667 0.026667 DR 75%/
SD 50%
Verbenaceae Aloysia citrodora BLMUP418 Lwiza Leaves Infusion 216 0.72 0.72 SD 100%
Geraniaceae Pelargonium graveolens Laatercha Leaves flower Infusion 235 0.783333 0.783333 RI 100%
BLMUP419
Euphorbiaceae Ricinus communis BLMUP420 Lkharwaa Leaves Infusion 227 0.756667 0.756667 ND
Cupressaceae Tetraclinis articulata BLMUP421 Aaraar Leaves Infusion 76 0.253333 0.253333 SI 100%
Papaveraceae Papaver rhoeas L. BLMUP422 Belaaman Leaves flower Infusion 6 0.02 0.02 FV 100%

Legend:

Diseases: FV: Fever, DR: Diarrhea, SD: Stomach disorder, Ul: Urinary infection, SI: Skin infection, ORL: Otorhino-laryngologie, RI: Respiratory infection, FL: Flu, Pl: Parasitological infection, CO: Cough,
VO: Vomiting, KD: kidney, IN: Infections, ND: Not determined.
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PPV

According to the plant part value presented in the figure 5, people in the Fez-Meknes region use different parts of MAPs to
prepare their traditional medicines. Leaves constituted the most frequently used plant part (68.95%), likely due to their year-
round availability and high concentrations of secondary metabolites, as observed in Mediterranean ethnobotanical studies
(El Khomsi et al. 2022). In addition, Leaves are more widely used in traditional medicine because of their high essential oil
content and their ease of harvesting (Ngoule et al. 2015). They are followed by seeds with a percentage of 9.85% and flowers
with 8.39% then roots with 7.85%, while fruits, the whole aerial part, the whole plant and peels represent just a percentage
of use of 2.83%, 1.04%, 0.51% and 0.018%, respectively.

PPV

Fruit;  \whole plant;
2.83% 0.51%

Flower;
8.39%

Whol
aerialpart;

Leaves ;
1.04%

68.95%

Figure 5: Parts of plants used in traditional medicine by people interviewed.

Fidelity level

The FL of the selected plants ranges from 10% to 100%, according to Table 3, reflecting the degree of agreement among
informants regarding their medicinal uses. The presence of 47 species with a FL of 100% indicates that these plants are
unanimously cited for treating specific microbial infections, suggesting their strong cultural significance and high perceived
efficacy in traditional medicine. This high level of consistency implies that these plants have likely been used repeatedly over
generations, reinforcing their symbolic and practical value in local health traditions.

However, it is important to note that a FL of 100% does not imply scientifically validated therapeutic efficacy. It reflects a
consensus of use among informants, rather than clinically demonstrated effectiveness. Caution should be taken when
interpreting FL values as indicators of pharmacological performance. Further phytochemical and pharmacological studies
are needed to confirm the bioactivity and safety of these plants.

On the other hand, species with lower FL values are probably used for multiple health ailments, scattering their recognition
among informants. This suggests that while some plants have a well-established and exclusive therapeutic role, others are
known for their broader medicinal multi-functionality, treating a variety of affections rather than being associated with a
single, specific use. The variation in FL values highlights the complexity of traditional medicinal knowledge, where some
plants are highly specialized while others are versatile, depending on local healthcare needs and practices.

Plant Safety and Toxicity Considerations

Although MAPs are essential to traditional health care, their use is not without its dangers. Some of the species identified in
this research contain potentially toxic bioactive compounds, especially when improperly prepared or consumed in excessive
doses. For example, Ricinus communis, commonly used in traditional Moroccan medicine, contains ricin, an extremely toxic
protein contained in the seeds, which can be fatal if ingested even in small doses (Franke et al. 2019). Similarly, Punica
granatum (pomegranate) bark, commonly used as a decoction, contains alkaloids and tannins that can cause adverse effects
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if consumed over a long period or in large doses (Ge et al. 2021). Despite promising traditional uses, the toxicological safety
of certain species remains underexplored. Aristolochia longa, used for urinary tract infections, contains aristolochic acids
with nephrotoxic and carcinogenic potential (Debelle et al. 2008). Although its RFC in this study is low (0.03), its high-fidelity
level (FL = 80%) highlights the need for caution. Any pharmacological development must therefore include toxicity
screening—including cytotoxicity and genotoxicity—to ensure the safe use of these plants.

Traditional preparation methods, such as decoction, infusion or maceration, modify the chemical composition of plant
extracts and can either reduce or increase toxicity. For example, decoction can denature certain toxic compounds, while
concentrating other active substances (Guo et al. 2022).

One of the main limitations of ethnobotanical studies is the lack of systematic evaluation of the toxicity of the species used.
It is therefore crucial to conduct in-depth research into the safe use of the most commonly cited species, particularly those
with a high-fidelity index (FL) or widespread use. In addition, it would be desirable to encourage awareness campaigns on
the potential risks, contraindications and toxicity of certain plants among users, with the aim of promoting preventive public
health.

Conservation and Sustainability

Among the 68 medicinal plants recorded, 33 species—almost half—are collected exclusively from wild environments. On-
site surveys revealed particularly intensive foraging of Thymus atlanticus and Chamaemelum nobile, both listed as Near
Threatened in Morocco’s Red List (Lamrani-Alaoui and Hassikou, 2018). This level of extraction raises serious conservation
concerns. To mitigate these risks, we propose a threefold approach:

- First, promote cultivation at the community level, guided by agroecological principles.

- Second, apply rotational harvesting systems, enforcing minimum cutting heights. This method is consistent with
FairWild sustainability standards (Wolf et al. 2014).

- Third, establish micro-reserves in sites facing excessive plant pressure.

This model has shown success in the Arganeraie region, where genetic diversity conservation has been implemented (El
Mousadik and Petit, 1996).

These actions align with SDG 15, aiming to halt biodiversity loss and foster sustainable use of ecosystems.

Conclusion

Medicinal and aromatic plants (MAPs) play a major role in traditional Moroccan medicine, particularly in the Fez-Meknes
region, for the treatment of diseases of microbial origin. Our results confirm this importance, revealing that 90.66% of the
population studied uses MAPs. The ethnobotanical survey identified 68 plant species belonging to 32 families, of which
Lamiaceae, Myrtaceae, Euphorbiaceae, Geraniaceae, Verbenaceae, Apiaceae, and Oleaceae are the most commonly
reported.

Socio-demographic characteristics directly affect the use of MAPs, as well as the choice of species employed. The results
show that the elderly, married people, women, individuals with low or no educational level, and those with low or middle
socio-economic level are the categories most likely to use these plants. This can be explained both by economic factors and
by the transmission of traditional knowledge about the therapeutic uses of plants.

In conclusion, this study highlights the traditional medical knowledge of the inhabitants of the Fez-Meknes region and
represents a valuable source of ethnobotanical data for the development of new plant-based medicines. In accordance with
the Sustainable Development Goals (SDGs) such as SDGs 3, 11 and 15 (https://fr.unesco.org/sdgs), these results contribute
to:

- SDG 3 (Good health and well-being), by promoting therapeutic solutions derived from local biodiversity, potentially
exploitable in the fight against microbial infections.

- SDG 11 (Sustainable cities and communities) by encouraging the conservation of ethnobotanical knowledge and
the integration of MAPs into public health practices adapted to the needs of local populations.
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- SDG 15 (Life on Earth) by emphasizing the need to preserve medicinal plants and their natural habitats while
promoting the sustainable use of plant resources.

Finally, further research is required to further examine these findings. Specifically, a phytochemical and pharmacological
analysis of the most often cited species would enable the identification and scientific validation of their antimicrobial
properties. Furthermore, research into the possible interactions and modes of use with conventional treatments may
encourage the rational integration of MAPs into public health strategies. In addition, Create conservatories for endangered
species (e.g. Chamaemelum nobile) in collaboration with local communities
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