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Diabetes mellitus is an increasingly prevalent metabolic disorder in Morocco, placing a substantial
burden on healthcare systems. Traditional medicinal plants offer a culturally rooted, cost-effective
alternative for diabetes management, yet knowledge regarding their use in Azilal province remains
limited. This study aimed to document the ethnobotanical practices of diabetic patients and local
herbalists in Azilal, focusing on plant species, preparation methods, usage frequency, and potential
adverse effects. A total of 300 diabetic patients and 15 herbalists participated in structured
questionnaires and semi-structured interviews. Quantitative ethnobotanical indices, including
relative frequency of citation (RFC), fidelity level (FL), family importance value (FIV), and plant
part value (PPV), were calculated. The results revealed that 38.3% of patients used medicinal
plants as a complement to their medical treatment. Twenty-six medicinal plants were employed
for diabetes management, with Olea europaea, Pastinaca sativa, and Prunus amygdalus being the
most cited (FL = 100%). Leaves were the predominant plant part used (PPV = 0.314), primarily
administered as decoctions or infusions. Approximately 36% of users reported side effects,
including digestive discomfort, hypoglycaemia, and fatigue. Thirty percent of medicinal plant
users reported glycated haemoglobin (HbAlc) levels. Comparative analysis indicated better
glycaemic control among phytotherapy users, suggesting a potential protective effect against
microangiopathic complications. This study highlights the rich ethnobotanical knowledge in
Azilal and underscores the need for pharmacological validation, toxicological assessment, and
clinical trials to integrate traditional remedies safely into modern diabetes care. Preserving local
knowledge may enhance holistic management strategies while maintaining cultural heritage.

Keywords: Traditional knowledge, Medicinal plants, Ethnobotanical practices, Diabetes,
Microangipathy, Azilal province.

Introduction

Metabolic disorders are known as serious health concerns

consequences, traditional therapeutic approaches that emphasize
natural resources are beginning to emerge.” Medicinal plants and their

that are becoming more common worldwide, particularly in Morocco.*
The prevalence of diabetes has increased markedly over the past
decades, placing a growing burden on both society and healthcare
systems.? Lifestyle changes have been implicated in diabetes instances
as the main risk factor.® The increase in the prevalence of diabetes is
associated with the demographic shift of populations from marginal
zones to urban areas, which is frequently accompanied by changes in
lifestyle, environment, and exposure to obesogenic foods.® Traditional
foods are rich and diverse, providing essential nutrients and
antioxidants, in contrast to modern calorie-dense diets that are strongly
associated with various chronic diseases. Mounting evidence
demonstrated that hypercaloric diets induce metabolic disorders, such
as diabetes.>® Despite technological advancements and the discovery of
various chemical antidiabetic agents, harmful consequences are
gradually are gradually becoming recognized. Due to these negative
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preparations are increasingly popular due to their perceived efficiency,
safety, and natural origin in the management of various chronic
diseases, including diabetes, inflammation, and cardiovascular
disorders.8® Traditional knowledge of medicinal plants and their
formulations for the management of chronic diseases, such as diabetes,
is deeply rooted in the cultures of populations across different regions
of Morocco.

Multiple ethnobotanical surveys have been conducted in different
regions to document the traditional knowledge of Moroccan
populations.'®*> Therefore, further investigations are required to
elucidate the medicinal and therapeutic potential of medicinal plants,
with the aim of integrating these natural products as therapeutic agents
or complementary options to modern medicines. Several medicinal
plants were initially utilized as holistic remedies, including Allium cepa,
Trigonella foenum-graecum, Olea europaea, Artemesia herba-alba,
Nigella sativa, and Marrubium vulgare.'®” These plants have attracted
growing attention from the scientific communities due to their various
health-promoting potentials. Different parts of these plants have been
administered using different routes to treat and prevent different
diseases and disorders.’¥2 The complex chemical composition of
medicinal plants is closely associated with the virtually limitless
potential combinations of their bioactive compounds. Traditional
knowledge serves as a cornerstone for understanding the management
of critical health conditions and for identifying effective sources of
bioactive compounds. This knowledge is poorly documented in many
regions, putting it at risk of extinction in the absence of systematic
research and scientific validation.'
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The present study integrates the traditional knowledge and perspectives
of both diabetic patients and local herbalists to provide a comprehensive
understanding of antidiabetic herbal medicine practices in the Azilal
region, Morocco. To the best of our knowledge, this is the first
ethnobotanical study in Azilal province to document these dual
perspectives. This study provides new insights about the identification,
preparation methods, and usage frequency of medicinal plants for
diabetes management in this largely unexplored region of Morocco.
Thus, future pharmaceutical research will be supported, and local
knowledge will be preserved.

Materials and Methods

Study location and population

The survey was carried out in the Moroccan province of Azilal, which
is located in the central Atlas region (31°56°47” N, 6°33°35” W), as
indicated in Figure 1. Azilal is known for its harsh natural conditions,
which have resulted in extremely remote rural areas and, consequently,
a strong reliance on traditional herbal remedies. The study was carried
out between December 2024 and July 2025). The study population
involved 300 diabetic patients recruited from various public health
centers across the province of Azilal, the majority of whom were
women (68%), with an age range between 16 and 82 years. Fifteen
herbalists from the aforementioned region were recruited to collect
plant samples and document various recipes and herbal preparations
recommended for diabetes management.

Ethical approval

Ethical approval for this study was obtained from the Ethical Review
Committee of the Department of Biology, University of Sidi Mohamed
Ben Abdellah, Morocco, with the approval number USMBA-
SNAMOPEQ 2019-05. All participants provided informed consent
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prior to their inclusion in the study, and confidentiality and anonymity
were strictly maintained throughout the research process.

Inclusion and exclusion criteria

Participants eligible for this study included individuals diagnosed with
either Type 1 or Type 2 diabetes by a healthcare professional, aged 16
years and above, and residing in Azilal Province, Morocco. Eligible
participants were those willing to provide informed consent, regularly
attending public health centers, or actively using traditional medicinal
plants for diabetes management. Additionally, herbalists practicing in
Azilal with experience in preparing and recommending antidiabetic
plants were included. Excluded from the study were individuals with
acute or terminal illnesses, non-residents of the province, those unable
or unwilling to provide consent, diabetic patients unfamiliar with
medicinal plant use, and herbalists lacking practical experience with
antidiabetic plant preparations. These criteria ensured the study
captured relevant experiences while maintaining participant safety and
data reliability.

Data collection

Data were collected using two complementary tools. First, a structured
questionnaire was administered to diabetic patients, covering their
sociodemographic characteristics, type of diabetes, ongoing treatment,
use of medicinal plants, modes of use, and reported side effects.
Secondly, a semi-structured interview guide was conducted with 15
traditional herbalists practicing in the region. The aim was to gather
detailed information on the plants they use, including the parts utilized,
methods of preparation and administration, therapeutic indications,
frequency of use, observed effects, potential side effects, dosage, and
duration of treatment. Feedback from users was also collected.
Additionally, socio-demographic information of the herbalists was
recorded, including age, years of experience, and training.

Figure 1: Geographical location of the study area, Azilal, Morocco (31°56°47” N, 6°33°35” W).

Relative frequency of citation

The relative frequency of citation (RFC) of each medicinal plant used
for diabetes management by the population of Azilal was calculated by
dividing the number of informants who cited a given species (FC) by
the total number of informants interviewed (N). The formula (Equation
1) developed by 2! was used to calculate this parameter.

where 0 <RFC <1
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Family importance value

The family importance value (FIV) is an important ethnobotanical
index used to evaluate the significance of plant families in traditional
medicine. The formula (Equation 2), developed by,?* was used to
determine the FIV.

FIV=FC family .......cccoiiiiiiiiiiiiiciiieee e ?2)
Ns

Where FC family is the number of informants who cited at least one
species belonging to that family, and Ns is the total number of species
recorded within the same family.

Fidelity level

Fidelity level (FL) describes the beneficial potential of each species
against a given ailment. It was calculated based on the number of
participants confirming the utility of a particular plant against a
particular disease in the studied region and expressed as a percentage,
as presented in Equation 3.

Where Ip is the number of participants reporting the same plant against
a specific disease, Lu is the number of participants confirming the utility
of the same herb.

Plant part value

Plant part value (PPV) was determined on the basis of the frequency of
specific plant parts used by the population to manage diabetes. Equation
4 was adopted to determine PPV.

PPV =RUDPIantpart  .....c.cooviiniiiiiiiee e @)
RU

Where RU plant part represents the sum of uses of a particular plant
part, and RU is the total of uses of all plant parts.

Statistical analysis

The collected data were processed and statistically analyzed using
Microsoft Office Excel (2016) and GraphPad Prism 6 software. The
various parameters were analyzed using basic descriptive statistics.

Results and Discussion

Respondent profile

In the region of Azilal, medicinal and aromatic plants play a pivotal role
in the management of various diseases, including diabetes. The utility
of medicinal plants to manage diabetes in the abovementioned region
exceeds 90%, which confirms the wide use of the natural resources as
the first line of treatment of diabetes. Analysis of the results showed
that women accounted for 68% of the respondents, while men
accounted for 32%. The mean age of all participants was estimated at
49 years with an age range of 16-82 years (Table 1). It was observed
that the majority of plant-based alternative medicine (PAM) users
belonged to the older generation, reflecting their extensive knowledge
of medicinal plants and their use in managing various diseases.
Concerning educational level, the majority of respondents had low
educational attainment. For multiple reasons, married individuals
preferred to use medicinal plants as an affordable healthcare option,
which may explain the high proportion of married participants in this
study (Table 1).

Diversity and frequency of medicinal herbs in Azilal region

The analysis of the obtained data also revealed that twenty-six
medicinal plants were recorded, eight of which were the most frequently
cited (Table 2). The most represented species was Olea europaea (20
citations), followed by Pastinaca sativa (18 citations), Amygdalus
communis var. amara (16 citations), Artemisia herba-alba (15
citations), Cytinus hypocistis (15 citations), Euphorbia resinifera (10
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citations), Berberis vulgaris (8 citations), and Trigonella foenum-
graecum (7 citations).

Table 1: Sociodemographic characteristics of diabetic patients

(n =300).
Variable Description
Sex 68% female, 32% male
Mean age (years) 49 years
Age range 16 to 82 years

Education level Predominantly low educational
attainment

Marital status Majority married

Table 2: Most commonly cited medicinal plants by patients.

Scientific name Vernacular Number of

name citations

Olea europaea Olive leaves 20
Pastinaca sativa Parsnip 18

Amygdalus communis var. amara  Bitter almond 16

Artemisia herba-alba White 15
wormwood

Cytinus hypocistis Cytinus 15

Euphorbia resinifera Resin spurge 10

Berberis vulgaris Barberry 08

Trigonella foenum-graecum Fenugreek 07

Ethnomedicinal use and route of administration

In the treatment of diabetes among the indigenous population of the
Azilal region, a wide range of medicinal plants and their formulations,
prepared using various methods, were identified. Among the medicinal
plants used, Olea europaea leaves were used in a decoction and
administered orally. The same method was used to prepare Pastinaca
sativa roots to manage diabetes. Whereas, Artemisia herba-alba aerial
parts were used in an infusion. Regarding Trigonella foenum-graecum,
the seeds were used in powdered form for oral administration. The
preparations were mainly decoctions using leaves or roots and were
administered orally (Table 3).

Occurrence of side effects

Table 4 displays different adverse effects that accompanied the use of
medicinal plants to manage diabetes according to the interviewed
participants in the Azilal region. The analysis of data revealed that
among the users, 36% reported experiencing different adverse effects,
such as digestive disorders, hypoglycaemia, and weakness. Digestive
disorders ranked in the top list of side effects with a proportion of 18%,
while hypoglycaemia, and weakness represented 9% and 5%,
respectively. Table 5 displays the characteristics of the participants.
Analysis of the data showed that 30% of medicinal plant users reported
glycated haemoglobin (HbALc) levels exceeding 7%, whereas 42% of
non-users had HbAlc levels above 7%. Regarding microangiopathic
complications, 35% of PAM users reported having experienced such
complications, whereas 50% of non-users had experienced
microangiopathic complications.
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Table 3: Usage methods of key antidiabetic medicinal plants.

Plant name Partused  Preparation Route of
method administration

Olea europaea Leaves Decoction Oral

Pastinaca sativa Roots Decoction Oral

Artemisia herba- Aerial Infusion Oral

alba parts

Trigonella foenum- Seeds Powder to Oral

graecum swallow

Table 4: Reported side effects among users of medicinal
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Table 6: Relative frequency of citation (RFC) and fidelity
level (FL) of medicinal plants used by diabetic patients in

Azilal province.

plants.

Type of side effect Number of cases Percentage (%)
Digestive disorders 20 18
Hypoglycaemia 10 09
Fatigue 05 05
None 63 68

Table 5: Comparison between users and non-users of

phytotherapy.
Parameter Users of medicinal Non-users (%)
plants (30%)
HbAlc> 7% 30.0 42
Microangiopathic 35.0 50
complications
Female sex 70.4 65

The majority of PAM users were female, suggesting that women’s close
interaction with their surrounding environment fosters traditional
knowledge of natural resources for diabetes management, which is
transmitted as cultural patrimony from generation to generation.

Quantitative analysis of ethnobotanical data

To further quantify the importance and traditional knowledge
associated with antidiabetic medicinal plants in the province of Azilal,
several ethnobotanical indices were calculated, including the RFC, FL,
FIV, and PPV, as shown in Table 6. The RFC and FL values revealed
that Olea europaea, Pastinaca sativa, and Prunus amygdalus were
among the most cited species, each showing a FL of 100%, indicating
unanimous agreement among informants regarding their use for
diabetes treatment. Olea europaea exhibited the highest RFC (0.174),
followed by Pastinaca sativa (0.157) and Prunus amygdalus (0.139),
reflecting their prominence in local phytotherapeutic practices. The
RFC and FL values revealed that Olea europaea, Pastinaca sativa, and
Prunus amygdalus were among the most cited species, each showing a
FL of 100%, indicating unanimous agreement among informants
regarding their use for diabetes treatment (Table 6). Regarding FL
analysis, the Apiaceae family recorded the highest FIV (0.191),
followed by Oleaceae (0.174), Rosaceae (0.139), and Lamiaceae
(0.130), highlighting the dominance of these families in traditional
antidiabetic practices in the Azilal region (Table 7). As shown in Table
8, the people of Azilal region use different parts of medicinal plants
with antidiabetic potential to prepare their remedies. Leaves were the
most commonly used plant part in PAMs (PPV = 0.314), owing to their
availability and rich chemical composition. Seeds ranked second (PPV
= 0.223), followed by roots (0.179) and flowers (0.090). Ancestral
knowledge of traditional medication and therapeutic approaches used

Scientific name Family FC RFC FL
(%)
Olea europaea Oleaceae 20 0.174 100.0
Pastinaca sativa Apiaceae 18 0.157 100.0
Prunus amygdalus Rosaceae 16 0.139 100.0
Artemisia herba-alba Asteraceae 15 0.130 100.0
Cytinus hypocistis Cytinaceae 15 0.130 100.0
Euphorbia resinifera Euphorbiaceae 10 0.087 100.0
Berberis vulgaris Berberidaceae 08 0.070 100.0
Trigonella foenum- Fabaceae 07 0.061 100.0
graecum
Capparis spinosa Capparaceae 06 0.052 100.0
Nigella sativa Ranunculaceac 06 0.052  100.0
Ceratonia siliqua Fabaceae 06 0.052 100.0
Allium cepa Amaryllidaceae 05 0.043  100.0
Allium sativum Amaryllidaceae 05 0.043  100.0
Opuntia ficus-indica Cactaceae 05 0.043 100.0
Citrullus colocynthis Cucurbitaceae 04 0.035 100.0
Urtica dioica Urticaceae 04 0.035 100.0
Punica granatum Lythraceae 04 0.035 100.0
Origanum compactum Lamiaceae 03 0.026 100.0
Tetraclinis articulate Cupressaceae 03 0.026 100.0
Lavandula dentate Lamiaceae 03 0.026 100.0
Arbutus unedo Ericaceae 02 0.017 100.0
Teucrium polium Lamiaceae 02 0.017 100.0
Ajuga iva Lamiaceae 02 0.017 100.0
Chenopodium Amaranthaceaec 02 0.017  100.0
ambrosioides
Salvia officinalis Lamiaceae 02 0.017 100.0
Zingiber officinale Zingiberaceae 02 0.017 100.0
Lavandula stoechas Lamiaceae 02 0.017 100.0
Syzygium aromaticum Myrtaceae 02 0.017 100.0
Petroselinum crispum Apiaceae 01 0.009 100.0
Cinnamomum verum Lauraceae 01 0.009 100.0
Cuminum cyminum Apiaceae 01 0.009 100.0
Apium graveolens Apiaceae 01 0.009 100.0
Juniperus communis Cupressaceae 01 0.009 100.0
Foeniculum vulgare Apiaceae 01 0.009 100.0
Lepidium sativum Brassicaceae 01 0.009 100.0
Rosmarinus officinalis Lamiaceae 01 0.009 100.0
Zea mays Poaceae 01 0.009 100.0

by different civilizations plays a pivotal role in the management of
different critical health conditions. Since ancient times, medicinal herbs
and their combinations have served as the main source of biologically
active compounds with high therapeutic value.
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Table 7: Family importance value of plant families utilized in
traditional phytotherapy for diabetes.

Family Total FC FIV

Amaranthaceae 02 0.017
Amaryllidaceae 10 0.087
Apiaceae 22 0.191
Asteraceae 15 0.130
Berberidaceae 08 0.070
Brassicaceae 01 0.009
Cactaceae 05 0.043
Capparaceae 06 0.052
Cucurbitaceae 04 0.035
Cupressaceae 04 0.035
Cytinaceae 15 0.130
Ericaceae 02 0.017
Euphorbiaceae 10 0.087
Fabaceae 13 0.113
Lamiaceae 15 0.130
Lauraceae 01 0.009
Lythraceae 04 0.035
Myrtaceae 02 0.017
Oleaceae 20 0.174
Poaceae 01 0.009
Ranunculaceae 06 0.052
Rosaceae 16 0.139
Urticaceae 04 0.035
Zingiberaceae 02 0.017

FC: Species; FIV: Family importance value

Table 8: Plant part value distribution among various plant
parts used in herbal preparations.

Plant parts Total FC PPV
Flower buds 02 0.011
Bulbs 10 0.053
Leaves 59 0.314
Flowers 17 0.090
Fruits 01 0.005
Seeds 42 0.223
Aerial parts 02 0.011
Roots 32 0.170
Rhizomes 02 0.011
Stigmas 01 0.005
Stems 15 0.080
Barks 05 0.027

PPV: Plant part value; FC: Species

Ethnobotanical studies integrate traditional knowledge with
contemporary scientific approaches to explore the beneficial health
properties of plants, owing to their safety and minimal adverse effects.”
Several published studies provide strong evidence of traditional
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knowledge, documenting various recipes and therapeutic strategies for
managing different chronic diseases, including diabetes. 6.2
Mounting evidence shows that several medicinal plants grown in
Morocco, including Pastinaca sativa, Amygdalus communis, Olea
europaea, and Trigonella foenum-graecum, among others, exhibit
remarkable antidiabetic effects.?® These findings are consistent with
those reported in previous studies.’®!%152224 The calculation of
quantitative ethnobotanical indices, such as RFC, FL, and PPV,
provides additional insight into the relevance of the findings and
supports the scientific rigor of the study.** Trigonella foenum-graecum
and Olea europaea registered the highest RFC and FL values, as
previously reported by several researchers. %2627

Experimental studies revealed that both medicinal plants exhibited
interesting antidiabetic effects.®®?° The study conducted by'°
demonstrated that administration of an alcoholic extract of Olea
europaea leaves significantly reduced blood glucose levels and
normalized lipid and liver profiles. The same researchers found that
Olea europaea leaves increased serum insulin levels in diabetic
streptozotocin-intoxicated rats.'® Similarly, Yadav and Baquer (2014),%
provided a detailed pharmacological profile of Trigonella foenum-
graecum, emphasizing its capacity to modulate glucose metabolism and
enhance insulin sensitivity. The predominance of decoction-based
preparations using leaves and roots aligns with the findings of 2> who
documented similar traditional practices across various Moroccan
regions. This suggests a shared cultural heritage regarding the
preparation and administration of medicinal plants in traditional
diabetic care.

Interestingly, the side effects reported by 36% of users in this study,
including digestive discomfort and hypoglycaemia, are consistent with
the findings of 2 in the Taounate province. This underscores the
necessity of pharmacovigilance and further toxicological assessments,
despite the common perception of traditional remedies as safe. At the
botanical family level, the prominence of Apiaceae, Oleaceae, and
Rosaceae in terms of FIV supports previous ethnobotanical findings in
southeastern Morocco.'* The recurrent citation of these families likely
reflects their phytochemical richness and cultural familiarity among
rural populations. Finally, the observation that users of phytotherapy
exhibited better glycaemic control than non-users suggests a potential
protective effect of traditional medicinal plants, particularly against
microangiopathic complications. However, this association should be
interpreted cautiously in the absence of controlled clinical trials.

This study is limited by its cross-sectional, observational design and
reliance on self-reported data, which may introduce recall bias. Its
findings are specific to the Azilal region, with variable plant
preparations and dosages and uncontrolled confounding factors. While
ethnobotanical knowledge is well documented, safety and efficacy
remain uncertain due to the absence of toxicological assessments and
clinical trials, underscoring the need for pharmacological validation and
rigorous experimental studies.

Conclusion

The survey highlights the richness of local ethnobotanical knowledge
and its critical role in diabetes management. These findings emphasize
the potential for integrating traditional medicinal practices into a
holistic healthcare approach while ensuring patient safety. Future
research should focus on three core areas: pharmacological validation
of the most cited medicinal plants, assessment of their toxicological
profiles, and clinical trials to confirm efficacy and safety. Concurrently,
studies exploring the specific bioactive compounds, mechanisms of
action, and potential drug-herb interactions are essential to provide a
robust scientific foundation for integrating traditional remedies into
modern diabetes management.
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