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A B S T R A C T

The present study was conducted in the Moroccan central Middle Atlas in order to inventory the plants used in the
treatment of oral diseases, as well as to document possible risks of intoxication. Thus, 58 herbalists in the region
were surveyed to gather ethnomedical information about the plants used in natural remedies preparation. The
expression of the data obtained was achieved through the calculation of different quantitative indices, such as: use
value (UV), family use value (FUV), relative frequency of citation (RFC), fidelity level (FL), informant consensus
factor (ICF) and plant part value (PPV). 29 plants were inventoried, among which, Ruta montana L. has the highest
use value (UV) and fidelity level (FL) for the treatment of gingivitis, respectively, 0.431 and 43.10. Marrubium
vulgare L. has the highest citation frequency (RFC ¼ 0.448). Whereas, Ammi visnaga (L.) Lam. had the highest
value of the informant consensus factor (ICF ¼ 0.846) as the most used species for the treatment of high number
of oral pathologies and dental abscesses. Furthermore, the leaves generally prepared by decoction and admin-
istered by gargle constitute the most used part of the plant (PPV ¼ 54.05). But, several plants recommended for
the treatment of oral diseases are dangerous; in fact, Marrubium vulgare L., Atractylis gummifera L., Anacyclus
pyrethrum L., Ruta montana L. and Peganum harmala L. were reported to be toxic by all the respondents. So, in spite
of the virtues of medicinal plants, the toxic potential of some of them requires great vigilance in their therapeutic
use.
1. Introduction

According to theWorld Health Organization, oral health is an integral
part of general human health [1]. Oral diseases and conditions include
oral or pharyngeal cancer, oral infection or injury, periodontal disease,
loosening and loss of teeth, and other diseases and disorders that limit a
person's ability to bite, chew, smile and speak, and thus ensure their
psychosocial well-being [1].

Oral conditions are often considered to be of a non-emergency nature,
mainly tooth decay and periodontal disease, but they are considered a
serious public health problem because of their relatively high prevalence
and incidence [2] and their repercussions on the general state of health of
individuals, by being possibly associated with some pathologies such as
cardiovascular disease, gastropathy and certain neuralgia [3].

In 2016, the study on the global burden of morbidity revealed that
half of the world's population (3.58 billion) suffers from oral diseases,
and the permanent teeth decay as well as baby teeth decay are dominant,
respectively, with 2.4 billion people and 486 million children [4].
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Therefore, the treatment of various oral conditions represents a
real economic burden, and care, both curative and preventive, requires
an investment that many cannot afford, especially in developing
countries.

In Morocco, particularly in mountainous areas, geographical
isolation and difficulties of access to primary oral health care services
and the low incomes of local populations are all factors favoring the
use of traditional care, namely those based on plants to treat oral
diseases [5, 6].

So, the objective of the present study is first to make an inventory
of medicinal plants recommended in traditional herbalism for the oral
infections treatment in the central Middle Atlas region; then, a
particular interest is given to the eventual risks of intoxication
inherent to this ethnomedication. Indeed, it is very interesting to
extract from this ancestral knowledge some therapeutic alternatives
with fewer side effects and bacterial resistance, and also to emphasize
that the plants could be harmful and the control of their use is
imperative.
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2. Materials and methods

2.1. The study area

The Middle Atlas is a mountain range that extends over 450 km and
covers a total area of 27550 km2 [7]. It constitutes the water tower of
Morocco, with four watersheds of the largest Moroccan rivers: Sebou,
Moulouya, Oum Rabia, and Bou Regreg. In the central Middle Atlas re-
gion, the flora and fauna are very rich, and contain many endemic, rare,
and very remarkable species [8]. The vegetation is very diverse; the
phytocenoses are rich due to precipitation of both rain and snow ac-
cording to the altitude [9]. The forest is widespread and constitutes a
strategic issue for the region as it’s a protected and productive heritage, a
genetic reservoir of biodiversity, an important socio-economic resource,
in addition of being recreational and cultural space [10].

Our fieldwork was conducted in 6 of the main cities at the central
Middle Atlas: El Hajeb in Elhajeb province, Azrou, Ifrane, and Timahdite
in Ifrane province, Khenifra and M'rirt in Khenifra province (Figure 1).
2.2. The characteristics of the informants

To determine the sample size (N), we compiled a list of 290 herbalists
in the study area, which corresponds to the parent population (P). To
obtain a representative sample (N), the ratio (N/P) must be between 15%
and 20% [11]. So, in our case we retained a ratio equal to 20%, and the
sample size (N) was equal to 58 herbalists.
2.3. The choice of criteria

The inclusion and exclusion criteria used in this study concern three
points: plants, cities and informants.

2.3.1. Inclusion criteria
The inclusion criteria of plants were based on the selection of plants

that are either spontaneous or cultivated in the study area and used by
the respondents to treat oral diseases. The criterion for inclusion of in-
formants was based on their reputation in the field of herbalism. Those
selected are native from the study area and have more than 10 years of
experience in the practice of herbal medicine or the trade in aromatic and
Figure 1. Study area (Red colour indicates provinc
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medicinal plants; so, they are likely to provide correct and original in-
formation on the use of medicinal plants. As for the inclusion criteria of
the cities, only those belonging to the central Middle Atlas and known for
their floral wealth and the ancestral knowledge of their local population
in terms of phytotherapy were selected for this study.

2.3.2. Exclusion criteria
Plants unused by the respondents to treat oral diseases and those that

do not grow in the study area were excluded. Also, informants with less
than 10 years of experience or who are not herbalists or are not from the
study area were excluded. Cities that do not belong to the central Middle
Atlas were excluded from this study.

Furthermore, this study will allow us to transcribe the maximum of
information held by herbalists and often transmitted orally, as well as on
the flora richness of the study area, especially that the studies made in
this direction are fragmentary and few.
2.4. Data collection and interview methods

In the present study, the free listing technique commonly used in
social and behavioral sciences, ethnozoology, and ethnobotany was
adopted [12]. The survey was conducted among 58 herbalists who were
all from the study area and chosen based on their reputations in the field.
For them, plants represent an integral part of their daily lives and the
herbal medicine is a heritage based on ancestral knowledge transferred
from one generation to the next.

The interviews were conducted in Arabic language during seven
month, from April 1st 2018 to October 31th 2018; the respondents were
asked to list all the medicinal plants which they know and recommend.
The surveys were rarely completed in a single visit because the in-
formants didn't provide all the information in one session. So, we
sometimes had to return several times to the informant and show
patience and availability to collect the information that was directly
relevant to our ethnobotanical survey.

The content of the questionnaire sheets was designed to collect as
much information as possible. The questionnaire is divided into two
parts: the first concerns the informants demographics (age of the
respondent, sex, level of education, etc.) and the second refers to the
ethno-medical data of each plant, including the local common name, the
es and green colour indicates cities or villages).
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used part, the method of preparation, the route of administration, the
dose, the diseases treated and the toxicity.

In order to limit bias, an attempt was made to be as neutral as possible
to avoid making the respondent feel uncomfortable or influencing him to
state his opinion. Also, value judgment that might guide the respondent's
answers or cause bias on the part of the respondent himself, such as the
tendency to give answers that may be perceived as acceptable, were
avoided. In addition, the informant was first asked about general, then
particular things, to avoid further bias in the results.
2.5. Plant species identification and preservation

Collection of voucher herbarium specimens is standard practice in
ethnobotany [13]. Thus, samples the listed plants were collected during
several field visits in the different regions of the study area. Each
collected plant material was dried, numbered and preserved according to
the standard method [14]. The taxonomic identification was carried out
in the laboratory according to the manuals for the vascular plants
determination "Flore pratique duMaroc" [15, 16, 17]. All specimens were
deposited at the Herbarium of Environment & Soil Microbiology Unit,
Moulay Ismail University of Meknes.
2.6. Statistical analysis

The data collected on the raw cards were analyzed by the statistical
processing software SPSS Statistics 20 and Excel 2010. The analysis of the
socio-demographic data of the respondents was performed by a
descriptive and quantitative statistical method (ANOVA One-way and
Independent Samples T-Test, P-values of 0.05 or less were considered
significant).
2.7. Quantitative analysis of the ethnobotanical data

The collected data were used to calculate various quantitative indices,
including the use value (UV), family use values (FUV), relative frequency
of citation (RFC), fidelity level (FL), informant consensus factor (ICF) and
plant part value (PPV).

2.7.1. Use value (UV)
The use value (UV) is used to demonstrate the relative importance of

plants known locally. It is calculated using the following formula [18]:

UV¼
Xi¼N

i¼1

Ui
�
N

where Ui ¼ the number of use reports mentioned by each informant i for
a given species and N ¼ the total number of informants interviewed.

2.7.2. Family use values (FUV)
The family use values (FUV) are used to identify the significance of

plant families, and are calculated using the following formula [19]:

FUV ¼ (
P

UVS)/Ns

where UVs¼ the use value of species belonging to the same family and Ns
¼ the total number of species present in a given family.

2.7.3. Relative frequency of citation (RFC)
The relative frequency of citation (RFC) shows the local importance of

each species and it is given by the following formula [18]:

RFC ¼ FC/N

where FC ¼ the number of informants using a given species and N ¼ the
total number of informants interviewed.
3

2.7.4. Fidelity level (FL)
The fidelity level (FL) is used to determine the most ideal species used

to treat a specific ailment [20]. It is calculated using the following for-
mula [21]:

FL (%) ¼ (Np/N) x 100

where Np ¼ the number of the informants who reported using a given
species to treat an illness and N ¼ the number of informants who
mentioned the species for any use.

2.7.5. Informant consensus factor (ICF)
The informant consensus factor is used to determine the agreement

between informants about the use of plants for specific use categories. It
is calculated using the following formula [22]:

ICF ¼ (Nur - Nt)/(Nur - 1)

where Nur ¼ the number of use reports for a particular ailment category
and Nt ¼ the number of plants mentioned for the treatment of this
particular ailment category.

The ICF range from zero to one. A value close to one indicates a high
intracultural consensus (most of the informants used the same species to
treat the same illnesses) and a value close to zero indicates a high vari-
ation in the use of species (the informants disagreed over which species
was used for treatment within a category of illness) [22].

2.7.6. Plant part value (PPV)
Plant part value (PPV) is calculated using the following formula:

PPV¼RU Plant part
RU

where RU ¼ the number of uses reported for all plant parts and RU plant
part ¼ the sum of uses reported per part of the plant. The part with the
highest PPV is the most used by the respondents [23].

3. Results and discussion

3.1. Socio-demographic data of interviewees

All the participants selected for this study answered all the questions
in the questionnaire; so, 100% of the participants are respondents. In
total, out of the 58 herbalists traditional medicine practitioners surveyed
87.40% were men and only 12.60% were women, with a sex ratio fe-
male/male of 0.14. It is clearly observable that in the study area, men
dominate the practice of traditional medicine and the sale of medicinal
plants, what is in agreement with the results of other studies in other
study areas [24, 25]. Nevertheless, women's knowledge forms an original
cultural creation, both in the knowledge of plants and in their medical
applications. This knowledge is at the same time dynamic and constantly
evolving under the pressure of modern society and culture [26]. Thus, in
recent years, women's participation has become increasingly visible
through the creation of associations, cooperatives and even pharmacies
specializing in medicinal plants, which reflects a clear trend towards
valuing women's work and society's recognition of their unquestionable
contribution to the development process [27]. The practice of traditional
medicine in the central Middle Atlas is widespread among the different
age groups, with a dominance of those between 50 and 60 years
(30.37%) and those over 60 years of age (24.36%), which shows that the
practice of traditional medicine and the knowledge of medicinal plants
and their properties require experience accumulated over the years [28].
Nevertheless, the rejuvenation of this field cannot be overlooked,
demonstrating the sustainability of the transmission of knowledge from
one generation to the next and the persistence of natural and traditional
treatments given the difficulties of access to conventional care due to
geographical and socio-economic difficulties and the inadequacy of
health infrastructures in the rural municipalities of the central Middle
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Atlas [5]. Analysis of the data obtained showed that the level of educa-
tion of most of the respondents is secondary school (42%), 28% have
primary school level, 12% have university level and 18% are illiterate.
This illiteracy rate can be an obstacle to the documentation of their
knowledge by themselves and can lead to the erosion of their knowledge
or its false transmission since it will be essentially oral. However, aca-
demics can positively affect the development of the practice of herbal
medicine in the study area. The indigenous knowledge of the surveyed
traditional medicine practitioners regarding the plants involved in the
treatment of oral diseases is not influenced by gender, age, education or
occupation (p > 0.05) (Table 1).
3.2. Quantitative analyse

The survey conducted revealed that among 123 plants declared by
traditional medicine practitioners in the central Middle Atlas to have
medicinal virtues, 29 plants (23.57%) are used for the treatment of
various oral diseases (Table 1).

3.2.1. Frequency of families and their use value
In the central Middle Atlas, plants used in the treatment of oral dis-

eases are spread over 15 families; the Asteraceae family, predominates
with 7 species, followed by the Lamiaceae (6 species), the Apiaceae (3
species) and the Rosaceae (2 species). The remaining families are each
represented only by one species (Figure 2). Otherwise, the Asteraceae
and Lamiaceae, in addition of being the most represented families in the
Mediterranean countries [29, 30], contain many spontaneous plants [31]
and toxic ones [6, 32].

The families with high FUV are Rutaceae (0.431), Apiaceae (0.425),
Juglandaceae (0.276) and Anacardiaceae (0.224) (Table 2); however,
these families are not represented by a large number of species. It
therefore appears that the ethnobotanical use value of the families
doesn't depend on their species richness, but rather on the importance
and use value of the species themselves [6]. Also, the important FUV of
these families would be mainly based on their richness in secondary
metabolites which would endow them with various virtues, in particular,
anti-inflammatory, antiviral, antibacterial, anti-allergic and anti-oxidant
properties [33, 34].

3.2.2. Species citation frequency and use value
In the study area, the use value (UV) of plants recommended for the

treatment of oral diseases varies between 0.431 and 0.017; the most
important UV values are those obtained for Ruta montana L. (0.431),
Ammi visnaga (L.) Lam (0.362), Dittrichia viscosa (L.) Greuter (0.207),
Marrubium vulgare L. (0.207) and Urtica urens (0.207) (Table 2).

The lowest value, (0.017) is obtained for Achillea millefolium L.,
Origanum compactum Benth. and Ficus carica L. Similar studies carried out
in other Moroccan regions have shown that high use values were ob-
tained for others plants different from those in the present study; these
Table 1. Socio-demographic features of the informants.

Variables Categories

Sex Female

Male

Age <30 years

30–40 years

40–50 years

50–60 years

>60 years

Educational level Illiterate

Primary

Secondary

University
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include Syzygium aromaticum (0.94), Acacia nilotica (0.92), Juglans regia
(0.75) in Casablanca city [35] and Origanum compactum Benth. (0.88),
Syzygium aromaticum L. (0.82) and Juglans regia L. (0.78) in Meknes city
[36].

In addition, high UV medicinal plants should be subjected to
biochemical and pharmacological analyses to identify their active com-
pounds in order to develop therapeutic alternatives with fewer side ef-
fects and less bacterial resistance. Plants with low UV should not be
ignored in order to better ensure the transmission of ancestral knowledge
to future generations [37].

On the other hand, the results show that the relative frequency of
citation (RFC) of the plants used in the treatment of oral diseases varies
between 0.448 and 0.034. The highest values are those of Marrubium
vulgare L. (0.448), Ruta montana L. (0.431) Atractylis gummifera L. (0.379)
Olea europaea L. (0.362) Artemisia herba-alba Asso. (0.293) Laurus nobilis
L. (0.293) and Juglans regia L. (0.276). This indicates that they are very
well known by traditional medicine practitioners related to their thera-
peutic virtues and their wide distribution in the study area [5]. The
lowest value of RFC, (0.034), is obtained both for Foeniculum vulgare P.
Mill., Hyssopus officinalis L. and Rosmarinus officinalis L..

3.2.3. Oral diseases treated, fidelity level and informant consensus factor
The survey revealed that the plants studied are used in the treatment

of a wide range of oral conditions (Table 2) in addition to their recom-
mendation by respondents for the treatment of other conditions,
reflecting both the richness of the study area in medicinal plants and the
local population's attachment to traditional medicine. Among the most
frequent oral pathologies are dental caries, gingivitis and mouth ulcers.
Caries are a global dental health problem for both adults and children
[4]. Gingivitis is primarily related to interactions between oral bacteria
and gingival epithelial cells, often involving anaerobic gram-negative
bacteria such as, Bacteroides forsythus, Campylobacter curvus, Eikenella
corrodens, Fusobacterium nucleatum, Porphyromonas gingivalis and Pre-
votella intermedia [38].

In addition, the calculation of the fidelity level (FL) gives an idea of
the most recommended plants for the treatment of each type of oral
disease [39]; Thus, the plant that registered the most important FL is Ruta
montana L. (43.10%) for the treatment of gingivitis (Table 3). As for
Ammi visnaga (L.) Lam, it is the most recommended species for the
treatment of a high number of oral affections; it has the highest FL for the
treatment of dental caries (3.45%), gum bleeding (10.34%) and bad
breath (13.79%). Some pathologies are only treated by a single plant; this
is the case of oral lesions treated only by Origanum vulgare L. (3.45%) and
scurvy by Rosa canina L. (5.17%). The results also showed that some
plants have a restricted spectrum of action, and are used against only one
type of oral lesions; for example, Pimpinella anisum L. (8.62%) and Foe-
niculum vulgare P. Mill. (3.45%) for oral care, Anacyclus pyrethrum L.
(12.07%) for toothache,Dittrichia viscosa (L.) Greuter (20.69%) for dental
abscesses and Urtica urens L. (20.69%) for mouth ulcers.
Percentages (%) P-values

12.60 0.306

87.40

10.72 0.348

20.31

14.24

30.37

24.36

18 0.758

28

42

12



Figure 2. Family use value (FUV) of the listed medicinal plants.
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The plants used for the treatment of oral diseases may be different
from one country to another; for example, dental caries are treated in the
Moroccan central Middle Atlas by Ammi visnaga (L.) Lam, Pistacia atlan-
tica Dsf., Juglans regia L., while they are treated with Uapaca guineensis
Muell. Arg., Pycnanthus angolensis L., Musanga cecropioides R. Br. and
Pterocarpus soyauxii Hooker. by the Pygmy peoples of the Congo [40].
Similarly, toothache is generally treated in the central Atlas by Mar-
rubium vulgare L., Ammi visnaga (L.) Lam and Anacyclus pyrethrum L..
However, in Congo, Staudtia gabonensis Warb, Allanblackia floribunda
Oliv. and Barteria fistulosa Mast. are recommended [40]. Indeed, the
differences in pharmacopoeia between regions are due to the particu-
larity of the flora of each region and even socio-cultural differences.

The Informant Consensus Factor (ICF) reflects the homogeneity of
information provided by different informants on the species used to treat
a disease category [22]. Table 4 shows that the ICF value varies between
1 and 0.417; oral lesions and scurvy have the highest ICF (1) followed by
dental abscesses (0.846), tooth whitening (0.8) and toothache (0.816).
The disease category with the lowest ICF is stomatitis (0.417).

The high ICF value reflects agreement among respondents on the
recommendation of certain plants to treat a given disease. Thus, plants
with a high ICF value are considered effective in treating a particular
category of oral disease and constitute a potential source for the dis-
covery of new active molecules that would form the basis of dental
bioproducts [6].

3.2.4. Parts of plants used for the treatment of oral diseases
In the central Middle Atlas, the part of the plant to be used depends on

the traditional recipe recommended for oral diseases; over the years, the
practitioners of this type of medicine seem to have acquired knowledge
about the properties of each part, allowing them to knowwhich one is the
most effective, certainly in view of its content of active ingredients.

So, based on the plant part value (PPV) index, leaves (0.508) appear
to be the most useful for the treatment of oral diseases in the study area,
followed by flowers (0.179), fruits (0.108), roots (0.082), seeds (0.031),
bark (0.026) and finally branches and sap (0.01) (Figure 3). The high
frequency of the leaves use can be explained by the fact that they are both
a source of photochemical reactions and a reservoir of organic matter
derived from them; they provide the majority of alkaloids, glycosides and
essential oils [41].
5

3.2.5. Preparation methods and routes of administration
In order to treat different oral diseases, and depending on the plant

and the pathology treated, practitioners of traditional medicine in the
central Middle Atlas use various methods of preparation; in fact, some
methods of preparation make it possible to extract higher concentrations
of active components than others; the best way of using a plant is that
preserves its properties while allowing the extraction of all active ele-
ments [42].

Thus, in the study area, the remedies used by the respondents are
mainly prepared by decoction (54.05%), in raw form (24.32%) or in the
form of cataplasm (10.81%). The other methods of preparation (infusion,
maceration, powder, fumigation) are each represented by only 2.70%
(Figure 4). Indeed, the frequent use of the decoction can be explained by
the fact that this method allows to collect the maximum of active com-
ponents while reducing or even cancelling the toxic effect of certain
recipes [43]. Ethnobotanical studies carried out in other regions of
Morocco also confirm the frequent use of decoction [43, 44, 45, 46]; that
reflects the effectiveness of decoction and reveals the exchange or the
flow of information between practitioners of herbal medicine.

Finally, concerning the routes of administration, gargle comes first
with a percentage of 40%, followed by rinsing (17.14%), brushing and
chewing with a percentage of 14.29% each, oral and brushing with
5.71%, then inhalation (2.86%) (Figure 5). Gargle allows the remedies to
reach the entire oral cavity, even the upper part of the throat. However,
in other Moroccan regions, such as Meknes and Casablanca, similar
studies have reported that rinsing is the most commonly used route [35,
47].
3.3. Inherent toxicity risks of phytotherapy in case of oral diseases

The ethnobotanical study revealed that 69% of the total of plants used
in the central Middle Atlas to treat oral diseases are toxic (Figure 6) ac-
cording to the statements of the traditional medicine practitioners sur-
veyed (Table 2).

Plants are certainly an effective natural treatment, but this doesn't
mean that they are harmless since they contain in their chemical
composition, pharmacologically active substances which can induce
serious or even fatal side effects [48].



Table 2. List of medicinal plants used to cure oral diseases in the central Middle Atlas region - Morocco-.

Family/Latin names Local names Herbarium
specimen
number

Used part Method of
preparation

Mode of
administration

Treated
diseases

Toxicity RFC UV FUV

Anacardiaceae 0,224

Pistacia atlantica Dsf. Lebtem 1810/IS/N�38 Resin Crude Masticatory Bad breath
Dental caries

Yes 0,155 0,224

Apiaceae 0.425

Ammi visnaga (L.) Lam Bachnikha/
khala

2024/IS/N�38 Flowers:
Umbels
Fruit

Crude
Decoction

Gargle Gingivitis
Dental abscesses
Toothache
Dental caries
Gingival bleeding
Bad breath

Yes 0,362 1,155

Foeniculum vulgare P. Mill. Besbas 1991/IS/N�38 Fruit Decoction Gargle Mouth Care Yes 0,035 0,034

Pimpinella anisum L. Habat
hlawa

46/PTM Fruit Decoction Gargle Mouth Care Yes 0,086 0,086

Asteraceae 0.207

Achillea millefolium L. Khala 61/PTM leaves
Root

Decoction
Crude

Gargle
Masticatory

Gingival bleeding
Mouth Care
Toothache

Yes 0,017 0,052

Anacyclus pyrethrum L. Akirkarha 3145/IS/N�40 Root Powder The gum
is rubbed
with a
cotton ball
containing
a little
powder

Toothache Yes 0,121 0,121

Artemisia arborescens L. Chiba 3213/IS/N�40 leaves Decoction Gargle Toothache
Mouth ulcers
Gingival bleeding
Gingivitis
Herpes labialis
Bad breath
Stomatitis

Yes 0,035 0,190

Artemisia herba-alba Asso. Chih abiad 3207/IS/N�40 leaves
Flowers

Decoction Gargle Bad breath
Gingivitis
Toothache
Gingival bleeding
Mouth ulcers
Herpes labialis
Stomatitis

Yes 0,069 0,293

Atractylis gummifera L. Dad 2828/IS/N�40 Root Decoction Rinsing Tooth whitening
Toothache
Mouth ulcers
Gingival bleeding
Gingivitis
Herpes labialis
Bad breath
Stomatitis

Yes 0,121 0,379

Dittrichia viscosa (L.) Greuter Terhala 2824/IS/N�40 leaves Cataplasm Direct
application

Dental abscesses No 0,207 0,207

Matricaria chamomilla L. Babounj
lahmir

3161/IS/N�40 leaves
Flowers

Toothache
Mouth ulcers
Gingival bleeding
Gingivites
Herpes labialis
Bad breath
Stomatitis

No 0,052 0,207

Juglandaceae 0.276

Juglans regia L. Swak 275/PTM Root
Bark

Decoction
Cataplasm
Crude

Gargle
Brushing

Dental caries
Gingivitis
Toothache
Mouth ulcers
Gingival bleeding
Herpes labialis
Bad breath
Stomatitis

No 0,035 0,276

Lamiaceae 0.132

Hyssopus officinalis L. Azoufa yabsa 2449/IS/N�38 leaves
Flowers

Decoction Gargle Gingivitis Yes 0,035 0,034

(continued on next page)
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Table 2 (continued )

Family/Latin names Local names Herbarium
specimen
number

Used part Method of
preparation

Mode of
administration

Treated
diseases

Toxicity RFC UV FUV

Marrubium vulgare L. Mariouta 2313/IS/N�38 leaves Crude Masticatory Toothache
Gingival bleeding
Bad breath
Gingivitis

Yes 0,207 0,448

Origanum compactum Benth. Zaatar
tadlaoui

2428/IS/N�38 leaves
Flowers

Decoction Gargle Mouth ulcers
Gingivitis
Dental caries

No 0,017 0,052

Origanum vulgare L. Mrou 2429/IS/N�38 Sap Crude Touching
the lesions
with a
cotton pad
soaked in
fresh sap

Stomatitis
Oral lesions

Yes 0,035 0,069

Rosmarinus officinalis L. Azir 2305/IS/N�38 leaves
Flowers

Fumigation inhalation Toothache Yes 0,035 0,034

Thymus willdenowii Boiss. Zaîtra 578/IS/N�38 leaves
Flowers

Decoction
Crude

Gargle
Masticatory

Mouth infection
Mouth ulcers
Gingivitis
Gingival bleeding
Bad breath

No 0,035 0,155

Lauraceae 0.173

Laurus nobilis L. Wrak
moussa

78/IS/N�36 leaves Decoction Gargle Mouth ulcers
Gingivitis
Bad breath

Yes 0,190 0,293

Moraceae

Ficus carica L. Karmous 205/IS/N�36 Fruit Decoction
Cataplasm

Gargle
Direct
application

Dental abscesses
Toothache
Gingivitis

No 0,017 0,052

Portulacaceae 0.052

Portulaca oleracea L. Rajla 340/IS/N�36 leaves Cataplasm Direct
application

Dental abscesses Yes 0,052 0,052

Oleaceae 0.362

Olea europaea L. Zitoune 360/PTM leaves
Branches

Decoction
Infusion
Crude

Gargle
Brushing

Gingival bleeding
Bad breath
Gingivitis
Toothache
Mouth ulcers
Herpes labialis
Stomatite

No 0,086 0,362

Rosaceae 0.095

Rosa canina L. Nisrîne 1186/IS/N�36 Bark
Fruit

Decoction Rinsing
Oral use

Scurvy
Gingival bleeding

No 0,052 0,103

Rubus ulmifolius Schott. Tût azzarb,
Serrmû

1151/IS/N�36 leaves Decoction
Crude

Rinsing
Oral use
Masticatory

Mouth infection
Mouth ulcers

No 0,052 0,086

Rutaceae 0.431

Ruta montana L. Figel 1815/IS/N�38 leaves Decoction Rinsing Gingivites Yes 0,431 0,431

Solanaceae 0.069

Hyoscyamus sp Sikran 509/IS/N�38 Seeds Decoction Gargle Toothache Yes 0,069 0,069

Thymeleaceae 0.069

Daphne gnidium L. Alezzâz 1667/IS/N�38 leaves Decoction Gargle Toothache Yes 0,069 0,069

Urticaceae 0.207

Urtica urens Hariga 209/IS/N�36 leaves Decoction Rinsing Mouth ulcers Yes 0,207 0,207

Zygophyllaceae 0.103

Peganum harmala L. Lharmel 422/IS/N�38 Seeds Maceration in
vinegar
Decoction

Gargle Gingivitis
Toothache
Mouth ulcers
Herpes labialis
Bad breath
Stomatitis

Yes 0,035 0,103
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Table 3. Fidelity level of medicinal plants used to treat oral diseases.

Illness category Fidelity level of species (%)

Dental abscess Dittrichia viscosa (L.) Greuter (20.69%), Ammi visnaga (L.) Lam (17.24%), Portulaca oleracea L. (5.17%), Ficus carica L. (1.72%), Origanum compactum Benth. (1.72%).

Mouth ulcers Urtica urens L. (20.69%), Laurus nobilis L. (12.07%), Olea europaea L. (8.62%), Artemisia herba-alba Asso. (6.90%), Matricaria chamomilla L. (5.17%),
Rubus ulmifolius Schott. (5.17%), Artemisia arborescens L. (3.45%), Atractylis gummifera L. (3.45%), Juglans regia L. (3.45%), Thymus willdenowii Boiss. (3.45%),
Peganum harmala L. (1.72%).

Tooth whitening Atractylis gummifera L. (8.62%), Origanum compactum Benth. (1.72%).

Dental caries Ammi visnaga (L.) Lam (3.45%), Pistacia atlantica Dsf. (8.62%), Juglans regia L. (3.45%).

Gingivitis Ruta montana L. (43.10%), Ammi visnaga (L.) Lam (20.69%), Laurus nobilis L. (10.34%), Olea europaea L. (8.62%), Marrubium vulgare L. (6.90%),
Artemisia herba-alba Asso. (5.17%), Atractylis gummifera L. (3.45%), Artemisia arborescens L. (3.45%), Hyssopus officinalis L. (3.45%), Juglans regia L. (3.45%),
Thymus willdenowii Boiss. (3.45%), Ficus carica L. (1.72%), Matricaria chamomilla L. (1.72%), Origanum compactum Benth. (1.72%), Peganum harmala L. (1.72%).

Gingival bleeding Ammi visnaga (L.) Lam (10.34%), Marrubium vulgare L. (10.34%), Olea europaea L. (6.90%), Rosa canina L. (5.17%), Artemisia herba-alba Asso. (3.45%),
Atractylis gummifera L. (3.45%), Juglans regia L. (3.45%), Achillea millefolium L. (1.72%), Artemisia arborescens L. (1.72%), Thymus willdenowii Boiss. (3.45%).

Herpes labialis Artemisia herba-alba Asso. (6.90%), Atractylis gummifera L. (5.17%), Artemisia arborescens L. (3.45%), Juglans regia L. (3.45%), Matricaria chamomilla L. (3.45%),
Peganum harmala L. (1.72%).

Mouth infection Rubus ulmifolius Schott. (3.45%), Thymus willdenowii Boiss. (3.45%).

Oral lesions Origanum vulgare L. (3.45%).

Bad breath Ammi visnaga (L.) Lam (13.79%), Pistacia atlantica Dsf. (13.79%), Atractylis gummifera L. (6.90%), Laurus nobilis L. (6.90%%), Marrubium vulgare L. (6.90%),
Matricaria chamomilla L. (5.17%), Olea europaea L. (5.17%), Artemisia herba-alba Asso. (3.45%), Juglans regia L. (3.45%), Thymus willdenowii Boiss. (3.45%),
Artemisia arborescens L. (1.72%), Peganum harmala L. (1.72%).

Toothache Marrubium vulgare L. (20.69%), Ammi visnaga (L.) Lam (13.79%), Anacyclus pyrethrum L. (12.07%), Daphne gnidium L. (6.90%), Hyoscyamus sp (6.90%),
Atractylis gummifera L. (5.17%), Juglans regia L. (3.45%), Matricaria chamomilla L. (3.45%), Olea europaea L. (3.45%), Rosmarinus officinalis L. (3.45%),
Achillea millefolium L. (1.72%), Artemisia arborescens L. (1.72%), Peganum harmala L. (1.72%), Ficus carica L. (1.72%).

Mouth Care Pimpinella anisum L. (8.62%), Foeniculum vulgare P. Mill. (3.45%), Achillea millefolium L. (1.72%).

Stomatitis Artemisia arborescens L. (3.45%), Artemisia herba-alba Asso. (3.45%), Juglans regia L. (3.45%), Origanum vulgare L. (3.45%), Olea europaea L. (3.45%),
Atractylis gummifera L. (1.72%), Matricaria chamomilla L. (1.72%), Peganum harmala L. (1.72%).

Scurvy Rosa canina L. (5.17%)

Table 4. ICF values by categories for treating oral diseases.

Illness category Nt Nur ICF

Dental abscesses 27 5 0,846

Toothache 11 6 0,5

Mouth ulcers 43 11 0,762

Tooth whitening 6 2 0,8

Dental caries 9 3 0,750

Gingivitis 69 15 0,794

Gingival bleeding 28 10 0,667

Herpes labialis 14 6 0,615

Mouth infection 4 2 0,667

Oral lesions 2 1 1

Bad breath 42 12 0,732

Toothache 39 8 0,816

Mouth Care 8 3 0,715

Stomatitis 13 8 0,417

Scurvy 3 1 1

Nur ¼ the number of use reports for a particular ailment category.
Nt ¼ the number of plants mentioned for the treatment of this particular ailment category.
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The present study reveals that some plants with very important RFC
are highly toxic; it is the case of Ruta montana L., which contains toxic
active ingredients, notably furanocoumarins [49] having mutagenic and
carcinogenic activities [50]. This species is also responsible for digestive
and neurological disorders, and can cause kidney and liver failure that
can lead to death [51, 52]. Similarly, the roots of Atractylis gummifera L.
recommended by traditional medicine practitioners in the central Middle
Atlas are the most toxic part of the plant [53], due to their content of
diterpenic heterosides: atractylosides, carboxyatractylosides, parquine
and carboxiparquine [50] which inhibit oxidative phosphorylation and
the Krebs cycle [54] and cause digestive disorders [55], a multi-visceral
disorder whose prognosis is mainly linked to the occurrence of fulminant
hepatitis and acute renal failure [56]. Similarly,Marrubium vulgare L. can
cause skin and mucous membrane irritation through psoralen [57, 58].
8

Moreover, the risks incurred with the use of certain plants should not be
neglected despite their low RFC; such is the case of Foeniculum vulgare P.
Mill. which can cause neurological disorders [59], hepatotoxicity and
nephrotoxicity [60].

Otherwise, in addition to the chemical composition, the dose is a
determining factor in herbal therapy; indeed, during our survey, it was
clearly observable that practitioners of traditional medicine don't use
exact doses, and have mainly resorted to the handle, the spoon, and
rarely, the pinch. However, a plant with medicinal virtues turns onto
poisonous material if the dose is not respected. Also, some false tradi-
tional knowledge conveyed by some people, such as the incorrect use of
plants due to ignorance of the correct method of preparation (infusion,
decoction, etc.) [46] or the ignorance of the method of use (internal or
external) may be the cause of unexpected side effects [61]. Likewise, the



Figure 3. Plant part value (PPV).

Figure 4. Frequency of the different methods of preparation.

Figure 5. Frequency of different routes of administration.
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Figure 6. Percentage of toxic plants.
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lack of scientific evidence in favour of the efficacy of certain plants and
the rarity of clinical studies on the side effects and toxicity of medicinal
plants increase the risks associated with phytotherapy [62].

4. Conclusion

The study carried out in Moroccan central Middle Atlas with 58
practitioners of traditional medicine reveals the importance of phyto-
therapy in the treatment of oral diseases; this is due, in addition to the
effectiveness of plants, to some socio-cultural and economic factors.
Paradoxically, most of these plants with therapeutic virtues also repre-
sent a real danger due to their toxicity and their usage must be used
regulated and controlled. Also, pharmacological studies and toxicological
tests must be undertaken to translate the knowledge of using traditional
plants into scientifically based one.
4.1. Study limitations

This study was limited to one region in Morocco (central Middle
Atlas), similar and complementary studies in the other regions are
suggested.

Declarations

Author contribution statement

M. Najem: Conceived and designed the experiments; Performed the
experiments; Analyzed and interpreted the data; Wrote the paper.

H. Harouak: Analyzed and interpreted the data.
J. Ibijbijen: Analyzed and interpreted the data; Contributed reagents,

materials, analysis tools or data.
L. Nassiri: Conceived and designed the experiments; Performed the

experiments; Analyzed and interpreted the data; Wrote the paper.
Funding statement

This research did not receive any specific grant from funding agencies
in the public, commercial, or not-for-profit sectors.
Competing interest statement

The authors declare no conflict of interest.
10
Additional information

No additional information is available for this paper.

Acknowledgements

At the end of this work, we would like to thank the traditional
medicine practitioners in the study area for the time, availability and all
the information provided.

References

[1] OMS, Sant�e bucco dentaire, in: Organisation Mondiale de la Sant�e, 2018.
https://www.who.int/health-topics/oral-health/#tab¼tab_1.

[2] C. M�enard, D. Grizeau-Clemens, J. Wemaere, Sant�e bucco-dentaire des adultes,
�Evolutions 35 (2016) 1–10.

[3] F. Zaoui, S. Hamdani, M.J. Belhad, J.L. Miquel, �Etude descriptive de l’�etat bucco-
dentaire d’un �echantillon de la population marocaine, Odonto-Stomatol. Trop. 74
(1996) 7–11.

[4] GBD, 2016 Disease and Injury Incidence and Prevalence Collaborators. Global,
regional, and national incidence, prevalence, and years lived with disability for 328
diseases and injuries for 195 countries, 1990–2016: a systematic analysis for the
Global Burden of Disease Study 2016, Global Health Metrics 390 (10100) (2017)
1211–1259.

[5] M. Najem, A. Daoudi, E.H. Bouiamrine, J. Ibijbijen, L. Nassiri, Biodiversity of
poisonous medicinal plants solicited in the traditional phytotherapy of the central
Middle Atlas -Morocco, Ethnobot. Res. Appl. 18 (19) (2019) 1–23.

[6] M. Najem, J. Ibijbijen, L. Nassiri, Quantitative ethnobotanical study of poisonous
medicinal plants used in the traditional pharmacopoeia of the central Middle Atlas
region: Morocco, Ethnobot. Res. Appl. 18 (36) (2019) 1–17.

[7] M.D. El Jihad, Changement climatique et d�eveloppement rural dans les montagnes
du Moyen-Atlas et leurs bordures (Maroc), Journal of Alpine Research | Revue de
g�eographie alpine 104 (4) (2016) 1–18.

[8] A. Benabid, Le rif et le moyen-atlas (Maroc): biodiversite, menaces, preservation, in:
African Mountains High Summit Conference. Nairobi, kenya, 2002.

[9] K.F. Benbrahim, M. Ismaili, S.F. Benbrahim, A. Tribak, Probl�emes de d�egradation de
l’environnement par la d�esertification et la d�eforestation: impact du ph�enom�ene au
Maroc, Sci. Chang. Plan�etaires S�echer. 15 (4) (2004) 307–320.

[10] S. Boujrouf, Tourisme de montagne au Maroc: enjeux de la durabilt�e, Le tourisme
durable, r�ealit�es et perspectives marocaines et internationales (2004) 273–284.

[11] E. Nacoulma, J. Sakande, E. Kafando, E.D. Kpowbi�e, I.P. Guissou, Profil
h�ematologique et biochimique des dr�epanocytaires SS et SC en phase stationnaire
au Centre Hospitalier National Yalgado Ouedraogo de Ouagadougou, Mali. Med. 21
(1) (2006) 8–11.

[12] T.M. Miranda, M.C. De Mello Amorozo, J.S. Govone, D.M. Miranda, The influence
of visual stimuli in ethnobotanical data collection using the listing task method,,
Field Methods 19 (1) (2007) 76–86.

[13] M. Nesbitt, Use of herbarium specimens in ethnobotany, in: J. Salik, K. Konchar,
M. Nesbitt (Eds.), Curating Biocultural Collections. A Handbook. Royal Botanic
Gardens, Kew & Missouri Botanical Garden, Richmond & St Louis, 2014.

[14] S.K. Jain, The role of botanist in folklore research, Folklore 5 (4) (1964) 145–150.
[15] M. Fennane, M. Ibn Tattou, J. El Oulaidi, Flore pratique du Maroc. Vol. 3,Travaux

Institut Scientifique. S�er. Botanique N� 40, Rabat, 2014.

https://www.who.int/health-topics/oral-health/#tab&equals;tab_1
https://www.who.int/health-topics/oral-health/#tab&equals;tab_1
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref2
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref2
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref2
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref2
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref2
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref3
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref3
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref3
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref3
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref3
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref3
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref3
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref4
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref4
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref4
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref4
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref4
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref4
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref4
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref5
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref5
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref5
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref5
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref6
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref6
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref6
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref6
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref7
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref7
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref7
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref7
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref7
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref7
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref8
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref8
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref9
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref9
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref9
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref9
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref9
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref9
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref9
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref9
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref9
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref9
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref9
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref9
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref10
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref10
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref10
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref10
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref10
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref10
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref11
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref11
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref11
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref11
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref11
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref11
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref11
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref11
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref12
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref12
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref12
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref12
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref13
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref13
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref13
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref13
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref13
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref14
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref14
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref15
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref15
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref15
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref15


M. Najem et al. Heliyon xxx (xxxx) xxx
[16] M. Fennane, M. Ibn Tattou, Mathez J.A. Ouyahya, J. El Oulaidi, Flore pratique du
Maroc. vol 1, Travaux Institut Scientifique, S�er. Botanique N� 36, Rabat, 1999.

[17] M. Fennane, M. Ibn Tattou, A. Ouyahya, J. El Oulaidi, Flore pratique du Maroc. Vol.
2, Travaux Institut Scientifique. S�er. Botanique N� 38, Rabat, 2007.

[18] S. Vitalini, M. Iriti, C. Puricelli, D. Ciuchi, A. Segale, G. Fico, Traditional knowledge
on medicinal and food plants used in Val San Giacomo (Sondrio, Italy)—an alpine
ethnobotanical study, J. Ethnopharmacol. 145 (2013) 517–529.

[19] A.L. Cadena-Gonz�alez, M. Sørensen, I. Theilade, Use and valuation of native and
introduced medicinal plant species in Campo Hermoso and Zetaquira, Boyac�a,
Colombia, J. Ethnobiol. Ethnomed. 9 (2013) 1–34.

[20] M.S. Musa, F.E. Abdelrasool, E.A. Elsheikh, L. Ahmed, A.L. Mahmoud, S.M. Yagi,
Ethnobotanical study of medicinal plants in the blue nile state, southeastern Sudan,
J. Med. Plants Res. 5 (17) (2011) 4287–4297.

[21] O. Nawash, M. Shudiefat, R. Al-Tabini, K. Al-Khalidi, Ethnobotanical study of
medicinal plants commonly used by local Bedouins in the Badia region of Jordan,
J. Ethnopharmacol. 148 (2013) 921–925.

[22] M. Heinrich, A. Ankli, B. Frei, C. Weimann, O. Sticher, Medicinal plants in Mexico:
healers' consensus and cultural importance, Soc. Sci. Med. 47 (11) (1998)
1859–1871.

[23] N. Chaachouay, O. Benkhnigue, M. Fadli, H. El Ibaoui, L. Zidane, Ethnobotanical
and ethnopharmacological studies of medicinal and aromatic plants used in the
treatment of metabolic diseases in the Moroccan Rif, Heliyon 5 (10) (2019),
e02191, 1–9.

[24] L. Bachiri, N. Labazi, A. Daoudi, J. Ibijbijen, L. Nassiri, G. Echchegadda,
F. Mokhtari, �Etude ethnobotanique de quelques lavandes marocaines spontan�ees,
Int. J. Biol. Chem. Sci. 9 (3) (2015) 1308–1318.

[25] H. Harouak, K. Falaki, E.H. Bouiamrine, F. Oudija, J. Ibijbijen, L. Nassiri,
Ethnobotanical survey of plants used in treatment of oral diseases in the city of
Meknes, Morocco, Int. J. Herb. Med. 6 (6) (2018) 46–49.

[26] A. Bammou, K. Daoudi, Sellam L. El Rhaffari, J. Ibijbijen, L. Nassiri, �Etude
ethnobotanique des Ast�erac�ees dans la r�egion Mekn�es-Tafilalet (Maroc), Int. J.
Innovat. Appl. Stud. 13 (4) (2015) 789–815.

[27] F. El Amrani, A. Rhallab, T. Alaoui, K. El Badaoui, S. Chakir, �Etude
ethnopharmacologique de quelques plantes utilis�ees dans le traitement du diab�ete
dans la r�egion de Mekn�es-Tafilalet (Maroc), Phytoth�erapie 8 (3) (2010) 161–165.

[28] C. Anyinam, Ecology and ethnomedicine: exploring links between current
environmental crisis and indigenous medical practices, Soc. Sci. Med. 40 (3) (1995)
321–329.

[29] G.C. Benítez, M.R. Gonz�alez-Tejero, J. Molero-Mesa, Pharmaceutical ethnobotany
in the western part of Granada province (southern Spain): ethnopharmacological
synthesis, J. Ethnopharmacol. 129 (2010) 87–105.

[30] V. Savo, C. Giulia, G.P. Maria, R. David, Folk phytotherapy of the amalfi coast
(campania, southern Italy), J. Ethnopharmacol. 135 (2011) 376–392.

[31] L. Nassiri, S. Zarkani, A. Daoudi, M. Bammou, E.H. Bouiamrine, J. Ibijbijen,
Contribution �a l'�elaboration d'un catalogue ethnobotanique de la commune rurale
d'Aguelmous (Province de Kh�enifra, Maroc), Int. J. Innovat. Appl. Stud. 17 (2)
(2016) 373–387.

[32] M. Najem, R. Belaidi, H. Harouak, E.H. Bouiamrine, J. Ibijbijen, L. Nassiri,
Occurrence de plantes toxiques en phytoth�erapie traditionnelle dans la r�egion du
Moyen Atlas central Maroc, J. Anim. Plant Sci. 35 (2) (2018) 5651–5673.

[33] S. Dragland, H. Senoo, K. Wake, Several culinary and medicinal herbs are important
sources of dietary antioxidants, J. Nutr. 133 (5) (2003) 1286–1290.

[34] A. Sijelmassi, Les plantes m�edicinales du Maroc, Edition Le Fennec, Casablanca,
1993.

[35] S. Zougagh, A. Belghiti, T. Rochd, I. Zerdani, J. Mouslim, Medicinal and aromatic
plants used in traditional treatment of the oral pathology: the ethnobotanical survey
in the economic capital Casablanca, Morocco (north africa), Nat. Prod.
Bioprospecting 9 (1) (2019) 35–48.

[36] H. Harouak, J. Ibijbijen, L. Nassiri, Evaluation of the importance of medicinal and
aromatic plants used against oral pathology in the Meknes city through
determination of quantitative indices, Int. J. Dent. Sci. Innovat. Res. (IJDSIR) 2 (5)
(2019) 145–153.

[37] N. Chaachouay, O. Benkhnigue, H. El Ibaoui, R. El Ayadi, L. Zidane, Medicinal
plants used for diabetic problems in the Rif, Morocco, Ethnobot. Res. Appl. 18 (21)
(2019) 1–19.

[38] Y.W. Han, W. Shi, G.T. Huang, S. Kinder Haake, N.H. .Park, H. Kuramitsu,
R.J. Genco, Interactions between periodontal bacteria and human oral epithelial
11
cells: Fusobacterium nucleatum adheres to and invades epithelial cells, Infect.
Immun. 68 (6) (2000) 3140–3146.

[39] G. Yaseen, M. Ahmad, S. Sultana, A. Suleiman Alharrasi, J. Hussain, M. Zafar,
Shafiq-ur-rehman, ethnobotany of medicinal plants in the thar desert (sindh) of
Pakistan, J. Ethnopharmacol. 163 (2015) 43–59.

[40] F. Molloumba, F. Bossali, P.J. Molloumba, G. Ewam�ela, Pharmacopeia of the
Pygmies people in the north west of Congo Brazzaville for oral diseases, Actes
Soci�et�e française d'histoire de l'art dentaire 16 (2011) 97–101.

[41] M. Ould El Hadj, M. Didi, M. Hadj-Mahammed, H. Zabeirou, Place des plantes
spontan�ees dans la m�edicine traditionnelle de la r�egion d’Ouargla (Sahara
septentrional Est), Courrier du Savoir 3 (2003) 47–51.

[42] R. Dextreit, La cure v�eg�etale, Toutes les plantes pour se gu�erir, Vivre en harmonie: 3
�eme ed (1984).

[43] I. Slimani, M. Najem, R. Belaidi, L. Bachiri, E.H. Bouiamrine, L. Nassiri, J. Ibijbijen,
�Etude ethnobotanique des plantes m�edicinales utilis�ees dans la r�egion de Zerhoun
-Maroc-, Int. J. Innovat. Appl. Stud. 15 (4) (2016) 846–863.

[44] M. Fadil, A. Farah, T. Haloui, S. Rachiq, �Etude ethnobotanique des plantes
exploit�ees par les coop�eratives et les associations de la r�egion Mekn�es-Tafilalet au
Maroc, Phytoth�erapie 13 (1) (2014) 19–30.

[45] H. Lahsissene, A. Kahouadji, Usages th�erapeutiques traditionnels des plantes
m�edicinales dans le Maroc Occidental : cas de la r�egion de Za€er, Phytoth�erapie 8
(2010) 210–217.

[46] M. Najem, R. Belaidi, I. Slimani, E.H. Bouiamrine, J. Ibijbijen, L. Nassiri,
Pharmacop�ee traditionnelle de la r�egion de Zerhoun - Maroc -: connaissances
ancestrales et risques de toxicit�e, Int. J. Biol. Chem. Sci. 12 (6) (2018) 2797–2807.

[47] H. Harouak, K. Falaki, E.H. Bouiamrine, J. Ibijbijen, L. Nassiri, Diversity of
medicinal plants used on oral disease in the city of Meknes, Morocco, J. Med. Plant.
Stud. 6 (5) (2018) 117–122.

[48] K. Bouzouita, Phytovigilance : enquête aupr�es des pharmaciens officinaux d’Oujda,
In Facult�e de M�edecine et de Pharmacie RabaT: Universit�e Mohammed V (2016)
158.

[49] W. Masri, I. Belwaer, F. Khlifi, A. Nouioui, D. Ben salah, D. Amira, A. Hedhili,
A propos d’un cas d’intoxication aigüe par Ruta montana, Phytoth�erapie 13 (2015)
36–38.

[50] V. Hammiche, R. Merad, M. Azzouz, Plantes toxiques �a usage m�edicinal du pourtour
m�editerran�een, Springer-Verlag, France, Paris, 2013.

[51] M. Najem, R. Belaidi, E.H. Bouiamrine, J. Ibijbijen, L. Nassiri, La rue de montagne «
Ruta Montana L.» : usages en pharmacop�ee traditionnelle au Moyen Atlas central et
risques de toxicit�e, Proceed. BIOSUNE’1 (2018) 62–66.

[52] C.J. Seak, C.C. Lin, Ruta graveolens intoxication, Clin. Toxicol. (Phila) 45 (2) (2007)
173–175.

[53] A. Charnot, La toxicologie au Maroc, M�emoires de la soci�et�e des sciences naturelles
du Maroc (1945).

[54] C. Daniele, S. Dahamna, O. Firuzi, N. Sekfali, L. Saso, G. Mazzanti, Atractylis
gummifera L. poisoning: an ethnopharmacological review, J. Ethnopharmacol. 97
(2005) 175–181.

[55] M. Georgiou, L. Sianidou, T. Hatzis, J. Papadatos, A. Koutselinis, Hepatotoxicity due
to Atractylis gummifera-L. J. Toxicol. Clin. Toxicol. 26 (1988) 487–493.

[56] C. Hamouda, H. H�edhili, N. Ben Salah, M. Zhioua, M. Amamou, A review of acute
poisoning from Actractylis gummifera L.,, Vet. Hum. Toxicol. 46 (2004) 144–147.

[57] N. Tahri, A. El Basti, L. Zidane, A. Rochdi, A. Douira, Etude ethnobotanique des
plantes medicinales dans la province de Settat (Maroc), J. Forest. Fac. 12 (2) (2012)
192–208.

[58] L. Zenjari, F.Z. Elfatoiki, F. Hali, S. Chiheb, Phytophotodermatose des mains �a
Marrubium vulgare chez une enfant, Ann. Dermatol. V�en�er�eol. 146 (12) (2019)
A193–A194.

[59] J. Bellakhdar, La pharmacop�ee marocaine traditionnelle, m�edecine arabe ancienne
et savoirs populaires, Editions Le Fennec, Casablanca, 1997. Ibis Press.

[60] F.A. Al-Hizab, Y.A. Hussein, M.M. Hasseeb, S.E. Barakat, M.S. Moqbel, Toxico-
pathological studies of Foeniculum vulgare plant in mice, Open J. Pathol. 8 (2018)
123–131.

[61] J. Bruneton, Plantes toxiques : v�eg�etaux dangereux pour l'Homme et les animaux,
3�eme �edition Paris: Lavoisier (2007).

[62] �E. Adjanohoun, Contribution aux �etudes ethnobotaniques et floristiques en
R�epublique populaire du B�enin (M�edecine traditionnelle et pharmacop�ee), Agence
de coop�eration culturelle et technique, Paris, 1985.

http://refhub.elsevier.com/S2405-8440(20)31550-4/sref16
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref16
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref16
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref16
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref17
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref17
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref17
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref17
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref18
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref18
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref18
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref18
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref18
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref19
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref19
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref19
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref19
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref19
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref19
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref20
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref20
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref20
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref20
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref21
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref21
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref21
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref21
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref22
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref22
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref22
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref22
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref23
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref23
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref23
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref23
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref23
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref24
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref24
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref24
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref24
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref24
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref24
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref25
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref25
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref25
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref25
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref26
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref26
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref26
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref26
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref26
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref26
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref26
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref26
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref26
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref27
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref27
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref27
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref27
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref27
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref27
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref27
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref27
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref27
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref27
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref28
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref28
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref28
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref28
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref29
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref29
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref29
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref29
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref29
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref30
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref30
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref30
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref31
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref31
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref31
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref31
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref31
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref31
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref31
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref31
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref32
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref32
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref32
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref32
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref32
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref32
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref33
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref33
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref33
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref34
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref34
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref34
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref35
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref35
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref35
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref35
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref35
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref36
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref36
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref36
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref36
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref36
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref37
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref37
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref37
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref37
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref38
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref38
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref38
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref38
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref38
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref39
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref39
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref39
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref39
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref40
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref40
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref40
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref40
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref40
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref40
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref40
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref41
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref41
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref41
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref41
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref41
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref41
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref41
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref42
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref42
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref42
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref42
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref42
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref43
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref43
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref43
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref43
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref43
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref43
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref43
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref44
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref44
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref44
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref44
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref44
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref44
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref44
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref44
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref44
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref44
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref45
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref45
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref45
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref45
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref45
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref45
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref45
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref45
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref45
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref46
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref46
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref46
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref46
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref46
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref46
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref46
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref47
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref47
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref47
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref47
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref48
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref48
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref48
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref48
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref48
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref48
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref48
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref48
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref49
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref49
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref49
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref49
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref49
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref50
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref50
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref50
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref50
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref50
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref50
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref51
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref51
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref51
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref51
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref51
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref51
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref52
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref52
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref52
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref53
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref53
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref53
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref53
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref53
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref54
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref54
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref54
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref54
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref55
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref55
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref55
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref56
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref56
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref56
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref56
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref57
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref57
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref57
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref57
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref58
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref58
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref58
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref58
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref58
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref58
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref58
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref59
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref59
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref59
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref59
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref60
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref60
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref60
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref60
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref61
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref61
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref61
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref61
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref61
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref61
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref62
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref62
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref62
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref62
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref62
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref62
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref62
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref62
http://refhub.elsevier.com/S2405-8440(20)31550-4/sref62

	Oral disorders and ethnobotanical treatments: A field study in the central Middle Atlas (Morocco)
	1. Introduction
	2. Materials and methods
	2.1. The study area
	2.2. The characteristics of the informants
	2.3. The choice of criteria
	2.3.1. Inclusion criteria
	2.3.2. Exclusion criteria

	2.4. Data collection and interview methods
	2.5. Plant species identification and preservation
	2.6. Statistical analysis
	2.7. Quantitative analysis of the ethnobotanical data
	2.7.1. Use value (UV)
	2.7.2. Family use values (FUV)
	2.7.3. Relative frequency of citation (RFC)
	2.7.4. Fidelity level (FL)
	2.7.5. Informant consensus factor (ICF)
	2.7.6. Plant part value (PPV)


	3. Results and discussion
	3.1. Socio-demographic data of interviewees
	3.2. Quantitative analyse
	3.2.1. Frequency of families and their use value
	3.2.2. Species citation frequency and use value
	3.2.3. Oral diseases treated, fidelity level and informant consensus factor
	3.2.4. Parts of plants used for the treatment of oral diseases
	3.2.5. Preparation methods and routes of administration

	3.3. Inherent toxicity risks of phytotherapy in case of oral diseases

	4. Conclusion
	4.1. Study limitations

	Declarations
	Author contribution statement
	Funding statement
	Competing interest statement
	Additional information

	Acknowledgements
	References


