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ARTICLE INFO ABSTRACT

Keywords: In the highlands of Bordj Bou Arreridj in Northeast Algeria, traditional knowledge about medicinal plants is still
Bordj Bou Arreridj put to use, but has been poorly explored by researchers. In view of its natural and cultural richness and the socio-
Ethnobotany economic context, this area is an ideal location for the study of aromatic and medicinal plants and their tra-
Medicinal plants ditional uses. The aim of this ethnobotanical study was to shed light on how medicinal plants are used in
;;;?:;I:r};py traditional phytotherapy in the region of Bordj Bou Arreridj. Over a two-year period (2014-2016), herbalists
Survey practicing phytotherapy in the region were surveyed, and asked to provide information about themselves and the
plants they used (vernacular name, mode of preparation, parts used and toxicity). The data was analyzed in
terms of the Use-Value of species (UV), Medicinal Informant Agreement Ratios (Med. IARs), Fidelity Level (FL)
and the Informant Consensus Factor (ICF). Among the 51 herbalists interviewed, men dominated the practice of
traditional phytotherapy. The majority of these herbalists, whose ages varied between 46 and 65, were illiterate.
During the survey, 83 species of medicinal plants were identified. They belonged to 66 genera and 37 botanical
families, among which Lamiaceae were the most used. The herbalists most commonly used plant leaves, and for
the most part, preferred to prepare the remedy in the form of infusions. Origanum vulgare subsp. glandulosum
(Desf.) Ietsw., Rosmarinus eriocalyx Jord.& Fourr. and Allium cepa L. were the plants with the most important UV.
Thirty-eight species had maximum values for the Med IARs index and digestive diseases were those with the
highest ICF value. Interviewees indicated 10 taxa possessing toxicity but did not indicate the toxicity limits of
each plant. Taxonomic analysis allowed the authors to recognize several taxa having changed systematic posi-
tions and/or nomenclature. The chorological analysis led the authors to distinguish 6 endemic taxa and 13 taxa
that were not native to the country. The importance of this study lies in the originality of the information
obtained, which must be preserved and used by researchers in pharmacology and other fields. Particular interest
should be devoted to the taxonomic and chorological aspects of medicinal plants in order to avoid common

serious errors in this kind of research.
1. Introduction knowledge and practices regarding traditional medicine have been
passed from one generation to the next as oral tradition. In recent years,
The great majority of the world’s developing countries (80%) uses several African countries have strengthened training programs for tra-
medicinal plants for health purposes and for the treatment of pain ditional health practitioners to increase their knowledge (WHO, 2013).
(Cunningham, 1993; Agisho et al., 2014). In the African region, Traditional medicine and especially herbal treatments are well

Abbreviations: ANDI, Agence Nationale de Développement de I'Investissement (National Agency for Investment Development); APG, Angiosperm Phylogeny Group;
DPSB, Direction de la programmation et suivie budgétaire (Directorate of Programming and Budget Monitoring); FL, fidelity level; ICF, informant consensus factor,
med; IARs, medicinal informant agreement ratios; UV, use-value; WHO, World Health Organization

* Corresponding author.

E-mail addresses: miaral4130@yahoo.fr (M.D. Miara), bendif hamdi@yahoo.fr (H. Bendif), rebbaskhellaf@yahoo.fr (K. Rebbas),
bounar.rabah@yahoo.fr (B. Rabah), mohamedaithammou@gmail.com (M.A. Hammou), filippo.maggi@unicam.it (F. Maggi).

https://doi.org/10.1016/j.hermed.2019.100262

Received 25 March 2017; Received in revised form 26 January 2019; Accepted 6 February 2019
Available online 21 February 2019

2210-8033/ © 2019 Elsevier GmbH. All rights reserved.


http://www.sciencedirect.com/science/journal/22108033
https://www.elsevier.com/locate/hermed
https://doi.org/10.1016/j.hermed.2019.100262
https://doi.org/10.1016/j.hermed.2019.100262
mailto:miara14130@yahoo.fr
mailto:bendif_hamdi@yahoo.fr
mailto:rebbaskhellaf@yahoo.fr
mailto:bounar.rabah@yahoo.fr
mailto:mohamedaithammou@gmail.com
mailto:filippo.maggi@unicam.it
https://doi.org/10.1016/j.hermed.2019.100262
http://crossmark.crossref.org/dialog/?doi=10.1016/j.hermed.2019.100262&domain=pdf

M.D. Miara, et al.

developed in Algeria, but the use of conventional medicine has led to
the neglect of these ancestral practices, which risk being forgotten
(Rebbas et al., 2012).

In Algeria, several authors have published books on traditional
phytotherapy and ethnobotany (Baba Aissa, 1991; Beloued, 1998; Ait
Youssef, 2006) and ethnobotanical research (Rebbas et al., 2012;
Boudjelal et al., 2013; Miara et al., 2013; Meddour and Meddour-Sahar,
2015; Benarba et al., 2015; Chermat and Gharzouli, 2015; Lakhdari
et al.,, 2016; Ouelbani et al., 2016). However, this country remains
poorly explored, even though it encompasses considerable natural re-
sources distributed in different ecosystems and has considerable flor-
istic diversity. In this area, old knowledge and therapeutic practices are
still jealously preserved. This is the case of the Bordj Bou Arreridj re-
gion, where to date no investigation on medicinal plants or their tra-
ditional therapeutic uses had been conducted, hence the importance
and necessity of this first exploratory study.

This area of the Algerian highlands constitutes an ideal location for
the study of plant species and their traditional uses in view of its natural
and cultural richness and other considerations related to the geo-
graphical situation and the socio-economic context of this region. This
area is characterized by a population of farmers and peasants who have
retained many old practices transmitted through the generations.
Factors such as poverty and the lack of socio-economic development
programs, particularly in the field of health, have prompted the local
population to use traditional medicine as a cheap alternative to pro-
ducts from the pharmaceutical industry. For example, Bordj Bou
Arreridj has only 5 hospitals with a capacity of 747 beds for a total
population of approximately 690,000 inhabitants (DPSB (Direction de
la programmation et suivie budgétaire), 2015). The bibliographical
search for studies on plants and ethnopharmacological knowledge in
this region indicated that no research has been carried out or published
for this region, which remains rather ecologically and socio-econom-
ically different from other areas already explored. Thus it was hoped
that original therapeutic uses of plants might be found in this region,
because it is very common for the population to turn to herbalist
practitioners of traditional medicine and because little is known in the
academic world about their accumulated wisdom.

In this context, this work reports the results of this first regional
study to answer the following questions:

- What are the plant species used in local phytotherapy and what are
their characteristics and properties (names, uses, chorologies and
taxonomy)?

- What are the characteristics of herbalists of the region practicing
traditional medicine and what are the social factors (sex, age, family
situation, level of study, ...) influencing the uses of the plants?

- What are the original local uses off plants in this region that are
unknown elsewhere?

Thus, the aim of this study was to identify the medicinal plants and
to analyze the old knowledge used in phytotherapy in the Bordj Bou
Arreridj region. The investigations focused on plant identification, uses,
and method of administration, while data analyses centered on floristic,
therapeutic, taxonomic and chorologic aspects.

2. Materials and methods
2.1. Study area

The region of Bordj Bou Arreridj, located in the eastern highlands of
the country, extends on the Algiers-Constantine axis at the geographical
point 36 “North latitude and 4°30” East longitude (Fig. 1). It is delimited
to the North by the city of Bejaia, to the East by Setif, to the West by
Bouira and to the South by Msila. It covers an area of around 3921 km?,
with altitudes ranging from 302 to 1885 m. The highlands can be di-
vided into 3 main zones: the high plains zone, the mountainous zone
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and the steppe zone. The climate is of semi-arid continental type with
harsh winters and dry and hot summers, but there are rainfall contrasts
related to the altitude between the different main zones (Seltzer, 1946;
Le Houerou, 1995).

The population of the Bordj Bou Arréridj region reached 693,906
inhabitants in 2015 (DPSB (Direction de la programmation et suivie
budgétaire), 2015), and its economy is based on agriculture. The high
plains are farmed for high-yield cereals, while in the north, the
mountainous area of the Bibans is dominated by arboriculture, pre-
dominantly olives and figs, and features many traditional oil mills. The
south-west is a steppe area, and is used for livestock grazing (ANDI
(Agence Nationale de Développement de I'Investissement), 2013).

2.2. Ethnobotanical surveys

The surveys were carried out over a period of two years
(2014-2016).

A non-probabilistic sampling method called "non-random sampling
by snowball" (Cochran, 1977) was used which consisted of identifying
an informant, in our case an herbalist, and then asking this person in
turn to indicate another informant from the same community. This
process continues until all the possible informants have been identified
and interviewed (Houéhanou et al., 2016). According to Espinosa et al.
(2014), this sampling technique can be used in exploratory studies in
quantitative ethnobotany.

The data was collected through interviews, and subsequently codi-
fied and categorized for proper statistical analysis (Albuquerque et al.,
2014). The authors used a structured interview with a two-part ques-
tionnaire (supplementary on-line data). The first part concerned the
profile of the interviewed herbalist (sex, age, family situation, level of
study), while the second part concerned plants and their uses (verna-
cular name, use and diseases treated, mode of use, part used, toxicity).
At the end of each interview, researchers bought plant specimens from
the interviewees in order to identify them and add them to a herbarium.
The botanical identification of the specimens was made using the fol-
lowing floras: Battandier and Trabut (1895); Maire (1959) and Quezel
and Santa (1962-63). The updating of the old nomenclature of these
references was carried out through the index of the database of North
Africa (Dobignard and Chatelain, 2010) and the The Plant List database
(www.theplantlist.org). Voucher specimens were confirmed and de-
posited in the herbarium of the Laboratory of Botany of the University
of Tiaret, Algeria.

2.3. Data analysis

Data were analyzed according to four indices frequently used in
similar studies (Abu-Irmaileh and Afifi, 2003; Thomas et al., 2009;
Nzuki Bakwaye et al., 2013; Zashim Uddin and Abul Hassan, 2014;
Benarba et al., 2015; Eddouks et al., 2016; Houéhanou et al., 2016;
Ouelbani et al., 2016).

The use-value of species (UV) (Phillips and Gentry, 1993 modified by
Rossato et al., 1999) is a quantitative method that demonstrates the
relative importance of species in a community (Houéhanou et al.,
2016). It is calculated according to the following formula:

UV = ZU/N

Where: U is the number of citations per species and N the number of
informants.

Medicinal Informant Agreement Ratio (Med. IARs) has been proposed
by Trotter and Logan (1986) as follows:

0 <IARs = Nr-Na/Nr-1 < 1

Whereby Nr is the total number of medicinal responses registered for
species s and Na is the number of ailments or health conditions that are
treated with this species.


http://www.theplantlist.org
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BORDJ BOU ARRERIDJ REGION

Fig. 1. Location of the study area Bordj Bou Arreridj, Northeast Algeria (ANDI (Agence Nationale de Développement de I'Investissement), 2013).

The IARs of a medicinal species varies between 0 (when the number
of health conditions treated equals the number of medicinal responses)
and 1 (whereby all participants agree upon the exclusive use of the
species for a particular health condition (Thomas et al., 2009). Unlike
the use value (UV), which does not reflect the informants’ consensus
very much, this technique takes into account this parameter (Nzuki
Bakwaye et al., 2013).

The Fidelity level, (FL) (Friedman et al., 1986) is used to determine
the plant species most frequently used by the informants for treating a
particular ailment category. It is calculated using the following formula:

FL (%) = (Np/N x 100)

Where: Np refers to the number of informants citing the use of the plant
for a particular ailment category and N is the total number of in-
formants citing the plant for any ailment category.

The Informant’ Consensus Factor, ICF (Trotter and Logan, 1986) is
employed to indicate the extent to which the information is homo-
geneous. It is calculated according to the formula:

ICF= (Nur — Nt)/(Nur - 1)

Where: Nur is the number of used citations in each category and Nt is
the number of species reported in each category.

3. Results

Table 1 reports the results obtained from the surveys (plant family,
scientific name, specimen code, local name, used part, preparation,
local use, use value, Med IARs value, recorded literature uses and re-
ference).

3.1. Characteristics of informants

During the survey, 51 herbalists living in the region of Bordj Bou
Arreridj, Algeria, were interviewed. The information obtained in regard
to the characteristics of these herbalists is summarized in Table 2. The
majority of the practitioners interviewed were men (44 people, 86%),

while only 14% (7 people) were women, in line with the traditions of
this conservative population, according to which women are generally
not allowed to be involved in commercial activities, which for the most
part are reserved for men.

Among the herbalists questioned, those aged 46-65 years were the
most prevalent, at 51% (26 people), followed by the over 65 year-olds,
at 27% (14 people). The herbalists aged 25-45 years were a moderate
20% of the group (10 people), while there was only 1 person under 25
(2%).

More than half of the herbalists were illiterate, with no level of
study (51%, 26 people). Those with a primary or secondary level of
education accounted for 35% (18 people), while college graduates were
only 14% of the group (7 people).

3.2. Botanical diversity

The surveys carried out with these herbalists allowed the identifi-
cation of 83 species of medicinal plants used as traditional remedies by
the local population. These plants belonged to 66 genera and 37 bo-
tanical families. The Lamiaceae dominated the list of traditional re-
medies with 11 species (13%), followed by Asteraceae, 10 species
(12%), Apiaceae, 6 species (7%), Fabaceae, 5 species (6%) and Poaceae,
4 species (4%) (Fig. 2).

3.3. Part used and mode of preparation

Leaves were the most frequently used part, named in 42% of the
citations, followed by the aerial parts, at 28%. The other parts were
little used in local phytotherapy (Fig. 3). The plants indicated by
herbalists were mainly used as infusions (40%) and decoction (28%).
Other methods of use (powder, raw material, maceration, cooked, fu-
migation) were less frequent (Fig. 4).

3.4. The use-value (UV)

The use-values (UV) calculated for the plant species used by
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Table 2
Characteristics of informants by sex, age and level of education.

Journal of Herbal Medicine 16 (2019) 100262

Distribution of informants Categories Number of informants Percentage of informants %
By sex Men 44 86.27
Women 7 13.72
By age range Less than 25 1 1.96
Years
25-45 years 10 19.61
46-65 years 26 50.98
More than 65 years 14 27.45
By education level Illitirate 26 50.98
Primary and Secondary education 18 35.29
University education 7 13.72

herbalists showed that O. vulgare subsp. glandulosum, R. eriocalyx and A.
cepa were those with the highest importance (1.55, 1.39 and 1.37, re-
spectively). These were followed by H. vulgare (1.12), T. munbyanus
subsp. coloratus (0.98) and P. halepensis (0.55). Other species scoring
interesting values were T. foenum-graecum (0.49), S. pectinata (0.41), C.
cyminum (0.39), A. iva and N. oleander (0.37 each) (Table 1).

3.5. Medicinal informant agreement ratio (Med. IARs)

The values of med IARs obtained revealed 38 species with IARs
equal to 1, namely: A. sativum A. papilionacea, A. absinthium, A. ramosus,
A. halimus, B. elatum, C. senna var. senna, C. microcarpa, C. siliqua, C.
cirrhosa, C. monogyna, E. globulus, F. carica, F. vulgare, H. naudinianum,
L. nobilis, L. europaeus, M. spicata, M. alba, O. ficus-indica, P. harmala, P.
crispum, P. atlantica, P. nigra, P. granatum, Q. ilex subsp. ballota, R.
alaternus, R. montana, S. undulata, S. arvensis, S. oleraceus, S. oleracea, T.
gallica, T. hirsuta, T. durum, V. thapsus, V. vinifera and Z. lotus.

The rest of the species had values varying between 0.75 and 0.96.
The only species with a value less than 0.5 was M. sylvestris (0.40)
(Table 1).

3.6. The fidelity level (FL)

The Fidelity level (FL) results for the ten most cited species showed
that the most important value was attributed to C. cyminum (75%) and
S. pectinata (57%) for the treatment of digestive problems (see Table 3),
followed by R. eriocalyx, A. cepa and J. oxycedrus (40% each) for these
ailments. Wild thyme (T. munbyanus subsp. coloratus) with an FL value
of 54% was used for cardiovascular problems, while Fenugreek (T.
foenum-graecum) with an FL value of 32%, was used for diabetes. Pinus
halepensis presented an FL value of 28% for the treatment of respiratory
diseases. Oregano (O. vulgare subsp. glandulosum) had an FL value of
22% for the treatment of influenza and rheum, while for kidney pro-
blems the herbalists used common barley, with an FL value of 21%.

3.7. Informant consensus factor (ICF)

The calculated ICF values for diseases treated by local herbalists in
the region (Table 4) showed that digestive disorders were those with
the highest values (0.88). This category of disease was treated with
more than half of all the species identified in the surveys (44 species),
the most cited of which were A. cepa, C. cyminum and R. eriocalyx.

Respiratory disorders (ICF = 0.87) were treated with 13 species,
and among these, O. vulgare subsp. glandulosum was the most frequently
mentioned. Cardiovascular diseases (ICF = 0.86) were treated with 14
species, with T. munbyanus subsp. coloratus as the most cited. Kidney
problems, with an ICF value of 0.86, were treated with 16 species, of
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which the most cited was H. vulgare. An ICF value of 0.85 was assigned
to wounds, anemia and rheumatism diseases, which are treated with
21, 28, 56 species, respectively. The ICF value for hair diseases was
0.84, and they were treated with 34 species. Influenza and rheum, skin
diseases, liver diseases, diabetes and nervous problems scored an ICF
value of 0.83. Diseases with low ICF values were urinary tract disorders,
sexual problems and tumors, with values of 0.82, 0.81 and 0.8 re-
spectively.

3.8. Toxic plants

The herbalists interviewed reported 10 plants that were toxic when
used at high doses. They were A. absinthium L., P. harmala L., E. globulus
Labill., F. vulgare Mill., L. sativum L., M. pulegium L., N. oleander L., Q.
ilex subsp. ballota (Desf.) Samp., R. eriocalyx and R. montana.

In regard to dosage, the herbalists reported that the dose differed
from one plant to another, and must be adjusted by taking into con-
sideration several parameters, such as the patient’s age, general state of
health, previous diseases or presence of any current chronic diseases.
Unfortunately, there was no general agreement on precise dose limits
for these plants.

3.9. Taxonomy, nomenclature and chorology

Many species mentioned in the survey have been re-assigned to
different botanical families following recent taxonomic reviews (APG,
2009). They include species of the Chenopodiaceae, which now appear
in the Amaranthaceae; some species of the Alliaceae family, which are
now included in the Amaryllidaceae; the Illecebraceae, now converted
into Caryophyllaceae; and some species of the Caesalpiniaceae and
Plantaginaceae, which are now included in the Fabaceae and Globu-
lariaceae, respectively.

Advanced verifications of the nomenclature of the taxa allowed the
authors to highlight several taxonomic and chorological changes. The
taxa subjected to changes of the scientific name are: S. tenacissima
which now is reported as M. tenacissima, C. oxyacantha (now recognized
as C. monogyna), C. angustifolia (C. senna var. senna), A. gummifera (C.
gummifera), A. nobilis (C. nobile), I viscosa (D. viscosa), S. rosmarinifolia
(Santolina pectinata), A. visnaga (V. daucoides) and A. microcarpus (A.
ramosus).

In regard to chorology, it was found that 13 taxa (15%) were native
to other countries. These plants are cultivated, introduced or natur-
alized. These included S. oleracea, A. sativum, C. cyminum, P. crispum (,
L. sativum, O. ficus-indica, T. foenum-graecum, J. regia, M. spicata, O.
basilicum, M. alba, E. globulus, V. thapsus and Z. officinale.

Six endemic species were also recognized: B. elatum (Batt.) Batt.
(Algeria), C. microcarpa Batt. (Algeria and Tunisia), H. naudinianum
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Fig. 2. Contribution of botanical families (number of species).
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Fig. 3. Proportion of plant parts used by local herbalists.

Coss. & Durieu (endemic to Algeria), O. vulgare subsp. glandulosum
(Algeria and Tunisia), R. eriocalyx (Algeria, Morocco and Libya) and T.
munbyanus subsp. coloratus (Algeria and Morocco).

4. Discussion

The number of herbalists interviewed in the present study (51
herbalists) is similar to the numbers reported in previous ethno-
pharmacological investigations performed in Algeria. For example,
Boudjelal et al. (2013) were able to interview 83 herbalists in the Msila
region, while in Mascara, Benarba et al. (2015) interviewed 43 tradi-
tional healers. Similarly, Ouelbani et al. (2016) questioned 45 herbal-
ists in the Constantine region. Other ethnobotanical studies including
interviews of members of the local population have been reported
(Miara et al.,, 2013; Chermat and Gharzouli, 2015; Meddour and
Meddour-Sahar, 2015; Lakhdari et al., 2016; Bouasla and Bouasla,
2017).

The predominance of men among the informants was documented
by Boudjelal et al. (2013). These authors also reported that this situa-
tion is probably due to the cultural traditions of the region, where
women are discouraged from working outside the family. The authors
believe this is also true for the Bordj Bou Arreridj region. On the other
hand, Meddour and Meddour (2015) observed the predominance of
women among the informants interviewed in Kabylia, Algeria, and this
was also the case for the study of Bouasla and Bouasla (2017) in the
Skikda region in the eastern part of the country.

The dominant age category in this study was similar to that ob-
served by Eddouks et al. (2016) in Morocco. In Constantine Algeria
however, Boudjelal et al. (2013) in Msila and Ouelbani et al. (2016)
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reported the dominance of the group aged 30-40 years. As in this study,
the dominant number of illiterate people among the herbalists inter-
viewed was also noted by Boudjelal et al. (2013).

In terms of plant diversity, the number of 83 medicinal species may
be considered noteworthy, in comparison with the numbers reported in
Algerian ethnobotanical surveys by Ould El Hadj et al. (2003) in
Ouergla (37 species), Rebbas et al. (2012) and Boudjelal et al. (2013) in
Msila (60 and 85 species, respectively), Miara et al. (2013) in Tiaret (66
species), Lakhdari et al. (2016) in Oued Righ (53 species) and
Boughrara and Belgacem (2016) in El Kala (40 species). On the other
hand, the number of species was lower than that found by Meddour and
Meddour-Sahar (2015), who reported 98 species traditionally used in
Kabylia. Bouasla and Bouasla (2017) reported 90 species in Skikda,
while Ouelbani et al. (2016) described 102 species used in Constantine,
and Benarba et al. (2015) cited 141 species used in Mascara. Other
studies focused on larger regions and reported a much higher number of
species used; Fakchich and Elachouri (2014); Eddouks et al. (2016) and
Teixidor-Toneu et al. (2016) reported 148, 194 and 159 species, re-
spectively, used as natural remedies in Morocco; Parada et al. (2009)
and Benitez et al. (2010) described 335 and 224 species, respectively,
included in traditional treatments in Spain; Guzel et al. (2015) men-
tioned 222 plant-borne natural medicines used in Turkey and Ali-
Shtayeh et al (2016) reported 198 species used in Palestine.

The most used families in this survey were Lamiaceae and
Asteraceae. These two families are considered as two of the most
evolved among the Angiosperm Dycotiledones. Moreover, they are also
reported as the main source of traditional remedies used in several
Mediterranean regions such as Albania, Algeria, Cyprus, Egypt, Italy,
Morocco, and Spain (Gonzilez-Tejero et al., 2008; Boudjelal et al.,
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Fig. 4. Methods of herbal preparation used by the herbalists.

Table 3 Table 4
Fidelity level (FL) values for the most cited plants (10 species). Informant consensus factor (ICF) values of category of ailments.
Ailment category Species Np N FL (%) Ailment Categories Nur Nt ICF
Digestive disorders Cuminum cyminum 15 20 75.00 Digestive disorders 388 44 0.88
Santolina pectinata 12 21 57.14 Respiratory disorders 95 13 0.87
Rosmarinus eriocalyx 29 71 40.85 Cardiovascular diseases 94 14 0.86
Allium cepa 28 70 40.00 Kidney disorders 16 3 0.86
Juniperus oxycedrus 8 20  40.00 Wounds 21 4 0.85
Cardiovascular diseases ~ Thymus munbyanus subsp. coloratus 27 50 54.00 Anemia 28 5 0.85
Diabetes Trigonella foenum-graecum 8 25 32.00 Rheumatisms 56 9 0.85
Respiratory disorders Pinus halepensis 8 28 28.57 Hair 34 6 0.84
Influenza and rheum Origanum vulgare subsp. glandulosum 18 79 22.78 Influenza and rheum 38 7 0.83
Kidney disorders Hordeum vulgare 12 57 21.05 Skin diseases 84 15 0.83
Liver diseases 37 7 0.83
Np: the number of informants citing the use of the plant for a particular ailment Diabetes 69 12 0.83
category; N: the total number of informants citing the plant for any ailment Central Nervous System 7 2 0.83
category. Urinary tract disorders 85 16 0.82
Sexual problems 12 3 0.81
Tumors 6 2 0.8

2013; Benarba et al., 2015; Meddour and Meddour-Sahar, 2015;
Teixidor-Toneu et al., 2016). Their therapeutic use could be partly due
to the high content of phenolic compounds, which are responsible for
the antioxidant activity (Miliauskas et al., 2004; Khled khoudjaa et al.,
2014; Maulidiani et al., 2014).

However, some authors reported the dominance of other botanical
families in some areas of Algeria. Lakhdari et al. (2016) described the
dominance of Chenopodiaceae in southern Algeria (Sahara), whereas
Bouchikh et al. (2016) found the main use of Asteraceae in the western
Algerian steppe. These particular cases can be explained by the ecolo-
gical conditions, in particular the nature of the substrate which defines
the abundant vegetation type in each of these regions.

The parts most used by herbalists in Bordj Bou Arreridj appeared to
be the leaves. This has also been observed by several authors in dif-
ferent regions of Algeria (Chermat and Gharzouli, 2015; Benarba et al.,
2015; Ouelbani et al., 2016; Bouasla and Bouasla, 2017) and in other
Mediterranean countries (Parada et al., 2009; Benitez et al., 2010;

13

Nur: the number of used citations in each category; Nt: the number of species
reported in each category.

Carri6 and Valleés, 2012; Tahira et al., 2015; Tuttolomondo et al., 2014;
Guzel et al., 2015; Eddouks et al., 2016). This may be related to the
nature of active components and ease of preparation and administration
of the derived remedies (Bruneton, 1999). Several modes of preparation
of plant remedies are practiced in the region of Bordj Bou Arreridj, the
most frequent being the infusion. The dominance of this mode of pre-
paration was also observed in Constantine by Ouelbani et al. (2016).
However, many authors such as Boudjelal et al. (2013); Benarba et al.
(2015) and Eddouks et al. (2016) reported the dominance of other
modes of preparation, such as decoction.

During this survey, the highest UV was attributed to O. vulgare
subsp. glandulosum. This endemic taxon (Algeria-Tunisia) is not very
well known in terms of medicinal properties or chemical composition.
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Table 5
Observed mistakes in identification, chorology and taxonomic confusions in the studies recently published in Algeria.
References Mistake Correction
Boudjelal et al. (2013) Atriplex and Spinacia grouped into Chenopodiaceae Amaranthaceae
Globularia alypum grouped into Globulariaceae Plantaginaceae

Chrysanthemum parthenium

Erythraea centaurium (L.)

Stipa tenacissima L.

Taraxacum officinale F. H. Wigg. in Algeria

Sarri et al. (2014) Lavandula officinalis Chaix. in Algeria
Glycyrrhiza glabra L.
Cassia aschrek Forssk.

Ailanthus glandulosa Desf.

Eugenia caryophyllus (Spreng.) Bullock & S. G. Harrison.

Allium oscalonicum L.
Avena algeriensis Trab.

Benarba et al. (2015)

Benarba et al. (2015) Quercus infectoria G. Olivier in Algeria

Ouelbani et al. (2016) Crataegus oxyacantha L.

Tanacetum parthenium (L.) Sch. Bip.
Centaurium erythraea Rafn
Macrochloa tenacissima (L.) Kunth
To be confirmed

Absent in Algeria

Uncertain presence

Senna italica Mill.

Ailanthus altissima (Mill.) Swingle

Syzygium aromaticum (L.) Merr. & L. M. Perry.

Uncertain presence. Should be replaced by Allium barthianum Asch. & Schweinf.
Avena byzantina K. Koch.

Absent in Algeria

Crataegus monogyna Jacq.

However, O. vulgare (sensu lato) is known in the Mediterranean region
for its various medicinal properties. This herb has been traditionally
used in Spain against enterobiasis and stomach ache, coughs, sore
throat and respiratory disorders (Gonzalez et al., 2010; Alarcon et al.,
2015 in Eddouks et al., 2016). In Italy, it is used for heartburn and
asthma, and as an appetizer, carminative, depurative, digestive and
sedative (Vitalini et al., 2015), while in Turkey it is used as an anti-
diabetic, and in the treatment of colds, flu and urinary inflammations
(Cakilcioglu et al., 2011; Ozdemir and Alpinar, 2015). In Palestine it is
also used against diabetes (Ali-Shtayeh et al., 2011).

Rosmarinus eriocalyx (UV = 1.39) is unknown as a medicinal plant,
though it is frequently used by the Maghreb populations. It is often
confused with R. officinalis L. with which it shares similar properties
(Bendif et al., 2017; Bendif et al., 2017). In Algerian traditional medi-
cine, R. eriocalyx is used in the treatment of infectious diseases and
digestive problems (Gonzélez-Tejero et al., 2008).

Allium cepa (UV = 1.37) is traditionally used in Algeria for the
treatment of skin disorders. It is also used in Albania, Cyprus, Italy and
Spain to treat skin, respiratory and kidney ailments (Gonzélez-Tejero
et al., 2008). This plant is also used in Palestine against diabetes (Ali-
Shtayeh et al., 2011).

Calculated IAR values showed that 38 species have values equal to
1. This indicates that all participants in the survey agree on the ex-
clusive use of the species for a particular disease (Thomas et al., 2009).
For example, the species A. halimus and Beta vulgaris were cited for a
single particular disease category each (the former had 7 citations for
skin diseases while the latter had 9 citations for urinary problems). The
fact that out of the 83 species identified, 38 species had maximum IARs
value and 43 species had values varying between 0.75 and 0.96, in-
dicates that there is a strong consensus on the uses of these species by
the local sampled herbalists which reinforces the value of our results. A
study by Silambarasan and Ayyanar (2015) in India showed that 52
plants among the 118 plants identified had a maximum IARs = 1. These
results are very close to this study and mainly concern the most avail-
able plants in these areas. The authors results shed light on the im-
portance of the availability of herbal resources and maintenance of
local knowledge over their use for medical preparations (Mutheeswaran
et al., 2011). Indeed, except C. microcarpa and A. papilionacea, all plant
species with maximum IARs were fairly well known by local herbalists
and local population of Bordj Bou Arreridj region, as well as being quite
commonly available. These species included: plants available in sur-
rounding forests and preforests in the north of the area such as Q. ilex
subsp. ballota and P. atlantica; plants available in the steppe of the
southern part of Bordj Bou Arreridj region such as A. halimus or A.
absinthium and cultivated plants available on the market ‘souk’ or sold
by local herbalists as ‘Achaba’ such as S. oleracea and A. sativum. In
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contrast, the study of Nzuki Bakwaye et al. (2013) conducted in the
Democratic Republic of Congo showed a much smaller consensus that
may be related to the sampling method, people interviewed and the
multitude of uses and knowledge about local plants.

The most important FL value was reported for C. cyminum for the
treatment of digestive ailments. This was also observed by Benarba
et al. (2015) in Mascara (North West of Algeria). For cardiovascular
problems, the species T. munbyanus subsp. coloratus rated a FL of 57%.
The authors did not find such use in the literature consulted, it could be
said that the use of this species for such problems is unique to the Bordj
Bou Arreridj area.

For diabetes, Eddouks et al. (2016) also reported the use of T.
foenum-graecum with an FL of 41%. For respiratory problems, P. hale-
pensis scored an FL value of 28%. Benarba et al. (2015) reported this
species for the treatment of digestive problems with an FL of 50%. In
the present study, O. vulgare subsp. glandulosum showed an FL of 22%
for use against influenza and rheum. This species was reported by
Ouelbani et al. (2016) in Constantine region and by Eddouks et al.
(2016) in Morocco for use against digestive disorders, with an FL of 73
and 56%, respectively.

For kidney affections, Hordeum vulgare presents an FL value of 21%.
This species was reported by Ouelbani et al. (2016) for use against
cardiovascular disorders with an FL of 74%.

Concerning the calculated values of ICF, the results showed the
predominance of digestive and respiratory diseases. The same results
were obtained by Benarba et al. (2015) in Algeria, Fakchich and
Elachouri (2014), Mikou et al. (2016); Eddouks et al. (2016) in Mor-
occo, and Baydoun et al. (2015) in Lebanon. The highest ICF for di-
gestive diseases is probably related to an unhealthy lifestyle (Ouelbani
et al., 2016). Indeed, the population of the Bordj Bou Arreridj region is
known for a diet very rich in peppers and spices. This may explain the
high frequency of digestive diseases in this region.

Finally, indications concerning the toxicity of plants in the region
are in agreement with those of Garnier et al. (1961), Paris and Moyse
(1976-1981), Sijelmassi (1993), Agra (1996), Bellakhdar (1997) and
Hmamouchi (1999). However, the authors could not find data on the
toxicity of R. eriocalyx.

Many ethnobotanical and phytochemical studies, particularly in
Algeria, contain numerous mistakes in identification and taxonomic
confusions that must be highlighted (Miara et al., 2013). Indeed, the
authors have observed several taxonomic and nomenclatural mistakes
in the studies recently published in Algeria (Table 5).

Boudjelal et al. (2013) made a number of nomenclature errors be-
cause they did not take into account the recent taxonomic changes.
These authors assigned the family of Chenopodiaceae to the genera
Atriplex and Spinacia whereas they are now grouped into the
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Table 6
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Plants used for new therapeutic uses compared with the literature data® in Algeria and neighboring Mediterranean countries.

Plants

New therapeutic uses

Ajuga iva Antirheumatic
Allium cepa

Allium sativum

Beta vulgaris

Carlina gummifera
Ceratonia siliqua
Cuminum cyminum
Cynara cardunculus
Eucalyptus globulus
Hibiscus sabdariffa
Juglans regia

Laurus nobilis

Lavandula stoechas
Macrochloa tenacissima
Malva sylvestris
Marrubium vulgare

Olea europaea L. subsp. europaea
Opuntia ficus-indica
Origanum vulgare subsp. glandulosum
Papaver rhoeas
Paronychia argentea
Peganum harmala

Pinus halepensis

Pistacia atlantica

Pistacia lentiscus

Punica granatum

Retama raetam

Rubus ulmifolius

Ruta chalepensis

Santolina pectinata
Trigonella foenum-graecum
Triticum durum

Zingiber officinale

Ziziphus lotus

Anemia
Anemia

Skin diseases
Skin allergy

Liver diseases

Diuretic
Slimming

Hepatic disorders
Hair, kidney stones
Tumors, to clean irritated eyes

Infected wounds, constipation, hair loss, anti-infectious, anti-inflammatory, antirheumatic, diuretic
Anti-inflammatory, antiseptic, antispasmodic, liquefies the blood

Anti-anemic, aperitif, for asthenia and affections of the liver

Antirheumatic and abdominal pain

Treatment of skin spots

Inflammations of the urinary tract

Rheumatic pains and burns

Anti-hemorrhoid, for inflammations and ophthalmia
A treatment for the hair

Rheumatic pains, hepatic tumors, eczema, influenza
Digestive problems
Treats inflammation of the kidneys and the vesicle (dysuria)
Aphrodisiac and euphoric

Urinary and parasite problems, wounds

Stomach and gastric pains

Respiratory and digestive problems

As a mouthwash to treat mouth problems (aphthous), diarrhea
Healing skin affections, eye irritations, diarrhea

Antidiarrheic, tonic, depurative, healing, cleans wounds and ulcers
Anti-inflammatory, ophthalmic, respiratory disorders

Anemia, growth, pregnancy and lactation
Diuretic, aphrodisiac
Pulmonary affections and jaundice

Rossi et al. (1988); Chevallier (1996); Skim et al. (1999); Merzouki et al. (2000); Jouad et al. (2001); Said et al. (2002); El Hilaly et al. (2003); Ould El
Hadj et al. (2003); Beloued (1998); Hammiche and Maiza (2006); Tahraoui et al. (2007); Allali et al. (2008); Gonzalez-Tejero et al. (2008); Mahmoudi
et al. (2009); Benitez et al. (2010); Cakilcioglu and Turkoglu (2010); El Amrani et al. (2010); Heamalatha et al. (2011); Akrout et al. (2012);
Asgarpanah and Roohi (2012); Hendel et al. (2012); Rebbas et al. (2012); Boudjelal et al. (2013); Miara et al. (2013); Fakchich and Elachouri (2014);
Moussaoui et al. (2014); Tuttolomondo et al. (2014); Benarba et al. (2015); Chermat et Gharzouli (2015); Doukkali et al (2015); Guzel et al. (2015);
Meddour and Meddour-Sahar (2015); Bouchikh et al. (2016); Eddouks et al. (2016); Lakhdari et al. (2016); Ouelbani et al. (2016).

Amaranthaceae family. Globularia alypum, which is currently grouped
into the Plantaginaceae family, was previously included in the Globu-
lariaceae. Also, some taxa have changed names, for example T. par-
thenium which is no longer recognized as C. parthenium. Similarly, C.
erythraea replaces E. centaurium, and M. tenacissima is currently used
instead of S. tenacissima. It should also be noted that the presence of T.
officinale in Algeria is uncertain and remains to be confirmed.

Sarri et al. (2014) reported the occurrence of L. officinalis in the
region of Msila, but this species has so far never been reported for Al-
geria. They cited some species with doubtful occurrence, such as G.
glabra, and also ignored recent changes in nomenclature, especially for
the following species: C. aschrek (now recognized as S. italica), A.
glandulosa (A. altissima) and E. caryophyllus (S. aromaticum).

According to other authors (Benarba et al., 2015) A. oscalonicum. is
a confusing name with doubtful occurrence in Algeria and should be
replaced by A. barthianum. The name A. algeriensis has been rejected
and now corresponds to A. byzantina. Rubia tinctorum is used instead of
R. tinctoria. In the work by Benarba et al. (2015) the description of Q.
infectoria in Algeria raised doubts about its botanical identification.
Finally, Ouelbani et al. (2016) also made some errors, for example using
the name C. oxyacantha which is a rejected name and should be re-
placed with C. monogyna.

In Table 6, the results of the therapeutic uses of plants against the
literature were compared to Algeria and neighboring Mediterranean
countries. It was found that in Bordj Bou Arreridj, 34 species have been
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used for new therapeutic uses, compared with the information found in
regional studies, nationally relevant textbooks and data available from
neighboring countries about herbal medicine, pharmacopoeias and
prescription books (sources: Rossi et al., 1988; Chevallier, 1996; Skim
et al., 1999; Merzouki et al., 2000; Jouad et al., 2001; Said et al., 2002;
El Hilaly et al., 2003; Ould El Hadj et al.,, 2003; Beloued, 1998;
Hammiche and Maiza, 2006; Tahraoui et al., 2007; Allali et al., 2008;
Gonzélez-Tejero et al., 2008; Mahmoudi et al., 2009; Benitez et al.,
2010; Cakilcioglu and Turkoglu, 2010; El Amrani et al., 2010;
Heamalatha et al., 2011; Akrout et al., 2012; Asgarpanah and Roohi,
2012; Hendel et al., 2012; Rebbas et al., 2012; Boudjelal et al., 2013;
Miara et al., 2013; Fakchich and Elachouri, 2014; Moussaoui et al.,
2014; Tuttolomondo et al., 2014; Benarba et al., 2015; Chermat et
Gharzouli, 2015; Doukkali et al., 2015; Guzel et al., 2015; Meddour and
Meddour-Sahar, 2015; Bouchikh et al., 2016; Eddouks et al., 2016;
Lakhdari et al., 2016; Ouelbani et al., 2016). These species are: A. iva
(antirheumatic), A. cepa (infected wounds, constipation, hair loss, anti-
infectious, anti-inflammatory, antirheumatic, diuretic), A. sativum (anti-
inflammatory, antiseptic, antispasmodic, anticoagulant), B. vulgaris
(anti-anemic, aperitive, for asthenia and affections of the liver), C.
gummifera (antirheumatic and for abdominal pain), C. siliqua (treatment
of skin spots), C. cyminum (inflammation of the urinary tract), C. car-
dunculus (anemia), E. globulus (rheumatic pains and burns), H. sabdar-
iffa (anemia), J. regia (skin diseases), L. nobilis (skin allergy), L. stoechas
(hepatic disorders), M. tenacissima (hair, kidney stones), M. sylvestris
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(tumors, irritated eyes), M. vulgare (liver diseases), O. europaea subsp.
europaea (anti-hemorrhoid, inflammation and ophthalmia), O. ficus-in-
dica (a treatment for the hair), O. vulgare subsp. glandulosum (rheumatic
pains, liver tumor, eczema, influenza), P. rhoeas (digestive problems), P.
argentea (kidney and vesicle inflammation, dysuria), P. harmala (aph-
rodisiac and euphoric), P. halepensis (urinary and parasite problems,
wounds), P. atlantica (stomach and gastric pains), P. lentiscus (re-
spiratory and digestive problems), P. granatum (as a mouthwash to treat
aphthae, diarrhea), R. raetam (skin affections, eye irritations, diarrhea),
R. ulmifolius (antidiarrheic, tonic, depurative, wounds and ulcers), R.
chalepensis (anti-inflammatory, ophthalmic, respiratory disorders), S.
pectinata (diuretic), T. foenum-graecum (slimming), T. durum (anemia,
pregnancy and lactation), Z. officinale (diuretic, aphrodisiac) and Z.
lotus (pulmonary affections and jaundice).

By comparing our data with those of the literature concerning tra-
ditional uses of plants in Algeria and neighbouring countries, we
identified the first mention of a traditional medical use for the following
13 species: B. elatum, C. senna var. senna, C. microcarpa, C. cirrhosa, E.
vesicaria, H. naudinianum, L. europaeus, M. alba, P. crispum, T. mun-
byanus subsp. coloratus, U. urens, V. thapsus and V. daucoides.

5. Conclusions

This initial ethnobotanical investigation carried out in Bordj Bou
Arreridj has documented the floristic richness of the region as well as
the traditional knowledge passed on by local people from one genera-
tion to another. Herbalists in this region, who are often older men with
a fairly low level of education, have provided extensive and valuable
information about medicinal plants and their uses for the daily treat-
ment of diseases. It is essential that traditional herbalists and practi-
tioners of phytotherapy continue to hand on their invaluable knowl-
edge to future generations, as a rich part of their cultural heritage. In
addition, the natural environment and the rich variety of the local flora
must be protected from all too frequent and devastating anthropic ac-
tion.

Author contributions

The contributions of the respective authors are as follows: M. D.
Miara designed the study, contributed to the ethnobotanical survey,
plant identification, taxonomic verification and data analysis, and
wrote the manuscript; H. Bendif contributed to the ethnobotanical
survey and writing of the manuscript; K. Rebbas, B. Rabah and M. A.
Hammou contributed to the botanical identification; F. Maggi edited
and revised the manuscript. All authors read and approved the manu-
script.

Conflicts of Interest
The authors declare no conflict of interest.
Acknowledgments

The authors would like to thank the herbalists in the Bordj Bou
Arreridj region for their collaboration and for sharing their valuable
knowledge with them. The authors also would like to thank Sheila
Beatty for editing the English usage in the manuscript.

References

Abu-Irmaileh, B.E., Afifi, F.U., 2003. Herbal medicine in Jordan with special emphasis on
commonly used herbs. J. Ethnopharmacol. 89, 193-197.

Agisho, H., Osie, M., Lambore, T., 2014. Traditional medicinal plants utilization, man-
agement and threats in hadiya zone, Ethiopia. J. Med. Plants Stud. 2, 94-108.

Agra, M.F., 1996. Plantas da medicina popular dos Cariris Velhos, Paraiba, Brasil:
espécies mais comuns. Jodo Pessoa: Editora Unido.

Ait Youssef, M., 2006. Les plantes médicinales de Kabylie. In Ibis Press ed, Paris. .

16

Journal of Herbal Medicine 16 (2019) 100262

Akrout, A., Mighri, H., Krid, M., Thabet, F., Turki, H., El-Jani, H., Neffati, M., 2012.
Chemical composition and antioxidant activity of aqueous extracts of some wild
medicinal plants in southern Tunisia. Int. J. Life Sci. Med. Res. 2, 1-4.

Alarcon, R., Pardo-de-Santayana, M., Priestley, C., Morales, R., Heinrich, M., 2015.
Medicinal and local food plants in the south of Alava (Basque Country, Spain). J.
Ethnopharmacol. 24, 207-224.

Albuquerque, U.P., Lucena, R.F.P., Cunha, L.V.F.C., Alve, R.R.N., 2014. Methods and
techniques in ethnobiology and ethnoecology. Springer Protocols Handbooks.
Humana Press, New York. https://doi.org/10.1007/978-1-4614-8636-7_1.

Ali-Shtayeh, M.S., Jamous Rana, M., Jamous, R.M., 2011. Complementary and alternative
medicine use amongst Palestinian diabetic patients. Complement. Therap. Clin. Pract.
https://doi.org/10.1016/j.ctcp.2011.09.001.

Ali-Shtayeh, M.S., Rana Jamous, M., Nihaya Salameh, M.Y., Rania Jamous, M., Amneh
Hamadeh, M.A., 2016. Complementary and alternative medicine use among cancer
patients in palestine with special reference to safety- related concerns. J.
Ethnopharmacol. 187, 104-122.

Allali, H., Benmehdi, H., Dib, M.A., Tabti, B., Ghalem, S., Benabadji, N., 2008.
Phytotherapy of diabetes in west Algeria. Asian J. Chem. 20, 2701-2710.

ANDI (Agence Nationale de Développement de I'Investissement), 2013. Wilaya De Bordj
Bou Arreridj. Report available:. . http://www.andi.dz/PDF/monographies/bord;j_
Bou_Arreridj.pdf.

APGII, , 2009. An update of the angiosperm phylogeny group classification for the orders
and families of flowering plants. Bot. J. Linn. Soc. 161, 105-121.

Asgarpanah, J., Roohi, E., 2012. Phytochemistry and pharmacological properties of
Equisetum arvense L. J. Med. Plants Res. 6, 3689-3693.

Baba-Aissa, F., 1991. In: Diwan, Bouchéneet Ad (Ed.), Les Plantes Médicinales En Algérie,
Alger.

Battandier, A., Trabut, L., 1895. Flore d’Algérie. Alger ed, Alger. .

Baydoun, S., Chalak, L., Dalleh, H., Arnold, N., 2015. Ethnopharmacological survey of
medicinal plants used in traditional medicine by the communities of Mount Hermon,
Lebanon. J. Ethnopharmacol. 173, 139-156.

Bellakhdar, J., 1997. La pharmacopée marocaine traditionnelle. Médecine arabe ancienne
et savoirs populaires. Paris, Rabat, Ibis Press, Le Fennec eds. .

Beloued, A., 1998. Plantes médicinales d’Algérie. Office de publications (Ed), Alger, pp.
184.

Benarba, B., Belabid, L., Righi, K., Bekkar, A., Elouissi, M., Khaldi, A., Hamimed, A., 2015.
Ethnobotanical study of medicinal plants used by traditional healers in Mascara
(North West of Algeria). J. Ethnopharmacol. 175, 626-637.

Bendif, H., Boudjeniba, M., Miara, M.D., Biqiku, L., Bramucci, M., Caprioli, G., Lupidi, G.,
Quassinti, L., Sagratini, G., Vitali, L., Vittori, S., Maggi, F., 2017. Rosmarinus eriocalyx:
an alternative to Rosmarinus officinalis as a source of antioxidant compounds. Food
Chem. 218, 78-88.

Benitez, G., Gonzalez Tejero, M.R., Molero-Mesa, J., 2010. Pharmaceutical ethnobotany
in the western part of Granada province (southern Spain): ethnopharmacological
synthesis. J. Ethnopharmacol. 129, 87-105.

Bouasla, A., Bouasla, 1., 2017. Ethnobotanical survey of medicinal plants in northeastern
of Algeria. Phytomedicine 36, 68-81.

Bouchikh, Y., Labani, A., Abbad, A., Bouhelouane, S., Lakhdari, W., Dahliz, A., 2016.
Ethnobotanical study of medicinal flora in the atriplexaies plantation of saida - a high
land stepic city of Algeria. Bangladesh J. Bot. 45, 233-238.

Boudjelal, A., Henchiri, C., Sari, M., Sarri, D., Hendel, N., Benkhaled, A., Ruberto, G.,
2013. Herbalists and wild medicinal plants in M’Sila (North Algeria): an ethno-
pharmacology survey. J. Ethnopharmacol. 148, 395-402.

Boughrara, B., Belgacem, L., 2016. Ethnobotanical study close to the population of the
extreme north east of Algeria: the municipalities of El Kala National Park (EKNP).
Ind. Crops Prod. 88, 2-7.

Bruneton, J., 1999. Pharmacognosy, Phytochemistry, Medicinal Plants, 2nd ed. Intercept
Ltd., Andover, UK.

Cakilcioglu, U., Turkoglu, I., 2010. An ethnobotanical survey of medicinal plants in siv-
rice (Elazig-Turkey). J. Ethnopharmacol. 132, 165-175.

Cakilcioglu, U., Khatun, S., Turkoglu, 1., Hayta, S., 2011. Ethnopharmacological survey of
medicinal plants in Maden (Elazig-Turkey). J. Ethnopharmacol. 137, 469-486.

Carrié, E., Valles, J., 2012. Ethnobotany of medicinal plants used in Eastern Mallorca
(Balearic Islands, Mediterranean Sea). J. Ethnopharmacol. 14, 1021-1040.

Chermat, S., Gharzouli, R., 2015. Ethnobotanical study of medicinal Flora in the North
East of Algeria - an empirical knowledge in Djebel Zdimm (Setif). J. Mater. Sci. Eng.
5, 50-59.

Chevallier, A., 1996. An Excellent Guide to Over 500 of the More Well Known Medicinal
Herbs from Around the World. The Encyclopedia of Medicinal Plants Dorling
Kindersley, London ISBN 9-780751-303148.

Cochran, W.G., 1977. Sampling Techniques, 3rd edn. Wiley, New York.

Cunningham, A.B., 1993. African medicinal plants: setting priorities at the interface be-
tween conservation and primary healthcare. People and Plants Working Paper.
UNESCO.

Dobignard, A., Chatelain, C., 2010. Index synonymique et bibliographique de la flore
d’Afrique du Nord. Conservatoire et Jardin botaniques de la Ville de Genéve (CH).

Doukkali, Z., Bouidida, H., Srifi, A., Taghzouti, K., Cherrah, Y., Alaoui, K., 2015. Les
plantesanxiolytiques au Maroc. Etudes ethnobotanique et ethno-pharmacologique.
Phytotherapie 13, 306-313.

DPSB (Direction de la programmation et suivie budgétaire), 2015. Monographie som-
maire de la wilaya de Bordj Bou Arreridj. 77p. .

Eddouks, M., Ajebli, M., Hebi, M., 2016. Ethnopharmacological survey of medicinal
plants used in Daraa-Tafilalet region (Province of Errachidia), Morocco. J.
Ethnopharmacol. 198, 516-530.

El Amrani, F., Rhallab, A., Alaoui, T., El Badaoui, K., Chakir, S., 2010. Etude ethno-
pharmacologique de quelques plantes utilisées dans le traitement du diabéte dans la
région de Meknes-Tafilalet (Maroc). Phytothérapie 8, 161-165.

El Hilaly, J., Hmammouchi, M., Lyoussi, B., 2003. Ethnobotanical studies and economic
evaluation of medicinal plants in Taounate province (Northern Morocco). J.
Ethnopharmacol. 86, 149-158.


http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0005
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0005
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0010
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0010
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0015
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0015
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0020
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0025
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0025
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0025
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0030
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0030
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0030
https://doi.org/10.1007/978-1-4614-8636-7_1
https://doi.org/10.1016/j.ctcp.2011.09.001
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0045
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0045
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0045
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0045
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0050
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0050
http://www.andi.dz/PDF/monographies/bordj_Bou_Arreridj.pdf
http://www.andi.dz/PDF/monographies/bordj_Bou_Arreridj.pdf
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0060
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0060
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0065
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0065
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0070
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0070
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0075
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0080
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0080
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0080
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0085
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0085
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0090
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0090
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0095
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0095
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0095
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0100
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0100
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0100
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0100
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0105
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0105
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0105
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0110
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0110
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0115
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0115
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0115
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0120
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0120
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0120
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0125
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0125
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0125
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0130
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0130
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0135
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0135
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0140
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0140
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0145
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0145
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0150
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0150
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0150
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0155
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0155
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0155
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0160
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0165
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0165
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0165
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0170
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0170
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0175
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0175
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0175
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0180
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0180
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0185
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0185
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0185
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0190
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0190
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0190
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0195
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0195
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0195

M.D. Miara, et al.

Espinosa, M.M., Bieski, I.G., Martins, D.T., 2014. Sampling in ethnobotanical studies of
medicinal plants. Methods Tech. Ethnobiol. Ethnoecol. 197-212.

Fakchich, J., Elachouri, M., 2014. Ethnobotanical survey of medicinal plants used by
peoplein Oriental Morocco to manage various ailments. J. Ethnopharmacol. 154,
76-87.

Friedman, J., Yaniv, Z., Dafni, A., Palewitch, D., 1986. A preliminary classification of the
healing potential of medicinal plants, based on a rational analysis of an ethno-
pharmacological field survey among Bedouins in the Negev Desert, Israel. J.
Ethnopharmacol. 16 (2-3), 275-287.

Garnier, G., Bézanger- Beauquesne, L., Debraux, G., 1961. Ressources médicinales de la
flore Francaise. Tome 1, Paris VIeme, Vigot Fréres ed.Ressources médicinales de la
flore Francaise. Tome 1, Paris VIéme, Vigot Fréres ed.

Gonzélez, J.A., Garcia-Barriuso, M., Amich, F., 2010. Ethnobotanical study of medicinal
plants traditionally used in the Arribes del Duero, western Spain. J. Ethnopharmacol.
131, 343-355.

Gonzélez-Tejero, M.R., Casares-Porcel, M., Sanchez-Rojas, C.P., Ramiro-Gutierrez, J.M.,
Molero-Mesa, J., Pieroni, A., Giusti, M.E., Censorii, E., De Pasquale, C., Della, A.,
Paraskeva-Hadijchambi, D., Hadjichambis, A., Houmani, Z., El-Demerdash, M., El-
Zayat, M., Hmamouchi, M., El-Johrig, S., 2008. Medicinal plants in the
Mediterranean area: synthesis of the results of the project Rubia. J. Ethnopharmacol.
116, 341-357.

Guzel, F., Saygili, H., Gulbahar, A.S., Filiz, K., 2015. New low-cost nanoporous carbo-
naceous adsorbent developed from carob (Ceratonia siliqua) processing industry waste
for the adsorption of anionic textile dye: characterization, equilibrium and kinetic
modeling. J. Mol. Liq. 206, 244-255.

Hammiche, V., Maiza, K., 2006. Traditional medicine in Central Sahara: Pharmacopeia of
Tassili N’ajjer. J. Ethnopharmacol. 105, 358-367.

Heamalatha, S., Swarnalatha, S., Divya, M., Gandhi, L.R., Devi, G.A., Gomathi, E., 2011.
Pharmacognostical, pharmacological investigation on Anethum graveolens. Res. J.
Pharm. Biol. Chem. Sci. 2, 564-574.

Hendel, N., Larous, L., Sari, M., Boudjelal, A., Sarri, D., 2012. Place of Labiates in folk
medicine of the area of M’sila (Algeria). GJRMI 1 (8), 315-322.

Hmamouchi, M., 1999. Les Plantes Médicinales et Aromatiques Marocaines.
Mohammedia. .

Houéhanou, D.T., Assogbadjo, A.E., Chadare, F.J., Zanvo, S., Sinsin, B., 2016. Approches
méthodologiques synthétisées des études d’ethnobotanique quantitative en milieu
tropical. Annales des Sciences Agronomiques. Spécial Projet Undesert-UE.20. pp.
187-205.

Jouad, H., Haloui, M., Rhiouani, H., El Hilaly, J., Eddouks, M., 2001. Ethnobotanical
survey of medicinal plants used for the treatment of diabetes, cardiac and renal
diseases in the North centre region of Morocco (Fez-Boulemane). J. Ethnopharmacol.
77, 175-182.

Khled khoudjaa, N., Boulekbache-Makhloufb, L., Madani, K., 2014. Antioxidant capacity
of crude extracts and their solvent fractions of selected Algerian Lamiaceae. Ind.
Crops Prod. 52, 177-182.

Lakhdari, W., Dehliz, A., Acheuk, F., Mlik, R., Hammi, H., Doumandji-Mitiche, B.,
Gheriani, S., Berrekbia, M., Guermit, K., Chergui, S., 2016. Ethnobotanical study of
some plants used in traditional medicine in the region of Oued righ (Algerian Sahara).
J. Med. Plants Studies 4, 204-211.

Le Houerou, H.N., 1995. Bioclimatologie et Biogéographie des steppes arides du Nord de
I’Afrique. Diversité biologique, développement durable et désertisation. Option
Méditerranéennes. Série. B, 10.

Mahmoudi, M., Ebrahimzadeh, M.A., Ansaroudi, F., Nabavi, S.F., Nabavi, S.M., 2009.
Antidepressant and antioxidant activities of Artemisia absinthium L. at flowering stage.
Afr. J. Biotechnol. 8, 7170-7175.

Maire, R., 1959. Flore de I’Afrique du Nord (Maroc, Algérie, Tunisie, Tripolitaine,
Cyrénaique et Sahara). In Le Chevalier ed. Paris. .

Maulidiani, Abas F., Khatib, A., Shaari, K., Laijs, N.H., 2014. Chemical characterization
and antioxidant activity of three medicinal Apiaceae species. Ind. Crops Prod. 55,
238-247.

Meddour, R., Meddour-Sahar, O., 2015. Medicinal plants and their traditional uses in
kabylia (Tizi Ouzou, Algeria). Arab. J. Med. Arom. Plants 1, 137-151.

Merzouki, A., Ed-derfoufi, F., Molero Mesa, J., 2000. Contribution to the knowledge of rifi
and traditional medicine. II: folk medicine in Ksar Lakbir district (NW Morocco).
Fitoterapia 71, 278-307.

Miara, M.D., Ait Hammou, M., Hadjadj-Aoul, S., 2013. Phytothérapie et taxonomie des-
plantes médicinales spontanées dans la région de Tiaret (Algérie). Phytothérapie 11,
206-218.

Mikou, K., Rachiq, S., Oulidi, A.J., 2016. Ethnobotanical survey of medicinal and aro-
matic plants used by the people of Fez in Morocco. Phytothérapie 14, 35-43.

Miliauskas, G., Venskutonis, P.R., Van Beek, T.A., 2004. Screening of radical scavenging
activity of some medicinal plants and aromatic plant extract. Food Chem. 85,
231-237.

Moussaoui, F., Alaoui, T., Aoudry, S., 2014. Census ethnobotanical study of some plants

Fedala ed,

17

Journal of Herbal Medicine 16 (2019) 100262

used in traditional medicine in the City of Meknes. Am. J. Plant Sci. 5, 2480-2496.

Mutheeswaran, S., Pandikumar, P., Chellappandian, M., Ignacimuthu, S., 2011.
Documentation and quantitative analysis of the local knowledge on medicinal plants
among traditional Siddha healers in Virudhunagar district of Tamil Nadu, India. J.
Ethnopharmacol. 137, 523-533.

Nzuki Bakwaye, F., Termote, C., Kibungu, K., Van Damme, P., 2013. Identification et
importance locale des plantes médicinales utilises ans la région de Mbanza-Ngungu,
République démocratique du Congo. Bois et Foréts des Tropiques 316, 63-77.

Ouelbani, R., Bensari, S., Nardjes Mouas, T., Khelifi, D., 2016. Ethnobotanical in-
vestigations on plants used in folk medicine in the regions of Constantine and Mila
(Northeast of Algeria). J. Ethnopharmacol. 194, 196-218.

Ould El Hadj, M.D., Hadj-Mahammed, M., Zabeirou, H., 2003. Place des plantes
spontanées dans la médecine traditionnelle de la région d’Ouargla (Sahara septen-
trional Est). Courr Sav. 3, 47-51.

Ozdemir, E., Alpinar, K., 2015. An ethnobotanical survey of medicinal plants in western
part of central Taurus Mountains: Aladaglar (Nigde-Turkey). J. Ethnopharmacol.
166, 53-65.

Parada, M., Carri6, E., Bonet, M.A., Valles, J., 2009. Ethnobotany of the Alt Emporda
region (Catalonia, Iberian Peninsula) Plants used in human traditional medicine. J.
Ethnopharmacol. 124, 609-618.

Paris, R.R., Moyse, H., 1976. Matiére médicale, 3 tomes, Masson ed. Paris. 1981. .

Phillips, O., Gentry, A.H., 1993. The useful plants of Tambopata, Peru: I. Statistical hy-
pothesis tests with a new quantitative technique. Econ. Bot. 47, 15-32.

Quezel, P, Santa, S., 1962. 63. Nouvelle flore de I’Algérie et des régions désertiques
méridionales Vol. 2 CNRS (Ed) Paris, 1170 p.

Rebbas, K., Bounar, R., Gharzouli, R., Ramdani, M., Djellouli, M., Alatou, D., 2012.
Plantes d’intérét médicinale et écologique dans la région d’Ouanougha (M’Sila).
Phytotherapie 6, 1-12.

Rossato, S.C., Leitdo Filho, H., Begossi, A., 1999. Ethnobotany of caicaras of the Atlantic
Forest coast (Brazil). Econ. Bot. 53, 387-395.

Rossi, T., Melegari, M., Bianchi, A., Albasini, A., Vampa, G., 1988. Sedative, antiin-
flammatory and anti-diuretic effects induced in rats by essential oils of varieties of
Anthemis nobilis: a comparative study. Pharmacol. Res. Commun. 5, 71-74.

Said, O., Khalil, K., Fulder, S., Azaizeh, H., 2002. Ethnopharmacological survey of med-
icinal herbs in Israel, the Golan Heights and the West Bank region. J.
Ethnopharmacol. 83, 251-265.

Sarri, M., Mouyeta, F.Z., Benzianea, M., Cherieta, A., 2014. Traditional use of medicinal
plants in a city at steppic character (M’sila, Algeria). J. Pharm. Pharmacog. Res. 2,
31-35.

Seltzer, P., 1946. Le Climat d’Algérie. Carbonel ed, Alger.

Sijelmassi, A., 1993. Les plantes médicinales du Maroc, 6éme édition. Fennec ed.
Casablanca.

Silambarasan, R., Ayyanar, M., 2015. An ethnobotanical study of medicinal plants in
Palamalai region of Eastern Ghats, India. J. Ethnopharmacol. 172, 162-178.

Skim, F., Lazrek, H.B., Kaaya, A., El-Amri, H., Jana, M., 1999. Pharmacological studies of
two antidiabetic plants: Globularia alypum and Zygophyllum gaetulum. Ther 54,
711-715.

Tahira, B., Mushtaq, A., Rsool Bakhsh, T., Niaz, M., Rukhsana, J., Rehman, S., Shazia, S.,
Zafar, M., Ghulam, Y., 2015. Ethnobotany of medicinal plants in district Mastung of
Balochistan province Pakistan. J. Ethnopharmacol. 157, 79-89.

Tahraoui, A., El-Hilaly, J., Israili, Z.H., Lyoussi, B., 2007. Ethnopharmacological survey of
plants used in the traditional treatment of hypertension and diabetes in south-eastern
Morocco (Errachidia province). J. Ethnopharmacol. 110, 105-117.

Teixidor-Toneu, 1., Martin, G.J., Ouhammou, A., Puri, R.K., Hawkins, J.A., 2016. An
ethnomedicinal survey of a Tashelhit-speaking community in the High Atlas,
Morocco. J. Ethnopharmacol. 188, 96-110.

Thomas, E., Vandebroek, 1., Sanca, S., Van Damme, P., 2009. Cultural significance of
medicinal plant families and species among Quechua farmers in Apillapampa,
Bolivia. J. Ethnopharmacol. 122, 60-67.

Trotter, R.T., Logan, M.H., 1986. Informant consensus: a new approach for identifying
potentially effective medicinal plants. In: Etkin, N.L. (Ed.), Ed.), Plants in Indigenous
Medicine and Diet. Redgrave Publishing Company, Bedford Hill, New York, pp.
91-112.

Tuttolomondo, A., Pecoraro, R., Pinto, A., 2014. Studies of selective TNF inhibitors in the
treatment of brain injury from stroke and trauma: a review of the evidence to date.
Drug Des. Devel. Ther. 8, 2221-2238.

Vitalini, S., Puricelli, C., Mikerezi, L., Iriti, M., 2015. Plants, people and traditions: eth-
nobotanical survey in the Lombard Stelvio National Park and neighbouring areas
(Central Alps, Italy). J. Ethnopharmacol. 173, 435-458.

WHO, 2013. World Health Organization Traditional Medicine Strategy: 2014-2023. WHO
Library Cataloguing-in-Publication Data. p76. .

Zashim Uddin, M., Abul Hassan, M.D., 2014. Determination of informant consensus factor
ofethnomedicinal plants used in Kalenga forest. Bangladesh. Bangladesh J. Plant
Taxon. 21, 83-91.


http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0200
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0200
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0205
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0205
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0205
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0210
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0210
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0210
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0210
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0215
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0215
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0215
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0220
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0220
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0220
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0225
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0225
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0225
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0225
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0225
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0225
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0230
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0230
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0230
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0230
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0235
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0235
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0240
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0240
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0240
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0245
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0245
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0250
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0250
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0255
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0255
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0255
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0255
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0260
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0260
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0260
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0260
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0265
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0265
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0265
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0270
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0270
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0270
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0270
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0275
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0275
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0275
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0280
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0280
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0280
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0285
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0285
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0290
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0290
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0290
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0295
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0295
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0300
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0300
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0300
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0305
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0305
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0305
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0310
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0310
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0315
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0315
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0315
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0320
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0320
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0325
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0325
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0325
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0325
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0330
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0330
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0330
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0335
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0335
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0335
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0340
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0340
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0340
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0345
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0345
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0345
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0350
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0350
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0350
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0355
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0360
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0360
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0365
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0365
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0370
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0370
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0370
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0375
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0375
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0380
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0380
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0380
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0385
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0385
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0385
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0390
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0390
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0390
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0395
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0400
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0400
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0405
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0405
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0410
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0410
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0410
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0415
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0415
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0415
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0420
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0420
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0420
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0425
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0425
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0425
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0430
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0430
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0430
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0435
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0435
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0435
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0435
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0440
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0440
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0440
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0445
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0445
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0445
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0450
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0450
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0455
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0455
http://refhub.elsevier.com/S2210-8033(19)30008-9/sbref0455

	Medicinal plants and their traditional uses in the highland region of Bordj Bou Arreridj (Northeast Algeria)
	Introduction
	Materials and methods
	Study area
	Ethnobotanical surveys
	Data analysis

	Results
	Characteristics of informants
	Botanical diversity
	Part used and mode of preparation
	The use-value (UV)
	Medicinal informant agreement ratio (Med. IARs)
	The fidelity level (FL)
	Informant consensus factor (ICF)
	Toxic plants
	Taxonomy, nomenclature and chorology

	Discussion
	Conclusions
	Author contributions
	Conflicts of Interest
	Acknowledgments
	References




