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Abstract 
Context: In an emergency situation such as the current COVID-19 pandemic and the absence of effective treatment, medicinal plants constitute an alternative 
solution to strengthen immunity, combat and prevent this disease and reduce related sickness. 

Aims: To determine the ethnobotanical knowledge of medicinal plants used in confirmed cases of COVID-19 and the satisfaction of the latter, thanks to the 
use of the associative database. 

Methods: An ethnobotanical survey was conducted in the Taza region among confirmed cases of COVID-19 and their contacts. For this purpose, a 
questionnaire was distributed to participants. Quantitative analysis was used to assess ethnobotanical knowledge with the use, for the first time, of a method 
of artificial intelligence: the association rule, to determine participant satisfaction according to the different variables studied. 

Results: A total of 222 patients, distributed equally in rural and urban areas, participated in the study and indicated the use of 17 species belonging to nine 
botanical families. Lamiaceae was the most used family, and leaves were the most used part and were prepared in the form of infusion. The rule of 
association demonstrated strong satisfaction with using these plants among the participants, especially the positive cases. To the best of our knowledge, this 
is the first ethnobotanical survey in the Taza province (Morocco).  

Conclusions: This work provides ethnobotanical information on plants used to treat and prevent COVID-19 for positive cases and their contacts. It would be 
interesting to confirm their usefulness and efficacy through experimental studies.  
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Resumen 
Contexto: En una situación de emergencia como la actual pandemia de COVID-19 y a falta de un tratamiento eficaz, las plantas medicinales constituyen una 
solución alternativa para reforzar la inmunidad, combatir y prevenir esta enfermedad y reducir las enfermedades relacionadas.  

Objetivos: Determinar el conocimiento etnobotánico de las plantas medicinales utilizadas en los casos confirmados de COVID-19 y la satisfacción de estos 
últimos, gracias al uso de la base de datos asociativa. 

Métodos: Se realizó una encuesta etnobotánica en la región de Taza entre los casos confirmados de COVID-19 y sus contactos. Para ello, se distribuyó un 
cuestionario a los participantes. Se utilizó un análisis cuantitativo para evaluar los conocimientos etnobotánicos con el uso, por primera vez, de un método 
de inteligencia artificial: la regla de asociación, para determinar la satisfacción de los participantes en función de las diferentes variables estudiadas. 

Resultados: Un total de 222 pacientes, distribuidos equitativamente en zonas rurales y urbanas, participaron en el estudio e indicaron el uso de 17 especies 
pertenecientes a nueve familias botánicas. Lamiaceae fue la familia más utilizada, siendo las hojas la parte más empleada y preparada en forma de infusión. 
La regla de asociación demostró una gran satisfacción con el uso de estas plantas entre los participantes, especialmente en los casos positivos. Por lo que 
sabemos, se trata del primer estudio etnobotánico realizado en la provincia de Taza (Marruecos). 

Conclusiones: Este trabajo proporciona información etnobotánica sobre las plantas utilizadas para tratar y prevenir la COVID-19 para los casos positivos y sus 
contactos. Sería interesante confirmar su utilidad y eficacia mediante estudios experimentales. 

Palabras Clave: COVID-19; etnobotánica; Marruecos; plantas medicinales; regla de asociación; Taza. 
 
ARTICLE INFO AUTHOR INFO 
Received: December 1, 2022. ORCID:  0000-0003-0762-5305 (RF) 0000-0002-4507-6661 (NB) 
Accepted: April 15, 2023.  0000-0002-6458-4207 (MEF) 0000-0003-0768-5914 (NEH) 
Available Online: June 7, 2023.  0000-0002-1301-5418 (YE) 0000-0002-2923-9299 (KFB) 
    

https://jppres.com/
https://doi.org/10.56499/jppres22.1552_11.3.455
mailto:kawtar.fikribenbrahim@usmba.ac.ma
https://orcid.org/0000-0003-0762-5305
https://orcid.org/0000-0002-4507-6661
https://orcid.org/0000-0002-6458-4207
https://orcid.org/0000-0003-0768-5914
https://orcid.org/0000-0002-1301-5418
https://orcid.org/0000-0002-2923-9299


Flouchi et al. Taza traditional medicine against COVID-19 

 

https://jppres.com  J Pharm Pharmacogn Res (2023) 11(3): 456 
 

 

INTRODUCTION 

The cultivation of medicinal and aromatic plants 
(MAPs) has long been engaged in the treatment of 
diseases and infections of several populations in dif-
ferent world countries (Chali et al., 2021; Mintah et al., 
2019). In 2020, a new type of Coronavirus was identi-
fied; thus, several countries have resorted to different 
initiatives to discover a specific preventive and cura-
tive treatment to combat Coronavirus disease. In ac-
cordance with the absence of a solution and etiologi-
cal treatments proposed for patients affected by 
COVID-19 (Balmond, 2021), the excessive use of me-
dicinal and aromatic plants has been noticed world-
wide. In the same sense, several studies have been 
carried out to investigate the plant species used to 
relieve cough, fever, and fatigue, which constitute the 
three most frequent symptoms of COVID-19 infection 
(Luo et al., 2020; Phumthum et al., 2021; Silveira et al., 
2020).  

In Morocco, numerous research works deal with 
the use of MAPs during the COVID-19 pandemic and 
emphasize the factors that favor it. This extreme use 
of MAPs could be explained by the inaccessibility to 
basic medical and health structures, mainly in land-
locked and/or rural areas, and the failure of the na-
tional health system in terms of resources, materials, 
and techniques (Chaachouay et al., 2021; El Alami et 
al., 2020); in addition to the ineffectiveness of the con-
ventional research protocols. 

Since October 2020, several surveys have been exe-
cuted with the Moroccan population from different 
regions to identify and list the most used MAPs to 
treat the symptoms of COVID-19. Among the most 
used plants to fight against the pandemic, Artemisia 
vulgaris L. (Chih in Arabic) was recommended to treat 
cough, Chamaemelum nobile L. (Babounj in Arabic) was 
employed to prevent fever, Thymus vulgaris L. 
(Thyme, Zaâtar in Arabic) and Rosmarinus officinalis L. 
(Rosemary, Iklil ljabal) were suggested for runny nose 
(Benkhaira et al., 2021a; 2021b; Chaachouay et al., 
2021; El Alami et al., 2020). Moreover, the participants 
mentioned that traditional medicine has always occu-
pied an important place in Morocco. Indeed, there is a 
real traditional therapeutic arsenal of recipes and 
practices within Morocco, which are transmitted from 
generation to generation and/or collected from expe-
rienced herbalists (Bary and El Amraoui, 2020). 

The present work aims to determine the factors fa-
voring the use of phytotherapy by confirmed and 
suspected cases of COVID-19 in the Taza province in 
Morocco and identify the most used plants, as well as 
to establish the association between participants' sat-
isfaction and the different factors of MAPs usage to 

relieve and treat the symptoms of COVID-19.  

MATERIAL AND METHODS 

Description of the study area 

Taza is among the oldest cities in Morocco and 
even North Africa; it dates from the 10th century when 
it was built by the tribes of Meknassa. Moreover, Taza 
occupies a strategic position in the pre-Rif; between 
the Rif and the Atlas on the one hand and the Atlantic 
Ocean and the Mediterranean Sea on the other (Fig. 1) 
(Jaouad et al., 2020). 

Geographical data 

The province of Taza belongs to the Fez-Meknes 
region; and extends over an area of 7.101 km² corre-
sponding to 6.5% of this region’s area. It is bordered 
to the north by the provinces of Al Hoceima and Dri-
ouch; to the east by the provinces of Driouch and 
Guercif; to the south by the province of Sefrou; and to 
the west by the provinces of Sefrou and Taounate 
(Jaouad et al., 2020).  

Demographic data 

The population of Taza province, comprising 928 
localities, was estimated in 2014 at 528.281 individu-
als, divided between 207.860 (39%) in urban areas and 
320.421 (61%) in rural areas, with a population densi-
ty of 79 inhabitants/km² (Mrabti et al., 2022). 

Target population and sampling 

This study primarily targeted people who con-
firmed and suspected COVID-19 and their contacts. 
The people excluded from this study were children 
under 18, people who have never been affected by 
COVID-19, and those who have never been in contact 
with positive cases.  

Justification of the study environment 

The choice of Taza City as a study area can be jus-
tified for many reasons. It is the most accessible envi-
ronment where the previously announced irritation 
has been observed, and many positive cases have 
been recorded so far: 2764 confirmed cases, of which 
99 died (Regional Health Directorate Fez-Meknes, 
2022). 

A stratified probability sample was conducted in 
rural and urban areas. For reasons of study’ credibil-
ity, time, accessibility and cost, a sample of 300 con-
firmed cases of Coronavirus was examined. In addi-
tion, a non-probability sample in favor of herbalists 
was taken into consideration. 
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Figure 1. Location of the study area; Taza-Morocco. 

 
Methods and instruments of data collection 

The method adopted for data collection was the 
questionnaire, which consisted of several closed and 
open questions in French or Arabic, requiring written 
answers from the participants. This method has the 
advantage of respecting the anonymity and confiden-
tiality of the participants. Before distributing the pre-
pared questionnaire (Annex 1) to the entire target 
population of the study, a test of intelligibility and 
clarity of terms was carried out. Thereby, the ques-
tionnaire was distributed to 20 people who were al-
ready confirmed cases or who contacted confirmed 
COVID-19 cases to determine their ability to answer 
and the difficulty of the questions asked. 

Relative frequency citation (RFC) 

The Relative Citation Frequency (RFC) was calcu-
lated by dividing the citation frequency (FC) by the 
population size (N) [1] (Tardío and Pardo-de-
Santayana, 2008). 

𝑹𝑹𝑹𝑹𝑹𝑹 =
𝑭𝑭𝑭𝑭
𝑵𝑵

  
 

[1] 

 This index indicates the relative importance for 
each species in the studied area. 

Family Use Value (FUV) 

Family Use Value (FUV) shows the significance of 
botanical families. It was measured to demonstrate 
the biological taxon value of species and was calculat-

ed according to [2] Sreekeesoon and Mahomoodally 
(2014). 

𝑭𝑭𝑭𝑭𝑭𝑭 =
𝑹𝑹𝑹𝑹𝑹𝑹
𝑵𝑵𝑵𝑵

  
 

[2] 

Where Ns: number of species in the family. 

Ethical standard  

The data was collected with respect for confidenti-
ality, anonymity, and consent. All participants have 
been informed of the purpose of this study. 

Statistical analysis 

Ethnobotanical data and information collected 
during the survey were entered and analyzed using a 
database using Microsoft Office Excel and SPSS soft-
ware. A quantitative statistical method was used to 
test the hypothesis of comparison of means between 
matched groups, and p<0.001 was considered highly 
significant, p<0.01 very significant, and p<0.05 signif-
icant.  

Association rule extraction model approach 

This is a transactional database model, represent-
ing items in columns and operations in rows. To 
adopt this model in the present study, the process of 
making a hollow matrix where the rows represent the 
different factors of the medicinal and aromatic plants 
used to alleviate and treat the COVID-19 symptoms 
was used. 
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Table 1. Socio-demographic characteristics of respondents who participated in the study in the Taza region, Morocco (n = 222). 

Socio-demographic 
variable 

Respondents  
(n) 

Percentage  
(%) 

 Socio-demographic 
variable 

Respondents  
(n) 

Percentage  
(%) 

Gender     Social coverage   

Female  140 63  Yes  125 56 

Male 82 37  No  97 44 

Age range     COVID-19 in the population 

18-30 84 38  Contact case 73 33 

31-40 28 12  Positive case 149 67 

41-50 48 22  Accessibility to primary health care  

51-60 42 19  Easy access  51 23 

+60 years old 20 09  Medium access  44 20 

Marital status    Difficult access 127 57 

Single  87 39  Level of education 

Married  118 53  No education  58 26 

Widower 17 08  Primary  40 18 

Residence     Secondary  40 18 

Urban  111 50  University 84 38 

Rural  111 50  Knowledge about COVID-19 

Economic level    Yes  204 92 

Down  71 32  No  18 08 

Medium  142 64  Interest in using plants  

Raised 9 4  Prevention of COVID 19  146 66  

    Treatment of COVID 19  76 34  

 
The technique adopted in this study consists of 

two steps: First, an a priori algorithm, which is part of 
the DATA mining (associative) algorithm, was ap-
plied (Agrawal et al., 1993; Flouchi et al., 2021). In this 
case, the algorithm's performance parameters are 
minimal support 40% and minimal confidence 90%. 
Secondly, this algorithm extracted the association 
rules between population satisfaction and the factors 
of using aromatic and medicinal plants to relieve and 
treat COVID-19 symptoms. The left indicator, which 
is strictly greater than 1, was applied to have signifi-
cant association rules. 

RESULTS 

Socio-demographic characteristics of respondents 

A total of 222 patients participated in the study. 
The majority of participants were female, 63% (n = 
140); the median age was 28 years; 53% of the re-
spondents were married (n = 118), 39% were single (n 
= 87), and 8% were widowed (n = 17). Participants' 
residence was equally distributed between rural and 

urban areas (n = 111); their education level was dis-
tributed between 38% (n = 84) university level, 18% (n 
= 40) secondary and primary levels, and 26% (n = 58) 
without school education; the participants’ economic 
level was low for 32% of cases (n = 71), medium for 
64% (n = 142) and high only for 4% (n = 09) of cases. 
Regarding social security coverage: 56% (n = 125) had 
social security coverage, and 44% (n = 97) had no 
coverage; while for access to primary health care: 23% 
(n = 51) had easy access, 20% (n = 44) had average 
access, and 57% (127) had difficult access (Table 1). 

Regarding the issues of COVID, 67% (n = 149) 
were COVID-19-positive cases, and 33% (n = 73) had 
direct contact with COVID-19-positive cases. In addi-
tion, 92% (n = 204) of participating cases had 
knowledge about the COVID-19 mode of transmis-
sion and symptoms while 8% (n = 18) were unaware. 
Concerning the use of aromatic and medicinal plants, 
66% (n = 146) had used plants for treatment and/or 
prevention of the severity of the COVID-19 symp-
toms, and 34% (n = 76) did not use MAPs (Table 1). 
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Association between the use of aromatic and 
medicinal plants in COVID-19 and the different 
variables 

As shown in Table 2, there is a highly significant 
association between the use of medicinal and aro-
matic plants and gender (p<0.001), residence 
(p<0.001), and also marital status and social coverage 
(p<0.01). Moreover, there is a highly significant asso-
ciation between the use of MAPs and knowledge 
about COVID-19 (p<0.01), while there is no significant 
association between the use of MAPs and the other 
variables (p>0.05) (Table 2). 

Plants used, mode of administration and adverse 
effects 

During this study, the respondents used 17 species 
belonging to 9 botanical families to treat and prevent 
the symptoms of COVID-19 in the region of Taza. The 
most important family was the Lamiaceae (FUV = 
0.07), represented by seven species (Calamintha offici-
nalis, Lavandula officinalis L., Mentha pulegium L., Men-
tha rotundifolia L., Origanum compactum Benth., Rosma-
rinus officinalis L., Salvia officinalis L.), followed by the 
family of Asteraceae with two species (FUV = 0.02) 
(Anthemis arvensis L., and Artemisia herba-alba L.) and 
the family of Myrtaceae (FUV = 0.17) (Eucalyptus globu-
lus Labill., and Syzygium aromaticum (L.) Merr. & 
L.M.Perry) (Table 3). In addition, only one species for 
the families Verbenaceae (Aloysia citriodora Palau), Ru-
taceae (Citrus limon L.), Amaranthaceae (Dyspharnia 
ambrosioides L.), Oleaceae (Olea europaea 
L.), Cupressaceae (Tetraclinis articulata (Vahl) Mast.) 
and Caryophyllaceae (Telephium imperati L.) were in-
formed. The most used species were Eucalyptus globu-
lus (RFC = 0.26), Origanum compactum (RFC = 0.20), 
Mentha pulegium (RFC = 0.12), and Syzygium aromati-
cum (RFC = 0.08) (Figs. 2 and 3). 

According to the collected answers, the methods of 
preparation and use of the plants are infusion 
(65.70%), decoction (56.50%), maceration (14.8%), and 
others (9.30%). Moreover, 68.30% of plants users de-
clare their use for coughs, 62.90% for fatigue, 61.10% 
for fever, and 50.9% for headaches (Fig. 4). In addi-
tion, 68% of the plant’s users confirm that the plants 
use duration is more than 5 days, while 32% declares 
a use duration less than 5 days. The main undesirable 
effects noticed during the plants' use were diarrhea 
(61.9%), nausea and vomiting (33.33%), headaches, 
and respiratory distress (23.8%) (Fig. 5). 

Concerning the plants parts used, leaves represent 
47%, followed by whole plants and flowers (14%), 
fruits (11%), roots (8%), and seeds (6%) (Fig. 6). Re-
garding the knowledge’ sources for plant use by the 
studied population, inherited indigenous knowledge 
was declared by 84.70% of the respondents, experi-
ences of other people by 74.30%, social media 
(52.70%) and scientific reports (9.90%) (Fig. 7). 

Model approach for extracting association rules  

It is based on the application of the "a priori algo-
rithm" of the transactional database (with a minimal 
support of 40%, a minimal confidence of 85%, and a 
left greater than 1). Table 4 shows the strong and sig-
nificant association rules between satisfaction and the 
different variables of the present study. 

The analysis of the different association rules pre-
sented in Table 4, based on the intersection of the 
different antecedents of the strong association rules, 
gives at the end two most significant and strong asso-
ciation rules presented.  

The results obtained show a strong association be-
tween the satisfaction of the respondents with the 
following elements:  

- Positive Case, duration of plants use greater than 
5 days, average economic level, knowledge of adverse 
effects, female, rural, and occurrence of adverse ef-
fects with a confidence of 1. This means that COVID-
19-positive respondents, who have used the plants for 
more than 5 days, have an average economic level 
and a knowledge of the plants’ undesirable effects, 
females from rural areas and people who have not 
manifested any adverse effects are very satisfied with 
the use of aromatic and medicinal plants with 100% 
confidence according to the extraction model. 

- Duration of use of plants greater than 5 days, av-
erage economic level, knowledge of adverse effects, 
access to health care, and appearance of adverse ef-
fects with a confidence of 0.92. This means that the 
respondents who have used the plants for more than 
5 days, who have an average economic level, a 
knowledge of the undesirable effects of plants, and 
difficulty in accessing care, with an absence of an 
appearance of adverse effects are satisfied with the 
use of aromatic and medicinal plants with a confi-
dence of 92.70% according to the extraction model. 
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Table 2. Socio-demographic characteristics of participants who used medicinal plants to 
treat or prevent COVID-19 in the region of Taza, Morocco. 

Socio-demographic variable 
Used medicinal plant as preventive (n) 

P-value 
Yes = 146 No = 76 

Gender    ˂0.001 

Female  108 32  

Male  38 44  

Age range    0.347 

18-30 56 28  

31-40 18 10  

41-50 34 14  

51-60 29 13  

+60 years old 09 11  

Marital status   0.003 

Single  46 41  

Married  89 29  

Widower 11 06  

Residence    ˂0.001 

Urban  60 51  

Rural 86 25  

Economic level   0.374 

Down  46 25  

Medium  96 46  

Raised 04 5  

COVID-19 in the population   1.000 

Contact case 48 25  

Positive case 98 51  

Breakdown of the population according to social coverage ˂0.001 

Yes     

No    

Accessibility to primary healthcare  1.200 

Easy access  19 32  

Medium access  25 19  

Difficult access 102 25  

Level of education   0.350 

No education  38 20  

Primary  26 14  

Secondary  22 18  

University 60 24  

Knowledge about COVID-19   0.003 

Yes  140 64  

No 06 12  
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Figure 2. The percentage of medicinal and aromatic plants most used by participants during the COVID-19 pandemic. 

 

 

Figure 3. Distribution of plant families and their species used by participants during COVID-19. 

 

 

Figure 4. Symptoms for which medicinal and aromatic plants are used. 
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Figure 5. Side effects noticed by the participants following the consumption of the plants. 

 

 

Figure 6. Frequency of different plant parts used by the Taza population. 

 

 

Figure 7. Source of traditional knowledge for the studied population. 
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Table 3. Characteristics of the aromatic and medicinal plants frequently used by local population of Taza during COVID-19. 

Family  Scientific name  
Vernacular 
name 

Active compounds Used part  Preparation 
method  RFC FUV Route of 

administration Traditional uses References  

Amaranthaceae       0.03    

 Dyspharnia 
ambrosioides (L.) 
Mosyakin & Clemants 

 مخینزة 
Mkhinza 

Ascoridol, aritasone, L-
pinocarvone and terpene 
carbides 

Leaves Maceration, 
fumigation 

0.03  Inhalation, oral Gastrointestinal disorders, 
typhoid fever, dysentery, 
mouth abscesses, fever 
ulcerations 

El Hachlafi 
et al., 2021 

Asteraceae       0.02    

 Anthemis arvensis L.   بابونج 
Babonj 

Polyphenolics: phenolic 
acids, flavonoids, 
polyacetylene derivatives, 
coumarins, phenolic 
compounds 

Flowers Infusion 0.01  Oral Weakness, disinfectant, Senouci et 
al., 2019 

Artemisia herba-alba 
Asso. 

 الشیح  
Chih 

Essential oil, flavonoids, 
sesquiterpene lactones, 
coumarins, acetylenic 
hydrocarbons, proteins, 
fats, carbohydrate 
monoterpenes, potassium 
salts and santonin 

Leaves Infusion and 
decoction 

0.03  Oral Digestive disorders Benkhaira 
et al., 
2021b 

Caryophyllaceae       0.04    

 Telephium imperati L. سرغینة 
Sarghina 

 Roots  Decoction  0.04  Inhalation  Fever, asthenia El Hachlafi 
et al., 2021 

Cupressaceae        0.01    

 Teletraclinis 
articulata (Vahl) Mast. 

 عرعار
Araar 

 Leaves, stems Fumigation  0.01  Inhalation Cough, flu, lung disease, 
rheumatism 
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Table 3. Characteristics of the aromatic and medicinal plants frequently used by local population of Taza during COVID-19 (continued...) 

Family  Scientific name  
Vernacular 
name 

Active compounds Used part  Preparation 
method  RFC FUV Route of 

administration Traditional uses References  

Lamiaceae       0.07    

 Calamintha officinalis 
Mill. 

 مانتة  
Mentha 

Pulegone, menthone, 
caffeic acid, phenols, 
labiatic acid, chlorogenic 
acid 

Aerial part Infusion 0.03  Inhalation  Antispasmodic Salhi et al., 
2010 

Lavandula officinalis 
L. 

 خزامة
Khzama 

Phenol acids, linalool, 
geraniol, perillic alcohol, 
coumarin, umbelliferone, 
tannins, esters, oxides, 
ketones, aldehydes. 

Flowers  Infusion and 
decoction 

0.02  Oral  Narcotic, digestive disorders, 
respiratory disorders, 
antispasmodic 

Eddouks et 
al., 2002 

Mentha pulegium L. فلییو 
Flio 

Menthol Leaves, flowers Infusion  0.2  Oral  Headaches, respiratory 
infections 

El Hachlafi 
et al., 2020 

Mentha rotundifolia L.  مشاشترو 
Mchachtro 

Pulegone, piperitone or 
piperitone and piperitenon 
oxide 

Aerial part Infusion  0.01  Oral Flu, rheumatism, genitalia El Hachlafi 
et al., 2020 

Rosmarinus officinalis 
L. 

 یازیر
Azir 

Vitamin D, vitamin C, 
aspartic acid, glutamic acid, 
dietary fiber 

Leaves Infusion 0.03  Oral Diabetes, cough, rheumatism El Hachlafi 
et al., 2020 

Salvia officinalis L. سالمیة 
Salmiya 

Essential oil (including 50% 
thujone), diterpenes, 
tannins, phenolic 
compounds, mucilage, 
estrogens, antioxidants, 
vitamin K 

Leaves Infusion  0.03  Oral  El Hachlafi 
et al., 2020 

Origanum 
compactum Benth. 

 زعتر  
Zaatar 

Thymol and carvacrol Aerial parts, 
Leaves  

Infusion, 
Maceration 

0.20  Oral  Diabetes, digestive disorders, 
influenza 

Bouyahya 
et al., 2017 
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Table 3. Characteristics of the aromatic and medicinal plants frequently used by local population of Taza during COVID-19 (continued...) 

Family  Scientific name  
Vernacular 
name 

Active compounds Used part  Preparation 
method  RFC FUV Route of 

administration Traditional uses References  

Myrtaceae       0.17    

 Eucalyptus globulus 
Labill. 

 كالیبتوس 
Calyptus 

Essential oil, mainly 
contains cineol 
(eucalyptol), pinene, 
terpineol, limonene; gallic 
tannins; proanthocyanidins; 
triterpenes; flavonoids 
(derived from quercetol) 

Leaves Fumigation  0.26  Inhalation  Flu, cold, sinusitis, fever Benkhaira 
et al., 2021a 

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

ل  قرنف  
Kranfal 

15% essential oil and 70 to 
90% eugenol, between 9 
and 15% eugenol acetate, 
between 5 and 12% beta-
caryophyllene and 2% 
oleanic acid 

Flowers Maceration  0.08  Oral Antispasmodic, antibacterial 
antiseptic 

El Hachlafi 
et al., 2020 

Oleaceae       0.01    

 Olea europaea L.   أوراق الزیتون 
Awrak 
zitoune 

Oleuropein; triterpenes; 
flavonoids; phenolic acids 
such as caffeic acid; tannins 

Fruits, leaves, 
essential oils  

Infusion, 
Maceration 

0.01  Oral  Cough, cold El Hachlafi 
et al., 2020 

Rutaceae       0.02    

 Citrus limon (L.) Burm. 
f. 

 لیمون
Limon 

Citric acid, flavonoids, 
limonoids, Vitamin C, 
Vitamin B (especially B1, B2, 
B6, B9) and E, Beta-
carotene. 

Fruits Infusion 0.02  Inhalation, oral Anti-allergic, anti-
inflammatory 

Otero et al., 
2000 

Verbenaceae       0.06    

 Aloysia citrodora 
Palau. 

  لویزة
 Louiza 

dominated by citral (35%), 
accompanied by limonene, 
linalool, terpineol, cineole 
and caryophyllene 

Leaves Infusion and 
decoction 

0.06  Oral Promotes digestion, reduces 
stress and anxiety, soothes 
sleep 

Bouayyadi 
et al., 2015 

RFC: Relative frequency citation; FUV: Family Use Value. 
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Table 4. Model for extracting the rule of association between the satisfaction of the studied population and the different variables of the study. 

Antecedents Consequents Antecedent 
support Consequent support Support Confidence Lift Leverage Conviction 

({´P C´, ´ K A E´, ´W´, ´R´, ´A A E´ }) ({satisfaction}) 0.427928 0.599099 0.427928 1 1.669173 0.171557 inf 

({´P C´, ´D T + 5 days´, ´ K A E´, ´A H C´, ´A A E´ }) ({satisfaction}) 0.432432 0.599099 0.400901 0.927083 1.547462 0.141831 5.498069498 

({´P C´,´D T + 5 days´, ´A E L´,´ K A E´, ´W´, ´A A E´ }) ({satisfaction}) 0.463964 0.599099 0.463964 1 1.669173 0.186004 inf 

({´P C´, ´D T + 5 days´, ´A E L´, ´A H C´, ´A A E´ }) ({satisfaction}) 0.432432 0.599099 0.400901 0.927083 1.547462 0.141831 5.498069498 

({´P C´, ´D T + 5 days´, ´ A E L´, ´ K A E´, ´A H C´, ´A A E´ }) ({satisfaction}) 0.432432 0.599099 0.400901 0.927083 1.547462 0.141831 5.498069498 

({´P C´, ´D T + 5 days ´, ´A E L´, ´ K A E´, ´A H C´}) ({satisfaction}) 0.432432 0.599099 0.400901 0.927083 1.547462 0.141831 5.498069498 

({´P C´, ´D T + 5 days´, ´A E L´, ´K A E´, ´A A E´ }) ({satisfaction}) 0.504505 0.599099 0.472973 0.9375 1.56485 0.170725 6.414414414 

({´P C´, ´D T + 5 days ´, ´A E L´, ´ K A E´, ´W´, ´A A E´ }) ({satisfaction}) 0.463964 0.599099 0.463964 1 1.669173 0.186004 inf 

({´P C´, ´D T + 5 days´, ´A E L´, ´ K A E´, ´W´ }) ({satisfaction}) 0.463964 0.599099 0.463964 1 1.669173 0.186004 inf 

({´P C´, ´A E L´, ´K A E´, ´W´, ´R´, ´ A A E´ }) ({satisfaction}) 0.427928 0.599099 0.427928 1 1.669173 0.171557 inf 

({´P C´, ´A E L´, ´K A E´, ´A H C´, ´A A E´ }) ({satisfaction}) 0.432432 0.599099 0.400901 0.927083 1.547462 0.141831 5.498069498 

({´P C´, ´A E L´, ' K A E´, ´W´, ´R´, ´A A E´ }) ({satisfaction}) 0.427928 0.599099 0.427928 1 1.669173 0.171557 inf 

({´P C´, ´A E L´, ´ K A E´, ´W´, ´R´}) ({satisfaction}) 0.427928 0.599099 0.427928 1 1.669173 0.171557 inf 

({´P C´, ´A E L´, ´K A E´, ´R´, ´A A E´ }) ({satisfaction}) 0.436937 0.599099 0.436937 1 1.669173 0.175168 inf 

({´D T + 5 days´, ´A E L´, ´K A E´, ´A H C´, ´A A E´ }) ({satisfaction}) 0.432432 0.599099 0.400901 0.927083 1.547462 0.141831 5.498069498 
PC: Positive Case; W: women; DT + 5 days: duration of use of plants more than 5 days; KAE: knowledge of adverse effects; AHC: difficult access to health care; AEL: average economic level; AHC: access to health care; AAE: appearance of adverse effects. 
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DISCUSSION 

This report, to the best of our knowledge, is the 
first study carried out in the Taza region (Morocco) to 
identify the plants used during the COVID-19 pan-
demic by the confirmed positive persons and their 
contacts. Indeed, the use of MAPs to prevent and treat 
COVID-19 seems to be used currently worldwide. 
Thus, several MAPs have been shown to be effective 
in alleviating or treating severe symptoms of COVID-
19, in the absence of an effective treatment, and more 
governments are formally or informally advocating 
for their use to prevent and treat COVID-19, mainly 
due to their effectiveness in relieving this disease’ 
symptoms, especially the respiratory ones (Ghali et 
al., 2021). The use of MAPs during the pandemic may 
differ according to the geography, culture, and reli-
gion of each region (Paudyal et al., 2022). 

During this study, the cases confirmed COVID-19 
positive represented 67% of respondents against 33% 
of contact cases, and the age group below 30 years 
represents the most important population (38%) that 
participated in this study. These findings diverge 
from those reported by national and international 
ethnobotanical investigations that demonstrated that 
older generations have a significant understanding 
about the use of aromatic and medicinal plants and 
their benefits in folk medicine (Benkhnigue et al., 
2022; El Hachlafi et al., 2022; Iqbal et al., 2021; Lee et 
al., 2019).  

Moreover, females represented 63% and males 
37%, while the questionnaire was distributed equally 
in urban and rural areas (n = 111) to know the most 
used MAPs in such environments well. This observa-
tion could be explained by the fact that women are 
more familiar with folk medicine than men are, since 
they typically care for their families using traditional 
remedies based on medicinal plants. As evidenced in 
the literature, these results are supported by several 
studies carried out on a regional and national scale in 
Morocco (Bouyahya et al., 2017, Benkhaira et al., 
2021a; 2021b, El Hachlafi et al., 2020; Chaachouay et 
al., 2019). 

Regarding the use of plants during the pandemic, 
66% of respondents (n = 146) used plants to treat and 
relieve the COVID-19 symptoms, against 34% (n = 76) 
who were confined to the drug’s use. This significant 
number of MAPs users is justified by the lack of an 
effective treatment for COVID-19. Moreover, the age 
group below 30 years was the most users of plants 
during the period of the pandemic, while older adults 
represented the lowest rate, which is consistent with 
the findings of Helali et al. (2020) and Brahmi et al. 
(2022). 

According to Table 2, a significant relationship ex-
ists between the use of MAPs and gender, which was 
similar to other studies that reported a greater ten-
dency for women to consume herbal medicines than 
men (De las Mercedes Rodríguez, 2012; Villena-
Tejada et al., 2021). In addition, 53% of the respond-
ents were married, 39% were single, and 8% were 
widowed. 

Similarly, there is a highly significant relationship 
between the use of MAP and social security coverage, 
which is justified on the one hand by the increase in 
the number of admissions by COVID-19 in health 
facilities and on the other hand by the lack of an effec-
tive drug against SARS-COV2. In parallel, there is a 
significant relationship between the use of MAP and 
knowledge about COVID-19, which is due to media 
campaigns and the intervention of local authorities to 
define the disease and its symptoms, its mode of 
propagation, and the means of prevention. 

Regarding the economic level of participants in the 
present study, the average level was the most repre-
sented 64% (n = 142) and the most users of the MAPs 
(n = 96), which may justify that the majority of the 
population in Taza province and elsewhere the most 
active one has an average economic level. These re-
sults are in accordance with those of Benkhaira et al. 
(2021a) and Bouyahya et al. (2017) and may be eluci-
dated by the high cost of conventional medications, 
creating an obstacle to access and driving people to 
seek herbal remedies. 

The population with difficult access to health facil-
ities represents 57% (n = 127) of respondents and also 
represents the largest proportion of MAP users (n = 
102). This can be justified by many participants from 
the rural population (n = 111), who sometimes suffer, 
particularly in certain localities, from the inaccessibil-
ity of health facilities. The large use of PAMs mostly 
by the rural population, could be due to the richness 
of the rural environment of the Taza province in me-
dicinal plants (Khabbach et al., 2012). 

For the level of education, 38% of the respondents 
(n = 84) have a university level, and 60 of them used 
the MAPs. This result is concordant with other ethno-
botanical studies that find that most herbal medicine 
users belong to a high academic level (Hamdani and 
Houari, 2020; Helali et al., 2020). Moreover, it could 
be justified in this case by the high rate of the popula-
tion having less than 30 years old.  

The present study revealed a total of 17 species be-
longing to 9 botanical families that were commonly 
used by the respondents in the prevention and treat-
ment of COVID-19. The most represented family, in 
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terms of the number of species, was that of Lamiaceae 
(7 species), followed by Asteraceae and Myrtaceae (2 
species), and the other families represented only one 
species (Table 3). These results are similar to those of 
other studies conducted both at national and interna-
tional scales (Belmouhoub et al., 2021; Chaachouay et 
al., 2021; El Alami et al., 2020; Hussain et al., 2022). 

The most used species in this study were Eucalyp-
tus globulus (RFC = 0.26), followed by Organium com-
pactum and Mentha pulegium (RFC = 0.20), Syzygium 
aromaticum (PFC = 0.08), then Rosmarinus officinalis 
(RFC = 0. 03). It has been reported in several studies 
that Eucalyptus globulus is an effective antiviral agent 
against Coronavirus, especially COVID-19, thanks to 
its essential oil which has bronchodilator properties 
that improve the functioning of the respiratory tract, 
and to its eucalyptol content, which consists of ether 
(-O), ketone (=O) and hydroxyl (-OH) groups that 
play the main inhibitory role against SARS-CoV-2 
(Flouchi and Fikri-Benbrahim, 2020; Jahan and Ah-
met, 2020; Sharma and Kaur, 2020).  

Similarly, Origanum compactum contains among 
the main components of its essential oil α-pinene, 
thymol, carvacol, and eucalyptol (1,8-cineole). More-
over, Origanum compactum has been known since an-
cient times for its traditional uses by the Moroccan 
population, especially in hot dishes and drinks, and 
as a natural treatment against cough, bronchitis, and 
inflammation (Flouchi et al., 2020).  

Mentha pulegium also possesses a wide range of bi-
oactive molecules from which the main compound of 
its essential oil is pulegone which is an effective anti-
viral agent with the potential to inhibit SARS-CoV-2 
(Ghanimi et al., 2022; Mechchate et al., 2022). 

For Syzygium aromaticum, its therapeutic use has 
long been known in traditional medicine to treat res-
piratory ailments, and its activity against different 
types of viruses has been experimentally proven, as 
well as its anti-inflammatory, immunostimulant, and 
antithrombotic action, thanks to its phytochemical 
constituents that have notably given remarkable ef-
fects in the fight against the disease COVID-19 (Vi-
cidomini et al., 2021). 

Concerning the used parts of medicinal plants in 
this study, leaves were reported as the most used part 
according to the responses of the population (92.60%), 
followed by the whole plant (27.90%), flowers (27%), 
fruits (20.50%), roots (14.90%) and seeds (12.60%) (Fig 
6). The frequent use of leaves is due to the simplicity 
of harvesting and the stored metabolites responsible 
for the species' biological activities (Benkhaira et al., 
2021a). Moreover, Sbai-Jouilil et al. (2017) reported 

that the leaves were the most used to relieve and treat 
respiratory disorders.  

For the methods of preparation of plants according 
to the responses of respondents, different modes of 
preparation are used to facilitate benefit from the 
active principles of medicinal and aromatic plants. 
Hence, the infusion was the method most used by 
respondents against COVID-19 (65.70%), followed by 
decoction (56.50%), maceration (14.80%), and other 
methods (9.30%). These results are in agreement with 
other ethnobotanical surveys of MAPs (Benkhaira et 
al., 2021b; Chaachouay et al., 2019). 

Among the undesirable effects of using medicinal 
plants known and encountered by the respondents 
were diarrhea, digestive disorders, and other respira-
tory symptoms (Fig 5). The population recognizes 
such symptoms through the experiences of using 
plants and the knowledge of family members of the 
side effects of certain medicinal plants, which agrees 
with the results found by Alkhamaiseh and Aljofan 
(2020). 

To the best of our knowledge, this work presents 
the first study that brings together the association rule 
approach, which is a method of artificial intelligence, 
to study the relationship between the satisfaction of 
the studied population and the use of medicinal 
plants. A significant association of 100% was found 
between participants' satisfaction and some variables 
mentioned in Table 4, such as positive case, women, 
duration of use of plants more than five days, 
knowledge of adverse effects, and appearance of ad-
verse effects. This can be justified by the absence of a 
specific treatment for COVID-19, and the specificity of 
the province of Taza in the use of aromatic and me-
dicinal plants inherited since antiquity to relieve res-
piratory symptoms on the one hand, and the over-
crowding of serious cases in health establishments on 
the other hand, which prompted respondents to the 
early use of plants to relieve and treat serious symp-
toms of COVID-19. 

CONCLUSION 

This work is the first carried out in the Taza (Mo-
rocco) province to determine ethnopharmacological 
knowledge of aromatic and medicinal plants used by 
confirmed patients infected with the Coronavirus and 
their contacts. In general, 222 patients split evenly 
between urban and rural settings participated in this 
study, and the socioeconomic, cultural, and demo-
graphic factors of this population participating in the 
study were determined. The results showed the fre-
quent use of aromatic and medicinal plants during 
COVID-19 to relieve and treat symptoms. A total of 
17 species belonging to 09 botanical families were 
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used by participants to treat and prevent symptoms 
of COVID-19 in the Taza region. Lamiaceae is the most 
dominant family; Eucalyptus globulus, Origanum com-
pactum, Mentha pulegium, and Syzygium aromaticum 
were the species most consumed by the respondents. 
The plants’ leaves were the most used part, and the 
infusion was the most applied method for preparing 
plants. According to the application of the rule of 
association between the satisfaction of the partici-
pants and the different variables studied, a great satis-
faction of the cases confirmed positive by Coronavirus 
has been reported, in particular women and the popu-
lation of rural areas, by the use of medicinal plants to 
relieve, prevent and treat symptoms of COVID-19. It 
is important to note that this is the first time an artifi-
cial intelligence method has been used to analyze the 
results of an ethnobotanical/ethnopharmacological 
survey. Finally, this study represents a database for 
carrying out other ethnobotanical and experimental 
studies, especially pharmacological, phytochemical, 
and toxicological studies, to identify and determine 
effective antiviral molecules against the Coronavirus. 
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Annex 1. Questionnaire relating to a study on the factors favoring the use of aromatic and medicinal plants during the COVID-19 pandemic used in 
the present study.  
 

The socio-demographic characteristics of the population surveyed:  

- Age: /_/ (18-30 years old),   /_/ (30-40 years old), /_/ (40-50 years old), /_/ (50-60 years old),   /_/ over 60 years old. 

- Gender:     /_/ Male             /_/ Female 

- Housing:     /_/Rural         /_/ Urban 

- Academic level:  /_/ Unschooled  /_/Primary  /_/Secondary  /_/ Bachelor   /_/ University 

- Marital status:   /_/ Married   /_/ Widower 

- Economic level (income):      /_/Low      /_/ Middle       /_/ High 

- Social coverage:       /_/ Yes                /_/ No 

- Accessibility to primary health care: /_/ Easy access   /_/ Moderate access /_/ Difficult access 

- The time required to benefit from care:  /_/ 10 mins  /_/ 30 mins  /_/ 1 hour   /_/ More than an hour. 

Knowledge and attitudes on COVID-19 of the population surveyed 

- Do you know about COVID-19?    /_/ Yes         /_/ No 

- If, Yes: have you contacted positive cases or you been contaminated with COVID-19:   

                         /_/ Positive case    /_/ Contact case 

- Have you used:   /_/Medicines          /_/Herbal treatment 

- What plants did you use during the COVID-19 pandemic? 
...........................................................................……………………………………………………………………………...........…………………………………
…………………………………………...........................................................................................................................................................................................
................................................................................................................................... 

The characteristics and nature of plants used during the COVID-19 pandemic by the population surveyed 

- These plants are used for:        /_/ Prevent               /_/ Treat coronavirus disease 

- For which signs you used these plants:  /_/Cough    /_/Fatigue    /_/Fever  /_/Sore throat  /_/Headache /_/ Respiratory distress   /_/ Oth-
ers 

- Which parts of the plants are used:  /_/ Leaves     /_/ Fruit       /_/Seeds          /_/Flowers        /_/Roots    /_/ Whole plant 

- What are the preparation methods for these plants? /_/Maceration   /_/ Decoction   /_/  infusion /_/ others 

- How to use these plants:       /_/Infusion         /_/inhalation            /_/ other 

- Duration of treatment with plants: ………………………………… 

- Plant treatment satisfaction rate:   /_/ disappointed          /_/unsatisfied         /_/ satisfied          /_/ Very satisfied 

- The sources of the plants used:   /_/ cultivated       /_/ plants Herbalists        /_/Wild plants    /_/ other 

- Reasons for choosing herbal treatment:  /_/Low economic     /_/cost Efficiency             /_/ No side effects       /_/Easy access 

- Sources of information and herbal recipes:   /_/ The experiences of others     /_/the know-how inherited from the ancestors:     
/_/Social networks        /_/ scientific papers the media 

- Do you know the possible adverse effects caused by the use of plants?    /_/ Yes    /_/No 

- Have you noticed any adverse effects or toxicity caused by the plants?   /_/Yes          /_/No  

-  If yes, which ones? …………………………………………………… 
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