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Abstract

Ethnobotanical research provides an important foundation for developing plant-based medicines
with preventive and therapeutic potential. This study aimed (1) to investigate the distribution and
indications for the use of medicinal plants in the prevention and relief of COVID-19-related
symptoms among the Bulgarian population, and (2) to identify culturally significant species with
potential for further development as antiviral agents. A total of 513 respondents from different
regions and demographic groups in Bulgaria were interviewed. Their knowledge regarding the use
of medicinal plants for COVID-19 prevention or treatment was quantitatively assessed using
ethnobotanical indices: relative frequency of citation (RFC), informant consensus factor (FIC), fidelity
level (FL), and use value (UV). Participants reported 45 species belonging to 43 genera and 23
families. The highest RFC and UV values were recorded for Matricaria chamomilla L., Tilia sp. L.,
Thymus vulgaris L., Zingiber officinal Roscoe, Mentha sp. L., Citrus x limon Osbeck, Rosa canina L., and
Sideritis scardica Griseb. Culturally significant species identified were Thymus vulgaris L., Matricaria
chamomilla L., Tilia sp. L., Mentha sp. L., Sideritis scardica Griseb, Zingiber officinale Roscoe, and Citrus x
limon Osbeck. This is the first ethnobotanical survey in Bulgaria documenting culturally important
medicinal plants with potential applications in prophylaxis and complementary therapy for COVID-
19.

Keywords: ethnobotanical study; COVID-19; culturally significant species; ethnobotanical indicators;
medicinal plants

1. Introduction

In response to the COVID-19 pandemic, the global scientific community - physicians,
pharmacists, biologists - united in the search for effective infection treatment, as well as in finding
methods for prophylaxis and prevention.

The efforts of the global scientific community were directed in two main directions: creating
vaccines to control the pandemic while simultaneously searching for and creating effective medicines
for prevention, treatment and prophylaxis of post-COVID symptoms.

In this regard, the integration of traditional and conventional medicine is crucial to achieve
effective improvement of symptoms and to lay the foundation for an alternative approach to COVID-
19 treatment in the future [1].
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The pandemic situation outlined the need for ethnobotanists to adapt to the new environment
and conduct ethnobotanical studies to complement the efforts of the medical and pharmaceutical
community in dealing with COVID-19.

Ethnobotanical studies play an important role in preserving traditional knowledge about
medicinal plants and their use. The collection and compilation of unrecorded knowledge, transmitted
orally through generations, serve as a starting point for modern pharmacognostic and
pharmacological research and are therefore valuable for pharmaceutical practice [2-5].

In addition, ethnobotanical studies provide easy access to potential plant sources of bioactive
compounds with potential therapeutic application [6].

Today, when the world faces global viral threats, including COVID-19, conducting new
ethnobotanical research can serve as a platform for developing effective plant-based medicines for
the treatment and prevention of viral diseases [7].

Documenting the folk knowledge of local communities about potential medicinal plants
traditionally used for respiratory and viral infections is the first important step in this process.

This motivated the conduct of an ethnobotanical study among the Bulgarian population with
the following objectives: [1] to investigate the distribution and indications for use of medicinal plants
used for prevention and relief of COVID-19-related symptoms among the Bulgarian population and
[2] to identify a selection of medicinal species with high cultural significance that could serve as
potential agents for developing effective plant- based antiviral medicines.

2. Results and Discussion

Participants in the ethnobotanical study reported the use of 45 medicinal plant species used for
COVID-19 prevention and treatment, belonging to 43 genera and 23 families.

The best represented families in terms of the number of medicinal species are Lamiaceae,
Asteraceae and Rosaceae (Table 1). Among them, the Lamiaceae family (122 use reports out of a total
of 149) stands out with the greatest contribution to the traditional phytotherapy of the Bulgarian
population in the fight against COVID-19.

The collected ethnobotanical data related to species composition, used part, form of application
and use of reported medicinal species are the subject of forthcoming publication [20].

The consensus among informants regarding the use of medicinal species reported in the study
for COVID-19 prevention and treatment was quantitatively assessed using RFC [11,21].

The RFC values of the medicinal plants mentioned in the survey range from 0.0052 to 0.4124
(Table 1).

The highest RFC value is distinguished by Matricaria chamomilla L. (0.4124) followed by Tilia sp.
L. (0.3711), Thymus vulgaris L. (0.3041) and Zingiber officinale Roscoe (0.2475). Species with medium
REC values are Mentha sp. L. (0.2011), Citrus x limon Osbeck (0.1495), Rosa canina L. (0.1289) and
Sideritis scardica Griseb (0.1237) followed by Origanum vulgare L. (0.0464), Melissa officinalis L. (0.0412),
Hypericum perforatum L. (0.0360) and Salvia officinalis L. (0.0310).

Table 1. Medicinal plants used during COVID-19 in Bulgaria.

s e Number of
. Scientific Local name Loca name
Family . . . . respondents RFC uv
name (in English) (in Bugaria) ..
mentioning the plant
Adoxaceae Sambucs Dwarf elder Trevist bliz 5 0,2512 0,0258
ebulus L.
Adoxaceae Smﬁbucus Elder Diirvesen btiz 3 0,0154 0,0515
nigra L.
Amaryllidaceae Allium cepa L. Onion Kromid luk 1 0,0052 0,0103
Alli
Amaryllidaceae S Garlic Chestin 3 00154 0,0412
sativum L.
Anacardiaceae Cotinus coggygria Scop. Smoke tree Smradlika 0,0206 0,0309

4
Apiaceae Pimpinella anisum L. Anise Anason 1 0,0052 00,0052
1

Apiaceae Apium Celery Tselina 0,0052 00,0052
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graveolens L.

Asteraceae Matricaria chamomilla L. Chamomile Laika 80 0,4124 0,7526
Asteraceae Tagetes erecta L. * Marigold Turta 2 0,0104 0,0155
Asteraceae Tussilago farfara L. Coltsfoot Podbel 5 0,0258 0,0464
Asteraceae  Echinacea purpurea (L.) Moench*  Echinacea Ekhinatseya 4 0,0206 00,0309
Asteraceae Achillea millefolium L. Yarrow Byal ravnets 1 0,0104 0,0309
Asteraceae Calendula officinalis L. Calendula Neven 1 0,0052 00,0052

Brassicaceae Sinapis nigra L. Black mustard  Cheren sinap 5 0,0258 0,0361

Brassicaceae Armoracia G.Gaertn* Horseradish Khryan 1 0,0052 00,0052

Brassicaceae Sinapis alba L. White mustard  Byal sinap 3 0,0154 0,0206
Fabaceae Glycyrrhiza Licorice Sladtik koren 2 0,0104 0,0206

glabra L.
Clusiaceae Hypericum St. John's wort  Zhtilt kantarion 7 0,0360 0,1031
perforatum L.

Juglandaceae Juglans regia L. Walnut Orekh 2 0,0104 0,0206
Lamiacea Clinopodium vulgare L. Wild basil  Koteshka sttipka 3 0,0154 0,0258
Lamiaceae Mentha sp. L. Mint Menta 39 0,2011 0,3660
Lamiaceae Thymus vulgaris L. Thyme Mashtjerka 59 0,3041 00,5670
Lamiaceae Sideritis scardica Griseb. Mountain tea  Mursalski chai 24 0,1237 10,2010
Lamiaceae Salvia officinalis L. Sage Gradinski chai 6 0,0310 0,0464
Lamiaceae Melissa Lemonbalm  Matochina 8 0,0412 0,0619

officinalis L.
Lamiaceae Origanum vulgare L. Oregano Rigan 9 0,0464 0,0876
Lamiaceae Rosmarinits Rosemary Rozmarin 1 0,0052 0,052
officinalis L.
Lauraceae Laurus nobilis L. Bay laurel Dafinovo diirvo 2 0,0104 0,0103
Lauraceae Cinnamomum verum J.Presl* Cinnamon Kanela 2 0,0104 0,0103
Linaceae Linum usitatissimum L. Flax Kulturnen len 1 0,0052 0,0052
Malvaceae Tilia sp. L. Linden Lipa 72 0.3711 0,7165
Malvaceae Hibiscus Hibiscus Khibiskus 1 0,0052 0,0103
sabdariffa L*
Moraceae Ficus carica L. Fig Smokinya 2 0,0104 0,0103
Pinaceae Pinus sylvestris L. Pine Bor 1 0,0052 00,0103

Plantaginaceae Plantago sp. L. Plantain Zhivovlek 2 0,0104 0,0108

Ranunculaceae Nigella sativa L. Black cumin  Cheren kimon 1 0,0052 0,0155
Rosaceae Fflzpendula . Meadowsweet Blaten ttizhnik 1 0,0052 0,0206

ulmaria (L.) Maxim.
Rosaceae  Aronia melanocarpa (Mich.) Elliott* Chokeberry Aronia 1 0,0052 0,0052
Rosaceae Rosa canina L. Dog rose Shipka 25 0,1289 0,1392
Rosaceae Prunus spinosa L. Blackthorn Trtinka 4 0,0206 0,0206
Rutaceae Citrus x limon Osbeck* Lemon Limon 29 0,1495 0,1289
Solanaceae Atropa belladona L. Belladonna Beladona 1 0,0052 0,0052
Urticaceae Urtica dioica L. Nettle Kopriva 2 0,0104 0,0155
Zingiberaceae  Zingiber Ginger Dzhindzhifil 48 0,2475 04381

officinale Roscoe*

Zygophyllaceae Tribulus Puncture vine ~ Babini ztibi 1 0,0052 0,0052

terrestris L.

* - foreign medicinal plants.

The wide popularity of the mentioned medicinal plants among respondents has its deep roots
in the centuries-old experience of the Bulgarian people in the knowledge of herbs and their use,
passed down from generation to generation.

With the exception of Zingiber officinale Roscoe and Citrus x limon Osbeck, the

remaining ten medicinal species - Matricaria chamomilla L., Tilia sp. L., Thymus vulgaris L.,
Mentha sp. L., Rosa canina L., Sideritis scardica Griseb, Origanum vulgare L., Melissa officinalis L.,
Hypericum perforatum L. and Salvia officinalis L. are among the most popular and most frequently
used medicinal plants by the Bulgarian population [5,22-26].

Along with Zingiber officinale Roscoe and Citrus x limon Osbeck, study participants reported the
use of seven more foreign medicinal species for Bulgaria (Aronia melanocarpa (Michx.) Elliott, Hibiscus
sabdariffa L, Cinnamomum verum J.Presl, Laurus nobilis L., Armoracia G.Gaertn, Calendula officinalis L.,
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Echinacea purpurea (L.) Moench and Tagetes erecta L., which have low RFC values - between 0.0052
and 0.0206.

The reasons for the small number of use reports for the listed foreign medicinal plants may be
of different nature (poor awareness of respondents, size of the studied sample, shortcomings related
to online interview conduct, etc.), which does not exclude their potential in the fight against COVID-
19.

The potential of the foreign medicinal species cited in the study should not be underestimated,
as they may also prove useful in the search for active substances for creating new antiviral drugs.

In support of this assumption are numerous scientific data and studies, as well as a number of
ethnobotanical studies conducted in different parts of the world, which report their wide traditional
use and popularity during the COVID pandemic [27-33].

On the other hand, the reported use of foreign medicinal plants is evidence of the continuity and
influence of foreign cultures on the Bulgarian people's folk knowledge of herbs and their use. We live
in a global time in which the boundaries between different peoples and ethnicities are increasingly
blurring. The unification of traditional knowledge and experiences of different cultures from around
the world in the name of preserving human health and the survival of humanity is of paramount
importance.

The effectiveness of herbal treatment applied among respondents was assessed through UV
index values, which reflect the degree of distribution of use of a given medicinal species among
respondents [13].

According to the reported use of medicinal plants for COVID-19 prevention and treatment in
the surveys, the highest UV values are for Matricaria chamomilla L. (0.75), Tilia sp. (0.72), Thymus
vulgaris L. (0.55), Zingiber officinale Roscoe (0.44), Mentha sp. L. (0.37) and Sideritis scardica Griseb. (0.20)
(Table 1).

For the remaining plant species, UV values range from 0.005 to 0.14.

The obtained UV data show that the most popular species with widespread use among study
participants are Matricaria chamomilla L. (0.75), Tilia sp. (0.72), Thymus vulgaris L. (0.55) and Zingiber
officinale Roscoe (0.44).

Use Categories and Informant Consensus Factor (FIC)

Participants in the ethnobotanical study indicated one or more uses of the medicinal plants they
cited for various symptoms accompanying COVID-19, as well as for disease prevention and
prophylaxis.

Based on the data indicated in the survey, a total of 13 use categories were distinguished
("Cough", "Sore throat", "Runny nose and loss of smell", "Respiratory problems", "Headache", "Fever",
"Antiviral agent”, "Immunostimulant”, "Sedative", "Fatigue", "Treatment of overall symptoms",
"Prophylaxis”, "Prevention of complications"), which can serve as a reflection of the traditional
concept of the Bulgarian population regarding COVID-19 prevention and treatment.

For each category, ethnobotanical data were quantitatively assessed by summing the reported
medicinal species, summing individual use reports, and ranking according to the calculated FIC
(Table 2).

The obtained results show a high level of informant consensus for most use categories (average
FIC 0.6888) (Figure 1).
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Figure 1. Informant Consensus Factor for each use category.

The categories with the largest number of cited species are "Prevention of complications" (26
species), "Cough" (24 species), "Treatment of overall symptoms" (22 species), "Immunostimulant” (21
species), "Sore throat" (18 species) and "Respiratory diseases" (17 species). In the remaining use
categories, 4 to 15 mentioned medicinal species were registered (Table 2).

Table 2. Informant Consensus Factor (FI) for different use categories.

Number Number
Use Category of taxa of use reports FIC
(n) (n)

Cough 24 189 0,8777
Prevention of complications 26 168 0,8503
Treatment of overall symptoms 22 68 0,6866
Immunostimulant 21 79 0,7436
Sore throat 18 101 0,8300
Prophylaxis 17 59 0,7241
Respiratory problems 15 43 0,6667
Fatigue 10 18 0,4706
Antiviral agent 9 39 0,7895
Runny nose and loss of smell 9 24 0,6522
Headache 4 9 0,6250
Fever 7 14 0,5384
Sedative 4 6 0,5000

The largest share of reports from surveyed participants (23.11%) relates to the use of medicinal
plants for relieving the cough symptom. Second are reports for the category "Prevention of
complications” (20.55%), followed by the use category concerning sore throat relief (12.35%).

The best-defined use of medicinal plants is in the categories "Cough" (FIC 0.87766), "Prevention
of complications" (FIC 0.8503), "Sore throat" (FIC 0.83), "Antiviral agent" (FIC 0.78947),
"Immunostimulant” (FIC 0.7435) and "Prophylaxis” (FIC 0.7241).

The high FIC values of the listed use categories show that the ethnobotanical sample is large
enough to define a selection of medicinal species that emerge as culturally important in the search
for new phytopharmaceutical approaches for COVID-19 prevention and treatment.

The most important medicinal species that determine the high FIC values in the respective use
categories are as follows:

1. Category "Cough" - Tilia sp. L. (34 reports), Thymus vulgaris L. (32 reports), Matricaria chamomilla

L. (28 reports)

2. Category "Prevention of complications" - Tilia sp. L. (34 reports), Thymus vulgaris L. (21 reports),

Zingiber officinale Roscoe (18 reports)

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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3. Category "Sore throat" - Tilia sp. L. (28 reports), Matricaria chamomilla L. (23 reports), Thymus
vulgaris L. (14 reports)

4. Category "Antiviral agent" - Thymus vulgaris L. (8 reports), Tilia sp. L. (7 reports), Zingiber
officinale Roscoe (6 reports), Matricaria chamomilla L. (6 reports)

5. Category "Immunostimulant” - Zingiber officinale Roscoe (12 reports), Citrus x limon Osbeck (9
reports), Rosa canina L. (9 reports), Tilia sp. L. (9 reports), Thymus vulgaris L. (7 reports), Matricaria
chamomilla L. (6 reports), Mentha sp. L. (6 reports)

6. Category "Prophylaxis" - Zingiber officinale Roscoe (2 reports), Thymus vulgaris L. (7 reports),
Citrus x limon Osbeck (6 reports), Mentha sp. L. (6), Matricaria chamomilla L. (5 reports), Sideritis
scardica Griseb (5 reports)

Comparative analysis shows that among study participants, the most widely used species with
diverse use is Thymus vulgaris L., which is present in all six main use categories. This is followed by
Tilia sp. L. and Matricaria chamomilla L. mentioned in five categories, as well as Zingiber officinale
Roscoe mentioned in four of them.

The categories "Fever", "Sedative" and "Fatigue" show relatively low levels of informant
consensus factor (FIC around 0.50).

As culturally significant and frequently used medicinal species in the "Fever" category (with a
total of 14 use reports), Tilia sp. L. (5 reports) and Matricaria chamomilla L. (4 reports) stand out.

In the "Fatigue" category (with a total of 18 reports), Tilia sp. L. and Rosa canina L. have the largest
number of use reports with three reports each.

In the "Sedative" category, of a total of seven registered reports, three relate to Matricaria
chamomilla L., which defines it as dominant in this category.

Lower FIC values do not necessarily have to be interpreted as low efficacy of the plants used.
On one hand, the reason for weaker internal consensus is often the fact that a small number of
informants report a relatively large variety of medicinal species used for the respective symptoms.
There is a preference among respondents for some medicinal plants that are traditionally known to
them and with culturally established pharmacological effects [15,34].

On the other hand, it can be assumed that low FIC values indicate that there are differences in
the way respondents from different regions of the country use medicinal plants, determined by local
traditions and personal experience. This is confirmed by a number of ethnobotanical studies that
document differences in folk knowledge about medicinal plants and local healing practices among
the population in different regions of Bulgaria [5,35-38].

The aggregated data analysis shows that Thymus vulgaris L., Matricaria chamomilla L., Tilia sp. L.
and Zingiber officinale Roscoe stand out as species with widespread, diverse use, both for relieving
disease-related symptoms and for immunostimulation and body prophylaxis.

The large number of reports for their use in different symptom categories speaks both to the
stability of folk knowledge and to the stability of traditional healing practices related to the treatment
of respiratory and infectious diseases, passed down through generations among local communities
of the Bulgarian population.

On the other hand, the relatively small number of species (8 out of a total of 45 reported) - Thymus
vulgaris L., Matricaria chamomilla L., Tilia sp. L., Rosa canina L., Mentha sp. L., Sideritis scardica Griseb.,
Zingiber officinale Roscoe and Citrus x limon Osbeck, which have the highest FIC values in all
categories, is an indicator of strongly expressed internal consensus among respondents regarding
their effectiveness in prevention and relief of symptoms associated with COVID-19. This again
confirms the stability of traditional phytomedicine practiced for centuries by the Bulgarian
population.

Fidelity Level Index (FL) - Culturally Significant Species by Use Categories
FL values were calculated to assess how specific the use of medicinal plants indicated in the

surveys is for various COVID-19 symptoms.

Since the values of this indicator show specificity but not popularity of a given use of a medicinal
species among informants, the sociocultural significance of the medicinal plants mentioned in the
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study was quantitatively assessed through combined analysis of FL and RFC indices. This approach
allows accounting for both the degree of consensus regarding specific use of the species and the
proportion of respondents who mention it as particularly important [14].

Plants used by a large number of informants for the same use category are considered culturally
significant, while species cited as useful by only one or two informants are considered of low cultural
significance [8].

By use categories (with FIC > 0.70), we made a selection of medicinal plants that show high FL
value, supported by a sufficient number of informants (more than six). The obtained data are
summarized in Table 3.

Table 3. Fidelity Level (FL) and cultural significance of medicinal plants cited in the survey, distributed by use

categories
Medicinal Plant Number FL % REFC Cultural Significance
of reports
Category "Cough"
Thymus vulgaris L. 32 54 0.30 High cultural significance
Tilia sp. L. 34 47 0.37 High cultural significance
Sideritis scardica Griseb. 10 42 0.12 Specific cultural significance
Zingiber officinale Roscoe 18 37 0.25 Universal cultural significance
Matricaria chamomilla L. 28 35 0.41 Universal cultural significance
Mentha sp. L. 13 33 0.20 Universal cultural significance
Category "Prevention of complications
Tilia sp. L 34 47 0.37 High cultural significance
Sideritis scardica Griseb. 11 46 0.12 Specific cultural significance
Matricaria chamomilla L. 36 45 041 Moderate cultural significance
Thymus vulgaris L. 21 36 0.30 Moderate cultural significance
Zingiber officinale Roscoe 18 37 0.25 Established .fo.relgn species with
specific local use
Mentha sp. L. 10 26 0.20 Universal cultural significance
Category "Sore throat
Tilia sp. L. 28 39 0.37 High cultural significance
Matricaria chamomilla L. 23 29 041 Universal cultural significance
Category "Immunostimulant”
Zingiber officinale Roscoe 12 25 0.25 Moderate cultural significance
Citrus x limon Osbeck 9 31 0.15 Specific cultural significance
Tilia sp. L. 9 13 0.37 Universal cultural significance
Thymus vulgaris L. 7 12 0.64 Universal cultural significance
Category "Prophylaxis
Zingiber officinale Roscoe 12 25 0.25 Moderate cultural significance
Thymus vulgaris L. 7 12 0.64 Universal cultural significance
Mentha sp. L. 6 15 0.20 Moderate cultural significance
Citrus x limon Osbeck 6 21 0.15 Specific cultural significance
Category "Antiviral agent”
Tilia sp. L 7 10 0.37 Universal cultural significance
Matricaria chamomilla L. 6 8 041 Universal cultural significance
Thymus vulgaris L. 8 14 0.64 Universal cultural significance
Zingiber officinale Roscoe 6 13 0.25 Moderate cultural significance

Note: High cultural significance - widespread, specific traditional use (high FL + high RFC); Moderate cultural
significance - established but limited to several applications traditional use (medium FL + medium RFC);
Specific cultural significance - locally specific, traditionally established medicinal use (high FL + low RFC);
Universal cultural significance - widely used in traditional medicine plant with many medicinal applications,

without being narrowly specialized (low FL + high RFC).

In the "Cough" category, Thymus vulgaris L. and Tilia sp. L. stand out with the highest FL and
REC values, which shows that these species possess high cultural significance and an established role
in folk medicine for cough treatment.
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Matricaria chamomilla L. and Mentha sp. L. have lower FL but high RFC, which indicates that they
are widely known, but their traditional use is not limited to cough treatment alone, but also to many
other symptoms.

Although a small portion of respondents mention Sideritis scardica Griseb. (RFC 0.12), its high
FL value (42%) shows that its primary use for cough treatment is established but limited local healing
practice.

Although a foreign species to Bulgarian flora, Zingiber officinale Roscoe shows a high FL value
(37%), which testifies to its successful integration as a foreign species into the traditional healing
practices of Bulgarians.

The greatest cultural significance in the "Prevention of complications" category belongs to Tilia
sp. L., followed by Sideritis scardica Griseb. which despite lower frequency of mention shows specific
cultural significance among respondents within this use category. Matricaria chamomilla L. and Mentha
sp. L. are distinguished by great popularity but with lower specificity of use, probably due to their
diverse applications in folk medicine. The relatively low FL of Mentha sp. L. despite its wide
popularity among respondents shows that it has universal application and is not specifically
associated with a single medicinal use.

In the "Sore throat" category, Tilia sp. L. stands out with high cultural significance and well-
defined traditional use. Thymus vulgaris L. has medium FL and RFC values, which places it in the
category of traditionally used but limited to several applications medicinal plants, while Matricaria
chamomilla L. shows high popularity and universal use.

In the "Immunostimulant” and "Prophylaxis” categories, Zingiber officinale Roscoe has the largest
number of use reports (12 in each), while all other medicinal species are represented with less than
ten reports. Zingiber officinale Roscoe shows moderate cultural significance and is established as a
very well-integrated foreign medicinal species in the modern traditional medicine of Bulgarians, with
well-defined medicinal application.

In both categories, Citrus x limon Osbeck shows specific cultural significance, and Thymus
vulgaris L. confirms its broad and versatile medicinal use.

In the "Antiviral agent" category, the mentioned species have a small number of reports
(between 6 to 8), but some of them have high RFC values. Although antiviral use is less represented,
the results confirm the universal cultural significance and role of species traditionally used by the
Bulgarian population such as Tilia sp. L., Matricaria chamomilla L. and Thymus vulgaris L. Zingiber
officinale Roscoe again shows moderate cultural significance.

Culturally Significant Plants

Based on the summarized, analyzed and quantitatively evaluated ethnobotanical information,
the following plant species were identified as culturally significant and promising for further
experimental research with potential for prevention or complementary therapy in COVID-19
treatment: Thymus vulgaris L., Matricaria chamomilla L., Tilia sp. L., Mentha sp. L., Sideritis scardica
Griseb, Zingiber officinale Roscoe and Citrus x limon Osbeck.

3. Materials and Methods

3.1. Ethnobotanical Study and Data Collection

This ethnobotanical study was conducted from July 2022 to September 2023 and represents part
of a comprehensive ethnobotanical investigation of folk knowledge about medicinal plants used for
COVID-19 prevention and treatment among the population of the Republic of Bulgaria.

The study included 513 people from different settlements across the territory of the Republic of
Bulgaria with different demographic indicators - gender, age, education, employment status.

Informants were randomly selected. After preliminary familiarization with the purpose and
methods of the study, written informed consent was obtained from each participant.

Ethnobotanical information was collected using a pre-prepared online survey in the form of a
Google form.
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The survey was distributed via a link, directly by invitation from the researchers, through their
contacts, friends, social media groups - using the respondent method and additional distribution on
the "snowball" principle - from some respondents to others.

The survey questions were structured in three main blocks aimed at collecting data on
participants' demographic profile, their attitude towards herbal medicine as a means of COVID-19
prevention and therapy, as well as ethnobotanical information related to the medicinal plants they
used for disease prophylaxis and treatment.

The study was approved by the Research Ethics Committee of the Medical University of Varna
(Ne 118/23.06.2022).

3.2. Quantitative Processing and Analysis of Collected Ethnobotanical Information

Various ethnobotanical indicators were used in the collection and analysis of the ethnobotanical
data obtained in the study, allowing for quantitative and qualitative assessment of the traditional
knowledge of surveyed participants regarding the use of medicinal plants for COVID-19 prevention
and treatment.

The use of ethnobotanical indicators allows for the identification of widely popular and
culturally significant medicinal species for a given local community, differentiation of potentially
effective species for further pharmacognostic and pharmacological research, comparison between
different ethnobotanical regions or groups, as well as tracking the stability of traditional knowledge
and its integration with modern conventional medicine [8-10].

The following ethnobotanical indicators were calculated:

3.2.1. Relative Frequency of Citation (RFC)

RFC is used to assess the popularity of plants within a given community. It shows how often a
given medicinal plant is mentioned by all informants, regardless of the type of use.

It was calculated using the standard method according to the formula RFC = FC/N, where FC is
the number of informants mentioning the use of species X, and N is the total number of informants
participating in the study who applied herbal treatment.

RFC values range from 0 to 1. They are based on the percentage of informants citing a particular
medicinal species, taking into account its degree of popularity in the traditional knowledge of a given
community [10-14].

3.2.2. Use Value Index by Species (UV)

UV is an ethnobotanical indicator that evaluates the relative importance or popularity of a given
medicinal plant based on the frequency of mention by informants.

It shows how widely and frequently a particular plant is used in a given community, regardless
of what medicinal purposes.

UV is calculated by dividing the total number of reports for all uses of species X by the total
number of informants reporting use of species X [10,15].

Its values range between 0 and 1. UV values close to 0 indicate that the plant is rarely mentioned
and therefore has low cultural/medicinal significance, while values close to 1 or more indicate that
the species is popular, with many uses [more than 1 use per informant may be indicated]. Higher
values reflect more widespread use and greater confidence among respondents in the particular
medicinal species [16].

3.2.3. Informant Consensus Factor (FIC)

FIC provides information about informant consensus regarding the use of a particular plant
species for a specific disease [8].
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It allows for the assessment of variability in medicinal plant use and is a useful tool for
determining the most commonly used medicinal species for a specific disease, which are of particular
interest or so-called culturally significant in the search for bioactive compounds [8]

The calculated FIC coefficient values allow determining how well the traditional use of cited
medicinal species is defined for different use categories.

FIC evaluates the relationship between the number of use reports in each category minus the
number of taxa used, divided by the number of use reports in each category minus 1 [17].

Factor values range from 0 to 1. High FIC values (close to 1) indicate high consensus - when a
high proportion of informants report one or several plant species for a particular use category. Low
FIC values indicate that informants do not have consensus regarding the use of mentioned species
for treatment within the disease category [8,17,18].

3.2.4. Fidelity Level Index (FL)

FL is defined as the percentage of informants who indicate a given plant for a specific disease or
category, relative to all who mention that plant for any purposes.

It is calculated as a percentage by dividing the number of informants who indicate the plant for
a specific disease/symptom by the total number of informants who mention the plant for all
symptoms and multiplying by 100 [17].

A high FL value (80-100%) means that the plant is used specifically for a given disease, while a
low FL value (below 50%) indicates that there are many different uses without a clearly dominant
one [9,19].

4. Conclusions

Thymus vulgaris L., Matricaria chamomilla L., Tilia sp. L., Mentha sp. L., Sideritis scardica Griseb.,
Zingiber officinale Roscoe and Citrus x limon Osbeck are strongly connected to Bulgarian folk medicine
and have been used for generations to relieve symptoms similar to those accompanying COVID-19.

The high FL and RFC values, combined with strong informant consensus (FIC > 0.70), testify to
the stability of information flow and widespread distribution of folk knowledge regarding the use of
these species among the Bulgarian population.

These species represent a promising group of plants for pharmacological validation, especially
regarding their antiviral, immunomodulation and symptom-relieving properties.

This study is the first of its kind in Bulgaria, part of a larger ethnobotanical investigation, which
provides a sample of culturally significant medicinal plants.

This selection can serve as a starting point for future scientific research aimed at developing
alternative approaches to dealing with both COVID-19 infection and potential future threats from
viral infections.

The high frequency of use and diversity of reported applications testify to the potential of these
culturally significant species as a platform for developing standardized herbal formulas with
therapeutic antiviral focus.
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