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Resumo Alargado 

 

Durante séculos, as plantas têm sido utilizadas numa ampla variedade de aplicações, tais 

como o tratamento de doenças, aromatização e conservação de alimentos e perfumaria. Os 

óleos essenciais são substâncias voláteis aromáticas, presentes em diferentes partes das 

plantas, como frutas,  sementes, polpa, casca ou raiz e que têm sido usados como agentes 

terapêuticos desde a antiguidade. De facto, estes possuem uma ampla gama de atividades 

biológicas, podendo ser aplicados em diferentes áreas, como química, cosmética, indústria 

alimentar, perfumaria e farmacêutica. O Thymus zygis é uma planta amplamente 

distribuída, utilizada principalmente como aromatizante culinário e o seu óleo essencial 

tem demonstrado propriedades bioativas, como atividade antioxidante, antibacteriana, 

inseticida e antiparasitária. Além disso, a potencial aplicação como conservante de 

alimentos tem sido descrita em diferentes matrizes alimentares, principalmente devido à 

sua atividade antimicrobiana contra microrganismos patogénicos e deteriorantes de 

alimentos.  

O aumento da resistência dos microrganismos aos antibióticos e o surgimento de novas 

doenças, exigem o desenvolvimento urgente de novos agentes antimicrobianos mais fortes 

e eficazes. Assim, as plantas medicinais são promissoras, pois oferecem fontes únicas e 

renováveis de novos compostos com propriedades bioativas. 

Considerando as diferentes aplicações dos óleos essenciais, este trabalho teve como 

objetivos estudar a composição, propriedades antioxidantes, antimicrobianas e também a 

citotoxicidade dos óleos essenciais de Foeniculum vulgare, Helichrysum stoechas, 

Mentha pulegium, Pinus pinaster, Ruta graveolens e Thymus mastichina e avaliar a 

composição química e as propriedades bioativas do óleo essencial de T. zygis com foco na 

atividade antimicrobiana contra Staphylococcus aureus bem como o seu efeito anti-

Listeria monocytogenes e aplicação em alimentos como conservante. 

Através da cromatografia gasosa acoplada à espectrometria de massa (GC-MS) verificou-

se que os óleos essenciais possuem composição diferente, identificando-se diversos 

compostos no óleo essencial de F. vulgare (12 compostos), H. stoechas (27), M. pulegium 

(8), P. pinaster (24), R. graveolens (8), T. mastichina (16) e por fim no EO de T. zygis 18 

compostos com o anetol, acetato de neril, pulegona, α-pineno, 2-undecanona, 1,8-cineol e 

timol como compostos maioritários, respetivamente. Apenas os óleos essenciais de H. 

stoechas, M. pulegium e T. zygis sequestraram os radicais livres de DPPH exibindo uma 

atividade antioxidante muito forte, enquanto todos os óleos essenciais apresentaram 

atividade antioxidante atuando por meio da inibição da peroxidação lipídica de acordo 
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com o ensaio do β-caroteno. Assim, verificou-se que os óleos essenciais de H. stoechas, M. 

pulegium e T. zygis possuem atividade antioxidante através de pelo menos dois 

mecanismos de ação distintos, a sequestração de radicais livres e inibição da peroxidação 

lipídica. Os óleos essenciais de M. pulegium e T. zygis exibiram atividade antimicrobiana 

mais relevante com concentração mínima inibitória (MIC, do inglês minimum inhibitory 

concentration) entre os valores de 0,06 e 4 µL/mL, exceto para Pseudomonas aeruginosa, 

que foi a espécie mais resistente. As espécies de Candida foram as mais suscetíveis a estes 

óleos essenciais (halos de inibição entre 30,94 ± 5,34 e 64,35 ± 4,44 mm) e apenas os 

compostos voláteis destes dois óleos essenciais, libertados do disco durante a incubação, 

demonstraram atividade inibitória (halos de inibição entre 19,28 ± 3,45 e 65,18 ± 8.78 

mm). Por outro lado, os óleos essenciais de H. stoechas e R. graveolens revelaram a 

atividade antimicrobiana mais fraca (halos de inibição entre 6,00 ± 0,00 e 11,82 ± 1,07 

mm e MIC entre 16 e >256 µL/mL). Em relação à citotoxicidade dos compostos, esta foi 

avaliada considerando o seu efeito sobre uma linha celular de fibroblastos (NHDF), sendo 

que o efeito foi diretamente proporcional à concentração de óleos essenciais, obtendo-se 

maior atividade citotóxica com o óleo essencial de R. graveolens. Pelo contrário, com o 

óleo essencial de T. zygis com concentrações entre 0,0030 e 0,0125%, obteve-se 

viabilidade superior a 70% e tendo em conta a ISO 10993:5-2009, pode-se considerar que 

estas concentrações não são citotóxicas. 

Tendo em atenção o potencial antimicrobiano do óleo essencial de T. zygis e uma vez que 

mostrou maior atividade que os restantes óleos essenciais, decidiu-se avançar com estudos 

com este óleo essencial, aprofundando assim as suas atividades bioativas, principalmente 

a atividade antibacteriana contra S. aureus e L. monocytogenes.  

Considerando que S. aureus é uma bactéria Gram-positiva que causa vários tipos de 

infeções clínicas, e que em alguns casos pode estar associada a elevada morbilidade e 

mortalidade, as quais podem ser agravadas pela resistência a antibióticos, a atividade 

antibacteriana do óleo essencial de T. zygis foi avaliada contra estirpes desta espécie. O 

óleo essencial revelou atividade antimicrobiana contra estirpes de S. aureus com MIC de 

0,05 e 0,1% (v/v) apresentando efeito bactericida. Para além disso, os compostos voláteis 

do óleo essencial de T. zygis também inibiram o crescimento destas estirpes. 

Relativamente ao efeito combinado com antibióticos, o óleo essencial de T. zygis 

demonstrou um efeito sinérgico em combinação com os antibióticos ampicilina e 

ciprofloxacina contra a estirpe S. aureus MRSA 12/08 e efeito aditivo com a vancomicina. 

Em relação às estirpes S. aureus ATCC 25923 e SA 03/10, a combinação do óleo essencial 

de T. zygis com os três antibióticos revelou efeito aditivo. Em alguns casos, a junção do 

óleo essencial de T. zygis alterou o fenótipo de resistente para suscetível ao antibiótico, de 
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acordo com os valores de corte do Clinical and Laboratory Standards Institute, como se 

pode verificar para a estirpe SA 03/10 aos três antibióticos testados e para a estirpe MRSA 

12/08 à ampicilina e ciprofloxacina em que os valores de MIC reduziram 

consideravelmente restaurando a sensibilidade a estes. Adicionalmente, o óleo essencial 

de T. zygis também inibiu a formação de biofilmes formados pelas estirpes de S. aureus e 

eliminou parcialmente os biofilmes preformados mesmo em concentrações subinibitórias. 

A pré-exposição de S. aureus a concentrações subinibitórias do óleo essencial de T. zygis 

reduziu significativamente a atividade hemolítica de S. aureus SA 03/10 (única estirpe em 

estudo que provocou hemólise de eritrócitos) em comparação com os respetivos controlos, 

de forma dose-dependente. A comunicação entre células permite o controlo da regulação 

e libertação de fatores de virulência por parte das bactérias e utilizando Chromobacterium 

violaceum como um biossensor para avaliar o potencial do óleo essencial como inibidor 

deste processo, os resultados mostraram que concentrações subinibitórias do óleo 

essencial de T. zygis inibiram significativamente a produção do pigmento violaceína sem 

afetar o crescimento deste biossensor. Assim, verificou-se que este óleo essencial também 

reduz esse processo de regulação de virulência. Resumindo, as concentrações testadas de 

óleo essencial de T. zygis reduzem significativamente o crescimento de S. aureus, tanto de 

células planctónicas como de biofilmes, potenciam o efeito de antibióticos e inibem a 

capacidade hemolítica e a comunicação entre células. Portanto, esses resultados 

demonstram promissoras propriedades bioativas do óleo essencial de T. zygis, revelando 

o seu potencial para ser utilizado como agente antibacteriano e/ou potenciador do efeito 

de antibióticos.  

Tendo em conta que L. monocytogenes é um dos agentes bacterianos causadores de 

doenças transmitidas por alimentos com mais elevada taxa de mortalidade e possui a 

capacidade de sobreviver e de se replicar em condições adversas vulgarmente associadas 

ao sector alimentar permitindo a sua ampla distribuição em diferentes ambientes e 

matrizes alimentares, foi avaliada a atividade antimicrobiana do óleo essencial de T. zygis 

contra estirpes desta bactéria. O óleo essencial de T. zygis apresentou também atividade 

antibacteriana contra L. monocytogenes com halos de inibição entre 41,55 ± 2,63 e 55,04 

± 3,64 mm, tal como os seus compostos voláteis (halos de inibição entre 36,13 ± 3,41 e 

50,43 ± 2,59 mm), com um MIC de 0,05%, apresentando também efeito bactericida. 

Concentrações subinibitórias do óleo essencial reduziram significativamente a motilidade 

das três estirpes em estudo, reduzindo também a formação de biofilme com percentagens 

de inibição entre 16,85 e 89,86%, mesmo com concentrações subinibitórias. Uma pré-

exposição de L. monocytogenes ao óleo essencial de T. zygis, apenas aumentou a robustez 

de L. monocytogenes quando sujeita a stress osmótico, não afetando a sua tolerância a 

outros fatores de stress, tais como a dessecação, pH ácido e elevadas temperaturas. Para 
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além disso, a pré-exposição a óleo essencial de T. zygis não induziu resistência cruzada a 

antibióticos de diferentes classes, como ampicilina, cefotaxima, eritromicina, gentamicina, 

tetraciclina e vancomicina. Como a capacidade de invasão desta bactéria permite a 

passagem através das células epiteliais do intestino, provocando infeções generalizadas no 

hospedeiro, o óleo essencial de T. zygis foi testado em relação à capacidade de invasão em 

células de adenocarcinoma colorretal humano (Caco-2). A incubação com concentrações 

subinibitórias do óleo essencial de T. zygis não afetou o poder de invasão de L. 

monocytogenes, sendo assim considerado um fator neutro. Uma vez que o uso de 

compostos antimicrobianos sintéticos como conservantes de alimentos tem despertado a 

preocupação dos consumidores e tendo em atenção a atividade antimicrobiana obtida para 

o óleo essencial de T. zygis, avaliou-se o uso deste óleo como um conservante e 

desinfetante de alimentos. Verificou-se que as duas concentrações mais elevadas do óleo 

essencial de T. zygis (2× e 1× MIC) reduziram significativamente as contagens de L. 

monocytogenes (inóculo inicial de ~106 UFC/mL) num modelo de suco de frango (1,53 log 

UFC/mL) e no modelo de alface Iceberg (abaixo do limite de deteção), após dois dias de 

armazenamento em refrigeração. Em relação às amostras de leite (leite magro e leite 

gordo), a diferença no conteúdo lipídico influenciou a atividade antibacteriana do óleo 

essencial de T. zygis, sendo que apenas se obteve uma redução significativa das contagens 

bacterianas com a concentração mais elevada e no leite magro. Para concentrações 

subinibitórias do óleo essencial de T. zygis, apenas a concentração 0,5× MIC mostrou uma 

redução significativa e apenas no modelo de alface, a partir do quarto dia de 

armazenamento. Em relação à desinfeção de vegetais frescos, o uso de 0,2% (v/v) de óleo 

essencial por 5 min de imersão, reduz a contagem de L. monocytogenes e da microbiota 

natural para valores abaixo do limite de deteção do método na lavagem das folhas de 

alface. Nas folhas de espinafre, as contagens de L. monocytogenes e da microbiota natural 

foram reduzidas para 4,35 log UFC/mL e no intervalo de 4,47 a 5,94 log UFC/mL, 

respetivamente, quando comparadas com a lavagem apenas com água. Assim, o óleo 

essencial de T. zygis demonstrou atividade antibacteriana promissora contra L. 

monocytogenes e estes resultados apontam para o potencial uso do óleo essencial de T. 

zygis como conservante ou desinfetante natural de alimentos para o controlo de L. 

monocytogenes e da microbiota natural em produtos alimentares.  

No geral, o presente estudo revelou propriedades bioativas significativas de diferentes 

óleos essenciais, destacando o óleo essencial de T. zygis, a ser considerado em estudos 

futuros, devido às suas propriedades antioxidantes e antimicrobianas, bem como no 

controle e redução da patogenicidade de S. aureus e L. monocytogenes.   
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Abstract 

  

For centuries, plants have been used for a wide variety of purposes, such as treating 

diseases, food flavouring and preservation and perfumery. The essential oils (EOs) are 

aromatic, oil-like volatile substances present in different plant materials that have a wide 

range of biological activities and can be used in different areas, such as chemical, cosmetic, 

food, perfumery, and pharmaceutical industries and have been used as therapeutic agents 

since ancient times. Thymus zygis is a widespread plant, mainly used as a culinary 

flavouring agent, which EO has demonstrated bioactive properties, such as antioxidant 

and antimicrobial, and that may even enhance the effect of certain antimicrobial agents. 

Furthermore, the potential application as a food preservative has been described on 

different matrixes mainly due to its antimicrobial activity against pathogenic and spoilage 

microorganisms in food. 

Considering the different applications of EOs, this work aimed to study the composition, 

antioxidant, and antimicrobial properties and also the cytotoxicity of the EOs of 

Foeniculum vulgare, Helichrysum stoechas, Mentha pulegium, Pinus pinaster, Ruta 

graveolens, and Thymus mastichina. The chemical composition, and the bioactive 

properties of the T. zygis EO were also evaluated with a focus on antimicrobial activity 

against Staphylococcus aureus and Listeria monocytogenes, and application of the EO in 

food. 

The F. vulgare, H. stoechas, M. pulegium, P. pinaster, R. graveolens, T. mastichina and 

T. zygis EOs showed antioxidant activity acting through inhibition of lipid peroxidation, 

while only the H. stoechas, M. pulegium and T. zygis EOs scavenged the free radicals of 

DPPH. M. pulegium and T. zygis EOs showed the strongest antimicrobial activity and only 

volatiles compounds from these EOs demonstrated inhibitory activity. Regarding the EO 

cytotoxicity on a fibroblasts cell line, it was observed that the effect was directly 

proportional to the EOs concentration, in which the highest cytotoxic effect was obtained 

with the R. graveolens EO. 

Considering the antimicrobial potential of the EO from T. zygis and since it showed the 

greater activity among the tested EOs, it was decided to proceed with further evaluation of 

this EO, thus deepening its bioactive activities, mainly the antibacterial activity against S. 

aureus and L. monocytogenes. 

Taking into account that S. aureus is a Gram-positive bacterium that causes a wide variety 

of clinical infections, from less severe to serious and life-threatening infections and 
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because these are aggravated by antibiotic resistance, the antibacterial activity of T. zygis 

EO against strains of S. aureus was evaluated. The T. zygis EO demonstrated antimicrobial 

activity against S. aureus strains with bactericidal effect. The EO of T. zygis also revealed 

a synergistic or additive effect in combination with the antibiotic’s ampicillin, 

ciprofloxacin, or vancomycin against S. aureus strains and, in some cases, changed the 

antibiotic-resistance phenotype from resistant to susceptible. The T. zygis EO inhibit the 

formation of biofilms by S. aureus and partially eliminate the preformed biofilms even at 

subinhibitory concentrations. The EO reduced the haemolytic activity of S. aureus SA 

03/10 (the only strain tested that causes haemolysis) as well the quorum-sensing in 

Chromobacterium violaceum biosensor. Therefore, these results demonstrate the good 

bioactive properties of the T. zygis EO, mainly the antimicrobial activity against S. aureus, 

revealing its potential to be used as an antibacterial agent and/or as an enhancer of the 

effect of antibiotics.  

Since L. monocytogenes is a foodborne Gram-positive bacterium with a high mortality rate 

and has the ability to survive and replicate in adverse conditions, allowing the wide 

distribution of this bacterium in different environments and matrices, such as water, soil, 

and food products, the antimicrobial activity of T. zygis EO against strains of L. 

monocytogenes was evaluated. The T. zygis EO presented good antibacterial activity 

against L. monocytogenes with MIC value of 0.05% while showing a bactericidal effect. 

The EO significantly reduced the biofilm formation with inhibition percentages from 16.85 

to 89.86% and also the motility, while not inducing cross-resistance to antibiotics. The 

concentration of 2× MIC of T. zygis EO reduced the L. monocytogenes counts (initial 

inoculum of ~106 CFU/mL) in the chicken juice (1.53 log CFU/mL) and the lettuce model 

(to below the detection limit) after two days of storage. Regarding the sanitizing of fresh 

vegetables, the use of 0.2% (v/v) of EO for 5 min of immersion, reduce L. monocytogenes 

and natural microbiota counts for values below the detection limit of the method for 

iceberg lettuce. For the spinach leaves, L. monocytogenes and the natural microbiota 

counts were reduced to 4.35 log CFU/mL and in a range of 4.47 to 5.94 log CFU/mL, 

respectively, when compared with the washing with water. Thus, the T. zygis EO has 

demonstrated promising antibacterial activity against L. monocytogenes and these results 

point to the potential use of the T. zygis EO as a natural food preservative or sanitiser for 

controlling L. monocytogenes and the natural microbiota in food products. 

Overall, the present study revealed significant bioactive properties of different EOs, 

highlighting T. zygis EO to be considered in further studies for potential use in food 

preservation, due to their antioxidant and antimicrobial properties as well as in the control 

and reduction of the pathogenicity of the L. monocytogenes and S. aureus.  
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Thesis Overview 

  

The research work that comprises this thesis was performed at the CICS-UBI, Health 

Sciences Research Centre from the Faculty of Health Sciences of the University of Beira 

Interior.  

This thesis is structured in three main parts. The first part includes three chapters, chapter 

1 with a general introduction consisting of a review of the literature regarding the essential 

oils of the plants under study, considering their geographical distribution, botanical 

characteristics, folk medicine use, phytochemistry and bioactive properties. The chapter 2 

is a published review about the essential oil of Thymus zygis, the plant that was the main 

focus of this thesis, which complements the information in the Introduction chapter. 

Chapter 3 concerns to the aims of this thesis. The second part comprises three chapters 

corresponding to one accepted manuscript (chapter 4) and two original publications 

(chapter 5 and 6), that describe the experimental results obtained in this work. The last 

part, chapter 7, summarizes the main conclusions obtained in this work and refers to the 

future perspectives for further research in this field. In the annex, it is presented another 

published review on the genus Ruta, one of its species was studied in this thesis, where it 

can be found information about its main characteristics, traditional medicine, 

composition, and biological and pharmacological properties. 
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1. Introduction 

Plants have been traditionally used in the healing processes of numerous diseases, with 

many of them presenting scientifically confirmed beneficial effects, thus diligent research 

in this matter should be imperative (Burlacu and Tanase, 2021). There are a wide range of 

plants and new molecules from plants that have been observed in countless studies and have 

many applications in different fields: (i) in pharmaceutical industries due to its therapeutic 

potential in the treatment of cancer (Burlacu and Tanase, 2021; Cheng et al., 2016; 

Davoodvandi et al., 2020; Karthika and Sureshkumar, 2021; Talib et al., 2022), respiratory 

diseases (Mitra et al., 2021), neurodegenerative diseases (Hassan et al., 2022; Naoi et al., 

2022), in management of glycaemic response (Singh et al., 2022), and others, but also due 

its antimicrobial activity (Devillers and Devillers, 2019; Hochma et al., 2021) and use as 

drug delivery systems (Babich et al., 2020; Gong et al., 2022); (ii) in food industry as natural 

pigments, preservatives, additives among other uses (Azmin et al., 2022; Baindara and 

Mandal, 2022; Sharma et al., 2022; Zang et al., 2022); or (iii) for example in the relief of 

toxicity provoked by drugs and metalloids (Bjørklund et al., 2022; Koss-Mikołajczyk et al., 

2021). 

Several problems have been pointed as in need for the world to pay attention to, and 

antimicrobial resistance and foodborne diseases are some of the most relevant (Rahman et 

al., 2022; Saraiva et al., 2022; Verraes et al., 2013). The antimicrobial resistance can 

increase the morbidity and mortality associated with infectious diseases (Davies and Wales, 

2019). In fact, World Health Organization (WHO) has declared that antimicrobial 

resistance is one of the top 10 global public health threats facing humanity, with drug-

resistant infections contributing to nearly 5 million deaths every year (Murray et al., 2022; 

WHO, 2020). Furthermore, the long-time overuse and misuse of antibiotics have resulted 

in the dissemination of antibiotics all over the environment (Ogawara, 2019; Uluseker et al., 

2021), which may associate with an adaptation of bacteria to environmental stresses, and 

the development of resistance to different antimicrobial agents (Olaimat et al., 2018; Varela 

et al., 2021). 

According to the WHO an estimated 600 million people fall ill after eating contaminated 

food each year, with 420 000 deaths being caused by foodborne illnesses (WHO, 2022). 

Operators from the food chain and regulatory agencies faced a globalization and a changing 

consumer’s habits that provides a new perspective on food safety (Strambu-Dima, 2022; 

Verraes et al., 2013). These scenarios may carry new challenges concerning foodborne 

pathogens and their increased resistance to antibiotics and sanitizers, with antimicrobial 

therapeutics becoming less effective and pathogens more adjusted and tolerant to 
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disinfectants, sanitizers and topical agents (Jones and Joshi, 2021; Meade et al., 2021; Tong 

et al., 2021).  

The research for novel antibiotics has decreased and hardly any novel antibiotics have been 

introduced into the market (Langeveld et al., 2014). Thus, the development of alternatives 

to antibiotics and the discovery of adjuvants could be a good strategy to fight resistant 

bacteria and inhibit their spread (Ju et al., 2020; Langeveld et al., 2014). Knowing that the 

chemical compounds from plants can be useful for the discovery of new antimicrobial 

agents (Kooti et al., 2015; Korinek et al., 2021), the combination of available antibiotics with 

other nonantibiotic drugs or combining antibiotics with adjuvants or antimicrobials 

selected from natural sources, can be a promising path to deal with the antimicrobial 

resistance (Ayaz et al., 2019; Langeveld et al., 2014). Furthermore, finding compounds that 

present both antimicrobial and antioxidant properties show a great potential for its 

application as food preservatives (Carrasco et al., 2015; Ribeiro-Santos et al., 2018; Yousefi 

et al., 2020). 

Among the possible solutions to solve these problems, plants and their active compounds 

have been highlighted. 

 

1.1 Medicinal and aromatic plants 

The use of medicinal and aromatic plants for the prevention and treatment of diseases is 

the oldest medicinal practice, being extremely important for the population living in 

developing countries (Arantes et al., 2019; Gahukar, 2018; Owen and Laird, 2018; Roosta 

et al., 2017). Due to the high shortage of health care, more than three billion humans depend 

on traditional remedies for their primary health care (Korinek et al., 2021). Furthermore, 

the medicinal and aromatic plants are a valuable source in the supply of herbal cosmetics, 

drug discovery, and food supplements, being used as alternative therapies to improve 

human health (Arantes et al., 2019; Gahukar, 2018; Roosta et al., 2017). The natural 

compounds from plants, such as carotenoids, flavonoids, terpenes, among others, have also 

been subject of interest in the production of different industrial products, including 

fertilizers, paints, surfactants, rubbers, textiles, perfumes, and others (Ferreira-Santos et 

al., 2020; Singh and Pandey, 2018). 

Taking into account the awareness about a safe, green, and clean environment and the 

growing demand for green consumerism, the consumers have been requesting the reduction 

of synthetic and chemical products, such as pesticides, sanitisers and synthetic food 

preservatives (Angane et al., 2022; Rao et al., 2019; Silvestre et al., 2019; Van Haute et al., 

2016). For these reasons, the food industries are reformulating and replacing artificial and 

synthetic products, with more natural alternatives and label-friendly increasing the study 
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and introduction of plant-derived substances (Hao et al., 2021; Nazzaro et al., 2017; Rao et 

al., 2019). Therefore, plants, by their biological potential, are promising natural sources for 

use in the industry sector and with an extensive economic growth potential (Kala, 2015). 

Due to their natural antimicrobial and antioxidant activities, and diverse therapeutic 

properties, essential oils (EOs) have been pointed as possible alternatives to preservatives, 

drugs or other products (Perumal et al., 2022; Silvestre et al., 2019). 

 

1.2. Essential oils 

According to the European Pharmacopoeia, EO is defined as an "odorous product, usually 

of complex composition, obtained from a botanically defined plant raw material by steam 

distillation, dry distillation, or a suitable mechanical process without heating. Depending 

on the monograph, the plant raw material may be fresh, wilted, dried, whole, broken or 

ground" (European Pharmacopoeia, 2019). 

The EOs are lipophilic liquids, rarely coloured, limpid, volatile and composed of complex 

compounds characterized by a strong odour (Ahmad et al., 2021; Bakkali et al., 2008; Da 

Silva et al., 2021; De Martino et al., 2015; Rao et al., 2019). These natural products could be 

biosynthesized in different plant organs, such as bark, buds, flowers, fruits, leaves, roots, 

seeds, stems, twigs, and wood (Asbahani et al., 2015; Da Silva et al., 2021; Perricone et al., 

2015; Ribeiro-Santos et al., 2018), being usually stored in canals, cavities, oil ducts, resin 

ducts, secretory cells, glandular trichomes or epidermal cells of the plants (Bakkali et al., 

2008; De Martino et al., 2015; Raut and Karuppayil, 2014; Saeed et al., 2022). 

The EOs are commonly extracted from plant raw material by conventional techniques, such 

as hydrodistillation, steam distillation, vapour-hydrodistillation, hydro diffusion, organic 

solvent extraction, Soxhlet extraction, cold pressing and distillation–extraction (Asbahani 

et al., 2015; Figueiredo et al., 2010; Raut and Karuppayil, 2014; Trifan et al., 2020). 

Innovative techniques have also been applied to perform the extraction of EOs, for example, 

supercritical fluid extraction, subcritical fluid extraction (H2 and CO2), ultrasound-assisted 

organic solvent extraction, microwave-assisted organic solvent extraction, solvent-free 

microwave extraction, microwave hydro diffusion and gravity, microwave steam 

distillation, microwave steam diffusion, instant controlled pressure drop, solid-phase 

microextraction, and pressurized liquid extraction (Asbahani et al., 2015; Figueiredo et al., 

2010; Giacometti et al., 2018). 

These complex natural mixtures of secondary metabolites (De Martino et al., 2015; Rao et 

al., 2019; Vázquez-Ucha et al., 2020), usually contain about 20–80 polar and non-polar 

compounds at different concentrations (Bakkali et al., 2008; De Martino et al., 2015; Diánez 

et al., 2018; Nazzaro et al., 2017; Rao et al., 2019). The EOs are characterized by two or three 
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major components at high concentrations compared to other compounds that are present 

in trace amounts (Bakkali et al., 2008; Diánez et al., 2018) and include mainly terpenes and 

terpenoids (Asbahani et al., 2015; Da Silva et al., 2021; Vázquez-Ucha et al., 2020). 

In nature, plants naturally produce a wide diversity of secondary metabolites as protection 

against fungi, bacteria, insects or even herbivores (Bakkali et al., 2008; Nazzaro et al., 2017; 

Wu et al., 2019). In turn, the EOs may also attract some insects as advantage for the 

dispersion of pollens and seeds, or repel undesirable others (Bakkali et al., 2008; Nazzaro 

et al., 2017). In fact, the composition of the EOs can change with several biotic and abiotic 

factors, which can be the referred response to predators or other stress factors, but also the 

plant genetics and genotypes, environmental conditions, or season. Besides, during the EOs 

production process, the use of different extraction techniques or solvents, the harvest region 

or the climate, the drying process, the plant age, or the use of different plant parts also 

influence their composition (Piras et al., 2019; Ribeiro-Santos et al., 2018; Rota et al., 2008; 

Silvestre et al., 2019). Since the bioactive properties of the EOs are directly correlated with 

particular secondary metabolites produced by the plant and its quantities (Calo et al., 2015; 

Da Silva et al., 2021), the determination of their composition is very important (Ribeiro-

Santos et al., 2018; Rota et al., 2008). 

 

1.2.1 Bioactive activities of the EOs 

EOs, in addition to playing a fundamental role in the biological processes of plants and in 

their own protection, have been used for centuries as aromatizers in perfume fragrances, 

culinary, and folk medicine. Due to their bioactive properties, the EOs have received 

considerable attention in the synthesis of chemicals, in the cosmetic, food, pharmaceutical, 

phytotherapy and textile industries, but also pest control (Ahmad et al., 2021; Owen and 

Laird, 2018; Ribeiro-Santos et al., 2018; Silvestre et al., 2019; Trifan et al., 2020). 

Amongst phytochemicals, the EOs have been related to a wide range of remarkable 

biological activities, such as antifungal, anti-inflammatory, antioxidant, antineoplastic, and 

antiviral (Chen et al., 2020a).  

The EOs are natural antioxidants that can prevent the oxidative deterioration of food 

products and can be useful for preventing oxidative stress disorders (Akbari et al., 2022; 

Arantes et al., 2019; Perumal et al., 2022). Many biological membranes are predisposed to 

lipid peroxidation because of their polyunsaturated fatty acid content and with ageing, there 

is an increase in the production of free radicals as well as a decrease in the activity of the 

antioxidant enzyme systems (Youdim et al., 2002). This imbalance can provoke damage in 

membranes, lipids and lipoproteins and can induce DNA mutation, leading to diverse 
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pathological disorders, such as atherosclerosis, cardiovascular diseases, carcinogenesis as 

well as Alzheimer’s and other neurodegenerative diseases (Carrasco et al., 2015; Jordán et 

al., 2009; Youdim et al., 2002). Antioxidants can compete with free radicals, preventing 

oxidation reactions and acting differently depending on the reactive species present or the 

target substrate (Ribeiro-Santos et al., 2018). The EOs can act as hydrogen donors, reducing 

agents, and singlet oxygen quenchers and also have metal chelation properties (Jordán et 

al., 2009). The antioxidant capacity of the EOs is directly related to their composition, 

mainly with the high percentage of major compounds, but also with the presence of other 

components found in lower quantities or the synergy among them (Fkiri et al., 2019; 

Ribeiro-Santos et al., 2018).  

In a similar way, the antimicrobial activity of the EOs can be related to one or two of their 

major constituents, with the ratio of the main active compounds, but also to the interactions 

between major and minor constituents in the EOs (Chouhan et al., 2017). The antimicrobial 

activity of the EOs has been associated with their lipophilicity. The interaction between the 

EOs hydrophobic components with the lipids of the microorganism's cell membrane allow 

the passage of the components through the microorganism's cell wall causing the loss of 

membrane integrity (Calo et al., 2015; Da Silva et al., 2021; Silva et al., 2019; Yousefi et al., 

2020). Every functional group can interact with components of the target bacterial cell. 

Therefore, the mode of action of EOs against bacterial cells cannot be defined by a single 

mechanism. All the target operations inside the bacterial cell are interconnected, and some 

cellular mechanisms can be directly disrupted by the EOs, or it can interfere in one system 

consequently interfering in other cellular activities, thus causing an indirect disruption 

(Saeed et al., 2022). The EOs can induce changes in the functioning of the electron transport 

chain, in both protein and nucleic acid synthesis, in the absorption of nutrients, including 

glucose uptake, and in the inhibition of enzymes responsible for energy metabolism 

(Angane et al., 2022; Calo et al., 2015; Da Silva et al., 2021; Silva et al., 2019; Yousefi et al., 

2020). 

Gram-positive bacteria tend to be more susceptible to EOs than Gram-negative bacteria 

probably due to the differences in their cell wall (Angane et al., 2022; Calo et al., 2015; Da 

Silva et al., 2021). The Gram-negative bacteria have a cellular structure more complex, 

which consist of an outer membrane composed of lipopolysaccharide with hydrophilic 

character that covers a thin layer of peptidoglycan, acting as a selectively permeable barrier 

to prevent the penetration of hydrophobic compounds (Calo et al., 2015; Da Silva et al., 

2021). The outer membrane limits the diffusion of the hydrophobic compounds, contrary 

to Gram-positive bacteria cell walls for which the high composition of peptidoglycan in the 

cytoplasmic membrane allows the penetration of the EOs increasing its antimicrobial 

efficiency (Angane et al., 2022; Da Silva et al., 2021). 
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Furthermore, it is also described that EOs have different mechanisms of action regarding 

their antifungal activity. The inhibition of the cell wall or cytoplasmic membrane 

biosynthesis, the interference with the cell wall remodelling and the disruption of the 

integrity of the cell membrane, leading to the leakage of cellular components, are the main 

mechanisms of action of the EOs (Herman and Herman, 2021). Additionally, the EOs can 

inhibit the budding yeast transformation into hyphae and the biofilm formation, affect 

enzymes and modify intracellular functions, alter the membrane permeability, over-express 

membrane transporters but also, increase the production of the intracellular reactive 

oxygen species levels, decreasing the cell viability, and consequently, leading to cell death 

(Herman and Herman, 2021; Ribes et al., 2018). 

These biological activities associated with the replacement or reduction of the use of 

synthetic additives have encouraged several studies on the utilization of EOs, as an 

alternative in the food industry to enhance the safety and the shelf life of food products but 

also, in the pharmaceutical industry (Jordán et al., 2009; Ribeiro-Santos et al., 2018; 

Yousefi et al., 2020).  

 

1.2.2 Safety, advantages, and disadvantages of the EOs 

The safety of aromatic and medicinal plants and the preparation of herbal products with 

minimal toxicity and side effects is an intended requirement (Kooti et al., 2015; Rather et 

al., 2016). One of the main described advantages for use of phytotherapy is the minimal 

adverse effects and the eventual absence of toxicity risk associated with the synthetic 

products (Davoodvandi et al., 2020; Karthika and Sureshkumar, 2021; Rather et al., 2016). 

However, many plants contain materials that are toxic and irritating, can cause severe 

allergic reactions and the ingestion or topical applications of these natural compounds can 

cause oral toxicity and dermatitis. Therefore it is required to discover a balance between the 

effective dose of the EO and the risk of toxicity (Angane et al., 2022; Ribeiro-Santos et al., 

2017). 

Beyond the use of the EOs in the prevention and treatment of diseases, the EOs can also be 

used in the food industry and the European Commission and the Food and Drug 

Administration (FDA) have documented a variety of EOs and isolated compounds that are 

approved flavour additives without risks to human health and classified as generally 

recognized as safe (GRAS), such as the EOs of Coriandrum sativum, Foeniculum vulgare, 

Helichrysum augustifolium, Melissa officinalis, Mentha spp., Thymus vulgaris, Thymus 

zygis, or the compounds, β-caryophyllene, carvacrol, carvone, cinnamaldehyde, citral, 

citronellal, eugenol, isoeugenol, lavandulol, limonene, linalool, menthol, pinene, thymol, 
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vanillin and others (European Commission, 2008; FDA, 2021). Nonetheless, the direct 

application of EOs in food has limitations due to its volatile nature, chemical instability, 

strong sensory properties and high hydrophobicity (Perumal et al., 2022). In fact, the 

associated unappealing sensory attributes, even at low concentrations, limits its application 

in food (Da Silva et al., 2021; Perumal et al., 2022). Moreover, when applied in food systems, 

their efficiency and bioactivity tend to be reduced, because the EOs may bind to 

carbohydrates, lipid constituents, fat content, proteins, starch, and enzymes, but also due 

to the pH and water activity of the food, decreasing the EO availability to act against 

microorganisms (Angane et al., 2022; Calo et al., 2015; Da Silva et al., 2021; Saeed et al., 

2022). Therefore, a higher concentration of EO is needed to achieve its antimicrobial effect, 

which in turn can alter the organoleptic properties of food products (Perumal et al., 2022). 

As for other compounds, such as antibiotics or biocides, the exposure of bacteria to EOs or 

their individual components at sublethal concentrations may lead to antibiotic resistance 

and alter the physiological responses of microorganisms when exposed to some stresses 

(heat, cold, acid, etc) conducting to a potential adaptation of the microorganisms to these 

natural antimicrobial agents (De Souza, 2016; Giacometti et al., 2021; Liao et al., 2020). 

Despite, some natural compounds do not influence the increasing antibiotic resistance, a 

few studies have shown that the bacteria can development tolerance and/or resistance to 

antibiotics when exposure to sub-inhibitory concentrations of natural compounds 

(Reviewed by De Souza (2016) and Giacometti et al. (2021)) Therefore, it is very important 

to evaluate the effect of EOs on the tolerance and/or resistance of microorganisms when 

using these natural products as antimicrobial agents.  

 

1.3 Aromatic and medicinal plants under study 

1.3.1 Foeniculum vulgare 

Foeniculum vulgare or Foeniculum officinale, generally recognized as fennel, is a hardy 

annual, biennial or perennial–umbelliferous medicinal and aromatic plant belonging to the 

Apiaceae (Umbelliferaceae) family (Chang et al., 2016; Chen et al., 2020a; Rather et al., 

2016; Yaldiz and Camlica, 2019). F. vulgare is originated on the shores of the 

Mediterranean Sea and from Asia Minor, but it has become widely dispersed in many parts 

of the world mainly in Central, South, and West Europe, South-West Asia, and North Africa 

and especially on the river banks and dry soils near the sea coast (Crescenzi et al., 2021; 

Rather et al., 2016; Servi et al., 2021; Yaldiz and Camlica, 2019). F. vulgare is cultivated 

throughout the tropical and temperate regions of the world in arid, as well as, semi-arid 

zones, as it does not tolerate humid or cold climates (Chang et al., 2016; Crescenzi et al., 
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2021; Tanveer et al., 2021). This plant grows to a height of 2.5 m with straight and hollow 

stems with an intense green-blue colour, yellow umbels with 5–15 cm wide flowers and 

feathery leaves 40 cm long composed of filiform segments (threadlike), and about 0.5 mm 

wide (Badgujar et al., 2014; Crescenzi et al., 2021; Rather et al., 2016; Singh, 2019). The 

fruits have ridged and oblong to ovoid shapes with sizes of 1.5–2.5 mm broad and 4–10 mm 

long (Crescenzi et al., 2021; Hao et al., 2021). These plants have a bloom period between 

July and August and the seeds ripen from September to October (Badgujar et al., 2014). The 

seeds are aromatic, anise-flavoured spice, and when fresh they are brown or green and 

slowly turn a dull grey as the seed ages (Rather et al., 2016). F. vulgare seeds are rich in EO, 

responsible for their aroma and taste (Servi et al., 2021; Sharma et al., 2021).  

F. vulgare is a flavourful and aromatic plant used in culinary, folk medicine and cosmetic 

and pharmaceutical products being industrially and economically valuable herbs (Badgujar 

et al., 2014; Chen et al., 2020a; Hao et al., 2021; Rather et al., 2016). The seeds are used as 

flavourings in baked goods, meat and fish dishes, alcoholic beverages, ice cream, and herb 

mixtures. Furthermore, F. vulgare is mainly used medicinally as purgative due to its 

carminative properties (Badgujar et al., 2014; Rahimi and Ardekani, 2013). It has been used 

to cure cough, menstrual disorders, and gingival wounds, to reduce the gripping effect of 

laxatives and the EOs and plant extracts are also used to control mites of the stored food 

(Badgujar et al., 2014; Yaldiz and Camlica, 2019). F. vulgare is also used to treat digestive 

disorders, such as dyspepsia, stomach discomfort, stomach-ache, intestinal pain, flatulence, 

bloating, diarrhoea and intestinal worms, but also to treat colds and cough, as an 

expectorant, chest softener, urine enhancer, kidney stone healer, sedative, insomnia 

reliever, milk secretion enhancer, vasodilator and also to treat eye itching (Badgujar et al., 

2014; Dahmani et al., 2022; Servi et al., 2021; Yaldiz and Camlica, 2019). F. vulgare water 

mixed with sodium bicarbonate and syrup, constitute the domestic ‘gripe water’, used to 

control the flatulence of infants (Rather et al., 2016). In Algeria, decoctions or infusions of 

the F. vulgare seeds, administered orally or topically, were used in anaemia, anxiety, 

bloating, constipation, hair loss, obesity, tonsillitis, or wrinkles (Aumeeruddy and 

Mahomoodally, 2021; Djahafi et al., 2021). There are some systematic reviews and meta-

analyses that gather information on the use of F. vulgare women’s menstruation diseases 

and menopause. It can be verified that F. vulgare improves menopausal symptoms, such as 

the relieving of vasomotor symptoms, dryness, dyspareunia, vaginal itching, sexual function 

and satisfaction, and sleep distribution, and it is used in the treatment of menstrual 

disorders, amenorrhea, menorrhagia, irregular menstruation, oligomenorrhea, 

premenstrual syndrome, and dysmenorrhea (Jiao et al., 2022; Khadivzadeh et al., 2018; Lee 

et al., 2021). 
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The major component found in the F. vulgare EO was trans-anethole, fenchone and 

estragole (Akhbari et al., 2019; Ashokkumar et al., 2021; Chang et al., 2016; Chen et al., 

2020a; Hao et al., 2021; Mandras et al., 2021; Yaldiz and Camlica, 2019), followed by 

limonene, anisaldehyde, γ-terpinene, α-pinene (Mandras et al., 2021; Yaldiz and Camlica, 

2019). F. vulgare EO can also reveal the presence of estragole and limonene as major 

components, while only 1.9% accounted for anethole (Korinek et al., 2021).  

F. vulgare’s antioxidant, anti-inflammatory, antimicrobial and antithrombotic effects and 

also cytotoxic activity have been reported (Akhbari et al., 2019; Chang et al., 2016; Chen et 

al., 2020a; Yaldiz and Camlica, 2019). In general, F. vulgare extracts showed radical 

scavenging activity (Barros et al., 2009; Bhatti et al., 2018; Chang et al., 2016; Crescenzi et 

al., 2021; Yaldiz and Camlica, 2019), and lipid peroxidation inhibition capacity (Barros et 

al., 2009). When considering the EO of F. vulgare, its antioxidant activity has been reported 

from weak to excellent (Chen et al., 2020a; Dahmani et al., 2022; Korinek et al., 2021; Servi 

et al., 2021). This considerable variation may be justified by the difference in several factors, 

such as the origin, climatic conditions, method and duration of extraction, and the chemical 

composition of EO (Dahmani et al., 2022). Evaluating the metal chelating activity of the EO, 

it interfered with the formation of ferrous and ferrozine complex suggesting that it has 

chelating activity (Chang et al., 2016).  

Regarding antimicrobial activity, F. vulgare extracts showed strong antibacterial activity 

against food pathogens, such as Escherichia coli, Listeria monocytogenes, Salmonella 

Typhimurium, S. aureus, and also relevant activity against Helicobacter pylori and 

Campylobacter jejuni (Chang et al., 2016; Cwikla et al., 2010; Kaur and Arora, 2009; 

Mahady et al., 2005). In turn, studies on F. vulgare EO antimicrobial activity have shown 

diverse results, as it can display weak antibacterial activity against Gram-negative bacteria, 

and present no effectiveness on Gram-positive bacteria (Servi et al., 2021), or demonstrated 

to be active against bacteria, fungi or virus. In fact, the results of Dahmani et al. (2022) 

showed good antimicrobial activity, with yeasts being more sensitive to F. vulgare EO than 

bacteria, with Pseudomonas aeruginosa being the most resistant species (Dahmani et al., 

2022). F. vulgare EO also showed good antifungal activity even against vegetable fungi, as 

a green fungicide and against fungi of food wastes, such as Aspergillus niger and Fusarium 

oxysporum (Chen et al., 2020a; Khaleil et al., 2021; Mandras et al., 2021; Martins et al., 

2012). Likewise, the EO of the aerial parts and bulb of F. vulgare has manifested promising 

antiviral activity against the Hepatitis C and Hepatitis A viruses (Ibrahim and Moussa, 

2021). 

F. vulgare EO displayed good anti-lipoxygenase activity compared to the standard 

indomethacin (Servi et al., 2021) and had a high inhibitory effect, suppressing the activation 
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of human neutrophils, being a potent anti-inflammatory agent in the treatment of 

inflammatory diseases (Korinek et al., 2021).  

F. vulgare has demonstrated a gastroprotective effect in a randomized placebo-controlled 

study, where it was observed a significant improvement in the colic of infants in the group 

treated with F. vulgare EO emulsion compared with the control group, while no reported 

side effects for infants during the trial have been reported (Alexandrovich et al., 2003). 

Furthermore, the hepatoprotective effect of F. vulgare EO was also shown, being used to 

treat rats with carbon tetrachloride-induced liver injury (Özbek et al., 2003).  

Concerning the potential antidiabetic activity, F. vulgare EO presented weak α-glucosidase 

inhibitory activity compared to the reference inhibitor, acarbose (Servi et al., 2021). 

However, the ingestion of EO of F. vulgare seeds by diabetic rats showed good antidiabetic 

activity (El-Soud et al., 2011).  

F. vulgare had demonstrated neuroprotective activities, with the EO showing 

antidepressant properties when tested in mice (Abbasi-Maleki and Maleki, 2021) and 

exhibiting a promising anxiolytic activity, with a higher dose of the EO seeming to be 

potentially sedative (Mesfin et al., 2014).  

In terms of cardiovascular function, F. vulgare EO demonstrated a safe antithrombotic 

activity possibly due to their antiplatelet activity, clot destabilizing effect and vasorelaxant 

action. An additional advantage in the use of this EO is that the antithrombotic dosage has 

no haemorrhagic side effects, such as the ones associated with acetylsalicylic acid that was 

used as a reference drug (Tognolini et al., 2007). A randomized controlled trial in rabbits 

demonstrated that F. vulgare incorporated in the diet may have some role in the 

maintenance of haemoglobin levels and some cases also improving it, being these results 

important for possible natural treatment of anaemia (Abbas et al., 2021). 

The F. vulgare EO can inhibit the oxytocin and prostaglandin E2-induced contraction of the 

uterus, indicating the possible use of the F. vulgare EO in the relief of dysmenorrhea (Ostad 

et al., 2001).  

Regarding its cytotoxic activity, the results demonstrated that the F. vulgare EO inhibited 

the growth of human gastric cancer (MGC-803) cells, human breast cancer (MCF-7 and 

MDA-Mb) cells, Henrietta Lacks cervical adenocarcinoma (HeLa) cells, human lung cancer 

(A549) cells, human hepatoma cancer (Huh-7 and HepG2) cells, and human colon cancer 

tumour (SW620) cells in a dose-dependent manner (Akhbari et al., 2019; Chen et al., 

2020a). Furthermore, the F. vulgare EO exhibited relative safety in the human normal lung 

fibroblast (WI-38) cell line (Ibrahim and Moussa, 2021).  
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Besides, the different bioactivities, F. vulgare exhibited diverse pharmacological activities, 

as well as some environmental activities, which are important in the management of insects, 

nematodes, mosquitoes, and some harmful larvae (Badgujar et al., 2014). Moreover, as 

reviewed by Sousa et al. (2021), the F. vulgare EO have high fumigant toxicity against the 

red flour beetle Tribolium castaneum (Oviedo-Sarmiento et al., 2021), larvicidal and 

suicidal activities against house fly Musca domestica (Abdel-Baki et al., 2021), and 

acaricidal activity and repellency effects against Rhipeciphalus annulatus tick (Aboelhadid 

et al., 2021). Furthermore, the EO showed anthelmintic potential against gastrointestinal 

nematodes in sheep, having 100% effectiveness in the inhibition of egg hatchability (Štrbac 

et al., 2022). 

 

1.3.2 Helichrysum stoechas 

The Helichrysum genus of the Asteraceae family includes more than 500 species that are 

widespread around the world (Akaberi et al., 2019; Haddouchi et al., 2014; Kherbache et 

al., 2020), being originally from Africa, Madagascar, Australasia and Eurasia (Akaberi et 

al., 2019). Among the best-known and studied species of this genus are Helichrysum 

arenarium, Helichrysum stoechas, and Helichrysum italicum (Akaberi et al., 2019). 

Everlasting flower or shrubby everlasting is the common name of H. stoechas, which grows 

mainly in the Iberian Peninsula (Barros et al., 2010; Garcia-Oliveira et al., 2021). This 

species is an evergreen grey-cotton subshrub that grows on shallow or sandy soils (Ascensao 

et al., 2001; Kherbache et al., 2020), but also in light forest and scrubs, rocky areas, 

maritime zones and drylands in altitudes between 0 to 2000 m (Garcia-Oliveira et al., 2021). 

Several species of this genus have been studied for different applications (Akaberi et al., 

2019; Garcia-Oliveira et al., 2021; Lourens et al., 2008; Viegas et al., 2014). Ethnobotanical 

studies revealed that H. stoechas has been used to treat influenza, common cold, bronchitis, 

fever, digestive disorders, wound healing, mitigation of inflammatory complications, soothe 

toothache, manage urologic, nervousness, and pancreatic problems and it has also been 

employed as an expectorant, antipyretic, antimicrobial, antiviral, diuretic, and for snake 

bites and sciatica (Ascensao et al., 2001; Barros et al., 2010; Kherbache et al., 2020; Zengin 

et al., 2020). H. stoechas was used as an ingredient in a syrup based on honey and plant 

extracts and a clinical trial using this syrup was performed on 106 children with a persistent 

cough. The results of this study revealed that the administration of the syrup reduced the 

severity and the cough duration (Carnevali et al., 2021). Furthermore, for example, the 

patent number FR3040625A1 is about an active cosmetic principle from H. stoechas use to 

combat skin ageing and the patent number CN106038385A is for the cosmetic composition 

capable of stimulating collagen generation for wrinkle resistance.  
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Regarding the chemical composition, the H. stoechas EO presents as major constituents the 

β-caryophyllene, α-humulene, α-pinene and isoeugenol acetate (Roussis et al., 2002). The 

monoterpene hydrocarbon fraction was dominant in H. stoechas EOs from the flowers and 

leaves, with α-pinene being the major component in both oils, in higher amounts in the 

leaf’s EO compared to the EO of the flowers. The second most representative component 

was limonene, but in this case in greater quantity in the flower’s EO (Ascensao et al., 2001). 

In another sample of the H. stoechas EO, the major constituents were β-caryophyllene, 

followed by β-elemene and benzyl benzoate (Chinou et al., 1997).  

Several biological activities have been described for H. stoechas, such as antioxidant, anti-

inflammatory, antimicrobial, anticancer, and neuroprotective properties (Garcia-Oliveira et 

al., 2021), with H. stoechas extracts being more studied that its EO (Albayrak et al., 2010; 

Bremner et al., 2009; Carini et al., 2001; Haddouchi et al., 2014; Kherbache et al., 2020; 

Les et al., 2017; Zengin et al., 2020). 

Concerning antimicrobial activity, the H. stoechas extracts have demonstrated activity 

against different bacteria and also fungi (Albayrak et al., 2010; Bogdadi et al., 2007; Kutluk 

et al., 2018). The EO of H. stoechas also showed good antimicrobial activity against Bacillus 

subtilis, E. coli, Staphylococcus epidermidis, S. aureus and different species of Candida 

(Chinou et al., 1997; Roussis et al., 2002).  

The H. stoechas extracts have shown to reduce the formation and growth of kidney stones 

and to be beneficial for patients with recurrent stones (Orhan et al., 2015); to inhibit 

enzymes involved in glucose metabolism, the α-glucosidase, with a very similar effect to the 

reference inhibitor acarbose (Les et al., 2017); to exhibit a neuroprotective action, inhibiting 

enzymes related to neurotransmitter metabolism and the central nervous system, such as 

monoamine oxidase, acetylcholinesterase, and tyrosinase (Les et al., 2017; Silva et al., 2017; 

Zengin et al., 2020) and with regard to antitumor activity, the extracts of the H. stoechas 

inhibits the proliferation of cervical cancer HeLa cells in vitro in a dose-dependent manner 

(Les et al., 2017). 

 

1.3.3 Mentha pulegium 

The genus Mentha is a group of aromatic and medicinal plants belonging to the Lamiaceae 

family, which includes more than 60 species. These plants grow worldwide, especially in 

South Africa, Australia and temperate regions of Eurasia (El Hassani, 2020; Jebali et al., 

2022; Piras et al., 2019; Singh and Pandey, 2018). Commercially, the most important 

species are corn mint (Mentha canadensis), peppermint (Mentha piperita), and spearmint 

(Mentha spicata) (Singh and Pandey, 2018). Mentha pulegium, commonly known as 
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pennyroyal or European pennyroyal, is a perennial endemic plant in Europe and North 

Africa and it is also found in Asia Minor and Middle East regions (Alimi et al., 2022; Baali 

et al., 2019; Domingues and Santos, 2019) and reaches a height of 40 to 60 cm (Bektašević 

et al., 2021). M. pulegium grows in bioclimatic zones ranging from humid to arid (Alimi et 

al., 2022), like the moist meadows with sandy soil, alluvial plains, riparian habitats, and 

freshwater wetlands (Bektašević et al., 2021; Caputo et al., 2021). The stems are procumbent 

to ascending, the leaves are narrowly ovate or elliptic and the flowers in well-spaced 

verticillasters in the leaf axils (Caputo et al., 2021). The blooming period of M. pulegium is 

from June to September with pink to blue flower clusters (Bektašević et al., 2021; 

Domingues and Santos, 2019) and the plant presents a prostate stance but during flowering 

it becomes upright (Domingues and Santos, 2019).  

The flowers, leaves, and stems of these plants’ genus are frequently used in traditional 

medicine, as infusions or as additives in food to offer aroma and flavour. M. pulegium is 

known since ancient times, in Greek, Medieval, and Roman cultures, in culinary and 

traditional medicine (Caputo et al., 2021). The infusion of M. pulegium has been used to 

treat diverse illnesses including the common cold, cough, bronchitis, whooping sore throat, 

gastrointestinal ailments, amenorrhea, gout, and skin itching and also as an emmenagogue, 

antiseptic, anti-inflammatory, antispasmodic, carminative, an aromatic stimulant, 

analgesic, antimicrobial, insecticide and insect repellent and abortifacient (Ahmed et al., 

2018; Benahmed et al., 2019; Caputo et al., 2021; Domingues and Santos, 2019; Piras et al., 

2019; Teixeira et al., 2012). The infusions with the dried aerial parts and EOs of M. pulegium 

are used as an analgesic, expectorant, antiseptic, carminative, diuretic, antispasmodic, 

antihypertensive, antioxidant, antimicrobial and anti-inflammatory (Baali et al., 2019). In 

Morocco regions, the aerial parts, leaves, flowers, EO and also the whole plant of M. 

pulegium in decoction, macerations, infusion, inhalant, and external application were used 

against diabetes, respiratory diseases, gastrointestinal disorders (carminative), 

hypertension, cardiac and urinary infectious and parasitic diseases, rheumatism, 

musculoskeletal illnesses (antispasmodic), migraine, infertility, pains, fever, haemorrhoids, 

obesity, nervous disorders, gynaecological and endocrinological injuries and skin 

pathologies (Reviewed by El Hassani (2020)).  

M. pulegium has been commercialized for its usages as a drink and food flavouring and, for 

fragrances and alternative medicine practices (Domingues and Santos, 2019). The M. 

pulegium plant is typically characterized by a pungent minty scent (Bektašević et al., 2021; 

Domingues and Santos, 2019) due to the presence of pulegone which, generally, is very 

abundant in its EO (Caputo et al., 2021). The most important biologically active constituents 

of M. pulegium are present in the EOs (Benahmed et al., 2019). 
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The M. pulegium EO is rich in oxygenated monoterpenes, followed by monoterpene 

hydrocarbons (Ahmed et al., 2018; Baali et al., 2019; Teixeira et al., 2012). The pulegone is 

in a clear predominance (Alimi et al., 2022; Vieira et al., 2017; Yakoubi et al., 2021a), 

followed by piperitenone, iso-menthone and cis-isopulegone with the other components 

being present in trace amounts, such as neoisomenthol, 1,8-cineole, α-pinene, limonene, 

and 3-p-methanol (Benahmed et al., 2019; Luís and Domingues, 2021; Piras et al., 2019). 

The M. pulegium presents diverse bioactive properties. Regarding the antioxidant activity, 

most of the information found points to the good activity of the different M. pulegium 

extracts and fractions through different evaluation methods (Abbou et al., 2022; Gülçin et 

al., 2020; Jebali et al., 2022; Teixeira et al., 2012; Yakoubi et al., 2021b). In turn, the M. 

pulegium EO showed very low antioxidant activity considering 2,2-diphenyl-1-

picrylhydrazyl (DPPH), 2,2′-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) 

scavenging activity, reducing power assay and also in the β-carotene/linoleic acid assay 

(Ahmed et al., 2018; Baali et al., 2019; Kamkar et al., 2010; Yakoubi et al., 2021a). 

Nonetheless, some studies demonstrated the good antioxidant of the M. pulegium EO, 

which can act as a free-radical scavenger by reducing DPPH and was classified as very 

strong, according to the scale implemented by Scherer and Godoy (2009) (Benahmed et al., 

2019; Luís and Domingues, 2021). The evaluation of the inhibition of lipid peroxidation 

exhibits a significantly higher antioxidant activity than the control butylated 

hydroxytoluene (BHT) (Luís and Domingues, 2021).  

M. pulegium has presented good antifungal and antibacterial activities (Baali et al., 2019; 

Benahmed et al., 2019; Jebali et al., 2022; Piras et al., 2019; Teixeira et al., 2012). The M. 

pulegium EO showed good antibacterial activity against B. subtilis, E. coli, P. aeruginosa, 

S. aureus, and Streptococcus pneumoniae, with the most resistant species being P. 

aeruginosa and also inhibitory activity against foodborne spoilage bacteria (Teixeira et al., 

2012; Vieira et al., 2017). In another study, the M. pulegium EO had presented a good 

antibacterial activity, with the strains of Acinetobacter baumannii showing to be the most 

sensitive, presenting the highest inhibition zones and the lowest MIC values, when 

compared with different species of Gram-positive and Gram-negative bacteria and also 

yeasts (Luís and Domingues, 2021). Furthermore, the M. pulegium EO demonstrated anti-

quorum sensing activity when evaluated by the biosensor strain Chromobacterium 

violaceum ATCC 12472. The EO has shown a significantly inhibitory capacity for the 

formation of the pigment violacein and higher activity than the positive control, resveratrol 

(Luís and Domingues, 2021). This has been further supported since when M. pulegium EO 

was evaluated against the quorum sensing-regulated bioluminescence of V. campbellii, it 

was able to block the Vibrio campbellii bioluminescence (Zheng et al., 2020). These results 
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can provide an important strategy for the reduction of some microorganisms’ virulence 

mechanisms and also the pathogenicity of microorganisms (Luís and Domingues, 2021). 

Concerning the anti-inflammatory activity of M. pulegium EO, its potential action was 

suggested, in an assay that evaluate the ability of the EO to inhibit protein denaturation, 

where the IC50 value obtained was very similar to the one obtained for acetylsalicylic acid 

used as control. This has been associated with the high content of pulegone of the EO (Luís 

and Domingues, 2021), a compound that has shown anti-inflammatory activity through 

different mechanisms (Hilfiger et al., 2021; Roy et al., 2018; Yang et al., 2019). 

The EO of M. pulegium was tested for acetylcholinesterase (AChE) and 

butyrylcholinesterase (BChE) inhibition, with the results revealing that the EO contains 

compounds that, in addition to antioxidant activity, also have cholinesterase inhibition 

activity (Bektašević et al., 2021). The anticholinesterase activity of M. pulegium EO 

demonstrated moderate AChE inhibitory activity and higher inhibition against BChE when 

compared with the positive control, galantamine (Yakoubi et al., 2021a). Therefore, the M. 

pulegium EO may be relevant in the treatment and prevention of neurodegenerative 

disorders, such as Alzheimer’s disease and others, as well as in other problems associated 

with oxidative stress (Bektašević et al., 2021).  

Regarding the insecticidal activity, the EOs of M. pulegium was tested against the chickpea 

pest Callosobruchus maculatus and the insecticidal activity and the inhalation test showed 

a high efficacy with 100% of mortality, thus this EO can be an ecological alternative to 

eliminate C. maculatus from stored seeds (Aimad et al., 2021). The use of M. pulegium EO 

in fumigant and topical applications proved to be also effective in the mortality of the house 

fly, M. domestica L. (Pavela, 2008). The in vitro acaricidal effect of M. pulegium against 

Hyalomma scupense revealed that the EO was toxic to engorged females and had strong 

repellency against these ticks. However, the M. pulegium EO had low efficacy against the 

larvae when compared with the positive control amitraz (Alimi et al., 2022). 

The potential damage of herbicides and chemical pesticides to human health has become a 

high concern and there is an increasing interest in new eco- and bio-sustainable products 

as alternative approaches (Domingues and Santos, 2019). To evaluate the toxicity of the EOs 

in order to use them as new bio-herbicides, the toxicological test on Artemia salina is a 

useful and rapid screening tool to use and investigate the eco-compatibility as well the 

toxicity in aquatic organisms (Caputo et al., 2021). Regarding the toxicity of M. pulegium, 

the results demonstrated that the M. pulegium EO was safe at low concentrations for 

aquatic organisms and it could be used safely as eco-sustainable bio-herbicides (Caputo et 

al., 2021). M. pulegium EO showed important allelopathic potential against the germination 

of Medicago sativa seeds, with fewer germination percentages than control (Ahmed et al., 
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2018). The phytotoxic potential of M. pulegium EOs was demonstrated on dicotyledonous 

and monocotyledonous plant species, inhibiting the germination and the radical elongation 

of this species' seeds (Caputo et al., 2021). 

Concerning other bioactivities of M. pulegium extracts, the results showed that the extracts 

and fractions of M. pulegium exhibited high inhibitory activity against both α-amylase and 

α-glucosidase enzymes and in some cases, had a higher effect than the standard acarbose 

(Abbou et al., 2022; Gülçin et al., 2020). The inhibition of both carbohydrate-hydrolysing 

enzymes allows for the reduction of postprandial blood glucose levels, and this can be an 

important therapeutic strategy to manage hyperglycaemia associated with diabetes (Gülçin 

et al., 2020). The extracts and fractions of the M. pulegium demonstrated a high 

photoprotective effect against exposure to ultraviolet (UV) rays, which can be associated 

with some skin disorders, such as inflammation, carcinogenesis, immunosuppression, 

wrinkles, and premature ageing of the skin (El Aanachi et al., 2021; Yakoubi et al., 2021b). 

Finally, the methanolic extract of M. pulegium also showed inhibition of proliferation in 

human glioblastoma (U87) cells (Jebali et al., 2022). 

 

1.3.4 Pinus pinaster 

Pinus is the most common genus of the conifers in the Pinaceae family with more than 250 

species recognized (Khouja et al., 2021; Maimoona et al., 2011). Pinus pinaster, also known 

as maritime pine, is widespread in Europe, mainly in the Atlantic and Mediterranean 

regions, and in some north-western African countries (Ferreira-Santos et al., 2020; Fkiri et 

al., 2019). P. pinaster can reach 30 m tall and it has bright reddish-brown bark, the needles 

are paired and its cones are brown, oval, and up to 2 cm long (Maimoona et al., 2011). 

In folk medicine, the EO of the P. pinaster needles is specially used because it has 

cardiovascular benefits, reduces cholesterol, enhances microcirculation by increasing 

capillary permeability, as well as in the treatment of respiratory infection, and as an 

antioxidant and anti-inflammatory (Fkiri et al., 2019). 

The chemical composition of the P. pinaster revealed that the monoterpene hydrocarbons 

α-pinene and β-pinene were the dominant volatiles compounds found in the P. pinaster EO 

followed by δ-3-carene, β-caryophyllene, and germacrene D (Gonçalves et al., 2020; 

Hmamouchi et al., 2001; Rodrigues et al., 2017). Analysing the composition of the EO 

obtained from different P. pinaster parts, the major compound found was the α-pinene in 

cones, needles, and wood’s EO, with a higher amount found in the wood’s EO. In the needles 

EO, the major compounds found after α-pinene were β-pinene, β-myrcene, trans-

caryophyllene, α-amorphene, rimuene, cupressene, abietatriene, and abietadiene. β-
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pinene, δ-3-carene, limonene, junipene, and trans-caryophyllene were also found in cones’ 

EO. The β-pinene, limonene, α-terpineol, and junipene were also present in high quantities 

in the EO of wood (Tümen et al., 2018). However, the EO composition of P. pinaster can 

suffer variations, accordingly to the varieties, for example the EO of P. pinaster needles of 

the var. Renoui and var. Maghrebiana revealed as major compounds the trans-

caryophyllene, α-amorphene, β-cadinene, abietane, Δ-cadinene and sclarene (Fkiri et al., 

2019).  

When considering different extracts, P. pinaster bark extracts obtained with ethanol at 50% 

exhibited high DPPH and ABTS radical scavenging activities followed by the extracts 

obtained using ethanol 70%, ethanol 30%, water and ethanol 90%. The P. pinaster bark 

extracts also showed potent reducing power being the extract obtained with ethanol 50% 

also the extract with the higher activity and followed by the other extracts (Ferreira-Santos 

et al., 2020). Regarding the EO, different samples of P. pinaster EO have presented good 

antioxidant activity and the Renoui variety had the highest activity when compared to 

Magrebiana variety (Fkiri et al., 2019) 

Few assays have been performed to assess the antimicrobial activity of P. pinaster, with its 

hydroethanolic and aqueous extracts demonstrating potent antibacterial activity against 

Gram-positive bacteria and weaker activity for Gram-negative bacteria and fungi (Ćurković-

Perica et al., 2015; Ferreira-Santos et al., 2020). The P. pinaster EO showed to have also 

good antibacterial activity against several bacterial species, such as E. coli, Klebsiella 

pneumoniae, L. monocytogenes and S. Typhimurium (Fkiri et al., 2019; Hmamouchi et al., 

2001), but with no antifungal activity against Aspergillus flavus, A. niger and Candida 

albicans (Fkiri et al., 2019). 

The in vivo wound healing potential of the EOs of P. pinaster (cone, needle, and wood) 

revealed that the EO sample obtained from the cones of P. pinaster was more active than 

the other extracts in the enzyme inhibition of hyaluronidase, collagenase, and elastase 

enzymes. Keeping these enzymes at a minimal level is important to proper wound healing. 

The major cause of tissue damage is the increase of free radicals and consequently, the 

increase of oxidative stress and massive quantities of free radicals are produced in the 

wound area, damaging the healing process. These EOs of P. pinaster presented good 

antioxidant activity, nonetheless with some organic extracts showing better activity (Tümen 

et al., 2018). 

The information found about the bioactive properties of P. pinaster extracts and EO is 

limited and is mainly about a commercial product, Pycnogenol®, a nutritional supplement 

based on an aqueous extract prepared from French marine pine bark. Regarding the anti-

viral of P. pinaster, Pycnogenol® inhibited the replication in vitro of human 
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immunodeficiency virus type-1 (HIV-1), suggesting its potential as a new anti-HIV-1 agent 

(Feng et al., 2008). This extract can reduce the hyperglycaemia associated with diabetes 

mellitus, obesity-induced by diet and in the control of postprandial hyperglycaemia 

(Fernando et al., 2019; Ferreira-Santos et al., 2020), presenting higher activity than the 

control acarbose (Ferreira-Santos et al., 2020). Besides, Pycnogenol® showed protective 

effect at beginning of diabetic retinopathy, visual improvement, reduce the risk of cataract 

formation and it was effective in the treatment of diabetic ulcers in the lower limb (Belcaro 

et al., 2006; Kamuren et al., 2006). Regarding the effects on human skin, the extract from 

the P. pinaster bark, Pycnogenol®, is appropriate for photoprotection of human skin 

against UV radiation, but also the oral intake of this extract affects several basic skin 

functions that are of relevance for the maintenance of healthy skin as can be seen in the 

information reviewed by Grether-Beck et al. (2016). Pycnogenol® also demonstrated anti-

inflammatory activity (Canali et al., 2009; Cho et al., 2001), anticancer activity (Becit and 

Aydin, 2020; Ferreira-Santos et al., 2020; Harati et al., 2015; Huang et al., 2005; Yang et 

al., 2014, 2016), neurodegenerative protection (Ishrat et al., 2009) and it has been used to 

treat cardiovascular problems (Cesarone et al., 2006a, 2006b; Zibadi et al., 2007). All these 

results suggest that P. pinaster extracts can be useful therapeutic agents in the treatment of 

many diseases. 

 

1.3.5. Ruta graveolens 

Ruta genus, common name rue, belongs to Rutaceae family plants and it is a strongly 

fragrant subshrubs native to the Mediterranean region (Hammami et al., 2015; Morton and 

Telmer, 2014; Wei et al., 2012, 2015). The genus Ruta includes ten species of perennial 

shrubs, of which R. graveolens is one of the most common (Meloni et al., 2013). R. 

graveolens is an evergreen subshrub mainly found in temperate and tropical regions that 

can reach 30-80 cm and are native to the Mediterranean region more specifically in 

Southern Europe and can be distributed in Europe and many Asian countries, including 

China, India, and Japan (Gentile et al., 2018; Hale et al., 2004; Kostova et al., 1999; 

Ratheesh et al., 2009; Salvo et al., 2008). The stems are much ramified. The leaves have 4-

11 cm long and 3-7 cm wide, oblong, small, deeply divided, glandular dotted, pinnate, 

bluish-green, emit a powerful odour and have a bitter taste. The flowers are yellow, small, 

and not fringed with 4 petals, except for the central flower, which has 5 petals and possesses 

ten stamens. The flowering period in Algeria is in June and in Chine is from March to June. 

The fruits are brown, lobulated, rounded, and small (Farzaei et al., 2017; Gentile et al., 2018; 

Haddouchi et al., 2013; Hale et al., 2004; Harat et al., 2008; Khori et al., 2008; Pollio et al., 

2008; Ren and Tang, 2012). 
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These plants are used in traditional medicine for different purposes, such as veterinarian 

uses (roundworms, tapeworms, treatment for endoparasites) (Lans et al., 2007). The fresh 

extract or infusion of the leaves are used in contraception, as anti-inflammatory, sedative, 

antifungal, analgesic, antispasmodic, antihelmintic and abortive agent (Harat et al., 2008). 

The whole plant is used as antidotes for some snake and scorpion venoms and to treat many 

infections and inflammation and also against stomachache, vomit, diarrhea, snake bite, 

wounds, cough, fever, headache, inflammation, nervousness, flu, toothache, body pain, ear 

pain, eczema, ulcers, arthritis, fibromyalgia, abortifacient drug, faintness, cramp, hysteria, 

diseases of the womb (Alonso-Castro et al., 2012; Ciganda and Laborde, 2003; Ghosh et al., 

2014; Koblovská et al., 2008; Mancuso et al., 2015). The deccoctions of the whole plant were 

used in palpitations and heart protection (Seak and Lin, 2007). 

The analysis of the composition of R. graveolens EO indicates that 2-undecanone, 2-

nonanone and 2-decanone are the main constituents (Da Silva et al., 2014; Faria et al., 2013, 

2016a,b; Laquale et al., 2015; Mancuso et al., 2015; Orlanda and Nascimento, 2015; Soares 

et al., 2016).  

R. graveolens demonstrated several pharmaceutical properties, associated with their 

bioactive compounds, including the antioxidant activity. The R. graveolens EO was able to 

reduce the free radical DPPH with comparable activity to that of the control delta-

tocopherol, but lower to butylated hydroxyanisole (BHA) and BHT, and also reduces the 

lipid peroxidation (Jianu et al., 2021).  

In relation to antibacterial activity, it was described that the EO of R. graveolens has activity 

against Gram-positive and Gram-negative bacteria, such Bacillus megaterium, B. cereus, 

E. coli, Enterobacter aerogenes, Legionella pneumophila, M. flavus, Micrococcus luteus, 

P. aeruginosa, Salmonella Typhi, and S. aureus, and also fungi (Chaftar et al., 2016; Jianu 

et al., 2021; Nahar et al., 2021; Orlanda and Nascimento, 2015; Owlia et al., 2009). The R. 

graveolens EO demonstrated a strong anti-Legionella activity against isolates from 

Tunisian spas and also reference strains and the authors suggested that the anti-Legionella 

activity may be due to the high content of 2-undecanone (Chaftar et al., 2015). The EO from 

R. graveolens also inhibited all the isolates of Staphylococcus and Candida species from 

patients with acute otitis externa (Nogueira et al., 2008). The effect of R. graveolens EO 

was tested on the growth and aflatoxin production of Aspergillus parasiticus and the results 

showed that the EO of R. graveolens inhibited the aflatoxin production, even if the fungal 

growth inhibition was low (Soares et al., 2016). These, suggesting that the R. graveolens EO 

may interfere with the virulence factors of microorganisms, such as production of 

mycotoxins and biofilms (Donadu et al., 2021; Mahmoud et al., 2020). Further, the R. 
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graveolens EO showed synergic effects when combined with the antifungal compound 

amphotericin B against Candida species (Donadu et al., 2021). 

Regarding anticancer activity, the R. graveolens EO were tested against several cancer cell 

lines, including human colon adenocarcinoma (HT-29) cell line, human T lymphocyte 

(Jurkat) cell line, HeLa cell line, and human bladder carcinoma (T24) cell line, as well as 

normal cells of human embryonic kidney (HEK-293) cell line. This EO showed the highest 

antiproliferative activity against HeLa cells, weak activity against HT-29, Jurkat, MCF-7, 

and T24 cells and no antiproliferative activity against the normal cell line. 2-Undecanone 

and 2-nonanone tested alone reveal better antiproliferative activity against all the cell lines 

than the EO (Mahmoud et al., 2020). Possibly the interaction between the compounds in 

the EO interfered with the effect of this compounds alone.  

The R. graveolens leaves EO showed larvicidal activity against third-instar larvae of Aedes 

aegypti, fourth-instar larvae of Culiseta longiareolata, second-instar larvae of Plutella 

xylostella, and juvenile nematodes of Meloidogyne incognita (Bouabida and Dris, 2020; Da 

Silva et al., 2014; Song et al., 2022), repellent efficacy against Sitophilus zeamais (Perera et 

al., 2022), but also fumigant activity against insect pest of stored grains Ephestia kuehniella 

(Bouzeraa and Labed, 2019). The composition can change depending on several 

environmental factors and influence the biological activity of the plant. For example, when 

R. graveolens EO was investigated basis on seasonal variation (October 2009 to September 

2010), the results showed that during dry periods the major compounds (2-undecanone and 

2-nonanone) were present in higher levels enhancing the larvicidal and nematocidal 

activities of the EO (Da Silva et al., 2014). 

 

1.3.6 Thymus mastichina 

The genus Thymus has 214 species and 36 subspecies, for which the main habitat is the 

Mediterranean region with some species being endemic to the Iberian Peninsula (Araujo et 

al., 2021). T. mastichina (Lamiaceae), commonly known as mastic thyme, white thyme or 

Spanish marjoram (Arantes et al., 2019; Araujo et al., 2021; Gordo et al., 2012), is an 

endemic species from the Iberian Peninsula and can be found in uncultivated, ruderal, and 

rupicolous lands, clearings of cultivated fields, xerophilic grasses, thickets zones, cork oaks 

and pine forests, rocky and dry outcrops and berms of roads and it is strongly resistant to 

frost, pests and diseases (Arantes et al., 2019; Gordo et al., 2012; Rodrigues et al., 2020). T. 

mastichina is a semi-woody shrub that grows up to 50 cm tall, the leaves are simple and 

opposite, the flowers are bilabiate grouped in flower heads or capitula and inflorescences 
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with 10 mm in diameter and blossoms from April to June (Arantes et al., 2019; Cutillas et 

al., 2018b; Rodrigues et al., 2020).  

T. mastichina leaves in fresh or dry form are traditionally used as condiments and spices, 

in seasoning dishes and salads, as a salt substitute, to aromatize olive oil and to preserve 

olives (Gordo et al., 2012; Rodrigues et al., 2020; Taghouti et al., 2020). Infusions with dry 

parts of the T. mastichina have been used to relieve cough, flu, colds, throat irritations, 

hoarseness, acute nasopharyngitis, to treat gastrointestinal problems, such as gastric ulcer, 

functional dyspepsia, abdominal and pelvic pain, nausea, and vomiting and to wash open 

wound of unspecified body region and localized oedema (Gordo et al., 2012; Rivera et al., 

2019; Rodrigues et al., 2020). The infusions with fresh parts are used for indigestion and 

stomach pain (Rodrigues et al., 2020). The T. mastichina flowering aerial part when fried 

in oil has been used to wash burns and corrosions and other dermatologic disorders. The 

decoctions of T. mastichina are used to rub rheumatism areas (Rivera et al., 2019), while 

the EO has been used in the cosmetic and perfume industries (Rodrigues et al., 2020; 

Taghouti et al., 2020). 

Regarding the chemical composition, T. mastichina EO is especially represented by 

oxygenated monoterpenes, followed by hydrocarbon monoterpenes, with 1,8-cineole as the 

main compound (Aazza et al., 2016; Arantes et al., 2019; Ballester-Costa et al., 2013; 

Delgado et al., 2014; Figueiredo et al., 2010; Hwa-Jung Choi, 2018; Vieira et al., 2017). Some 

monoterpene hydrocarbons, such as α-pinene, β-pinene, and camphene were also detected, 

but in fewer amounts (Araujo et al., 2021; Delgado et al., 2014; Figueiredo et al., 2010). The 

T. mastichina showed two chemical polymorphisms, the 1,8-cineole and linalool 

chemotypes, although, the relative amount of 1,8-cineole was always high (Faleiro et al., 

2003; Figueiredo et al., 2010). Even T. mastichina EO samples obtained from different 

parts of the plant were characterized by their richness in 1,8-cineole and the percentages 

were higher in the EO obtained from the flowers than the leaves (Faleiro et al., 2003).  

T. mastichina is recognised for its bioactive properties. Comparing extracts and EOs, 

extracts have shown greater antioxidant activity (Albano et al., 2012; Delgado et al., 2014; 

Taghouti et al., 2020). The antioxidant activity of the EO of T. mastichina have been 

screened by different methods. When evaluating the radical scavenging activity, the T. 

mastichina EO revealed weak activity (Aazza et al., 2016; Bentes et al., 2009; Delgado-

Adámez et al., 2017; Miguel et al., 2004). Also, it showed weak or no activity in preventing 

lipid peroxidation, it was not able to chelate the Fe (II), scavenge superoxide radicals or act 

as reducing agents (Aazza et al., 2016; Arantes et al., 2017; Bentes et al., 2009). However, 

depending on the T. mastichina EO samples, this EO can also demonstrate high activity to 
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protect the lipid substrate in the β-carotene/linoleic acid system, ability to act as DPPH 

radical scavengers, and act as ferric reducers (Arantes et al., 2017, 2019; Araujo et al., 2021). 

The T. mastichina extracts and EO have exhibited good antimicrobial activity (Arantes et 

al., 2019; Araujo et al., 2021; Ballester-Costa et al., 2013; Leal et al., 2013) even against 

pathogenic fungi of vegetables and mushrooms (Diánez et al., 2018). The EO of T. 

mastichina showed good antibacterial activity against S. aureus, B. subtilis, E. coli, P. 

aeruginosa and S. pneumoniae with the most resistant species being P. aeruginosa (Vieira 

et al., 2017). Comparing the EO of the leaves and flowers of the T. mastichina, the EO of 

leaves had higher activity than flower EO against E. coli, L. monocytogenes, Proteus 

mirabilis, Salmonella sp., S. aureus, and C. albicans (Faleiro et al., 2003). However, there 

are also some reports of weak antibacterial activity of the T. mastichina EO (Delgado-

Adámez et al., 2017). When tested for its activity against the biofilm formation of E. coli, S. 

aureus and P. aeruginosa, it was found that the MIC value of T. mastichina EO was able to 

inhibit its formation. Furthermore, in the presence of the subinhibitory concentrations, 

1/2× MIC and 1/4× MIC, the EO of T. mastichina EO was quite effective in the inhibition of 

the biofilm formation by S. aureus (Vieira et al., 2017). 

The T. mastichina EO also has anti-influenza activity with this EO exhibiting a higher anti-

influenza activity than the positive control oseltamivir and no cytotoxicity  to the Madin-

Darby canine kidney (MDCK) cell line used, at a concentration of 100 μg/mL, unlike 

oseltamivir which demonstrated cytotoxicity at this concentration (Hwa-Jung Choi, 2018). 

The T. mastichina EO showed a low ability for inhibiting lipoxygenase, in contrast with the 

activity of water decoction extracts of T. mastichina (Aazza et al., 2016; Albano et al., 2012). 

However, T. mastichina EO revealed nitric oxide radical scavenging capacity and taking into 

account that nitric oxide free radical is implicated as a mediator of inflammatory responses, 

T. mastichina EO reveals good anti-inflammatory activity through this mechanism of action 

(Aazza et al., 2016).  

Regarding the inhibition of enzymes, the EO of T. mastichina showed activity against 

problems associated with diabetes and neurodegenerative diseases. T. mastichina EO 

presented a weak ability for inhibiting the enzyme α-amylase, but good activity against the 

enzyme α-glucosidase. The inhibition of α-amylase and α-glucosidase slows and prolongs 

the release of glucose into circulation and can retard hyperglycaemia after the consumption 

of a meal (Aazza et al., 2016). The inhibition of AChE and BChE enzymes are important in 

the treatment of Alzheimer’s disease since are considered a potential target, and the 

aqueous extracts and EO of T. mastichina showed high anticholinesterase activity with a 

high capacity to inhibit these cholinesterases (Albano et al., 2012; Arantes et al., 2017; 

Cutillas et al., 2018b).  
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With regard to anticancer activity, the T. mastichina EO decrease the cell viability of the  

human breast carcinoma (MDA-MB-231) cells in dose-dependent (Arantes et al., 2019). 

Moreover, when the tumour cell lines, HeLa cell line and free-floating cells from human 

histiocytic leukaemia (U937) cell line were exposed to T. mastichina EOs, the results 

evidenced a substantial statistically significant cytotoxic effect in a dose-dependent in both 

tumour cell lines (Delgado-Adámez et al., 2017).  

The T. mastichina can also act as a natural insecticidal or repellent. In fact, the EO from this 

plant revealed good insecticidal efficacy against the western flower thrips (Frankliniella 

occidentalis Perg.), one of the most economically important pests of greenhouse plants 

(Stepanycheva et al., 2019). The fumigant activity of the T. mastichina EO is highly toxic to 

the third instar of Spodoptera littoralis larvae even after topical application (Pavela, 2005), 

and also proved to be effective in the mortality of the house fly (M. domestica L.) (Pavela, 

2008).  
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Abstract 

The Thymus plants have been used for centuries in traditional medicine and as a food spice, 

among this genus, Thymus zygis (red thyme) is a widespread plant, vastly used as a culinary 

flavouring agent. Its essential oil has demonstrated diverse bioactive properties, such as 

antimicrobial, insecticidal, larvicidal and antiparasitic activities. Numerous studies have 

characterized this essential oil showing that it possesses a broad antimicrobial spectrum 

and may even enhance the effect of certain antimicrobial agents. Its potential application as 

a food preservative has been analysed on different matrixes pointing to its antimicrobial 

activity against spoilage and pathogenic microorganisms in food. This review provides an 

insight in the chemical composition, antimicrobial, insecticidal, larvicidal and antiparasitic 

activities and toxicity of T. zygis essential oil, as well as its potential application in food as 

a preservative. 

 

Keywords: Thymus zygis; essential oil; antimicrobial activity; food preservative 

 

2.1. Introduction 

Foodborne spoilage and pathogenic bacteria are major concerns in the food sector 

contributing to food quality and safety issues, with foodborne diseases constituting a global 

health problem (Munekata et al., 2020; Pateiro et al., 2021; Takó et al., 2020). Moreover, 

the resistance of food pathogens to adverse conditions, such as heat, cold, acidic, or high 

salt, and their capacity to form biofilms on biotic or abiotic surfaces, can facilitate their 

growth, persistence and spread on food contact surfaces (Takó et al., 2020).  

Further, the short shelf life of fresh food, that causes heavy losses from harvesting to final 

consumption, is one of the most important problem of the food industry (Sapper et al., 2019; 

Van Haute et al., 2016). To maintain the safety and prolong the shelf-life of food, the food 

industry uses synthetic preservatives widely applied to eliminate bacteria or molds and also 

to control the lipid oxidation (Ballester-Costa et al., 2017). Synthetic chemicals like aromatic 

hydrocarbons, sterol biosynthesis inhibitors, benzimidazoles, butylated hydroxyanisole 

(BHA), butylated hydroxytoluene (BHT), tertiary butyl hydroquinone (TBHQ), calcium 

propionate, sorbate, benzoate and others have been used as preservatives agents for many 

years (Álvarez et al., 2012; Debonne et al., 2018b; Moghaddam et al., 2015; Van Haute et 

al., 2016). Although synthetic antioxidants and antimicrobials are widely used in foods, 

their presence is associated with suspected carcinogenic problems over a long-term period 

of consumption. Therefore, the rejection by the consumers of synthetic food additives is 

growing (Ballester-Costa et al., 2017; Ghabraie et al., 2016; Nieto et al., 2010). 
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Increasing interest for the use of natural products safer for human health has been 

observed, promoting the search for alternatives to synthetic compounds aiming to limit 

their use, and so plant-based essential oils and extracts have been suggested to control 

pathogenic and spoilage microorganisms (Ballester-Costa et al., 2017; Hernández et al., 

2015; Moghaddam et al., 2015). In fact, the study of the antimicrobial properties has been 

directed to different sources, such as spice extracts, plant and microbial metabolites, food 

subproducts, among others, considering its potential for food application (Ghabraie et al., 

2016). The traditional application of spices and aromatic plants to preserve food has been 

observed for centuries, providing them special attention in recent years, not only for their 

antioxidant power but also for their antimicrobial properties (Álvarez et al., 2012; Ghabraie 

et al., 2016). 

Essential oils (EOs) consist of secondary metabolites that can protect plants from 

environmental threats, pathogenic microorganisms, among others, being mixtures of 

phenols, monoterpenes, sesquiterpenes, and other compounds from aromatic plants 

(Ballester-Costa et al., 2017; Sangha et al., 2017). EOs are aromatic oily liquids derived from 

plant materials like leaves, buds, flowers, seeds, bark, roots, twigs, herbs, wood, and fruits 

(Ghabraie et al., 2016; Lee et al., 2018). They have been traditionally used for natural 

therapeutics, food preservation, and complementary medicines and as culinary flavouring 

agents since their aroma and flavour are familiar and widely accepted by consumers 

(Ballester-Costa et al., 2017; Fratianni et al., 2010). Nowadays, approximately 3000 EOs 

are known and some of them are commercially important, being employed in agronomic, 

cosmetic, chemical, perfume, fragrance, pharmaceutical and food industries due their 

potential bioactivities (Cutillas et al., 2018a; Ghabraie et al., 2016; Lagha et al., 2019). EOs 

have been generally recognized as safe (GRAS) (Ballester-Costa et al., 2016), and some are 

approved by the U.S. Food and Drug Administration (FDA) to be used as food additives, 

such as lemon balm, basil, coriander, clove, thyme and vanilla EOs (FDA, 2019). Thereby, 

they are gaining interest for their potential as preservatives and as decontamination agents 

(Ballester-Costa et al., 2016), while their potential as antimicrobial and antioxidant agents 

provide the basis for many applications in processed and raw food preservation (Ballester-

Costa et al., 2013). 

Therefore, the present review aims to provide the available information on the biological 

properties of T. zygis EO, with focus in its antimicrobial activity and the application as food 

preservative, as well as on the effect on animal with diets supplemented with this EO.  
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2.2. Thymus plants 

Thymus plants belong to the Lamiaceae family and are a botanical genus predominantly 

found in the Mediterranean region (Afonso et al., 2018), North Africa, Asia (Ballester-Costa 

et al., 2013; Cutillas et al., 2018a) and Southern Europe, growing wild mostly in the Iberian 

Peninsula (Gonçalves et al., 2010; Pérez-Sánchez et al., 2007). As these plants present a 

high capacity to adapt to extreme climate conditions, like temperature and water supply, 

they can be often found in stones or rocks growing in arid and cold conditions (Afonso et 

al., 2018). 

The genus Thymus comprises around 350 species (Ballester-Costa et al., 2013; Cutillas et 

al., 2018a) of perennials, shrubs or subshrubs, and aromatic herbs with 10-30 cm tall, with 

simple and small leaves, a quadrangular stem, prostrated and ramified branches and big 

clusters of small white, pink, purple or cream flowers (Afonso et al., 2018; Ballester-Costa 

et al., 2013). There are different ecotypes of these plants, which differ in their composition 

of EOs and their morphological characteristics, although all of them are characterized by a 

moderate odour and sometimes a very pronounced spicy and balsamic flavour (Cutillas et 

al., 2018a). 

The Thymus species have been widely applied in food seasoning and flavouring, for 

perfumery, cosmetic as well as in medicine (Ballester-Costa et al., 2013; Schött et al., 2017), 

but only a few species are considered economically important, particularly those used as 

spices, such as the leaves of T. zygis and T. vulgaris (Schött et al., 2017). Moreover, Thymus 

EO is also used in many industries such as food, pharmaceuticals, detergents, personal 

health care, and insecticides (Afonso et al., 2018). 

As other herbal medicines that are used in folk medicine in diverse countries, and play a 

vital role in treatment of diseases (Moghaddam et al., 2015), Thymus species have been used 

to treat respiratory and throat ailments (Afonso et al., 2018; Aminkhani et al., 2019), 

gastrointestinal problems and as effective therapies for irritating coughs and bronchitis due 

their expectorant and antitussive properties (Santoyo et al., 2014). These plants also have 

been used to treat skin problems, such as oily skin, acne, dermatitis, eczema, parasite 

affections, fungal infections, and insect bites (Afonso et al., 2018). Dried Thymus leaves are 

used for infusions, as well as in other products such as bath soap, lotion, and toothpaste 

(Afonso et al., 2018). 

As reviewed by Figueiredo et al. (2008), different species of the genus Thymus have been 

used to the treatment of various problems, with  T. zygis being mainly used as tea against 

colds and sore throat and as digestive tonic for medical purposes, for cosmetic use in hair 

and skin creams and lotions and as condiment, to season food (Figueiredo et al., 2008). 
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Aerial parts, stem, flowers, branches, leaves, and even the whole plant were used to make 

infusions and decoctions, for oral administration or external application (El Yaagoubi et al., 

2021). The leaves of T. zygis have been used as a decoction for diarrhea, as carminative and 

colds and influenza (Benlamdini et al., 2014; El Azzouzi and Zidane, 2015; El Hafian et al., 

2014; Hachi et al., 2016), while the infusion of the leaves can be used to treat gastrointestinal 

infections (El Hafian et al., 2014). The infusions with flowers and leaves have been applied 

against gastralgia, in case of colds (El Azzouzi and Zidane, 2015), and decoctions of flowers 

was consumed to treat pain in the digestive tract and flu (El Hafian et al., 2014).  

 

2.3. Phytochemical composition of Thymus zygis essential oil 

Regarding the chemical composition of T. zygis, studies regarding it essential oil, describe 

more than 60 bioactive compounds (Table 2.1), with the most common chemotype of this 

plant being thymol and linalool (Gonçalves et al., 2010; Lagha et al., 2019; Rota et al., 2008). 

Thymol is one of the major constituents of T. zygis EOs (Ballester-Costa et al., 2013; 

Dorman and Deans, 2004; Ghabraie et al., 2016; Machado et al., 2010; Marinković et al., 

2020; Nieto et al., 2010; Peñalver et al., 2005; Pina-Vaz et al., 2004; Schött et al., 2017; Van 

Haute et al., 2016), and has been pointed as one component of great interest, due to its 

recognized properties, such as antimicrobial activity (Hernández et al., 2015). p-Cymene is 

also an important compound in the different samples, being one of the most common 

compounds, after thymol (Ghabraie et al., 2016; Gonçalves et al., 2010; Machado et al., 

2010; Van Haute et al., 2016). 

Table 2.1. Phytochemical composition of Thymus zygis essential oil.  

 

  

Compounda Area (%) Reference 

Thymol 0.52 – 55.91 (Ballester-Costa et al., 2013; Dorman 
and Deans, 2004; Lagha et al., 2019; 
Machado et al., 2010; Marinković et 
al., 2020; Pina-Vaz et al., 2004; Schött 
et al., 2017; Van Haute et al., 2016) 

Linalool (β-linalool) 2.9 – 40.14 (Ballester-Costa et al., 2013; Dorman 
and Deans, 2004; Kim et al., 2016; 
Lagha et al., 2019; Machado et al., 
2010; Marinković et al., 2020; Pina-
Vaz et al., 2004; Schött et al., 2017; 
Van Haute et al., 2016) 

p-Cymene 2.2 – 36.6 (Ballester-Costa et al., 2013; Dorman 
and Deans, 2004; Kim et al., 2016; 
Lagha et al., 2019; Machado et al., 
2010; Marinković et al., 2020; Pina-
Vaz et al., 2004; Schött et al., 2017; 
Van Haute et al., 2016) 
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Table 2.1. Phytochemical composition of Thymus zygis essential oil (continuation).  

  

Compounda Area (%) Reference 

Carvacrol 0.08 – 25.0 (Ballester-Costa et al., 2013; Dorman 
and Deans, 2004; Gonçalves et al., 
2010; Kim et al., 2016; Lagha et al., 
2019; Machado et al., 2010; 
Marinković et al., 2020; Pina-Vaz et 
al., 2004; Schött et al., 2017; Van 
Haute et al., 2016) 

γ-Terpinene 3.13 – 21.0 (Ballester-Costa et al., 2013; Dorman 
and Deans, 2004; Kim et al., 2016; 
Lagha et al., 2019; Machado et al., 
2010; Pina-Vaz et al., 2004; Schött et 
al., 2017; Van Haute et al., 2016) 

Geraniol 19.8 (Gonçalves et al., 2010) 

1,8-Cineol (terpan, eucalyptol) 0.3 – 12.0 (Dorman and Deans, 2004; Gonçalves 
et al., 2010; Kim et al., 2016; 
Marinković et al., 2020; Schött et al., 
2017; Van Haute et al., 2016) 

Terpinen-4-ol (terpinene-4-ol; 
terpineol-4) 

0.2 – 11.7 (Ballester-Costa et al., 2013; Dorman 
and Deans, 2004; Kim et al., 2016; 
Lagha et al., 2019; Machado et al., 
2010; Marinković et al., 2020; Pina-
Vaz et al., 2004; Schött et al., 2017; 
Van Haute et al., 2016) 

Myrcene (β-myrcene) 0.97 – 8.6  (Ballester-Costa et al., 2013; Dorman 
and Deans, 2004; Kim et al., 2016; 
Lagha et al., 2019; Machado et al., 
2010; Marinković et al., 2020; Pina-
Vaz et al., 2004; Schött et al., 2017; 
Van Haute et al., 2016) 

Terpinene (α-terpinene) 0.4 – 5.8 (Ballester-Costa et al., 2013; Dorman 
and Deans, 2004; Kim et al., 2016; 
Lagha et al., 2019; Machado et al., 
2010; Marinković et al., 2020; Pina-
Vaz et al., 2004; Schött et al., 2017; 
Van Haute et al., 2016) 

Cis and trans-thujan-4-ol 
(sabinene hydrate; cis and trans-
4-thujanol; cis and trans-sabinene 
hydrate) 

0.3 – 5.35 (Kim et al., 2016; Lagha et al., 2019; 
Machado et al., 2010; Marinković et 
al., 2020) 

Borneol (isoborneol) 0.4 – 4.5 (Ballester-Costa et al., 2013; Dorman 
and Deans, 2004; Lagha et al., 2019; 
Machado et al., 2010; Marinković et 
al., 2020; Pina-Vaz et al., 2004; Schött 
et al., 2017; Van Haute et al., 2016) 

Camphene 0.2 – 4.5 (Dorman and Deans, 2004; Gonçalves 
et al., 2010; Kim et al., 2016; Lagha et 
al., 2019; Machado et al., 2010; 
Marinković et al., 2020; Pina-Vaz et 
al., 2004; Van Haute, Raes, Van der 
Meeren, et al., 2016) 

Camphor (L-camphor) 0.1 – 4.2 (Dorman and Deans, 2004; Kim et al., 
2016; Lagha et al., 2019; Machado et 
al., 2010; Marinković et al., 2020; 
Pina-Vaz et al., 2004; Schött et al., 
2017; Van Haute et al., 2016) 
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Table 2.1. Phytochemical composition of Thymus zygis essential oil (continuation).   

Compounda Area (%) Reference 

α-Pinene 0.81 – 3.8 (Ballester-Costa et al., 2013; Dorman 
and Deans, 2004; Kim et al., 2016; 
Lagha et al., 2019; Machado et al., 
2010; Pina-Vaz et al., 2004; Van Haute 
et al., 2016) 

Cis-caryophyllene (E-
caryophyllene; β- caryophyllene) 

1.0 – 3.6 (Ballester-Costa et al., 2013; Dorman 
and Deans, 2004; Kim et al., 2016; 
Lagha et al., 2019; Machado et al., 
2010; Marinković et al., 2020; Pina-
Vaz et al., 2004; Schött et al., 2017; 
Van Haute et al., 2016) 

Limonene (D-limonene) 0.29 – 2.77 (Ballester-Costa et al., 2013; Dorman 
and Deans, 2004; Kim et al., 2016; 
Lagha et al., 2019; Machado et al., 
2010; Marinković et al., 2020; Pina-
Vaz et al., 2004; Schött et al., 2017) 

Thujene (α-thujene) 0.1 – 2.6 (Ballester-Costa et al., 2013; Dorman 
and Deans, 2004; Lagha et al., 2019; 
Machado et al., 2010; Marinković et 
al., 2020; Pina-Vaz et al., 2004; Schött 
et al., 2017; Van Haute et al., 2016) 

Terpineol (α-terpineol) 0.17 – 2.30 (Ballester-Costa et al., 2013; Dorman 
and Deans, 2004; Kim et al., 2016; 
Lagha et al., 2019; Machado et al., 
2010; Pina-Vaz et al., 2004; Schött et 
al., 2017; Van Haute et al., 2016) 

Terpinolene (α-terpinolene) 0.14 – 2.0 (Ballester-Costa et al., 2013; Dorman 
and Deans, 2004; Kim et al., 2016; 
Lagha et al., 2019; Machado et al., 
2010; Marinković et al., 2020; Pina-
Vaz et al., 2004; Van Haute et al., 
2016) 

β-Terpineol  0.3 – 1.9 (Dorman and Deans, 2004; Schött et 
al., 2017) 

Pinene 0.2 – 1.9 (Marinković et al., 2020) 

Bornyl acetate 0.07 – 1.9 (Dorman and Deans, 2004; Lagha et 
al., 2019; Marinković et al., 2020; 
Schött et al., 2017) 

β-Pinene 0.1 – 1.3 (Ballester-Costa et al., 2013; Dorman 
and Deans, 2004; Gonçalves et al., 
2010; Kim et al., 2016; Lagha et al., 
2019; Machado et al., 2010; Pina-Vaz 
et al., 2004; Schött et al., 2017; Van 
Haute et al., 2016) 

Geraniol acetate (geranyl acetate) 1.0 (Schött et al., 2017) 

Caryophyllene oxide 0.4 – 1.0 (Marinković et al., 2020; Pina-Vaz et 
al., 2004; Schött et al., 2017) 

Carvacrol methyl ether  0.4 – 0.9 (Marinković et al., 2020; Schött et al., 
2017) 

Sabinene 0.05 – 0.84 (Ballester-Costa et al., 2013; Lagha et 
al., 2019; Machado et al., 2010; Schött 
et al., 2017) 

Ledol  0.8 (Schött et al., 2017) 
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Table 2.1. Phytochemical composition of Thymus zygis essential oil (continuation). 

Compounda Area (%) Reference 

β-Bisabolene  0.1 – 0.8 (Machado et al., 2010) 

p-Menth-2.4(8)-diene 0.7 (Schött et al., 2017) 

δ-Cadinene 0.2 – 0.7 (Marinković et al., 2020; Pina-Vaz et 
al., 2004; Schött et al., 2017) 

Thymol methyl ether  0.6 – 0.62 (Marinković et al., 2020; Schött et al., 
2017; Van Haute et al., 2016) 

Linalyl acetate 0.5 – 0.62 (Kim et al., 2016; Lagha et al., 2019) 

1-Octen-3-ol (oct-1-en-3-ol) 0.3 – 0.6 (Machado et al., 2010; Pina-Vaz et al., 
2004; Schött et al., 2017) 

p-Cymene-8-ol 0.2 – 0.6 (Pina-Vaz et al., 2004) 

Sylvestrene (iso-sylvestrene)  0.1 – 0.53 (Marinković et al., 2020; Van Haute et 
al., 2016) 

p-Thymol  0.5 (Schött et al., 2017) 

Farnesol  0.5 (Schött et al., 2017) 

Phellandrene (α-phellandrene) 0.1 – 0.48 (Lagha et al., 2019; Machado et al., 
2010; Marinković et al., 2020; Pina-
Vaz et al., 2004; Schött et al., 2017; 
Van Haute et al., 2016) 

Spathulenol  0.4 (Schött et al., 2017) 

Thuja-2,4(10)-diene 0.4 (Marinković et al., 2020) 

Dihydrocarvone (cis and trans-
dihydrocarvone) 

0.17 – 0.4 (Gonçalves et al., 2010; Lagha et al., 
2019; Marinković et al., 2020; Schött 
et al., 2017) 

α-Caryophyllene (humulene; α-
humulene) 

0.1 – 0.4 (Marinković et al., 2020; Pina-Vaz et 
al., 2004; Schött et al., 2017) 

γ-Cadinene 0.1 – 0.4 (Marinković et al., 2020; Pina-Vaz et 
al., 2004; Schött et al., 2017) 

Alloaromadendrene 
(aromadendrene) 

0.1 – 0.4 (Marinković et al., 2020; Schött et al., 
2017) 

E-β-Ocimene (β-trans‑ocimene) 0.1 – 0.4 (Machado et al., 2010; Pina-Vaz et al., 
2004; Schött et al., 2017) 

Linalool oxide (trans-linalool 
oxide) 

0.1 – 0.4 (Pina-Vaz et al., 2004; Schött et al., 
2017) 

Thymol acetate 0.1 – 0.4 (Marinković et al., 2020; Schött et al., 
2017) 

α-Amorphene  0.3 (Schött et al., 2017) 

β-Phellandrene  0.3 (Machado et al., 2010) 

Geranyl-isobutyrate  0.3 (Schött et al., 2017) 

Thymoquinone 0.3 (Schött et al., 2017) 

Viridiflorene  0.3 (Schött et al., 2017) 

δ-Terpineol 0.1 – 0.3 (Gonçalves et al., 2010) 

Trans-verbenol 0.1 – 0.3 (Gonçalves et al., 2010) 
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Table 2.1. Phytochemical composition of Thymus zygis essential oil (continuation). 

a In parentheses are some synonyms of the names of the compounds or the cis/trans conformations. 

Lagha et al. (2019) analysed the composition of T. zygis EO showing that its major 

constituents were linalool (39.7%), terpinen-4-ol (11.7%), β-myrcene (8.6%) and γ-

terpinene (7.6%) (Lagha et al., 2019). In case of Kim et al. (2016), linalool (40.14%) was also 

identified as the most abundant component in T. zygis EO and terpinen-4-ol (8.83%), 

myrcene (5.88%), sabinene hydrate (5.35%), and p-cymene (4.14%) were identified as main 

components (Kim et al., 2016). The variability in the chemical composition of T. zygis EOs 

can depend on several factors, including local climatic and environmental conditions (rain, 

Compounda Area (%) Reference 

Cis and trans-p-menth-2-en-1-ol 0.1 – 0.25 (Lagha et al., 2019; Machado et al., 
2010; Pina-Vaz et al., 2004) 

2,5-Dimethylstyrene 0.2 (Pina-Vaz et al., 2004) 

3-Octanol  0.2 (Schött et al., 2017) 

α-Gurjunene  0.2 (Schött et al., 2017) 

γ-Gurjunene  0.2 (Schött et al., 2017) 

τ-Cadinol  0.2 (Schött et al., 2017) 

3-Carene (δ-3-carene; ∆-3-carene) 0.1 – 0.2 (Machado et al., 2010; Marinković et 
al., 2020; Schött et al., 2017) 

Trans-pinocarveol 0.1 – 0.2 (Gonçalves et al., 2010) 

Tricyclene 0.1 – 0.2 (Gonçalves et al., 2010) 

Cis and trans piperitol 0.08 – 0.18 (Lagha et al., 2019) 

Bicyclogermacrene 0.16 (Lagha et al., 2019) 

α-Copaene 0.1 (Pina-Vaz et al., 2004) 

α-Cubebene  0.1 (Schött et al., 2017) 

α-Muurolene 0.1 (Marinković et al., 2020; Pina-Vaz et 
al., 2004) 

β-Bourbunene 0.1 (Pina-Vaz et al., 2004) 

β-Cis‑ocimene  0.1 (Schött et al., 2017) 

β-Cubebene  0.1 (Schött et al., 2017) 

Cymenene  0.1 (Machado et al., 2010) 

Germacrene D  0.1 (Machado et al., 2010) 

Germacrene-4-ol  0.1 (Schött et al., 2017) 

Guaiol 0.1 (Schött et al., 2017) 

Terpinyl-acetate  0.1 (Schött et al., 2017) 

Verbenone 0.1 (Marinković et al., 2020) 
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temperature, sun, day length, etc.), geology, geographical location, season, nutrients, part 

of the plant and the method used to obtain the EO (Ballester-Costa et al., 2013).  

In fact, the influence of the harvest location of the plants was demonstrated by Dandlen et 

al. (2011), who showed that when plants were collected, during the flowering period, on 

mainland Portugal and on Azores, the chemical composition of the essential oils varies. p-

Cymene was present in considerable amounts in all EOs samples, whereas carvacrol 

dominates in three samples, and thymol appears as the second major component in the 

other two samples. γ-Terpinene and camphene were two other major components in these 

essential oils (Dandlen et al., 2011). Cutillas et al. (2018a) also showed the effect of the 

harvest in the composition of the EO (Cutillas et al., 2018a). These variations on the 

chemical composition of the essential oils clearly influence their bioactive properties. 

  

2.4. Biological activities of Thymus zygis essential oil 

The widespread application of Thymus plants has long been associated with their highly 

valuable products and it is closely associated with their high nutritional value and/or 

predominance of bioactive compounds (Afonso et al., 2018; Aminkhani et al., 2019). 

Thymus species have been described as possessing several pharmaceutical properties, 

associated to their bioactive compounds. Amongst these, Thymus zygis, also known as red 

thyme, is one of the aromatic medicinal plants widespread in the Iberian Peninsula 

(Ballester-Costa et al., 2013; Cutillas et al., 2018a) and it is vastly used as a culinary 

flavouring agent, with its flavour and aroma being familiar and widely accepted by 

consumers (Ballester-Costa et al., 2013). Furthermore, it has been recognized for its 

bioactive properties. 

 

2.4.1 Antibacterial and antifungal activities 

Currently, there has been a number of studies performed for the development of safer 

antimicrobial agents, such as plant-based EOs, to control pathogenic microorganisms 

(Moghaddam et al., 2015), with some relevance being given to T. zygis. In fact, antibacterial 

and antifungal activities have been described for the EO of T. zygis against a wide range of 

pathogens, including phytopathogens (Table 2.2). Accordingly, to several authors, T. zygis 

EO has a stronger activity against Gram-positive than Gram-negative bacteria (Cutillas et 

al., 2018a; Dussault et al., 2014; Ghabraie et al., 2016), possibly associated with the presence 

of lipopolysaccharide in the cell wall of Gram-negative bacteria that allows them to be more 

resistant to EOs (Lagha et al., 2019; Trombetta et al., 2005). Lipopolysaccharide present in 

the surface of the Gram-negative bacteria repels EOs (Dussault et al., 2014), while in the 

case of Gram-positive bacteria, the hydrophobic molecules can easily enter the cells and act 
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on the cell wall and within the cytoplasm (Lagha et al., 2019). However, not all the studies 

present results consistent with this difference amongst bacteria (Table 2.2).  

The in vitro antibacterial effect of T. zygis EO was further supported by analysis of its 

bactericidal activity, showing that T. zygis EO affects the growth of Streptococcus mutans, 

reducing the culturability of this bacterium (Schött et al., 2017).  

Among the variety of compounds that constitute EOs, volatile compounds may also have a 

relevant antimicrobial activity, in fact, this has been observed for volatile compounds of T. 

zygis EO totally or strongly inhibiting the growth of L. monocytogenes and S. aureus (78.0 

± 0.0 mm), respectively, by using a micro-atmosphere diffusion assay. The volatile 

compounds of the EO also showed high antibacterial effect against E. coli, presenting an 

inhibition diameter of 47.0 ± 1.4 mm and being less effective against S. Typhimurium (25.4 

± 1.1 mm), while presenting no activity against P. aeruginosa. Further, this work provides 

an example of possible application of the volatile compounds of the EOs as air 

decontaminants in storage rooms or they can be good candidates to be used in active 

packaging, while not changing the organoleptic properties of foods (Ghabraie et al., 2016).  

The biological activity of EOs depends on their chemical composition that is determined by 

the genotype and influenced by environmental and agronomic conditions, which will affect 

their mode of action and bioactivity (Rota et al., 2008). Similarly, T. zygis EO shows a high 

degree of variability, depending on seasonal, phenological or climatic conditions (Cutillas 

et al., 2018a). In fact, the different T. zygis EO chemotype used influence its bioactivity, and 

for example, the MIC value obtained against Aspergillus niger ATCC 16404 with linalool 

type versus carvacrol type was 1.25 and 0.32 µL/mL, respectively (Gonçalves et al., 2010).  

Further, the species S. aureus, E. coli and L. monocytogenes were more susceptible to ch. 

thymol than to the ch. linalool (Cutillas et al., 2018a; Lee et al., 2018; Rota et al., 2008). 

Regarding Candida species, also the ch. thymol were more efficient than the ch. linalool 

(Cutillas et al., 2018a; Gonçalves et al., 2010). 

It must also be noted that the antimicrobial activity may also change among subspecies. 

When the antimicrobial activity of T. zygis subsp. zygis, T. zygis subsp. sylvestris, T. zygis 

subsp. gracilis was evaluated against Gram-positive and Gram-negative bacteria and two 

fungi, a variation in the MIC of EO was observed, and for example, the MIC value found 

against B. cereus was 1.25, 0.62 and 0.31 mg/mL, respectively (Stanković et al., 2017). The 

same differences can be verified in another study, being the subsp. zygis more active in 

relation to the subsp. sylvestris against seven of the nine bacterial species studied. In the 

case of yeast species, the subsp. sylvestris was more efficient (Dandlen et al., 2011). 
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Table 2.2. Results of antimicrobial activity of T. zygis EO in disc/well diffusion assay and minimum inhibitory concentration (MIC). 

Microorganism 

Assays  

Part of plant 
Chemotype/ 
Subspecies/ 
Variety 

Origin/ 
Supplier 

Reference 

Disc diffusion MIC 

Acinetobacter calcoaceticus 30.7 ± 0.5 mm   Aerial parts NS Commercial 
supplier 

(Dorman and 
Deans, 2004) 

 
complete inhibition     

Aeromonas hydrophila      

Alcaligenes faecalis 53.8 ± 1.2 mm      

Bacillus subtilis 23.4 ± 1.2 mm       

Benecka natriegens complete inhibition       

Brevibacterium linens complete inhibition       

Brocothrix thermosphacta complete inhibition       

Citrobacter freundii complete inhibition       

Clostridium sporogenes complete inhibition       

Enterobacter aerogenes 41.8 ± 0.8 mm       

Enterococcus faecalis 15.2 ± 0.7 mm       

Erwinia carotovora 35.8 ± 4.4 mm       

Escherichia coli 32.4 ± 0.1 mm       

Flavobacterium suaveolens complete inhibition       

Klebsiella pneumoniae 31.8 ± 0.5 mm       

Lactobacillus plantarum 26.3 ± 0.4 mm       

Leuconostoc cremoris complete inhibition       

Micrococcus luteus complete inhibition       

Moraxella sp. 29.0 ± 5.6 mm       

Proteus vulgaris complete inhibition       

Pseudomonas aeruginosa 33.5 ± 2.0 mm       

Salmonella pullorum complete inhibition       

Serratia marcescens 39.1 ± 0.8 mm       

Staphylococcus aureus complete inhibition      
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Table 2.2. Results of antimicrobial activity of T. zygis EO in disc/well diffusion assay and minimum inhibitory concentration (MIC) (continuation). 

Microorganism 

Assays  

Part of plant 
Chemotype/ 
Subspecies/ 
Variety 

Origin/ 
Supplier 

Reference 

Disc diffusion MIC 

Yersinia enterocolitica 25.5 ± 2.9 mm      

E. coli 01 (poultry origin)   40 µL/mL NS Thymol 
chemotype 

Natural origin 
provided by 
different 
suppliers 

(Peñalver et al., 
2005) 

Salmonella enteritidis RG2 (poultry 
origin) 

  20 µL/mL  

Salmonella Essen (poultry origin)   5 µL/mL    

E. coli enterotoxigenic (pig origin)   40 µL/mL     

Salmonella Choleraesuis (pig 
origin) 

  20 µL/mL     

Salmonella Typhimurium (pig 
origin) 

  20 µL/mL     

Salmonella enteritidis CECT 4155 10.0 to 32.2 mm < 0.5 µL/mL Aerial parts Thymol 
chemotype  

39% linalool 
chemotype 

82% linalool 
chemotype 

Experimental 
crop of the 
Murcian 
Institute of 
Investigation 
and Agricultural 
Development, 
Spain 

(Rota et al., 
2008) 

S. Typhimurium CECT 443 28.3 to 30.3 mm < 0.2 µL/mL  

E. coli (serovar O157:H7 CECT 4267 
and CECT 516) 

8.0 to 20.3 mm < 0.2 to 1.5 µL/mL  

Listeria monocytogenes (serovar 4b 
CECT 935 and serovar ½c CECT 
911) 

11.0 to 44.0 mm  < 0.5 µL/mL  

Yersinia enterocolitica serotype 
O:8; biotype 1 CECT 4315 

27.6 to 46.6 mm < 0.2 to 0.5 µL/mL   

Shigella flexneri serovar 2a CECT 
585 

22.6 to 36.0 mm < 0.2 to 1.0 µL/mL    

Shigella sonnei CECT 457 18.6 to 30.0 mm < 0.2 to 1.0 µL/mL    

S. aureus CECT 239 18.3 to 25.0 mm < 0.2 to 1.2 µL/mL     
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Table 2.2. Results of antimicrobial activity of T. zygis EO in disc/well diffusion assay and minimum inhibitory concentration (MIC) (continuation). 

Microorganism 

Assays  

Part of plant 
Chemotype/ 
Subspecies/ 
Variety 

Origin/ 
Supplier 

Reference 

Disc diffusion MIC 

Helicobacter pylori (two clinical 
isolated strains) 

7.33 to 20.83 mm  Aerial parts Subsp. zygis 
Subsp. 
sylvestris 

Portugal and on 
the Azores 
Islands Pico, S. 
Jorge and 
Terceira 

(Dandlen et al., 
2011) 

S. aureus CFSA2 6.67 to 8.67 mm    

L. monocytogenes (two cheese 
isolated strain and one clincal) 

9.17 to 12.67 mm     

S. Typhimurium ATCC 14028 7.00 to 11.83 mm      

Haemophilus influenza ATCC 
49247 

11.33 to 16.67 mm      

Streptococcus pneumoniae D39 15.00 to 20.00 mm      

Candida albicans (one reference 
and one clinical strains) 

0.00 to 13.17 mm      

Listeria innocua CECT 910 39.52 ± 0.22 mm 3.75 µl/mL Leaves, stems, 
and flowers 

NS Supplied by 
Esencias 
Martinez 
Lozano (Murcia, 
Spain) 

(Ballester-Costa 
et al., 2013) 

Aeromonas hydrophila CECT 5734 17.26 ± 0.06 mm 3.75 µl/mL 

Achromobacter denitrificans CECT 
449 

15.82 ± 0.08 mm 3.75 µl/mL 

Alcaligenes faecalis CECT 145 51.35 ± 0.21 mm 3.75 µl/mL 

Enterobacter amnigenus CECT 
4078 

13.20 ± 0.23 mm 7.5 µl/mL  

Enterobacter gergoviae CECT 587 10.62 ± 0.13 mm 7.5 µl/mL     

Serratia marcescens CECT 854 16.43 ± 0.00 mm 3.75 µl/mL     

Shewanella putrefaciens CECT 
5346 

17.54 ± 0.33 mm 1.87 µl/mL     

Pseudomonas fragi CECT 446 12.04 ± 0.33 mm 3.75 µl/mL     

Pseudomonas fluorescens CECT 
844 

11.94 ± 0.11 mm 3.75 µl/mL     
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Table 2.2. Results of antimicrobial activity of T. zygis EO in disc/well diffusion assay and minimum inhibitory concentration (MIC) (continuation). 

Microorganism 

Assays  

Part of plant 
Chemotype/ 
Subspecies/ 
Variety 

Origin/ 
Supplier 

Reference 

Disc diffusion MIC 

L. monocytogenes HPB 2812    833 ppm Leaves Var. gracilis 
Boissier 

Food ingredient 
supplier (BSA 
Food 
ingredients 
s.e.c/l.p, 
Montreal, 
Canada) 

(Dussault et al., 
2014) 

S. aureus ATCC 29213   313 ppm  

Bacillus cereus LSPQ 2872   417 ppm    

S. Typhimurium SL 1344   2083 ppm    

E. coli O157:H7 EDL 933   1250 ppm    

P. aeruginosa ATCC 15442   3333 ppm     

L. monocytogenes HPB 2812 13.2 ± 3.1 mm 10000 ppm Aerial part NS Spain (Ghabraie et al., 
2016) 

S. aureus ATCC 29213 70.8 ± 3.1 mm 1250 ppm    

E. coli O157:H7 EDL 933 64.3 ± 4.9 mm 1250 ppm     

S. Typhimurium SL 1344 34.1 ± 6.4 mm > 10000 ppm     

P. aeruginosa ATCC 15422 16.8 ± 2.6 mm > 10000 ppm     

S. aureus ATCC 6538   0.01 to 0.03 mg/mL  NS Subsp. zygis 
Subsp. 
sylvestris 
Subsp. gracilis 

Spain, Caceres, 
La Garganta 
Spain, Badajoz, 
Guadajira 
Spain, Badajoz, 
Badajoz 

(Stanković et al., 
2017) 

Sarcina lutea ATCC 9431  0.07 to 0.62 mg/mL  

B. cereus ATCC 11778  0.31 to 1.25 mg/mL   

E. coli ATCC 8739  2.50 to 5.00 mg/mL    

P. aeruginosa ATCC 9027   5.00 to 10.00 mg/mL    

S. enteritidis ATCC 13076  1.25 mg/mL    

C. albicans ATCC 10231  1.25 to 2.50 mg/mL    

Aspergillus niger (ATCC 16404  10.00 to 20.00 mg/mL    

S. aureus ATCC 6538   0.2 µL/mL to 1.3 µL/mL NS Thymol 
chemotype 

Linalool 
chemotype 

Murcia (Spain) (Cutillas et al., 
2018a) 

E. coli ATCC 8739   1.3 µL/mL to 2.5 µL/mL   

P. aeruginosa ATCC9027   > 10 µL/mL    

C. albicans ATCC 1023  1.3 µL/mL to 2.5 µL/mL    
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Table 2.2. Results of antimicrobial activity of T. zygis EO in disc/well diffusion assay and minimum inhibitory concentration (MIC) (continuation). 

Microorganism 

Assays  

Part of plant 
Chemotype/ 
Subspecies/ 
Variety 

Origin/ 
Supplier 

Reference 

Disc diffusion MIC 

Five-strain cocktail of L. 
monocytogenes isolated from food 

 78.1 to 156.3 µL/L  Leaves 

Flowers 

Thymol 
chemotype 

Linalool 
chemotype 

Purchased from 
Neumond- 
Düfte der Natur 
GmbH 
(Raisting, 
Germany) 

(Lee et al.,  
2018) 

50 clinical E. coli isolates  Strong inhibitory activity on 
90% of the isolates (≥22 mm) 

0.19 mg/mL to 0.78 
mg/mL 

NS NS Purchased from 
Laboratoires 
OMEGA 
Pharma (Groupe 
Perrigo) – 
Phytosun Arôms 
(France) 

(Lagha et al., 
2019) 

S. aureus DSM 1104  

E. coli DSM 1103 

  0.05 mg/mL to 0.8 mg/mL 

0.05 mg/mL to 0.4 mg/mL 

Blooming herb NS Provided by 
three different 
German EO 
manufacturers 

(Thielmann et 
al., 2019) 

30 clinical MRSA isolates  Strong inhibitory activity on 
80% of the isolates (≥22 mm) 

0.39 mg/mL to 0.78 
mg/mL 

Aerial parts of 
flowering stage 

Subsp. zygis Purchased from 
Laboratoires 
OMEGA 
Pharma (Groupe 
Perrigo) – 
Phytosun Arôms 
(France) 

(Abdallah et al., 
2020) 

Colistin-susceptible and colistin-
resistant isolates of Acinetobacter 
baumannii and Klebsiella 
pneumoniae 

  256 mg/L to 1024 mg/L NS NS Purchased from 
Acofarma 

(Vázquez-Ucha 
et al., 2020) 

Clinical isolates of Streptococcus 
mitis, Streptococcus sanguinis, and 
Enterococcus faecalis 

  1 mg/mL to 2 mg/mL NS NS Purchased from 
Ayus GmbH, 
Bühl, 
Deutschland 

(Marinković et 
al., 2020) 
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Table 2.2. Results of antimicrobial activity of T. zygis EO in disc/well diffusion assay and minimum inhibitory concentration (MIC) (continuation). 

Microorganism 

Assays  

Part of plant 
Chemotype/ 
Subspecies/ 
Variety 

Origin/ 
Supplier 

Reference 

Disc diffusion MIC 

56 Streptococcus suis isolates 
belonging to pigs (n = 49) and 
humans (n = 6) 

 156.25 to 625 µg/mL NS NS Purchased from 
AromiumTM 
(Barcelona, 
Spain) 

(De Aguiar et 
al., 2021) 

Leuconostoc citreum 22.2 ± 0.1 mm * 1.25 µL/mL Flowering herb NS Purchased from 
Neumond- 
Düfte der Natur 
GmbH 
(Raisting, 
Germany) 

(Lee et al.,  
2020) 

C. albicans (one reference and two 
clinical strains) 

  0.16 – 0.32 µL/mL Aerial parts Subsp. zygis Mirandela, 
Portugal 

(Pina-Vaz et al., 
2004) 

Candida glabrata (two clinical 
isolates) 

  0.32 µL/mL     

Candida guillermondii MAT 23 
(clinical isolated) 

  0.16 µL/mL     

Candida krusei H9 (clinical 
isolated) 

  0.16 – 0.32 µL/mL     

Candida parapsilosis ATCC 90018   0.32 µL/mL     

Candida tropicalis (one reference 
and one clinical strains) 

  0.16 – 0.32 µL/mL     
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Table 2.2. Results of antimicrobial activity of T. zygis EO in disc/well diffusion assay and minimum inhibitory concentration (MIC) (continuation). 

Microorganism 

Assays  

Part of plant 
Chemotype/ 
Subspecies/ 
Variety 

Origin/ 
Supplier 

Reference 

Disc diffusion MIC 

C. albicans ATCC 10231 (reference 
strain) 

 0.32 to 1.25 µL/mL Aerial parts at 
the flowering 
stage 

Subsp. 
Sylvestris  

Geraniol 
chemotype  

Thymol 
chemotype  

Linalool 
chemotype  

Carvacrol 
chemotype 

Central part of 
Portugal 
(Rabaçal, Eiras, 
Degracias and 
Covão do Feto) 

(Gonçalves et 
al., 2010) 

C. guillermondii MAT23 (clinical 
strain) 

 0.32 to 0.64 µL/mL 

C. krusei H9 (clinical strain)  0.32 to 1.25 µL/mL  

C. parapsilosis ATCC 90018 
(reference strain) 

 0.32 to 1.25 µL/mL    

C. tropicalis ATCC 13803 (reference 
strain) 

 0.32 to 1.25 µL/mL    

Cryptococcus neoformans CECT 
1078 

 0.16 to 0.64 µL/mL    

Trichophyton mentagrophytes FF7  0.16 to 0.32 µL/mL    

Trichophyton rubrum CECT 2794  0.16 to 0.32 µL/mL    

Microsporum canis FF1  0.16 to 0.32 µL/mL    

Microsporum gypseum CECT 2908  0.16 to 0.32 µL/mL     

Aspergillus niger strains (clinical 
strain F01 and two reference strains 
ATCC 16404 and CECT 2574) 

 0.32 to 1.25 µL/mL     

Aspergillus fumigatus strains (three 
clinical strain F05, F07 and F17 and 
two reference strains ATCC 46645 
and CECT 2071) 

 0.16 to 0.64 µL/mL     

A. flavus F44 (clinical strain)  0.64 to 1.25 µL/mL     

* Agar well diffusion assay; NS – not specified. 
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Furthermore supporting the relevance of plant’ cultivation conditions, Dandle et al. (2011) 

studied the inhibitory activity of T. zygis EOs collected in different places on mainland 

Portugal and on the Azores islands, and verified differences in the results obtained for each 

oil depending on the place where the plant was harvested (Dandlen et al., 2011). 

The relation of the bioactivity with the composition of T. zygis EO was additionally 

demonstrated by Pérez-Sanchez et al. (2007) who showed that the fungitoxic activity of the 

EO against phytopathogenic fungi was related to synergic effect between compounds, such 

as 3-octanol and α-terpinene, instead of with the concentration of more active compounds, 

like carvacrol or thymol. This was supported by the study of six different populations of T. 

zygis EO against the phytopathogenic fungi (Colletotrichum acutatum, Fusarium 

oxysporum, Pythium irregulare, Rhizoctonia solani, and Sclerotinia sclerotiorum) 

showing a clear inhibition in the poisoned food test and presenting EC50 ranging from 86 

ppm to 577 ppm. These results encourage the evaluation of the activity of the isolated 

compounds as well as the interaction between the compounds (Pérez-Sánchez et al., 2007). 

Therefore, studying the composition of EO is essential, in order to understand which 

compounds may be associated with the bioactive activity. 

 

2.4.1.1 Antibiofilm activity 

Bacteria can bind to surfaces and form a matrix of extracellular polymeric substances, 

globally known as biofilms (Abdallah et al., 2020; Carrascosa et al., 2021).  Biofilms are 

considered major virulence factors and contribute to more than 80% of human infections 

(Abdallah et al., 2020).  

In the food industry, biofilms are a major problem because they can bind to different 

surfaces, such as polypropylene, plastic, rubber, glass, stainless steel and even food products 

(Carrascosa et al., 2021). Nevertheless, another problem associated with biofilms is their 

resistance ability towards the antibiotics and other antimicrobial agents, mainly to 

disinfectants used in many wide-ranging food industries (Carrascosa et al., 2021; Suresh et 

al., 2019). 

The antibiofilm efficacy of T. zygis EO was tested against single species and multispecies 

oral biofilms of Streptococcus mitis, Streptococcus sanguinis, and Enterococcus faecalis 

(Marinković et al., 2020). The results showed that the potential of T. zygis EO was high in 

the treatment against both planktonic and biofilm embedded cells, inducing a higher 

bacterial reduction comparing to positive control TAP (Triple antibiotic paste, 

Metronidazole, Ciprofloxacin and Minocycline, ratio 1:1:1) (Marinković et al., 2020). 

Further, T. zygis EOs showed antibiofilm activity on 63.6% of the E. coli associated with 

urinary tract infection isolates (14 out of 22 strains) with a percentage of inhibition between 



 

46 

17.8% and 85.8%. In this study, the authors concluded that the addition of EOs prior to 

biofilm formation decreases the cell adhesion to the abiotic surface and may contribute to 

eliminating planktonic cells (Lagha et al., 2019).  

When considering biofilm inhibition and eradication activities of T. zygis EO against 

methicillin-resistant Staphylococcus aureus clinical isolates, T. zygis present antibiofilm 

activity against 62.1% of the isolates (18 strains). The biofilm eradication percentage ranged 

from 12.6 to 94.4% of the isolates for T. zygis EOs (Abdallah et al., 2020).  

Furthermore, the prevention of biofilm formation by Candida tropicalis was tested using 

biodegradable polycaprolactone nanofibers (PCLNFs) with different concentrations of T. 

zygis EO. The biofilm formation of C. tropicalis strains on EO-PCLNFs decreased when 

using 4% and 8% T. zygis EO-PCLNFs, demonstrating it potential use as biofilm inhibitive 

agents (Sahal et al., 2019). 

It can be concluded that T. zygis EOs have antimicrobial activities that can be used to 

prevent the formation of biofilms, thus reducing the use of synthetic antimicrobial agents 

with the same effect.   

 

2.4.1.2 Antimicrobial activity potentiation by interaction 

A common strategy used to enhance the potential of antibiotics and thus increase the 

susceptibility of resistant strains of microorganisms is to use combined treatments between 

antibiotics and non-antibiotic compounds. It has been suggested that EOs could be used as 

antibiotic adjuvants to help restore the effectiveness of antibiotics used in first-line 

treatments against multidrug-resistant microorganisms (Owen and Laird, 2018; Trifan et 

al., 2020; Vázquez-Ucha et al., 2020). Moreover, the combined use of different EOs with 

weak activity may enhance their effect (Mittal et al., 2018), and a similar trend may be 

obtained by using combinations of isolated compounds from the EOs (Mittal et al., 2018; 

Pina-Vaz et al., 2004).  

Pina-Vaz et al. (2004) evaluated the antifungal activity of the major compounds of the T. 

zygis EO (carvacrol, thymol, p-cymene and 1,8-cineole) when combined, against C. albicans 

M1 and C. krusei H9, by using the checkerboard method. The results showed that a higher 

synergistic interaction (Fractional inhibitory index (FICI) of 0.125) was observed for 

thymol/1,8-cineole and thymol/p-cymene, with the MIC values decreasing around three 

dilutions (Pina-Vaz et al., 2004). Once again pointing to the interaction between 

compounds constituting this EO. 

The synergistic effects between T. zygis EOs and colistin was studied against different A. 

baumannii and K. pneumoniae strains resistant and susceptible to colistin (Vázquez-Ucha 
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et al., 2020). Colistin is a polycationic lipopeptide antibiotic that was used mainly against 

Gram-negative bacteria, since it targets the polyanionic LPS cell membrane of these 

bacteria. Colistin have high toxicity and pharmacokinetic/pharmacodynamic properties 

that are a challenging and initially was rejected for use, however, this antibiotic has been 

reintroduced in clinical practice (Kaye et al., 2017), and the use of adjuvants as EOs may 

potentiate its activity. In fact, the addition of T. zygis EOs to colistin significantly reduced 

the MIC of the antibiotic even in the most resistant strains, showing a synergistic interaction 

between EO/antibiotic (FICI ≤ 0.5) for most of the strains (Vázquez-Ucha et al., 2020). 

Indeed, the most active EO/antibiotic combinations were tested against K. pneumoniae and 

A. baumannii strains to evaluate their bactericidal activities, and it was shown that the 

combination of subinhibitory concentrations of colistin and T. zygis EO were effective. 

Thus, this combination may allow to reduce the dose administered of colistin, and as its 

toxicity is dose-dependent, reduce the adverse effects (Vázquez-Ucha et al., 2020).  

Similarly, the combination of enrofloxacin with T. zygis EO had an additive or indifferent 

effect against multiple drug-resistant strains of Salmonella enterica from animal source. In 

case of ceftiofur, in one of the five tested strains, the MIC was reduced from 8 to 0.24 µg/mL 

when combined with T. zygis EO. Ceftiofur showed a synergistic effect when combined with 

T. zygis EO in two of the five tested strains. Lastly, the combination of trimethoprim–

sulfamethoxazole with T. zygis EO led to a partial synergism in three of the five tested S. 

enterica strains (Solarte et al., 2017). 

The interaction of combinations between T. zygis EO and other EOs  have also been tested 

(Lee et al., 2020). When evaluating the potential synergistic interaction between T. zygis 

and Origanum vulgare or Cinnamomum zeylanicum EOs, against Leuconostoc citreum, 

the highest synergistic activity (FICI = 0.375) was obtained with the combination of 

Origanum vulgare and T. zygis EOs (Lee et al., 2020). Ghabraie et al. (2016) also evaluated 

the antimicrobial activity of combinations of EOs, with T. zygis demonstrating to be one of 

the five most active plant EO. T. zygis and Cinnamomum cassia showed better 

antimicrobial efficiency with an additive effect against S. aureus, E. coli and S. 

Typhimurium and no interactive effect against L. monocytogenes (Ghabraie et al., 2016). 

Enterocin AS-48 is an antimicrobial peptide produced by different Enterococcus species 

and it is effective against foodborne Gram-positive and Gram-negative pathogenic and 

spoilage bacteria (Sánchez-Hidalgo et al., 2011). This bacteriocin makes pores in the 

bacterial cytoplasmic membrane, which leads to cell death (Burgos et al., 2014; Sánchez-

Hidalgo et al., 2011). To developing future applications for this bacteriocin, enterocin AS-

48 has been tested in combination with other antimicrobial compounds (Burgos et al., 

2014), namely with T. zygis EO against L. monocytogenes in Russian-type salad stored at 
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10 ˚C (Molinos et al., 2009). The EO alone showed very low inhibitory effects at 0.5% of 

concentration, but in combination with enterocin AS-48 the antilisterial activity of 

treatments increased significantly. The viable cell counts were reduced to below detection 

levels by combined treatments of enterocin AS-48 and 1% of the EO, with the antilisterial 

activity being strongly enhanced (Molinos et al., 2009). 

These studies are some examples that may represent an interesting starting point for 

designing new combination therapies or approaches. Selected combinations of EOs and 

other antimicrobials agents as food preservatives could be useful to increase the control of 

foodborne pathogens and spoilage microorganisms, while at the same time increase the 

shelf life of food products. 

 

2.4.2 Antiparasitic activities 

One of the most common human gastrointestinal parasites in the world is Giardia lamblia, 

which is associated with about 180 million infections annually in adults and children 

(Capewell et al., 2021; Fekete et al., 2021). This is a flagellated protozoan parasite that 

causes the diarrheal disease giardiasis in vertebrates, and can be vastly found in 

contaminated soil, food, or water (Capewell et al., 2021; Fekete et al., 2021). The anti-

Giardia activity EO obtained from T. zygis was evaluated on parasite growth, cell viability 

adherence, and morphology. T. zygis EO decreased the number of Giardia lamblia 

trophozoites in a concentration-dependent manner, and after 30 min of incubation, the EO 

was able to kill almost 50% of the parasite population. The first hour of incubation with the 

T. zygis EO showed a decline of adhered trophozoites and after 7 h of incubation, only about 

10% of cells were attached. The exposure to T. zygis EO caused the trophozoites to become 

completely misshapen, with the  authors concluding that the anti-Giardia effect of T. zygis 

EO may result from the destabilization of protozoan plasmatic membrane, leading to 

alterations on membrane properties, modifications on organelles and cytoplasmic 

structure, that leads to cell death (Machado et al., 2010). 

 

2.4.3 Insecticidal, larvicidal and antiparasitic activities 

Pesticides have greatly contributed to the management of plagues population; however, 

they are associated with several side effects, like the development of resistance, toxicity for 

animals and humans, and environmental pollution (Barbosa et al., 2010; Kim et al., 2016). 

Consequently, the development of safer alternatives for conventional pesticides is urgently 

needed and plants are seen as good alternatives (Kim et al., 2016),  and eco-friendly 

alternatives for chemical pesticides (Park et al., 2016). In fact, some organic pesticides based 

on EOs are already commercialized (Durán-Lara et al., 2020). 
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Many EOs derived from aromatic plants have demonstrated toxicity and insecticidal 

activity, but also a number of sublethal effects, including disruption of development, 

growth, behaviour, and reproduction of the insects (Sangha et al., 2017). EOs are considered 

low-risk alternatives to synthetic insecticides (Sangha et al., 2017) and T. zygis EO and its 

constituents have received considerable attention for their insecticidal properties. 

Fumigant and contact toxicities of the T. zygis EO and their major compounds were 

evaluated against males and females spotted wing drosophila. After 24 h of fumigation at 

11.76 mg/L air, EOs showed high mortalities of 93.9% and 72.0% against males and females, 

respectively. Regarding contact toxicity, after 24 h treatment with 7.5 µg/fly, T. zygis EO 

exhibited 93.7% mortality against males, and 77.1% mortality against females. In this study, 

p-cymene, thymol and carvacrol were identified as the major components of the EO, and p-

cymene showed small contact toxicity even at the highest concentration of 20 µg/fly, while 

thymol and carvacrol showed relatively stronger activity than the EO. The difference in the 

activity may be related to the fact that p-cymene, thymol and carvacrol have the same carbon 

skeleton, but the last two have positional isomers, each with a phenolic hydroxyl group 

(Park et al., 2016). 

Another similar study on the fumigant toxicity of T. zygis EO and their constituents was 

performed on adult rice weevil Sitophilus oryzae, where the EO showed a strong fumigant 

toxicity, at 12.5 mg/L air concentration, with 96% of mortality against S. oryzae adults. The 

major compound of this EO was linalool, which at 12.5 mg/L air concentration, exhibited 

100% fumigant toxicity. The authors concluded that within the composition identified in T. 

zygis EO, linalool can been the major contributor to the fumigant toxicity of the EO (Kim et 

al., 2016). 

Ovicidal and larvicidal effects, larval feeding and adult oviposition deterrence testing 

experiments were done with T. zygis EO using concentrations of 1, 2.5, and 5% v/v against 

diamondback moth, Plutella xylostella. T. zygis EO had some level of bioactivity against 

certain P. xylostella life stages, being toxic for larvae and eggs, as well as presented deterrent 

effects on larval feeding and settling behaviour, and adult oviposition (Sangha et al., 2017). 

Additionally, T. zygis EO nematocidal activity was screened against the pinewood nematode 

Bursaphelenchus xylophilus. The results demonstrated that an exposure of 2 mg/mL 

solution of T. zygis EO for 24 hours, led to mortality of about 86.6 % (Barbosa et al., 2010). 

These results point to the effective toxicity activity and potential for management of pests, 

as alternatives to conventional insecticides of the T. zygis EO and some major components. 
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2.4.4 Cytotoxicity 

The determination of cytotoxicity of EOs is an important prerequisite for their application 

because depending on the cases, the toxicity can limit their use (Gonçalves et al., 2010; 

Marchese et al., 2016; Raut and Karuppayil, 2014). EOs can exert cytotoxic effects because 

may contain different concentrations of potentially toxic constituents, which should be 

taken into account when considering maximum safe dose (Raut and Karuppayil, 2014; 

Ribeiro-Santos et al., 2018).   

The cytotoxicity of the EO of T. zygis was evaluated against different cell lines. Gonçalves et 

al. (2010) evaluated the cytotoxicity in foetal mouse skin dendritic cell line (FSDC) cells at 

concentrations showing significant antifungal activity, by the 4,5-dimethylthiazol-2-yl)-2,5-

diphenyl tetrazolium bromide (MTT) assay. The results demonstrated that the EO, with 

high amounts of carvacrol, showed no cytotoxic effect, at concentrations ranging from 0.08 

to 0.16 µL/mL, for as long as 24 h, while having a stronger antifungal activity against 

dermatophyte strains in the tested concentrations. Only for higher concentrations of the T. 

zygis EO a strong decrease in the MTT reduction by FSDC was observed (Gonçalves et al., 

2010). When tested on normal foetal lung fibroblasts (MRC-5 cell line), T. zygis significantly 

decreased cell viability after 24 h treatment, however, its cytotoxicity was comparable to the 

positive control Triple antibiotic paste (Metronidazole, Ciprofloxacin and Minocycline, in 

the ratio 1:1:1) (Marinković et al., 2020). Further, EO of T. zygis did not cause a significant 

alteration in the viability or induced morphology alterations of the macrophages (ATCC, 

RAW 264.7) and bovine aortic endothelial cells when compared to controls (Machado et al., 

2010). 

Through these studies we can verify that depending on the cell line used, the T. zygis EO 

may present varying levels of cytotoxicity. Further studies should be carried out in order to 

verify the mode of action of the EO and what are the safe quantities for the T. zygis EO. 

 

2.5. T. zygis EO as antimicrobial preservative in foods 

Many foods and food products are naturally perishable, being important during product 

preparation, storage, and distribution, the protection against biochemical and microbial 

deterioration (Fratianni et al., 2010; Ghabraie et al., 2016). Furthermore in the food 

industry, the elimination of foodborne pathogens is also of major importance, in order to 

avoid one of the biggest concerns of public health, foodborne diseases caused by the 

consumption of contaminated food (Ghabraie et al., 2016). The shelf life, nutrition and 

microbial quality and safety of food products are important aspects that food companies 

critically consider (Ghabraie et al., 2016). 
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The food quality problems associated with thermal and non-thermal preservation 

processes, the safety risks associated with chemical preservatives, pesticides and other 

compounds usually used in the food chain, as well as the demand for the use of natural 

preservatives, have potentiated the rise of the use of antimicrobials from natural origins, 

such as the EO of plants, which are allowed for use in organic foods (Fratianni et al., 2010; 

Gouveia et al., 2016; Lee et al., 2020). The interest in T. zygis EO has been increasing and 

there are several studies on its effectiveness as a food preservative. 

Various approaches for evaluating the potential of T. zygis EO as a food preservative have 

been taken (Table 2.3). When using the agar diffusion method on culture plates prepared 

with extracts from meat homogenates (minced beef, cooked ham, or dry-cured sausage) 

against bacteria commonly associated with refrigerated foods, it was observed that in 

minced beef extract, T. zygis EO showed growth inhibitory activity against all strains tested 

(13.9 - 45.4 mm, including 9 mm disc), being the largest inhibition halos obtained against 

Listeria innocua followed by Alcaligenes faecalis. The antibacterial activity of T. zygis EO 

was also observed with cooked ham extract plates, where its activity was classified as 

moderately active to active against all bacteria strains tested (13.0 - 25.4 mm), with the 

highest inhibition halos against A. faecalis followed by L. innocua. When the activity was 

assessed with the medium from dry-cured sausage extract, the antimicrobial activity of the 

T. zygis EO was classified as moderately active against the bacteria tested (16.6 - 20.6 mm), 

except for L. innocua and Aeromonas hydrophila that presented the highest inhibition 

halos (51.0 and 40.7 mm). It was only with this medium that T. zygis EO proved to be 

inactive (9 mm) against some strains (A. faecalis, Enterobacter amnigenus and 

Enterobacter gergoviae). From these results, it is clear, that in complex food matrices the 

fat content, pH, water activity, proteins, and enzymes can potentially influence the efficacy 

of EOs. For example, the high levels of fat and protein in food can possibly protect the 

bacteria from the action of EOs (Ballester-Costa et al., 2017). 

One possible use of T. zygis EO could be its application in marinades on meat and fish. In 

fact, when meat (pork and chicken), salmon or scampi were immersed for 2 minutes in 

marinade solution with T. zygis EO (1 % w/w), increased shelf life on pork filet and scampi 

was observed. On pork back-fat, total coliforms were reduced for at least 6 days with the 

marinade with EO, and on scampi, the growth of lactic acid bacteria and total aerobic 

psychrotrophs were also reduced. On the chicken matrices, the immersion was only 

moderately effective, and a small reduction of yeasts and moulds was achieved on chicken 

breast filet after 6 days. The marinade itself did not inhibit microbial growth of the different 

food matrices, but the addition of T. zygis EO slowed the growth of some spoilage 

microorganisms and extended the shelf life of meat/fish products (Van Haute et al., 2016). 
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Table 2.3. The use of T. zygis EO in food preservation. 

Tested food 
Microorganisms 

Observations Reference 
Name Origin 

Ready-to-eat salad L. monocytogenes CECT 940 (serotype 
4d) and L. monocytogenes CECT 4032 

Food 
inoculation 

The combined treatments of enterocin AS-48 and T. zygis EO 
showed a significantly increased antilisterial activity 

(Molinos et al., 
2009) 

Chicken meat Salmonella sp., E. coli and Lactic acid 
bacteria 

Natural 
microbiota 

T. zygis EO treatment reduced the total microbial count in 
chicken meat 

(Fratianni et 
al., 2010) 

Meat model (ham)  S. aureus, L. monocytogenes, B. cereus, E. 
coli, S. Typhimurium, and P. aeruginosa 

Food 
inoculation 

Growth rate for bacteria in ham containing T. zygis EO was not 
significantly different from the control ham 

(Dussault et al., 
2014) 

Marinade of fish and 
meat 

Total coliforms, E. coli, yeasts and molds Natural 
microbiota 

Marinade did not inhibit microbial growth on the food matrices, 
but the addition of T. zygis EO to the marinade at low 
concentrations, showed potential to extend the shelf life on 
meat/fish products  

(Van Haute et 
al., 2016) 

Beef L.  monocytogenes ATCC 679  Food 
inoculation 

Samples treated with T. zygis EO showed a lower population of 
L. monocytogenes than the control at 2 ˚C after 28 days 

(Gouveia et al., 
2016) 

Meat model medium 
(minced beef, cooked 
ham, or dry-cured 
sausage) 

Listeria innocua, Serratia marcescens, 
Pseudomonas fragi, P. fluorescens, 
Aeromonas hydrophila, Shewanella 
putrefaciens, Achromobacter 
denitrificans, Enterobacter amnigenus, 
Enterobacter gergoviae, Alcaligenes 
faecalis 

Plate 
inoculation 

T. zygis EO, in all culture media, had large inhibition halos 
against all tested bacteria, while the efficacy as antibacterial 
agent depends on food composition 

(Ballester-
Costa et al., 
2017) 

Par-baked wheat and 
sourdough bread 

Aspergillus niger P1118 and Penicillium 
paneum Frisvad IHEM6652 

Food 
inoculation 

No clear shelf-life extension was observed when T. zygis EO was 
added to par-baked bread, but when added to sourdough, it 
resulted in more promising shelf-life extending properties 

(Benlamdini et 
al., 2014) 

Radish sprouts L. monocytogenes isolated strains F8027, 
F8369, F8385, G1091 and LCDC 81861 

Food 
inoculation 

T. zygis EO gases showed antilisterial activity on the surface of 
radish sprouts 

(Lee et al., 
2018) 

Dough/bread Penicillium paneum IHEM 6652 Food 
inoculation 

Fungal growth was inhibited for more than 45 days by using T. 
zygis EO 

(Debonne et al., 
2019) 

Tomato juice Leuconostoc citreum Food 
inoculation 

The combination of Origanum vulgare and T. zygis EOs showed 
synergistic antimicrobial activity  

(Lee et al., 
2020) 
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Table 2.3. The use of T. zygis EO in food preservation (continuation). 

Tested food Microorganisms  
Observations Reference 

 Name Origin 

Dry-fermented 
sausages 

Gram-positive catalase positive cocci, 
Enterobacteriaceae, aerobic total viable 
count, lactic acid bacteria, mold/yeast 

Natural 
microbiota 

Chitosan alone or in combination with T. zygis EO presented 
antifungal activity against superficial fungi 

(Soncu et al., 
2020) 

Microcapsules of 
starch-agave 
fructans with EO and 
mango 

Fusarium pseudocircinatum, Alternaria 
alternata, Neofusicocum 
kwambonambiense, Cladosporium 
pseudoclodosporioides, and 
Colletotrichum gloeosporioides 

Plate and food 
inoculation 

The mycelial growth of all microorganisms was inhibited 100% 
with the sachets that contained T. zygis EO microcapsules during 
all the time tested (12 days). Antifungal sachets developed with 
T. zygis EO microencapsulated in modified starch/agave 
fructans controlled microorganisms associated with mango 
decay and in mango controlled the growth of C. gloeosporioides 

(Esquivel-
Chávez et al., 
2021) 

Salmon and seaweed 
burgers 

Mesophilic bacteria and 
Enterobacteriaceae 

Natural 
microbiota 

The T. zygis EO slows down the mesophilic growth. Regarding 
the Enterobacteriaceae, the counts suffered some fluctuations 
during storage but with no clear trend. 

(Dolea et al., 
2018 
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The direct effect of T. zygis EO on fresh chicken breast meat storage for 3 weeks at 4 ˚C was 

evaluated. T. zygis EO reduced the deterioration of chicken meat and was able to extend the 

shelf life of the products when stored at 4 ˚C. Indeed, a bactericidal effect was observed 

during the first week of storage, and after 21 days of storage, the total microbial count 

increased to 4.4 × 104 CFU/mL in the EO-treated samples and to 1.17 × 105 CFU/mL for 

untreated meat (Fratianni et al., 2010).  

Similar behaviour was found when the EO of T. zygis was applied in beef inoculated with L. 

monocytogenes and processed by sous vide cook-chill. After processing, rapid chilling, and 

chilled storage, samples treated with T. zygis EO showed a lower population of L. 

monocytogenes (3.60 log CFU/g) than control (4.17 log CFU/g), after 28 days at 2 ˚C. 

However, this trend was not observed when samples were conserved at 8 ˚C, showing that 

storage temperature was determinant on the growth of L. monocytogenes (Gouveia et al., 

2016). 

The application of T. zygis EOs has also been proposed to control bacterial pathogens in 

ready-to-eat food, like ham. When ham inoculated with L. monocytogenes was stored at 4 

˚C during 35 days under aerobic conditions, the activity of T. zygis EO was weaker since the 

growth rate of the bacterium in hams containing EOs was not significantly different 

compared with the control. The difference in relation to the control was only 0.008 ln 

CFU/g/day, considering that the control had a growth rate of 0.404 ln CFU/g/day and the 

T. zygis sample had 0.396 ln CFU/g/day (Dussault et al., 2014). 

Moreover, the biopreservative potential of T. zygis EO in par-baked wheat and sourdough 

bread has also been investigated (Debonne et al., 2019, 2018a, 2018b). Despite T. zygis EO 

has shown promising antifungal activity against Aspergillus niger and Penicillium paneu in 

vitro, it was not observed a clear shelf-life extension for par-baked bread. However, the use 

of T. zygis in sourdough resulted in more promising shelf-life extending properties 

(Debonne et al., 2018a). In another study, the use of T. zygis EO increased the shelf-life of 

dough and bread. Nonetheless, T. zygis had a negative impact on dough rheology and in 

baker’s yeast (Saccharomyces cerevisiae) activity (Debonne et al., 2018a). The growth of 

the fungus P. paneum was inhibited for more than 45 days when the par-baked bread was 

stored under modified atmosphere, with 0.3 mL T. zygis EO/100 g dough (Debonne et al., 

2019). The T. zygis EO was able to biopreserve bread presenting good antifungal activities, 

however, it also interferes with the bread yeast resulting in deformed low-leavened breads 

(Debonne et al., 2018a).  

Leuconostoc citreum is a Gram-positive lactic acid bacterium and is one of the major species 

present in the preparations of kimchi and sauerkraut from the initial to the middle stage of 

fermentation (Kim et al., 2018). However, this species is also known to cause spoilage of 
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beverages and foods leading to sliminess in fruit juices, such as  citrus and tomato (Lee et 

al., 2020). T. zygis EO showed to significantly reduce the growth of Leuconostoc citreum in 

tomato juice within 48 h. This activity was further potentiated by the combination  of T 

zygis EO with Origanum vulgare EO (Lee et al., 2020), supporting the previous 

enhancement of activity described in vitro and validating its application in food models.  

The inhibitory activity of T. zygis EO against L. monocytogenes was additionally evaluated 

on the surface of radish sprouts, showing a significant reduction on the number of L. 

monocytogenes after exposure to EO at concentrations higher than 156 μL/L comparing 

with untreated samples. These results indicate that the T. zygis EO antilisterial activities 

observed in vitro were efficiently transposed to application on the surface of radish sprouts 

(Lee et al., 2018). 

The effect of T. zygis EO on the quality and shelf life of fish and seaweed burgers was 

evaluated by incorporating 0.05% (v/w) of EO, followed by storage for 17 days at 4 ˚C in 

vacuum packaging. The authors found that the texture, moisture content, and pH of the 

product were not affected by the T. zygis EO, which in turn had a marked influence on the 

inhibition of burger oxidation. Enterobacteriaceae growth was not affected by the presence 

of T. zygis EO at the concentrations studied, while the addition of T. zygis EO caused a 

decrease in mesophilic growth (Dolea et al., 2018). Nonetheless, the EO had to be applied 

at a higher concentration to extend the product shelf life; however, higher concentrations 

will have an influence in the sensorial properties of the product (Froiio et al., 2019). 

 

2.5.1 Food technological application of T. zygis essential oil 

Different techniques have been utilized for enhancing the shelf-life and quality of foods, and 

the demand for healthy and nutritious foods triggered the search for more natural options 

(Dhumal and Sarkar, 2018). The direct application of EOs in foods may have limitations due 

to the high volatility of the compounds and the preservative effect can be lost during storage. 

Also, the EO can react with various food components and even change the organoleptic 

properties of the products (Ballester-Costa et al., 2016; Lee et al., 2020; Sapper et al., 2019). 

Thus, efforts have been made to reduce these limitations by the incorporation of these 

compounds in edible coatings or films, in active packaging, or by its encapsulation, while 

maintaining all its preservatives properties. Incorporation techniques of the EOs offers 

many advantages that can overcome the problems related to their use, like for example, 

protecting the EOs from degradation, suppressing the aroma of EOs that could alter the 

taste of food and the encapsulation of hydrophobic EOs into hydrophilic polymers that 

makes them soluble (Froiio et al., 2019). Thus, these food technologies can incorporate 

different components with preservative capacity, which are slowly released to the food 
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products, to improving their chemical and physical properties (Ribeiro et al., 2021). 

Various approaches have been followed with these aims using T. zygis EO (Figure 2.1).  

 
Figure 2.1. Food application of Thymus zygis EO using different methods of incorporation. 

It was incorporated in films based on starch-gellan and the in vitro antifungal properties 

against Alternaria alternata and Botryotinia fuckeliana were evaluated. The T. zygis EO 

demonstrated a total fungicide action against B. fuckeliana with a concentration of 0.074 

g/g dried film, showing a more effective antifungal action than against A. alternata. To 

ensure a good antifungal action against A. alternata, the films needed higher contents of 

EO. This study showed that films with EO were effective at controlling fungal growth, while 

still exhibiting adequate functional properties as coating/packaging materials (Sapper et al., 

2018). The antifungal activity of this films proved to be relevant, however, there is a lack of 

studies on effective food matrices.  

Undesirable microorganisms can negatively alter the sensory properties of fermented 

sausages and the growth on the sausage surface can represent health risks in foods for 

consumption. To understand the effect of chitosan enriched with T. zygis EO, the growth of 

superficial microorganisms in fermented sausages during storage at 4 ˚C for 3 months was 

investigated. During storage time, the counts of Gram-positive, catalase positive, cocci 

decreased in sausages treated with chitosan-T. zygis EO over the entire storage period. 

Regarding Enterobacteriaceae, significantly lower counts were determined in sausages 

dipped into chitosan-T. zygis when compared to those treated with distilled water (control). 

As for antifungal activity, the chitosan-T. zygis EO treated sausages had significantly lower 

mould and yeast counts than the ones treated with distilled water in the last month of 

storage. The results showed that chitosan-T. zygis effectively controlled the growth of 

microorganisms during refrigerated storage (Soncu et al., 2020). 
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Additionally, the T. zygis EO was also studied for the control of phytopathogens associated 

with mango decay (Fusarium pseudocircinatum, Alternaria alternata, Neofusicocum 

kwambonambiense, Cladosporium pseudocladosporioides, and Colletotrichum 

gloeosporioides). When these microorganisms were exposed to T. zygis EO 

microencapsulated with modified starch/agave fructans and placed inside nylon sachets, 

the mycelial growth was inhibited by 100%, on day 6, for all microorganisms with the 

sachets that contained 0.15 g of T. zygis EO microcapsules. The sachets with a higher dose 

(0.20 g) of EO microcapsules produced 100% of mycelial growth inhibition during all the 

periods of the test (12 days). T. zygis EO microcapsules were compared with the commercial 

antifungal sodium metabisulfite (0.10 g), commonly used in active packaging, and similar 

results were obtained. The effect of active sachets on the quality attributes of mango was 

also evaluated and the volatile compounds of the active package did not affected any 

physiological mechanistic relationship with the development of colour, maturity, firmness 

of mango (Esquivel-Chávez et al., 2021). 

The antibacterial potential of microcapsules of T. zygis EO, produced by spray drying 

technique, was also evaluated against Vibrio alginolyticus and Vibrio parahaemolyticys. T. 

zygis EO microcapsules exhibited antimicrobial activity against both bacteria and the spray 

drying process did not have any negative effect on the antimicrobial activity of T. zygis EO. 

Consequently, these microcapsules can be used as a delivery form of this compound 

(Tomazelli Júnior et al., 2018). The T. zygis EO microencapsulated showed good 

antibacterial activity, however, missing testing in food matrices. 

Through these studies, it can be suggested that the T. zygis EO has excellent antimicrobial 

activity, and it can be used as a food preservative, whether directly used in the food or when 

encapsulated or incorporated in films based on starch-gellan or chitosan, nonetheless, the 

type of food production needs to be considered. 

 

2.6. Effect of animal diets supplemented with T. zygis 

The animal feed with diets supplemented with T. zygis EO was studied with the objective of 

evaluating the effects of T. zygis on the by-products obtained from these animals.  

The effect of diet with different concentrations of T. zygis EO on the shelf life and quality of 

gilthead seabream (Sparus aurata) was also studied (Álvarez et al., 2012; Hernández et al., 

2015). The presence of T. zygis EO in the diet of gilthead seabream demonstrated a dose-

dependent effect on the thiobarbituric acid reactive substances (TBARS) assay, colour, and 

total volatile basic nitrogen during ice storage on days 7 and 21. At high doses of the EO 

present in the diet, the microbiological counts were lower for Enterobacteriaceae and 
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coliforms in the fish fillets. Thus, the gilthead seabream feed with T. zygis had extended the 

shelf life from 17 to 18 days for all doses (Álvarez et al., 2012; Hernández et al., 2015). 

A mixture of phytobiotics, such as volatile oils of three plants including T. zygis were 

incorporated into the diet of juvenile Nile tilapia to improve growth performance, oxidative 

stress, immune, hematological responses and resistance against Aeromonas hydrophila 

(De Rezende et al., 2021).  The results suggest that the mixture of phytobiotics as a dietary 

supplement has benefits and it can replace the antibiotic enrofloxacin. The supplementation 

with the mixture of phytobiotics for 20 days provided greater antioxidant protection in Nile 

tilapia, mitigated the impacts of stressors and modulated immunity. Considering the 

haematological and immunological results obtained, the authors suggested that the 

supplement feed strengthens the immune response of Nile tilapia by activation of the fish 

innate immune system. This facilitates the phagocytosis and bacterial death, providing 

greater resistance to disease and protection against pathogens. These results reinforce the 

benefits of adopting dietary strategies and the use of a blend of phytobiotics containing the 

volatile oils as food supplement, which can be an alternative to synthetic antibiotics (De 

Rezende et al., 2021). 

These results showed that feeding animals with a diet supplemented with natural 

compounds with antioxidant and antimicrobial properties, such as T. zygis EO, may 

improve the quality of the by-products obtained from these animals, decreasing the indices 

of oxidation, delaying post-mortem deterioration, and also allowing protection against 

diseases caused by microorganisms. Thus, diets containing T. zygis EO could be an 

alternative to synthetic additives found in animal feed. However, additional studies are 

needed, namely concerning parameters of supplementation of the diets and also on the 

mechanism of action behind these results.  

 

2.7. Conclusion 

The essential oil obtained from Thymus zygis may be used, by the food industry as a 

potential natural or “green” additive to replace or reduce the use of synthetic compounds, 

since they show significant antibacterial properties alone and in food models. Furthermore, 

this EO show antibiofilm activity as well as potentiate the effect of other antimicrobial 

agents. This essential oil showed very promising results in the food preservation, increasing 

its shelf life and reducing the growth of some spoilage microorganisms, as well as of 

foodborne pathogens. The findings of the reported studies may be considered as a basis for 

detailed investigation on the antimicrobial properties of T. zygis EOs and for possible 

applications in the most diverse foods such as meat, fruit, and vegetables. 
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Aims of the thesis 

 

Plants have always played an important role in the control and treatment of various 

diseases, as well as, in the preservation and conservation of food. In fact, plants are a 

valuable source of compounds with bioactive properties that can be used in the most diverse 

products and fields. Antimicrobial resistance is a growing problem that urgently needs new 

solutions and considering the biological activities of plants, these natural options can 

contribute to the outcome of these problems. Therefore, the main goal of this work was to 

evaluate the antioxidant and antimicrobial activities of selected commercial essential oils, 

with focus on Thymus zygis. 

The following specific objectives were pursued, and constitute the subject of each of the 

following chapters:  

I. To screen the chemical composition, the antioxidant, and antimicrobial properties 

and to evaluate the biocompatibility of the EOs of Foeniculum vulgare, 

Helichrysum stoechas, Mentha pulegium, Pinus pinaster, Ruta graveolens, 

Thymus mastichina and Thymus zygis. 

II. To characterize the chemical composition and to evaluate the bioactive properties 

of the Thymus zygis EO, with a focus on antimicrobial activity against 

Staphylococcus aureus, also considering the attenuation of this bacterium’s 

virulence and the interaction of the EO with different antibiotics. 

III. To study the anti-Listeria monocytogenes activity of Thymus zygis EO, evaluating 

the attenuation of this bacterium’s virulence, its tolerance to adverse conditions 

and the cross-resistance to antibiotics, and the possible application of the T. zygis 

EO in food. 
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Chapter 4  

 

Chemical composition, antioxidant, and 

antimicrobial activities of six commercial 

essential oils 

 

 

 

This chapter corresponds to a manuscript accepted for publication with the following 

reference:  

 

Coimbra, A., Miguel, S., Ribeiro, M., Coutinho, P., Silva, L., Ferreira, S., Duarte, A.P., 2022. 

Chemical composition, antioxidant, and antimicrobial activities of six commercial essential 

oils. Letters in Applied Microbiology. 76, 1–8. https://doi.org/10.1093/lambio/ovac042 
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Abstract 

Essential oils (EOs) and their components extracted from medicinal and aromatic plants 

are used in several areas, such as perfumery and chemical, cosmetic, food, and 

pharmaceutical industries. Considering the different applications of EOs, this work aimed 

to screen the composition and the bioactivities properties of the EOs of Foeniculum vulgare, 

Helichrysum stoechas, Mentha pulegium, Pinus pinaster, Ruta graveolens and Thymus 

mastichina.  

GC-MS revealed the presence of different compounds in EOs F. vulgare (12), H. stoechas 

(27), M. pulegium (8), P. pinaster (24), R. graveolens (8) and T. mastichina (16). All the 

EOs showed antioxidant activity acting through inhibition of lipid peroxidation, while only 

two EOs (H. stoechas and M. pulegium) scavenged the free radicals of DPPH. M. pulegium 

and T. mastichina EOs showed the strongest antimicrobial activity. Also, the effect on the 

fibroblast’s viability was directly proportional to the EOs concentration, and the highest 

cytotoxic effect was registered with R. graveolens EO.  

The present study revealed significant bioactive properties of different EOs, highlighting M. 

pulegium and T. mastichina EOs to be considered in further studies for potential use in the 

food and pharmaceutical industries, due to their antioxidant and antimicrobial properties. 

 

Keywords: Essential oil; GC-MS; antioxidant activity; antimicrobial activity; cytotoxicity  

 

4.1. Introduction 

Medicinal and aromatic plants can be cultivated or found as spontaneous plants, being used 

for various health purposes mainly in traditional herbal preparations, like decoctions and 

infusions (Gahukar, 2018; Miara et al., 2019). Considering their therapeutically active 

substances, these plants may be extremely important for the healthcare needs of the world’s 

population living in developing countries (Roosta et al., 2017). Moreover, these plants also 

play an important role in the industry, mainly cosmetic, food and phytotherapy (Gahukar, 

2018; Roosta et al., 2017), presenting a vast economic growth potential as natural matrices 

(Kala, 2015). In the food industry, the consumers’ request for more sustainable and healthy 

products allowed the expansion of clean-label foods. So, the food industry is reformulating 

the products and replacing the artificial food additives, such as flavors, colors, and 

preservatives, with more natural alternatives (Rao et al., 2019).  In fact, essential oils (EOs) 

and their components emerged as natural alternatives to synthetic products, such as food 

preservatives, and pesticides (Silvestre et al., 2019; Van Haute et al., 2016). 
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EOs are natural products characterized by a strong odor and constituted by complex 

mixtures containing approximately 20 to 80 different molecular species, typically phenolic 

terpenes as major constituents (De Martino et al., 2015; Rao et al., 2019). EOs are used as 

aromatizers and flavors or in the synthesis of chemicals, and present diverse bioactive 

properties (Silvestre et al., 2019). Their antioxidant activity and fungicidal, bactericidal and 

virucidal properties trigger the interest of its use for the preservation of foods, and in 

pharmaceutical and cosmetic industries (Abuga et al., 2022; De Martino et al., 2015; 

Silvestre et al., 2019). In fact, the diverse bioactivity of the secondary metabolites found in 

EOs chemical composition, points to their possible application in different approaches. 

Therefore, the present study aimed to evaluate the chemical composition of six commercial 

EOs from plants belonging to different genera and species, and to provide a better 

understanding of their antioxidant and antimicrobial activities, as well as their cytotoxicity. 

 

4.2. Materials and Methods  

4.2.1 Essential oils 

Six commercial EOs obtained by steam distillation from Foeniculum officinale (also known 

as Foeniculum vulgare, aerial parts), Helichrysum stoechas (aerial parts), Mentha 

pulegium (leaves) and Thymus mastichina (aerial parts) were achieved from the company 

Pharmaplant (Algarve, Portugal). The EO of Pinus pinaster (aerial parts) was purchased at 

the company Aromas do Valado (Idanha-a-Nova, Portugal) and the EO of Ruta graveolens 

(aerial parts) from the company Ternenic (Barcelona, Spain). The EOs were stored at 4 ˚C 

and protected from light until use. 

 

4.2.2 GC-MS analysis of the essential oils 

The EOs were characterized by Gas Chromatography coupled to Mass Spectrometry 

(GC/MS), on an Agilent Technologies 7890A GC-System apparatus equipped with a split–

splitless injector (split ratio of 1:50), a DB-5MS fused silica capillary column with a length of 

30 m × 0.25 mm inner diameter and film thickness 0.25 µm (J&W Scientific Inc., part 

number: 122-5032) connected to a Mass spectrometer detector (MSD) from Agilent 

Technologies 5975C, Inert XL with Triple-Axis and data processing system (GC/MSD 

ChemStation). The temperature of the injector was kept at 250 ˚C. The oven temperature 

was programmed to increase from 60 ˚C to 250 ˚C at 5 ˚C/min. The carrier gas, helium, 

was applied at a flow rate of 1 mL/min and the injection volume was 1 μL. Dilutions of the 

EO were performed in GC vials with 10% (v/v) of dichloromethane. The operation 

conditions of MSD were an ion source temperature of 250 ˚C, ionization voltage of 70eV, 

and an interface temperature of 280 ˚C. The method of identifying the EO components was 
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achieved by comparison with the retention index and mass spectra from the data system 

library NIST and Wiley and some of the components were also compared with the pure 

standard compounds. The retention indexes were determined by the normalization method, 

without using correction factors, according to ISO 7609, calculated retention index relative 

to C7-C25 n-alkanes. 

 

4.2.3 Antioxidant activity 

4.2.3.1 DPPH radical scavenging assay 

The antioxidant activity was evaluated using the 2,2-diphenyl-1-picrylhydrazyl radical 

(DPPH) method as described by Coimbra et al. (2022). Briefly, 5 µL of different 

concentrations of the EOs methanolic solutions were separately mixed with 195 µL of DPPH 

methanolic solutions in 96-well microtiter plates. Gallic acid (Acros Organics, Geel, 

Belgium) and Trolox (Acros Organics, Geel, Belgium) were used as positive controls, while 

methanol was considered as negative control. All tests were performed in triplicate and the 

absorbances were measured at 515 nm. The antioxidant activity was expressed through the 

Antioxidant Activity Index (AAI), calculated as follows: AAI = (final concentration of DPPH 

in the control sample at 60 min)/IC50 (Scherer and Godoy, 2009).  

 

4.2.3.2 β-Carotene bleaching assay 

The antioxidant activity evaluated by β-carotene bleaching assay was described by Coimbra 

et al. (2022). Briefly, methanolic dilutions of EOs were prepared, butylated hydroxytoluene 

(BHT, purity 99 %, Acros Organics, Geel, Belgium) and methanol were used as positive and 

negative control, respectively. A volume of 943.4 μL of the emulsion was added to 56.6 μL 

of each EO methanolic or control solutions to be tested. All tests were performed in triplicate 

and the absorbances were measured at 470 nm, against a blank containing an emulsion 

without β‐carotene. After the determination of the absorbance values, the percentage of 

inhibition of β‐carotene oxidation was calculated using the equation: % Inhibition = ((Abs 

samplet=1h – Abs controlt=1h)/(Abs controlt=0h – Abs controlt=1h))×100. 

  

4.2.4 Antimicrobial activity 

4.2.4.1 Microorganisms and culture media 

In this study, the antimicrobial activity of EOs was assessed towards four Gram-positive 

(Staphylococcus aureus ATCC 25923 and MRSA 10/08, Bacillus cereus ATCC 11778 and 

Listeria monocytogenes LMG 16779) and five Gram-negative bacteria (Escherichia coli 

ATCC 25922, Klebsiella pneumoniae ATCC 13883, Pseudomonas aeruginosa ATCC 27853 
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and Salmonella Typhimurium ATCC 13311), as well as, against two yeast species (Candida 

albicans ATCC 90028 and Candida tropicalis ATCC 750). The culture media used were 

Müeller-Hinton broth (MHB) and Müeller-Hinton agar (MHA), except for L. 

monocytogenes, for which Brain Heart Infusion (BHI) and Brain Heart Infusion agar 

(BHIA) were used. For yeasts, the media used were Roswell Park Memorial Institute 1640 

(RPMI 1640) supplemented with 3-(N-morpholino)propanesulfonic acid (MOPS) and 

Sabouraud Dextrose Agar (SDA). All microorganisms used were stored in cryogenic tubes 

at -80 ˚C in a suitable medium with 20% glycerol for long-term storage. For short-term 

storage during testing, culture plates were stored at 4 ˚C. These cultures were subcultured 

in suitable solid medium and subsequently incubated at 37 ˚C for 24 h for bacteria or 48 h 

for yeast. 

 

4.2.4.2 Disc diffusion method and vapor-phase antimicrobial activity determination 

The susceptibility of bacteria and yeasts to the EOs was performed using the disc diffusion 

method, according to Luís et al. (2017) and the effect of the EOs volatile compounds was 

evaluated as described by Coimbra et al. (2022). The inoculum used in the assay was 

prepared by direct suspension of isolated colonies in isotonic saline solution (0.85% (w/v) 

NaCl) adjusting the turbidity to 0.5 McFarland and the agar plates were uniformly inoculate 

with a swab. Filter paper discs (6 mm) impregnated with 10 μL of each EO or tetracycline 

discs (20 µg/disc) were placed on the surface of the inoculated plates. Regarding the EOs 

volatile compounds, the discs impregnated with 10 μL of the EOs were placed in the lid of 

the Petri dishes. The plates were incubated at 37 ˚C for 24 h for bacteria and 48 h for yeasts. 

After the incubation period, the inhibition halos were measured in mm. All tests were 

performed as three independent assays, and the results are presented as mean ± standard 

deviation.  

 

4.2.4.3 Determination of the minimum inhibitory concentration (MIC) 

The susceptibility of the bacteria and yeasts to the EOs was evaluated through the broth 

microdilution method as described by Coimbra et al. (2020b), with modifications. Briefly, 

EOs were serial diluted in media using Tween 80 as solvent (maximum concentration of 1% 

(v/v), not inhibiting growth) in 96 well plates. The inoculum used was adjusted to 0.5 

McFarland and then diluted in medium to obtain a final concentration of 5 × 105 CFU/mL 

in each well for bacteria and 0.5 – 2.5 × 103 CFU/mL for yeasts. Growth, solvent, and 

sterility controls were included. The microplates were then incubated at 37 ˚C for 24 h for 

bacteria and 48 h for yeasts. 30 μL of a 0.01% solution of resazurin were added to the wells 

followed by incubation for 2 h (bacteria) or 3 h (yeasts) at 37 ˚C, no colour change (blue 
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resazurin colour remained unchanged) indicated inhibition of the test microorganism. At 

least duplicates of three independent determinations were performed, presenting the 

results as modal values. 

  

4.2.5 Evaluation of EOs biocompatibility 

To evaluate the cytotoxicity of the EOs, normal human dermal fibroblasts (NHDF) cells 

purchased from PromoCell were initially seeded at a density of 2 × 104 cells/well in 96-well 

flat-bottom culture plates, containing DMEM-F12 supplemented with 10% FBS. Adherent 

cells were grown at 37 ˚C, in an incubator with a humidified atmosphere containing 5% CO2 

for 24 h. Then, the culture medium was removed, and cells were incubated with different 

concentrations of EOs, to a final concentration ranging 0.061 to 4 µL/mL, for 24 h. The cell 

metabolic activity was monitored through a 3-(4,5-dimethylthiazol-2-yl)-2,5-

diphenyltetrazolium bromide (MTT) assay. The medium was removed and 50 µL of MTT (5 

mg/mL PBS) was added to each sample (n = 5), followed by incubation for 4 h at 37 ˚C in a 

5% CO2 atmosphere. After, cells were treated with 200 µL of DMSO for 30 min. A microplate 

reader (Biorad xMark microplate spectrophotometer, Waltham, MA, USA) was used to read 

the absorbance at 570 nm of the samples from each well. Cells cultured without EOs were 

used as a negative control, whereas cells cultured with EtOH (96%) were used as a positive 

control. 

  

4.3. Results and discussion 

Essential oils may be presented as promising natural products due to its bioactive 

properties, which are mainly determined by its concentration and chemical composition 

(Rao et al., 2019). Considering EOs potential, in this work, we selected to study six EOs 

taking into account the distribution of the plants in Portugal and the therapeutic usage and 

bioactive properties of other species from the same genera, associated with a reduced 

knowledge regarding its bioactivity. Therefore, we started by determining the composition 

of the six essential oils (Table 4.1). 

 

Table 4.1. Chemical composition of essential oils evaluated by GC-MS.  

  
Reference  

KIs 
(Adams, 

2007) 

Area (%) 

Compounds KI FV HS MP PP RG TM 

α-Pinene * 936 939 1.17 14.15  29.13  4.42 

Camphene * 950 954    0.55  3.58 

Sabinene * 973 975      3.54 

β-Pinene * 978 979 1.21   15.52  4.17 

α-Phellandrene * 1004 1002 1.47      
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Table 4.1. Chemical composition of essential oils evaluated by GC-MS (continuation).  

  
Reference  

KIs 
(Adams, 

2007) 

Area (%) 

Compounds KI FV HS MP PP RG TM 

δ-3-Carene * 1011 1011    2.16   

p-Cymene * 1030 1024 1.69      

Limonene * 1030 1029 9.50 5.54  4.59 0.64  

1,8-Cineole * 1032 1031      58.31 

β-Trans-ocimene 1048 1050 0.85   0.53  0.86 

γ-Terpinene * 1060 1059      0.48 

Cis-sabinene 
hydrate 

1067 1070      0.85 

Fenchone * 1087 1086 30.90      

α-Terpinolene * 1088 1088    0.53   

2-Nonanone 1092 1090     2.82  

β-Linalool * 1099 1096  1.13    1.04 

Camphor * 1143 1146 0.87     5.03 

Menthone * 1151 1152   0.56    

Isomenthone 1159 1162  1.07 30.27    

Borneol * 1166 1169      4.00 

Isopulegone 1177 NF  0.77 1.10    

4-Terpineol * 1177 1177      1.02 

C10H18O 1189 NF  1.33     

2-Decanone 1190 1190     2.67  

α-Terpineol 1190 1188    0.71  3.85 

Estragole * 1196 1195 15.35      

Nerol * 1229 1229  1.93     

Pulegone * 1234 1237   56.71    

Anisaldehyde 1252 1250 1.12      

Bornyl acetate * 1284 1288      0.50 

Anethole * 1285 1284 33.54      

2-Undecanone 1293 1294     86.18  

2-Undecanol 1311 NF     1.37  

8-Hydroxy-4-p-
menthen-3-one 

1315 NF   1.53    

α-Cubebene 1351 1348    0.59   

Neryl acetate * 1363 1361  22.06     

α-Copaene 1376 1376    0.98   

DIEPI-α-cedrene-
(I) 

1382 NF  1.34     

2-Dodecanone 1384 NF     1.11  

Italicene 1401 1405  3.92     

Junipene 1407 1402    1.66   

Cis-α-bergamotene 1415 1412  1.07     

β-Caryophyllene * 1420 1419  1.05 0.50 9.87  0.85 

Thujopsene * 1432 1431     0.56  

Trans-α-
bergamotene 

1435 1434  2.16     

Aromadendrene * 1441 1441  1.15     

Neryl propanoate 1452 1454  3.66     

α-Humulene 1453 1454   0.64 1.72   
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Table 4.1. Chemical composition of essential oils evaluated by GC-MS (continuation).  

  
Reference  

KIs 
(Adams, 

2007) 

Area (%) 

Compounds KI FV HS MP PP RG TM 

Alloaromadendrene 1460 1560  0.51     

γ-Muurolene 1476 1475    2.24   

γ-Curcumene 1480 1482  5.16     

Germacrene D * 1481 1487    5.45   

Ar-Curcumene 1482 1483  4.86     

β-Selinene 1486 1490  1.37     

Phenethyl 
isovalerate 

1491 1491    0.66   

β-Muurolene 1494 NF    0.78   

2-Tridecanone 1499 1496     0.56  

α-Muurolene 1498 1500    0.88   

β-Bisabolene 1508 1505  3.49     

Cis-γ-Bisabolene 1512 1514  0.53     

γ-Cadinene 1513 1513    1.13   

δ-Cadinene 1523 1523    3.38   

Trans-Nerodiol 1561 1563  0.57     

Geranyl butanoate 1563 1564  0.49     

Caryophyllene oxide 1581 1583    0.68   

Guaiol * 1597 1600  0.72     

Humulene epoxide 
II 

1606 1608  1.37     

α-Acorenol 1630 1633  0.59     

β-Eudesmol 1650 1650  0.60     

Abietatriene 2054 2056    0.56   

Abietadiene 2080 2087    0.68   

 * Compared to the corresponding standard compounds; FV – F. vulgare; HS – H. stoechas; KI – Kovats 

index; MP – M. pulegium; NF- not found; PP – P. pinaster; RG – R. graveolens; TM – T. mastichina. The 

values in bold represent the major component of each EO.  

Twelve compounds accounting for 98.14% of the total composition were identified in the 

EO of F. officinale (also known as F. vulgare), and presented as major compounds anethole, 

fenchone and estragole, which accorded with others studies (Ashokkumar et al., 2021; Chen 

et al., 2020a; Vieira et al., 2017). For the H. stoechas EO, twenty-seven compounds were 

found, representing 82.59% of the total composition, with neryl acetate (22.06%) and α-

pinene (14.15%) as major components. Comparatively with Helichrysum italicum, one of 

the most known species of the genus Helichrysum, these two major components are 

common to the EO of both species. This EO also has other common compounds with the EO 

of H. stoechas, like bisabolene, β-caryophyllene, limonene, γ-curcumene and β-linalool 

(Oliva et al., 2020; Talić et al., 2019). Eight compounds representing 92.32% of the total 

composition of the M. pulegium EO were identified, with pulegone (56.71%) as the major 

compound, as presented in other studies (Baali et al., 2019; Luís and Domingues, 2021; 

Piras et al., 2019; Vieira et al., 2017). The analysis of the EO of P. pinaster showed the major 
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compounds as α-pinene (29.13%) and β-pinene (15.52%), in accordance with other studies, 

namely when the EO was obtained from different parts of the plant, such as wood, cones 

and needles (Gonçalves et al., 2020; Tümen et al., 2018). The EO of R. graveolens presented 

a mixture of ketones, being the major one the 2-undecanone (86.18%) followed by 2-

nonanone (2.82%) and 2-decanone (2.67%). These results agree with the data reviewed by 

Coimbra et al. (2020a), which shows that the different species of the genus Ruta have some 

differences in composition, but the dominant class of compounds are the ketones (Coimbra, 

et al. 2020a). The T. mastichina EO possess similar composition to other reports, being the 

major compound the 1,8-cineole (58.31%) (Arantes et al., 2019; Ballester-Costa et al., 2013; 

Miguel et al., 2004).  

An antioxidant can play a different role or have a different performance depending on the 

reactive species present or target substrate. Thus, different approaches should be used for 

antioxidant activity analysis (Ribeiro-Santos et al., 2018). In this study, the DPPH method 

evaluated the free radical scavenging activity and the β-carotene bleaching assay measured 

the capacity to inhibit the lipid peroxidation mediated by free radicals (Luís et al., 2019).   

Regarding the antioxidant properties the EOs exhibited very strong or no antioxidant 

activity (Table 4.2), considering the DPPH results and Scherer and Godoy classification 

(Scherer and Godoy, 2009).  

Table 4.2. Antioxidant properties of essential oils and standards measured by the DPPH method (results 

expressed as mean ± standard deviation) and β-carotene bleaching assay (results expressed as median). 

 DPPH method 
β-carotene 

bleaching assay 

Samples IC50 (%) AAI 
Antioxidant 

activity 
classification 

IC50 (%) 

F. vulgare NA NA No activity 1.07 

H. stoechas 10.96 ± 1.17 4.81 ± 1.22 Very strong 0.72 

M. pulegium 18.14 ± 3.49 2.57 ± 0.57 Very strong 2.33 

P. pinaster NA NA No activity 0.90 

R. graveolens NA NA No activity 1.02 

T. mastichina NA NA No activity 1.92 

Gallic acid 2.14 ± 0.39 22.16 ± 3.53 Very strong - 

Trolox 3.26 ± 1.21 15.02 ± 0.64 Very strong - 

BHT - - - 0.1 

The EO IC50s are presented as % (v/v) and standards as % (w/v); AAI – Antioxidant activity index; NA – No 
activity; BHT – Butylated Hydroxytoluene. 

Amongst the studied EOs, the ones from H. stoechas (IC50 of 10.96 ± 1.17%) and M. 

pulegium (IC50 of 18.14 ± 3.49%), considering the classification above mentioned, 

demonstrated very strong antioxidant activity by sequestration of DPPH free radicals, with 

the H. stoechas EO showing the strongest activity. However, when analysing the EOs of F. 
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vulgare, P. pinaster, R. graveolens and T. mastichina, no antioxidant activity was observed 

by the DPPH method. 

The results of the β-carotene bleaching assay show that the EOs of F. vulgare, P. pinaster, 

R. graveolens and T. mastichina inhibited lipid peroxidation (Table 4.2), despite not 

presenting antioxidant activity by sequestration of free radicals. Foods with high lipid 

content are more susceptible to oxidation and peroxidation leading to quality deterioration, 

affecting its nutritional value, odour, flavour, taste, and texture (Falowo et al., 2014; 

Ribeiro-Santos et al., 2018). The ability of these EOs to inhibit lipid peroxidation may be an 

advantage for use in food preservation. 

In sum, EOs of H. stoechas and M. pulegium show antioxidant activity through at least two 

different mechanisms, the sequestration of free radicals and inhibition of lipid peroxidation.  

In this work, the scavenging activity of the P. pinaster EO was demonstrated as weak, such 

as previously reported by Ruas et al. (2022); however, some studies have shown a good 

activity of the EO of the P. pinaster (Tümen et al., 2018). Regarding the R. graveolens and 

T. mastichina, the weak antioxidant activity of these EOs was also previously described 

(Arantes et al., 2017; Delgado et al., 2014; Jianu et al., 2021).  

EOs from other Helichrysum species, such as H. italicum  and H. microphyllum have also 

demonstrated DPPH radical inhibition at different levels (Ornano et al., 2015; Talić et al., 

2019). Despite sharing some compounds, the variation in the composition may be 

responsible for these differences in antioxidant activity. 

Previous reports evaluating M. pulegium EO antioxidant activity revealed a weaker 

antioxidant activity, with AAI values ranging from 0.005 to 0.01 (Benahmed et al., 2019; 

Teixeira et al., 2012), contrasting with the strong antioxidant activity through the DPPH 

assay observed in our work (AAI of 2.57) and the results obtained by Luís and Domingues 

(2021). Baali et al. (2019) evaluated the inhibition of lipid peroxidation and the EO of M. 

pulegium showed a weak activity (Antioxidant Activity (AA)=13.24 ± 0.61%) when 

compared with BHT (AA=85.66 ± 1.55%) (Baali et al., 2019). Likewise, our results also 

reveal that M. pulegium EO show weak antioxidant activity through lipid peroxidation.  

An initial screening of antimicrobial activity of the six EOs was performed through the disc 

diffusion methodology (Table 4.3). According to the obtained results, a general higher 

antimicrobial activity was found for the M. pulegium EOs. The Candida species were the 

most susceptible with inhibition halos between 30.94 ± 5.34 and 36.90 ± 7.22 mm.  When 

considering the analysis of the volatile compounds’ antimicrobial activity of the EOs, only 

volatiles compounds from M. pulegium EO demonstrated inhibitory activity against C. 

albicans (19.28 ± 3.45 mm).  
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Table 4.3. Diameters of inhibition zone (mm) for disc diffusion method, presented as mean ± standard deviation. 

 EOs TET 

Species FV HS MP PP RG TM  

S. aureus ATCC 25923 8.91 ± 0.39 8.73 ± 0.28 15.43 ± 1.71 7.28 ± 1.20 9.09 ± 0.35 8.98 ± 0.65 27.85 ± 0.53 

S. aureus MRSA 10/08 8.13 ± 0.46 8.60 ± 0.69 19.21 ± 2.00 6.40 ± 0.70 9.93 ± 0.44 8.07 ± 0.74 28.42 ± 1.20 

B. cereus ATCC 11778 9.44 ± 0.70 11.60 ± 1.76 18.5 ± 2.13 9.27 ± 0.93 11.21 ± 1.80 9.19 ± 0.43 30.61 ± 0.92  

L. monocytogenes LMG 16779 9.62 ± 1.29 11.04 ± 0.55 13.24 ± 0.78 10.12 ± 0.61 9.65 ± 0.32 8.37 ± 0.45 33.07 ± 0.27 

E. coli ATCC 25922 11.64 ± 1.10 6.00 ± 0.00 23.43 ± 1.41 12.01 ± 0.96 6.00 ± 0.00 13.93 ± 1.83 26.06 ± 0.51 

K. pneumoniae ATCC 13883 18.52 ± 3.12 6.00 ± 0.00 16.31 ± 0.94 9.14 ± 1.66 7.21 ± 1.11 15.64 ± 1.83 25.43 ± 0.73 

P. aeruginosa ATCC 27853 6.00 ± 0.00 6.00 ± 0.00 9.12 ± 1.62 6.00 ± 0.00 6.95 ± 1.65 6.89 ± 0.68 16.01 ± 0.96 

S. Typhimurium ATCC 13311 9.19 ± 0.41 6.00 ± 0.00 19.14 ± 3.42 6.46 ± 0.80 6.00 ± 0.00 12.10 ± 2.22 21.82 ± 1.11 

C. albicans ATCC 90028 11.16 ± 1.70 9.81 ± 0.39 30.94 ± 5.34 6.00 ± 0.00 11.82 ± 1.07 12.33 ± 1.45 - 

C. tropicalis ATCC 750 9.29 ± 0.33 6.00 ± 0.00 36.90 ± 7.22 6.00 ± 0.00 11.15 ± 1.02 9.56 ± 0.85 - 

FV – F. vulgare; HS – H. stoechas; MP – M. pulegium; PP – P. pinaster; RG – R. graveolens; TM – T. mastichina; TET – Tetracycline.  
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Concerning the evaluation of the antimicrobial activity through the determination of the 

MIC (Table 4.4), it was demonstrated that the EOs of M. pulegium and T. mastichina 

showed the highest antibacterial activity against the strains tested with MIC values between 

0.25 and 8 µL/mL, apart from P. aeruginosa (32 µL/mL).  

Table 4.4. Minimum inhibitory concentration (µL/mL) of EOs and standards (µg/mL) in bacterial and yeast 

species presented as modal values. 

 EOs TET AMP B 

Species FV HS MP PP RG TM   

S. aureus ATCC 25923 32 128 0.25 2 128 8 0.125 - 

S. aureus MRSA 10/08 64 128 0.5 2 256 8 0.125 - 

B. cereus ATCC 11778 8 16 0.5 64 128 2 0.015 - 

L. monocytogenes LMG 16779 64 128 4 128 > 256 8 0.25 - 

E. coli ATCC 25922 8 256 1 4 > 256 4 0.25 - 

K. pneumoniae ATCC 13883 32 128 2 8 128 8 8 - 

P. aeruginosa ATCC 27853 32 > 256 32 16 128 8 4 - 

S. Typhimurium ATCC 13311 16 > 256 2 16 > 256 4 0.5 - 

C. albicans ATCC 90028 16 64 1 4 32 4 - 0.5 

C. tropicalis ATCC 750 1 16 0.06 0.125 2 0.5 - 1 

FV – F. vulgare; HS – H. stoechas; MP – M. pulegium; PP – P. pinaster; RG – R. graveolens; TM – T. 
mastichina; TET – Tetracycline; AMP B - Amphotericin B. 

These two EOs also demonstrated antifungal activity, with MIC values between 0.06 and 4 

µL/mL against the tested yeasts. On the other hand, the H. stoechas and R. graveolens EOs 

showed lower activity with MIC values between 16 and >256 µL/mL, except for R. 

graveolens against C. tropicalis with a MIC value of 2 µL/mL. 

The obtained results for the EO of M. pulegium are in accordance with the results previously 

reported (Baali et al., 2019; Luís and Domingues, 2021; Vieira et al., 2017). The activity of 

the EO of M. pulegium may potentially be linked with its main component pulegone, which 

was capable of inhibiting the growth of multi-drug resistant E. coli, as described in the 

literature (Gong et al., 2021).  

Regarding T. mastichina EO, Cutillas et al. (2018b) evaluated different isolated compounds 

against several microorganisms, namely their main components 1,8-cineole and linalool.  

The authors showed that 1,8-cineole had MIC values highest than 2.3 mg/mL against E. 

coli, S. aureus and C. albicans, whereas linalool presented lower MIC values, indicating that 

the EOs with lower values of linalool were less active against the tested microorganisms 

(Cutillas et al., 2018b). Considering the present study, the EO’ activity may not be correlated 

to the concentration of linalool. Within several species tested, P. aeruginosa demonstrated 

to be the most resistant to T. mastichina EO, as shown in other studies (Cutillas et al., 
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2018b; Vieira et al., 2017). Regarding the antifungal activity, Pina-Vaz et al. (2004) 

evaluated the antifungal activity of Thymus oils and their major compounds against several 

Candida strains. The T. mastichina results showed MIC values between 1.25 and 10 µL/mL 

and for 1,8-cineole the MIC values obtained were between 5 and 20 µL/mL. With this study, 

it can be seen that the antifungal activity of T. mastichina may be related to its major 

compound, but also the synergism between several compounds present in its composition 

can be also contribute for its activity against fungi (Pina-Vaz et al., 2004). 

To evaluate the cytotoxic profile EOs on human cells, the current investigation was carried 

out by using cultured normal human dermal fibroblasts cell line (Figure 4.1). The results 

revealed EOs reduced the viability of these cells in a dose-dependent manner, with EOs 

cytotoxicity varying in ranges of IC50 of 0.26 ± 0.13 and 0.95 ± 0.62 µL/mL, suggesting that 

the use of EOs as antimicrobials should take into account this constraint.  
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Figure 4.1. Essential oils biocompatibility on cultured normal human dermal fibroblasts cell line measured by 
MTT assay after 24 h of treatment. The negative control were untreated cells and cells cultured with EtOH (96%) 
were used as a positive control. Results are expressed as mean ± standard deviation of at least three independent 
experiments. 

The cytotoxicity of R. graveolens EO (IC50 of 0.26 ± 0.13 µL/mL) is in agreement to previous 

works, in which EOs extract from these extracts and its isolated compounds showed to be 

cytotoxic against several cell lines (Coimbra, et al. 2020a). The EO of P. pinaster also proved 

to be cytotoxic (IC50 of 0.38 ± 0.15 µL/mL), similar to Juniperus communis EO from 

needles, with concentrations above 0.32 µL/mL showing cytotoxicity in HaCaT 

keratinocytes (Cabral et al., 2012). Both EOs have α-pinene as one of the main compounds 

and this compound may be one of those responsible for the cytotoxicity of this EO (Machado 
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et al., 2021). The highest cytotoxic effect was observed with R. graveolens EO and the less 

cytotoxic was the T. mastichina EO. The decreased viability of these essential oils may be 

justified by the EOs capacity to impair the cell membrane integrity of prokaryotic and 

eukaryotic cells (Perricone et al., 2015). 

Based on these findings, it is important to notice that the concentration of these EOs must 

be chosen carefully, taking into account the envisioned application.  

 

4.4. Conclusion 

Considering the results, it can be concluded that the studied EOs have promising bioactive 

properties, highlighting the EOs of M. pulegium and H. stoechas that showed to have the 

best free radicals scavenging activity, and H. stoechas and P. pinaster for their ability to 

inhibit the lipid peroxidation. The M. pulegium, P. pinaster and Thymus mastichina EOs 

revealed the highest antimicrobial activity against different species of bacteria and Candida 

strains, while the EO of R. graveolens was effective against C. tropicalis, evidencing its 

potential to be applied in diverse fields. 
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4.5. Supplementary material from Chapter 4 

This chapter contains additional results that were not published. The results are preceded 

by a short description of the methodology applied, followed by the results and a brief 

conclusion. 

 

4.5.1 Screening of antimicrobial activity of the Thymus zygis EO 

The susceptibility of bacteria and yeasts to the T. zygis EO was performed as described in 

the Materials and Methods section of Chapter 4. Briefly, it was analysed using the disc 

diffusion method (Luís et al., 2017) and the broth microdilution method based on Coimbra 

et al. (2020b), furthermore the effect of the EO volatile compounds was evaluated according 

to Coimbra et al. (2022).  

Table 4.S1. Diameters of inhibition zone (mm) for disc diffusion method and volatiles compounds, presented 

as mean ± standard deviation, and minimum inhibitory concentration (µL/mL), presented as modal values, of 

T. zygis EO and standards (µg/mL) against bacterial and yeast species. 

 
Inhibition zone (mm) MIC 

Species 
EO 

(10 µL/disc) 
TET 

(20 µg/disc) 

Volatile 
compounds 
(10 µL/disc) 

EO TET AMP B 

S. aureus ATCC 25923 33.45 ± 4.57 27.85 ± 0.53 30.64 ± 1.05 1 0.125 - 

S. aureus MRSA 10/08 35.81 ± 5.60 28.42 ± 1.20 30.60 ± 3.62 2 0.125 - 

B. cereus ATCC 11778 36.70 ± 1.29  30.61 ± 0.92  34.71 ± 3.62 1 0.015 - 

L. monocytogenes LMG 16779 37.66 ± 6.91 33.07 ± 0.27 32.87 ± 5.45 1 0.25 - 

E. coli ATCC 25922 35.00 ± 2.44 26.06 ± 0.51 33.13 ± 3.88 0.5 0.25 - 

K. pneumoniae ATCC 13883 33.03 ± 1.71 25.43 ± 0.73 29.13 ± 2.25 0.5 8 - 

P. aeruginosa ATCC 27853 10.11 ± 1.25 16.01 ± 0.96 6.00 ± 0.00 16 4 - 

S. Typhimurium ATCC 13311 33.83 ± 3.36 21.82 ± 1.11 27.87 ± 3.74 0.5 0.5 - 

C. albicans ATCC 90028 69.11 ± 0.67 - 65.18 ± 8.78 2 - 0.5 

C. tropicalis ATCC 750 64.35 ± 4.44 - 56.68 ± 2.57 2 - 1 

AMP B - Amphotericin B; MIC - Minimum inhibitory concentration; TET – Tetracycline. 

The results reveal antibacterial and antifungal activity of the T. zygis EO, with the results 

obtained with the disc diffusion method and by the determination of the MIC values 

showing higher activity of the T. zygis EO than the other EOs tested in Chapter 4. The good 

antimicrobial activity of T. zygis EO has been demonstrated in previous works, being that 

some differences can be found due, for example, to the constitution of the EOs, location, 

chemotypes, amongst others (Ballester-Costa et al., 2013; Cutillas et al., 2018a; Dorman and 

Deans, 2004; Pina-Vaz et al., 2004; Rota et al., 2008). 

The volatile compounds also showed good inhibitory activity on the growth of different 

species of bacteria and yeasts, while almost completely inhibiting the growth of the tested 
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yeasts. These results for bacteria agrees with the results obtained by Ghabraie et al. (2016) 

in which the volatile compounds of the T. zygis EO present strong antibacterial activity 

against different species of Gram-positive and Gram-negative bacteria, except against P. 

aeruginosa (Ghabraie et al., 2016).  

These results led us to conclude that the EO of T. zygis was the EO with higher antimicrobial 

activity within the EOs studied in this thesis, thus being further explored in the following 

chapters.  
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Chapter 5  

 

Thymus zygis essential oil: Phytochemical 

characterization, bioactivity evaluation and 

synergistic effect with antibiotics against 

Staphylococcus aureus 
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Thymus zygis essential oil: Phytochemical characterization, bioactivity evaluation and 

synergistic effect with antibiotics against Staphylococcus aureus. Antibiotics. 11, 146. 
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Abstract 

Staphylococcus aureus is a nosocomial bacterium causing different infectious diseases, 

ranging from skin and soft-tissue infections to more serious and life-threatening infections 

such as sepsis, meningitis and endocarditis, which may be exacerbated by antibiotic 

resistance. Plant products may be seen as an alternative as antibacterial agents, namely, 

against S. aureus. Thus, the aim of this work was to characterize the chemical composition 

and evaluate the bioactive properties of the T. zygis essential oil (EO), with a focus on 

antimicrobial activity against S. aureus. Gas chromatography coupled with mass 

spectrometry was used to assess the chemical composition of the T. zygis EO, and the 

antioxidant activity was evaluated using the DPPH method and β-carotene-bleaching assay. 

The antimicrobial activity against S. aureus strains, the interaction with different antibiotics 

and the attenuation of this bacterium’s virulence were evaluated. The T. zygis EO showed 

antioxidant activity acting through two different mechanisms and antibacterial activity 

against S. aureus, with antibiofilm and antihaemolytic properties. This EO also 

demonstrated synergistic or additive interactions in combination with ampicillin, 

ciprofloxacin or vancomycin against S. aureus strains and, in some cases, changed the 

antibiotic-resistance phenotype from resistant to susceptible. Therefore, the present work 

demonstrates the good bioactive properties of the EO of T. zygis, mainly the antimicrobial 

activity against S. aureus, revealing its potential to be used as an antibacterial agent.  

 

Keywords: Thymus zygis; essential oil; antioxidant activity; antimicrobial agent; 

Staphylococcus aureus; interaction with antibiotics 

 

5.1. Introduction 

Antibiotics are used as the primary weapon against infections; while, at first, antibiotics 

were highly effective, their inappropriate use and high selective pressure have led to the 

emergence and spread of antibiotic-resistant bacteria (Wu et al., 2019). In fact, antibiotic 

resistance has increased dramatically in recent decades and is now considered one of the 

greatest global health threats (Langeveld et al., 2014; Owen and Laird, 2018). 

Staphylococcus aureus is a Gram-positive facultative anaerobic human pathogen of both 

nosocomial and community-acquired infections worldwide (Lee et al., 2017, 2014). S. 

aureus is a commensal bacterium located on the skin and mucous membranes, but also a 

virulent bacterial pathogen associated with high morbidity and mortality (Otto, 2014; Singh 

and Phukan, 2019; Vandenesch et al., 2012; Zhang et al., 2013). This opportunistic pathogen 

can cause numerous acute and chronic infections (Lee et al., 2017; Quave and Horswill, 
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2014), such as moderately severe skin infections, fatal pneumonia, sepsis, meningitis, 

endocarditis, or toxic-shock syndrome (Cheung et al., 2021; Korem et al., 2007; Otto, 2014). 

The higher rates of colonization, augmented use of surgical implants, immunosuppressive 

conditions, and escalation of antibiotic resistance have increased the prevalence of these 

infections (Quave and Horswill, 2014). Due to frequently occurring antibiotic resistance in 

S. aureus isolates, S. aureus infections are particularly problematic, and methicillin-

resistant S. aureus (MRSA) is of utmost importance clinically. The World Health 

Organization states that people with MRSA infections are 64% more likely to die than people 

with drug-sensitive infections, and so it is on the list of microorganisms for which further 

investigation is critical (WHO, 2021). 

When bacteria become resistant to first-line medicines, alternative therapies may be used 

(Langeveld et al., 2014). The development of novel antibiotics remains a dominant approach 

for the treatment of bacterial-associated infections; however, this discovery is challenging 

(Wu et al., 2019). Thus, it is important to explore alternative strategies and molecules to 

fight antibiotic-resistant S. aureus (Wu et al., 2019). One possible solution is to combine 

antibiotics with other nonantibiotic drugs or to combine antibiotics with adjuvants or 

antimicrobials selected from the reservoir of bioactive compounds in nature (Ju et al., 2020; 

Langeveld et al., 2014).  

Plant products have been used in folk medicine throughout human history and are the 

primary source of healthcare for much of the world’s population (Owen and Laird, 2018). 

Hereupon, the need for novel antibacterial therapies has led to an increase in research into 

natural products as antibacterial agents (Owen and Laird, 2018). Plants naturally produce 

a wide diversity of secondary metabolites, such as essential oils (EOs), that serve as defence 

compounds protecting against pathogens; therefore, they are important sources for the 

discovery of natural bioactive products (Wu et al., 2019). 

Essential oils are complex blends of secondary metabolites, mainly terpenes and terpenoids 

(Vázquez-Ucha et al., 2020), extracted by steam distillation, hydrodistillation or solvent 

extraction (Raut and Karuppayil, 2014; Trifan et al., 2020), which are usually stored in resin 

ducts, oil ducts, glands or trichomes of the plants (Raut and Karuppayil, 2014). EOs are 

natural products obtained from aromatic plant materials, with a broad spectrum of valuable 

biological properties and recognized uses in various areas (pharmaceutical, food, cosmetic 

and textile industries) (Ribeiro-Santos et al., 2018; Trifan et al., 2020). They have been 

known to present antibacterial activity for centuries and so have been investigated for this 

purpose (Owen and Laird, 2018). 

Thymus zygis, also known as red thyme, is predominantly found in the Mediterranean 

region, Asia, Southern Europe and North Africa and has been used for a long time as a spice 
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or drug (Cutillas et al., 2018a; Gonçalves et al., 2010). Its EO is known for its bioactive 

properties, such as antibacterial (Lagha et al., 2019), antifungal (Debonne et al., 2019; Yang 

and Clausen, 2007) antiviral (Santoyo et al., 2014), antigiardial (Machado et al., 2010), 

insecticidal (Park et al., 2016; Sangha et al., 2017) and other properties. 

Thus, considering the relevance of S. aureus resistance to antibiotics and the bioactive 

effects of T. zygis, this work aimed to evaluate the chemical composition of the T. zygis EO 

and to provide a better understanding of its antioxidant properties and antimicrobial 

activity against S. aureus strains, as well as cytotoxicity. The effect of the T. zygis EO on the 

virulence attenuation of S. aureus and also its interaction with antibiotics were evaluated. 

 

5.2. Materials and Methods  

5.2.1 Essential oil and bacterial strains 

The commercial Thymus zygis essential oil was acquired from the company Pharmaplant 

(Algarve, Portugal) and was obtained by steam distillation from the aerial parts. The 

essential oil was protected from light and stored at 4 ˚C until further use. 

The reference strain S. aureus ATCC 25923 and two clinical isolates S. aureus SA 03/10 and 

S. aureus MRSA 12/08 were used as test microorganisms. 

 

5.2.2 GC-MS analysis of the T. zygis essential oil 

The T. zygis EO was analysed on an Agilent Technologies 7890A GC-System apparatus 

equipped with a fused silica DB-5 capillary column (Agilent J&W Column, part number: 

122–5032) with a 30 m × 0.25 mm inner diameter and 0.25 µm film thickness coupled with 

a mass spectrometer (MS) (Agilent Technologies 5975C, Inert XL MSD) Triple-Axis 

detector. The operating conditions for the mass spectrometer were set as follows: ion source 

temperature, 250 ˚C; ionization voltage, 70 eV; interface temperature, 280 ˚C. As the 

carrier gas, helium was used at a flow rate of 1 mL/min. The initial oven temperature was 

40 ˚C, with a hold time of 5 min, and it was increased to 250 ˚C at a rate of 5 ˚C/min. A 1 

µL volume of T. zygis EO at a concentration of 10% (v/v) in dichloromethane was injected. 

The NIST Mass Spectral Software and Agilent GC/MSD ChemStation Software were used 

to calculate the relative concentration and perform identification. 

 

5.2.3 Antioxidant activity 

The antioxidant activity of the T. zygis EO was evaluated using two methodologies, the 2,2-

diphenyl-1-picrylhydrazyl radical (DPPH) and the β-carotene-bleaching assays, according 

to Coimbra et al. (2020) with some adaptations. In the first one, 5 µL of each concentration 
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of T. zygis EO methanolic solution was separately mixed with 195 µL of DPPH methanolic 

solution in 96-well microtiter plates. Methanol was used as the negative control, and Trolox 

(Acros Organics, Geel, Belgium) and gallic acid (Acros Organics, Geel, Belgium), as 

standards. The absorbances were measured at 515 nm, and the antioxidant activity was 

expressed through the antioxidant activity index (AAI), calculated according to:  

AAI = (final concentration of DPPH in the control sample/IC50. (1) 

In the second methodology, 56.6 μL of a T. zygis EO methanolic dilution was added to 943.4 

μL of the emulsion. The emulsion was prepared with 500 µL of β-carotene solution at 20 

mg/mL in chloroform, 40 µL of linoleic acid, 400 µL of Tween 40 and 1 mL of chloroform. 

Then, the chloroform was evaporated under vacuum at 45 ˚C, and 100 mL of oxygenated 

distilled water was added to form an emulsion. Butylated hydroxytoluene (BHT, purity 99%, 

Acros Organics, Geel, Belgium) was used as a standard, and methanol, as a negative control. 

The absorbances were read at 470 nm, against a blank containing an emulsion without β-

carotene, and the percentage of inhibition of β-carotene oxidation was calculated using the 

equation:  

% Inhibition = ((Abs samplet = 1h − Abs controlt = 1 h)/(Abs controlt = 0 h  

– Abs controlt = 1 h))×100.  

All tests were performed in triplicate. 

(2) 

 

5.2.4 Antimicrobial activity 

5.2.4.1 Disc-diffusion method and vapour-phase antimicrobial activity 

determination 

The disc-diffusion method was performed to evaluate the susceptibility of the S. aureus 

strains to the T. zygis EO as described by Luís et al. (2017). Tetracycline at 20 µg/disc was 

used as a positive control. The susceptibility of the S. aureus strains to the volatile 

compounds of the T. zygis EO was evaluated as described by Duarte et al. (2016). These 

methodologies were performed with tryptic soy agar (TSA) medium. The inhibition halos 

were measured in millimetres, and the results are presented as means ± standard 

deviations. At least three independent assays were performed.  

 

5.2.4.2 Determination of the minimum inhibitory concentration (MIC) 

The susceptibility of the S. aureus strains to the T. zygis EO was evaluated through the broth 

microdilution method according to Coimbra et al. (2020) with modifications. Briefly, in 96-

well plates, the essential oil was serially diluted with tryptic soy broth (TSB, RPD 

microbiology, Spain). Dimethyl sulfoxide (DMSO) was used as the solvent for the 

improvement of the solubility, with a maximum concentration of 2% (v/v) (no growth 
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inhibition). The inoculum, with a concentration of 0.5 McFarland, was diluted in medium, 

and 50 µL was added to the wells to obtain a final volume of 100 µL and a concentration of 

5 × 105 colony-forming units (CFU)/mL per well. The MIC was determined as the lowest 

concentration of T. zygis EO without visible growth. At least three independent 

determinations with duplicates were performed, and the results are presented as modal 

values. 

 

5.2.4.3 Time–kill curves 

The time–kill curve assay was performed based on Ferreira and Domingues (2016) with 

minor modifications. Briefly, S. aureus strains grown overnight were used to prepare a 

cellular suspension to give a final cell concentration of 106 CFU/mL, and it was exposed to 

several concentrations of T. zygis EO (from 0.125× to 2× MIC). A solvent control with 

DMSO (1% (v/v)) and growth control were also performed. The viable counts were 

determined by the drop-plate method at 0, 2, 4, 6 and 8 h of incubation from the tubes 

incubated at 37 ˚C. The independent experiments were performed at least thrice. 

 

5.2.4.4 Antibiofilm activity of T. zygis EO 

Biofilm formation 

The inhibition of biofilm formation was based on the previously described method of 

Stepanović et al. (2004) with modifications. Briefly, S. aureus strains were grown overnight 

at 37 ˚C, at 250 rpm, in TSB. Afterwards, the turbidity of the suspension was adjusted to an 

OD600 nm ~1.5 and diluted to achieve a final concentration in the wells of 1 × 107 CFU/mL. 

Serial two-fold dilutions of T. zygis EO (0.25 to 2× MIC) were prepared in TSB, 

supplemented with 0.5% glucose, in 96-well flat-bottom polystyrene microtiter plates, and 

100 μL of each bacterial suspension was added to the wells to obtain a final volume of 200 

µL. The plates were incubated at 37 ˚C for 24 h. For the positive control, the bacterial 

suspension with medium was used, whereas for the negative control, only the culture 

medium was used. A solvent control in the presence of DMSO (0.125 to 1%) was also 

performed. After incubation, the contents of the plates were poured off, and each well was 

washed twice with 200 µL of distilled water to remove the loosely attached cells. The 

remaining attached bacteria were fixed with methanol (200 µL) for 20 min; after methanol 

removal, the plates were air dried. Staining was achieved with 0.1% (w/v) crystal violet (200 

µL) for 10 min, the dye was removed, and the wells were washed thrice with 400 µL of 

distilled water. The crystal violet bound was dissolved with 33% (v/v) glacial acetic acid per 

well (200 µL), and the absorbance at 570 nm was determined using a microplate reader. At 

least five replicates of three independent experiments were conducted. 
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Biofilm dispersion 

The effect of the T. zygis EO on preformed biofilms was evaluated based on Duarte et al. 

(2015) with some adaptations. Briefly, biofilms were prepared as mentioned above by 

inoculating 100 μL of the bacterial suspension into the wells of 96-well flat-bottom 

polystyrene microtiter plates containing 100 μL of TSB supplemented with 0.5% glucose. 

Following incubation at 37 ˚C for 24 h, the medium was removed and 100 μL of each T. 

zygis EO or DMSO concentration was added to the biofilm in the wells. The plates were 

further incubated at 37 ˚C for 24 h. For the positive control, 100 μL of bacterial suspension 

was added, whereas for the negative control, only the culture medium (200 μL) was used. 

After incubation, the biofilm biomass was evaluated by the crystal-violet staining method 

as described above. At least five replicates of three independent experiments were 

conducted. 

 

5.2.4.5 Inhibition of quorum sensing 

The anti-quorum-sensing activity of the T. zygis EO was assessed with the biosensor strain 

Chromobacterium violaceum ATCC 12472 and performed based on Asensio et al. (2020) 

with some modifications. A bacterial suspension of C. violaceum ATCC 12472 was obtained 

from an overnight culture at 30 ˚C and 250 rpm in Luria–Bertani (LB) broth and then 

diluted in fresh LB broth to achieve OD600 nm 0.02. T. zygis EO and resveratrol (positive 

control) were serially 2-fold diluted with LB (final concentrations of 0.0015 to 0.013% and 

0.063 to 1.0%, respectively), and 500 µL of each solution was applied to 48-well flat-bottom 

polystyrene microtiter plates. DMSO with a final concentration of 0.125% was used as the 

solvent control. Then, 500 µL of the bacterial suspension was added to the wells, and the 

plate was incubated at 30 ˚C without shaking for 48 h. After incubation, 750 µL from each 

well was transferred to a centrifuge tube and centrifuged at 5000× g for 3 min. The 

supernatants were discarded, and the pellets were vigorously vortexed with 750 µL of DMSO 

to dissolve the violacein. The samples were centrifuged again at 8000× g for 5 min to 

remove the C. violaceum cells and to evaluate the violacein production. A 200 µL volume of 

violacein-containing supernatant was added into a 96-well microplate in triplicate, and the 

optical density at 585 nm was measured using a plate reader. The growth inhibition of C. 

violaceum was evaluated by suspending the removed cells in 750 µL of distilled water, 200 

µL of the suspension was applied into a 96-well microplate in triplicate, and the absorbance 

was measured at 600 nm. The violacein inhibition (%) was calculated using the equation 

100 − ((ODsample/ODgrowth control) × 100). (3) 
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5.2.4.6 Scanning electron microscopy (SEM) 

The effect of T. zygis EO on biofilm formation by the strain S. aureus MRSA 12/08 was 

observed through SEM according to Luís et al. (2014) with slight modifications. Biofilm 

formation was performed as described above but, in this case, in 24-well plates containing 

a polystyrene coupon with dimensions of 1 cm × 1 cm. Initially, the coupons were washed 

and submerged in a 70% ethanol solution overnight, followed by exposure to UV radiation 

for 30 min on both sides. A 500 µL volume of T. zygis EO (1× MIC), DMSO (0.5% (v/v), 

solvent control) or TSB supplemented with 0.5% glucose (growth control) was added to the 

plate, and 500 µL of bacterial suspension was added. After 24 h of incubation at 37 ˚C, the 

wells were washed twice with an isotonic saline solution (0.85% (w/v) NaCl) and fixed with 

500 µL of 2% glutaraldehyde and 4% formaldehyde solution in PBS for 3 h at room 

temperature. The coupons were then carefully washed with PBS, dehydrated in a graded 

ethanol series (25, 50, 70, 90 and twice with 100%) and dried in a desiccator overnight. 

Lastly, the coupons were mounted on a stub, sputter-coated with gold and examined with a 

scanning electron microscope (Hitachi S-3400 N). 

 

5.2.4.7 Checkerboard assay 

The checkerboard method was used to test the combined effect of the T. zygis EO and 

antibiotics, according to Silva et al. (2011) with some adaptations. The inoculum was 

prepared as described in Section 5.2.4.2 and the suspension was then diluted 1:67 in TSB to 

ensure a final cell concentration of 5 × 105 CFU/mL in each well. Two microplates were 

prepared, one where T. zygis EO was successively diluted with TSB, vertically, with a final 

volume of 50 µL, and another plate, where successive dilutions of the antibiotics (ampicillin, 

ciprofloxacin or vancomycin) were carried out with TSB, in the horizontal direction. 

Subsequently, with a multichannel pipette, 50 µL from the plate with the antibiotic was 

transferred to the plate with the T. zygis EO, with the addition of 50 µL of inoculum to 

obtain a final volume of 150 µL per well. The concentrations of T. zygis EO and the 

antibiotics were selected based on the MIC values previously determined. The plate was 

incubated at 37 ˚C for 24 h.  

The results for the combined effects of the T. zygis EO and antibiotics were calculated and 

are expressed in terms of the fractional inhibitory concentration index (FICI), equal to the 

sum of the fractional inhibitory concentration (FIC) of the T. zygis EO and FICs of the 

antibiotics. The FIC was defined as the MIC of the EO and antibiotic in combination divided 

by the MIC of the EO and antibiotic used alone. If FICI ≤ 0.5, it was considered to have a 

synergistic effect; for 0.5 < FICI ≤ 1, there was an additive effect; 1 < FICI < 4 showed an 

indifferent effect; and with FICI ≥ 4, the effect was antagonistic (Roudashti et al., 2017). 
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5.2.4.8 Effect of the T. zygis EO on the haemolytic capacity of S. aureus 

The haemolytic activity of the S. aureus strains was evaluated as described by Lee et al. 

(2017) with adaptations. Briefly, the S. aureus strains were grown overnight at 37 ˚C, at 250 

rpm, for 16 h, and used to prepare a cellular suspension at a final concentration of 106 

CFU/mL. Tubes were prepared by adding T. zygis EO (0.06 to 0.5× MIC) in TSB and the 

cellular suspension in a final volume of 3 mL. A solvent control with DMSO (0.25% (v/v)) 

and a growth control were performed, and all the tubes were incubated at 37 ˚C for 20 h. 

After the incubation, 100 µL from each tube was transferred to a U-bottom 96-well plate, 

and 100 µL of 2% (v/v) human erythrocytes were added. A negative control (PBS without 

bacteria) and positive control for total haemolysis (1% (v/v) Triton-X 100) were also 

included. The erythrocytes were collected from one healthy volunteer into a blood collection 

tube with ethylenediamine tetraacetic acid (EDTA) and washed thrice with PBS, and a stock 

solution was prepared in the same buffer. The plate was incubated at 37 ˚C for 1 h and, after 

the incubation, was centrifuged at 1000× g for 5 min. A 100 µL volume of each supernatant 

was transferred to a 96-well flat-bottom microtiter plate, and the absorbance at 492 nm was 

measured. At least four replicates of three independent experiments were conducted. 

 

5.2.5 Evaluation of T. zygis EO biocompatibility 

The cytotoxicity of the T. zygis EO was evaluated using normal human dermal fibroblasts 

(NHDF cells isolated from the dermis of adult skin and acquired from PromoCell GmbH 

(Heidelberg, Germany)) that were initially seeded in 96-well flat-bottom culture plates with 

2 × 104 cells/well and containing DMEM-F12 supplemented with 10% FBS. Adherent cells 

were grown in an incubator with a humidified atmosphere containing 5% CO2 at 37 ˚C for a 

day. Then, the culture medium was removed, and the cells were incubated with several 

concentrations of T. zygis EO (0.0030 and 0.4%) for 24 h. Cells cultured with EtOH (96%) 

were used as a positive control, and those without materials were used as a negative control. 

The 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay was used 

to monitor the cell metabolic activity. For that, the medium was removed, and a PBS 

solution of 5 mg/mL of MTT (50 µL in each well) was added to each sample (n = 5). The 

plate was incubated in a 5% CO2 atmosphere for 4 h at 37 ˚C. To dissolve the pigmented 

formazan formed, 200 µL of DMSO was added to the cells for 30 min. Afterwards, a 

microplate reader (Biorad xMark microplate spectrophotometer, Waltham, MA, USA) was 

used to read the absorbance at 570 nm. 
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5.3. Results 

5.3.1 T. zygis EO chemical composition 

The analysis of the chemical composition of the T. zygis EO through gas chromatography 

coupled with mass spectrometry (GC-MS) showed eighteen compounds, accounting for 

94% of the total composition of the EO. The main components were identified as thymol 

(43.17%), carvacrol (13.00%) and p-cymene (10.58%) (Table 5.1). 

Table 5.1. Chemical composition of T. zygis essential oil according to GC-MS.  

Compounds Retention Time Kovats Index % 

α-Thujene 10.75 929 0.73 

α-Pinene 10.98 936 1.01 

Camphene 11.50 950 1.19 

β-Myrcene 13.14 989 1.29 

α-Terpinene 13.98 1017 1.38 

p-Cymene 14.31 1024 10.58 

Limonene 14.42 1030 0.56 

γ-Terpinene 15.50 1060 8.04 

Trans-sabinene hydrate 15.71 1098 1.14 

β-Linalool 16.85 1099 3.77 

Camphor 18.16 1143 1.10 

Trans-pinocarveol 18.31 1140 0.89 

Borneol 18.90 1166 3.79 

4-Terpineol 19.21 1177 0.46 

Thymol 22.78 1290 43.17 

Carvacrol 22.99 1300 13.00 

β-Caryophyllene 26.03 1420 1.43 

Caryophyllene oxide 30.01 1581 0.59 
The value in bold represents the major component of T. zygis EO. 

 

5.3.2 T. zygis EO antioxidant activity 

A very strong antioxidant activity was exhibited by the T. zygis EO according to the DPPH 

method and based on Scherer and Godoy classification (Scherer and Godoy, 2009), with 

IC50 values of 2.00 ± 0.15% (Table 5.2).  
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Table 5.2. Results for antioxidant activity of T. zygis EO and standards measured using the DPPH method 

(mean ± standard deviation) and β-carotene-bleaching assay (results expressed as medians). 

 DPPH Method 
β-Carotene-Bleaching 

Assay 

Samples IC50 (%) AAI 
Antioxidant Activity 

Classification 
IC50 (%) 

T. zygis 2.00 ± 0.15 12.87 ± 3.65 Very strong 0.27 

Gallic acid 2.14 ± 0.39 22.16 ± 3.53 Very strong - 

Trolox 3.26 ± 1.21 15.02 ± 0.64 Very strong - 

BHT - - - 0.10 

T. zygis EO IC50s are presented as % (v/v) and standards as % (w/v); AAI—Antioxidant activity index; 
BHT—Butylated hydroxytoluene. 

The antioxidant activity of the T. zygis EO proved to have an identical effect to the Trolox 

standard with similar AAI values. Regarding the antioxidant activity according to a β-

carotene-bleaching assay, the T. zygis EO showed antioxidant activity through the 

inhibition of lipid peroxidation (Table 5.2). For this reason, it can be said that the T. zygis 

EO has antioxidant activity through at least two different mechanisms, the inhibition of lipid 

peroxidation and sequestration of free radicals. 

 

5.3.3 T. zygis EO antibacterial activity 

The antimicrobial activity of the T. zygis EO was evaluated by using different methodologies 

and considering different parameters. Thus, first, it was screened through the disc-diffusion 

methodology, considering the EO and its volatile compounds (Table 5.3).  

Table 5.3. Diameters of inhibition zones for disc-diffusion method and volatile compounds of T. zygis EO.  

 Inhibition Zone (mm) MIC (%) 

Species 
T. zygis  

(10 µL/Disc) 
Tetracycline  
(20 µg/Disc) 

Volatile 
Compounds  
(10 µL/Disc) 

T. zygis Tetracycline 

S. aureus ATCC 25923 35.10 ± 4.57 31.17 ± 2.73 27.54 ± 4.10 0.05 0.013 

S. aureus SA 03/10 20.67 ± 1.59 8.24 ± 0.49 16.26 ± 5.15 0.05 6.4 

S. aureus MRSA 12/08 30.93 ± 4.64 8.42 ± 0.75 16.45 ± 3.63 0.1 6.4 

MIC—minimum inhibitory concentration of T. zygis EO (%, v/v) and tetracycline (%, w/v). Values for 
inhibition zone are presented as means ± standard deviations, and MIC values of T. zygis EO and 
tetracycline are presented as modal values. 

According to the obtained results, higher antimicrobial activity was found against S. aureus 

ATCC 25923, with an inhibition halo of 35.10 ± 4.57 mm. The S. aureus SA 03/10 strain was 

the most resistant to the T. zygis EO, with an inhibition halo of 20.67 ± 1.59 mm. 

Concerning the evaluation of the volatile compounds of the T. zygis EO (Table 5.3), the T. 

zygis EO’s compounds released from the disc during incubation demonstrated inhibitory 
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activity against all three S. aureus strains, showing inhibition halos between 16.26 ± 5.15 

and 27.54 ± 4.10 mm. Regarding the study of the antimicrobial activity through the MIC 

determination (Table 5.3), the essential oil of T. zygis presented the same MIC value of 

0.05% for the strains S. aureus ATCC 25922 and SA 03/10 and 0.1% against MRSA 12/08. 

The antimicrobial activity can also be observed by looking at the time–kill curves showing 

that the T. zygis EO had a bactericidal effect at 1× and 2×MIC for all the strains of S. aureus 

(Figure 5.1). Furthermore, after 4 h of incubation, significant reductions in the logarithmic 

bacterial counts were observed for MRSA 12/08 with 0.5× MIC, 0.25× MIC and 0.125× MIC 

of T. zygis EO (p < 0.0001), while only the subinhibitory concentration of 0.5× MIC led to 

a significant reduction in S. aureus SA 03/10 (p < 0.0001).  

 
Figure 5.1. Time–kill curves for Staphylococcus aureus ATCC 25923 (A) and Log10 (Nt/N0) of Staphylococcus 
aureus SA 03/10 and MRSA 12/08 strains at 4 h (B) incubated with T. zygis EO from 0.125× MIC to 2× MIC at 

37 ˚C. Pointed line corresponds to the detection limit of the method. ** (p < 0.01); *** (p < 0.001); **** (p < 
0.0001). 

The combined use of non-antibiotic compounds (known as antibiotic adjuvants) and 

antibiotics can be a strategy to enhance the activity of antibiotics and thus increase the 

susceptibility of resistant strains of bacteria (Owen and Laird, 2018; Vázquez-Ucha et al., 

2020). According to the results presented in Figure 5.2, the T. zygis EO showed interactions 

with the antibiotics ampicillin, ciprofloxacin and vancomycin, demonstrating a synergistic 

(FICI ≤ 0.5) or additive (0.5 < FICI ≤ 1) effect, according to the classification of (Roudashti 

et al., 2017). With this association, a synergic interaction occurred for the MRSA 12/08 
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strain with ampicillin or ciprofloxacin and the T. zygis EO, while the other combinations 

presented an additive interaction. Furthermore, the T. zygis EO resensitised S. aureus SA 

03/10 to the antibiotics, ampicillin, ciprofloxacin and vancomycin, and S. aureus MRSA 

12/08, to ampicillin or ciprofloxacin.  

 

Figure 5.2. Checkerboards of T. zygis EO and (A,D,G) ampicillin, (B,E,H) ciprofloxacin and (C,F,I) vancomycin 
for growth inhibition of S. aureus ATCC 25923 (FICI = 0.74–1; 0.54–1; 0.56–1), S. aureus SA 03/10 (FICI = 
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0.75–1; 0.75–1; 1) and S. aureus MRSA 12/08 (FICI = 0.31; 0.27–0.38; 0.56–1). The graphs (A1–I1) are the 
corresponding isobolograms. In the checkerboard graphics, white indicates 0% growth and black indicates 100% 
growth in relative terms. Points on isobolograms represent combinations of T. zygis EO and antibiotics (relative 
to their MICs alone) that exhibited > 90% growth inhibition. 

 

5.3.4 T. zygis EO anti-virulence activity 

The essential oil of T. zygis was shown to affect virulence factors of S. aureus, such as by the 

inhibition of biofilm formation, the elimination of biofilms formed or affecting their 

haemolytic ability. The T. zygis EO was shown to be able to inhibit the formation of biofilms 

by the strains of S. aureus and also to partially eliminate preformed biofilms even at 

subinhibitory concentrations (Figure 5.3 and 5.4). The effect of the essential oil of T. zygis 

in inhibiting biofilm formation was more pronounced than that in eliminating preformed 

biofilms, with the exception of the S. aureus SA 03/10 strain.  

 
Figure 5.3. Effects of different concentrations of T. zygis EO on the formation of biofilms (A) and on 
elimination of pre-established biofilms (B) of S. aureus strains. Biofilm formation was estimated by the crystal-
violet assay, and results are expressed as % of biofilm biomass inhibition regarding the correspondent solvent 
control (DMSO). * (p < 0.05); ** (p < 0.01); *** (p < 0.001); **** (p < 0.0001). 

   

Figure 5.4. SEM micrographs showing the effect of the T. zygis EO on the biofilm formation: (A) untreated S. 
aureus MRSA 12/08; (B) S. aureus biofilm formed in the presence of T. zygis EO at 1× MIC. Micrographs are 
presented at 1500× magnification. 

The interference of the T. zygis EO with the haemolytic ability of the strains was also 

evaluated. Of the three strains of S. aureus under study, only the SA 03/10 strain 

demonstrated haemolytic capacity. The pre-exposure of S. aureus to subinhibitory T. zygis 
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EO concentrations was shown to significantly reduce the haemolytic activity of S. aureus SA 

03/10 compared to the respective controls (Figure 5.5) in a dose-dependent way.  

 
Figure 5.5. Effects of different concentrations of T. zygis EO on haemolytic capacity of S. aureus strains. ** (p 
< 0.01); **** (p < 0.0001). 

As quorum sensing is a mechanism that allows bacteria to control the regulation and the 

secretion of virulence factors, we further tested its potential inhibition by the EO (Algburi 

et al., 2017; Trifan et al., 2020). Using C. violaceum as a biosensor strain to evaluate the 

potential of the T. zygis EO as a quorum-sensing inhibitor, it was observed that the 

concentration of 0.006% led to a significant reduction in the violet pigment production (p 

< 0.0001) without affecting the growth of C. violaceum (Figure 5.6). The concentration of 

0.006% inhibited almost 100% of the violacein production, and the concentration of 

0.003% inhibited approximately 50% of the pigment. It can also be observed that the T. 

zygis EO worked in a dose-dependent manner, and when the concentration of the T. zygis 

EO was decreased, the violacein inhibition also decreased. Resveratrol was used as a 

positive control, and there was a statistically significant inhibition of violacein production 

at all the concentrations under study.  

 

Figure 5.6. Quorum-sensing inhibition by T. zygis EO (A) and resveratrol (B) against Chromobacterium 
violaceum. Percentage of violacein inhibition (%) by different concentrations of EO or resveratrol and evaluation 
of microbial viability (OD600 nm) after 48 h of incubation. * (p < 0.05); ** (p < 0.01); *** (p < 0.001); **** (p < 
0.0001). 
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To understand the biocompatibility of the T. zygis EO for human cells, the effect of this 

essential oil was studied using a normal human dermal-fibroblast cell line for the evaluation 

of cytotoxicity (Figure 5.7). The incubation with the T. zygis EO reduced the viability of 

these cells in a dose-dependent manner. The results obtained in an MTT assay showed that 

the viability of NHDF was more than 70% when they were seeded in contact with the T. 

zygis EO at concentrations between 0.0125 and 0.0030%, for 24 h. Therefore, considering 

the ISO 10993:5–2009, it is possible to consider that such concentrations are non-cytotoxic 

when compared to the negative-control group (untreated cells). 

 
Figure 5.7. T. zygis EO biocompatibility for normal human dermal-fibroblast cell line measured by MTT assay 
after 24 h of treatment. The negative control was performed using untreated cells, and cells cultured with EtOH 
(96%) were used as a positive control. Results are expressed as means ± standard deviations of at least three 
independent experiments. * (p < 0.05); **** (p < 0.0001). 

 

5.4. Discussion 

EOs have been used for centuries in perfumery, cosmetics and medicine and as part of spices 

and herbs in foods, and they are associated with a broad range of bioactive properties such 

as antibacterial and antioxidant activities (Perricone et al., 2015). The potential use of 

essential oils for developing promising antimicrobial agents with potential against S. aureus 

has been widely studied (Idrees et al., 2021; Vieira et al., 2017). In the literature, it is 

described that T. zygis EO has antibacterial and antifungal activity against several 

microorganisms (Ballester-Costa et al., 2013; Dorman and Deans, 2004; Pina-Vaz et al., 

2004) and several other bioactive properties (Lagha et al., 2019; Sánchez-Hidalgo et al., 

2011; Vázquez-Ucha et al., 2020); however, its interaction with antibiotics and several forms 

of antimicrobial activity required more in-depth studies.  

The bioactive properties of EOs are correlated with their compositions. Therefore, this 

determination is important and may allow relating the composition with the biological 

activities (Ribeiro-Santos et al., 2018; Rota et al., 2008). The composition of the T. zygis 

EO used in this work is similar to that presented in the literature, where thymol is presented 

as the major compound (Andrés et al., 2018; Ballester-Costa et al., 2013; Marinković et al., 
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2020; Pina-Vaz et al., 2004) and the cymene and carvacrol are found with considerable 

percentages in relation to other compounds (Machado et al., 2010; Marinković et al., 2020; 

Pina-Vaz et al., 2004; Solarte et al., 2018). 

Antioxidants are important because they can compete with free radicals and avoid the 

propagation of oxidation reactions (Ribeiro-Santos et al., 2018). An increase in free-radical 

production and decline in the activities of antioxidant-enzyme systems can damage 

membranes, lipids and lipoproteins and can induce DNA mutations (Carrasco et al., 2015; 

Youdim et al., 2002), and the implications of lipid peroxidation can lead to a diverse number 

of pathological disorders (Carrasco et al., 2015; Jordán et al., 2009; Youdim et al., 2002). 

The results in this work show the ability of T. zygis EOs to scavenge free radicals, as well as 

the results for the inhibition of lipid peroxidation (Youdim et al., 2002), and are 

corroborated by other authors (Ballester-Costa et al., 2017; Cutillas et al., 2018a). Different 

samples of T. zygis EOs were evaluated by Carrasco et al. (2015), and it was shown that T. 

zygis EO with a high proportion of thymol led to better antioxidant activity, using different 

methodologies. As can be seen in the review of Escobar et al. (2020), there are several 

studies showing the antioxidant activity of the isolated compound thymol. Considering that 

thymol is the major compound of the T. zygis EO under study, the high antioxidant activity 

may be mainly due to this compound.  

The broad spectrum of antibacterial activity of many EOs suggests a wide range of 

applications as antibacterial agents (Owen and Laird, 2018). The T. zygis EO and its volatile 

compounds showed good antimicrobial activity against S. aureus, as previously described 

(Ghabraie et al., 2016). The authors related the high amount of monoterpenes in the vapour 

of the EO with the presented activity, as it is easier for these compounds to attack the 

bacterium compared to the liquid phase (Ghabraie et al., 2016). In accordance with our 

results, it was described that T. zygis EO also shows good inhibition of the growth of MRSA 

isolates (Abdallah et al., 2020). The amount of thymol was also correlated with a better 

antimicrobial activity of T. zygis EO against S. aureus, pointing to its role in the activity of 

the EO (Cutillas et al., 2018a), which may correlate with the activity observed in this work. 

The antimicrobial activity of the T. zygis EO was further validated by time–kill curves, 

demonstrating its bactericidal action even at subinhibitory concentrations, similarly to what 

has been described for other essential oils (Bilia et al., 2014; Brochot et al., 2017; Wang et 

al., 2020) and for A. baumannii and K. pneumoniae strains with T. zygis EO (Vázquez-Ucha 

et al., 2020).  

Drug discovery has looked to natural products for the purpose of combating infections 

caused by multiresistant bacteria (Owen and Laird, 2018). The combination of multitarget 

antivirulence compounds, such as EOs, and antibiotics can help to restore the effectiveness 
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of antibiotics, as can be seen in the review of Owen and Laird (2018), and is a promising 

approach for combating antibiotic-resistant S. aureus (Owen and Laird, 2018; Vázquez-

Ucha et al., 2020; Wu et al., 2019). In fact, T. zygis EO shows promising results in this area. 

The majority of the combinations of the T. zygis EO and antibiotics investigated mainly 

showed additive interactions; however, several of these additive combinations restored 

antibiotic sensitivity according to Clinical and Laboratory Standards Institute breakpoints 

(CLSI, 2021). The combination of the T. zygis EO and ampicillin, ciprofloxacin or 

vancomycin changed the resistance phenotype from resistant to sensitive in SA 03/10 strain 

(Figure 5.2). Regarding the two synergistic effects obtained, namely, that between the T. 

zygis EO and the antibiotic ampicillin or ciprofloxacin against the MRSA 12/08 strain, the 

presence of the EO also changed the resistance phenotype from resistant to sensitive in this 

strain. Moreover, the isobolograms show additive or synergistic effects between the 

combinations of T. zygis EO and ampicillin, ciprofloxacin or vancomycin (Figure 5.2). These 

results correlate with the synergistic interaction between thymol and ampicillin previously 

described (Palaniappan and Holley, 2010). In fact, as reviewed by Langeveld et al. (2014), 

several studies showed interactions between thymol and different classes of antibiotics 

among different microorganisms. This interaction may be associated with the mechanism 

of action of thymol. Wang et al. (2017) showed that thymol disrupted S. aureus cell 

membrane integrity, which may decrease cell viability and also increase the ability of other 

drugs to permeate the membrane (Wang et al., 2017). 

The data obtained here showed that the combinations of the T. zygis EO and the antibiotics 

ampicillin, ciprofloxacin and vancomycin were able to decrease the MICs of antibiotics 

substantially and restore sensitivity to them, showing the EO’s potential in combating 

antibiotic-resistant S. aureus strains. As far as we know, there are no studies about the 

interaction of T. zygis EOs with antibiotics. 

Antibiotic-resistant S. aureus poses a severe threat to human health, and antivirulence 

therapy is a potential antibacterial strategy for combating S. aureus-associated infections 

(Wu et al., 2019). In fact, the T. zygis EO presents activity against some of the virulence 

factors of S. aureus. Among these factors, biofilms are associated with indwelling-medical-

device-associated infections, endocarditis, osteomyelitis, conjunctivitis and other diseases 

(Cheung et al., 2021). Furthermore, biofilms can be a form of resistance to antimicrobials, 

host defence systems and external stresses (Algburi et al., 2017; Idrees et al., 2021; Lee et 

al., 2017). The T. zygis EO decreased S. aureus virulence through the inhibition of biofilm 

formation and even the elimination of previously formed biofilms, even at subinhibitory 

concentrations. The antibiofilm-formation effect was further validated by SEM analysis. 

This antibiofilm efficacy of T. zygis EO was already described in the literature (Abdallah et 

al., 2020; Marinković et al., 2020). 
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S. aureus is a major human pathogen that produces diverse virulence factors, such as α-

haemolysin (Hla; also known as α-toxin) (Lee et al., 2014; Otto, 2014; Singh and Phukan, 

2019), one of the main cytotoxic agents secreted by S. aureus, which has been implicated in 

the pathogeneses of sepsis, pneumonia and severe skin infections (Lee et al., 2014; Singh 

and Phukan, 2019). The EO from T. zygis in the present work was shown to reduce the 

haemolytic capacity of S. aureus, comparable to other EOs that presented a similar effect 

(Qiu et al., 2012; Shi et al., 2016). To the best of our knowledge, this is the first report 

showing the efficacy of T. zygis EO in reducing the haemolytic capacity of S. aureus. 

One of the antivirulence strategies aims to interfere with cell–cell communication or 

quorum sensing. Thus, the discovery of quorum-sensing inhibitor candidates has been 

presented as a step in the path toward the integration of the antivirulence strategy into the 

management and treatment of S. aureus infections (Quave and Horswill, 2014). The 

essential oil of T. zygis demonstrated the ability to inhibit the formation of violacein in C. 

violaceum, indicating its potential as an inhibitor of quorum sensing. Thus, the results show 

that, in addition to T. zygis having antimicrobial activity against planktonic cells, it also 

reduces virulence factors such as quorum sensing and biofilm formation. 

The chemical composition and the biological activities of EOs are important to know, but 

determining their utilization limits, including their safety, is also important (Ribeiro-Santos 

et al., 2018). 

Similarly to our work, where a strong decrease in MTT reduction was observed for 0.25 

µL/mL, the cytotoxicity of the EO of T. zygis against different cell lines was previously 

shown. In a fetal mouse-skin dendritic cell line (FSDC), no cytotoxic effect was observed at 

concentrations ranging from 0.08 to 0.16 µL/mL, and only for higher concentrations of the 

T. zygis EO (0.32 µL/mL) was a strong decrease in MTT reduction for the FSDC cell line 

noted (Gonçalves et al., 2010). Moreover, the EO of T. zygis did not cause a significant 

alteration in the viability of macrophages (RAW 264.7) and bovine aortic endothelial cells 

when compared to controls (Machado et al., 2010). Nonetheless, when the T. zygis EO was 

tested on normal fetal lung fibroblasts (MRC-5 cell line), a significant decrease in cell 

viability was observed, comparable to the that for the positive control Triple antibiotic paste 

(metronidazole, ciprofloxacin and minocycline, at the ratio 1:1:1) (Marinković et al., 2020). 

In these studies, the essential oils of T. zygis had differences in their composition compared 

to the one studied in the present work, which must be considered when the biomedical 

application of these essential oils is envisioned. 

Nonetheless, at the concentrations of T. zygis EO for which the cytotoxicity of the EO is low, 

interesting biological activities were also obtained. In the range of concentrations showing 

a low level of cytotoxicity, the T. zygis EO was shown (i) to significantly reduce the 
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logarithmic bacterial counts of S. aureus, (ii) to potentiate the effects of the studied 

antibiotics, (iii) to inhibit the haemolytic capacity in the SA 03/10 strain or inhibit biofilm 

formation, and (iv) to potentiate the elimination of preformed biofilms in the S. aureus 

strains, as well as inhibiting quorum sensing in C. violaceum.  

 

5.5. Conclusions 

To summarize, this work shows that T. zygis EO presents good antioxidant and 

antimicrobial properties. T. zygis EO presents activity against resistant S. aureus strains 

with bactericidal activity, while showing antibiofilm and antihaemolytic activities against S. 

aureus. The T. zygis EO’s prospects for improving the effect of antimicrobial agents was 

highlighted, since the combination of the T. zygis EO with the antibiotics ampicillin, 

ciprofloxacin and vancomycin potentiated the effects of these antibiotics against the S. 

aureus strains. These results show the possible use of T. zygis EO as an alternative 

antibacterial agent for the control of S. aureus. 
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Chapter 6  

 

Antimicrobial activity of Thymus zygis 

essential oil against Listeria monocytogenes 

and its application as food preservative 
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Abstract 

Thymus zygis is an aromatic plant used in folk medicine. This work aimed to evaluate the 

anti-Listeria monocytogenes activity of T. zygis essential oil (EO), whose thymol is its major 

compound. Furthermore, the attenuation of this bacterium’s virulence, namely by the 

inhibition of biofilm formation, motility and invasion of human cells, and the possible 

application of the EO in food were evaluated. The T. zygis EO showed antibacterial activity 

against L. monocytogenes with a minimum inhibitory concentration (MIC) of 0.05%, while 

showing a bactericidal effect. The EO significantly reduced the biofilm formation (inhibition 

from 16.85 to 89.86%) and motility (halos between 6.66 and 10.98 mm, compared to 

controls 13.12 to 17.22), and not inducing cross-resistance to antibiotics, such as ampicillin, 

cefotaxime, erythromycin, gentamicin, tetracycline, and vancomycin. L. monocytogenes 

counts (initial inoculum of ~106 CFU/mL) were lowered by the use of 2× MIC of T. zygis EO 

in the chicken juice (1.53 log CFU/mL) and lettuce model (to below the detection limit) after 

two days of storage. The use of EO (0.2% (v/v)) for sanitizing fresh vegetables, reduce L. 

monocytogenes and natural microbiota for values below the detection limit of the method 

for iceberg lettuce after an immersion of 5 min. For the spinach, L. monocytogenes was 

reduced in 4.35 log CFU/mL and the natural microbiota was diminished in a range of 4.47 

to 5.94 log CFU/mL, when compared with the washing with water. Overall, the T. zygis EO 

has demonstrated a promising antimicrobial activity and these findings point to the 

potential of EO as a natural food preservative or sanitizer for controlling L. monocytogenes 

in food products. 

 

Keywords: Thymus zygis; Listeria monocytogenes; antimicrobial activity; sanitizer; 

vegetables; milk; chicken 

 

6.1. Introduction 

Among the foodborne pathogens, L. monocytogenes is an opportunistic pathogen and a 

major causative agent of foodborne illness worldwide. This bacterium is associated with 

high rates of hospitalization and mortality and can be isolated from a variety of 

environments (Balali et al., 2020; Lemon et al., 2010; Lucera et al., 2012).  

L. monocytogenes is a Gram-positive pathogenic rod-shaped bacterium and facultative 

anaerobe (Kannan et al., 2020). This species is subclassified into 13 serotypes, with all 

serotypes being able to cause a severe invasive disease called listeriosis. However, the 

serotypes 1/2a, 1/2b, and 4b are considered to be more widespread and associated with 

disease in humans (Lomonaco et al., 2015; Matle et al., 2019; Ranjbar and Halaji, 2018). 
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This pathogen causes various syndromes in humans, ranging from mild to severe, with a 

host-dependent susceptibility (Duze et al., 2021). In healthy individuals, the symptoms 

usually are mild, such as self-limiting gastroenteritis accompanied by symptoms, such as 

vomiting, nausea, diarrhea, and fever (Duze et al., 2021). Considering pregnant women, 

fetuses or neonates, the elderly, and people with compromised immune systems, the risk is 

high for severe infections of the bloodstream and/or the central nervous system that leads 

to septicaemia, miscarriage, and stillbirth (Kannan et al., 2020; Lomonaco et al., 2015; 

Matle et al., 2019). 

The ability of L. monocytogenes to survive and grow in harsh environmental conditions, 

such as dry environments, high temperatures, refrigeration temperature (4 ˚C), low oxygen 

conditions, low pH, and high salt content, as well as sublethal concentrations of biocides, 

allows to this bacterium be widely distributed in different environments and matrices, such 

as water, soil, and various food products, including fish products, meat, dairy products, 

vegetables, and ready-to-eat food (Duze et al., 2021; Matereke and Okoh, 2020; NicAogáin 

and O’Byrne, 2016; Wiktorczyk-Kapischke et al., 2021). The tolerance to desiccation also 

allows the bacteria to survive on a surface for extended periods of time with little access to 

water and nutrients, which can be associated with L. monocytogenes ability to persist in 

food production and subsequently cross-contaminate food products (Hingston et al., 2017). 

In the same way, the capacity of L. monocytogenes to form a persistent biofilm, also limits 

its removal by standard sanitation protocols favouring its presence in food processing 

establishments and retail (Matereke and Okoh, 2020; Yousefi et al., 2020). The major 

transmission route to humans is through the consumption of contaminated food (Matereke 

and Okoh, 2020). 

The production of high-quality and safe food products is one of the most important issues 

in the food industry (Balali et al., 2020; Yousefi et al., 2020). Diverse synthetic preservatives 

have been utilized in the food industry, but consumers have shown increasing concern about 

the use of these compounds due to the possible negative associated effects (Froiio et al., 

2019). This has potentiated the research and the development of potential natural additives 

and antimicrobial compounds for use in the food industry (Balali et al., 2020; Yousefi et al., 

2020). The plants are seen as an accepted source of natural antimicrobial agents, whose 

compounds may control and/or prevent the growth of pathogenic microorganisms, as well 

as, natural spoilage processes (Martínez-Graciá et al., 2015). Among the natural additives, 

EOs from aromatic plants can be considered as potential natural alternatives to synthetic 

preservatives to improve the safety and the shelf life of food products (Yousefi et al., 2020). 

EOs are lipophilic and volatile liquids, obtained from plant organs such as roots, wood, 

stems, buds, flowers, and seeds (Perricone et al., 2015), for which antimicrobial properties 

against L. monocytogenes have been reported (Perricone et al., 2015; Yousefi et al., 2020).  
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Thymus zygis (T. zygis) is an aromatic plant belonging to the Lamiaceae family, which is 

widely distributed in the Iberian Peninsula, and has been used since a long time as a 

condiment (Abdallah et al., 2020; Gonçalves et al., 2010). The EO of this plant, obtained 

from its aerial parts, has been highlighted for its antimicrobial activity against bacteria and 

fungi (Afonso et al., 2018; Ballester-Costa et al., 2013; Gonçalves et al., 2010; Pérez-Sánchez 

et al., 2007). Thymol is one of the major constituents of T. zygis EOs (Coimbra et al., 2022; 

Ghabraie et al., 2016; Van Haute et al., 2016) and presents diverse bioactive properties, such 

as antimicrobial activity (Hernández et al., 2015). The major components of EOs are known 

by their relevance for biological activity, but the minor components also play a significant 

role since they can increase the impact of major components, through synergistic and 

additive effects. Therefore, it is important to study the EO as it can have more activity than 

the isolated compounds (Perricone et al., 2015).  

The adaptive response of L. monocytogenes to the stress factors in the food processing 

environment (Wiktorczyk-Kapischke et al., 2021) and also the increase of the antibiotic 

resistance among L. monocytogenes strains isolated from food products, evidence the 

problems associated with this bacterium, which have been potentiating the research for 

natural options to fight these problems (Olaimat et al., 2018). Thus, considering the 

relevance of L. monocytogenes as a foodborne pathogen and the beneficial effects of EOs, 

particularly the EO of T. zygis, in this work, (i) the antimicrobial activity of T. zygis EO 

against L. monocytogenes, (ii) the effect on virulence attenuation, (iii) issues associated 

with a safe application of the EO as the development of tolerance, and (iv) its possible 

application as a natural food preservative or in the decontamination of vegetables were 

studied. As far as we know, it is the first time that T. zygis EO has been evaluated against 

the L. monocytogenes virulence traits and tolerance to stress factors and also tested on 

vegetables in order to use this oil as a natural disinfectant. 

 

6.2. Materials and Methods  

6.2.1 EO and bacterial strains 

The commercial EO obtained by steam distillation from T. zygis (aerial parts) was achieved 

at the company Pharmaplant (Algarve, Portugal). The EO was stored at 4 ˚C and protected 

from light until further use. 

L. monocytogenes LMG 13305 (serotype 4b), L. monocytogenes LMG 16779 (serotype 

1/2a), and L. monocytogenes LMG 16780 (serotype 1/2b), obtained from the BCCM/LMG 

collection (Belgium), were used as test microorganisms. 
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6.2.2 Disc diffusion method and vapor-phase antimicrobial activity 

determination 

The susceptibility of each L. monocytogenes strain to the T. zygis EO was performed using 

the disc diffusion method (Luís et al., 2017) and the effect of the T. zygis EO volatile 

compounds against L. monocytogenes strains was evaluated as described by Duarte et al. 

(2016). The inoculum used was prepared by adjusting a cellular suspension to 0.5 

McFarland and then the plates were uniformly inoculated with this suspension. Ten µg/disc 

of ampicillin was used as a positive control. After the incubation period, the inhibition halos 

were measured in mm. All tests were performed in three independent assays and the results 

were presented as mean ± standard deviation.  

 

6.2.3 Determination of the minimum inhibitory concentration (MIC) 

The susceptibility of L. monocytogenes strains to the T. zygis EO was evaluated through the 

broth microdilution method accordingly to Coimbra et al. (2022). Briefly, the EO was 

serially emulsified in tryptic soy broth (TSB, RPD microbiology, Spain) using dimethyl 

sulfoxide (DMSO) as solvent, following by double dilutions given eight test concentrations, 

ranging from 0.003 to 0.4% (v/v) (maximum final concentration of 2% (v/v) of DMSO). 

The inoculum was prepared by adjusting a cellular suspension to 0.5 McFarland, and then 

diluted in medium and added to the wells to obtain a final concentration of 5 × 105 colony-

forming units (CFU)/mL in each well. After 24 h of incubation at 37 ˚C, the MIC was 

determined by the lowest concentration of T. zygis EO without visible growth. At least 

duplicates of three independent determinations were performed, and the results were 

presented as modal values. 

 

6.2.4 Time-kill curves 

The time-kill curves assay was performed based on Ferreira and Domingues (2016) with 

some adaptations. Briefly, L. monocytogenes obtained from an overnight culture were 

exposed to 0.125×, 0.25×, 0.5×, 1×, and 2× MIC of T. zygis EO, using a final cell 

concentration of 106 CFU/mL. Solvent (1% (v/v) of DMSO) and growth controls were 

performed. The tubes were incubated at 37 ˚C and viable counts were determined by the 

drop plate method at 0, 2, 4, 6, and 8 h of incubation. At least three independent 

experiments were conducted. 

 

6.2.5 Motility assay 

The effect of T. zygis EO on L. monocytogenes motility was evaluated as described by Marini 
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et al. (2018), with some modifications. From overnight cultures, L. monocytogenes strains 

were incubated in a TSB medium, for 18 hours at 37˚C. After incubation, 5 µL of the 

bacterial suspension was pipetted onto soft TSB plates with 0.3% (w/v) agar supplemented 

with 0.125× MIC and 0.25× MIC of T. zygis EO. TSB plates with 0.3% (w/v) agar were used 

as control. The plates were incubated at 30˚C and the diameter of the motility was measured 

after 24, 48, and 72 h. At least three independent experiments were performed. 

 

6.2.6 Inhibition of biofilm formation 

The inhibition of biofilm formation was based on the previously described method 

(Stepanović et al., 2004) with modifications. Briefly, L. monocytogenes strains were grown 

overnight in TSB at 37 ˚C, 250 rpm, and the culture adjusted to an OD600nm ~0.1. Serial two-

fold dilutions of T. zygis EO (0.25×, 0.5×, 1×, and 2× MIC) were prepared in TSB in 96-well 

flat-bottom polystyrene microtiter plates (100 μL per well). Then, 100 μL of each bacterial 

suspension was added to the wells. The plates were incubated for 24 h at 37 ˚C. For control, 

strains were incubated in the absence of T. zygis EO or presence of DMSO (0.125, 0.25, 0.5, 

and 1%), whereas for negative control only the culture medium was used. After incubation, 

the content of the plates was poured off and the loosely attached cells were removed from 

each well by washing twice with 200 µL of distilled water. The remaining attached bacteria 

were fixed with 200 µL of methanol for 20 min and after the removal of methanol, the plates 

were air-dried. The plates were stained with 200 µL of 0.1% (w/v) crystal violet for 10 min. 

Then, the dye was removed, and the wells were washed thrice with distilled water. The 

crystal violet bound to the adherent cells was dissolved with 200 µL of 33% (v/v) glacial 

acetic acid per well and the absorbance at 570 nm was determined using a microplate 

reader. At least five replicates of three independent experiments were conducted. 

 

6.2.7 Effect of a pre-exposure to T. zygis EO on the tolerance to adverse 

conditions 

6.2.7.1 Pre-exposure to T. zygis EO 

The pre-exposure of L. monocytogenes LMG 13305 was performed by one-step exposure to 

a subinhibitory concentration of T. zygis EO. Initially, a colony from a culture in tryptic soy 

agar (TSA) for 24 h was suspended in TSB, and cultured at 37 ˚C, 250 rpm, for 16 h. 

Following, tubes were prepared by adding the cellular suspension to reach a final 

concentration of 106 CFU/mL and a T. zygis EO concentration of 0.125× MIC in TSB, in a 

final volume of 3 mL. A solvent control with DMSO at the maximum concentration used in 

this assay (0.125% (v/v)) and a growth control were performed. All tubes were incubated at 

37 ˚C for 18 hours. After incubation, cells were collected by centrifugation at 8000 ×g, 4 ˚C, 
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for 5 min. The supernatant of each sample was removed, and the cells were washed with 

TSB and suspended in medium to obtain a concentration of 108 CFU/mL, which was used 

to test tolerance to adverse conditions, development of cross-resistance to antibiotics, and 

effect in invasion capacity to Caco-2 cell line.  

 

6.2.7.2 Evaluation of the tolerance to adverse conditions 

The influence of pre-exposure to T. zygis EO on the tolerance to several stress conditions 

was tested. Desiccation tolerance assay was conducted as described by Chen et al. (2020b) 

with adaptations. The previously prepared suspensions were diluted to a final concentration 

of 107 CFU/mL, and 100 µL were then transferred to 6-well culture plates. Then, the plates 

were incubated at 40 ˚C for 4 h, dried in a flow chamber, and placed at 25 ˚C in a desiccator 

for 7 days. The content of plate wells was resuspended in 1 mL of TSB on days 0 and 7, and 

CFU was determined by the drop plate method.  

The effect of heat stress was also evaluated, following Oliveira et al. (2017) with some 

modifications. The previous cellular suspensions (30 µL) were added to 2970 µL of TSB 

heated to 55 ˚C, followed by incubation at the same temperature in a thermostatic water 

bath for 1 h.  

The effect on osmotic stress tolerance was evaluated by adapting the method proposed by 

Walecka et al. (2011). The cellular suspension (30 µL) was transferred to 2970 µL of TSB 

supplemented with NaCl to a final concentration of 12% and incubated at 37 ˚C for 24 h.  

The influence on the tolerance of L. monocytogenes to acidic pH was evaluated, according 

to Oliveira et al. (2017) with minor modifications. Exactly 30 µL of the previously prepared 

suspension was added to 2970 µL of TSB medium acidified with hydrochloric acid to pH 

2.4. After 0, 2, 4, and 8 h of incubation, samples were removed and serially diluted in 

phosphate buffer saline (PBS 1×, pH 7.2). For all the assays, the count of CFU was performed 

by the drop plate method. At least duplicates of three independent experiments were 

conducted. 

 

6.2.7.3 Development of cross-resistance 

The potential development of cross-resistance was evaluated as described in sub-Section 

6.2.3 and following the assay carried out by Oliveira et al. (2017) with adaptations. The MIC 

determination of several antibiotics from different classes (ampicillin, cefotaxime, 

erythromycin, gentamicin, tetracycline, and vancomycin) was performed, using as 

inoculum the cells obtained from a pre-exposure with T. zygis EO or the controls. At least 
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duplicates of three independent determinations were performed and the results were 

presented as modal values. 

 

6.2.7.4 Caco-2 invasion assay 

The effect of the exposure to T. zygis EO in the invasion of the human colon carcinoma 

Caco-2 cell line by L. monocytogenes LMG 13305 was evaluated as described by Su et al. 

(2019) with modifications. Caco-2 cells were routinely cultured in Dulbecco's Modified 

Eagle's Medium (DMEM, Sigma-Aldrich) supplemented with 10% (v/v) fetal bovine serum, 

1% non-essential amino acids, 100 µg/mL of streptomycin and 100 µg/mL penicillin at 37 

˚C in an atmosphere containing 5% CO2.  500 µL of cells were seeded in 24-well plates and 

incubated for 48 h at 37 ˚C and 5% CO2 to obtain a final concentration of approximately 2.6 

× 105 cells/well.  

Infection was performed by suspending bacterial cells from 6.2.7.1. in DMEM medium and 

adding 500 µL of the bacterial suspensions to Caco-2 cells washed twice with phosphate-

buffered saline (PBS, pH 7.2) in a multiplicity of infection of 100. Bacteria and cell line were 

incubated for 1 h at 37 ˚C in 5% CO2. Then, monolayers were washed thrice with PBS and 

incubated for 90 min with 500 µL of DMEM containing 150 µg/mL of gentamicin. After cells 

were washed thrice with PBS and lysed in 500 µL Triton X-100 1% (v/v) for 5 min. The 

lysates were serially diluted, and bacterial counts were performed by the drop plate method 

in TSA. At least triplicates in three independent experiments were conducted. 

 

6.2.8 Antimicrobial effect of T. zygis EO against L. monocytogenes in 

liquid food models 

The effect of T. zygis EO against L. monocytogenes LMG 13305 was evaluated in four food 

matrices: chicken juice, lettuce leaf model, ultra-high-temperature (UHT)-treated skim, 

and whole milk. The liquid food models were prepared as described previously (Ferreira 

and Domingues, 2016) and inoculated with L. monocytogenes LMG 10335, as described for 

time-kill assays. Three concentrations of T. zygis EO were used (0.5× MIC, 1× MIC, and 2× 

MIC). The different food matrices samples were incubated at 4 ˚C for 14 days and samples 

were taken on days 0, 2, 4, 7, 10, and 14. For controls, non-inoculated food models, a solvent 

control with DMSO, and the growth control were used. At least duplicates of two 

independent experiments were conducted. 
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6.2.9 Antimicrobial effect of T. zygis EO against L. monocytogenes in 

fresh vegetables 

The effect of T. zygis EO on the survival of L. monocytogenes LMG 13305 in fresh vegetables 

was determined as described by De Sousa et al. (2012) and Moore-Neibel et al. (2013) with 

some modifications. Portions of iceberg lettuce or spinach leaves were cut into small pieces 

and submerged in a water suspension of L. monocytogenes with a proportion of 10 g of 

vegetables leaf to 100 mL of inoculum with a final concentration of 107 CFU/mL. The 

samples were softly rotated with a sterile spatula for 5 min to ensure uniform inoculation 

and air-dried for 1 h in a bio-safety cabinet. Then, 10 g of lettuce or spinach samples were 

submerged in 100 mL of the T. zygis EO solution (0.2% (v/v)) or distilled water for 5 min. 

Afterward, in aseptic conditions, 10 g sample of each vegetable was transferred into a sterile 

stomacher bag containing 90 mL of buffered peptone water and homogenized in the 

stomacher at high speed for 2 min. Subsequently, a decimal dilution series (10-1 to 10-4) was 

made in buffered peptone water and bacterial enumeration was performed by spreading 

100 µL of the appropriate sample dilution on Polymyxin acriflavine lithium chloride 

ceftazidime aesculin mannitol (PALCAM) agar. The plates were incubated at 37 ˚C for 48 h. 

At least duplicates of two independent experiments were conducted. 

 

6.2.10 Survival of naturally occurring microorganisms in fresh 

vegetables 

The effect of T. zygis EO on the survival of microorganisms that are naturally present in 

fresh vegetables was determined accordingly by De Sousa et al. (2012) and Moore-Neibel et 

al. (2013) with adaptations. Portions of 10 g iceberg lettuce or spinach leaves were cut into 

small pieces and directly submerged in 100 mL of the T. zygis EO solution (0.2% (v/v)) or 

distilled water for 5 min. Non-submerged samples were used as control. The samples of 

each vegetable were then treated as previously described. The enumeration of the natural 

flora was performed by pour-plating 1 mL of the appropriate sample dilutions on different 

media: the Yeast Extract Glucose Chloramphenicol Agar (YCGA) for molds and yeasts (25 

˚C, 3-5 days); the Violet Red Bile Glucose Agar (VRBGA) for Enterobacteriaceae (37 ˚C, 48 

h); and the Plate Count Agar (PCA) were used to determine aerobic psychrotrophic bacteria 

(4 ˚C, 7-10 days) and total aerobic mesophilic bacteria (30 ˚C, 72 h). At least duplicates of 

two independent experiments were conducted. 

 

6.2.11 Statistical analysis 

The statistical analysis of the results was performed using the one-way ANOVA and Tukey’s 

test or Dunnett test (time kill curve and liquid food models) using the GraphPad Prism 
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v8.02 software, with a 95% confidence interval, considering the values of p < 0.05 as 

statistically significant. 

 

6.3. Results and discussion 

6.3.1 Antimicrobial activity of T. zygis EO against L. monocytogenes 

T. zygis EO has been described as possessing antibacterial activity, with higher potential 

against Gram-positive bacteria (Cutillas et al., 2018a; Lagha et al., 2019). In fact, the T. zygis 

EO exhibited a high antibacterial activity with an inhibition zone between 41.55 ± 2.63 mm 

and 55.04 ± 3.64 mm, and a MIC of 0.05 % (v/v) for the three L. monocytogenes strains 

studied. Besides, the volatile compounds of the T. zygis EO also demonstrated high 

antimicrobial activity with diameter inhibition zones from 36.13 ± 3.41 to 50.43 ± 2.59 mm 

(Table 6.1).  

Table 6.1. Diameters of inhibition zone (mm) for disc diffusion method and volatiles compounds of T. zygis 

EO, presented as mean ± standard deviation and minimum inhibitory concentration (MIC) of T. zygis EO (%) 

and ampicillin (%) presented as modal values. 

 Inhibition zone (mm) MIC (%) 

Strains T. zygis 
(10 µL/disc) 

Ampicillin 
(10 µg/disc) 

Volatile 
compounds 
(10 µL/disc) 

T. zygis Ampicillin 

L. monocytogenes LMG 13305 41.55 ± 2.63a 31.46 ± 1.81 36.13 ± 3.41a 0.05 0.05 

L. monocytogenes LMG 16779 55.04 ± 3.64b 39.83 ± 2.78 50.43 ± 2.59b 0.05 0.013 

L. monocytogenes LMG 16780 47.34 ± 2.89a,b 30.87 ± 1.64 42.96 ± 2.95a,c 0.05 0.05 

 Different letters indicate statistical differences between values of the same column (p < 0.05). 

Also, the antibacterial activity can be observed by the time-kill curves showing that T. zygis 

EO has a bactericidal effect at 1× and 2× MIC for all strains of L. monocytogenes (Figure 

6.1). Further, after 8 h of incubation, significant reductions in the logarithmic bacterial 

counts were observed for L. monocytogenes LMG 16779 and LMG 16780 with 0.5× MIC, 

0.25× MIC, and 0.125× MIC of T. zygis EO (p < 0.01), while only the sub-inhibitory 

concentration of 0.5× MIC had a significant reduction in L. monocytogenes LMG 13305 (p 

< 0.001). Thereby, it can be shown that the EO from T. zygis has antimicrobial activity 

against L. monocytogenes, with a bactericidal mode of action. Despite the resistance of L. 

monocytogenes strains to antimicrobial agents, the EOs have been shown to be effective in 

combating it with a bactericidal effect (Kakhki et al., 2020; Melo et al., 2013; Silva et al., 

2019). 
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Figure 6.1.  Time-kill curves of L. monocytogenes LMG 13305 (A) and Log10 (Nt/N0) of LMG 13305, LMG 
16779 and LMG 16780 strains at 8 h (B) incubated with T. zygis EO concentrations from 0.125× MIC to 2× MIC 
for 8 h at 37 ˚C. * (p < 0.05); *** (p < 0.001); **** (p < 0.0001). Different letters indicate statistical difference 
between samples of each L. monocytogenes strain (p < 0.05). 

The antimicrobial activity of essential oils against bacteria, such as L. monocytogenes,  

could be associated to the presence of diverse compounds in their chemical composition, 

namely L. monocytogenes proved to be more susceptible to EO with a greater amount of 

thymol in its composition (Teixeira et al., 2013). In fact, the T. zygis EO used in the present 

work has thymol as its major compound (Coimbra et al., 2022). Thymol is a compound 

known by its antimicrobial activity (Kachur and Suntres, 2020; Palaniappan and Holley, 

2010), by acting at several sites of action, correlated with cell membrane disruption, 

inhibition of motility, inhibition of membrane-bound ATPases, and inhibition of efflux 

pumps (Reviewed by Kachur and Suntres, 2020; Salehi et al., 2018). Wherefore, thymol 

may be one of those responsible for the antimicrobial activity of the T. zygis EO described 

in this work. 

 

6.3.2 Effect of T. zygis EO in L. monocytogenes motility and biofilm 

formation 

Motility was assessed by phenotypic approaches by the soft agar motility assay, showing a 

significant reduction in motility diameter for L. monocytogenes strains (Figure 6.2), in a 

concentration-dependent way.  
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Figure 6.2. Inhibitory effect of T. zygis EO on the motility of L. monocytogenes LMG 13305, L. monocytogenes 
LMG 16779, and L. monocytogenes LMG 16780 measured on TSB + 0.3% agar supplemented with subinhibitory 

concentrations of EO. The plates were incubated at 30 ̊ C for 24 h. Motility medium without EO was maintained 
as a negative control. * (p < 0.05); ** (p < 0.01); *** (p < 0.001); **** (p < 0.0001). 

The use of 0.25× MIC of EO led to a reduction in the motility diameter from 14.63 ± 0.50 

mm, 17.22 ± 2.12 mm and 13.12 ± 0.97 mm to 9.18 ± 0.60 mm, 6.85 ± 1.13 mm and 6.66 ± 

0.84 mm for the strains L. monocytogenes LMG 13305, LMG 16779 and LMG 16780, 

respectively. When using a concentration of 0.125× MIC, a significant decrease of the 

motility was also observed. Thyme EO (unspecified specie) was previously described as 

preventing the motility by the flagellum of L. monocytogenes, by inhibiting flagellar 

synthesis, but also disturbing motility related to chemotaxis and adaptation (Sarengaowa et 

al., 2019). Inhibition of L. monocytogenes motility by other EO has also been reported with 

Cannabis sativa EO (Marini et al., 2018) and Plectranthus barbatus EO (Chatterjee and 

Vittal, 2021), thus showing that EOs can be used for the attenuation of certain virulence 

factors, such as the motility. 

Biofilms allow L. monocytogenes to survive, persist and disseminate in the food production 

environment while increasing tolerance to washing and sterilization in the food production 

chain (Kannan et al., 2020). Therefore, the effect of T. zygis EO in the formation of biofilms 

by L. monocytogenes strains was evaluated, showing that biofilm formation was inhibited 

even at subinhibitory concentrations (Figure 6.3).  

 

Figure 6.3. Effect of different concentrations of T. zygis EO on total biofilm biomass of L. monocytogenes 
strains. Biofilm formation was estimated by crystal violet assay and results are expressed as % biofilm biomass 
inhibition regarding the correspondent solvent control (DMSO) and compared with the growth control. 
Different letters indicate statistical difference between samples of each L. monocytogenes strain (p < 0.05). 
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The T. zygis EO showed biofilm inhibition values between 35 and 62.02% with the 

concentration of 0.5× MIC and between 16.85 and 40.27% for the concentration of 0.25× 

MIC, showing the potential of biofilm inhibition by the EO even at sub-inhibitory 

concentrations. This activity may be related with the potential of the EO of T. zygis to act as 

a quorum sensing inhibitor, as previously demonstrated through inhibition of the violacein 

pigment of the biosensor Chromobacterium violaceum (Coimbra et al., 2022).  

EOs have shown good results in inhibiting the formation of L. monocytogenes biofilms 

(Chatterjee and Vittal, 2021; Gao et al., 2020; Zhang et al., 2020), with for example the 

Plectranthus barbatus EO showing antibiofilm activity against L. monocytogenes, which 

was associated with the promising quorum quenching activity (Chatterjee and Vittal, 2021). 

The antibiofilm efficacy of T. zygis EO was previously demonstrated against biofilms 

formed by single species and multispecies of oral biofilms (Marinković et al., 2020), E. coli 

clinical isolates associated with urinary tract infection (Lagha et al., 2019) and methicillin-

resistant Staphylococcus aureus clinical isolates (Abdallah et al., 2020; Coimbra et al., 

2022). However, to the best of our knowledge, there are no studies about the underlying 

mechanism of action of the T. zygis EO. Nonetheless, when considering methicillin-

resistant S. aureus and Pseudomonas aeruginosa, it has been shown that  thymol can (i) 

decrease the enzyme activity of the biofilm, reducing the hydrolytic activity of pathogenic 

bacteria (Walczak et al., 2021), (ii) inhibit the formation of biofilm and also remove the 

mature biofilms by inhibiting the production of polysaccharide intracellular adhesin and 

the release of extracellular DNA, and (iii) inhibit the transcript levels of key biofilm-

regulated genes (Yuan et al., 2020). Possibly, these mechanisms of action of thymol may 

also influence the antibiofilm activity of T. zygis EO since it is its major compound, however, 

more studies must be carried out to know exactly how this EO acts. 

 

6.3.3 Tolerance and virulence of L. monocytogenes after exposure to T. 

zygis EO 

There are some reports about the development of cross and/or direct protection by L. 

monocytogenes when exposed to these compounds at subinhibitory concentrations, which 

may question its use (Berdejo et al., 2021; De Souza, 2016). To assess whether a single 

exposure to a subinhibitory concentration of T. zygis EO may induce cellular protection in 

adverse conditions, cells of L. monocytogenes LMG 13305 obtained from previous exposure 

to T. zygis EO for 18 h at 0.125× MIC were then evaluated regarding its ability to survive to 

stressful conditions. Thus, the cells were exposed to desiccation for 7 days, to 12% of NaCl, 

a low pH of 2.4, and a high temperature of 55 ˚C (Figure 6.4).  
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Figure 6.4. Effect of (A) desiccation after 7 days; (B) osmotic stress to NaCl 12%; (C) pH 2.4 and (D) 
temperature at 55 ˚C in L. monocytogenes LMG 13305 survivals after the incubation with T. zygis EO. * (p < 
0.05); ** (p < 0.01). 

Considering the assay of osmotic stress, a significant increase in survival of L. 

monocytogenes was observed for cells pre-exposed to T. zygis EO (Log10 (Nt/N0) = ‒0.265) 

when compared to the control (Log10 (Nt/N0) = ‒0.774) (Figure 6.4B). In turn, when cells 

were subject to acid stress (pH 2.4), heat shock (55 ˚C, 1 h), or desiccation (7 days), no 

significant difference was observed (exposed L. monocytogenes versus non-exposed) 

(Figure 6.4A, C, D).  

As far as we know, there are no studies about the effect of T. zygis EO on cross-protection 

of L. monocytogenes to stress conditions. Considering studies about the exposure of L. 

monocytogenes to subinhibitory concentrations of other EOs and their effect under 

stressful conditions, Rosmarinus officinalis L. EO and the related compound 1,8-cineole 

did not induce protection in L. monocytogenes against lactic acid, osmotic stress with NaCl, 

or high temperature (Neto et al., 2012). In another study, the exposure of L. monocytogenes 

cells overnight to sublethal concentrations of Origanum vulgare or carvacrol did also not 

induce cross-protection against high temperature (45 ˚C), lactic acid (pH 5.2) or salt (NaCl 

at 10 g/100 mL) (Luz et al., 2012).  

The development of cross-resistance to antibiotics by the exposure of L. monocytogenes 

LMG 13305 to subinhibitory concentrations of T. zygis EO was further evaluated, with the 
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results showing that the exposure did not induce cross-resistance to none of the tested 

antibiotics from different classes, when compared with cells that were not exposed to 

subinhibitory concentration of T. zygis EO (Table 6.2).  

Table 6.2. Minimum inhibitory concentration (µg/mL) of antibiotics against L. monocytogenes LMG 13305 

after incubation with T. zygis EO presented as modal values. 

 MIC (µg/mL) 

Antibiotics Growth 
control 

Solvent 
control 

Pre-exposure to 
0.125×MIC 

Ampicillin 1 1 1 

Cefotaxime 8 8 8 

Erythromycin 0.125 0.125 0.125 

Gentamicin 4 4 4 

Tetracycline 0.5 0.5 0.5 

Vancomycin 0.5 0.5 0.5 

Considering, the results obtained more studies are needed considering a longer exposure. 

In past, the development of resistance to EOs has been discarded due to its complexity; 

however, some authors have recently described the potential adaptation of bacteria to EOs, 

such as to Citrus sinensis EO by S. aureus (Berdejo et al., 2020) or to Thymus capitata EO 

by L. monocytogenes (Berdejo et al., 2021). In the latter study, the evolved strains also 

presented cross-resistance to some antibiotics (Berdejo et al., 2021). Previous studies have 

shown that EOs may slow the growth rate and interfere with the membrane permeability 

and the cell membrane integrity of bacteria, thus increasing the lag phase that can lead to 

an decrease of susceptibility to antimicrobial agents (Berdejo et al., 2021; Bouyahya et al., 

2019; Braschi et al., 2018).  

In general, L. monocytogenes infect the human host by oral route and the ingestion of 

contaminated food products allows this pathogen to cross physiological barriers, such as 

the intestinal, the blood-brain, and the fetoplacental barriers (Camejo et al., 2011). L. 

monocytogenes may penetrate the epithelial cell layer, disseminate to the bloodstream, and 

reach organs such as the spleen and liver, in the absence of an adequate response by the 

immune system (Camejo et al., 2011). To understand if the pre-exposure to T. zygis EO may 

influence this invasion ability, it was tested in the Caco-2 cell line. The invasion efficiency 

of Caco-2 cells by L. monocytogenes was similar when bacteria were pre-exposed to T. zygis 

EO or not (Figure 6.5).  
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Figure 6.5. Caco-2 cell invasion by L. monocytogenes LMG 13305 non- and pre-exposed to a sub-inhibitory 
concentration of T. zygis EO. Data are expressed as a percentage of invasion.  

Despite the lack of effects of T. zygis EO in the ability of L. monocytogenes to invade Caco-

2 cells, this feature is recognized in other natural products. Marini et al. (2018) showed that 

the invasion efficiency of Caco-2 cells by L. monocytogenes strains was strongly reduced 

when bacteria were grown in presence of the Cannabis sativa EO. Further, subinhibitory 

concentrations of thymoquinone effectively inhibited the ability of L. monocytogenes to 

adhere and invade Caco-2 cells (Miao et al., 2019). 

 

6.3.4 Anti-listerial effect of T. zygis EO in food models 

A major concern for the food processing industry is food contamination and preservation, 

which is associated with the consumers' demand for the reduction of the use of synthetic 

compounds have led to the increased interest in natural compounds as food preservatives 

or sanitizers (Yousefi et al., 2020). Thus, EOs may be presented as interesting compounds; 

nonetheless, it is known that food components can interfere with the efficacy of EOs. For 

understanding the anti-listerial activity of the T. zygis EO in presence of food components, 

we used four food matrices: chicken juice, lettuce leaf model, ultra-high-temperature 

(UHT)-treated skim, and whole milk, to represent food products where L. monocytogenes 

may appear as a foodborne pathogen (Figure 6.6). T. zygis EO inhibited the L. 

monocytogenes LMG 13305 growth in the chicken juice and lettuce model medium (Figure 

6.6A and 6.6B, respectively). A significant reduction in counts was observed for the two 

highest EO concentrations tested from days 4 to 14 for chicken juice (Figure 6.6A) and days 

2 to 14 for lettuce model medium (Figure 6.6B) (p < 0.05). The concentration of 0.5× MIC 

had a significant reduction only for the lettuce model medium for days 4 to 14 (Figure 6.6B).  
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Figure 6.6. T. zygis EO activity against L. monocytogenes LMG 13305 in liquid food models (A) chicken juice, 
(B) lettuce leaf model medium, (C) skim UHT milk, and (D) whole UHT milk, at 4 ˚C for 14 days. * (p < 0.05); 
** (p < 0.01); *** (p < 0.001); **** (p < 0.0001). 

The different lipid content of the two milk samples influenced the effect of T. zygis EO 

against L. monocytogenes LMG 13305 (Figure 6.6C and 6.6D), with no significant reduction 

being observed when using whole milk as a food model. Regarding skim milk, the 

logarithmic bacterial counts presented a significant reduction from day 2 with the 2× MIC 

concentration of T. zygis EO (p < 0.01). In another work, in which the effect of one of the 

major compounds of T. zygis EO, thymol, was studied, the results showed antimicrobial 

effectiveness against L. monocytogenes in both food models (reduced-fat milk and apple 

cider), with the activity of thymol being also affected by pH and food matrix (Shah et al., 

2012). Machado et al. (2014), evaluated the antimicrobial efficacy of an EO and its 

interaction with different food ingredients against L. monocytogenes, and the results 

showed that proteins and lipids had a negative impact on the EO effectiveness and the 

carbohydrates have a positive effect (Machado et al., 2014). Taking these results into 

account, it is clear that the composition of food products can negatively affect the 

antimicrobial activity of EOs even presenting promising bioactivity in vitro (reviewed by 

Perricone et al. 2015). Altogether, the anti-listerial activity of T. zygis EO in food was 

relevant in lettuce model medium, chicken juice, and skim milk. 
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6.3.5 T. zygis EO as a leafy vegetable sanitizer 

Taking the results obtained in the lettuce leaf model and the use of short exposure, 

considering the effects of pre-exposure on tolerance to adverse conditions, we proceeded 

with the evaluation of the effect of T. zygis EO at 0.2% (v/v) in the sanitizing of vegetable 

leaves contaminated with L. monocytogenes. In fact, washing iceberg lettuce and spinach 

leaves with T. zygis EO aqueous solution significantly reduced the amount of inoculated L. 

monocytogenes with higher efficacy for iceberg lettuce than spinach leaves (Figure 6.7A). 

In fact, the washing with T. zygis EO aqueous solution eliminated L. monocytogenes for 

values below the detection limit of the method for iceberg lettuce, while reduced in 4.35 log 

CFU/mL for spinach leaves compared with the washing with water. When washing the leaf 

samples with water, only have a significant effect on iceberg lettuce, but the effect obtained 

by washing with EO was much more evident.  

Other studies also used natural products to wash fresh leafy products as an alternative to 

commercial disinfectants. Morinda citrifolia fruit extract was evaluated to assess its 

applicability for the washing of romaine lettuce, spinach, and kale and the results showed a 

good antibacterial activity against L. monocytogenes inoculated in the samples (Kang and 

Song, 2019). A grape stem extract was applied as a disinfectant in lettuce and spinach, 

reducing significantly the numbers of the inoculated pathogenic bacteria L. monocytogenes 

(Vázquez-Armenta et al., 2017). The application of the individual or combined Cymbopogon 

citratus and Allium cepa EOs caused a reduction in L. monocytogenes bacterial growth 

when applied on spinach and romaine lettuce leaves (Ortega-Ramirez et al., 2016).  

Additionally, the effect of T. zygis EO on the natural microbiota of the vegetable was also 

evaluated (Figure 6.7). The lettuce and spinach samples dipped in the solutions containing 

0.2% (v/v) of T. zygis showed a statistically significant reduction in the amount of molds 

and yeasts (Figure 6.7B), Enterobacteriaceae (Figure 6.7C), total aerobic mesophilic 

bacteria (Figure 6.7D), and aerobic psychrotrophic bacteria (Figure 6.7E) comparatively 

with each control groups. In general, the reduction for iceberg lettuce was to values below 

detection limit, and for spinach was from 4.47 to 5.94 log CFU/mL for total aerobic 

mesophilic bacteria and aerobic psychrotrophic bacteria, respectively, when compared with 

the washing with water control. 
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Figure 6.7. T. zygis EO activity against L. monocytogenes LMG 13305 in fresh vegetables (A) and T. zygis EO 
effect in survival of naturally occurring microorganisms in fresh vegetables, lettuce, and spinach. (B) Molds and 
yeasts in YGCA medium, (C) Enterobacteriaceae in VRBGA medium, (D) total aerobic mesophilic bacteria in 
PCA at 30 ̊ C, and (E) aerobic psychrotrophic bacteria in PCA at 4 ̊ C. * (p < 0.05); ** (p < 0.01); *** (p < 0.001); 
**** (p < 0.0001). 

The effect of natural antimicrobial agents on the survival of naturally occurring 

microorganisms in fresh vegetables was also described in the literature for isolated 

compounds, and also other EOs used isolated or in combination. Treatment with carvacrol 

reduced microbial counts in fresh-cut kiwifruit and honeydew melon at chill temperatures 

(Roller and Seedhar, 2002), and the counts of mesophilic and psychrotrophic bacteria, 

Enterobacteriaceae, and molds and yeasts on fresh-cut iceberg lettuce, chard and rocket 

(De Sousa et al., 2012). De Azeredo et al. (2011) studied the application of EOs from 

Origanum vulgare L. and Rosmarinus officinalis L. in the inhibition of bacteria and 

autochthonous microflora in minimally processed vegetables. The results showed that the 

O. vulgare EO caused a significant reduction of the inoculated L. monocytogenes and the 
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microflora of lettuce, beet, and rocket, and no difference was found for the microbial counts 

in vegetables exposed to the R. officinalis EO. The authors hypothesized that the EO having 

the strongest antibacterial activity contains high amounts of carvacrol and in this case was 

the O. vulgare EO (De Azeredo et al., 2011). This compound could be one of the compounds 

responsible for the antimicrobial activity of T. zygis EO used in our work.   

The effect of washing spinach leaves with oregano aqueous extract had also significant 

reductions in total mesophilic microbiota compared to water washing, but with a higher 

significant decrease in lettuce samples (Poimenidou et al., 2016), similarly to what 

happened with T. zygis EO.  Burnett and Beuchat (2001) reviewed the information about 

the difficulties in decontamination of food and concluded that one factor that was 

responsible for the lack of efficacy of EOs as sanitizers in fresh-cut vegetables was the 

possibility of bacteria attaching or infiltrating into the protective structures of vegetables 

such as lenticels, broken trichomes, and bruises. This can impair the contact of EOs with 

target bacteria and reduce their antimicrobial activity (Burnett and Beuchat, 2001). 

Likewise, the results obtained between lettuce and spinach samples in the present work, in 

which EO most efficiently decontaminated lettuce, may be associated with the different 

morphology and microflora load of the samples. 

Washing lettuce and spinach leaves with a 0.2% (v/v) solution of T. zygis EO effectively 

reduced the number of microorganisms present in these vegetables and maybe a natural 

alternative to the use of commercial sanitizers that may be harmful to the health of 

consumers. 

6.4. Conclusion 

The T. zygis EO had the ability to inhibit planktonic cells, and also presented antibiofilm 

activity against L. monocytogenes. This EO also decreases virulence factors, such as 

motility, and does not affect the invasive capacity of L. monocytogenes. The pre-exposure 

of sub-inhibitory concentrations of T. zygis EO only increased the strain's robustness when 

subjected to osmotic stress and, in relation to other stress factors, the EO did not have a 

significant effect on its tolerance or induce cross-resistance to antibiotics. T. zygis EO 

proved to inhibit L. monocytogenes growth in chicken juice and in the lettuce model 

medium. Further, the use of T. zygis EO showed to be more effective in reducing the natural 

microbiota and L. monocytogenes from fresh iceberg lettuce and spinach leaves than a 

simple wash with water. 

Therefore, the present work provides a baseline to define a possible use of T. zygis EO as an 

alternative antibacterial agent for the control of L. monocytogenes in food products as a 

natural food preservative and sanitizer. 



 

125 

 

 

  



 

126 

 

  



 

127 

 

 

 

 

 

 

Chapter 7  

 

Concluding remarks and Future perspectives 

 

 

 

 

 

 

 



 

128 

Concluding remarks and Future perspectives 

 

Plants have been used in different fields, mainly in folk medicine to prevent and treat 

diseases and to promote good health. For a long time, plants have been a valuable resource 

in the supply of herbal cosmetics and food supplements and as alternative therapies to 

improve human health. The growing interest in traditional phytotherapeutic methods 

allows a further study of plants, searching for more information about their medicinal and 

bioactive properties and discovering new drugs and therapies for human welfare. 

EOs from different plants have been studied, however, not all have been thoroughly 

examined, namely considering their different properties and possible applications. Thus, in 

order to deepen the knowledge about EOs, screening tests of the biological activity of seven 

commercial EOs from plants present in the Portuguese flora (Foeniculum vulgare, 

Helichrysum stoechas, Mentha pulegium, Pinus pinaster, Ruta graveolens, Thymus 

mastichina, and Thymus zygis) were carried out.  

The GC-MS identified the presence of twelve compounds in the EO of F. vulgare, twenty-

seven in H. stoechas EO, eight in M. pulegium EO, twenty-four in P. pinaster EO, eight in 

R. graveolens EO, sixteen in T. mastichina EO and eighteen in T. zygis EO. All the EOs 

revealed antioxidant activity acting through inhibition of lipid peroxidation, while only 

three EOs (H. stoechas, M. pulegium, and T. zygis) scavenged the free radicals of DPPH. 

That is, the last three EO have antioxidant activity through at least two different 

mechanisms of action. M. pulegium, T. mastichina and T. zygis EOs showed the strongest 

antimicrobial activity with the highest inhibition halos and the lowest MIC values against 

most of the microorganisms in the study. Considering the analysis of the EOs volatile 

compounds, only volatiles compounds from M. pulegium EO demonstrated inhibitory 

activity against C. albicans and the volatile compounds of the T. zygis EO inhibited the 

growth of all microorganisms under study, except P. aeruginosa. Also, the effect on the 

fibroblasts viability was directly proportional to the EOs concentration, with R. graveolens 

EO exhibiting the highest cytotoxic effect. Therefore, of the selected EOs, the T. zygis EO 

showed to be the most promising one with better antioxidant and antimicrobial activity 

followed by the M. pulegium and T. mastichina EOs. These results allowed a better 

understanding of the bioactive properties of some plants' EOs, thus serving as a baseline for 

a possible further investigation.  

Taking into account the results obtained through the screening test of the EOs, it was 

decided to proceed with the study of the EO of T. zygis against Staphylococcus aureus and 

Listeria monocytogenes. 
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Staphylococcus aureus is one of the highly virulent and antibiotic-resistant bacterial 

pathogens belonging to the ESKAPE group that are the cause of life-threatening nosocomial 

or hospital-acquired infections. Considering the high resistance to antimicrobial agents 

used in the first line of treatment, the search for new alternatives or improvement to the 

existing ones needs extreme attention. Thus, in the next step of our work, the EO of T. zygis 

was studied against different strains of S. aureus. T. zygis EO demonstrated antibacterial 

activity against resistant S. aureus strains with bactericidal effect, while showing antibiofilm 

activity and the ability to reduce haemolysis of erythrocytes caused by S. aureus. 

Furthermore, this EO was also able to inhibit the quorum-sensing of the biosensor C. 

violaceum. That is, this EO was able to inhibit some of the virulence factors characteristic 

of the S. aureus strains. Likewise, the T. zygis EOs also improve the effect of antimicrobial 

agents, since the combination of this EO with the antibiotic’s ampicillin, ciprofloxacin and 

vancomycin, potentiated their effect against the S. aureus strains under study and, in some 

cases, changing their phenotype from antibiotic-resistant to susceptible. These results show 

the possible use of T. zygis EO as an alternative antibacterial agent for the control of S. 

aureus or as a possible adjuvant of antibiotics used to combat these bacteria. 

Considering the pathogenic potential of Listeria monocytogenes and its ability to survive 

under adverse conditions used in food processing and preservation, as well as the results 

obtained in the screening tests, the antilisterial activity of T. zygis EO was further studied. 

The results showed that the T. zygis EO had the ability to inhibit planktonic cells, but also 

presented antibiofilm activity and reduced the motility of L. monocytogenes, despite not 

affecting its invasive capacity, indicating once again that this EO interferes with the 

virulence factors, in this situation decreasing the virulence of L. monocytogenes. When L. 

monocytogenes was pre-exposed to sub-inhibitory concentrations of T. zygis EO, the 

strain's robustness was only increased when subjected to osmotic stress and, in relation to 

other stress factors such as high temperature, desiccation tolerance and low pH, the EO did 

not have a significant effect on its tolerance or even induced cross-resistance to antibiotics.  

Based on the fact that consumers are increasingly looking for natural alternatives to 

preserve their food and the results obtained against L. monocytogenes strains, the T. zygis 

EO was studied to evaluate its potential as a food preservative. T. zygis EO proved to inhibit 

L. monocytogenes growth in chicken juice and in the iceberg lettuce model medium. 

Furthermore, the use of T. zygis EO has a vegetable sanitizer showed to be more effective in 

reducing the natural microbiota and L. monocytogenes from fresh iceberg lettuce and 

spinach leaves than a simple wash with water. The evaluation of the inhibitory activity of T. 

zygis against L. monocytogenes strains may contribute to further studies concerning the 

development of new control approaches for this pathogenic bacterium and the possible 

application of T. zygis EO as a food preservative and sanitizer. 
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Overall, in this thesis, we presented some biological activities of different EOs, contributing 

to the knowledge of these EOs, highlighting the antibacterial activity of the T. zygis EO 

against S. aureus and in the to control L. monocytogenes in food. 

 

For further works, it could be interesting to evaluate the different isolated compounds of 

the T. zygis EO, or their combination, in order to understand which isolated compounds or 

combinations of compounds are responsible for the observed biological activities, which can 

be an asset when intending to use the EO. Also, additional studies should be carried out to 

understand the exact mechanisms of action of the T. zygis EO. Considering the observed 

effect in L. monocytogenes by pre-exposure to sub-inhibitory concentrations of T. zygis EO, 

more studies are in need considering a more prolonged exposure and the potential for 

tolerance development also to low temperatures, high pressure, UV-light, or pulsed electric 

fields, or other adverse conditions. For a possible application in food for consumption, it 

would be essential to perform sensory tests in order to understand whether or not the 

application of EO changes the organoleptic properties of the food. Considering that the 

direct application of EOs in foods may have limitations due its volatility and lipophilicity 

and, in some cases, can change the organoleptic properties of the products, it would be 

interesting to study different types and materials of delivery vehicles in order to overcome 

these disadvantages, for example, incorporation of EOs in edible coatings or films, in active 

packaging, or even encapsulation.   
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Annex I 

 
 

 

Genus Ruta: A natural source of high value 

products with biological and pharmacological 

properties 
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products with biological and pharmacological properties. Journal of Ethnopharmacol. 260, 
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Abstract 

Ethnopharmacological relevance: Ruta genus is constituted by ten species, of which the 

most commonly described are R. chalepensis and R. graveolens. Ruta plants are perennial 

shrubs belonging to the family Rutaceae, which are traditionally used in folk medicine, since 

ancient times mostly for the treatment of various ailments of the womb. 

Aim of the study: To provide a review of the different uses of Ruta species in traditional 

medicine, as well as, on their multifactorial biological and pharmacological properties. 

Material and methods: A search of the literature on genus Ruta and Ruta species was 

performed using various scientific databases and search engines and the information of 

articles were reviewed and compiled.  

Results: Different parts of the plants belonging to Ruta genus are used in folk medicine to 

treat a wide range of different diseases. The principal use of these is in gynaecological field, 

but the treatment of pain, fever, nausea, inflammation, infections, nervous disorders, 

among others, are also described. These plants have been used to fertility regulation, as anti-

fertility agent, to control menstrual flux and bleedings, as abortifacient and as 

contraceptive. The phytochemical composition of these plants consists mainly in essential 

oil (EO), but phenolic compounds were also reported, like coumarins and flavonoids, as well 

as alkaloids. Ruta species products like extracts and EOs have shown broad 

pharmacological activities, such as antimicrobial and antifungal activities, as well as, 

antiviral and antiparasitic. Moreover, Ruta plants products present antioxidant, 

neuroprotective, anti-inflammatory, anti-cancer and anti-diabetic activities and 

demonstrated contraceptive and abortifacient effects. These plants were also tested to be 

used for non-therapeutic approaches, as bio-insecticides in the control of different insect 

pests showing to be able to reduce infestation.  

Conclusions: Ruta species could be a potential source of natural products with biological 

activities. Ruta extracts, essential oils and isolated compounds have shown a diverse 

potential for use in the treatment of different diseases, as well as, for pests control, 

contributing to the valorisation of these plants. Nonetheless, this review indicates that more 

studies are needed to demonstrate the full potential of Ruta species, and to further explore 

the toxicology and safety of these plants. 

 

Keywords: Ruta species; phytochemistry; folk medicine; biological activities 
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1. Introduction 

Medicinal plants are widely used in the folk medicine and have an interesting chemical 

composition and the therapeutic interest was increased. Plant-based natural product is one 

of the potential sources in discovering new agents and/or drugs. 

Rutaceae family plants (citrus family) are well-known for their economic importance and 

also for the cultivated citrus fruits, timber and aromatic oils, being a potential source of 

many medicinal substances (Wei et al., 2012; Wei et al., 2015; Samuel et al., 2001; 

Koblovská et al., 2008). Extensive research on this family has been done and shows the 

potential application of these natural products in the treatment of such diverse conditions 

as Alzheimer’s disease, depression and cancer, as well as in treating infections, due to their 

anti-bacterial, anti-fungal, anti-leishmanial and anti-plasmodial properties (Adamska-

Szewczyk et al., 2016). One of the genus of Rutaceae family plants studied is the genus Ruta. 

Ruta (common name rue), belongs to tribe Ruteae and is the type genus of the subfamily 

Rutoideae (Morton and Telmer, 2014; Wei et al., 2012, 2015). Ruta is a strongly scented 

subshrubs native to the Mediterranean region (Hammami et al., 2015). The genus Ruta 

includes ten species of perennial shrubs, of which R. chalepensis and R. graveolens are 

recognized as the most common (Meloni et al., 2013b).  

Despite, plants of the Rutaceae family have been reviewed by other authors; the genus Ruta 

have not been comprehensively analysed. This review aims to provide an overview of the 

botanical characteristics, uses in traditional medicine, chemical composition, bioactive 

activity, therapeutic applications and some aspects of the toxicity of plants of the genus 

Ruta. 

 

2. Material and methods 

An extensive search for literature was made for all the time periods using the genus name 

“Ruta” and the species names “Ruta angustifolia”, “Ruta chalepensis”, “Ruta corsica”, 

“Ruta graveolens”, “Ruta lamarmorae”, “Ruta microcarpa”, “Ruta montana”, “Ruta 

oreojasme”, “Ruta pinnata” and “Ruta tuberculata”. The search was conducted in available 

online scientific databases such PubMed, ScienceDirect, Web of Science and Scopus. 

Studies on using homeopathic medicines from plant material were not included in this 

review. 
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3. Botany 

3.1 Geographical distribution 

Ruta is a genus of strongly fragrant evergreen subshrubs mainly found in temperate and 

tropical regions, native to the Mediterranean region (Appelhans et al., 2016; Hammami et 

al., 2015; Wei et al., 2012). The complex, but well-known, history of microplate movements 

and climatic oscillations, provides to the Mediterranean region the geographic backdrop for 

the diversification of Ruta (Salvo et al., 2010). The limits of the geographic distribution of 

Ruta broadly correspond to this region, however, the genus often occurs in other places 

where elements characteristic of the Mediterranean vegetation were present (Salvo et al., 

2010). Despite its Mediterranean origin, Ruta species are vastly distributed around de globe 

(Table 1).  

 

 Table 1. Origin and geographical distribution of Ruta species. 

Ruta species Origin Distribution Place characteristics Reference 

R. angustifolia Mediterranean 
(Southern 
Europe and 
North Africa) 

Europe and 
Southeast Asia 

Mountains to an elevation 
of 1000 m above sea level 

(Richardson et al., 2016; 
Salvo et al., 2008) 

R. chalepensis Mediterranean Eurasia, North 
Africa, 
America 

Calcareous rocky slopes 
and in temperate and 
tropical countries 

(Acquaviva et al., 2011; 
Akkari et al., 2015; 
Alotaibi et al., 2018; 
Bouabidi et al., 2015; Iauk 
et al., 2004; Mejri et al., 
2010; Salvo et al., 2008; 
Soudani et al., 2018) 

R. corsica Island of 
Corsica 

ND ND (Salvo et al., 2008) 

R. graveolens Mediterranean 
(Southern 
Europe) 

Europe and 
many Asian 
countries, 
including 
China, India, 
and Japan 

ND (Gentile et al., 2018; Hale 
et al., 2004; Kostova et 
al., 1999; Ratheesh et al., 
2009; Salvo et al., 2008) 

R. lamarmorae Island of 
Sardinia 

ND ND (Salvo et al., 2008) 

R. microcarpa Canary Islands North of the 
island of La 
Gomera 

Hilly, open areas or steep 
rocky slopes, including 
screes, although some 
populations have 
colonized abandoned 
cultivation areas along 
with other xeric species 

(Meloni et al., 2013a; 
Salvo et al., 2008) 

R. montana Mediterranean 
(North Africa) 

ND ND (Farid et al., 2017; 
Kambouche et al., 2008; 
Salvo et al., 2008) 
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Table 1. Origin and geographical distribution of Ruta species (continuation). 

Ruta species Origin Distribution Place characteristics Reference 

R. oreojasme Canary Islands South of the 
island of Gran 
Canaria 

rocky cliffs and 
escarpments at an 
altitude of 300–800 m 

(Meloni et al., 2013b; 
Meloni et al., 2015; Salvo 
et al., 2008) 

R. pinnata Canary Islands ND ND (Salvo et al., 2008) 

R. tuberculata ND Northern 
Sahara 

ND (Haddouchi et al., 2013) 

ND – not described 

3.2 Botanical characteristics 

Ruta plants are subshrubs with 20–60 cm tall whose flowers have two whorls of stamens 

and are bisexual (Hammami et al., 2015; Wei et al., 2012). The botanical traits of Ruta most 

common species, are presented in Table 2, and include as main features, leaves with the 

presence of secretory cavities containing aromatic essential oils with deterrent odour and 

bitter taste (Bennaoum et al., 2017; Khadhri et al., 2014).  

R. corsica is a shrub, with a powerful odour emitted by bluish-green leaves and have a bitter 

taste (Pollio et al., 2008) and R. tuberculata is characterised by its leaves lanceolate or often 

elongated and small flowers with four yellow petals and in Algeria, the flowering period is 

from June (Haddouchi et al., 2013). R. montana is an evergreen shrub that is 20–60 cm tall 

and it is tetraploid as is their mainland sister species R. pinnata (Farid et al., 2017; Meloni 

et al., 2013a). 

The relevance of Ruta genus due to its biological and pharmacological properties and as a 

source of high value products, is focused in the phytochemistry and pharmacological 

potential of its species (Haddouchi et al., 2013; Pollio et al., 2008).  
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Table 2. Botanical characteristics of Ruta common species. 

  Type of plant Height General characteristics of the plant Flowering period Reference 

R. angustifolia Shrub Grows up to 1.5 m Slender stem. 

Leaves are light green oval; 2–3 times divided into 
segments oblong; powerful odour and have a bitter 
taste. 

Flowers are yellow with a very strong foetid odour. 

Sepals with ciliate fringed. 

In Algeria is at June (Faria et al., 2016a,b; 
Haddouchi et al., 2013; 
Pollio et al., 2008) 

R. chalepensis Very strong 
smelling perennial 
herbaceous shrub 

Grows up to 80 cm Leaves are glabrous, alternate bi-pinnatisect; narrow-
oblong, lanceolate, or obovate segments; with oil glands 
with strong deterrent odour and bitter taste. 

Flowers have cymes with four to five free or connate, 
below oleate or obovate sepals, four to five bright yellow 
petals, eight to ten stamens, and a superior ovary.  

Petals are fringed, matching only half the width of the 
petals and bracts much larger than the stem to which 
they are attached. 

In Lebanon is from March 
to May; in Algeria is at 
June; in Tunisia is at April 

(Acquaviva et al., 2011; 
Bouabidi et al., 2015; 
Günaydin and Savci, 2005; 
Haddouchi et al., 2013; 
Iauk et al., 2004; Khoury 
et al., 2014; Pollio et al., 
2008; De Sa et al., 2000; 
Soudani et al., 2018) 

R. graveolens Perennial shrub 30-80 cm Stems are much ramified. 

Leaves have 4-11 cm long and 3-7 cm wide; small, 
oblong, deeply divided, pinnate, glandular dotted, 
bluish-green and emit a powerful odour and have a 
bitter taste. 

Flowers are small, yellow, borne in dichasial cymes. 

It is branded by its petals not fringed; have 4 petals, 
except for the central flower, which has 5 petals. 

Possesses ten stamens. 

Fruits are rounded, brown, small and lobulated. 

It presents woody root and a crooked, branched rhizom. 

In Algeria is June; in Chine 
is from March to June 

(Farzaei et al., 2017; 
Gentile et al., 2018; 
Haddouchi et al., 2013; 
Hale et al., 2004; Harat et 
al., 2008; Khori et al., 
2008; Pollio et al., 2008; 
Ren and Tang, 2012) 
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Table 2. Botanica characteristics of Ruta common species (continuation). 

  Type of plant Height General characteristics of the plant Flowering period Reference 

R. microcarpa Shrub 0.80–1.5 m Dense branches stems. 

Leaves are remotely toothed. 

Small, yellowish, tetramerous and hermaphroditic 
flowers. 

Small fruits and fruting in May-June. 

In La Gomera (Canary 
Island) is from March to 
May 

(Meloni et al., 2013a) 

 

R. oreojasme Small shrub 40 cm Branched stems 

Pinnate leaves 

Yellow, tetramerous, hermaphroditic and protandrous 
flowers 

Lights brown fruits and fruting in June-August. 

Small and black seeds 

In Canary Island is from 
April to June 

(Meloni et al., 2015) 
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4. Folk medicine 

Ruta species have been used in traditional medicine in a wide range of different 

problems/diseases (Table 3); however, the major therapeutic uses of Ruta spp. is in the field 

of gynaecology. Ruta spp. were mainly used for the treatment of various ailments of the 

womb. These species were also prescribed for menses disturbance, as their regulation, 

amenorrhea or excess. It was administered both as an abortive and to help conception. 

These plants were recommended to treat various disturbances that may occur during the 

pregnancy or the delivery, to expel the placenta, and against puerperal fever (Pollio et al., 

2008). There have been previous reports of the abortive action of R. chalepensis and R. 

graveolens. A study presents several cases of herbal-induced multiple organ system failure 

which that were misdiagnosed as post abortion sepsis. These results strongly suggest that 

most of the abortions happen in the context of herbal intoxication, most frequently 

following the ingestion of Ruta plants. The ingestion of plants to induce abortion involves 

the risk of severe intoxication that could result in death or future reproductive 

complications (Ciganda and Laborde, 2003).  

Among the treatments of the different diseases, the most used species are R. chalepensis 

and R. graveolens, which are used throughout the world. The preparations of these plants 

are mainly produced in the form of decoctions and infusions of aerial parts. 
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Table 3. Uses of Ruta species in folk medicine. 

Species Uses Part used 
Mode of 
preparation 

Country Reference 

R. angustifolia Liver disease and jaundice ND ND Indonesia (Richardson et al., 
2016; Wahyuni et al., 
2014) 

Cure cramps, flatulence and fever Whole plant Decoction Malaysia, Vietnam 
and Java 

(Richardson et al., 
2016) 

R. chalepensis 

 

Fever Leaves Aqueous 
decoction 

Africa (Acquaviva et al., 2011; 
Iauk et al., 2004; 
Khadhri et al., 2014) 

Veterinarian uses (carminative, ruminant antistatic, 
postpartum coadjuvant (antiseptic), tranquilizer, flea 
repellent, to heal wounds, anti-inflammatory and 
anthelminthic) 

Aerial parts Direct ingestion, 
direct application 
or embrocation 

Catalan Pyrenean 
regions and 
Balearic Islands 
areas 

(Carrio et al., 2012) 

Gastric disorders, headache and rheumatism, as well as 
for their diuretic, anti-inflammatory and anti-spasmodic 
properties 

Fresh leaves Infusions Chile (Tampe et al., 2016) 

Anti-venom Roots Decoction China (Acquaviva et al., 2011; 
Iauk et al., 2004; 
Khadhri et al., 2014) 

Fertility regulation, anti-fertility agent 
 

Hot water crude 
extracts 

China and Turkey (Khadhri et al., 2017) 

Stomach ache and common cold Leaves with 
succulent stem 

ND Ethiopia (Berhane et al., 2014) 

R. chalepensis Dropsy, neuralgia, rheumatism and menstrual and other 
bleeding disorders 

  
India (Acquaviva et al., 2011; 

Iauk et al., 2004; 
Khadhri et al., 2014) 

Laxative, analgesic, antispasmodic, abortifacient, 
antiepileptic, emmenagogue, for dermatopathy 
treatment, fever, anti-inflammatory, to treatment of 
gastric, diuretic, headache, rheumatism disorders, snake 
bites, and wounds 

Whole plant ND Many countries (Bouajaj et al., 2014; 
Soudani et al., 2018; 
Alotaibi et al., 2018; 
Emam et al., 2009) 
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Table 3. Uses of Ruta species in folk medicine (continuation). 

Species Uses Part used 
Mode of 
preparation 

Country Reference 

 
Asthma, renal colic, arthritis, rheumatism, backache, 
skin bacterial and fungal diseases, eye inflammation and 
ear infection, as antitussive, antispasmodic, anti-
inflamatory, anti-lice, sedative, and bronchodilator and 
also for treatment of snake bites 

Whole plant ND Palestine (Jaradat et al., 2017) 

Analgesic and antipyretic and for the treatment of 
rheumatism and mental disorders 

Aerial parts Decoction Saudi Arabia (Acquaviva et al., 2011; 
Iauk et al., 2004; 
Khoury et al., 2014) 

Hysteria, epilepsy, vertigo, colic, intestinal worms, 
poisonings, anxiety and eye problems, antispasmodic, 
analgesic, antipyretic, anti-inflammatory, sedative, 
menstrual problems, rheumatism, mental disorders 

Whole 
plant/leaves 

Decoction ND (Acquaviva et al., 2011; 
Iauk et al., 2004; 
Khadhri et al., 2017; 
Khoury et al., 2014) 

Treatment of convulsion and other nervous disorders in 
children 

Leaves Infused with 
vinegar 

ND (Iauk et al., 2004) 

Epilepsy, as an insect repellent Aerial parts ND ND (Acquaviva et al., 2011; 
Iauk et al., 2004; 
Khoury et al., 2014) 

R. chalepensis Psoriasis, otitis Aerial parts Macerated in olive 
oil 

ND (Acquaviva et al., 2011; 
Iauk et al., 2004; 
Khoury et al., 2014) 

Earaches and headaches and as antiseptic drops for ear 
and eye infections 

Heated leaves Juice ND (Acquaviva et al., 2011; 
Iauk et al., 2004; 
Khoury et al., 2014) 

Treat pains of kidney, bladder, stomach and spine Leaves Infusion Sete Cidades 
village, São Miguel 
Island, Azores, 
Portugal 

(Silva et al., 2019) 

To treat stomach pain, common cold, nausea and 
headache during pregnancy 

Leaves Put the leaves in 
infusions or coffee 
or the leaves can 
be sniffed 

Addis Ababa and 
Bati, Ethiopia 

(Berhane et al., 2014; 
Nega et al., 2019) 
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Table 3. Uses of Ruta species in folk medicine (continuation). 

Species Uses Part used 
Mode of 
preparation 

Country Reference 

R. graveolens Aching pain, eye problems, rheumatism and 
dermatitis 

ND ND Asian countries; 
Italy and Croatia 

(Gentile et al., 2018; 
Mancuso et al., 2015; 
Ratheesh et al., 2009) 

Heart disorders Aerial parts Fresh juice, 
infusion 

Bosnia and 
Herzegovina 

(Redžić, 2007) 

Menstrual cramps, colic, intestinal infection, stomach 
problems, renal problems, headache, otalgia, pains in 
general (including diverted pain), hematoma, fever, 
indigestion, thrombosis, healing, anti-tetanus 
(infections), antiseptic, amenorrhea, to restore 
menstrual flux to normal levels, abortive, antiemetic, 
arthrosis, increase organism defenses, calming, 
conjunctivitis, postpartum depression, depurative, 
toothache, earache, diarrhea, emollient, wound, 
furuncle, influenza, eye infection, inflammation, ear 
inflammation, ovary inflammation, eye inflammation, 
uterine inflammation, eye cleaning, uterine cleaning, 
indigestion, discomfort, nervousness, lice, intestinal 
problems, renal problems, uterine problems, 
rheumatism, cough, thrombosis, helminthiasis 

Leaves Decoction, 
infusion, 
poultice, juice or 
juice 
with milk 

Brazil (Cartaxo et al., 2010) 

Whole plant ND (De Medeiros et al., 
2013) 
 

Leaves Infusion (De Freitas et al., 2005; 
Yazbek et al., 2016) 

R. graveolens Veterinarian uses (Roundworms, tapeworms, treatment 
for endoparasites) 

Aerial parts ND Canada (Lans et al., 2007) 

Contraception, anti-inflammatory, sedative, antifungal, 
analgesic, antispasmodic, antihelmintic and abortive 
agent 

Leaves Fresh extract 
(solvent ND) or 
infusion 

Iran (Harat et al., 2008) 

Used as antidotes for some snake and scorpion venoms 
and to treat many infections and inflammation 

Whole plant Extracts (solvent 
ND) 

Italy and Croatia (Mancuso et al., 2015) 

Stomachache, vomit, diarrhea, snake bite, wounds, 
cough, fever, headache, inflammation, nervousness, flu, 
toothache, body pain, ear pain 

Whole plant Infusion México (Alonso-Castro et al., 
2012) 



 

192 

Table 3. Uses of Ruta species in folk medicine (continuation). 

Species Uses Part used 
Mode of 
preparation 

Country Reference 

 Emmenagogues, antifertility and abortifacient ND ND Persia (Madari and Jacobs, 
2004) 

 Bladder and kidneys, convulsions, diabetes, fever, 
headache, stomach complaints, worms, sinus and to 
treat hysteria 

Whole plant Leaf juice or the oil South Africa (Stafford et al., 2008) 

Leaves Infusion (Thring and Weitz, 
2006) 

Palpitations and heart protection Aerial parts Decoction Taiwan (Seak and Lin, 2007) 

Inflammatory conditions, eczema, ulcers, arthritis, 
fibromyalgia, antidote for venoms, insect repellent, 
abortifacient drug, faintness, cramp, hysteria, diseases 
of the womb 

Whole plant Infusion Montevideo, 
Uruguay 

(Ghosh et al., 2014; 
Koblovská et al., 2008; 
Ciganda and Laborde, 
2003) 

R. montana Hysteria, worms, or colic, as an antiseptic, stimulant, 
emmenagogue, and abortifacient and for its antifertility 
activity 

ND ND Algeria (Kabouche et al., 2003; 
Kambouche et al.,  
2008) 

Tonic, febrifuge, treatment of malaria, inflammatory, 
antioxidant, microbial processes, digestive, 
gastrointestinal motility, child fevers and as an abortive 
drug—but with great care because of the toxic effect due 
to the presence of xanthotoxin 

ND Infusion/decoction Many countries (Kabouche et al., 2003; 
Khadhri et al., 2017) 

 

R. tuberculata Aching bones and joint pain, dysmenorrhea, infertility in 
women, difficult delivery, post-partum care, liver and 
bowels complaints, child convulsions, fever, anaemia 
and headache 

Aerial parts Decotion and 
infusion 

Saharo-arabic 
region 

(Hammiche and 
Maiza, 2006) 

ND – not described  
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5. Phytochemistry 

The efficient use of plants by agricultural, food and pharmaceutical industries is due to 

detailed knowledge of their secondary metabolites (Koblovská et al., 2008). Several 

members from the Rutaceae family have been studied, in the last years, for their 

phytochemical and pharmacological properties (Adamska-Szewczyk et al., 2016). The 

biochemical networks and pathways of the Rutaceae produce a tremendous spectrum of 

secondary metabolites. Some of these chemical compounds, including limonoids, 

flavonoids, coumarins and alkaloids have been described as possessing herbicidal, 

antimicrobial, insecticidal, trypanocidal and antimalarial activities (Morton and Telmer, 

2014). The phytochemical screening of Ruta species showed a large number of chemical 

constituents that have been isolated, such as alkaloids, flavonoids, coumarins, such 

bergapten, tannins, volatile oil, glycosides, sterols and triterpenes (Khadhri et al., 2017; 

Wahyuni et al., 2014). In fact, glycosides, flavonoids, and tannins are considered potent 

inhibitors of pro-inflammatory signaling molecules, which may explain in part the 

bioactivities observed (Khadhri et al., 2017). Ruta species present many compounds, like 

benzoquinones, flavone glycosides, triterpenoids, sterols, such as stigmasterol, lupeol, 5-

methoxyarborinine, 5-hydroxyarborinine, kokusaginine, psoralen, xanthotoxin, ostruthin, 

isopimpinellin, integriquinolone, dictamnine, limonoid obacunone, furoquinolin alkaloid, 

xanthyletin and xanthoxyletin (Wahyuni et al., 2014). Many of these metabolites have 

attracted biological and pharmacological interest, demonstrating antifungal, phytotoxic, 

and antidotal activities (Sampaio et al., 2018). Table 4 shows the wide variety of compounds 

that was described for each species. These compounds have been found both in extracts of 

plants and in their essential oils. 

Table 4. Phytochemical composition of Ruta species. 

Compounds/group of 
compounds 

Ruta species Reference 

11-Dodecen-2-one R. chalepensis (EO) (Haddouchi et al., 2013) 

1,8-Cineole R. graveolens (EO) (Chaftar et al., 2015) 

1,8-Nonadiene R. montana (EO) (Hammami et al., 2015) 

12-Methoxy-19-norpodocarpa- 
3,5,8,11,13-pentaen-7-one 

R. chalepensis (EO); 
R. graveolens (EO) 

(Haddouchi et al., 2013) 

1-Dodecanol R. graveolens (EO) (Chaftar et al., 2015) 

1-Dodecene R. chalepensis (EO) (Khadhri et al., 2014) 

1-Methyl-4-methoxy-2-
quinolone 

R. montana (chloroform extract) (Touati et al., 2000) 

1-Nonene R. chalepensis (EO); 
R. graveolens (EO); 
R. montana (EO) 

(Haddouchi et al., 2013; Khadhri 
et al., 2014) 
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Table 4. Phytochemical composition of Ruta species (continuation). 

Compounds/group of 
compounds 

Ruta species Reference 

1-Tetradecanol methyacrylate R. chalepensis (EO); 
R. graveolens (EO) 

(Haddouchi et al., 2013; Yosra et 
al., 2019) 

1-Butene R. montana (EO) (Hammami et al., 2015) 

2-Butanone R. montana (EO) (Hammami et al., 2015) 

2-Butene R. montana (EO) (Hammami et al., 2015) 

2-Decanone R. angustifolia (EO); 
R. chalepensis (EO); 
R. graveolens (EO, ethanolic 
extract); 
R. montana (EO) 

(Akkari et al., 2015; Amdouni et 
al., 2016; Boutoumi et al., 2009; 
Chaftar et al., 2015; Fekhar et al., 
2017; Ghabbari et al., 2018; 
Haddouchi et al., 2013; 
Kambouche et al., 2008; Khadhri 
et al., 2014; Laquale et al., 2015; 
Mejri et al., 2010; Orlanda and 
Nascimento, 2015; Da Silva et al., 
2014)  

2-(Decan-9-one)-N-methyl-4-
quinolone 

R. montana (chloroform extract) (Touati et al., 2000) 

2-Decyl acetate 
  

2-Dodecanone R. angustifolia (EO); 
R. chalepensis (EO); 
R. graveolens (EO, ethanolic 
extract); 
R. montana (EO) 

(Bagchi et al., 2004; Boutoumi et 
al., 2009; Chaftar et al., 2015; 
Fekhar et al., 2017; Ghabbari et 
al., 2018; Haddouchi et al., 2013; 
Kambouche et al., 2008; Khadhri 
et al., 2014; Khadhri et al., 2014; 
Mejri et al., 2010; Orlanda and 
Nascimento, 2015; Da Silva et al., 
2014) 

2-Methyloctyl acetate R. chalepensis (EO) (Conti et al., 2013; Tzakou et al., 
2001) 

2-Nonanol R. chalepensis (EO); 
R. graveolens (ethanolic 
extract);  
R. montana (EO) 

(Ghabbari et al., 2018; Khadhri 
et al., 2014; Tzakou et al., 2001) 

2-Nonanol acetate R. montana (EO) (Kambouche et al., 2008) 

2-Nonanone R. angustifolia (EO); 
R. chalepensis (EO, hydrosol); 
R. graveolens (EO, ethanolic 
extract);  
R. montana (EO) 

(Amdouni et al., 2016; Bagchi et 
al., 2004; Boutoumi et al., 2009; 
Chaftar et al., 2015; Conti et al., 
2013; Fakhfakh et al., 2012; 
Fekhar et al., 2017; Ghabbari et 
al., 2018; Haddouchi et al., 2013; 
Kambouche et al., 2008; Khadhri 
et al., 2014; Khoury et al., 2014; 
Knaak et al., 2013; Krayni et al., 
2015;  Laquale et al., 2015; 
Mancuso et al., 2015; Orlanda 
and Nascimento, 2015; 
Rustaiyan et al., 2002; Da Silva 
et al., 2014; Tampe et al., 2016; 
Traka et al., 2018) 

2-{6′-(2H-benzo[d]1′′,3′′-
dioxolen-5′′-yl)hexyl}-
hydroquinolin-4-one 

R. chalepensis (ethanolic 
extract) 

(Sayed et al., 2000) 

2-{6′-(2H-benzo[d]1′′,3′′-
dioxolen-5′′-yl)hexyl}-4-
methoxy-quinoline 

R. chalepensis (ethanolic 
extract) 

(Sayed et al., 2000) 
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Table 4. Phytochemical composition of Ruta species (continuation). 

Compounds/group of 
compounds 

Ruta species Reference 

2-(Nonan-8-one)-N-methyl-4-
quinolone 

R. montana (chloroform extract) (Touati et al., 2000) 

2-(Nonan-8-one)-4-methoxy-
quinoline 

R. montana (chloroform extract) (Touati et al., 2000) 

2-(Nonan-8-one)-(1H)-4-
quinolone 

R. montana (chloroform extract) (Touati et al., 2000) 

2-Nonyl acetate R. chalepensis (EO) (Bagchi et al., 2004) 

2-Octanol acetate R. chalepensis (EO); 
R. montana (EO) 

(Haddouchi et al., 2013; 
Kambouche et al., 2008) 

2-Octanone R. chalepensis (EO); 
R. graveolens (EO) 

(Haddouchi et al., 2013; Da Silva 
et al., 2014) 

2-Tridecanone R. angustifolia (EO); 
R. chalepensis (EO); 
R. graveolens (EO, ethanolic 
extract); 
R. montana (EO) 

(Boutoumi et al., 2009; Chaftar 
et al., 2015; Fekhar et al., 2017; 
Ghabbari et al., 2018; Haddouchi 
et al., 2013; Kambouche et al., 
2008; Mejri et al., 2012; Da Silva 
et al., 2014) 

2-Undecanol R. graveolens (ethanolic 
extract); 
R. montana (EO) 

(Ghabbari et al., 2018; Khadhri 
et al., 2014) 

2-Undecanol acetate R. montana (EO) (Kambouche et al., 2008) 

2-Undecanone R. angustifolia (EO); 
R. chalepensis (EO, hydrosol); 
R. graveolens (EO, ethanolic 
extract); 
R. montana (EO); 
R. tuberculata (EO) 

(Akkari et al., 2015; Bagchi et al., 
2004; Boutoumi et al., 2009; 
Chaftar et al., 2015; Conti et al., 
2013; Fakhfakh et al., 2012; Faria 
et al., 2016; Fekhar et al., 2017; 
Ghabbari et al., 2018; Haddouchi 
et al., 2013; Kambouche et al., 
2008; Khadhri et al., 2014; 
Khoury et al., 2014;  Knaak et al., 
2013; Krayni et al., 2015; Laquale 
et al., 2015; Mancuso et al., 2015; 
Mejri et al., 2010; Orlanda and 
Nascimento, 2015; Rustaiyan et 
al., 2002; Da Silva et al., 2014; 
Soares et al., 2016; Tampe et al., 
2016; Traka et al., 2018) 

3-Carene R. tuberculata (EO) (Haddouchi et al., 2013) 

3-Phenylpropanal R. montana (EO) (Hammami et al., 2015) 

3-Octanone R. montana (EO) (Kambouche et al., 2008) 

4-Methoxy-1-methyl-2(1H)-
quinolinone 

R. chalepensis (ethanolic 
extract) 

(Sayed et al., 2000) 

4-O-Feruloylquinic acid R. graveolens (hydroalcoholic 
extract) 

(Pacifico et al., 2016) 

4-O-p-cumaroylquinic acid R. graveolens (hydroalcoholic 
extract) 

(Pacifico et al., 2016) 

4-Terpineol R. montana (EO) (Kambouche et al., 2008; 
Khadhri et al., 2014) 

5-(1′,1′-Dimethylallyl)-8-
hydroxyfuro[2-3-b] quinoline 

R. chalepensis (ethanolic 
extract) 

(Emam et al., 2010) 

5,6-Diethenyl-1-methyl-
cyclohexene 

R. graveolens (EO) (Yosra et al., 2019) 
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Table 4. Phytochemical composition of Ruta species (continuation). 

Compounds/group of 
compounds 

Ruta species Reference 

6,8-C-dihexosyl-apigenin R. graveolens (hydroalcoholic 
extract) 

(Pacifico et al., 2016) 

7,30-O-Dimethyl-gossypetin-3-
O-rutinoside 

R. graveolens (hydroalcoholic 
extract 

(Pacifico et al., 2016) 

8-(3,5-Dimethil-4-
Hydroxyphenyl)-2-octene 

R. chalepensis (EO); 
R. montana (EO) 

(Khadhri et al., 2014) 

8-Phenyl-2-octanone R. graveolens (EO) (Soares et al., 2016) 

acacetin R. graveolens (hydroalcoholic 
extract) 

(Pacifico et al., 2016) 

Acetophenone R. montana (EO) (Hammami et al., 2015) 

Alkaloids R. chalepensis (EO, ethanolic 
and methanolic extracts); 
R. graveolens (EO) 

(Haddouchi et al., 2013; 
(Hamdiken et al., 2018; Iauk et 
al., 2004; Sayed et al., 2000) 

Amino acids R. chalepensis (EO; ethanolic 
extract); 

R. graveolens (EO) 

(Alotaibi et al., 2018; Haddouchi 
et al., 2013) 

Angustifolin R. angustifolia (chloroform 
extract) 

(Wahyuni et al., 2014) 

Arborinine R. angustifolia 
(dichloromethane extract) 

(Wahyuni et al., 2014) 

Bergapten R. graveolens (EO, aqueous 
extract) 

(Mancuso et al., 2015) 

Benzene acetic acid R. montana (EO) (Hammami et al., 2015) 

Benzoic acid R. montana (EO) (Hammami et al., 2015) 

Biscoumarin daphnoretin R. chalepensis (ethanolic 
extract) 

(Emam et al., 2010) 

Borneol R. graveolens (EO) (Chaftar et al., 2015) 

Bornyl acetate R. tuberculata (EO) (Haddouchi et al., 2013) 

Butanoic acid R. montana (EO) (Hammami et al., 2015) 

Cadinene R. montana (EO) (Khadhri et al., 2014) 

Camphor R. chalepensis (EO); 
R. graveolens (EO) 

(Chaftar et al., 2015; Mejri et al., 
2010) 

Carvacrol R. graveolens (EO); 
R. montana (EO) 

(Khadhri et al., 2014; Laquale et 
al., 2015) 

Caryophyllene oxide R. montana (EO) (Hammami et al., 2015) 

Cedrol R. graveolens (EO) (Chaftar et al., 2015) 

Chalepin R. angustifolia 
(dichloromethane extract) 

(Wahyuni et al., 2014) 

Chrysanthenone R. graveolens (EO) (Chaftar et al., 2015) 

Cinnamic acid R. graveolens (methanolic 
extract) 

(Szopa et al., 2012) 

Cis-p-menth-1-en-3-ol (cis-
piperitol) 

R. tuberculata (EO) (Haddouchi et al., 2013) 

Cis-p-menth-2-en-1-ol R. tuberculata (EO) (Haddouchi et al., 2013) 

Cnidioside A R. graveolens (hydroalcoholic 
extract) 

(Pacifico et al., 2016) 



 

197 

Table 4. Phytochemical composition of Ruta species (continuation). 

Compounds/group of 
compounds 

Ruta species Reference 

Coumarins R. chalepensis (EO); 
R. graveolens (EO) 

(Haddouchi et al., 2013) 

Cyclopentane oxide R. montana (EO) (Hammami et al., 2015) 

Dicoumarinyl ether R. montana (ND) (Kabouche et al., 2003) 

Dictamnine R. chalepensis (ethanolic 
extract) 

(Sayed et al., 2000) 

Diethyl phthalate R. graveolens (EO) (Orlanda and Nascimento, 2015) 

Dihydroxymaltol R. graveolens (ethanolic extract) (Ghabbari et al., 2018) 

Dodecanoic acid R. graveolens (ethanolic extract) (Ghabbari et al., 2018) 

Elemolo R. graveolens (ethanolic extract) (Ghabbari et al., 2018) 

Epigallocatechin-3-O-gallate R. graveolens (aqueous extract) (Gentile et al., 2018) 

Esters R. chalepensis (ethanolic 
extract) 

(Alotaibi et al., 2018) 

Eugenol R. montana (EO) (Hammami et al., 2015) 

Evolitrine R. montana (chloroform extract) (Touati et al., 2000) 

Farnesene R. graveolens (EO) (Da Silva et al., 2014) 

Farnesol R. montana (EO) (Hammami et al., 2015) 

Ferulic acid R. graveolens (methanolic 
extract) 

(Szopa et al., 2012) 

Flavonoids R. chalepensis (EO; ethanolic 
and methanolic extracts); 
R. graveolens (EO) 

(Haddouchi et al., 2013; 
Hamdiken et al., 2018; Iauk et 
al., 2004) 

Furanocoumarin (e.g. 
isorutarin) 

R. graveolens (hydroalcoholic 
extract) 

(Pacifico et al., 2016) 

Furocoumarins R. chalepensis (ethanolic 
extract) 

(Iauk et al., 2004) 

Gentiobiose R. graveolens (hydroalcoholic 
extract) 

(Pacifico et al., 2016) 

Germacrene-B R. tuberculata (EO) (Haddouchi et al., 2013) 

Geyrene R. chalepensis (EO); 
R. graveolens (EO, ethanolic 
extract); 
R. montana (EO) 

(Amdouni et al., 2016; Ghabbari 
et al., 2018; Haddouchi et al., 
2013; Khadhri et al., 2014; Da 
Silva et al., 2014) 

Glycosides R. chalepensis (EO; ethanolic 
extract); 
R. graveolens (EO) 

(Alotaibi et al., 2018; Haddouchi 
et al., 2013) 

Graveoline R. chalepensis (ethanolic 
extract); 
R. graveolens (ethanolic extract; 
ethyl acetate extract; hexane 
extract) 

(Ghosh et al., 2014; Hale et al., 
2004; Oliva et al., 2003; 
Sampaio et al., 2018; Sayed et al., 
2000) 

Graveolinine R. chalepensis (ethanolic 
extract) 

(Sayed et al., 2000) 

Heraclenol R. montana (ND) (Kabouche et al., 2003) 

Hexadecanoic acid R. montana (EO) (Khadhri et al., 2014) 

Isobornyl acetate R. graveolens (EO) (Chaftar et al., 2015) 
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Table 4. Phytochemical composition of Ruta species (continuation). 

Compounds/group of 
compounds 

Ruta species Reference 

Isomaturnin R. chalepensis (EO); 
R. montana (EO) 

(Khadhri et al., 2014) 

Isopimpinellin R. graveolens (aqueous extract); 
R. montana (ND) 

(Mancuso et al., 2015; Kabouche 
et al., 2003) 

Isorhamnetin R. graveolens (aqueous extract) (Gentile et al., 2018) 

Isorhamnetin-3-O-rutinoside R. graveolens (aqueous extract;  
hydroalcoholic extract; 
methanolic extract) 

(Gentile et al., 2018; Ivanova et 
al., 2005; Pacifico et al., 2016) 

Isorutarin R. graveolens (methanolic 
extract) 

(Ivanova et al., 2005) 

Isovaleric acid R. montana (EO) (Hammami et al., 2015) 

Kokusaginine R. angustifolia 
(dichloromethane extract); 
R. graveolens (aqueous extract) 

(Mancuso et al., 2015; Wahyuni 
et al., 2014) 

Lactones R. chalepensis (ethanolic 
extract) 

(Alotaibi et al., 2018) 

Limonene R. graveolens (EO); 
R. montana (EO) 

(Kambouche et al., 2008; 
Khadhri et al., 2014; Da Silva et 
al., 2014) 

Linalool R. chalepensis (EO); 
R. montana (EO) 

(Ghazghazi et al., 2015; 
Hammami et al., 2015) 

Maculosidine R. chalepensis (ethanolic 
extract) 

(Sayed et al., 2000) 

Menthol R. chalepensis (EO) (Ghazghazi et al., 2015) 

Methylcyclopropane R. montana (EO) (Hammami et al., 2015) 

Methyl decanoate R. chalepensis (EO) (Amdouni et al., 2016) 

Methyl ester R. graveolens (methanolic 
extract) 

(Ivanova et al., 2005) 

Monoterpene alcohols R. tuberculata (EO) (Haddouchi et al., 2013) 

Monoterpene hydrocarbons R. tuberculata (EO) (Haddouchi et al., 2013) 

Mycrene R. chalepensis (EO) (Tzakou et al., 2001) 

Naphthalene R. montana (EO) (Hammami et al., 2015) 

Nonanal R. angustifolia (EO); 
R. chalepensis (EO); 
R. montana (EO) 

(Haddouchi et al., 2013; 
Kambouche et al., 2008) 

Octyl acetate R. chalepensis (EO); 
R. graveolens (EO) 

(Amdouni et al., 2016; Fakhfakh 
et al., 2012; Krayni et al., 2015; 
Orlanda and Nascimento, 2015) 

O-Methyl-daphnoretin R. graveolens (aqueous extract) (Mancuso et al., 2015) 

p-Coumaric acid R. graveolens (methanolic 
extract) 

(Szopa et al., 2012) 

p-Cymene R. graveolens (EO); 
R. montana (EO); 
R. tuberculata (EO) 

(Chaftar et al., 2015; Haddouchi 
et al., 2013; Kambouche et al., 
2008) 

Pentadecanolide acetate R. graveolens (EO) (Orlanda and Nascimento, 2015) 

Pentylfuran R. montana (EO) (Hammami et al., 2015) 
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Table 4. Phytochemical composition of Ruta species (continuation). 

Compounds/group of 
compounds 

Ruta species Reference 

Phenols R. chalepensis (ethanolic 
extract) 

(Iauk et al., 2004) 

Phytyl acetate R. chalepensis (EO) (Amdouni et al., 2016) 

Piperazine R. chalepensis (EO) (Akkari et al., 2015) 

Piperitone R. tuberculata (EO) (Haddouchi et al., 2013) 

Piperonyl acetone R. graveolens (ethanolic extract) (Ghabbari et al., 2018) 

Pregeijerene R. chalepensis (EO); 
R. montana (EO) 

(Khadhri et al., 2014) 

Propanoic acid R. montana (EO) (Hammami et al., 2015) 

Protocatechuic acid R. graveolens (methanolic 
extract) 

(Szopa et al., 2012) 

Pseudane IX R. angustifolia 
(dichloromethane extract) 

(Wahyuni et al., 2014) 

Psoralen R. montana (EO) (Kambouche et al., 2008) 

Pteleine R. chalepensis (ethanolic 
extract) 

(Sayed et al., 2000) 

Pulegone R. chalepensis (EO) (Mejri et al., 2010) 

Pyrrolidine R. montana (EO) (Hammami et al., 2015) 

Quercetin-3-O-glucosyl-
rhamnosyl-galactoside 

R. graveolens (aqueous extract) (Gentile et al., 2018) 

Quercetin-3-O-rutinoside (rutin) R. graveolens (aqueous extract; 
hydroalcoholic extract; 
methanolic extract) 

(Gentile et al., 2018; Ivanova et 
al., 2005; Mancuso et al., 2015; 
Pacifico et al., 2016; Raghav et 
al., 2006) 

Ranupenin-3-O-rutinoside R. graveolens (hydroalcoholic 
extract) 

(Pacifico et al., 2016) 

Rutacridone R. chalepensis (ethanolic 
extract) 

(Sayed et al., 2000) 

Rutamarin R. graveolens (aqueous extract) (Mancuso et al., 2015) 

Rutamontine R. montana (ND) (Kabouche et al., 2003) 

Rutarin R. graveolens (methanolic 
extract) 

(Ivanova et al., 2005) 

Sabinene R. chalepensis (EO); 
R. tuberculata (EO) 

(Haddouchi et al., 2013) 

Saponins R. chalepensis (ethanolic and 
methanolic extracts) 

(Hamdiken et al., 2018; Iauk et 
al., 2004) 

Scopoletin R. angustifolia 
(dichloromethane extract) 

(Wahyuni et al., 2014) 

Sec-undecyl acetate R. graveolens (ethanolic extract) (Ghabbari et al., 2018) 

Sinapoylferuloyl dihexoside (e.g. 
1-sinapoyl-2- 
feruloyl gentiobioside) 

R. graveolens (hydroalcoholic 
extract) 

(Pacifico et al., 2016) 

Skimmianine 
R. chalepensis (ethanolic 
extract); 
R. graveolens (aqueous extract) 

(Mancuso et al., 2015; Sayed et 
al., 2000) 
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Table 4. Phytochemical composition of Ruta species (continuation). 

Compounds/group of 
compounds 

Ruta species Reference 

Sogravacridonechlorine R. chalepensis (ethanolic 
extract) 

(Sayed et al., 2000) 

Sterols R. chalepensis (EO; methanolic 
extract); 
R. graveolens (EO) 

(Haddouchi et al., 2013; 
Hamdiken et al., 2018) 

Syringic acid R. graveolens (methanolic 
extract) 

(Szopa et al., 2012) 

Tannins R. chalepensis (EO; ethanolic 
and methanolic extracts); 
R. graveolens (EO) 

(Alotaibi et al., 2018; Haddouchi 
et al., 2013; Hamdiken et al., 
2018) 

Tetrazole R. montana (EO) (Hammami et al., 2015) 

Trans-p-menth-1-en-3-ol 
(trans-piperitol) 

R. tuberculata (EO) (Haddouchi et al., 2013) 

Trans-p-menth-2-en-1-ol R. tuberculata (EO) (Haddouchi et al., 2013) 

Triterpenes R. chalepensis (EO; 
ethanolic extract); 
R. graveolens (EO) 

(Alotaibi et al., 2018; Haddouchi 
et al., 2013) 

Tridecane R. graveolens (EO) (Chaftar et al., 2015) 

Tridecanol R. graveolens (EO) (Chaftar et al., 2015) 

Valencene R. montana (EO) (Khadhri et al., 2014) 

Vanillic acid R. graveolens (methanolic 
extract) 

(Szopa et al., 2012) 

Varamol-106 R. graveolens (ethanolic extract) (Ghabbari et al., 2018) 

Xanthotoxin R. graveolens (aqueous extract) (Mancuso et al., 2015) 

α-Decanone R. graveolens (EO) (Knaak et al., 2013) 

α-Humulene R. montana (EO) (Hammami et al., 2015) 

α-Limonene R. chalepensis (EO); 
R. graveolens (EO) 

(Haddouchi et al., 2013) 

α-Phellandrene R. tuberculata (EO) (Haddouchi et al., 2013) 

α-Pinene R. chalepensis (EO); 
R. montana (EO); 
R. tuberculata (EO) 

(Haddouchi et al., 2013; Tzakou 
et al., 2001; Kambouche et al., 
2008) 

α-Terpinene R. tuberculata (EO) (Haddouchi et al., 2013) 

α-Terpineol R. montana (EO) (Khadhri et al., 2014) 

α-Thujene R. tuberculata (EO) (Haddouchi et al., 2013) 

α-Thujone R. graveolens (EO) (Chaftar et al., 2015) 

β-Caryophyllene R. tuberculata (EO) (Haddouchi et al., 2013) 

β-Caryophyllene epoxide R. tuberculata (EO) (Haddouchi et al., 2013) 

β-Eudesmol R. montana (EO) (Khadhri et al., 2014)  

β-Myrcecne R. montana (EO);  
R. tuberculata (EO) 

(Haddouchi et al., 2013; 
Kambouche et al., 2008) 

β-Pinene R. chalepensis (EO) (Tzakou et al., 2001) 

β-Phellandrene 
R. chalepensis (EO); 
R. tuberculata (EO) 

(Haddouchi et al., 2013; Tzakou 
et al., 2001) 



 

201 

Table 4. Phytochemical composition of Ruta species (continuation). 

Compounds/group of 
compounds 

Ruta species Reference 

β-Thujone R. graveolens (EO); 
R. montana (EO) 

(Chaftar et al., 2015; Kambouche 
et al., 2008) 

γ-Elemene R. tuberculata (EO) (Haddouchi et al., 2013) 

γ-Fagarine R. angustifolia 
(dichloromethane extract) 

(Wahyuni et al., 2014) 

y-Terpinene R. chalepensis (EO) (Tzakou et al., 2001) 

δ-Carene R. montana (EO) (Kambouche et al., 2008) 

ND – not described 

Essential oils are complex combinations containing many single compounds. Each of these 

constituents contributes to the beneficial or adverse effects of these oils, thus making the 

study of the essential oil composition very important to direct its application (Haddouchi et 

al., 2013). Essential oils of the Ruta genus are generally characterized by a mixture of 

ketones, which can reach 84% of the oil (Bertrand et al., 2003). Nevertheless, there are some 

significant species-specific disparities in the concentration of these compounds and/or the 

presence of others in high concentrations. It is associated with the fact that the composition 

of essential oil of Ruta species is vastly influenced by intrinsic and extrinsic factors, amongst 

which genetic and environmental factors can be pointed (Jaradat et al., 2017; Khadhri et al., 

2014). These chemical differences are probably explained by the variability of the plant 

species and the existence of different chemotypes, which change from each region, 

depending on environmental factors, harvest time, as well as, geological and climatic 

conditions through the season (Bennaoum et al., 2017; Da Silva et al., 2014; Jaradat et al., 

2017). In fact, different substances can be produced in different proportions depending on 

factors, such as temperature, humidity, duration and intensity of solar radiation, rainy 

season, as well as interaction with pollinators and predators (Da Silva et al., 2014). The light 

has also a decisive effect on the composition of the oil since it affects the metabolism of the 

plants. Thus, plants growing in shade will have different properties from another exposed 

to sunlight (Haddouchi et al., 2013). It is noteworthy that these factors can greatly affect the 

essential oil activity (Da Silva et al., 2014).  

The analysis of the essential oil composition of several Ruta species indicates that 2-

undecanone, 2-nonanone and 2-dodecanone are its main constituents; nonetheless 

variations may occur among species but also within the same species (Khadhri et al., 2014). 

For example, the essential oil of the aerial parts of R. chalepensis in Greece had forty-four 

identified components, with the main components being β-phellandrene (10.7%) and 2-

methyloctyl acetate (44.0%) (Tzakou and Couladis, 2001). In South-East of Tunisia, the 

essential oil contained octyl acetate, 2-undecanone and 2-nonanone as the major 
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components (Fakhfakh et al., 2012). In another study of R. chalepensis essential oil from 

Tunisia, the major components were menthol (43.92%) and linalool (42.10%) (Ghazghazi 

et al., 2015). Regarding R. corsica, the main essential oil components were represented by 

alkyl acetates and the 2-nonyl acetate was the most characteristic one (42.9%). Bertrand et 

al. (2003) showed that the mixture of 2-ketones represents only 6% of R. corsica oil and the 

high concentration of 2-alkyl acetates seems to be the originality of this species (Bertrand 

et al., 2003). The major components in the essential oil of leaves of R. montana collected in 

Tunisia were 1-butene (38.33%), methylcyclopropane (15.47%), 2-butene (22.56%) and 

caryophyllene oxide (8.18%). Terpenoid hydrocarbons were the characteristic constituents 

of the oil of R. montana (Hammami et al., 2015). When considering R. tuberculata 

harvested in Algeria, it was demonstrated the presence of monoterpene alcohols that 

represent 40.79% of the total oil, followed by the monoterpene hydrocarbons (29.81%) and 

piperitone (Haddouchi et al., 2013).  

As mentioned, the constitution and quantity of each component can vary considering 

different parts of the plant and also according to its stage (Akkari et al., 2015; Krayni et al., 

2015; Mejri et al., 2010, 2012). For instance, the analysis of the essential oils from R. 

chalepensis from North Indian showed a maximum concentration of 2-undecanone in the 

flower essential oil followed by fruit and leaf essential oils. The quantity of 2-undecanone 

was highest in the leaves when the plants were young and in the vegetative stage, and it 

gradually decreased when the plants started flowering and the fruiting. On the other hand, 

the percentage of 2-nonanone was at its maximum in the leaf essential oil followed by flower 

and fruit oils, which increased from the vegetative to the flowering stage and was highest 

during fruiting stage. The concentration of 2-nonyl acetate was observed to be highest in 

the leaves during the vegetative stage, while 2-dodecanone was at its maximum in the fruits. 

Linalool, an important aromatic compound, is highest in flowers (Bagchi et al., 2003).  

The effect of the harvest periods of aerial parts of R. chalepensis oils in Tunisa, also showed 

significant variations in the yield of essential oils. The oil collected during April (flowering 

stage which is characterized by a high metabolic activity) showed the best yields whereas oil 

collected during December showed the lower values (Bouabidi et al., 2015). The month of 

the collection also changed the oil composition of the different parts of the plant (Bejaoui 

and Karmous, 2012). 

Regarding to extracts, it must be aware that the factors that affect the composition of 

essential oils also influence the extracts composition. The hydroalcoholic extracts from R. 

graveolens leaves collected in all seasons in Durazzano (Italy) show some differences in 

phenolic content. The extracts obtained in summer, autumn, winter and spring have 

gentiobiose, rutin, isorhamnetin-3-O-rutinoside and disinapoyldihexoside. However, the 
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quantity of these compounds was different in the extracts. The summer extract presents 

higher quantity of gentiobiose, but the spring extract has more of the other three 

compounds. 6,8-C-dihexosyl-apigenin, cnidioside A and acacetin are present only in the 

spring season and 4-O-p-cumaroylquinic acid, 4-O-feruloylquinic acid, isorutarin and 7,30-

O-dimethyl-gossypetin-3-O-rutinoside only found in the winter extract. These data show 

alterations of the plant composition having regard to time of year at which samples are taken 

(Pacifico et al., 2016). The methanol extracts of leaves, fruits, stems and seeds of R. 

graveolens from Valcamonica Valley, Lombardy, Italy were analyzed separately. In this 

work, the results showed differences in the composition according to the part of the plant 

used (Mancuso et al., 2015). Szopa et al. (2012), studied the influence of the light conditions 

in the composition of R. graveolens methanolic extract of in vitro cultures. They concluded 

that white light and blue light have a beneficial effect on the accumulation of phenolic acids 

and furanocoumarins (Szopa et al., 2012). 

So, it can be concluded that Ruta essential oils and extracts have slight differences in 

composition. These differences can be associated to several factors and consequently it is so 

important to analyze the composition in order to relate the compounds present to their 

biological activities. 

 

6. Biological activities and therapeutic applications of Ruta 

extracts 

Plants have been the basis of medical treatments over the years. The research on herbal 

infusions, ointment and balms used in traditional medicine, allows to realize the scientific 

evidence of active plant compounds (Forsatkar et al., 2016). In fact, the screening of plant 

extracts allows the detection of potential sources of new bioactive molecules (Emam et al., 

2010; Orlanda and Nascimento, 2015). The evaluation of the effectiveness and safety of 

plant extracts and/or their metabolites may point to its applications in medicine or the 

control of agricultural pests (Emam et al., 2010). 

Ruta species have been described as possessing several pharmaceutical properties, 

associated to their bioactive compounds, in this topic the biological activities associated 

with the extracts and essential oils of the different Ruta species were reviewed. 

 

6.1 Antibacterial and antifungal activities 

The research to find efficient antimicrobial agents is a constant ongoing work, where plants 

are a potential focus to discover new chemical structures that may help to overcome drug 

resistance, as well as, side effects of certain antibiotics (Chaftar et al., 2016; Haddouchi et 



 

204 

al., 2013). Furthermore, despite the effectiveness of antimicrobial drugs, their persistence 

in the environment, harmful effects on non-target organisms, toxicity to humans and other 

mammals and development of resistant strains of pathogens, trigger the public concern 

(Emam et al., 2010). To combat these effects, the use of new, safer, and ecologically 

compatible natural active compounds may be an alternative (Emam et al., 2010; Ghazghazi 

et al., 2015). Antimicrobials from plant sources can significantly help in the treatment of 

resistant microbial strains because they may have activity through different mechanisms of 

those of the currently used synthetic drugs (Orlanda and Nascimento, 2015). 

There are several studies describing the antibacterial and antifungal potential of Ruta 

species, with R. chalepensis and R. graveolens being the most frequently studied. 

  

6.1.1 Crude extracts 

There are various reports on the antimicrobial activity of some Ruta species, where the 

effect of the solvent used for extraction, the part of the plant used, the growing conditions 

or the harvesting point were evaluated. The R. angustifolia methanolic extract has been 

evaluated regarding its antibacterial activity, however, this species showed no inhibition 

against Staphylococcus aureus ATCC 25923, Bacillus cereus ATCC 11778, Pseudomonas 

aeruginosa ATCC 27853, Escherichia coli ATCC 8739 (1.0 mg/disc) (Shuib et al., 2015). 

The crude methanolic extracts of leaves, roots and stems of R. chalepensis exhibited 

antibacterial activity against E. coli and Pseudomonas aeruginosa with inhibition zones and 

minimal inhibition concentration values ranging from 18 to 35 mm and 0.78-1.56 mg/mL, 

respectively, while against other tested bacteria the antimicrobial activity was moderate to 

null. Differences between the antimicrobial activities of leaves, stems and roots methanolic 

extracts were found, with the leaf extract being most active than stems and roots extracts. 

The authors related these differences with the different phenols and flavonoid content of 

each part of the plant. The methanolic extract of leaves presented more phenolic and 

flavonoid content (12.82 mg GAE/g DW and 0.757 mg RE/g, respectively), followed by 

stems (10.6 mg GAE/g DW and 0.539 mg RE/g) and finally the roots (10.3 mg GAE/g DW 

and 0.423 mg RE/g) (Ghazghazi et al., 2015). R. chalepensis buffered methanol (BM) and 

acetone extract of leaves from Yemen showed inhibition zones against Bacillus cereus, 

Listeria monocytogenes and S. aureus (12-17 mm using 800 µg per disc and MIC of 1.32-

2.64 mg/mL) (Alzoreky and Nakahara, 2003). In another study, the antibacterial activity of 

different extracts of R. chalepensis was also evaluated against Gram-positive (Actinomyces 

sp., Bacillus thuringiensis, Enterococcus faecalis and Micrococcus luteus) and Gram-

negative (E. coli, Klebsiella pneumoniae and P. aeruginosa) bacteria. Globally, the most 

effective antibacterial activity was found with the ethanolic extract against majority of the 
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tested bacteria. The most vulnerable bacteria for the ethanolic extract were B. thuringiensis 

and Actinomyces sp. with MIC value of 195 µg/mL and the most resistant species with the 

highest MIC value were found to be M. luteus, E. coli and P. aeruginosa (1562 µg/mL). The 

methanolic extract was active against all tested bacteria, presenting a lower MIC (390 

µg/mL) than the ethanolic extract for P. aeruginosa (1562 µg/mL). Methanol/water and the 

ethyl acetate extracts showed a more or less significant inhibition and P. aeruginosa was 

the most sensitive to methanol/water extract with (780 µg/mL), whereas, B. thuringiensis 

was the most sensitive to the ethyl acetate extract (390 µg/mL). However, the hexane and 

water extracts did not show any antibacterial effect to on most of the tested bacteria (Kacem 

et al., 2015). Through different works, it can be observed the differences in biological activity 

depending on the solvent used for the extraction (Alotaibi et al., 2018). 

The influence of solvent used in extraction was also demonstrated for R. graveolens, with 

methanol, petroleum ether, ethyl acetate and water–methanole extracts. The water-

methanol extract was less active showing lower MIC values in some species tested and no 

activity in others. The petroleum ether and the ethyl acetate extracts presented higher MIC 

values. Only the ethyl acetate extract inhibited the growth of Staphylococcus epidermidis 

1093 (13.3 mm) (Ivanova et al., 2005). In another study, the buffered methanolic and 

acetone extracts of R. graveolens were active against B. cereus, L. monocytogenes and S. 

aureus with 12-17 mm of inhibition zone (800 µg per disc) and MIC of 0.66-2.64 mg/mL 

(Alzoreky and Nakahara, 2003). Despite the differences observed due to the extraction 

process, in general it can be summed that R. graveolens extracts have higher antibacterial 

activity against Gram-positive bacteria. 

Also, the growing conditions and harvesting site may influence the antimicrobial activity, 

so the methanolic and ethanolic extracts of wild growing and cultivated R. graveolens 

collected at the beginning and the ending of the flowering season have been evaluated. For 

the antimicrobial assays, three Gram-positive (B. cereus ATCC 10876, L. monocytogenes 

ATCC 15313 and S. aureus ATCC 6538), three Gram-negative (E. coli ATCC 25922, P. 

aeruginosa ATCC 27853 and Salmonella enteritidis ATCC 13076) and two fungal strains 

(Candida albicans ATCC 10231 and Aspergillus niger ATCC 16404) were used. The samples 

exhibited moderate antimicrobial activity against most of the bacterial and fungal strains 

tested, particularly against Gram-positive bacteria, being the methanolic extract of wild 

growing plants collected at the beginning of the flowering season and the ethanolic extract 

of wild-growing plants collected at the beginning of the flowering season the most active 

(MIC 6.25-25 mg/mL). With this study the authors showed the existing differences between 

cultivated and wild rue, solvents used for extraction and harvest period, with the 

antimicrobial activity being higher for ethanolic extracts of wild rue harvested at the 

beginning of blossoming stage (Pavlović et al., 2014). A similar behaviour was found for R. 
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chalepensis, with Ouerghemmi et al. (2017) concluding that spontaneous Ruta stems 

methanolic extract was particularly effective against S. aureus and P. aeruginosa with 

diameters of inhibition of 16.3 mm and 17.7 mm (50 µL of 5 mg of extract per disc) when 

compared with cultivated R. chalepensis extracts. Nonetheless, cultivated Ruta stem 

extracts also exhibited antibacterial activity with the highest being against E. coli (17.3 mm) 

(Ouerghemmi et al., 2017). 

Further studies were taken considering that nanoparticles could be an alternative to the 

antibiotics drug resistance, due to its unique mode of action (Sivakamavalli et al., 2014). R. 

graveolens was used for the synthesis of green chemistry-based silver nanoparticles 

(AgNPs) and its efficiency as antibacterial, antifungal and antibiofilm agents was evaluated 

against multiple antibiotic resistant bacteria and yeast (S. aureus MTCC 9542, P. 

aeruginosa MTCC: 4673 and C. albicans MTCC 7315). The R. graveolens AgNPs showed 

good antimicrobial activity against the pathogens S. aureus and P. aeruginosa (5 and 4 

µg/mL, respectively) and effective antifungal and antibiofilm activity against the fungal 

pathogen C. albicans (5 µg/mL and 40–60 µg/mL, respectively) (Sivakamavalli et al., 

2014).  

Concerning crude extracts of R. montana leaves, they showed an inhibitory effect between 

5.0–58.0 %, being the most active the methanolic extract (40-58 %), followed by chloroform 

and ethyl acetate extracts (20–42.1 % and 18–53 %) and at last the hexane extract (12.4–

18.3 %). The MIC values of the extracts ranged from 250 to 3000 µg/mL for methanol, ethyl 

acetate and chloroform extracts, and hexane extract have not demonstrated any potential 

antifungal effect (Hammami et al., 2015). 

 

6.1.2 Essential oils 

Also, essential oils have been studied regarding its antimicrobial activity taking into account 

the factors that may affect its activity. Regarding to harvest places, the antibacterial activity 

of R. chalepensis EO from plants obtained in three different regions against E. coli, P. 

aeruginosa, S. aureus and Methicillin-resistant S. aureus demonstrated that the best 

activity was from Jerusalem region (0.75-7 mg/mL) followed by the EO obtained from 

Hebron region (1.5-9 mg/mL). Also, the weakest antibacterial activity was for the EO 

obtained from Jenin region (10-22 mg/mL). P. aeruginosa was the specie more resistant in 

all regions. Regarding the antifungal activity against C. albicans, the lowest MIC found for 

rue’s EO was for the plants collected from Jenin region, followed by Jerusalem and Hebron 

regions (2.75-4 mg/mL) (Jaradat et al., 2017). Thus, the different places of harvest can 

influence the antimicrobial activity, with EO presenting different profiles of antibacterial 

and antifungal activities (Jaradat et al., 2017). Also, the antimicrobial activity of the EO of 
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R. chalepensis collected in North Lebanon revealed moderate in vitro antifungal activity 

against Trichophyton rubrum and C. albicans (MIC of 512 µg/mL), while the bacterial 

strains of S. aureus and E. coli were not susceptible to this EO (MIC > 512 µg/mL) (Khoury 

et al., 2014).  

The different parts of plants also play a role in the influence of their antimicrobial activity. 

A study about R. chalepensis essential oil, conclude that leaves EO to have a significant 

higher antibacterial activity against all test microorganisms (50-400 µg/mL), followed by 

stems’ EO (100-783.33 µg/mL) and at last the roots’ EO (350-800 µg/mL) (Amdouni et al., 

2016).  

As for crude extracts, also the composition of the essential oils is influenced by several 

factors. Bouajaj et al. (2014) proposed that the antifungal activity of R. chalepensis EO 

against phytopathogenic strains is related to the proportions of both monoterpenes and 

sesquiterpenes. However, other major or trace components in the oil could also give rise to 

part of the antifungal activity, due to a possible synergistic or antagonistic interaction 

between the EO components (Bouajaj et al., 2014). 

Such as extracts, R. graveolens EO had a more relevant antibacterial activity. When 

evaluating several Gram-positive and Gram-negative bacteria (B. cereus ATCC 11778, S. 

aureus ATCC 25923, M. flavus ATCC 25923, Micrococcus luteus ATCC 9341, E. coli ATCC 

25922, Enterobacter aerogenes ATCC 13048, P. aeruginosa ATCC 10145 and Salmonella 

Typhi ATCC 19430), the MIC values ranged from 0.75 to 75 μg/mL and the most susceptible 

bacterium was M. flavus and the less susceptible was P. aeruginosa (Orlanda and 

Nascimento, 2015). Chaftar et al. (2016) showed that EO from R. graveolens were active 

against all the tested species amongst the 11 bacterial and seven fungal species, except for 

Legionella pneumophila and Bacillus megaterium (MIC < 0.02 and 0.50 mg/mL, 

respectively) (Chaftar et al., 2016). The results of Owlia and co-authors (2009) presented 

no antimicrobial activity of R. graveolens EO against P. aeruginosa (ATCC 27853) (Owlia 

et al., 2009). However, the R. graveolens EO from Tunisian plants demonstrated a strong 

anti-Legionella activity (MICs ≤ 0.06 mg/mL) against six of seven isolates from Tunisian 

spas and two reference strains. Authors suggested that the anti-Legionella activity may be 

due to the high content of 2-undecanone, being however necessary more studies to 

understand if or even other major or less abundant components may have a role in this 

activity (Chaftar et al., 2015). The EO from R. graveolens also inhibited all Staphylococcus 

strains and Candida species isolated from patients with acute otitis externa, with inhibition 

halos between 10 and 13 mm in diameter (Nogueira et al., 2008). Mycotoxins are natural 

contaminants produced by diverse fungal species that can contaminate plant materials used 

as food and even after processing. So, the effect of R. graveolens EO was tested on the 
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growth and aflatoxin production of Aspergillus parasiticus. The use of R. graveolens 

essential oil showed to inhibit the aflatoxin production, even if the fungal growth inhibition 

was marginal (Soares et al., 2016), thus indicating that despite not inhibiting cellular growth 

the EO may influence the virulence factors production of microorganisms. 

Yosra et al. (2019) compared the EO of R. graveolens and R. montana from Tunisian plants 

regarding its antibacterial activity. Using the disc diffusion method, the authors concluded 

that the antibacterial activity was higher with R. montana EO than R. graveolens EO. The 

inhibition zones (10 µL/disc, 6 mm disc) were 21 mm, 17 mm and 21 mm for P. aeruginosa 

ATCC 7624, S. aureus and S. aureus ATCC 76110, respectively, with R. montana, whereas 

the R. graveolens essential oil showed lower values (Yosra et al., 2019). R. montana also 

exhibited a moderate to high antifungal activity against some plant pathogenic fungi 

(Fusarium oxysporum, Botrytis cinerea, Aspergillus oryzea, Verticillium dahliae, 

Rhizoctonia solani and Fusarium solani). The EO showed an inhibitory effect against the 

growth of these fungi between 40 and 80% and with the MIC values ranging from 160 to 

1100 µg/mL, among which B. cinerea was found to be the most susceptible fungal pathogen 

(Mohammedi et al., 2019). 

On the other hand, when EO of R. montana from Melouane (Northern Algeria) was tested, 

it did not inhibit the bacterial growth of E. coli, however after EO thionation, the activity 

towards this bacterium was remarkably enhanced. At the same concentration, the EO had 

no inhibition zone and the thionated EO had 25 mm. Relative to the antifungal activity, the 

inhibition zone went from 11 mm to 32 mm at the lowest concentration (0.1%) for C. 

albicans ATCC 10231. The antimicrobial activity of R. montana EO was improved by 

thionation of the EO, which alteration of the composition may be the cause for the increase 

in the biological activity (Fekhar et al., 2017).  

In a study evaluating the antimicrobial activity of the essential oils of the antimicrobial 

different Ruta species, inhibition zones (10 µL/6 mm disc) from disc diffusion assays ranged 

from 6 to 17 mm for bacterial strains, where the R. chalepensis essential oil had the highest 

activity observed against S. aureus and S. Typhi with the inhibition zones of 15 and 17 mm, 

respectively. R. graveolens and R. tuberculata oil exhibited weak to modest antimicrobial 

activity. The weakest antibacterial activity was found for R. angustifolia essential oil, which 

presented no activity against the tested strains. For fungal strains, the inhibition zones 

ranged from 8 to 35 mm with the highest antifungal activity found with R. angustifolia and 

R. graveolens EO against C. albicans (35 and 33 mm) and in R. chalepensis and R. 

tuberculata EO against Cladosporium herbarum (35 and 34 mm). When deepening the 

study, the lowest MIC value was found in R. graveolens EO against C. albicans (18 µg/mL) 

and for filamentous fungi (Aspergillus fumigatus (MNHN 566), Aspergillus flavus (MNHN 
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994294), C. herbarum (MNHN 3369), Fusarium oxysporum (MNHN 963917), Alternaria 

alternaria (MNHN 843390)) with MIC values between 3.5 and 8.7 µg/mL. The authors 

analysed the chemical composition of the different EOs and concluded that these 

differences of antimicrobial activity between the Ruta species is probably due to the 

different chemical composition of the EOs. The presence of 95.63% of ketones in the total 

R. angustifolia oil was probably the cause of no antibacterial activity. The monoterpene 

hydrocarbons present in R. graveolens and R. chalepensis can be associated with the 

modest antibacterial nature and the presence of monoterpene alcohols and monoterpene 

hydrocarbons can be responsible for the activity of R. tuberculata against E. faecalis and B. 

cereus (Haddouchi et al., 2013).  

Globally, Ruta species may be presented as an approach for developing natural fungicide 

and bactericide compounds. 

 

6.1.3 Isolated compounds 

Isolated compounds obtained from extracts of plants of this genus have also been tested. 

Taking into account the diversity of results presented for the various Ruta species and that 

the composition influences the bioactive properties of plants, it is important to study the 

activity of the isolated compounds because the interactions between compounds lead to 

synergistic, additive or antagonistic effects. These effects could contribute to design more 

potent antimicrobial blends because some antimicrobials when applied as single 

compounds have a different activity than some mixtures (Hyldgaard et al., 2012). The 

antifungal activity of new alkaloid 5-(1,1-dimethylallyl)-8-hydroxyfuro[2-3-b] quinoline 

and the known biscoumarin daphnoretin obtained from the chloroform fraction of the R. 

chalepensis ethanolic extract were evaluated against the phytopathogenic fungi R. solani, 

Sclerotium rolfsii and F. solani. The percent germination of R. solani and S. rolfsii sclerotia 

decreased with an increasing concentration of the two compounds, where the biscoumarin 

daphnoretin was responsible for strongest inhibition. The data suggest that alkaloids and 

coumarins may be some of the rue’ compounds having an important role in the chemical 

defense against plant pathogens (Emam et al., 2010). 

 The effect of graveoline, isolated from R. angustifolia, combined with alkaloid-antibiotics, 

erythromycin or vancomycin, was studied. The results showed that the combination 

between graveoline, a natural quinolone alkaloid, and the antibiotics tested demonstrate a 

synergistic effect against S. aureus ATCC 25923 and partial synergy effect against E. coli 

ATCC 25922. This study revealed a potential alternative antimicrobial combination agent 

to the delay of the emergence of resistance in bacteria (Kamal et al., 2018). 
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The antimicrobial potential of rutin-loaded chitosan nanoparticles (CRNPs) was evaluated 

against B. thuringiensis, Bacillus pumilus, P. aeruginosa, Acinetobacter junii, E. faecalis 

in order to explore an antimicrobial potential of rutin. Rutin is a polyphenol compound that 

possesses strong antioxidant and antimicrobial properties and was isolated from the ethyl 

acetate fraction from stems of R. graveolens ethanolic extract. The load of rutin into the 

nanoparticles enhanced its potential, with B. pumilis and E. faecalis being the most 

sensitive pathogens. The MIC results showed a dominance of CRNPs (7.81–15.62 µg/mL) 

over bare rutin (31.25–62.50 µg/mL) and chitosan (62.5–250 µg/mL). The possible 

potential of CRNPs may be associated with synergistic antimicrobial properties between 

chitosan and rutin enhancing the antimicrobial potential of the nanoparticles (Patil and 

Jobanputra, 2015). Thus, the use of plant extracts to develop nanomedicine against various 

human and clinical pathogens could be an alternative approach to combat many infections 

and drug resistance.  

 

6.2 Antiviral activity 

Regarding antiviral potential activities, Wahyuni et al. (2014) determined the possible anti-

HCV (Hepatitis C virus) activity of R. angustifolia extracts, their subfractions and isolated 

compounds. The results revealed that a dichloromethane extract of R. angustifolia leaves 

possessed the most potent activity, suggesting that a semi-polar compound(s) extracted by 

dichloromethane was involved in the anti-HCV activity. In the continuous of this work, they 

identified chalepin and pseudane IX as anti-HCV compounds and their anti-HCV activities 

were stronger than that of ribavirin (2.8 ± 0.4 μg/mL), which has been widely used for the 

treatment of HCV infection. The analysis of the mode of action of chalepin and pseudane IX 

showed that HCV inhibition occurred at the post-entry step and that these compounds 

diminished the levels of HCV RNA replication and viral protein synthesis. So, these extracts 

are possible candidates as anti-hepatitis C virus (Wahyuni et al., 2014). In another study, 

Wahyuni et al. (2019) combined the ethanolic extract of R. angustifolia leaves and with 

current antiviral drugs, simeprevir and telaprevir. The combination of R. angustifolia 

extract and simeprevir or telaprevir had a synergistic effect on the inhibition of hepatitis C 

virus. This synergism revealed higher inhibition of virus compared to treatment with either 

of the drugs alone (Wahyuni et al., 2019). 

  

6.3 Antiparasitic activity 

Parasitic diseases remain a major public health problem and the increasing drug resistance 

has limited the usefulness of some of the existing compounds. Parasitic diseases occur 
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mostly in lower-income countries, so traditional remedies are essential for the treatment of 

several diseases and abound in most endemic regions (Tagboto and Townson, 2001).  

Among the various biological activities described for Ruta species, antiparasitic activity has 

been reported for crude extracts and EO (Table 5). When considering the tested individual 

compounds, 2-undecanone show to be the most active compound found in R. chalepensis 

extract presenting nematocidal and anthelmintic activities (Akkari et al., 2015; Ntalli et al., 

2011). On the other side, rutin and 8-methoxypsoralen showed no nematocidal activity 

(Ntalli et al., 2011). The chalepensin from R. chalepensis methanolic extracts was found as 

the bioactive compound responsible for the antiprotozoal activity against Entamoeba 

histolytica (Quintanilla-Licea et al., 2014). For plant pathogens like Bursaphelenchus 

xylophilus and others, the EO fractions with oxygen-containing molecules and components 

like 2-undecanone, thymol, carvacrol, p-cymene and/or c-terpinene were the ones with 

higher nematotoxic activity (Faria et al., 2013, 2016a,b). Also, the different parts of the plant 

have distinctive activities, with the essential oil of R. chalepensis leaves showing higher 

inhibitory effects than flowers essential oil on egg hatching rate and flowers essential oil 

inhibited more worms of Haemonchus contortus than the leaves essential oil (Akkari et al., 

2015). 

Moreover, Ruta extracts and essential oils showed good anthelmintic activity against 

gastrointestinal nematodes demonstrating reductions of viability, of potential for invasion 

and multiplication rate of the parasites (Ortu et al., 2017; Teixeira et al., 2014). Further, the 

Ruta extracts showed low cytotoxicity to host cells in the treatment against Leishmania 

demonstrating the selectivity for these parasites (Ahmed et al., 2011; Faria et al., 2013). 

Based on these data, the Ruta plants exhibited considerable activity for antiparasitic control 

and EOs are potential environmentally friendly alternatives (De Queiroz et al., 2014; Faria 

et al., 2013).  
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Table 5. Insecticidal and larvicidal activities of Ruta species. 

Biological 
activity 

Ruta species Part used 
Mode of 
preparation 

Activity against Reference 

Insecticidal 
and/or larvicidal 
activity 

R. chalepensis leaves and stems aqueous extract Sweet potato whitefly Bemisia tabaci immature stages (Al-mazra’awi and Ateyyat, 
2009) 

leaves aqueous ethanolic 
extract (80%) 

Larvae Spodoptera littoralis (Emam et al., 2009) 

leaves choroform 
fraction of the 
methanolic extract 

Rice weevil, Sitophilus oryaze L. adults (Jeon et al., 2013) 

aerial parts diethyl ether and 
methanolic 
extracts 

Dengue mosquito Aedes aegypti (De La Torre Rodriguez et al., 
2013) 

leaves and stems methanolic 
extracts 

Adulticidal activities against Aedes aegypti (Al-Massarani et al., 2019) 

aerial parts hydrosols Crop pests Aphis gossypii and Tetranychus urticae (Traka et al., 2018) 

aerial parts methanolic 
extracts 

Culex pipiens larvae (Abdel-Sattar et al., 2014) 

whole plant methanolic 
extracts 

Early larvae of Culex pipiens pallens and against Aedes 
aegypti 

(Kim et al., 2002) 

fresh leaves and 
flower 

essential oil Third and fourth instars larvae of Orgyia trigotephras (Akkari et al., 2015) 

fresh leaves essential oil Asian tiger mosquito, Aedes albopictus Skuse (Bedini et al., 2018; Conti et al., 
2013) 

aerial parts essential oil Flour beetles, Tribolium castaneum and Tribolium 
confusum 

(Abbad et al., 2014) 

R. montana aerial parts essential oil Adult male, Blatella germanica cockroach and adult 
and larvae Culex pipiens mosquitoes 

(Boutoumi et al., 2009) 

 R. graveolens leaves ethanolic extract Fly Ceratitis capitata (Ghabbari et al., 2018) 

  leaves essential oil Third-instar larvae of Aedes aegypti and juvenile 
nematodes of Meloidogyne incognita 

(Da Silva et al., 2014) 
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Table 5. Insecticidal and larvicidal activities of Ruta species (continuation). 

Biological 
activity 

Ruta species Part used 
Mode of 
preparation 

Activity against Reference 

Repellent effect R. chalepensis leaves and stems aqueous extract Sweet potato whitefly Bemisia tabaci adults (Al-mazra’awi and Ateyyat, 
2009) 

  
fresh leaves essential oil Asian tiger mosquito, Aedes albopictus Skuse (Conti et al., 2013) 

  
aerial parts essential oil Weevil Aegorhinus superciliosus (Tampe et al., 2016) 

  
leaves essential oil using 

coconut oil as a 
solvent 

Mosquitoes (mainly Mansonia) (Hadis et al., 2003) 

 R. montana aerial parts essential oil Insect pest of stored grains Ephestia kuehniella (Bouzeraa and Labed, 2019) 

Biting deterrents R. chalepensis aerial parts essential oil Aedes aegypti and Anopheles quadrimaculatus (Ali et al., 2013) 

Molluscicide 
activity 

R. chalepensis aerial parts hexane and 
dichloromethane 
extract 

Bulinus truncatus (Hmamouchi et al., 2000) 

Antiparasitic 
activity 

R. chalepensis aerial parts methanolic extract Root knot nematodes Meloidogyne incognita and 
Meloidogyne javanica 

Gastrointestinal nematodes Teladorsagia spp., 
Haemonchus contortus and Trichostrongylus spp. 
Entamoeba histolytica and Giardia lamblia 
trophozoites 

Trypanosoma cruzi epimastigotes 

(Calzada et al., 2006; Jasso 
Díaz et al., 2017; Molina-Garza 
et al., 2014; Ntalli et al., 2011; 
Ortu et al., 2017; Quintanilla-
Licea et al., 2014) 

 

fresh leaves and 
flower 

essential oil Haemonchus contortus from sheep (Akkari et al., 2015) 

whole plant essential oil Leishmania major and Leishmania infantum (Ahmed et al., 2011) 

  aerial parts essential oil Root knot nematodes Meloidogyne incognita and 
Meloidogyne javanica 

(Ntalli et al., 2011) 

 R. graveolens aerial parts aqueous Extracts Leishmania amazonensis (De Queiroz et al., 2014) 

  aerial parts hydroalcoholic 
extract 

Leishmania amazonensis and Trypanosoma cruzi           
Adult worms of Schistosoma mansoni 

(De Carvalho et al., 2019; 
Teixeira et al., 2014) 
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Table 5. Insecticidal and larvicidal activities of Ruta species (continuation). 

Biological 
activity 

Ruta species Part used 
Mode of 
preparation 

Activity against Reference 

  

aerial parts essential oil Pinewood nematode, Bursaphelenchus xylophilus L. 
Columbia root-knot nematode, Meloidogyne 
chitwoodi 

(Faria et al., 2016, 2013) 

R. pinnata mature fruits methanolic extract Caprine apicomplexan Eimeria ninakohlyakimovae (López et al., 2018) 

Fumigant activity R. graveolens leaves essential oil Adults stored date pests Ectomyelois kuehniella and E. 
Ceratonia 

(Chaaban et al., 2019) 

R. montana aerial parts essential oil Insect pest of stored grains Ephestia kuehniella (Bouzeraa and Labed, 2019) 
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6.4 Insecticidal and larvicidal activities 

Considering the vast potential of plants in the combat of insects and as a repellent and 

its traditional use, Ruta species have been studied in regard to its insecticidal and 

larvicidal activities. Many insect pests that are responsible for plant and fruit damage, 

problems in stored food products, postharvest grains, and processed goods (Jeon et al., 

2013), but also serves as vectors of dangerous diseases, such as dengue, malaria, yellow 

fever, filariasis, and other viral infections (Al-mazra’awi and Ateyyat, 2009; Ali et al., 

2013; Conti et al., 2013; Jeon et al., 2013; Tampe et al., 2016). Synthetic insecticides are 

effective, although associated with disadvantages, as lack of effectiveness, resistance 

against pesticides, environmental pollution, and toxicity on non-target organisms 

(Akkari et al., 2015; Jeon et al., 2013). For these reasons, the investigation for alternative 

approaches has grown and natural pest control methods have been increasingly 

explored, looking for bioinsecticides that demonstrate a high degree of insect elimination 

and low toxicity to humans (Akkari et al., 2015; De La Torre Rodriguez et al., 2013). 

Table 5 presents the insecticidal and larvicidal activity of Ruta species, where the activity 

of the crude extract is highlighted; however also isolated compounds showed potential 

activities. For example, quinoline and its derivatives isolated from R. chalepensis leaves 

proved to be the most toxic compound against Sitophilus oryzae and Spodoptera 

littoralis comparing to the results obtained for crude extracts and respective fractions 

(Emam et al., 2009; Jeon et al., 2013). In another study, the authors concluded that the 

insecticidal properties of leaves and flower essential oils from R. chalepensis can be 

attributed to the abundance of ketones (Abbad et al., 2014; Akkari et al., 2015; Ali et al., 

2013; Tampe et al., 2016). It can be said that the relationship between the chemical 

structures of the compounds in the tested oils and their proportions influence the 

pharmacological activities (Akkari et al., 2015). 

As previously seen, the composition variation depends on several environmental factors 

and can influence the biological activity of the plant. For example, EO from R. graveolens 

was investigated with basis on seasonal variation (October 2009 to September 2010) and 

the results showed that during dry periods the major compounds (2-undecanone and 2-

nonanone) were present in higher levels enhancing the nematicidal and larvicidal 

activities of the essential oil (Da Silva et al., 2014). Also, R chalepensis EOs demonstrated 

similar activity to the commercial Deet (diethyl toluamide) (Ali et al., 2013; Hadis et al., 

2003) showing a dose-dependent larvicidal activity which was improved with time 

exposure (Da Silva et al., 2014; De La Torre Rodriguez et al., 2013). The Ruta species can 

be considered as a potential bioinsecticides that could reduce infestation (Da Silva et al., 

2014; De La Torre Rodriguez et al., 2013; Tampe et al., 2016).  
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6.5 Antioxidant activity 

Antioxidants compounds neutralize free radicals and their negative effects, while acting on 

prevention, interception, and repair, using mechanisms as reducing agents by trapping free 

radicals, donating hydrogen, acting as chelators and quenching singlet oxygen (Kacem et 

al., 2014).  

Commonly, synthetic chemical antioxidants are used to extend the shelf life of food 

products, however the increased intake of these chemicals may cause toxic or carcinogenic 

effects to consumers (Jaradat et al., 2017; Ouerghemmi et al., 2017). The antioxidants are 

also important in human health, possibly improving the quality of life by preventing or 

delaying the onset of diseases (Loizzo et al., 2018). In human physiological and 

pathophysiological processes, the reactive oxygen species (ROS) have a crucial role and can 

disturb the normal cells function due to an imbalance between the radical formation and 

protection (Kacem et al., 2014; Loizzo et al., 2018). ROS formed in normal metabolic 

reactions leads to oxidative damage in biological molecules, such as nucleic acids, proteins, 

lipid and can be responsible for the initiation or aggravation of diverse pathological states 

(Kacem et al., 2014). Due to all the side effects of the synthetic antioxidants, the research 

for natural agents is growing, with plants being presented as a valuable source of natural 

antioxidants such as phenolic compounds, flavonoids and vitamins (Jaradat et al., 2017; 

Ouerghemmi et al., 2017).  

Ruta species have been a target for these studies presenting good antioxidant potential. The 

free radical scavenging activity of decoction and ethanol extracts obtained from R. 

chalepensis and R. monatana stems and leaves have been studied with the 2,2’-

diphenylpicrylhydrazyl (DPPH) test. The extracts from both plants have shown high 

antioxidant activity, with EC50 from 1.47 ± 0.1 µg/mL to 2.26 ± 0 µg/mL, presenting the 

most promising results. The results were near to the antioxidant activity of the standard 

gallic acid (EC50 = 0.95 ± 0.04 µg/mL). Even when subjected to the action of synthetic 

gastric and pancreatic juices the antioxidant activity was maintained, indicating a good 

potential for its use in phytotherapy (Khadhri et al., 2017). As it happened with other 

biological activities, the antioxidant activity is influenced by diverse factors such as the 

species, part of the plant and solvent used in the extraction. Kacem et al. (2015) evaluated 

the effect of the solvent used in the extraction and they demonstrated that the ethanolic 

extract of R. chalepensis aerial parts exhibited the most potent antioxidant activity followed 

by methanol and methanol/water extracts (Kacem et al., 2015). In another study, the aerial 

parts of R. chalepensis were extracted with ethanol and successively extracted using other 

solvents. The antioxidant activity of R. chalepensis showed DPPH radical scavenging 

activity in a concentration–dependent manner and the best activity was obtained by ethyl 
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acetate/n-butanol extract (% DPPH scavenging = 94.28%, IC50 = 56.6 μg/mL), being 

followed by ethanol (% DPPH scavenging = 87.51%, IC50 = 320.7 μg/mL) and 

ether/chloroform extracts (% DPPH scavenging = 80.37%, IC50 = 414.9 μg/mL). All extracts 

possessed very promising antioxidant activities compared with the standard ascorbic acid 

(% DPPH scavenging = 86.36%, IC50 = 11.20 μg/mL) (Alotaibi et al., 2018). This activity may 

be depending on phenolic content, with a direct correlation between phenolic content and 

antioxidant activity (Gali and Bedjou, 2019). 

Comparing the different parts of the plant, it was suggested that the biological activities of 

the methanolic extracts of leaves, roots and stems of R. chalepensis have significant 

differences in their antioxidant activities. The highest antioxidant activity was recorded in 

leaves methanolic extract (Ghazghazi et al., 2015). The total antioxidant capacity of 

spontaneous and cultivated R. chalepensis was higher in the leaves and flowers and 

significantly lower in stems, with a scavenging ability of the wild flower extract (IC50 = 23.73 

µg/mL) higher than the one found for the standard Butylated hydroxytoluene (BHT, IC50 = 

25 µg/mL). Regarding their reducing power, the wild and cultivated leaf extracts and the 

cultivated flower extract demonstrated the highest reducing power (IC50 = 0.90 mg/mL, 

0.92 mg/mL, and 1.10 mg/mL, respectively), followed by the wild and cultivated stem 

extracts (IC5 0 = 1.96 mg/mL and 2.05 mg/mL, respectively). It can be concluded, that in 

general the leaves and flowers of wild and cultivated R. chalepensis have a better 

antioxidant activity (Ouerghemmi et al., 2017).   

In another study, the antioxidant activities of R. chalepensis methanolic leaf extract were 

performed using different tests: DPPH, β-carotene bleaching and metal chelating activity 

assays. The results suggest that the extract was able to reduce free radical DPPH (IC50 = 60.2 

μg/mL; BHT = 12 μg/mL), showing a promising inhibition of lipid peroxidation (IC50 = 16.9 

μg/mL; BHT = 8.5 μg/mL), but presenting a low metal chelating activity (14.6%) compared 

to the control ethylenediamine tetraacetic acid (EDTA) (97.8%) (Loizzo et al., 2018). 

Another study also investigates the antioxidant activities of methanolic extracts from R. 

chalepensis, collected in Centre of Tunisia, by DPPH and 2,2’-azinobis-3-

ethylbenzothiazoline-6-sulphonate (ABTS) and 2,2′-Azobis(2-methylpropionamidine) 

dihydrochloride (AAPH) assays. This study shows that R. chalepensis extracts possess 

antioxidant activity using different in vitro assays (Khlifi et al., 2013). Overall, through the 

use of different methodologies it was shown that R. chalepensis extracts have antioxidant 

activity by different mechanisms (Kataki et al., 2014). The composition of plant extract can 

act through various mechanisms like binding of transition metal ion catalysts, reduce 

capacity and radical scavenging, prevention of chain initiation, decomposition of peroxides 

and prevention of continued hydrogen abstraction, so it is important to use methodologies 

with distinct mechanisms to evaluate the antioxidant activity (Gali and Bedjou, 2019). 
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Also, essential oils have been studied and presented promising results. When considering 

the influence of the harvest region of the plants, DPPH results showed that the EO obtained 

from R. chalepensis leaves collected in Jerusalem region showed the highest antioxidant 

potential (% inhibition = 69.56%; IC50 = 6.9 ± 0.94 µg/mL) followed by the EO obtained 

from Hebron (% inhibition = 61.53%; IC50 = 7.8 ± 1.05 µg/mL) and Jenin (% inhibition = 

24.12%; IC50 = 19.9 ± 0.68 µg/mL) regions (Jaradat et al., 2017). The vegetative and the 

flowering stages of the plants and the plant organs also influenced chelating activity, which 

were affected by the plant organs. The lowest chelating activity of R. chalepensis was 

measured in the leaves EO and the highest was found in the stems and flowers EO, when 

the parts were collected at the flowering stage (Krayni et al., 2015). 

Regarding to antioxidant activity of R. graveolens, ethanolic extracts showed higher DPPH 

scavenging activity (% inhibition = 59.3%) than the hexane extract (% inhibition = 16.8%) 

at the same concentration (250 µg/mL) (Molnar et al., 2017). Furthermore, methanolic and 

ethanolic extracts of wild growing and cultivated rue at the beginning and the end of 

flowering season exhibited significant antioxidant potential. The methanolic extract of wild 

R. graveolens collected at the end of flowering season exhibiting the strongest antioxidant 

activity in DPPH and β-carotene-linoleic acid tests (IC50 = 36.36 ± 1.20 μg/mL and IC50 = 

31.06 ± 2.30 μg/mL, respectively). The antioxidant effects in the β-carotene-linoleic acid 

test system of this extract are similar to the antioxidant activity of rutin (IC50 = 33.29 ± 1.49 

μg/mL) (Pavlović et al., 2014).  

Also, for R. montana EO, DPPH assay showed antioxidant activity in a concentration-

dependent manner and producing 50% of inhibition at extract concentration of 16.7 µL/mL 

(Kambouche et al., 2008). Mohammedi et al. (2019) studied samples of R. montana 

collected from different locations in Algeria that exhibited significant free radical reducing 

capacity and ferric reducing power (Mohammedi et al., 2019). In this work it was possible 

to observe the influence of the geographical location of the harvest of plants in their 

bioactive activity, as already described above. 

In sum, the extracts and EO of Ruta species display antioxidant activity through different 

mechanisms, in a concentration-dependent manner, with a positive correlation between 

total phenolic content and values of antioxidant activity (Ouerghemmi et al., 2017).  

 

6.6 Neuroprotective activity 

Neurodegeneration is a characteristic of many incurable and debilitating diseases that are 

rising in prevalence very quickly (Gitler et al., 2017). Neurodegenerative diseases cause 

progressive loss of cognitive and/or motor function (Gan et al., 2018) and are often caused 

by the accumulation of oxidative damage, inflammation, and protein aggregation (Heidari 
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et al., 2020). Therefore, the develop of new and more effective therapeutic strategies is an 

urgent need to combat these diseases (Gitler et al., 2017). 

Alzheimer’s disease (AD) is a chronic progressive degenerative disease of the central 

nervous system and is the most common form of dementia among the elderly (Adsersen et 

al., 2006; Li et al., 2016). The degeneration of the cerebral cortex causes the loss of its 

normal function, like judgment, memory, reasoning ability, abstract thinking ability, and 

spatial relationship (Li et al., 2016). The decreased levels of acetylcholine in the brain areas 

in AD patients is related to memory and learning problems (Adsersen et al., 2006), with the 

inhibition of the enzyme acetylcholinesterase (AChE) in early and moderate stages of AD 

being seen as an approach to treat this condition (Adsersen et al., 2006; Khadhri et al., 2017; 

Wszelaki et al., 2010). Several works have evaluated Ruta species regarding its potential as 

inhibitors of acetylcholinesterase. R. graveolens aqueous and methanolic extracts, 

exhibited moderate inhibition of the enzyme AChE (22 and 39% with 0.1 mg/mL 

respectively) (Adsersen et al., 2006). The evaluation of R. chalepensis and R. montana leaf 

and stem extracts (water decoctions and ethanol extracts) demonstrated the greatest 

inhibitory activity for leaf ethanolic extract of R. chalepensis (IC50 = 12 ± 1.1 µg/mL) 

(Khadhri et al., 2017). Regarding, isolated compounds and derivates, several presented 

promising in vitro results. Graveoline and a series of new graveoline analogs synthetized 

taking as basis the structural characteristics of AChE dual-site inhibitors, displayed an 

inhibitory ability and selectivity against AChE, with the cytotoxicity study showing that the 

neurocyte viability was unaffected at low compound concentrations (Li et al., 2016). 

Butyrylcholinesterase (BuChE) inhibition has additionally been a focus of study, since 

BuChE activity increases in AD with the severity of dementia progresses (Wszelaki et al., 

2010). Among several plants used in traditional European medicine, one of the most potent 

concerning AChE and BuChE inhibition was R. graveolens hexane extract at a 

concentration of 400 µg/mL. This extract had a dose-dependent inhibitory activity and the 

inhibition was higher than 50 % at the concentration of 100 µg/mL, the lowest 

concentration used (Wszelaki et al., 2010). So, it can be concluded that the extracts of rue 

have phytotherapeutic potential in AChE and BuChE inhibition activity and these 

compounds offer a potential for application and further research on the treatment of AD.  

Other compounds that may be useful for AD and also anxiety disorders and 

neurodegenerative related illnesses such as Parkinson's are MAO-B inhibitors (Stafford et 

al., 2007). Monoamine oxidase (MAO) is an enzyme that was present in the neuronal and 

non-neuronal cells outer mitochondrial membrane and presents two isoforms of MAO 

commonly referred to as MAO-A and MAO-B. These enzymes are responsible for the 

oxidative deamination of endogenous and xenobiotic amines and the inhibitors of MAO 

cause an increase in the amount of these amines stored and released from the nerve 
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terminals, increasing the monoaminergic activity (Yamada and Yasuhara, 2004). In an 

investigation to screen southern African plants different solvents were used and the results 

show that the nonpolar extracts (ethyl acetate and petroleum ether leaf extract) of R. 

graveolens material exhibited the best MAO inhibitory activity and specific MAO-B 

inhibition (Stafford et al., 2007). These findings may lead to the discovery of novel MAO 

inhibitors based on natural sources such as Ruta plants. 

The chronic inflammatory multiple sclerosis is a demyelinating disorder of the central 

nervous system (CNS), for which clinical evidence related to medicinal plants was 

demonstrated for management of MS symptoms. Among different medicinal plants, the 

highest level of clinical evidence was observed for R. graveolens, encouraging its potential 

efficacy on MS symptoms (Farzaei et al., 2017).  

Epilepsy is another neurological disorder to which medicinal plants have been used 

especially in rural communities to manage and treat epilepsy. The possible anticonvulsant 

effect of R. graveolens was investigated in mice by studying the effect of the leaf methanolic 

extract against seizures provoked by pentylenetetrazole (PTZ), picrotoxin, bicuculline or N-

Methyl-DL-Aspartic acid.  The data obtained, indicate that R. graveolens extracts, like 

phenobarbitone, diazepam and muscimol significantly antagonized induced seizures 

(Ahmad and Amabeoku, 2013). The ethanolic extract of R. chalepensis aerial parts were also 

tested on the central nervous system by systemic administration and evaluation of its effects 

on sodium pentobarbital-induced hypnosis, PTZ-induced seizures, anxiety, exploratory 

activity and nociception. Results showed a delay in the onset of seizures induced by PTZ and 

a dose-dependent suppression, a significant attenuation in the anxiety-response, the time 

of sodium pentobarbital-induced hypnosis was prolonged and a reduction in shaking 

behaviour and the licking time in the formalin-induced nociception test. The 

anticonvulsant, sedative-hypnotic potentiation, anxiolytic and antinociceptive effects 

propose that R. chalepensis induces a depressant activity on the central nervous system 

(Gonzalez-Trujano et al., 2006). 

So, different Ruta extracts can be used as potential drugs in neuroprotective activity since 

they inhibited some enzymes or change the neurotransmitter levels responsible to cause 

diverse neurological diseases. 

 

6.7 Anti-inflammatory effect 

The inflammation is an essential protective process against physical, chemical and infective 

insults but sometimes this protective response may lead to damaging consequences, since 

it may respond to several insults erroneously leading to the damaging normal tissues 

(Ratheesh et al., 2010). The autoimmune disorders are characterized by noticeable 
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inflammation and associated failure of the repair process and some inflammatory disorders 

associated with the oxidative stress generated by the cells, complicating further the 

pathology (Raghav et al., 2006). The most commonly prescribed agents to the management 

of inflammation and pain include conventional non-steroidal anti-inflammatory drugs, but 

there are several toxic manifestations associated with the use of these agents. The search for 

new approaches in inflammation and pain management with lower side effects and toxic 

manifestations were enhancing (Kataki et al., 2014).  

The anti-inflammatory application of Ruta species is described in several countries (Table 

3), with some studies displaying a positive anti-inflammatory effect of the plants against 

different insults on in vitro and in vivo models. In 2013, a study concerning the biological 

activities of methanolic extract from R. chalepensis plant, collected in Centre of Tunisia, 

showed that this extract possesses anti-inflammatory activities (Khlifi et al., 2013). Also, the 

ethanolic extract of leaves of R. chalepensis showed immunopharmacological properties 

that contradict the harmful effects of LPS (lipopolysaccharide) in BALB/c mice with 

endotoxemia (Iauk et al., 2004). The authors of this study proposed that the anti-

inflammatory activity of ethanol extract of R. chalepensis is due to flavonoids (Iauk et al., 

2004). Also, the ethanol and ethyl acetate extracts of R. chalepensis and R. graveolens 

methanolic extract decreased the nitric oxide (NO) production in murine RAW 264.7 and 

J-774 macrophages stimulated with LPS (Kacem et al., 2015; Raghav et al., 2006). 

Furthermore, the methanolic extract of R. graveolens leaves presented a significant 

inhibitory effect on the edema formation after carrageenan injection and revealed effective 

anti-inflammatory activity in peritoneal inflammation induced by acetic acid in a 

carrageenan–induced paw edema model (Kataki et al., 2014). The secretion of interleukin-

8 (IL-8) was also tested to examine the anti-inflammatory and cytoprotective effects of 

aqueous ethanol extract of R. graveolens at 100 µg/mL, in gastric epithelial cells infected 

with Helicobacter pylori, demonstrating a strong inhibition of IL-8 secretion, partially 

validating the use of these plants in traditional medicine in gastrointestinal disorders 

associated with Helicobacter pylori (Zaidi et al., 2012).  

In India, R. graveolens is used in folk medicine for the treatment of rheumatism, arthritis 

and other inflammatory conditions (Ratheesh et al., 2010). The traditional use was 

validated through the use of rat models with carrageenan induced edema and adjuvant 

induced arthritis. Methanolic extract of R. graveolens led to an inhibition of edema at a 

dose of 20 mg/kg at day 21 of adjuvant arthritis, with this effect being higher than that of 

the standard drug, indomethacin. The histopathology analysis of tissue showed decreased 

cellular infiltration and oedema formation on supplementation with R. graveolens extract 

(Ratheesh et al., 2009). The same group of investigation, in another work, studied the 

isolated polyphenolic and alkaloid fraction from R. graveolens to evaluate its anti-
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inflammatory activity in carrageenan induced acute model. The alkaloid fraction of R. 

graveolens with a dose of 10 mg/kg showed higher anti-inflammatory activity than 

polyphenols and the used standard drug, diclofenac (Ratheesh et al., 2010). Then, R. 

graveolens extract traditional use and the laboratory test results point to its potential to be 

used as an anti-arthritic agent. 

Ruta species extracts have been studied regarding their possible application for treatment 

of other diseases associated with inflammatory processes, as atherosclerosis, asthma or skin 

inflammation. Considering the potential use as therapeutic treatment of clinical conditions 

associated atherosclerosis, the R. graveolens methanolic extract in hypercholesteremic rats 

suggested that feed supplementation with methanolic extract reduces inflammation, 

oxidative stress, and so the aortic pathology in these rats (Ratheesh et al., 2011).  

Moreover, when considering alternatives to the used antihistamine drugs for asthma 

treatment, the active components from R. chalepensis methanolic extract of leaves were 

separated to evaluate the anti-asthma activities. Quinoline and its derivatives showed a 

strong relaxant effect (IC50 = 0.42 mM) on the contractility induced by histamine, of isolated 

guinea pig trachea. Due to the low dose required to produce a high relaxant effect, R. 

chalepensis extract and quinoline derivatives (quinoxaline, quinolone, quinazoline and 8-

hydroxyquinoline) could have the potential for development as commercial anti-asthma 

agents (Lee and Lee, 2011).  

Extracts of R. graveolens were used to test the inhibition and induction of enzymes 

associated with skin inflammation. The cyclooxygenase (COX) enzyme has two main 

isoforms that are accountable for the initiation of eicosanoids production and at sites of 

inflammation are responsible for the progression of inflammation. The results exhibit 

inhibition activity against COX-1 and -2 and can have a potential use to serve as non-

selective inhibitors of COX-1 and -2 enzyme activity (Thibane et al., 2019).  

Thus, R. chalepensis and R. graveolens extracts have been traditionally used for the 

treatment of several diseases where inflammation needs to be controlled (Table 3). 

 

6.8 Anti-neoplastic activity and anti-cancer activity 

Anti-neoplastic efficacy is dependent on the ability to induce cell death, to stop proliferation 

of malignant cells, to upregulate any tumour suppressor pathways and to suppress 

oncogenicity (Law et al., 2018).  

 The inhibition of tumour cell proliferation while simultaneously promoting apoptosis is 

pointed as the main characteristic of cancer treatment (Law et al., 2018). However, the side 

effects on normal cells from conventional chemotherapies are a concern (Law et al., 2018; 
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Pathak et al., 2003). So, it is important to find agents that destroy cancer cells but have no 

effects on normal cells (Pathak et al., 2003), and preferably drugs with both apoptotic and 

autophagic abilities, since the cancer cells can become resistant and escape of apoptosis 

signals, but still be killed by autophagy (Ghosh et al., 2014). Therefore, any agent that may 

suppress the proliferation of malignant cells and at the same time do not affect normal cells 

may act as a valuable anticancer source and cytotoxicity of a drug is always considered as 

the first thing to do in the path to understanding its potential as an anticancer drug (Arora 

et al., 2013). 

Richardson et al. (2016) tested the cytotoxicity of methanolic and fractionated extracts 

(hexane, chloroform, ethyl acetate and water) of R. angustifolia against human colon 

carcinoma (HCT-116), human lung carcinoma (A549), human cervical carcinoma (CaSki) 

cells and human normal lung fibroblast (MRC5) cell lines. The chloroform extract (without 

chlorophyll) exhibited the highest cytotoxic activity against A549 cell line, so a bioguided 

research was directed to this fraction that led to the isolation of 12 pure compounds. 

Amongst the pure compounds, chalepin displayed excellent cytotoxicity against A549 cell 

line. The expression of antioncogenes and apoptosis regulators was observed when A549 

cells were treated with chalepin, while anti-apoptotic proteins decreased in a time-

dependent manner. This data indicated that chalepin-induced cell death might involve the 

upregulation of pro-apoptotic proteins and downregulation of anti-apoptotic proteins 

(Richardson et al., 2016). In another study, chalepin demonstrated notable cytotoxic 

activity against MCF7 cells (human hormone-dependent breast cancer) and moderate 

cytotoxic activity against MDA-MB231 cells (human non-hormone-dependent breast 

cancer), while not presenting toxicity against MRC5 cell line (Fakai et al., 2019). 

Rutamarin (Figure 1), is one of the chemical components of R. angustifolia, which also 

exhibited remarkable cytotoxicity against colon cancer cells with no damage against the 

normal human colon cell line. This compound possessed the ability to kill cancer cells at a 

dose comparable to cisplatin, a currently used agent for the treatment of several human 

cancers. Moreover, the induction of apoptosis in HT29 cells (human colon carcinoma cell 

line) triggered by rutamarin occurred in a dose-dependent manner, taking into account the 

morphological and biochemical evidence of apoptosis (Suhaimi et al., 2017). These findings 

proved that chalepin and rutamarin are excellent candidates for the development of an 

anticancer agent. 

 

Figure 1. Chemical structure of Rutamarin. 
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The methanolic extracts from R. chalepensis collected in Tunisia have shown to be active 

against human bladder carcinoma (RT112), human myelogenous leukemia (K562) and 

human laryngeal carcinoma (Hep2) cell lines (Khlifi et al., 2013) and the ethanolic extract 

of Italian R. chalepensis against colon cancer cell line (Acquaviva et al., 2011).  

The comparative study about the cytotoxic activity of the methanolic and ethanolic extracts 

of wild growing and cultured R. graveolens collected at the beginning of the flowering 

season was made on adherent epithelial cells (HeLa S3 cells, a human cervical 

adenocarcinoma cell line) (Pavlović et al., 2014). The treatment with extracts had 

considerable effects on cell proliferation as well as cell morphology. All the tested samples 

induced inhibition of HeLa cells growth and proliferation (up to 71.81%) and the ethanolic 

extract of wild growing plants at the beginning of the flowering season showed maximal 

cytotoxic effect in this assay. These effects were time-dependent since longer exposure to 

extracts led to stronger inhibition of HeLa cells. These results indicate an important in vitro 

antiproliferative activity of R. graveolens extracts in HeLa cells (Pavlović et al., 2014).   

Gentile et al. (2015) tested the methanolic extract of R. graveolens on colon (HCT116 and 

RKO), breast (MCF7) and prostate (PC3 and DU-145) cancer cells show to potently inhibit 

cancer cell proliferation and survival through multiple targets. This study showed that the 

shrub R. graveolens inhibit cell proliferation, activate specific molecular signaling 

pathways, reduce cell viability and induce DNA damage response and apoptosis that 

interfere with the survival and proliferation of cancer cells in a dose dependent manner 

(Fadlalla et al., 2011). A hydroethanolic extract R. graveolens was studied to evaluate in 

vitro cytotoxicity activity on solid tumor cell lines: MDA-MB-453, MCF-7, HeLa, SK-OV-3, 

LNCap-FGC-10, 5637, A549 and Mehr-80; hematopoietic cell lines: U937, RAMOS, RPMI 

8866, Jurkat and RAJI and also peripheral blood mononuclear cells (PBMC). The extract 

showed high cytotoxic activity against RAJI and RAMOS, two Burkitt’s lymphoma cell lines, 

and LNCap-FGC-10, a prostate adenocarcinoma cell line as well as Mehr-80, a large cell 

lung carcinoma. No significant anti-proliferative activity was observed on other cells. The 

inhibitory effect of the rue extract was higher against haematopoietic cell lines than solid 

tumor cells, except for LNCap-FGC-10. The adverse cytotoxic effect of R. graveolens on 

PBMCs was significantly lower compared with RAJI and RAMOS. These results indicate 

that R. graveolens probably has apoptosis inducing capacity with low cytotoxicity on 

normal mononuclear cells (Varamini et al., 2009). The effects of the aqueous extract of R. 

graveolens on the proliferation of human glioma cells and of neural progenitors from mouse 

CNS was also evaluated demonstrating that R. graveolens induces death in different 

glioblastoma cell lines (U87MG and U138 human cells, C6 rat cells) while discriminating 

between proliferating (tumor cells) and non-proliferating neural cells. A major component 

of the R. graveolens water extract, rutin, did not cause cell death, suggesting that rutin by 
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itself is not the responsible compound for the rue effects. However, the crude extract 

revealed a potential therapeutic tool in glioblastoma multiforme cancer (Gentile et al., 

2015).  

A study conducted by Preethi et al. (2006) revealed that R. graveolens methanolic extract 

also possess antitumour activity against ascites DLA (Dalton’s lymphoma ascites) and EAC 

(Ehrlich ascites carcinoma) tumour-bearing animals and reduce the solid tumour in animal 

models. Nevertheless, it was found that the activity was not concentration dependent as 

happened in previous works. At higher concentration the activity was reduced compared to 

what happens with a lower concentration in both ascites and solid tumour model, which 

may be due to the toxicity of R. graveolens extract (Preethi et al., 2006).  The anti-neoplastic 

activity of R. graveolens on ascitic Sarcoma-180 bearing mice as a model of human 

malignant peritoneal ascites was assessed. The study revealed a series of anti-neoplastic 

events exerted by R. graveolens including the boosting of anti-tumour immunity and 

disruption of cellular energetics. These events led to the induction of apoptosis and 

impairment of cell division in tumour cells. Also, R. graveolens decreased the expression of 

oncogenic regulator c-Myc supporting the hypothesis that this plant could be an effective 

chemotherapeutic in the treatment of sarcoma (Law et al., 2018).  

Considering isolated compounds, graveoline (Figure 2) also revealed to initiate 

programmed cell death of human skin melanoma cells (A375 cells) by both apoptosis and 

autophagy and reduce cell viability in a dose dependent manner. Taking into account that 

anticancer drugs have to have as a characteristic initiating programmed cell death to the 

cancer cells, this compound isolated from the ethanolic extract of R. graveolens could be a 

good option to explore as an anticancer drug (Ghosh et al., 2014).  

 

Figure 2. Chemical structure of Graveoline. 

The water extract of R. graveolens was shown to be able to interfere with the intracellular 

signaling pathway mediated by ERK1/2 in endothelial cells and effectively inhibit human 

endothelial cells network formation, in a dose dependent manner and not affecting cell 

viability. These results point to the role of the extract as a therapeutic strategy to inhibit 

angiogenesis, which is a relevant bioactivity when considering that the tumour progression 

and metastasis angiogenic processes are imbalanced and excessive (Gentile et al., 2018). 

In sum, the Ruta extracts and isolated compounds from these extracts owned anti-

neoplastic activity, inhibited the tumour cell proliferation, promoting apoptosis and 
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inhibiting angiogenesis. These results show the interest of Ruta species in search of new 

chemo-preventive agents against cancer progression or might be useful to prevent 

carcinogenesis and/or tumour progression, depending on cancer type. 

 

6.9 Anti-diabetic activity 

Diabetes is a major health problem that is characterized by hyperglycemia caused by defects 

in either insulin secretion by the pancreas or insulin action in target tissues (Farid et al., 

2017; Loizzo et al., 2018). The drugs used in diabetes treatments are associated with side 

effects, thus it is important to research and identify drugs that can be used in the 

management of diabetes with low side effects (Loizzo et al., 2018).  

R. chalepensis methanolic extract supplementation was a potent factor in reducing the 

oxidative severity of zinc deficiency in experimental diabetes through its hypoglycemic and 

antioxidant actions (Hamdiken et al., 2018). This is important because due the 

hyperglycaemia, there is an excessive generation of ROS that play a role in the development 

of complications in diabetes (Loizzo et al., 2018). Therefore, the administration of 

methanolic extract of R. chalepensis reduced the severity of diabetes complications via its 

antioxidant benefits (Hamdiken et al., 2018). In another study, R. chalepensis methanolic 

extract was investigated for its hypoglycaemic properties, using carbohydrate-hydrolysing 

enzymes inhibition assays for testing. The extract inhibited both α-amylase and α-

glucosidase enzymes in a concentration-dependent manner. The highest activity was found 

against α-amylase being superior to the positive control, acarbose. These results indicate 

the potential of this extract in lowering the post-prandial enhancement of blood glucose 

levels (Loizzo et al., 2018). 

In the case of R. graveolens, results showed non-dose-dependent effects because the 

administration of R. graveolens methanolic extract at low doses showed hypoglycaemic 

activity, however when the dose has increased this effect decreased significantly (Figueroa-

Valverde et al., 2009). In another study, the authors use streptozotocin (STZ)-diabetic rats 

to examine the reduction of blood glucose, cholesterol, triglycerides and urea with total, 

flavonoids and non-flavonoids extracts of R. graveolens. R. graveolens total extract (70 % 

ethanol) used to treat diabetic rats lowered blood cholesterol, urea and glucose levels. This 

extract revealed also protection of renal damage in the STZ-diabetic rats. With this work, 

the authors concluded that R. graveolens extracts contained antihyperglycemia and 

protective properties (Noori et al., 2019). 

The aqueous extract of R. montana revealed significant reductions in the blood glucose 

levels in normal and streptozotocin-induced rats, so exhibiting a potent hypoglycemic effect 

in normal rats and an antidiabetic effect in streptozotocin induced rats (Farid et al., 2017).  



 

 227 

These results demonstrate that different Ruta species and different extracts can have a 

positive effect on decreasing glucose levels, thus can be important in the search for new 

drugs to fight diabetes.  

 

6.10 Reproductive activity 

Contraception received growth interest and various chemotherapeutics have been made to 

resolve this problem, but like in other disorders, the side effects have been a major concern 

(Forsatkar et al., 2016). The potential use of plants for fertility regulation has been tested 

for a large number of species taking into account the history of traditional uses (Forsatkar 

et al., 2016, 2018). Beyond side effects also the compounds and/or metabolites excreted via 

urine and faeces that will be released into aquatic ecosystems and that can affect the aquatic 

organisms and also may have an impact on human health must be considered (Forsatkar et 

al., 2016, 2018).  

 

6.10.1 Contraceptive effect 

Ruta  species have been vastly used in folk medicine by its diverse reproductive activities 

(Table 3). The mentioned information about the contraceptive effects of R. graveolens in 

traditional folk medicine, have caused an increase in the biological activities studies about 

this subject (Harat et al., 2008). Using a Siamese fighting fish, Betta splendens, as model, 

Forsatkar et al. (2016) demonstrated the effect of R. graveolens ethanol extract on key 

aggressive/reproductive behaviours. The results show that this extract reduced the 

reproductive behaviours (boldness, activity and aggression) and disrupted testis function 

causing a decrease in the number of spermatozoa but increased the number of 

spermatocytes on these fishes (Forsatkar et al., 2016). Furthermore, the toxic and the 

sublethal effects of R. graveolens ethanolic extract on reproductive behaviour, fertility, and 

steroid and thyroid hormone levels in zebrafish was also evaluated (Forsatkar et al., 2018). 

The sensitivity of zebrafish to discarded elements can be used for environmental monitoring 

and physiological and behavioural screening of active compounds that can have a negative 

impact on long-term health. The results show that ethanolic extract of rue disrupts gonadal 

and thyroidal functioning, affecting the sexual and reproductive performance of zebrafish. 

The extract decreases the steroid (testosterone and estradiol) and thyroid (triiodothyronine 

and thyroxine) hormone levels and also reduce the spawning attempts and lowers the 

number of eggs spawned and fertilized (Forsatkar et al., 2018). These findings revealed the 

negative effects on the levels of key hormones involved in reproduction (gonadal and 

thyroid hormones) and the disruption of egg production and fertilization in zebrafish 

caused by R. graveolens extract. Although the endocrine disrupting properties of R. 
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graveolens could be an advantage for pharmaceuticals endocrine drugs used as 

contraceptives (Forsatkar et al., 2018). 

Motility and viability of cells, mitochondrial activity, DNA status and sperm revival tests in 

human fresh semen have been used to understand the effects of aqueous R. graveolens 

extract. The extract showed to affect cell viability, mitochondrial function and chromatin 

structure, with sperm cells still been alive after 2 h and with a motility return after washing. 

The effect was dose dependent and immobilization of sperm cells was not due to cell death 

or either ATP depletion or chromatin damage (Harat et al., 2008). A similar effect was 

observed when evaluating the effect of R. graveolens aqueous extract on sperm motility in 

the spermatozoa of male rats. A significant decrease in sperm motility was seen 1 h after 

administration of the extract, none the less the motility gradually increased, and after 6 

hours, it was identical to the control group, indicating the reversion of the extract’ effect. 

Despite the effects on motility, changes in morphology, viability, DNA structure of 

spermatozoa or testosterone levels were not observed (Halvaei et al., 2012). However, in 

another study, the same plant extract (R. graveolens aqueous extract) was studied to 

evaluate the effects on human spermatozoa motility. The analysis of fractions compositions 

showing that fractions with coumarin could impair sperm motility. The studies of four 

different coumarins, revealed only the reduction of sperm motility by xanthotoxin (Figure 

3). With membrane integrity and sperm viability tests, it was concluded that hexane and 

ethanolic fractions could impair sperm vitality significantly. So, this means that part of 

immobilizing effect on human spermatozoa of R. graveolens could be due to its coumarins 

(Harat et al., 2015).  

 

Figure 3. Chemical structure of Xanthotoxin. 

The temporary immobility of spermatozoa without any adverse effects on other sperm 

characteristics can be a good feature for a potential use of Ruta extracts for male 

contraception (Halvaei et al., 2012; Harat et al., 2008). 

 

6.10.2 Abortifacient agent 

In traditional folk medicine the abortifacient uses of R. graveolens are vastly mentioned. 

The possible embryotoxicity of R. graveolens from Peru was evaluated and based on the in 

vivo administration of rue aqueous extract during the preimplantation phase in mice. An 

abnormal blastocyst formation in mice was observed, explained in part by diminished 

embryo cell number and retarded embryo development. Thus, R. graveolens extract can 
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interfere with preimplantation development and embryo transport (Gutiérrez-Pajares et al., 

2003). On the other hand, the lyophilized hydroalcoholic extract of R. graveolens from 

Brazil, also administered orally to mice, was found to have maternal nontoxicity, due to mice 

body weight gain and placenta weight, that did not caused preimplantation embryonic loss 

and did not affected implantation (De Freitas et al., 2005), so, contradicting the previous 

conclusions. The simple fact that the route of administration, despite being oral, one was by 

syringe and the other the mice drank at will, may have influenced the results (De Freitas et 

al., 2005). Also as mentioned earlier for other biological activities, the composition of plants 

may vary and in these studies the harvest place and extraction method where different and 

so may influence the obtained results. 

 

6.11 Other activities 

Apart from the described biological activities, Ruta species extracts, EO and isolated 

compounds are also involved in other bioactivities, including anticoagulant activity, 

cardiovascular effect or as potential treatment of hyperuricemia and gout, through the 

inhibition of the enzyme xanthine oxidase.  

The anticoagulant activity of ethanolic and successively collected extracts 

(ether/chloroform or ethyl acetate/n-butanol) of R. chalepensis was evaluated concerning 

the determination of the required time for clotting. The ethanol, and ethyl acetate/n-

butanol successive extracts of R. chalepensis showed anticoagulant activity at higher 

concentrations (10 mg/mL) with prolonged clotting time 6 min and 30 s and 4 min and 30 

s, respectively, and there was no anticoagulant activity for ether/chloroform extract 

(Alotaibi et al., 2018).  

Regarding cardiovascular effects, R. graveolens ethanolic extract and its alkaloid fraction 

showed to depress the basic and functional properties of isolated rat heart in a dose-

dependent manner, similarly to the observed after the addition of verapamil (positive 

control). This work demonstrated the possible beneficial effect in the treatment of proximal 

supraventricular tachyarrhythmia, by the modification of electrophysiological properties, 

indicating a potential antiarrhythmic effect of R. graveolens (Khori et al., 2008).  

Additionally, methanolic extract of R. chalepensis leaves from Albaha region, Kingdom of 

Saudi Arabia, was screened for xanthine oxidase inhibition. The results showed that R. 

chalepensis extract exhibited high activity with inhibition of 76,2 %, however, the IC50 

values proved to be higher than the control used (Ali et al., 2019). The findings obtained 

from this study revealed that an active compound from plant extracts can be promising for 

new xanthine oxidase inhibitors. 
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7. Toxicity 

Although having good biological activities and vast use in folk medicine, the use of Ruta 

plants have been associated with toxicity.  

Phytophototoxicity is an irritant/toxic type of photocontact dermatitis that causes 

cutaneous phototoxic inflammatory eruption resulting from contact with plant-derived 

(phyto), photosensitizing compounds, followed by exposure to sunlight (particularly 

ultraviolet A, between 320–400 nm of the spectrum) (Eickhorst et al., 2007; Morais et al., 

2008). The reaction does not require the previous contact with to the provoking agents and 

occurs in individuals when exposed to both light and the plant chemical.  Furanocoumarins, 

which naturally occurs in plants, are responsible for photoreactive properties (Milesi et al., 

2001). The xanthotoxin (Figure 3) and bergapten (Figure 4), which naturally occur in Ruta, 

are furanocoumarins responsible for photosensitivity of human skin (Koblovská et al., 

2008; Milesi et al., 2001).  

1   2 

Figure 4. Chemical structure of two furanocoumarins associated with phytotoxicity by Ruta. 1. Bergapten; 2. 
Psoralene. 

Psoralenes (Figure 4), other furanocoumarins that are among the main constituents of rue, 

are also known for their photosensitization effects, which can produce a very strong 

undesirable syndrome in the form of photodermatitis (Mancuso et al., 2015). In fact, there 

are several case reports about phototoxic reactions caused by Ruta species. In the reports, 

it was described the development of hyperpigmentation after sun exposure in a girl treated 

with R. graveolens ointment (Morais et al., 2008) and also burn injury (Furniss and Adams, 

2007) with skin loss (Radotra et al., 2018). These symptoms are accompanied by increasing 

pain and a reduced range of movement (Radotra et al., 2018). Behind, the phototoxic 

reactions also a case of bradycardia, acute renal failure with hyperkalemia, and 

coagulopathy was reported. This report showed that the use of Ruta might even cause multi-

organ toxicity (here associated with cardiotoxicity, nephrotoxicity, hepatotoxicity, and 

coagulopathy) and so recognizing the systemic toxicity of R. graveolens (Seak and Lin, 

2007).  

The dried leaf infusions of R. chalepensis, from Argentina, were found to cause perinatal 

changes in mice. The administration of an aqueous infusion during an arganogenic period 

in pregnant mice caused significant differences in weight gain of pups, physical signs, 

development of reflexes, and produced histological changes in fetuses and placenta. The 
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authors found out that the results tend to confirm the embryotoxic effect of the plant and 

its harmful use (De Sa et al., 2000). In another study, Preethi and collaborators (2008), 

report evidences on the genotoxic and clastogenic potential of an extract of R. graveolens 

in mouse. Various types of chromosomal aberrations were noted in bone marrow cells after 

treatment and the administration of the extract for 30 days also resulted in damage to 

cellular DNA. Despite inducing genotoxicity in animals, these changes only appeared after 

30 days of treatment, so a long-time exposure was needed to cause DNA damage (Preethi 

et al., 2008).  

Considering these case reports, it can be verified that the Ruta species have several adverse 

effects when used. This toxicity is responsible for some of the bioactives described above, 

such as the abortive effect, the reproductive activity, or anti-cancer when considering its 

cytotoxicity. Therefore, it is extremely important to carry out complete studies on its safety 

and its toxicity in order to be able to use these plants for possible therapies and/or drugs to 

treat different diseases. 

 

8. Conclusion 

The genus Ruta presents ten species and all of them were described to be used in folk 

medicine. The study of biological activities and therapeutic applications of Ruta extracts, 

essential oils and its isolated compounds demonstrate the possible uses in treatment of a 

wide range of diverse diseases and the benefits of these plants, as well as, confirmed the 

traditional usage of Ruta species as folk medicine. In short, Ruta species represents a 

potential source of natural compounds for the treatment of many diseases involved in public 

health problems, such as infections, neurological diseases, cardiovascular and reproductive 

systems disorders and cancer. However, more in vitro, in vivo and clinical studies are 

strongly needed to confirm the mode of action and the efficacy of these reported uses and 

to discover potential uses that are not yet known. All taking into consideration that toxicity 

is associated with the use of these plants, so requiring an extensive safety assessment. 
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