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Abstract: The worldwide escalation of antimicrobial resistance to conventional medical 

antibiotics is a serious concern for modern public health and welfare. Emergence of 

multidrug-resistant (MDR) strains among microbial infections threatens the effectiveness of 

current treatments and gradual decrease in clinical efficacy of antimicrobials causes 

thousands of deaths every year. The problem is spreading and progressing day by day at a 

rapid rate affecting most part of the world. To cope with this problem new improvements in 

present methods and novel strategies are urgently needed. Scientists and researchers around 

the world are searching for alternative approaches. One of the proposed methods to cope with 

multidrug-resistant pathogens is the use of alternative antimicrobial treatments, which 

include natural antimicrobial substances such as plant essential oils.Essential oils have a long 

history of use in the treatment of infectious diseases. From ancient times they have been 

found effective against a range of microbial infections. Owing to their antimicrobial 

activities, essential oils represent a promising solution for overcoming antimicrobial 

resistance. The scientific testing of essential oils against microorganisms has been taking 

place for many years, with the majority of the work seeking out effective solution to confront 

the growing multidrug-resistance. In recent times, many essential oils have been discovered 

to have significant cytotoxic, antibacterial, antiviral, antiparasitic and antifungal activity 
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against a wide range of pathogens.This review is written with the purpose of giving an 

overview of the potential of essential oils to combat antimicrobial resistance. 

 

Keywords :Diagnosis; latent tuberculosis infection; active tuberculosis infection. 

 

Introduction 

Microbial infections are widespread causing much discomfort and sickness (Adil et al., 2011). 

The pathogens continue to be the threat to global health security as a result of new or resistant 

pathogens (Eric et al., 2016). The emergence of antimicrobial resistance is clearly related to the 

quantity of antibiotics used and how they are being used (Gemma, 2013). Widespread use of 

antibiotics promotes the spread of antimicrobial resistance. Antibiotics are used not only in 

excess but also inappropriately, which accounts for 20% to 50 % of all antibiotics used. The 

Center for Disease Control and Prevention in USA has estimated that about 50 million of the 150 

million prescriptions that are prescribed every year are unnecessary. Nowadays, about 70 % of 

the bacteria causing infections in hospitals are resistant to at least one of the antibiotic agents 

most commonly used for treatment while some are to more antibiotics (Chand et al., 2017). 

Antimicrobial resistance has become a pressing problem in the clinical setting today and 

threatens the achievements of modern medicine (Rekha et al., 2009). The problem affects not 

only intrahospital pathogens but also nonhospital strains for which treatment with antibiotics is 

available (Stuart, 2002). Although most drugs are still active, the lengthening shadow of 

resistance means that many of them may not be effective for long (World Health Organization, 

2000). Thus, alternatives to the standard treatments are presently being sought by the researchers. 

But research and development for new antimicrobial agents is lagging far behind the rate at 

which pathogens are developing resistance day by day. As a result, many infectious diseases 

once easily cured have become increasingly difficult to treat now. By looking to the past, we 

may discover the science behind the ‘myths’ of ancient remedies; science which could lead us to 

the development of new antibiotics and other drugs (Nicholas et al., 2013). Higher and aromatics 

plants have traditionally been used in folk medicine, showed significant inhibition against 

bacteria, fungi, yeasts and parasites (Adilson et al., 2004). Medicinal plants are rich sources of 

antimicrobial agents and used throughout the world as the sources of potential and powerful 
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drugs (Basappa et al., 2013). Among compounds of natural origin, essential oils from aromatic 

and medicinal plants have shown biological activities and because of their radical-scavenging 

properties they have received particular attention (Sonam et al., 2017). The exploitation of 

essential oils has given new light on antimicrobial therapeutics research and also the resurgence 

in the use of herbal medicine worldwide (Polly et al., 2017). 

Essential oils are the oldest form of medicine known to man. Essential oils are volatile secondary 

plant metabolites and the most sublime extracts of plant with great medicinal benefits as they 

contain the essence of herbs and flowers in concentrated form (Garg, 2005). They are composed 

of terpenoid structures (Yi Xin et al., 2014). They are derived from a variety of natural sources 

including plants or plant components such as flowers, leaves, stems, roots, bark, berries, seeds 

and/or fruit. These oils are complex mixtures of volatile constituents including hydrocarbons, 

alcohols, acids, aldehydes, cyclic aldehydes, ketones, lactones, phenols, oxides and esters many 

of which have significant antimicrobial properties and can be classified into two main categories: 

terpenoids and phenylpropanoids (Deans et al., 1992; Andrade et al., 2011). The antimicrobial 

properties of essential oils have been known for many years. Several compounds of essential oils 

possess biological activities (Tamara et al., 2006). Until now, above 3000 essential oils have 

been described; about one tenth of which are of relevance to the pharmaceutical, nutritional or 

cosmetic industries. Essential oils have been found to boast many useful bioactivities such as the 

antimicrobial activities which have established the basis for the development of new alternative 

therapeutics for the control and prevention of infectious diseases (Sepahvand et al., 2014). 

Research institutions from around the world have been taking a serious look at essential oils as 

potential alternatives to antibiotics for decades (Maggie, 2012). Uses of essential oils are 

increasing now a days. At present the antimicrobial properties of the essential oils are studied 

intensively and scientists believe that their association with the already existent antibiotics may 

represent a promising solution to the crisis of the antimicrobial resistance, which we are 

confronted with now (Adrian-Vasile et al., 2015).

Essential Oils in the Antimicrobial Battle 

For thousands of years, aromatic oils have been used for a wide variety of human maladies 

including bronchitis, pneumonia, diarrhea, periodontal disease, wounds, and various other 

illnesses. The ancient Egyptians recognized that aromatic oils could be used in treating illness, 
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including infection and inflammation over 4500 years ago. The use of aromatic oils had 

gradually spread throughout most of Asia Minor, and the Mediterranean by 500 A.D., spreading 

along with the Roman and later the Persian Empires (Hüsnü et al., 2010). The Chinese, the 

Arabians, he Greek & Roman used essential oil for healing. However, the first proofs on the use 

of essential oils as therapy date from the year 5,000 B.C. The archeological researches found a 

burnt soil alembic, used to obtain these oils. Over 4,000 years old, an inscription discovered in 

Mesopotamia, mentions the use of essential oils, as disinfectants in the eradication of epidemics 

(Istudor, 2013).  

The rising threat of emerging antimicrobial-resistant pathogens has led to renewed interest in 

natural antimicrobial substances (Madhusudan et al., 2013). These substances were previously 

used but then lost their application due to the introduction of antibiotics. The antibacterial 

properties of plant essential oils have been recognized for many centuries. Plants were accepted 

to be effective against infectious diseases even before the discovery of microorganisms (Ríos et 

al., 2005). The oils have been historically used for the treatment of infectious diseases in 

traditional medicine across the world. Applications of essential oils are often considered quite 

safe and effective with no side effects. The gradual increase in the spread of antibiotic resistance 

gave new life to essential oils and plant extracts (Kateryna et al., 2012).

Mechanisms of Antimicrobial Activity 

The antimicrobial mechanisms of essential oils include different activities such as destabilization 

of bacterial cell membrane and wall, changes in bacterial membrane structure, alteration of the 

cell permeability, disturbance on respiration, modification of quorum sensing, potassium leakage 

from cells, effects on membrane potential (proton translocation), changes in pH gradient and 

ATP production of bacterial cell (O’Bryan et al., 2015). It has been reported that the 

antimicrobial activity depends mainly on three characteristics: the character of essential oil 

(hydrophilic or hydrophobic), its chemical components and the type of organism that must attack 

(Marcos et al., 2016). Essential oils pass through the cell wall and cytoplasmic membrane, cause 

disruption of the structure of their different layers of polysaccharides, fatty acids and 

phospholipids and permeabilize those membranes (Bakkali et al., 2008). 
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The antimicrobial actions of essential oils involve multiple targets within the cell rather than 

relying on one particular mechanism. Highly diversified groups of phytochemicals are found in 

essential oils; the most active are believed to be phenols followed by aldehydes and ketones, 

alcohols, and hydrocarbons. Essential oils that possess high amount of phenolic compounds 

exhibit the most potent antimicrobial activities against pathogens (Knobloch et al., 1986). 

Hydrophobicity, a unique feature of essential oils renders them the abilities to react with lipids 

on the bacterial cell membrane. This causes an increase in the membrane permeability, disturbs 

the original cell structures, and breaks homeostasis (Knobloch et al., 1986; Sikkema et al., 1994). 

When there is enough leakage of cell content from bacteria, they become susceptible to cell 

death.  The interaction of essential oil and microbial cell envelope studied via scanning electron 

microscope showed strong decrease of unsaturated fatty acids in the treated cells, resulting in 

changes in lipid profiles and structural alterations of cell envelopes (Di Pasqua et al., 2007). 

Antifungal activity of clove essential oil resulted in an extensive lesion of cell membrane. A 

considerable reduction in the quantity of ergosterol was also reported. Ergosterol is a major 

sterol component of fungal cell membrane (Pinto et al., 2009). The mechanism of action of 

essential oils for virus is believed to be due to the inhibition of viral protein synthesis at multiple 

stages of viral infection and proliferation. In a study, oil-treated virus have shown minimal 

expression of viral proteins, indicating suppression in viral protein translation even though they 

continued to express viral mRNAs (Wu et al., 2010). 

An advantage of the essential oils is their complex chemical composition. Although, their 

antimicrobial properties are mainly determined by the dominant phenolic (or alcoholic) structure, 

in the composition of the oil there are hundreds of other chemical compounds, whose role is to 

modulate the effect of the main ingredient. Therefore the antimicrobial activity of the oil as a 

complex of substances is net superior, comparing to the antimicrobial effect of each ingredient 

separately (Burt, 2004). A microorganism may be able to develop a resistance mechanism to one, 

two, or maybe to three active substances, but never to hundreds of various substances, which 

assault it from all directions (Burt et al., 2003). 
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Antimicrobial Activity of Essential Oils 

In nature, essential oils play an important role by protecting plants by functioning as 

antibacterials, antivirals, antifungals and antiparasitics. Essential oils can be lethal to various 

organisms including bacteria, virus, fungi, protozoa, parasites, and insects, or they may simply 

inhibit the production of metabolites (Frisvad et al., 2006). 

 

Antibacterial Activity 

Essential oils have been reported to be of great importance against multidrug resistant bacteria. 

The main mechanisms of antibacterial action are beta-lactamase inhibition, bacterial efflux pump 

inhibition, cell wall and membrane disturbance, anti-quorum sensing (Polly et al., 2014). It has 

been described that essential oils are more efficacious towards gram-positive than gram-negative 

bacteria (Su et al., 2012; Luqman et al., 2007). Gram negative bacteria require greater 

concentrations of essential oils to inhibit their growth (Trombetta et al., 2005). Some authors 

reported that some of the essential oils are more active against gram-positive bacteria but other 

are more active against gram-negative bacteria (Tiwari et al., 2015). In a study it was 

demonstrated that cinnamon bark as well as lavender essential oils induced unalterable 

membrane damage to multidrug resistant E. coli strain and also inhibit quorum sensing 

evidenced by reduced production of bioluminescence (Yap et al., 2014). Antimicrobial activity 

of thyme and basil essential oil against Shigella sonnei and S. flexneri using the agar well 

diffusion method was reported (Bagamboula et al., 2004). Inhibitory effect of essential oils of 

Corydothymus capitatus, Cinnamomum cassia, Origanum heracleoticum, Satureja montana, and 

Cinnamomum verum (bark) against four pathogenic bacteria (E. coli O157:H7, L. monocytogenes 

2812, Salmonella typhimurium SL 1344, and S. aureus) was observed (Oussalah et al., 2007). 

Bioassays of antimicrobial activity showed that the essential oil of Cordia globosa was active 

and inhibited the growth of most of the microbial strains of V. cholera, S. pneumoniae and P. 

aeruginosa (Miguel et al., 2016). Monoterpene isolated from the essential oil of Trachyspermum 

ammi was found cytotoxic to multidrug-resistant Pseudomonas aeruginosa and Staphylococcus 

aureus strains (Faride et al., 2016). Essential oils from Chrysanthemum indicum have been 

reported to inhibit the growth of Vibrio Parahaemolyticus and Vibrio vulnificus (Lee et al., 

2011). Antibacterial activity of essential oil of Heracleum lasiopetalum,Achillea kellalensis, 
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Mentha longifolia, Dracocephalam multicaule, Kelussia odoretascima, Echiophora platyloba 

and Thymus daenensisv  was observed against Yersinia enterocolitica (Pirbalouti et al., 2010). 

The essential oils of Salvia officinalis, S. sclarea, S. lavandulifolia and S. triloba were found 

effective against Bacillus subtilis, Enterococcus faecalis, Staphylococcus aureus, Streptococcus 

mutans and Micrococcus luteus (Morgana et al., 2009). The essential oils of the plants Thymus 

vulgaris (thyme), Cymbopogon citratus (lemongrass) and Laurus  nobilis (bay) were found 

active against Staphylococcus aureus ATCC 25923, Listeria monocytogenes ATCC 19117, 

Salmonella enterica Enteritidis S64, and Pseudomonas aeruginosa ATCC 27853 (Alessandra et 

al., 2012). Invitro antibacterial activity of essential oil of Thymus algeriensis showed very strong 

antibacterial activity against Escherichia coli, Pseudomonas aeruginosa, Salmonella 

typhimurium, Proteus mirabilis (human isolate) and some gram-positive bacteria such as Listeria 

monocytogenes, Bacillus cereus (clinical isolate), Micrococcus flavus, and Staphylococcus 

aureus (Giweli et al., 2013). 

Antifungal Activity 

Antifungal properties of essential oils have been considered as an interesting new therapeutic 

alternative to the synthetic drugs. Essential oils represent one of the most promising natural 

products for fungal inhibition. These products have significant importance by the fact that fungal 

drug-resistant strains are also increasing rapidly (Bajwa et al., 2013). Study on essential oils 

revealed that Curcuma longa L. essential oil was toxic for Aspergillus flavus, and inhibited 

aflatoxin production (Ferreira et al., 2013). Essential oils of Coriandrum sativum, Commiphora 

myrrha, Hedychium spicatum and Cananga odorata have inhibitory effect on fungal 

mitochondria (Ghalem, 2016).  

Hammer and colleagues had shown the complex mechanisms which represent the basis of 

antifungal activities of essential oils. In their study, they emphasize on the modifications of the 

cell membrane by enhancing its permeability, alteration and disorganization of the membrane 

proteins, inhibiting of the cell breathing, modifying of the transportation processes of ions, intra 

and extra-cellular in human cells (Hammer et al., 2004). 
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The essential oils of Eucalyptus camaldulensis had shown antifungal activety against Candida 

albicans which was determined by thin layer chromatography (TLC) (Nah Traoré et al., 2014). 

The inhibitory effect of five essential oils extracted from Cymbopogon citratus, Monodora 

myristica, Ocimum gratissimum, T. vulgaris, and Zingiber officinale against mycotoxin 

producing fungi, Fusarium moniliforme, A. flavus, and Aspergillus fumigatus has been reported 

(Nguefack et al., 2004). The essential oils extracted from Chenopodium ambrosioides L. was 

found to be toxic against a broad species of fungi and also found to repress the aflatoxin B1 

production by the aflatoxigenic strain of Aspergillus flavus (Kumar et al., 2007). 

Antiviral Activity 

Natural product-based drug discovery remains as an alternative in the search for drugs to combat 

disease-causing viruses. The main antiviral action mechanisms identified in the essential oils are 

represented by: cytotoxic effect, inhibition of the replication cycle, alteration of the structural 

proteins, blocking of the receptors necessary for the intra-cellular penetration. Essential oils have 

been proven to be effective in vitro against a significant number of viruses including the flu 

virus, polio virus, dengue virus, junin virus, adenovirus, coxsackie virus B1 (García et al., 2003;. 

Loizzo et al., 2008; Martin et al., 2003).  

Essential oils can inhibit the dengue virus replication in vitro and thus offer a great opportunity 

to find novel compounds as starting points towards discovery of drug to treat dengue (María et 

al., 2018). Antiviral activity of terpenes against Flavivirushas been described: morbidity of mice 

due to West Nile virus infection delayed by treatment with combined monoterpenes (Seow et al., 

2014) and citral blocked the Yellow-Fever virus replication in vitro (Gómez et al., 2013). 

Artimesia arborescence essential oils showed cytotoxicity against HSV-1 and HSV-2 viruses 

while tea tree oil (Melaleuca alternifolia) was found effective against TMV viruses. Eucalyptus 

oil (Eucalyptus gliovulus), Manuka oil (Leptospermum scoparium).and Pipermint oils are very 

effective against herpes simplex virus-1and 2 at low concentrations (Upadhyay, 2010). 

Antiparasitic Activity  

Plant essential oils have also been used against parasites and effective results were found. 

Protozoan parasites Plasmodium falciparum and Leishmania donovani had been reported to be 
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sensitive to orthodox drugs which have led to the high rate of mortality and morbidity (Antony et 

al., 2016). The essential oil from Protium ovatum leaves found in the Brazilian Cerrado, has 

promising antiparasitic potential against Trypanosoma cruzi and Leishmania amazonensis 

(Elisangela et al., 2017). Ocimum gratissimum showed inhibitory effect against Herpetomonas 

samuelpessoai (Holetz et al., 2003) while Kola aciminata inhibited Trypanosoma brucei (Kubata 

et al., 2005).  

Antiprotozoan activity was found in Cympogon citratus essential oil against Crithidiacitrates 

and C. deanei (Pedroso et al., 2006). Lavandula angustifolia Mill. and Lavandula x intermedia 

essential oils have also been found to have antiparasitic activity when assayed against protozoal 

pathogens Giardia duodenalis and Trichomonas vaginalis and also against the fish pathogen 

Hexamita inflate (Taiwo et al., 2017). 

Conclusion 

  

The antibacterial resistance is a serious problem throughout the world that has been impacted on 

public health. For that reason, in recent years there has been a growing interest in researching 

and developing new antimicrobial agents from various sources to combat microbial resistance. It 

has revived the interest in essential oils and bioactive compounds as a possible alternative for the 

treatment and control of pathogenic bacteria and infectious diseases. Antimicrobial activity of 

essential oils from different sources has been explored in order to find their effectiveness in 

inhibiting the growth of microorganisms and they show promising effectiveness with their broad 

antimicrobial activities and lack of apparent resistance development. Additionally, combination 

of existing drugs with essential oils and/or components may provide an alternative approach to 

combat the rising antimicrobial resistance and further investigation into the efficacy of such 

combination could be a productive area of research.  
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