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ABSTRACT   

The aim of this chapter is to take a view and highlight the different biological properties of essential oils. Since ancient 

times, essential oils (EOs) have been used for many medicinal and preservative purposes. But now, they are increasingly 

studying to treat various diseases. Current antibiotics and antivirals have a major issue which is resistance, which can be 

resolved by using natural compounds. EOs are herbal volatile oils derived from plants through various extraction 

methods. Pharmacologically, they are very active and exhibit wonderful characteristics like preservatives, flavoring 

agents, antimicrobials, antiseptics, anti-inflammatory, antioxidants, immunomodulatory, antiviral, etc. Each bioactive 

component in the EOs has its properties and performs various functions in the body. EOs show antiviral activity by 

binding to the free viruses and inhibiting their multiplication. Phenolic and oxygenated compounds of EOs are 

responsible for antioxidant activity because of the presence of double bonds. Immunomodulatory properties of EOs are 

manifested majorly by the modification in the release of cytokines. These applications highlight the scope of EOs in the 

modern world. 
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INTRODUCTION 
 

 Medicines used in humans and animals are prone to bacterial resistance and side effects like allergic reactions (Arsène 

et al., 2022). That’s why researchers are studying natural compounds that have less toxicity and resistance issues because 

of broad-spectrum mechanisms of action. These compounds are obtained from plants or natural sources. Essential oils 

(EOs) are one of them which is our topic of discussion. EOs are highly concentrated, colorless aromatic oils derived from 

plants, and used for medicine in diluted form (Bakkali et al., 2008). Plants synthesize them through various extraction 

processes which are solvent extraction, steam vaporization, enfleurage, cold pressing, maceration, and distillation (Shikov 

et al., 2022). The bioactive compounds present in them enable them to show various characteristics like antimicrobial, 

antiseptic, insecticidal, antitumor, immunomodulatory, antioxidant, etc. (Murbach Teles Andrade et al., 2014). In this 

chapter, we will cover the antiviral, antioxidant, and immunomodulatory aspects of essential oils in the aforementioned 

sections that are very frequently used in our daily lives. 

 

EOs 

 EOs are the intricate combinations of monoterpenes and sesquiterpenes (C10 and C15 respectively), 

phenylpropanoids, and oxygenated compounds (aldehydes, alcohols, and ketones) (Yingngam, 2022). They are 

hydrophobic in nature, soluble in alcohol, oils, ether, and waxes, and slightly soluble in water, as are weak polar solvents. 

The function of EOs depends upon the chemistry (functional groups and composition) of EOs. EOs have an intense odor. 

They are secondary metabolites of plants that help them in their fight against pathogens and attraction for insects that 

help in communication between plants through pollination, that’s why explored in the field of medicine (Manion and 

Widder, 2017). EOs are also known as plant essences, used in aromatherapy, which means the usage of aromatic oils as 

therapeutic agents (A. Sharma et al., 2023). Thousands of EOs are well known and many of them are commercially 

available. It includes many groups like terpenes, monoterpenes, sesquiterpenes, carotenoids, aldehydes, flavonoids, 

phenols, oxides, hydrocarbons, volatile compounds (esters, alcohol, and alkenes) etc. Each EO consists of numerous 
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bioactive compounds in them that produce or show their effect according to the chemical structure. Phenols consist of 

thymol, carvacrol, and eugenol (Chouhan et al., 2017). Various EOs along with their bioactive components are represented 

in the Fig. 1. These bioactive compounds constitute antimicrobial contents and flavors as they contain proteins, vitamins, 

and heterocyclic compounds.  

 Most widely customized aromatic oils are derived from oregano, peppermint, spearmint, mustard, lemon, thyme, 

lavender, eucalyptus, dill, cinnamon, rose, orange, clove, tea extracts, etc. (Mohammed et al., 2024). EOs can be obtained 

from every part of the plant, like leaves, bark, roots, shoots, twigs, wood, fruits, flowers, seeds, etc. from these parts of plants 

(Hanif et al., 2019). EOs can be extracted through the above-mentioned processes. Each process produces EOs of different 

compositions in quality and quantity. The type of method is selected on the basis of the purpose of the application. Because 

of its numerous properties, they are extensively used as flavoring, aroma, antimicrobial, and therapeutic agents. EOs 

enhance the shelf life and quality of edible products (Pérez-Santaescolástica et al., 2022). Biological properties enable them 

to act as antiviral, antifungal, antiparasitic, antibacterial, antidepressant, antioxidant, immunomodulatory, and insecticidal. 

They can be used in the form of oils, capsules, powders, lotions, ointments, creams, etc.  

 

 

Fig. 1: EOs and its 

Classifications 

 

 

History of essential oils 

 It is hard to find the exact discovery and first usage of EOs. Empirically, they are used to wipe off the foul odor and 

preserve or flavor the foods. These EOs have high economic and cultural importance. They have been in use since BCE, but 

reported medicinal use started later. In 1912, Gattefosse’s hand was burned in a lab burst, he dipped his hand in lavender 

oil and got healing (Buckle, 2002). Paracelsus von Hohenheim coined the term EOs from a drug named Quinta Essentia 

(Brenner, 1993). Later on, the processes of its extraction are discussed, and they became industrially commercialized for 

use in cosmetics and therapeutics. 

 

Critical Analysis 

Synergism within EOs’ Components 

 EOs are complex mixtures of different compounds and produce a combined effect (Sheng et al., 2020). The combined 

effect is the effect of all the major and minor components present in the EOs. These minor components possess synergistic 

effects, and the resultant effect is represented as the effect of the main component (Saad et al., 2013). All components 

together identify the cell penetration, density, fragrance, color, and texture of each EO. These minor components, in 

addition to synergistic effects, can also pose antagonistic or additive effects. The synergistic effect provides broad-

spectrum activity and increased efficacy to EO (Ju et al., 2022). Two or more compounds synergistically are used to 

produce flavor and aroma without causing adverse effects. 

 

Administration Routes 

 The most widely employed routes of administration include oral, inhalation, and topical. In the topical route, EOs in 

small quantities are mixed with some base or carrier and massaged on the skin (Guzmán and Lucia, 2021). A very small 

quantity is required that can produce its effect pronouncedly (Baldim et al., 2021). Very frequently used in lotions, 

ointments, and creams. In inhalation, there is stimulation of olfactory nerves either through sprays, inhalation through 

bottles, or baths (Rowland, 2024). This is used to enhance a balance of physical and mental state. It is widely reported that 
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EOs show maximum effects in both humans and animals. 

 Some oils cause toxicity, so should be administered with precautions, oral route shows maximum effect due to 

exposure to the lymphatic system through the gastrointestinal system (Baptista-Silva et al., 2020). It shows its mechanism 

in three ways viz; in biochemical mechanism, it transfers through blood in the whole body and interacts with hormones 

and enzymes (Cimino et al., 2021). In psychological innervation of the brain occurs through olfactory stimulation and then 

shows its effect on mental health by producing neurotransmitters. In physiological mechanisms, oils act on specific systems 

of the body and perform a therapeutic function (Sadgrove et al., 2021). Precautions should be undertaken while using 

these because higher doses cause adverse effects. 

 

Essential oils as Antiviral Agents 

 Phenols and aldehydes have the ability to initiate immune responses. Lemon, eucalyptus, cinnamon, tea tree (TT), 

clove, peppermint, garlic, etc. are involved in antiviral activity. EOs act by boosting the weakened immune system (Zuo et 

al., 2020). The mechanism of action depends upon the interaction of EOs either outside or inside of the cell with free 

viruses (Ma and Yao, 2020). They act by making changes in the structure of the virus and hiding their proteins (Reichling, 

2022). There are various mechanisms of action that depend on the type of EOs, for example, carvacrol acts by hiding the 

capsid or by binding to the virus (Javed et al., 2021). Isothymol derived from Ammoides verticillate inhibits the COVID-19 

receptor, which is angiotensin converting enzyme 2 (Abdelli et al., 2021). EOs are effective against many viruses like 

respiratory syncytial, bovine viral diarrhea, yellow fever, Zika, and alpha herpes viruses, and many others (K. Sharma et al., 

2023) which are as follows: Germacron EOs are involved in antiviral activity against feline caliciviruses (K. Sharma et al., 

2023). EOs derived from Australian TT, Star Anise, piperitenone, Eucalyptus caesia, Zingiber officinale, oregano, and 

eugenol, 1,8 cineole showed antiviral activity against HSV-1 (El Gendy et al., 2022). While EOs derived from Savia 

desoleana, germacrene D, linalool, linalyl acetate, 1,8 cineole, α-terinyl acetate, and β-caryophyllene, showed antiviral 

activity against HSV-2 (Sharifi-Rad et al., 2017). EOs like β-santalol, clary sage, 1,8 cineole, marjoram, terpinene-4-ol, anise 

EOs, citrus bergamia, Cinnamomum zeylanicum, and Thymus vulgaris showed antiviral efficacy against influenza virus 

(Vimalanathan and Hudson, 2014). EOs from cedar leaf are very effective against the hemagglutinin protein of the 

influenza virus ( Oriola and Oyedeji, 2022, Mustafa et al., 2023) . Oregano with its major component carvacrol, has antiviral 

activity against norovirus and rotavirus (Sarowska et al., 2021). Isothymol and 1,8 cineole are effective against COVID-19 

(Nadjib, 2020; Soleymani et al., 2022). Oxygenated EOs have proved effective against influenza virus while non-oxygenated 

against HSV. 

 

Essential oils as Immunomodulatory Agents  

 The process of increasing or decreasing the immune system is known as immunomodulation. EOs show an 

immunomodulatory effect by expressing interleukins through lymphocyte proliferation and modulating inflammation by 

stimulating phagocytic activity (Pelvan et al., 2022). EOs help in initiating the immune response against pathogens by 

activating the immune system, which consists of innate and adaptive immune systems (Grazul et al., 2023). The innate 

immune system consists of dendritic cells, monocytes, and macrophages, and is involved in the primary defense 

mechanism by initiating inflammatory immune responses (Zhao et al., 2023). Adaptive immune systems include dendritic 

cells, macrophages, neutrophils, natural killer cells, eosinophils, basophils, B and T cells, etc. (Akhand and Ahsan, 2023). Is 

stimulated by the EO activity by cytokine release and phagocytosis. Pattern recognition receptors recognize the pathogen-

associated molecular patterns and induce innate immune cells to inflammation that, in turn activate the adaptive immune 

system (Singh et al., 2023). T cells on stimulation, differentiate into CD4+ (Th1) and CD8+ Th cells that produce cytokines. 

Th2 cells differentiate into B cells that produce antibodies to neutralize pathogens (Zuo et al., 2020). Many therapeutic EOs 

like lemon grass and balm, clove, black cumin, eucalyptus, marjoram, rose, fennel, lavender, thyme, sage, TT, bay laurel, 

peppermint, etc. are involved in immunomodulatory and anti-inflammatory effects (Tirant et al., 2024). Oropharyngeal 

candidiasis produces IL-8 which is inhibited by TT oil (Sosa et al., 2023). TT oil also exerts an effect on hypersensitivity and 

histamine-induced edema. Eugenol is involved in the inhibition of IL-1β,6,10, and lipopolysaccharide inflammatory action 

through the mechanism of inhibiting the nuclear factor Kappa β pathway (Saini and Dhiman, 2022). Parsley shows an effect 

on inflammation by inhibiting the proliferation of phytohemagglutinin-stimulated splenocytes (Yousofi et al., 2012). In a 

study of clove bud and cinnamon bark, EOs proved effective in combating Newcastle disease and were involved in 

increasing intestinal villi length (Sandner et al., 2020). Ginseng is involved in immunostimulants by the production of IFN-γ 

and TNF-α. TT EOs enhance intestinal immunity by releasing IL-2, IL-10, and IFN-γ and also enhance growth performance, 

and reduce the incidence of diarrhea in small pigs (Zhu et al., 2018). Clove EOs was studied in vitro, and showed cellular 

and humoral immunity in immunocompetent and immunosuppressed mice respectively (Peterfalvi et al., 2019). Herbal EOs 

have been researched in various studies and resulted in the best remedies for reducing inflammation by modifying 

inflammatory cytokines (de Lavor et al., 2018). Sandner et al., 2020 reviewed that EOs can be alternative to antibiotics for 

use in broilers. 

 

Essential oils as Antioxidant Agents 

 EOs like monoterpenes, sesquiterpenes, and oxygenated derivatives have different chemical structures that enable 

them to act as antioxidants (Bhavaniramya et al., 2019). The EOs which have a scavenging effect on reactive oxygen species 
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illustrate antioxidant activity (Valdivieso-Ugarte et al., 2019). Phenols contribute mainly because they have strong redox 

potential. These and others, like aldehydes, ketones, monoterpenes, alcohols, and ethers, cause disruption of peroxides 

and removal of free radicals (Amorati et al., 2013). The compounds involve menthone, isomenthone, thymus, linalool, 

citronellal, 1,8 cineole, carvacrol, α-terpinene, β- terpinene, α-terpinolene, cinnamon, neral, etc. show antioxidant activity. 

Double bonds present in compounds especially phenols are responsible for its mechanism of action. The process of 

oxidation consists of initiation, elongation, and termination steps. EOs break the chain of reaction either at the initiation or 

elongation stage. Both natural and synthetic EOs act as antioxidants (Salanță and Cropotova, 2022). The compounds 

obtained from thyme, oregano, mint, nutmeg, clove, basil, cinnamon, parsley, etc. are rich sources of oxygen and have 

great potential to act as antioxidants. Tocopherols, Origanum compactum, Helichrysum italicum, black cumin, sage, winter 

savory, wild thyme, basil, mint, clove, parsley, oregano, nutmeg, and retinol produce antioxidant effects (Jabeen et al., 

2022). 

 

Limitations to Essential Oils 

 Despite the huge advantages and applications of EOs, they also have some disadvantages. They can cause irritation 

(dermatitis), pneumonitis, photosensitivity, seizures, etc. Insufficient data is available that demonstrates the toxic risk of 

each EO. EOs as volatile oils, means are unstable. Being lipophilic in nature can damage cell membranes and make them 

more permeable (Barradas and de Holanda e Silva, 2021). Higher doses cause a reduction in the level of feed intake. 

 

Future Prospects and Conclusion 

 There is a need for more studies that highlight the various mechanisms of action of EOs as antioxidant, 

immunomodulatory, and antiviral agents. Further studies are the need of time for the evaluation of the synergistic effects 

of various bioactive components of EOs, which may prove beneficial. In the future, more research may be done as there are 

many fields of EOs that require more advanced studies. Exploring EOs with others through conjugation may enable them 

to be the best preventive agents in the field of biology. EOs may be available as inflammatory drugs in the future. These 

EO-based drugs may be used as therapeutic drugs for treating infectious ailments. EOs, because of their enormous 

properties and popularity, are increasingly used in various fields to perform different functions. Multiple types of EOs due 

to the presence of bioactive components are explored in antiviral, immunomodulation, and antioxidant. They are 

industrially produced, and many are being commercialized. Phenolic EOs are very effective in producing the desired 

effects. They are safe to consume at recommended concentrations. Synergistic interactions can produce better results. EOs 

reduce the inflammation caused by disease mechanisms, boost the immune system against various viral diseases and 

improve health. 
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