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Essential oils (EOs) are mixtures of volatile molecules endowed with health-promoting biological activities that go

beyond their role as aromas and natural preservatives and can be exploited to develop functional foods and diet

supplements. Some of the potential health benefit of human diet supplementation with EOs are in the area of: (1)

irritable bowel syndrome; (2) inflammatory bowel disease; (3) regulation of microbiota; (4) gastroprotection; (5)

hepatoprotection; (6) protection of the urinary tract and diuresis; (7) management of metabolic disorders including

hyperglycemia and hyperlipidemia; (8) anti-inflammatory and pain control; (9) immunomodulation and protection

from influenza; and (10) neuroprotection and modulation of mood and cognitive performance.

essential oils  health  diet supplements  nutraceutical  functional food

1. Introduction

Essential oils (EOs) are mixtures of volatile lipid-soluble organic molecules traditionally obtained by steam

distillation of fruits, flowers, leaves, stems, seeds, aromatic woods, and roots, typically representing the scent of the

plant from which they are obtained. Other extraction methods such as dry distillation, mechanical pressing, solvent

extraction, supercritical fluid extraction, and other high-efficiency extraction techniques may also be used, offering

advantages for specific botanical sources . Beside the distinctive scent, which grants their use in perfumery,

EOs have a wealth of biological activities  that represent the basis of their ancient use in folk and traditional

medicines . They are also the heart of aromatherapy, a form of complementary alternative medicine that was

born at the beginning of the 20th century as a result of the pioneering observations of French chemist René

Maurice Gattefossé (1881–1950) and was much developed and expanded by Jean Valnet (1920–1995)  and by

others .

2. Composition of Essential Oils

Essential oils are—sometimes complex—mixtures of volatile apolar or moderately polar molecules comprising

heterogenous structures that can, nonetheless, be clustered in classes of components bearing internal structural

similarity and a common biosynthetic route. Many such components are hydrocarbons; i.e., they contain only C

and H elements, while others also contain O (often referred to as oxygenated compounds) and more rarely N or S.

Classification on the basis of the elemental composition is, however, less useful than following their biosynthetic
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route that dictates the overall structure. Along this line, most of the typical EO components belong to one of the two

main families: terpenoids and phenylpropanoids .

Terpenoids (Figure 1) are biosynthesized though the mevalonate pathway and are built by formally connecting

isoprene units as C5 building blocks. (The actual building blocks are isopentenyl pyrophosphate and dimethylallyl

pyrophosphate.) The majority of compounds contain two or three isoprene units and are called terpenes or

sesquiterpenes, respectively. They owe their name to the wrong initial identification of the C10 unit as the recurrent

building block, which was called terpene; therefore, the C15 molecules were identified as containing one and a half

terpenes (from the Latin “semis” = half + “atque” = and, contracted to “sesqui”) (Figure 1) . Although the plant

contains components up to C30 (6 isoprene units), those larger than C15 (i.e., diterpenes and triterpenes) are

rarely present in the EO since they are not sufficiently volatile to pass into the distillate. Formally, the term “terpene”

refers only to hydrocarbons, i.e., those components having no heteroatoms, while the term “terpenoids” broadens

to include oxygenated or heteroatoms-containing compounds although in common practice, this distinction is

normally overlooked. A selection of common terpenoid components found in EOs is shown in Figure 2.

Figure 1. Structural features of volatile terpenes and terpenoids in essential oils.
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Figure 2. Examples of typical EO components classified by the structural family.

The second main family, the phenylpropanoids, comes from the shikimate biosynthetic pathway and comprises

aromatic compounds substituted with an unbranched C3-chain on the ring. The side chain can be unsaturated and

even truncated to a C2 or C1 by subsequent biosynthetic modification, and other functional groups can be present

in the chain or in the ring . Some examples of common phenylpropanoids are given in Figure 2. Along with

terpenoids and phenylpropanoids, EOs may contain non-terpenic medium-chain hydrocarbons and aldehydes and

simple alcohols and ethers.

Different botanical species offer different EOs with a characteristic composition, which is, however, subjected to

(sometimes large) variability associated with geographical origin, soil composition, climate, cultivation and

harvesting methods and time, EO extraction method, etc. This clearly results in different properties of the EOs. To

partly account for such diversity, the concept of chemotype was introduced; i.e., EOs from different plants of the

same botanical species can be sub-classified according to the main components or to the relative abundance of

main and/or characteristic components .

3. Essential Oils Helpful in the Irritable Bowel Syndrome
(IBS)

Irritable bowel syndrome (IBS) is a complex gastrointestinal (GI) inflammatory condition associated with abdominal

pain, diarrhea, or constipation that can change over time as well as flatulence, spasms, and other individually

variable symptoms with still incompletely understood causes that likely include diet. Since its pharmacological

management is often difficult, a dietary intervention including the use of diet supplements appears a valuable

option .

Peppermint EO (Mentha piperita. L.) has perhaps the best-established efficacy against IBS symptoms. Its main

components, i.e., menthol and menthone, have well-documented antispasmodic and muscle-relaxing activity .

Menthol, in particular, was shown to block Ca  channels in rats and guinea pig ; for this reason, both menthol

and peppermint EOs are effective in decreasing motor activity in GI smooth muscle and in providing relief for colon

spasms, with proven beneficial activity during colonoscopic examination . In addition, peppermint EO contains

1,8-cineol with proven anti-inflammatory activity .

Thymol has well-known beneficial activity in gastrointestinal symptoms, with mechanisms that are still matter of

investigation besides the established antioxidant  and anti-inflammatory activity . A recent study demonstrated

that thymol (50 mg/kg b.w.) counteracted IBS induced by physical stressors in the rat model : it normalized gut

transit time and abdominal withdrawal reflex, and it decreased intestinal hypermotility. The study concluded that

oral thymol administration could be a potential option to handle leaky gut with subsequent soothing of the IBS

symptoms possibly by regulating the serotonin receptor (5-HT AR) in the intestinal epithelium, as confirmed by

molecular docking analysis . Another recently identified mechanism for thymol’s anti-inflammatory activity and its

modulation of gut motility relies on its interaction with the gastrointestinal endocannabinoid system . Thymol
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modulates the expression of the CB1, CB2, TRPV1, and OR1G1 mRNAs in the duodenum and ileum as well as

the mRNA levels of enzymes involved in the biosynthesis and degradation of endocannabinoid molecules.

Therefore, the effects of thymol in promoting gut health are also potentially mediated by the activation of these

receptors .

4. Essential Oils Helpful in Inflammatory Bowel Disease (IBD)
and in the Prevention of Colorectal Cancer (CRC)

Inflammatory bowel disease (IBD) is a chronic inflammatory disease of the gastrointestinal tract that comprises two

phenotypical conditions, namely ulcerative colitis (UC) and Crohn’s disease (CD). It affects approximately 1.6

million individuals in USA (0.5% of population, with a growth of 70,000 new cases every year) and 0.2% of the

European population , with a growing number of cases in South America, the Middle East, and Asia. IBD is

distinct from IBS, and it is characterized by GI symptoms such as rectal bleeding and diarrhea, bloating, abdominal

cramping, pain, reduced appetite, unintended weight loss, and fatigue. Although causes are incompletely

understood, IBD is normally associated with an over-reactive immune system and is related to genetic and

environmental factors. IBD is also associated with a 30-fold higher risk of developing colorectal cancer (CRC)

owing to the massive proliferation required to repair the intestinal tissue injury . Diet and diet supplements are

actively investigated as complementary therapeutic approaches to reduce the need for pharmacotherapy or

surgery. Several dietary medicinal plants and essential oils have shown promising results; however, no dietary

intervention has been clinically validated yet. Animal studies can offer a meaningful insight using well-established

translational models in rats or mice, such as treatment with acetic acid (AA) or dextran sulfate sodium (DSS) or

oxazolone (OZ) to induce ulcerative colitis (UC) or with trinitrobenzenesulfonic acid (TNBS) to model Crohn’s

disease (CD) .

A recent review analyzed the intestinal anti-inflammatory and antioxidant activity (modulation of markers TNF-α, IL-

1, IL-7, IL-10, IL-11, IL-12, and mRNA of NF-kβ, MPO, COX-2, and PPARγ) of several essential oils orally

administered in the rat translational model for ulcerative colitis (UC) or for Crohn’s disease (CD), finding that

Zanthoxylum bungeanum (rich in terpinen-4-ol, eucalyptol, xanthoxylin); Zanthoxylum myriacanthum (limonene, α-

and β-phellandrene, α-pinene, o-cymene); and Curcuma longa (curcumin) where effective on UC at doses in the

range 20–80 mg/Kg b.w, while Foeniculum vulgare (trans-anethole, fenchone, methyl chavicol, limonene); Zingiber

officinale (zingiberene, α-curcumene, β-bisabolene, α-sesquiphellandrene); Ocimum basilicum (linalool, β-pinene,

trans-verbenol, α-terpinolene); and Cymbopogon martini (geraniol) required a minimal dose of 200, 100, 160, and

120 mg/Kg b.w, respectively .

5. Essential Oils in Probiotic Food and Supplements for
Regulation of Gut Microflora

According to the World Health Organization, probiotics are living strains of microorganisms to be consumed in

suitable amounts in order to provide health benefits to the host by modulating activity and composition of gut
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microbiota . These types of microorganisms consist mainly of bacteria but also include yeasts, which are

naturally present in fermented foods, may be added to other food products, and are available as dietary

supplements. Probiotics act usually in the gastrointestinal tract, and their viability depends on the baseline

microbiota, probiotic strain, and gastrointestinal tract region . They may influence the intestinal microbiota during

their temporary colonization in the gut mucosa so that they must be consumed nearly on a daily basis to provide a

real positive impact . For this reason, food represents a preferred way to administer probiotics, followed by

enriched dietary supplements. Probiotics should not be confused with prebiotics, which are typically complex

carbohydrates (such as inulin and other fructo-oligosaccharides) that microorganisms in the gastrointestinal tract

use as metabolic fuel . Commercial products containing both prebiotic sugars and probiotic organisms are often

called “synbiotics”.

Some essential oils have greater minimum inhibitory concentration (MIC) values for probiotics compared to

pathogens. Such a phenomenon makes it possible that both probiotics and essential oil are administered together

to treat pathogenic infection in the human gut . They can be combined to form essential oil-flavored fermented

milk products, such as flavored curd beverages or flavored yogurt. Among fermented foods, yogurt represents a

key example of source of probiotic microorganisms such as Lactobacillus delbrueckii subsp. bulgaricus and

Streptococcus thermophiles, which should survive intestinal transit in order to be claimed as probiotic. Yogurt

consumption promotes probiotic bacterial growth by changing the gastrointestinal tract bacteria and also supports

immune system contributing to the overall health and preventing age-related weight gain .

Other fermented foods that contain probiotic microorganisms include beverages such as fermented milk. In an

independent study, three beverages were prepared with probiotic curd with varying concentration of essential oils

of Coleus aromaticus, Rama tulasi, and Shyama tulasi . These beverages were then grown with common enteric

pathogens in equal concentration, measured by CFU count. The sample beverages were found to be highly

effective in inhibiting the growth of the pathogen. The shelf life of the beverages was also found to be significantly

higher than for normal probiotics. The test results can be interpreted as the beverage’s capacity for prevention of

enteric pathogens . The above examples clearly show that both probiotics and essential oils have a great

potential in terms of their beneficial effect against microbial gut infection, and their combined use can afford even

more beneficial functional food .

6. Essential Oils for Gastric Protection and to Alleviate
Peptic Ulcer

Peptic ulcer is a chronic pathology affecting a relevant portion of the population worldwide (as much as 10% for at

least some time). Based on the main localization of lesions, it is often classified into gastric ulcer or duodenal ulcer.

It is a multifactor condition that can be triggered by several causes, including the use of anti-inflammatory drugs,

abuse of alcohol, inappropriate diet, and emotional stress. There is strong association between gastric and

duodenal ulcers and the infection by Helicobacter pylori, which causes inflammation of the mucosa . Studies

have shown that pro-inflammatory cytokines and oxidative homeostasis have a key influence in the onset of gastric

ulcer, which sees an overboost of oxidative stress counterbalanced by activation of the nuclear factor-erythroid-2-
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related factor 2 (Nrf2) signaling pathway, which upregulates the biosynthesis of endogenous antioxidant enzymes

.

The EO of Thymus hirtus ssp. algeriensis Boiss, a thyme species distributed in North Africa and locally used as

culinary herb, was shown to express relevant healing of HCl/ethanol-induced ulcers in rats . Oral administration

at doses of 54, 117, and 180 mg/kg b.w. showed marked decrease in the number of ulcer lesions and of the ulcer

index, accompanied by higher pH and mucus production. Biochemical analysis also revealed increased antioxidant

defenses in the treated vs. control groups, as witnessed by increased levels of GSH, SOD, CAT, and GPx,

accompanied by a decrease in TBARS. While these findings are somewhat different from those recorded with

other Thymus species, they are explained by a markedly different composition of the EO, which contained linalool,

1,8-cyneol, camphor, and viridiflorol as the main components and conceivably acted with an anti-inflammatory 

via the induction of antioxidant enzymes as well as by increased secretion of mucus, i.e., by the increasing of

gastric mucosal defensive mechanisms . 

7. Essential Oils Useful in the Management of Metabolic
Disorders

Inhibition of carbohydrate hydrolyzing enzymes α-amilase and α-glucosidase is a key target for oral hypoglycemic

treatments for type 2 diabetes mellitus (T2DM). While pancreatic α-amylase hydrolyzes starch into

oligosaccharides, these are further hydrolyzed by intestinal α-glucosidase into glucose, which is finally absorbed

into systemic circulation, raising the plasma glucose level. In T2DM subjects with reduced glucose tolerance,

postprandial plasma glucose rise can be smoothed by enzyme inhibitors, which slow down carbohydrate digestion,

ameliorating their condition. In a comparative study on several terpenoid EO components, citral was the only one

that showed mild inhibition of α-amilase compared to the reference drug acarbose. Instead, several monoterpenes

(10 mM) showed inhibition of α-glucosidase with the following order of potency: (R)-(+)-limonene = (S)-(−)-perillyl

alcohol > α-terpineol, while (R)-(+)-β-citronellol, terpinolene, citral, (R)-(−)-linalool, nerol, geraniol, and (S)-(−)-β-

citronellol exerted weaker inhibition, and (L)-menthol and γ-terpinene did not show any significant α-glucosidase-

inhibitory activity . The same terpenes were tested for stimulation of glucose uptake in 3T3-L1 adipocytes, which

represents another strategy to reduce glucose plasma levels. Geraniol, citral, limonene, and (R)-(+)-β-citronellol (1

μM) had the highest activity, while nerol, (S)-(−)-perillyl alcohol, γ-terpinene, and α-terpineol were weaker

stimulants; and (S)-(−)-b-citronellol, terpinolene, and linalool did not affect the glucose uptake . Thus, to a

different degree, several terpenes of widespread presence in EOs, such as limonene, citral, and citronellol, have

hypoglycemic activity, which helps rationalize the efficacy recorded for the whole oils. 

High levels of circulating total cholesterol (TC), of low-density lipoprotein-cholesterol (LDL-C), and of plasma

triglycerides along with low levels of high-density lipoprotein-cholesterol represent well-established risk factors for

cardiovascular disease and might be associated with diabetes or dysregulated glycemic parameters in metabolic

syndrome. Treating these unbalances with suitable dietary approaches is not less important than addressing

hyperglycemia alone. Some EOs, most notably green and black cumin, show parallel reduction of lipidemic factors

along with glycemic.
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8. Essential Oils to Protect Liver Function and Stimulate
Digestion

In classical aromatherapy several essential oils are used to stimulate digestion, among them clary sage (Salvia

sclarea L.) lemon (Citrus limon L.), coriander (Coriandrum sativum L.), ginger (Zingiber officinalis L.), and, most

notably, rosemary (Rosmarinus officinalis L.). This has been attributed at least in part to interaction of EO

components with receptors for specific types of “taste” in the gastrointestinal tract, such as bitter taste TAS2R

receptors and pungent taste transient receptor potential vanilloid receptors TRPV1 or others, such as ankyrin

subtype 1 TRPA1 or TRPM8 . Such interaction would activate digestive functions such as bile secretion, gastric

motility and secretions, secretion of gastric protective mucus, pancreatic digestive enzymes, etc., thereby

promoting all digestive functions by activating the neuroendocrine machinery . Besides stimulating digestion,

EOs have been recently fount to protect digestive functions and organs from inflammatory and oxidative-stress-

related damage. In particular, the liver is subject to major metabolic attack by radicals produced as a consequence

of phase-1 detoxifying enzymes activation by pollutants, toxins, and xenobiotics.

9. Essential Oils for Diuresis and Protection of the Urinary
Tract

Fennel (Foeniculum vulgare Mill.) has a longstanding tradition as a diuretic, anti-inflammatory, and antimicrobial aid

to protect the urinary tract. The diuretic effect of the EO and particularly the anti-inflammatory effect has been

documented in animal studies, while several microbiological studies highlighted its activity against S. aureus and C.

albicans . The combination of these bioactivities makes it particularly suited for the health of the urinary tract.

Juniper (Juniperus spp.) is often used as adjuvant in the protection of urinary tract because of its anti-inflammatory

activity associated with selective antimicrobial activity on the pathogen strains that colonize the tract. The recent

investigation of the EOs from three Juniperus species (J. communis, J. horizontalis, and J. chinensis) indicated that

J. horizontalis oil has the highest activity against E. coli, while J. communis has the highest activity against S.

aureus. The three oils were found to significantly decrease the production of the pro-inflammatory cytokines tumor

necrosis factor (TNF)-α, interleukin (IL)-1β, and gamma interferon (INF-γ) in lipopolysaccharide-activated white

blood cells. J. chinensis oil possessed the highest potency against IL-1β. Analysis afforded the identification of 45

components, and it was assessed that that 1-terpineol, 4-terpineol, bornyl acetate, limonene, and α-pinene are the

positive contributors to both bioactivities (antimicrobial and anti-inflammatory), while β-thujone, 3-carene, and γ-

muurolene contributed to IL-1β inhibitory activity .

10. Essential Oils to Reduce Inflammation and Pain

Inflammation is part of our immune response, and it is actually necessary to trigger it. It is a complex regulated

process, and in principle, it should terminate when the cause, e.g., the invasion by a pathogen, has been

eliminated. However, loss of regulation occurs not infrequently, leading perhaps to more danger than that which
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triggered it. It can lead to the development of chronic disease such as asthma, atherosclerosis, inflammatory bowel

disease, cardiovascular diseases, neurological disorders, and cancer . Inflammation is usually classified into

two categories according to its time course and intensity: acute inflammation and chronic inflammation. The two

types are characterized by different involvement of immune cells: Acute inflammation of a tissue is often associated

with infiltration by innate lymphoid cells such as macrophages and neutrophils, while chronic inflammation is

instead often associated with tissue infiltration by more specialized T cells and plasma cells . Although both

steroidal drugs (e.g., cortisol and mimics) and non-steroidal anti-inflammatory drugs (NSAID) are abundantly

available, they are not free from side effects, and their long-term administration, e.g., in chronic inflammation, may

not be the best solution. Many plant essential oils have shown excellent efficacy in this regard, with a generally

safer profile, which makes them ideal candidates for alternative therapeutic approaches such as dietary

interventions enriched by EO-based nutraceuticals . EO components such as thymol, thymoquinone, 1,8-cineol,

fenchone, α-pinene, β-pinene, citronellol, linalool, myrcene, carvacrol, limonene, menthol, p-cymene, α-

phellandrene, α-terpineol, terpinen-4-ol, caryophyllene, bisabolol, chamazulene, δ-3-carene, cinnamaldehyde,

eugenol, methyleugenol, and anethole were shown effective in reducing paw edema in rats or were active in other

in vivo inflammation models at doses equal to or lower than 25 mg/kg b.w. Particularly noteworthy are 1,8-cineol,

fenchone, β-pinene, and thymoquinone, which were active at doses equal or lower than 1 mg/Kg b.w., i.e., showing

efficacy of the same magnitude as NSAID drugs such as diclofenac . The mechanism of anti-inflammatory

action is often related to a decrease of the level of pro-inflammatory cytokines such as TNF-α, IL-1β, IL-4, IL-5, IL-

6, and IL-8; to the decreased expression of lipoxygenase (LOX) and cyclooxygenase (COX); or to inhibition of their

activity, with reduction of pro-inflammatory leukotrienes and prostaglandins formed by these two enzyme systems

from arachidonic acid to inhibition of myeloperoxidase (MPO) and with reduction of oxidative stress to the induction

of antioxidant enzymes (e.g., CAT, SOD, GPx, GR) that counteract inflammation-related oxidative stress and tissue

damage, thereby blocking the vicious circle of radical production–tissue damage–inflammation .

11. Essential Oils with Immunomodulatory and Anti-Influenza
Activity

A recent literature survey concerning the immunostimulant activity of EOs pointed out some differences among

studies depending on their type, distinguishing in vitro, pre-clinical, clinical, or those based on diet supplementation

of animals. It suggested that further studies are needed to clarity the matter although a few EOs were found to

stand out in all families of studies: eucalypt and ginger . However, other EOs have accumulated evidence for

their efficacy in many studies, including human; these are thyme, lavender, clove, tea tree, and citruses (lemon,

orange, and bergamot) . The mechanism of immune stimulation is often complex to rationalize, as the same EO

typically also expresses anti-inflammatory activity through the down-regulation of pro-inflammatory cytokines, and

these, in principle, should stimulate immune response. Although the modulation varies with the actual EO and,

even within the same botanical species, with the actual composition of the EO used in the study (i.e., with the

chemotype), often, immune stimulation is linked to boosting innate immune response, and it is associated with

interfering with the NFkB, p38, or ERK/MAPK signaling pathways . Eucalyptus EO, with prevalent 1,8-cyneole

content, was found to increase phagocytosis by inducing monocyte-derived macrophages with increased

[36][37]

[37]

[37]

[38][39][40]

[37][38][39][40][41]

[42]

[36]

[36]



Healthy Functional Ingredients of Plant Essential Oils | Encyclopedia.pub

https://encyclopedia.pub/entry/43411 10/15

phagocytic activity. The activity of tea tree oil rich in tepinen-4-ol was attributed to activation of NF-kB factor, which

increases phagocytic activity. Both tea tree oil and terpinen-4-ol induce the differentiation of immature myelocytes

into active phagocytizing monocytes and increase the expression of CD11b, a receptor that is partially responsible

for the phagocytosis of opsonized bacteria and fungi by leukocytes .

12. Essential Oils for Neuroprotection and Modulation of
Mood and Cognitive Function

With the global increase of life expectancy, the prevalence of age-related diseases is also increasing, particularly

including neurodegenerative conditions such as Alzheimer’s disease (AD). Neurodegenerative diseases and other

chronic inflammatory conditions characterized by cognitive impairment are related to lifestyle and to the diet;

hence, a dietary intervention can help their course and patients’ quality of life. In AD, the two main microscopic

hallmarks of disease, the abnormal accumulation of extracellular protein material in the amyloid–beta plaques and

the formation of intracellular neurofibrillary tangles, are associated with abnormal expression of

acetylcholinesterase (AChE), which leads to decreased levels of neurotransmitter acetylcholine (ACh), synaptic

alteration, and impaired memory and learning . Increased AChE expression appears to be related both to the

formation of plaques and to the impaired cognitive function; hence, inhibiting AChE is currently the main

pharmacological strategy to treat AD . On the other hand, research efforts are clarifying the association

between AD, inflammation, and oxidative stress, outlining that antioxidants are key to effective AD treatment

strategies . One additional point is the association between AD and impaired glycemic control, with

increased incidence of T2DM in patients with dementia . The above constitutes a solid rational basis to

understand the potential of dietary EO supplementation in protecting from neurodegenerative conditions such as

AD because (1) many EOs have excellent anti-inflammatory activity with low incidence of side effects; (2) many

EOs have good antioxidant activity; (3) many EOs are effective in improving glycemic control and T2DM

parameters; and (4) EOs are small, lipophilic molecules with high diffusivity, and hence, they have excellent ability

to cross the blood–brain barrier and reach the central nervous system. A fifth reason is that some EOs  and

EO components  have been demonstrated to possess good inhibition activity toward AChE, thereby

representing a promising aid to tread AD and other cognitive-impairment conditions . Therefore, several

essential oils have the potential to ameliorate the cognitive function and protect from AD; these include thyme,

sage, eucalypt, lemon balm, peppermint, oregano, rosemary, lavender, basil, and citrus EOs (rich in limonene and

citral) owing to the combination of glucose-lowering, anti-inflammatory, antioxidant, and anti-AChE activities 

.

Modern aromatherapy is using essential oils to treat anxiety, stress, panic and phobia, and other forms of

emotional discomfort. Building on evidence in animal studies, a significant body of research is now being dedicated

to unambiguously prove with controlled, randomized clinical trials the efficacy of EOs to treat such mood disorders

.

For instance, Melissa officinalis L. (lemon balm) EO was tested in acute coronary syndrome (ACS) patients,

resulting in significantly reduced scores of stress and anxiety, with reduced heart rate (p < 0.001) along with
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remarkable decrease in the mean arterial pressure in the Melissa group compared to the placebo group (p < 0.001)

. Lavandula angustifolia L. (lavender) EO was tested for 4 weeks on patients with insomnia, showing

significantly improved sleep quality and duration, improved quality of life, and improved overall mood , while the

combination of lavender with chamomile (Matricaria recutita) showed statistically significant improvement in

depression, anxiety, and stress levels immediately and one month after the intervention in the lavender and

chamomile group compared to the control group (p < 0.01) . Similarly, lavender combined with Roman

chamomile (Anthemis nobilis) and neroli (Citrus aurantium flowers EO) showed reduced anxiety and improved

sleep quality .
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