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Abstract

The increasing resistance of bacterial and fungal pathogens to conventional treatments for vaginal
infections, alongside the disruption of protective Lactobacilli by many antimicrobials, highlights
the urgent need for alternative strategies. Essential oils, long used in traditional medicine and
increasingly marketed in over-the-counter formulations, have been cited for their antimicrobial
activity and potential microbiota-sparing properties. This study evaluated the antimicrobial
efficacy, toxicity, microbiota impact, and biofilm inhibition of essential oils, both individually and
in combination. Forty-six essential oils were investigated. These were assessed in terms of
antimicrobial activity using broth microdilution, toxicity with the brine shrimp lethality assay, the
impact on microbiota determined through Lactobacillus broth microdilution assays, and biofilm
inhibition. A total of 602 combinations were tested for synergistic interactions. Citrus aurantifolia
and Origanum vulgare showed broad-spectrum antimicrobial activity with non-toxic profiles and
minimal inhibition of Lactobacilli. Of the 602 combinations, 101 demonstrated bacterial synergy
and 48 yeast synergy; 69% were non-toxic, but only 6% spared Lactobacilli. The most promising
combinations were Cinnamomum camphora with Melaleuca cajuputi, C. camphora with Ocimum
sanctum, and Salvia officinalis with O. sanctum. Notably, C. camphora with M. cajuputi inhibited
Candida albicans and Candida glabrata biofilms by 82% and 72%, respectively, outperforming
the individual oils. These findings suggest that selected essential oils and combinations
demonstrate promising in vitro antimicrobial, microbiota-sparing, and antibiofilm properties.
Further preclinical evaluation is warranted to explore their role in developing microbiota-

preserving therapies for vaginal infections.

Keywords: essential oils; vaginal infections; synergy; Lactobacillus; biofilm inhibition;

antimicrobial resistance
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Value of (a ) combined with value of (b x)
Value of (a) independently

FIC (i) =

Value of (b) combined with value of (a)
Value of (b) independently

FIC (ii) =

The (a*) represents the essential oil compound in combination and (b*) represents the carrier
oil.
The FIC index could then be calculated: XFIC = FIC (i) + FIC (ii)

Equation 2

The percentage mortality was calculated using the following equation:

dead shrimp at 24 hours (or 48 hours) (before acetic acid) — dead shrimp (time 0)

0, itv =
% Mortality dead shrimp (after acetic acid)

x 100

Equation 3

The percentage inhibition was calculated using the following equation:

o Optical density (OD) culture control — OD experimental
% Inhibition = OD culture control x 100
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Chapter 1 — Introduction

1.1 Background

Vaginal infections represent a significant health issue for women worldwide, contributing to
increased gynaecological consultations, psychological distress, and substantial morbidity (Mora,
2019). These infections are influenced by various factors such as pregnancy, douching, irrational
antibiotic use, and certain sexual practices that disrupt the vaginal ecosystem (Artym and Zimecki,
2021). These disruptions may lead to an overgrowth of pathogens, resulting in infections (Willems
et al., 2020; Abou Chacra et al., 2022). The leading causes of vaginal infections are bacterial
vaginosis (BV), vulvovaginal candidiasis (VVC), and Trichomonas vaginalis (Svobodova et al.,
2015; lbragimova, 2019; Leclair and Stenson, 2022). Symptoms of these infections include
malodour, pain, vaginal discharge, itching, and inflammation, which can adversely affect
reproductive health and psychological well-being, thereby impacting the overall quality of life
(Calinescu et al., 2021).

1.2 Treatment, resistance, and maintaining a healthy vaginal microbiome

Current therapeutic options that are first line, which include Metronidazole for treating BV and
Fluconazole for treating VVC, are increasingly challenged by the rise of antimicrobial resistance
(Jodar et al., 2023; Akinosoglou et al., 2024), diminishing the efficacy of these standard treatments.
Biofilm formation is a survival strategy and a resistance mechanism for pathogenic micro-
organisms that provides enhanced protection compared to their planktonic counterparts (Muzny
and Sobel, 2022). In the context of vaginal infections, biofilm formation is a critical factor,
especially in cases of BV and VVC, contributing to the persistence and high recurrence of these
infections (Muzny and Sobel, 2022).

The vaginal microbiome plays a crucial role in maintaining vaginal health, with a healthy vagina
predominantly consisting of lactic acid-producing Lactobacillus species (Deka et al., 2021). An

ideal therapy should inhibit pathogens while preserving commensal Lactobacillus spp., and this
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selectivity is underexplored for natural antimicrobials. These beneficial bacteria help maintain an
acidic environment that inhibits the growth of pathogenic organisms (Deka et al., 2021). However,
current therapeutic approaches and resistance mechanisms often disrupt this delicate balance,
leading to dysbiosis and recurrent infections (Deka et al., 2021). Therefore, restoring and
preserving the population of Lactobacilli is essential for effective treatment and long-term vaginal
health.

1.3 The use of essential oils in vaginal infections

Essential oils have been recognized for their antimicrobial properties since the early 20th century
and have been shown to exhibit a broad-spectrum antimicrobial activity against a wide range of
bacteria and fungi (Hili, 2001; Puskarova et al., 2017). Numerous studies have demonstrated the
potential of essential oils as a novel treatment strategy for inhibiting microbial growth and biofilm
formation (Herman and Mtynarczyk, 2015; Machado et al., 2017; Karpinski, 2020; Tomicic et al.,
2022; Koursaoui et al., 2023). Studies also demonstrate that essential oils have noteworthy
antimicrobial activity and a non-interfering or stimulatory effect on the natural microbiota. For
vaginal infections, however, many essential oils and associated pathogens have been neglected
(Ouwehand et al., 2010; Valdivieso-Ugarte et al., 2021). While there is a wealth of layman

literature on the use of essential oils, there is a lack of scientific studies.

1.4 Essential oil combinations

Essential oils are frequently used in combination rather than in isolation to enhance their
therapeutic effects (Bounar et al., 2020). Several studies have reported that combining essential
oils can result in synergism, highlighting their therapeutic potential (Orchard et al., 2018; Ahmed
Khan and van Vuuren, 2021; dos Santos Janotto et al., 2023; Sayed et al., 2024). Other studies
have also presented synergistic activity by combining conventional therapies (such as
antimicrobials with essential oils), which is a common practice in conventional medicine to
enhance therapeutic outcomes. Combination therapy may lead to a dose reduction in the amount
required of the antibiotic, thereby reducing adverse effects and combating resistance (Yap et al.,

2014; Bunse et al., 2022; dos santos Janotto et al., 2023). Different interactions can occur,
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including synergy, yet the research on the antimicrobial efficacy of essential oil combinations,
particularly against vaginal pathogens, is limited (Khan et al., 2012).

1.5 Toxicity

A common misconception is that essential oils are non-toxic and harmless (Leigh-de Rapper et al.,
2021). However, studies have reported potential side effects and toxicity associated with essential
oils (Labiad et al., 2019; Leigh-de Rapper et al., 2021). This is particularly relevant for vaginal
infections, as the vaginal mucosa is anatomically more delicate than external skin due to its thin,
non-keratinized epithelium, rich vascularization, and high permeability. These features increase
susceptibility to irritation and infection, which can be further exacerbated by certain essential oil
constituents, such as phenols and terpenes, known to disrupt mucosal barriers at higher
concentrations. Side effects that have been reported are dermatitis, mucous membrane irritation,
and even systemic toxicity (Bogavac et al., 2022). Therefore, it is crucial to consider the toxicity
of essential oils and their combinations in therapeutic applications. To mitigate these side effects
and risks, there has been some insight into the quenching effect of essential oil combinations.
Quenching leads to a reduction in the overall toxicity while maintaining or enhancing therapeutic
effects and this results in reduced side effects. For instance, certain combinations have shown
reduced cytotoxicity while maintaining antimicrobial efficacy, making it safer for treating
infections (Yap et al., 2014; Bunse et al., 2022). This further emphasizes the importance of
studying essential oils and combinations to optimize their safety and efficacy in sensitive

applications like vaginal infections.

1.6 Problem statement

The frequent occurrence of vaginal infections and the diminishing effectiveness of conventional
treatments are due to the growing resilience of pathogenic micro-organisms. Additionally, the
dysbiosis that occurs because of current therapies and lifestyle factors also highlights the urgent
need for innovative alternatives. Essential oils are presented as a plausible option, however, there
is a scarcity of studies that scientifically validate the use of essential oils and their combinations

in treating vaginal infections. Additionally, the vaginal microbiota has often been overlooked and
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warrants attention concerning agents investigated for antimicrobial activity. Few studies consider
other antimicrobial mechanisms, such as biofilm formation and their impact on the microbiota,
necessitating the need for an investigation that considers the various aspects of vaginal infections,
allowing for a more holistic perspective.

1.8 Research question

What is the antimicrobial activity of essential oils used in vaginal infections? What is their effect

on commensal microbiota, and what toxicity do the essential oils display?

1.9 Aim

This study aims to investigate the antimicrobial activity and toxicity of essential oils, both alone
and in combination, against pathogens causing vaginal infections and determine the inhibitory

effects on the natural bacteria colonizing the vagina.

1.10 Objectives

e To source and procure essential oils from a reputable supplier, ensuring the provision of
detailed composition data to confirm their purity.

e To investigate the antimicrobial activity of selected essential oils against pathogens associated
with vaginal infections and natural microbiota using the broth minimum inhibitory
concentration (MIC) microdilution method.

e Toassess the interactive profile of essential oil combinations against pathogens associated with
vaginal infections and natural microbiota by calculating the fractional inhibitory concentration
(ZFIC) index related to the MIC studies.

e To evaluate the toxicity of essential oils and their combinations using the brine shrimp lethality
assay.

e To assess the ability of selected essential oils and combinations using the crystal violet staining

assay to inhibit selected biofilms
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Abstract

This comprehensive review examines the intersection between aromatherapeutic
recommendations for the use of essential oils in the treatment of vaginal infections and the
scientific evidence supporting their efficacy. The review provides an analysis of the effects of
essential oils and their combinations on key vaginal pathogens, their role in biofilm disruption,
and their impact on the microbial colonizers of the vaginal tract. Notably, many pathogens remain
understudied within the context of the three most common vaginal infections: bacterial vaginosis,
vulvovaginal candidiasis, and trichomoniasis. The data analysis revealed that only 14% of essential
oils have been investigated across all three infections, as most studies (70%) focus on bacterial
vaginosis and vulvovaginal candidiasis. The study of essential oil combinations was challenging
largely due to the reliance on common names in aromatherapeutic sources, which often lack

botanical specificity. Preliminary studies demonstrated promising antibiofilm activity, though the
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limited number of studies presents a challenge for drawing definitive conclusions. Several essential
oils demonstrated a capacity to preserve beneficial Lactobacillus species, integral to vaginal
health, but there is a significant gap in research regarding their effects on the full spectrum of
vaginal microbial colonizers. These findings highlight the scarcity of selectivity-focused EO
studies and support the rationale for investigating synergistic, microbiota-sparing EO

combinations.

Keywords
Vaginal infections, essential oils, dysbiosis, antibiofilm

INTRODUCTION
Vaginal infections are commonly diagnosed in women of reproductive age!. Vaginal discharge,
odour and itching are common symptoms of vaginal infections, although light vaginal bleeding or
spotting may also occur?. The most common infections clinically diagnosed are bacterial vaginosis
(BV), vulvovaginal candidiasis (VVC), and trichomonal vaginitis (TV)>#. These vaginal infections
may cause health complications such as pelvic inflammatory disease, cervicitis, preterm labour,
low birth weight, miscarriages, and chorioamnionitis if left untreated?.

Bacterial vaginosis (BV) occurs when there is an imbalance within the vaginal microbiota.
This imbalance occurs as a result of a reduction in the lactic acid-producing Lactobacilli spp.,
leading to the dominance of various pathogenic anaerobic bacteria in the vaginal tract®. Bacterial
vaginosis has a high recurrence rate, with 50% of women experiencing a return of symptoms within
the first twelve months of treatment, making it difficult to treat®’. The pathogens more frequently
associated with bacterial vaginosis are described in Table 1, with Gardnerella vaginalis being the
most common pathogen®!!. Healthy women may be colonized by G. vaginalis strains with lower
pathogenic potential, while strains with higher pathogenic potential may cause infection’. The
adherence of G. vaginalis to the vaginal epithelium allows for biofilm formation, where other BV-
causing bacteria such as Atopobium vaginae can become established®.

Vulvovaginal candidiasis (VVC) is a yeast infection of the vagina caused by Candida spp.
It is the second most diagnosed vaginal infection after BV, with approximately three-quarters of
women experiencing at least one episode of VVC during their reproductive years *2 Vulvovaginal

candidiasis has been identified as a global issue of concern due to its association with sexually
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transmitted infections, particularly the Human Immunodeficiency Virus (HIV), as well as upper
genital tract infections®®.

Candida albicans is the leading cause of VVC. Candida albicans is a member of the
normal human microbiota and asymptomatically colonises the vaginal lumen in about 10%-15%
of women. An overgrowth may lead to infection'®*. Infection with another Candida spp. (Table
1), especially C. glabrata appears to be increasing®*. Fungal vaginal infection caused by non-C.
albicans spp. is predominant in recurrent infections'®*®. Vulvovaginal candidiasis significantly
reduces the quality of life of implicated women, resulting in psychological, social, and sexual
consequences®?,

Trichomonas vaginitis (TV) or trichomoniasis is classified as a severe vaginal infection
caused by a sexually transmitted flagellate protozoan known as Trichomonas vaginalis®. This
parasite causes a reduction in the number of Lactobacilli spp. colonizing the vagina while
promoting the growth of anaerobes, leading to epithelial damage, thus further predisposing women
to other genital infections'®. The pathogens associated with vaginal infections are summarised in
Table 2.1.

Table 2.1. Pathogens associated with vaginal infections

Micro-organism Pathogenesis Reference
Bacteria
Atopobium vaginae Implicated in bacterial vaginosis. 17.18
Bacteroides ureolyticus A resident of a bacterial vaginosis environment. 19.20
Enterococcus faecalis Bacterial vaginosis secondary bacteria, uropathogenic and moves to the vagina 2122
due to proximity.
Gardnerella vaginalis A normal resident of the vaginal ecosystem that largely increases when 19.20
Lactobacilli become unbalanced. 19.20
Mobiluncis curtisii Anaerobic bacteria that cause bacterial vaginosis. 19.20

Mycoplasma hominis

Peptostreptococcus
anaerobius
P. asacharolyticus

Prevotella bivia

P. disiens

P. melaninogenica
Ureaplasma urealyticum

Implicated in bacterial vaginosis.
Frequently discovered in bacterial vaginosis.

Anaerobic bacteria causing bacterial vaginosis.

Micro-organism causing bacterial vaginosis.

Anaerobic bacteria causing bacterial vaginosis.

Present in high concentration in women with bacterial vaginosis.

20

23

20,24

25,26

20,26

27,28

Yeasts

Candida albicans

Present in immunocompromised patients, which results in infection.

29,30
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Candida glabrata
Candida krusei 31

Candida tropicalis An opportunistic pathogen causing vulvovaginal candidiasis.
Candida parapsilosis

Parasite

Trichomonas vaginalis A parasite causing vaginal infections. 10

Treatment strategies and limitations
The prevalence of microbial resistance to the available antimicrobials leads to recurrences of
vaginal infections and makes microbial eradication increasingly difficult. Current treatments that
are available such as metronidazole and clindamycin, are becoming less effective due to the
increased resistance of vaginal pathogens®> Candida is one of the most plaguing organisms to
display resistance®. Studies have shown that the high incidence of Candida spp. limits treatment
options 3%, The need for novel alternative treatments to combat resistance is further emphasized
by the resistance of C. krusei and C. glabrata to fluconazole and Candida auris to many
antifungals®®

Conventional drug therapies are available in different formulations, administered locally
and systemically, due to the decreasing efficacy of treatment. However, the locally administered
dosage forms have low retention in the vaginal lumen as well as low distribution throughout the
vaginal tract, leading to recurrences of these infections, thus causing patient non-compliance®®.

Recent treatment strategies include finding an effective alternative treatment that can
achieve complete remission of the infection. Another consideration for newer treatments should
be the maintenance and restoration of the vaginal ecosystem. Upon administering conventional
medication, the subsequent destruction of the microbiota is of high concern®’. This was observed
in a clinical trial where Metronidazole, used in the treatment of BV, showed a decline in the
Lactobacilli spp., which are integral to maintaining vaginal homeostasis®’. In addition to resistance
and the microbiome, another consideration during the search for new strategies is biofilm
formation, especially in BV and VVC®. A biofilm is described as a community of micro-
organisms that are attached to a surface and supported by a self-made polymer matrix®°. Biofilm
formation is a survival method and presents better outcomes for the micro-organisms®.

Biofilms compose 65% of all microbial infections and are highly resistant to conventional
therapies®. The hallmark of BV is a structured biofilm that consists primarily of G. vaginalis*..

Candida is also responsible for biofilm formation. These studies show the implication of vaginal
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pathogens in biofilm formation. In-depth biofilm studies are lacking*! and further investigative
studies are imperative?®.
The vaginal microbiome refers to the microbial composition of the vaginal tract*. The
composition differs vastly between women and fluctuates from birth to menopause*®. The vaginal
microbiome plays an essential role in the maintenance of vaginal health by preventing infections**.
Approximately 70-90% of the vaginal bacterial species that colonise healthy women of
reproductive age are Lactobacilli'l. In contrast, pathogenic micro-organisms such as anaerobic
bacteria and Candida spp. may be present in lower concentrations*. The Lactobacillus spp. most
commonly found colonizing a healthy vagina are Lactobacillus crispatus, Lactobacillus gasseri,
Lactobacillus jensenii, and Lactobacillus iners**. The prevalence of these species differs with race
and ethnicity*> Apart from racial diversity, the vaginal microbiome may vary due to the menstrual
cycle, pregnancy, genetics, diabetes, age, and menopause®®. These internal factors may cause
changes to the microbial composition of the vaginal tract, leading to dysbiosis, or an imbalance in
the microflora*’. Increased oestrogen levels lead to the thickening of the vaginal epithelium and
result in the accumulation of glycogen, which stimulates the proliferation of Lactobacilli*®.

Lactobacilli protect the vaginal environment from pathogenic infections via several
mechanisms. The Lactobacilli do this by releasing antimicrobial compounds, such as lactic acid,
which inhibit pathogenic growth, as well as bio-surfactants, which prevent the binding of
pathogens to the vaginal epithelium, thus hindering biofilm formation®!. Lactobacilli also use
microbicidal proteins to remove pathogenic micro-organisms and compete with pathogens for
nutrientst?. The Lactobacillus genus maintains the normal vaginal pH, which varies between 3.8
and 4.5, through the production of lactic acid and by producing hydrogen peroxide, a bacteriostatic
compound that can lower pH and create an unfavourable condition for pathogens®.

Table 2.2 summarizes the different types of Lactobacilli spp., which colonize the vaginal
tract as well as their different roles in the protection of the vagina against pathogens. Alternative

treatments that take the natural microbiota into account should be considered based on these

attributes.
Table 2.2. Microbial colonizers of the vagina
Lactobacillus spp. Contribution to the vagina Reference
L. acidophilus Maintenance of acid pH of the vagina, anti-adhesion factors, the release of ~ 4%%

bacteriocins lethal to pathogens and immune modulation effects.
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Lactobacillus spp. Contribution to the vagina Reference

L. crispatus Normal vaginal flora prevents the invasion of pathogens. 20
L. fermentum In combination with L. rhamnosus can reduce colonisation by pathogens. 5!
L. gasseri, L. iners Normal vaginal flora prevents the invasion of pathogens. 20
L. jensenii

L. plantarum Attaches to vaginal epithelial cells and prevents the invasion of C. 52

albicans.

L. reuteri Potent antagonism against C. glabrata. %
L. rhamnosus >

Combined with L. acidophilus prevents infections of the urogenital tract.

The use of essential oils for the treatment of vaginal infections

Natural products, such as essential oils, have gained particular interest due to their antimicrobial
activity against vaginal pathogens and due to their decreased propensity to hinder the growth of
certain Lactobacilli®s,

Essential oils are often used in healthcare, and numerous studies have reported essential
oils' broad-spectrum antimicrobial activity against bacteria, fungi, and parasites®*®°. These contain
active terpenoids, phenols, and aldehydes with documented in vitro activity against vaginal
pathogens and biofilms, warranting further evaluation 56, In addition, several essential oils have
also shown potential in sustaining the vaginal microbiota and have been reported to display
antibiofilm activity®:-%3. This highlights essential oils as a plausible treatment option due to the
emerging resistance and dysbiosis resulting from conventional treatments. However, it is important
to note that essential oils are often used in combinations and rarely in isolation to enhance their
effects, and this must be an area of consideration®’.

This study aimed to examine essential oils recommended for use in vaginal infections and to

document any research affecting the natural vaginal microbiota

METHODS

Essential oils relevant to the study were identified in the aromatherapeutic literature, which is used
by the public. The essential oils that were identified (Table 2.3) were examined for antimicrobial
inhibition evidence pertaining to antimicrobial pathogens associated with the vaginal canal. Search
engines PubMed, Scopus, and ScienceDirect up until July 2024 were used. The filters included
each of the vaginal pathogens (Table 2) or ‘vaginal microbiota’, including the Lactobacilli spp.

(Table 1) and ‘essential oils’ including the scientific or common names (Table 3), ‘volatile oils’ or
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‘essential oil combinations’ including the common names listed in (Table 4). The articles were
screened for relevance, inclusion and exclusion criteria were determined, abstracts were read, and
full articles were included in the study based on the PRISMA Guidelines (Supplementary Data,
Figure S1).

Inclusion criteria
To collate scientific evidence with the layman’s aromatherapeutic literature for the treatment of
vaginal infections, the inclusion criteria were broad. Inclusion criteria included the following;
i. Books

ii.  Randomized controlled trials

iii.  Review articles

iv.  Research articles

v.  Conference proceedings

vi.  Neat whole essential oils and not constituents

vii.  Planktonic or biofilm studies only

Exclusion criteria
Publications and or other information were excluded for the following reasons;
i.  Plants prepared as organic or aqueous extracts
ii.  Irrelevance to vaginal infections
iii.  Diffusion assays. Numerous publications document inconsistencies associated with the disc
diffusion methodology when investigating essential 0ils®®%*
iv.  Inability to access the full publication after making every effort for retrieval
v.  Ifthe publication was in any language other than English

vi.  Studies on formulations containing essential oils

Data analysis
The data was then extracted and analysed. All the information was recorded in Microsoft Excel
version 16.77.1.

Use of essential oils for vaginal infections
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A total of 47 different sources of the aroma-therapeutic layman literature were consulted, from

which 52 commercial essential oils were recommended for vaginal infections (Table 2.3). Yeast

infections are the most cited infection for which essential oils are used, according to the layman

aromatherapeutic literature. Melaleuca alternifolia (tea tree oil) is the essential oil that was the

most frequently cited within the layman’s aromatherapeutic literature for use in BV, VVC, and

TV, followed by Lavandula angustifolia and Thymus vulgaris. In terms of exhibiting both

antifungal and antibacterial activity, the essential oils most cited in the layman aromatherapeutic

literature were Lavandula angustifolia (Lavender) and Origanum vulgare (Oregano).

Table 2.3. Essential oils used to treat vaginal infections, as identified in aroma-therapeutic

literature

Scientific name

Common name

Indications/ pathogens stated in the
aromatherapeutic literature

Ref.

Backhousia citriodora F.Muell.

Boswellia carteri

Birdw.

Cedrus atlantica (Endl.) G.Manetti
ex Carriére

Cinnamomum camphora (L.) J.Presl

Cinnamomum zeylanicum Garcin ex
Blume

Citrus bergamia Risso
Commiphora myrrha (T.Nees)
Engl.Friedrich Ludwig Nees and

Adolf Engler
Coriandrum sativum L.

Cymbopogon citratus (DC.) Stapf

Cymbopogon martini (Roxb.)
Will. Watson

Eucalyptus citriodora Hook.

Eucalyptus globulus Labill.

Eucalyptus radiata
Sieber ex DC.

Eugenia caryophyllata Thunb. (syn.
of Syzygium aromaticum (L.) Merr.
& L.M.Perry)

Foeniculum vulgare Mill.

Lemon myrtle
Frankincense

Cedarwood

Camphor

Cinnamon

Bergamot
Myrrh

Coriander Seed
Lemongrass

Palmarosa

Lemon eucalyptus
Eucalyptus

Eucalyptus

Clove

Fennel seed

Candida albicans
Candida albicans and Candida tropicalis

Leucorrhoea, vaginal pruritus, genital

infections
Relieves irritation of the sexual organs

Candida species

Candida species, vaginal thrush
Candida (species not specified), thrush

Candidiasis
Candida albicans, Candidiasis

Candida albicans

Vaginitis
Candida albicans, genital infections

Leucorrhoea

Candida albicans

Candida albicans

65

57,66

57,66

67

65

65

66,67

68

68,69

27,70

71
57,69

71

27,69

65
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Scientific name

Common name

Indications/ pathogens stated in the
aromatherapeutic literature

Ref.

Helichrysum angustifolium
(Lam.) DC.

Helichrysum italicum (Roth) G.Don

Hyssopus officinalis L.
Jasminum officinalis L.
Juniperus communis L..
Laurus nobilis L..
Lavandula angustifolia,
Mill.

Lavandula latifolia Medik.

Lippia alba (Mill.) N.E.Br. ex Britton
& P.Wilson
Matricaria recutita L.

Melaleuca alternifolia Cheel

Melaleuca cajuputi Powell

Melaleuca quinquenervia (Cav.)
S.T.Blake

Melissa officinalis L.
Mentha spicata L.
Mentha piperita L.
Ocimum gratissimum L.
Ocimum tenuiflorum L.
Origanum majorana L.
Origanum vulgare L.
Pelargonium graveolens
Charles Louis L'Hér.
Pinus-larix nigra Marshall
Pinus sylvestris Lour.

Pinus palustris Mill.

Pimenta racemosa (Mill.) J.W.Moore

Piper longum Blume.

Piper cubeba L.f.
Pistacia lentiscus L.

Rosa damascena Mill.
Rosmarinus officinalis L.

Santalum album L.
Santolina chamaecyparissus
L.

Curry Plant

Immortelle

Hyssop
Jasmine
Juniper

Laurel
Lavender

Lavender spike

Bushy matgrass

German
Chamomile
Tea tree

Cajput

Niaouli

Melissa
Spearmint

Peppermint
Basil, African
Basil, holy
Majoram
Oregano

Geranium

Austrian pine
Pine

Longleaf pine
Indian Bay tree

Long pepper

Cubeb
Mastic

Damask Rose
Rosemary

Sandalwood
Santolina

Candida (species not specified)

Candida albicans

Leucorrhoea
Genital discharge
Vaginal pruritus, leucorrhoea

Gynaecological fungal infection
Thrush, vaginal infection

Gynaecological fungal infection

Candida albicans
Genital irritation, vaginal pruritis

Candidiasis, Candida albicans, vaginal yeast
infection, trichomoniasis, Prevotella spp.
and Peptostreptococcus spp.

Candida albicans

Gynaecological infections

Candida albicans
Leucorrhoea

Candida albicans
Candida albicans
Candida strains
Leucorrhoea
Thrush

Candida (species not specified)

Candida albicans
Leucorrhoea

Leucorrhoea
Candida albicans

Candida albicans

Leucorrhoea

Leucorrhoea

Leucorrhoea

Candida albicans (it is not specified), thrush

Leucorrhoea
Candida albicans

67

65

66,67
71
57,66

71
57

71

69,72
57

68,69,73

67

71

69
67

69
65
65
66
71

65

69
74

66

69

66

66
66

66

69,71

57
69
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Indications/ pathogens stated in the

Scientific name Common name aromatherapeutic literature Ref.
Styrax benzoin Benzoin Leucorrhoea &
Carl Linnaeus (Hayne) P.W.Fritsch.
Thymus vulgaris L. Thyme Candida species 65
Vetiveria zizanioides Stapf Vetiver Candida albicans 69

Essential oil combinations

Essential oils are rarely used alone and are often used in combination to achieve synergistic
treatment regimens’. To interpret the interaction in a 1:1 combination between the oils, the
fractional inhibitory concentration or FIC index is used . The FIC index is determined as, ZFIC=
FIC® + FIC®, where the FIC of oils a and b are the mean MIC values of the combined oils (a+b)
divided by the MIC of each oil alone, thereafter the FIC of a and b are added’®.The ZFIC are
classified as synergistic (<0.5), additive (>0.5-1.0), indifferent (>1.0-<4.0) or antagonistic
(>4.0)"% 77 Table 4 summarises essential oil combinations recommended to treat vaginal infections
as identified in the layman’s aroma-therapeutic literature. Melaleuca alternifolia has the greatest
number of recommendations (22 recommendations) for combination with other recommended
essential oils (Table 2.4).

Table 2.4. Essential oil combinations recommended to treat vaginal infections as

identified in the layman’s aroma-therapeutic literature
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Scientific name

Common name

Essential oils recommended in combination
(common names only) *

Ref.

Cinnamomum camphora

(L)

Citrus bergamia Risso

Eucalyptus citriodora
Hook.

Eucalyptus globulus
Labill.

Helichrysum angustifolium
Planellas

Jasminum officinale L.

Matricaria
chamomilla var. recutita
(L.) Grierson

Melaleuca alternifolia
Cheel

Melaleuca quinquenervia

(Cav.)

Origanum vulgare L.

Salvia officinalis L.

Camphor

Bergamot

Lemon eucalyptus

Eucalyptus

Immortelle

Jasmine

German
chamomile

Tea tree

Niaouli

Oregano

Sage

Basil, Cajuput, Chamomile, Lavender,
Melissa.

Sandalwood, Benzoin, Clove, Frankincense,
Galbanum, Lavender, Patchouli.

Cedarwood, Cypress, Juniper, Lavender,
Palmarosa, Patchouli, Petitgrain, Pine,
Rosemary, Sandalwood, Thyme.

Cedarwood, Cypress, Lavender, Lemon,
Marjoram, Pine, Tea tree, Thyme.

Bergamot, Chamomile, Geranium,
Frankincense, Lavender, Mandarin, Orange,
Petitgrain, Rose, Rosewood, Yarrow.

Bergamot, Black pepper, Clove, Coriander,
Geranium, Ginger, Lemon, Lime, Mandarin,
Neroli, Orange, Palmarosa, Patchouli,
Petitgrain, Rose, Sandalwood, Ylang ylang.

Clary sage, Lavender, Lemon, Marjoram,
Rose.

Cypress, Eucalyptus, Geranium, Juniper,
Lavender, Lemon, Myrrh, Niaouli, Petitgrain,
Pine, Rosemary, Cinnamon, Clove, Cypress,
Eucalyptus, Ginger, Lavender, Lemon,
Mandarin, Orange, Rosemary, Thyme.

German and roman Chamomile, Clary sage,
Eucalyptus, Geranium, Juniper, Lavender,
Lemon, Pine, Rosemary, Sandalwood,
Vetiver.

Bergamot, Clary sage, Cypress, Eucalyptus,
Frankincense, Geranium, Ginger, Grapefruit,
Hyssop, Lemon, Lime, Mandarin, Myrtle,
Neroli, Orange, Palmarosa, Pine, Rosemary,
Vetiver, Tangerine.

Basil, Bergamot, Cedarwood, German and
roman Chamomile, Cypress, Eucalyptus,
Frankincense, Geranium, Grapefruit, Juniper,
Lavender, Lemon, Lime, Mandarin, Orange,
Petitgrain, Pine, Tangerine, Tea tree, Thyme.

67

67,78

71

67

67,71

57

67,71

71

71

71

*Common names mostly mentioned in layman literature
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Despite the popularity of essential oils and their recommendations, the scientific evidence has not
been reviewed in depth against vaginal pathogens or the beneficial microbiota. There are also
limitations because of common names being used as opposed to scientific names, which makes
collating evidence-based recommendations challenging. Thus, this study will critically review the
aroma-therapeutic literature in tandem with the scientific literature that discusses and investigates
the use of essential oils in the treatment of vaginal infections and their effect on the vaginal

microbiota.

RESULTS AND DISCUSSION
Description of scientific studies
Following the first database search 2984 articles were screened. A total of 298 duplicates were
removed, reducing the articles to 2786. First, the titles were screened by two independent
reviewers. Thereafter, the abstracts were scanned and read, and more articles were removed due
to not meeting the inclusion criteria. A final number of 513 articles was read and reviewed, as

shown in Supplementary Figure S1.

Bacterial vaginosis

The plant essential oils studied against pathogens associated with bacterial vaginosis were
compiled and summarized in Table 2.5. Despite G. vaginalis being the pathogen most associated
with bacterial vaginosis, it is not the most studied pathogen. The urogenital pathogen, E. faecalis
was the most studied bacterial pathogen. Due to the vast number of studies available, these were
not included in Table 2.5, but the studies that were found as per the inclusion criteria can be found

in Supplementary Data-Table S1.

Table 2.5. In vitro studies of essential oils studied against pathogens associated with BV

Strain number Essential oil Results Reference

Gardnerella vaginalis
Clinical strain Artemisia princeps Pamp. MIC? = 0.06 um/1 &

Clinical strain Melaleuca alternifoliaCheel MIC = 0.06% (v/v) &
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Strain number Essential oil Results Reference
ATCC 14018 Thymbra Griseb. MIC =0.31 pl/ml 80
ATCC 49145 Trachyspermum ammiSprague MIC = 0.06 mg/ml 81
: MBC" = 0.125 mg/ml
N/AC Zataria multiflora Boiss. MIC = 0.1% (v/v) 82
Peptostreptococcus anaerobius
ATCC 27337 Angelica archangelica L. MIC =2.25 % (V/v) 83
ATCC 27337 Backhousia citriodora F.Muell. MIC =<0.12 mg/ml 8
ATCC 27337 Calophyllum inophyllum L. MIC =5 mg/ml 8
ATCC 27337 Citrus bergamia Risso MIC = <0.06-0.5 mg/ml 83
ATCC 27337 Echinophora spinosa L. MIC = 2.25% (v/v) 83
ATCC 27337 Juniperus communis L. MIC =5 mg/ml 8
ATCC 27337 Lavandula angustifoli Mill. MIC =<0.12 mg/ml 8
ATCC 27337 Melaleuca alternifolia Cheel MIC = 0.06% (v/v) 85,86
ATCC 27337 Melissa officinalis L. MIC = <0.06 mg/ml 87
ATCC 27337 Origanum majorana L. MIC = <0.06 mg/ ml 8
ATCC 27337 Pimpinella anisum L. MIC = <0.12 mg/ml 8
ATCC 27337 Rosmarinus officinalis L. MIC = < 0.06 mg/ml 8
ATCC 27337 Thymbra capitata Griseb. MIC = 0.63 ul/ml 8
ATCC 27337 Zingiber officinale Roscoe MIC = <1.2 mg/ml 8
Prevotella bivia
Clinical strain Backhousia citriodora F.Muell. MIC = 0.12-4 mg/ml 8
Clinical strain Calophyllum inophyllum L. MIC = 20 mg/ml 8
Clinical strain Citrus bergamia Risso and Poit. MIC = >2 mg/ml 8
Clinical strain Juniperus communis L. MIC = >20 mg/ml 8
Clinical strain Lavandula angustifoli Mill. MIC = >2 mg/ml 8
Clinical strain Melaleuca alternifolia (Maiden and MIC =<0.12 mg/mi 8
Betche) Cheel
Clinical strain Melissa officinalis L. MIC =1 mg/ml 87
Clinical strain Origanum majorana L. MIC = >2 mg/ml 8
Clinical strain Pimpinella anisum L. MIC = >2 mg/ml 87
Clinical strain Rosmarinus officinalis L. MIC =1 mg/ml 84
Clinical strain Zingiber officinale Roscoe MIC = >20 mg/ml 84
Prevotella disiens
Clinical strain Melaleuca alternifolia Cheel MIC = >2 mg/ml 8
Prevotella melaninogenica
ATCC 700524 Chrysopogon zizanioides (L.) Roberty MIC = 50 pg/ml 8
MBC = 50 pg/ml
Clinical strain Melaleuca alternifolia Cheel MIC =1 mg/ml 86
Bacteroides ureolyticus

ATCC 25285 Backhousia citriodora F.Muell. MIC = <0.12 mg/ml 8
ATCC 25285 Juniperus communis L. MIC =>20 mg/ml 8
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Strain number Essential oil Results Reference

ATCC 25285 Lavandula angustifolia Mill. MIC =1 mg/ml 8
Clinical strain Melaleuca alternifolia Cheel MIC =>2 mg/ml 8
ATCC 25285 Melissa officinalis L. MIC = 0.25 mg/ml 8
ATCC 25285 Origanum majorana L. MIC =1 mg/ml 8
ATCC 25285 Pimpinella anisum L. MIC = 0.25 mg/ml 8
ATCC 25285 Rosmarinus officinalis L. MIC =1 mg/ml 8
ATCC 25285 Zingiber officinale Roscoe MIC = 10 mg/ml 8
Mobiluncus curtsii
ATCC 35241 Thymbra capitata Griseb. MIC = 0.16 pl/ml 80

MBC = 0.31 pl/ml
Fannyhessea vaginae (Atopobium vaginae)
ATCC BAA-55 Thymbra capitata Griseb. MIC = 0.16 pl/ml 80
MBC = 0.31 pl/ml
Mycoplasma hominis

Clinical strain Cinnamomum zeylanicum Garcin ex MBCg = 500 pg/ml 89
Blume

Clinical strain Citrus bergamia Risso MICso = 0.5% (v/V) %0

M'Cgo =1% (V/V)

Clinical strain Eugenia MIC = 333.33 pg/ml o1
hiemalis var. marginata (O.Berg)
D.Legrand

Clinical strain Melaleuca alternifolia Cheel MIC = 0.06-0.12% (v/v) 92

aMIC- Minimum Inhibitory Concentration; "MBC-Minimum Bactericidal Concentration; °N/A-Not provided by
authors.

A limited number of studies were found on the antimicrobial activity of essential oils
against Mobiluncus spp., Bacteroides spp., Peptostreptococcus anaerobius Peptostreptococcus
asaccharolyticus, Prevotella spp., and Ureaplasma urealyticum. These pathogens have been
neglected despite their clinical importance in vaginal infections. Out of numerous essential oils
studied against E. faecalis, 26% of the essential oils recommended by the aroma-therapeutic
literature correlated with scientific literature. Melaleuca alternifolia is the essential oil most
studied (73%) against BV-associated pathogens. This is followed by Juniperus communis,
Origanum majorana, and Rosmarinus officinalis, which are each studied against 36% of the
relevant pathogens. Other frequently studied essential oils that demonstrate a noteworthy
antibacterial effect are Lavandula angustifolia, Cinnamomum zeylanicum, Cymbopogon citratus,
and Thymus vulgaris. These are recommended in both aroma-therapeutic and scientific literature.
While the MIC values in Table 2.5 indicate that essential oils such as Melaleuca alternifolia,

Thymbra capitata, and Origanum majorana exhibit potent in vitro activity against BV-associated
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pathogens, translating these results to clinical efficacy requires caution. Achieving comparable
concentrations in the vaginal environment may be challenging due to solubility, diffusion, and
formulation limitations. Melaleuca alternifolia, the most studied essential oil, demonstrated
activity against multiple pathogens, including E. faecalis, yet achieving effective concentrations
in the vaginal environment may be limited by formulation, solubility, and mucosal tolerance. Other
frequently studied oils, such as Juniperus communis, Origanum majorana, Rosmarinus officinalis,
Lavandula angustifolia, Cinnamomum zeylanicum, Cymbopogon citratus, and Thymus vulgaris,
also show in vitro efficacy; local irritation at higher concentrations has not been established in a
clinical setting.

Vulvovaginal candidiasis

The essential oils studied against pathogens associated with vulvovaginal candidiasis were
compiled and summarised (Table 2.6). Candida albicans was found to be the most studied yeast
pathogen. In contrast, C. krusei and C. tropicalis are among the least studied species in the context
of vaginal infections.

Upon reviewing the essential oils recommended against C. albicans by aroma-therapeutic
literature, it was discovered that 66% of the essential oils had been investigated in scientific
literature, with less attention given to the other non-C. albicans spp. (16% of essential oils were
studied against C. glabrata, 14% were studied against C. parapsilosis, 6% were studied against C.
tropicalis, and a mere 2% were studied against C. krusei within the scientific literature that

correlated with the layman aromatherapeutic literature).

Table 2.6. Essential oils studied against Candida albicans, Candida krusei, Candida

glabrata, Candida tropicalis, and Candida parapsilosis

Strain

number Essential oil Results Reference
Candida albicans
Clinical strain  Allium haemanthoides Boiss. ex Regel MIC? = 0.155 ul/ml 9
Clinical strain  Ammoides verticillata (Desf.) Brig. MIC = 500 pg/ml %
Clinical strain ~ Anethum graveolens L. MIC = 625 pg/ml 9
Clinical strain ~ Apium graveolens L. MIC = 1% (v/v) &
Clinical strain  Artemisia sieberi Besser MIC = 1.21 ul/ml &
Clinical strain ~ Boswellia carterii Birdw. MIC = 1% (v/v) &
Clinical strain ~ Calamintha nepeta Willk. MIC = 1.25 pl/ml %
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Strain

number Essential oil Results Reference
Clinical strain  Cananga odorata (Lam.) Hook.f. and MIC = 1% (v/v) 3
Thomson
Clinical strain  Cedrus atlantica (Endl.) Manetti ex MIC =>2% (v/v) s
Carriére
Clinical strain  Cinnamomum aromaticum Nees MIC = 0.03% (v/v) 7397
Clincal strain ~ Cinnamomum cassia (L.) J. Presl MIC = 0.125% (w/v) %
Clinical strain  Cinnamomum zeylanicum Garcin ex Blume MIC = 64 pg/ml %
Clinical strain ~ Citrus ~ medica f. aurantifolia (Christm.) MIC = 2% (v/v) &
M.Hiroe
Clinical strain  Citrus x aurantium L. MIC = 1% (v/v) &
Clinical strain  Citrus bergamia Risso MIC = 1% (v/v) &
Clinical strain  Citrus limon (L.) Osbeck MIC = 2% (v/v) &
Clinical strain  Citrus madurensis Lour. MIC = 2% (v/v) &
Clinical strain  Citrus paradisi Macfad. MIC = 1% (v/v); 0.0039% (v/v) 73,99
Clinical strain ~ Commiphora myrrha (T.Nees) Engl. MIC = >2% (v/v) &
ATCC 10231  Coriandrum sativum L. MIC = 0.25% (v/v); 0.11 pl/ml 61,73
Clinical strain ~ Thymbra capitata (L.) Cav. MIC = 128 pg/ml %
Clinical strain  Cucurbita pepo Lour. MIC = >2% (v/v) &
Clinical strain ~ Cuminum cymimum Wall. MIC = 50 ul/ml 1ol
Clinical strain ~ Cupressus sempervirens L. MIC = >2% (v/v) &
Clinical strain  Cymbopogon citratus (hort. ex DC.) Stapf ~ MIC = 0.06% (V/v) 7397
Clinical strain  Cymbopogon flexuosus (Nees ex Steud.) MIC = 0.125% (w/v) 8
W.Watson
Clinical strain  Cymbopogon martini Stapf MIC = 0.06% (v/v); 63 ug/ml 73,95
IP 4872 Cymbopogon nardus (L.) Rendle MIC = 0.12% (v/v) 73,100
Clinical strain  Cymbopogon winterianus Jowitt MIC = 1000 pg/ml %
Clinical strain  Daucus carota L. MIC = 2% (v/v) &
Clinical strain  Dittrichia graveolens (L.) Greuter MIC =2 pl/ml 102
Clinical strain  Duguetia lanceolata A.St.-Hil. MIC = 60 pg/ml 9
ATCC 90028  Eucalyptus borealis (C.A.Gardner) MIC = 8% (v/v) 103
D.Nicolle
IP 4872 Eucalyptus camaldulensis Dehnh. 2.5 mg/ml 100
IP 4872 Eucalyptus citriodora Hook. MIC =5 mg/ml 100
ATCC 90028  Eucalyptus globulus Labill. MIC = >8% (v/v) 103
ATCC 90028  Eucalyptus loxophleba Benth. MIC = 8% (v/v) 103
ATCC 90028  Eucalyptus MIC = 8% (v/v) 103
kochii subsp. plenissima (Gardner)
Clinical strain  Eucalyptus polybractea R.T.Baker MIC = 1% (v/v) &
Clinical strain  Eucalyptus radiata Sieber ex DC. MIC = 2.5% (w/v) %
Clinical strain  Syzygium aromaticum (L.) Merr. & MIC = 0.5% (w/v) %
L.M.Perry.
. : MIC = 0.5% (v/v) 73,104
ATCC10231 Foeniculum vulgare Mill. MIC = 0.78 %
Clinical strain ~ Gaultheria procumbens L. MIC = 0.25% (v/v) &
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Strain

number Essential oil Results Reference
Clinical strain  Hymenocrater longiflorus Benth. MIC =240 pg/ml %
ATCC 10231 . . MIC =>100 g/l 106
ATCC 24433 Jasminum grandiflorum L. MIC = >100 g/l
ATCC 10231  Jasminum sambac (L.) Aiton MIC = 1% (v/v) Lo7
Clinical strain  Juniperus communis L. MIC = 2% (v/v) 73
IP 4872 Lantana camara L. MIC = 2.5 mg/ml 100
ATCC 14053  Laurus nobilis L. MIC =>4% (v/v) 9
Clinical strain  Lavandula angustifolia Mill. MIC =512 pg/ml &
MIC = 0.5% (v/v) %
> 2% (VIV) 108
Clinical strain  Lavandula binaludensis Rech.f. MIC =3.90 - 11.71 mg/ml 109
Clinical strain  Lavandula intermedia Emeric ex Loisel MIC = 2% (v/v) 108
ATCC 14053  Lavandula latifolia Medik MIC = 0.25% (v/v) 9
Clinical strain  Lavandula luisieri (Rozeira) Rivas Mart. MIC =1.25-2.5 pl/ml %
Clinical strain  Lavandula multifida L. MIC = 0.32 pl/ml %
Clinical strain  Lavandula angustifoli Mill. MIC = 2.4 pl/ml %
ATCC 14053  Lavandula stoechas L. MIC = 1.56 mg/ml 110
ATCC 60193  Leucodon sciuroides (Hedw.) Schimp. MIC =711 pg/ml 105
IP 4872 Lippia multiflora Moldenke MIC =5 mg/ml 100
Clinical strain  Macadamia integrifolia Maiden & Betche =~ MIC = >2% (v/v) &
ATCC 14053  Melaleuca alternifoliaCheel MIC = 0.5% (V/V) 58
2% (viv) &
MIC =0.03-8% 9
Clinical strain  Melaleuca cajuputi Roxb. MIC = 1% (v/v) &
Clinical strain ~ Melaleuca quinquenervia (Cav.) S.T.Blake MIC =0.25% (v/v) &
ATCC 14053  Melissa officnalis L. MIC = 0.39 mg/ml 110
Clinical strain  Mentha mozaffarianii Jamzad MIC = 0.39 pug/ml %
Clinical strain  Mentha x piperita L. MIC = 0.5% (v/v) &
ATCC 14053 MIC = 0.39 mg/ml 110
MIC = 12.5-100 pg/ml 111
Clinical strain  Mentha pulegium L. MIC = 1.25 ul/ml %
MIC = 1.150 mg/ml 112
ATCC 14053  Mentha spicata Crantz MIC = 0.12% (V/v); 2% (v/V) 73,99
ATCC 10231  Mentha suaveolens Ehrh., MIC =0.39 g/l 106
ATCC 24433 MIC =0.39 g/l 106
Clinical strain ~ Micromeria inodora (Desf) Benth. MIC = 1000 pg/ml %
Clinical strain  Monarda fistulosa L. MIC = 1% (v/v) 108
Clinical strain ~ Monarda didyma L. MIC = 0.25% (v/v) 108
Clinical strain  Nepeta asterotricha Rech. f. MIC = 500-2000 pg/ml %
Clinical strain ~ Nepeta cataria L. MIC = 0.125 pl/ml %
Clinical strain  Ocimum basilicum L. MIC = 0.5% (v/v); 1.56 g/ml 73,113
Clinical strain ~ Ocimum americanum L. MIC = 0.04% (v/v) 9
ATCC 90028  Ocimum gratissimum L. MIC = 1.56 g/ml 113
ATCC 90028  Ocimum kilimandscharicum Guerke MIC = 6.25 mg/ ml 113
Clinical strain ~ Oenothera biennis L. MIC =>2% (v/v) &
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Strain

number Essential oil Results Reference
Clinical strain  Origanum boissieri letsw. MIC = 125-250 pg/ml %
Clinical strain  Origanum hirtum Link MIC = 0.25% (v/v) 108
Clinical strain  Origanum glandulosum Desf. MIC = 250-500 pg/ml o
Clinical strain ~ Origanum marjorana L. MIC = 0.25% (v/v); 1.0% (v/v) 7397
ATCC 14053  Origanum vulgare L. MIC = 0.12% (v/v); 0.05% (wiv) 7%
MIC = 0.78 mg/ml 110
MIC = 25 pg/ml 114
Clinical strain  Pelargonium asperum (Curtis) L’Hér. MIC = 0.45 pg/ml %
Clinical strain ~ Pelargonium graveolens (L.) L’Hér. MIC = 0.12% (v/v) 73
Clinical strain ~ Pimenta racemosa (Mill.) J.W.Moore MIC = 0.12% (v/v) &
ATCC 14053  Pimpinella anisum S.G.Gmel. MIC = 4% (v/v) 13
Clinical strain  Pinus sylvestris Lour MIC =2% (v/v) &
Clinical strain  Piper nigrum L. MIC = >2% (v/v) &
Clinical strain ~ Pogostemon cablin (Blanco) Benth. MIC = 32 pg/ml %
Clinical strain ~ Pogostemon patchouli (Blanco) Benth. MIC = 0.5% (v/v) &
Clinical strain  Prunus armeniaca Blanco MIC =>2% (V/v) s
Clinical strain  Prunus dulcis D.A.Webb MIC =>2% (v/v) s
ATCC 14053  Rosmarinus officinalis L MIC = 1% (v/v); 4% (v/V) 399
ATCC 76615 MIC = 1.56 mg/ml| 110
Clinical strain  Saccocalyx satureioides (Desf.) Benth. MIC = 500-1000 pg/ml %
Clinical strain  Salvia officinalis L. MIC = 0.5% (v/v) &
ATCC 14053 MIC =12.5 mg/ml 110
Clinical strain ~ Salvia sclarea L. MIC = >2% (v/v); 0.5% (V/v) 7397
Clinical strain ~ Santalum album L. MIC = 0.06% (v/v) &
Clinical strain ~ Santolina chamaecyparissus L. MIC = 1000 pg/ml %
Clinical strain ~ Satureja intermedia Benth. MIC = 3400 pg/ml 73,95
ATCC 14053 Satureja montana L. MIC = <0.0019% (v/v) 9
Clinical strain MIC = 0.25% (v/v) 108
Clinical strain ~ Syzygium aromaticum (L.) Merr. and MIC = 0.12% (v/v); 0.25% (v/v) 7397
L.M.Perry
ATCC 10231  Tetradenia riparia (Hochst.) Codd MIC =31.2 to 62.4 pg/ml 115
Clinical strain ~ Thuja occidentalis var. plicata Mast. MIC = 0.05% (w/v) %8
Clinical strain ~ Thymbra capitata (L.) Cav. MIC = 0.32 pg/ml %8
Clinical strain ~ Thymus algeriensis Boiss. MIC = 4.697 mg/ ml 112
ATCC 14053  Thymus capitatus Hoffmanns. and Link MIC = 0.015% (v/v) %
ATCC 14053  Thymus vulgaris L. MIC = 3.125 mg/ml 110
Clinical strain ~ Trachyspermum ammi (L.) Sprague MIC = 500 pg/ml %
MIC = 0.25 pl/ml 116
Clinical strain ~ Chrysopogon zizanioides (L.) Roberty MIC = 0.12% (v/v) &
IP 4872 Xylopia aethiopica (Dunal) A.Rich. MIC =5 mg/ml 100
Clinical strain ~ Zataria multiflora (Boiss.) Jalas MIC = 0.155 pl/ml 9
Clinical strain ~ Zingiber officinale Roscoe MIC =>2% (v/v) &
Candida krusei
ATCC 6258 Melaleuca alternifolia Cheel MIC = 0.25% (w/v) 1
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Strain

number Essential oil Results Reference
Clinical strain  Mentha australis R.Br. MIC = 1.23 pg/ml %
Clinical strain  Nepeta cataria L. MIC = 0.5 ul/ml %
Clinical strain ~ Satureja macrosiphon (Coss.) Maire MIC = 0.25 pg/ml %
Clinical strain ~ Trachyspermum ammi Sprague MIC =4 pl/ml 96,116
Candida glabrata
Clinical strain ~ Ammoides verticillata (Desf.) Brig. MIC = 500 pg/ml o
Clinical strain  Artemisia sieberi Besser MIC = 37.4-4781.3 ng/ml 118
Clinical strain ~ Thymbra capitata (L.) Cav. MIC = 1.25 pl/ml %
Clinical strain  Lavandula angustifolia Mill. MIC =>2% (v/v) 108
Clinical strain  Lavandula x intermedia Emeric ex Loisel. ~ MIC = 2% (v/v) 108
ATCC 66032  Lavandula stoechas L. MIC = 1.67 mg/ml 110
ATCC 90030  Melaleuca alternifolia (Maiden and MIC = 0.06% (w/v) 1
Betche) Cheel
ATCC 66032  Melissa officinalis L. MIC = 0.84 mg/ml 110
Clinical strain  Mentha australis R.Br. MIC = 1.02 pg/ml 108
ATCC 66032  Mentha x piperita L. MIC = 3.186 mg/ml 110
Clinical strain  Mentha spicata L. MIC = 1.25 pl/ml %
Clinical strain ~ Monarda didyma L. MIC = 0.25% (v/v) 108
Clinical strain  Monarda fistulosa L. MIC = 1% (v/v) 108
Clinical strain ~ Nepeta cataria L. MIC = 0.25 pl/ml 108
Clinical strain ~ Origanum glandulosum Desf. MIC = 250-500 pg/ml %
ATCC 66032  Origanum vulgare L. MIC = 1.1 mg/ml 110
ATCC 66032  Rosmarinus officinalis L. MIC = 3.15 mg/ml 110
Clinical strain  Saccocalyx satureioides Roussine MIC = 500-1000 pg/ml %
ATCC 66032  Salvia officinalis L. MIC = 22.5 mg/ml 110
ATCC 90030  Satureja intermedia P. Wilson MIC =3.8+ 0.3 mg/ ml 110
MIC = 3.5+ 0.1 mg/ ml 135
Clinical strain ~ Satureja macrosiphon (Coss.) Maire MIC= 0.7 pg/ml 108
Clinical strain ~ Satureja montana L. MIC= 0.25% (v/v) 108
Clinical strain ~ Trachyspermum ammi Sprague MIC = 0.5 ul/ml 116
ATCC 66032  Thymus vulgaris L. MIC = 3.44 mg/ml 110
Clinical strain ~ Zataria multiflora Rech. f. MIC = 0.062 mg/ml %
Candida tropicalis
Clinical strain  Lavandula angustifolia Mill. MIC = >2% (v/v) 108
Clinical strain  Lavandula intermedia Emeric ex Loisel. MIC = 2% (v/v) 108
Clinical strain  Lavandula multifida L. MIC = 0.32 ul/ml %
Clinical strain  Lavandula viridis L. MIC = 1.25 pl/ml %
ATCC 750 Melaleuca alternifolia Cheel MIC = 0.06% (w/v) %
Clinical strain ~ Mentha pulegium L. MIC = 1.25 ul/ml %
Clinical strain ~ Mentha spicata L. MIC = 1.25 ul/ml %
Clinical strain ~ Monarda didyma L. MIC = 0.25% (v/v) 108
Clinical strain  Monarda fistulosa L. MIC = 1% (v/v) 108
Clinical strain  Nepeta cataria L. MIC = 0.125 pl/ml %
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Strain

number Essential oil Results Reference
Clinical strain  Nepeta transcaucasica Grossh. MIC =250 pg/ml %
Clinical strain  Origanum boissieri letsw. MIC =250 pg/ml %
Clinical strain ~ Origanum hirtum Link MIC = 0.25% (v/v) %
Clinical strain ~ Satureja macrosiphon (Coss.) Maire MIC = 0.5 pg/ml %
Clinical strain ~ Satureja montana L. MIC = 0.25% (v/v) 108
Clinical strain  Satureja thymbra L. MIC = 0.32 pg/ml %
Clinical strain ~ Thymus leptobotrys Murb. MIC = 0.32 pug/ml %
Clinical strain ~ Thymus x viciosoi (Pau ) R. Morales) MIC = 0.32 pg/ml %
Clinical strain ~ Trachyspermum ammi Sprague MIC = 0.25 ul/ml 116
Clinical strain ~ Ziziphora tenuior L. MIC = 1.25 pg/ml %
Candida parapsilosis
Clinical strain  Calamintha nepeta Willk. MIC = 0.125% (w/v) 9
Clinical strain ~ Cinnamomum cassia (L.) D.Don MIC = 0.125% (w/v) %
Clinical strain ~ Cymbopogon flexuosus (Nees ex Steud.) MIC = 0.5% (w/v) 8
Stapf
Clinical strain Eugenia caryophyllata Thunb. MIC = 2.5% (w/v) %
Clinical strain  Eucalyptus radiata Sieber ex DC MIC =>2% (v/v) 108
Clinical strain  Lavandula angustifolia Mill. . MIC = 2% (v/v) 108
Clinical strain  Lavandula intermedia Emeric ex Loisel. MIC = 0.32 pl/ml %
ATCC 22019  Lavandula multifida Burm.f.. MIC = 0.125% (w/v) 117
Clinical strain ~ Melaleuca alternifolia Cheel MIC = 0.125% (w/v) 96,98
MIC = 1.25 pl/ml

Clinical strain ~ Mentha spicata L. MIC = 1.25 pl/ml %
Clinical strain  Mentha pulegium L. MIC = 0.5% (v/v) 108
Clinical strain ~ Monarda didyma L. MIC = 1% (v/v) 108
ATCC 22019  Monarda fistulosa L. MIC = 0.031% (w/v) 118
Clinical strain ~ Myrcia ovata Cambess. MIC = 750 pg/ml %
Clinical strain ~ Nepeta transcaucasica (Bieb.) Boiss. MIC = 125 pg/ml %
Clinical strain ~ Origanum boissieri letsw. MIC = 0.25% (v/v) 108
Clinical strain ~ Origanum hirtum Link MIC = 0.05% (wi/v) %8
Clinical strain ~ Origanum vulgare L. MIC = 0.25% (v/v) 108
Clinical strain ~ Satureja montana L. MIC = 0.32 pg/ml %
Clinical strain ~ Satureja thymbra L MIC = 0.05% (w/v) %
Clinical strain  Thuja plicata Donn ex D.Don MIC = 8 pl/ml 116
Clinical strain ~ Trachyspermum ammi Sprague MIC = 0.32 ug/ml %
Clinical strain ~ Thymus leptobotrys Murb. MIC = 0.32 pg/ml %
Clinical strain ~ Thymus x viciosoi (Pau) R. Morales MIC = 0.05% (w/v) %
Clinical strain ~ Thymus vulgaris L MIC = 1.25 pug/ml %

aMIC- Minimum Inhibitory Concentration
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Melaleuca alternifolia essential oil has been studied the most against pathogens associated
with VVC. The second most studied essential oils are Lavandula angustifolia and Origanum
vulgare. When correlating the most frequently recommended essential oils in layman
aromatherapeutic literature with the scientific studies, it was found that Origanum
vulgare demonstrated effectiveness against multiple Candida strains, with MIC values ranging
from 0.125 to 1 mg/ml for Candida albicans, C. glabrata, and C. tropicalis. The anti-yeast activity
of Origanum vulgare is primarily attributed to high levels of carvacrol and thymol. Thymus
vulgaris exhibited MIC values ranging from 0.0625 to 3.44 mg/ml, showing significant activity
against several Candida spp. mainly due to the presence of thymol. Melaleuca alternifolia showed
MIC values between 0.125 and 1 mg/ml, effective against C. albicans and non-C. albicans spp.,
with terpinen-4-ol as its primary active compound. The MIC values for the essential oils were
higher when tested against C. parapsilosis than the other non- C. albicans spp., due to this
pathogen's extreme resilience. Lavandula angustifolia displayed MIC values of 0.5 to 4 mg/ml
against C. albicans and non- C. albicans species, indicating moderate anti-yeast activity.

While Melaleuca alternifolia, Lavandula angustifolia, Origanum vulgare, and Thymus
vulgaris demonstrate promising in vitro antifungal activity against both C. albicans and non-C.
albicans species, translating these results to clinical efficacy presents several challenges.
Achieving effective concentrations in the vaginal environment may be limited by solubility,
formulation, and mucosal tolerance, especially for more resilient species such as C. parapsilosis.
The variability in essential oil composition between batches and potential local irritation at higher
concentrations further complicates their therapeutic use. Additionally, despite strong activity
against C. albicans, limited studies on C. krusei, C. tropicalis, and C. glabrata indicate gaps in
evidence for non-C. albicans pathogens. Therefore, while these essential oils hold potential as
complementary interventions for VVVC, in vivo studies are essential to assess achievable vaginal

concentrations, safety margins, and formulation strategies to ensure both efficacy and tolerability.

Parasitic vaginal infections (Trichomonas vaginitis)

The plant essential oils studied against T. vaginalis were compiled and summarized in Table 2.7.
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Table 2.7. Essential oils studied against Trichomonas vaginalis

Strain number

Essential Oils

Results

Ref.

Clinical strain
Clinical strain

ATCC JH31A
Clinical strain

T. vaginalis

reference strain G3

Clinical strain

Clinical strain

Clinical strain

Clinical strain
Clinical strain
Clinical strain

Clinical strain
Clinical strain

Clinical strain

Clinical strain

Clinical strain
ATCC 30236

Clinical strain

Clinical strain
Clinical strain

Clinical strain

Clinical strain

Clinical strain

Aframomum sceptrum K. Schum.
Amomum tsao-ko Crevost &

Lemarié
Artemisia absinthium L.

Artemisia ludoviciana Nutt.

Atalantia sessiflora Guillaumin

Bunium persicum (Boiss.)
Coriandrum sativum L.
Cymbopogon flexuosus (Nees ex

Steud.)
Eucalyptus globulus Labill.

Foeniculum vulgare Mill.
Hornstedtia bella Skornick

Lavandula angustifoli Mill.
Leoheo domatiophorus Chaowasku

Limnocitrus littoralis (Miq.)
Swingle

Melaleuca cajuputi Roxb.

Marrubium vulgare L.
Nectandra megapotamica Mez

Origanum vulgare L.

Ocimum basilicum L.

Paramignya trimera (Oliv.) Burkill

Pistacia lentiscus L.

Rosa damascene Mill.

ICs0 = 0.12+0.02 pl/ml

MLC? = 1.72 pl/ml

I1Cs0 = 22.49 mg/ml after 48 hrs
MLC = 44.97 mg/ml after 48 hrs

Growth Inhibition= 99.1% at 500 pg/ml

ICs0 = 64 mg/ml dose significantly

reduced parasite proliferation in the first

8 hrs.

Parasite was completely dead in the 48th

hr

1Cs0 = 0.016% (v/v) after 48 hrs
1Cg0 = 0.03% (Vv/V) after 48 hrs
MICP=0.06% (Vv/v) after 48 hrs
ICso = 14.41 mg/ml after 12 hrs
ICso = 45.19 mg/ml after 24 hrs
MIC =0.015 g/ml

MLC= 0.031 g/ml

MIC = 1.5% (v/v)

No growth observed after 24 hrs
MLC = 13.7 pg/ml

ICso of 0.008% (V/v)
1Cyo 0f 0.016% (V/V)
MLC of 0.03% (v/v)
Growth Inhibition% = 81.7%

ICso = 0.008% (V/V)
|C90 =0.016% (V/V)
MIC =0.03% (v/v)
|C50 =0.03% (V/V)
|C90 =0.06% (V/V)
MLC =0.12% (v/v)

MIC = 0.03 to 0.25% at 24 hrs and 0.02

t0 0.25% at 48 hrs

MIC = 291+-136 pg/ml 146

|C50 =08.7 ug/ml

Showed zero viability at 500 pg/ml
EC®100 where total inhibition at 50
pg/ml after 48 hrs

No growth observed after 24 hrs

MLC = 30 pg/ml after 24 hrs
MLC = 20 pg/ml after 48 hrs
MLC = 10 pg/ml after 96 hrs
|C50 =0.016% (V/V)

|C90 =0.03% (V/V)
MLC=0.06% (v/v)

MLC = 15 mg/ml after 24 hrs
MLC = 10 mg/ml after 48 hrs
MLC =5 mg/ml after 96 hrs
ICso= 1.79 mg/ml after 24 hrs
ICso= 2.24 mg/ml after 48 hrs

120

121

47

122

123

124

125

126

126

127

128

129

123

123

130

131

132

133

126

134

123

134

135
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Strain number Essential Oils Results Ref.

ICs0= 6.11 mg/ml after 72 hrs
MIC = 2.24 mg/ml after 48 hrs and 6.11
ma/ml after 72 hrs
Clinical strain ICso = 8.08 mg/mL after 12 hrs 81,124
Trachyspermum ammi Sprague ICs0 of 25.81 mg/mL after 24 hrs
ICs0 = 207.4 ug/mL after 24 hrs
ICs0 = 69.47 ug/mL after 48 hrs
Clinical strain Zataria multiflora Boiss Complete inhibition at 0.1-0.0004% 82

3MLC- Minimum Lethal Concentration (Minimum Bactericidal Concentration); ®MIC- Minimum Inhibitory
Concentration; “EC- Effective Concentration

Of the 30 essential oils recommended for use in aromatherapeutic literature against T. vaginalis,
26% were further studied against this relevant pathogen. Most studies were in vitro based using
clinical strains.

While Table 2.7 summarizes MIC, MLC, 1Csg, and ICgo values of essential oils against T.
vaginalis, it is important to interpret these findings with caution in a clinical context. Most studies
were conducted in vitro using controlled concentrations, which may not directly translate to
achievable levels in the vaginal environment. Factors such as local bioavailability, vaginal pH,
mucosal absorption, and potential irritation can limit the concentrations of essential oils that can
be safely administered. For instance, some of the highly active oils show 1C50 values as low as
0.008% v/v but achieving these levels in vivo could exceed safety margins. Therefore, while the
data demonstrates promising antimicrobial activity, further studies including optimized
formulations, pharmacokinetics, and in vivo validation are required before clinical

recommendations can be made.
Essential oil combinations for vaginal infections

Essential oil combinations that have been previously studied against vaginal pathogens were

compiled and summarized in Table 2.8.
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Table 2.8. Essential oil combinations studied against vaginal pathogens

Strain number  Essential oil blends Results Ref.

Enterococcus faecalis

ATCC 7314 Ammoides verticillata (Desf.) Brig. ~ Synergy 136

/ Satureja candidissima Briq. MIC? = 0.3-1.5 pl/ml
MBCP = 0.4-6.2 ul/ml

Clinical strain Citrus bergamia Risso / Citrus x Synergy 187
sinensis (L.) Osbeck

Clinical strain Eucalyptus globulus Labill. / Indifferent effect 138
Pimenta pseudocaryophyllus
(Gomes) Landrum

CIP 103907 Lippia multiflora Moldenke / Synergy 139
Mentha x piperita L. YFIC*=0.11

CIP 103907 Lippia multiflora Moldenke / Synergy 139
Ocimum basilicum L. YFIC =0.44

CIP 103907 Mentha x piperita L. / Ocimum Synergy 139
basilicum L. >FIC =0.37

Candida albicans

ATCC 10231 Allium sativum L. / Citrus limon Additive effect 140
(L.) Osbeck >FIC =0.93

ATCC 10231 Allium sativum L. / Cymbopogon Additive effect 140
martinii (Roxb.) Will. Watson YFIC =1.00

ATCC 10231 Allium sativum L. / Melaleuca Indifferent effect 140
alternifolia Cheel YFIC =2.33

ATCC 10231 Allium sativum L. / Pogostemon Additive effect 140
patchouli Pellet. YFIC =0.94

ATCC 10231 Anthemis nobilis L. Indifferent effect 140
/Citrus x aurantium L. YFIC =1.50

ATCC 90028 Artemisia absinthium L. / Combination inhibited 4
Tanacetum vulgare L. the pathogen. No XFIC

studies conducted.

ATCC 10231 Boswellia carteri Birdw. / Cedrus Indifferent effect 140
atlantica G.Manetti >FIC =1.50

ATCC 10231 Boswellia carteri Birdw. / Citrus Additive effect 141
limon (L.) Osbeck YFIC =0.63

ATCC 90028 Cananga odorata (Lam.) Hook. f. Combination inhibited 4
& Thomson / Citrus aurantium L.,  the pathogen. No ZFIC
Citrus reticulata Blanco / studies conducted.
Pogostemon cablin (Blanco) Benth.

ATCC 90028 Cinnamomum zeylanicum Blume/  Combination inhibited 4
Acorus calamus L. / Cinnamomum  the pathogen. No XFIC
cassia (L.) J. Presl / Boswellia studies conducted.
carteri Birdw. / Ferula gummosa
Boiss. / Hyssopus officinalis L. /

Commiphora myrrha (T.Nees)
Engl. / Nardostachys jatamansi
(D.Don) DC.
ATCC 90028 Cinnamomum zeylanicum Blume/  Combination inhibited 14

Citrus limonum Risso / Eucalyptus
radiata Sieber ex DC. / Rosmarinus
officinalis L. / Syzygium
aromaticum (L.) Merr. and L.M.
Perry

the pathogen. No XFIC
studies conducted.
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Strain number  Essential oil blends Results Ref.

ATCC 10231 Cedrus atlantica G.Manetti/ Citrus  Additive effect 140
bergamia Risso and Poit. YFIC =1.00

ATCC 10231 Cedrus atlantica G.Manetti / Additive effect 140
Juniperus virginiana L. YFIC =1.00

ATCC 10231 Cedrus atlantica G.Manetti / Additive effect 140
Rosmarinus officinalis L. >FIC =1.00

ATCC 10231 Cedrus atlantica G.Manetti/ Additive effect 140
Rosmarinus officinalis L. >FIC =1.00

ATCC 10231 Cedrus atlantica G.Manetti/ Additive effect 140
Vetiveria zizanioides (L.) Nash YFIC =1.00

ATCC 10231 Cinnamomum verum J. Presl / Indifferent effect 140
Boswellia carteri Birdw. YFIC =1.06

ATCC 10231 Cinnamomum verum J. Presl / Indifferent effect 140
Citrus x sinensis (L.) Osbeck YFIC = 1.06

ATCC 10231 Cinnamomum verum J. Presl / Additive effect 140
Litsea cubeba (Lour.) Pers. YFIC =0.63

ATCC 10231 Cinnamomum zeylanicum Garcin Indifferent effect 140
ex Blume / Boswellia carteri SFIC=1.25
Birdw.

ATCC 10231 Cinnamomum zeylanicum Garcin Indifferent effect 140
Blume / Citrus sinensis (L.) Osbeck  XFIC = 1.25

ATCC 10231 Cinnamomum zeylanicum Garcin Additive effect 140
ex Blume / Litsea cubeba (Lour.) YFIC = 1.00
Pers.

ATCC 10231 Cinnamomum zeylanicum Blume/  Indifferent effect 140
Boswellia carteri Birdw. >FIC =0.63

ATCC 10231 Cinnamomum zeylanicum Blume/  Additive effect 140
Citrus sinensis (L.) Osbeck YFIC =0.78

ATCC 10231 Cinnamomum zeylanicum Garcin Additive effect 140
ex Blume / Litsea cubeba (Lour.) YFIC =1.00
Pers.

ATCC 10231 Citrus aurantium L. var. amara Indifferent effect 140
(flower) / Citrus bergamia Risso YFIC =2.00

ATCC 10231 Citrus x aurantium L. / Additive effect 140
Commiphora myrrha (T.Nees) XFIC =1.00
Engl.

ATCC 10231 Citrus bergamia Risso / Cupressus  Additive effect 140
sempervirens L. YFIC =1.50

ATCC 10231 Citrus bergamia Risso / Lavandula  Additive effect 140
angustifolia Mill. XFIC =3.00

ATCC 10231 Citrus limon (L.) Osheck / Cananga Additive effect 140
odorata (Lam.) Hook. f. and YFIC = 1.88
Thomson

ATCC 10231 Citrus limon (L.) Osbeck / Additive effect 140
Cymbopogon martinii (Roxb.) Will.  XFIC =0.79
Watson

ATCC 10231 Citrus limon (L.) Osbeck / Styrax Additive effect 140
benzoin Dryand. YFIC = 0.63

ATCC 10231 Commiphora myrrha (T.Nees) Synergistic effect 140
Engl. / Melaleuca alternifolia Cheel XFIC = 0.42

ATCC 10231 Commiphora myrrha (T.Nees) Additive effect 140
Engl. / Pelargonium graveolens YFIC = 1.00

L’Hér.
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Strain number  Essential oil blends Results Ref.

ATCC 10231 Commiphora myrrha (T.Nees) Additive effect 140
Engl. / Pelargonium odoratissimum  XFIC = 1.00
(L.) L’Hér.

ATCC 10231 Citrus limon (L.) Osbeck / Additive effect 140
Juniperus virginiana L. YFIC =0.63

ATCC 10231 Commiphora myrrha (T.Nees) Indifferent effect 140
Engl. / Boswellia carteri Birdw. YFIC=1.13

ATCC 10231 Commiphora myrrha (T.Nees) Indifferent effect 140
Engl. / Lavandula angustifolia Mill.  XFIC = 2.00

ATCC 10231 Commiphora myrrha (T.Nees) Additive effect 140
Engl. / Pogostemon patchouli YFIC =1.00
Pellet.

ATCC 10231 Cymbopogon citratus (hort. ex DC.)  Additive effect 140
Stapf / Rosmarinus officinalis L. YFIC =0.65

ATCC 10231 Cymbopogon martinii (Roxb.) Will.  Additive effect 140
Watson / Boswellia carteri Birdw. ¥FIC =0.69

ATCC 10231 Cymbopogon martinii (Roxb.) Will.  Indifferent effect 140
Watson / Cananga odorata (Lam.)  XFIC = 1.75
Hook. f. and Thomson

ATCC 10231 Cymbopogon martinii (Roxb.) Will.  Additive effect 140
Watson / Pelargonium graveolens YFIC =0.58
L Hér.

ATCC 10231 Coriandrum sativum L. / Additive effect 140
Cymbopogon citratus (hort ex DC.)  XFIC =0.78
Stapf

ATCC 10231 Cymbopogon martinii (Roxb.) Will.  Additive effect 140
Watson / Cedrus atlantica (Endl.) YFIC =0.88
Manetti ex Carriere

ATCC 10231 Cymbopogon martinii (Roxb.) Will.  Indifferent effect 140
Watson / Pelargonium SFIC=1.17
odoratissimum (L.) L Hér.

ATCC 10231 Eucalyptus globulus Labill. / Indifferent effect 140
Lavandula angustifolia Mill. XFIC =3.00

ATCC 10231 Helichrysum italicum (Roth) G.Don  Additive effect 140
/ Anthemis nobilis L. YFIC =0.75

ATCC 10231 Helichrysum italicum (Roth) G.Don  Additive effect 140
(immortelle) / Matricaria recutita YFIC =0.92
L.

ATCC 10231 Kuneza ericoides (Poir.) Kuntze / Additive effect 142
Leptospermum scoparium
J.R.Forst. and G.Forst.

Clinical strain Lavandula binaludensis Jamzad / Combination inhibited ~ 1°
Cuminum cyminum L. the pathogen. No XFIC

studies conducted.

ATCC 10231 Lavandula x intermedia Emericex  Synergistic effect 143
Loisel. / Mentha arvensis L.

ATCC 10231 Lavandula angustifolia Mill. / Additive effect 7
Abies balsamea (L.) Mill. YFIC = 0.63

ATCC 10231 Lavandula angustifolia Mill. / Synergistic effect 76
Andropogon muricatus Retz. YFIC = 0.45

ATCC 10231 Lavandula angustifolia Mill. / Additive effect 76
Angelica archangelica L. (seed) YFIC = 0.83

ATCC 10231 Lavandula angustifolia Mill. / Synergy 76
Angelica archangelica L. (root) YFIC =0.42
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Strain number  Essential oil blends Results Ref.

ATCC 10231 Lavandula angustifolia Mill. / Synergy 7
Anthemis nobilis L 2FIC=0.33

ATCC 10231 Lavandula angustifolia Mill. / Synergy 76
Anthemis nobilis L SFIC =0.42

ATCC 10231 Lavandula angustifolia Mill. / Synergy 7
Canarium luzonicum Mig. YFIC=0.25

ATCC 10231 Lavandula angustifolia Mill. / Additive effect 7
Cananga odorata (Lam.) Hook. f. YFIC =0.83
and Thomson (heads)

ATCC 10231 Lavandula angustifolia Mill. / Indifferent effect 7
Cananga odorata (Lam.) Hook. f. YFIC=1.25
and Thomson

ATCC 10231 Lavandula angustifolia Mill. / Synergy 7
Carum carvi L. SFIC =0.42

ATCC 10231 Lavandula angustifolia Mill. / Synergy 7
Cinnamomum zeylanicum Blume YFIC =0.40

ATCC 10231 Lavandula angustifolia Mill. / Synergy 7
Citrus aurantium L. YFIC =0.42

ATCC 10231 Lavandula angustifolia Mill. / Synergy &
Citrus grandis Osbeck YFIC =0.42

ATCC 10231 Lavandula angustifolia Mill. / Synergy &
Citrus medica limonum L. YFIC =0.42

ATCC 10231 Lavandula angustifolia Mill. / Synergy &
Citrus x sinensis (L.) Osbeck YFIC =0.42

ATCC 10231 Lavandula angustifolia Mill. / Synergy &
Commiphora myrrha (T.Nees) YFIC =0.29
Engl.

ATCC 10231 Lavandula angustifolia Mill. / Synergy &
Cupressus sempervirens L. 2FIC=0.15

ATCC 10231 Lavandula angustifolia Mill. / Antagonistic effect &
Cymbopogon citratus (DC.) Stapf YFIC = 6.67

ATCC 10231 Lavandula angustifolia Mill. / Synergy 7
Juniperus virginiana L. (berries) YFIC =0.21

ATCC 10231 Lavandula angustifolia Mill. / Synergy 76
Cymbopogon nardus (L.) Rendle YFIC =0.42

ATCC 10231 Lavandula angustifolia Mill. / Synergy 76
Daucus carota L. YFIC =0.50

ATCC 10231 Lavandula angustifolia Mill. / Synergy 76
Eucalyptus globulus Labill. YFIC =0.38

ATCC 10231 Lavandula angustifolia Mill. / Synergy 76
Foeniculum dulce Mill. YFIC =0.45

ATCC 10231 Lavandula angustifolia Mill. / Synergy 76
Hyssopus officinalis L. XFIC =0.33

ATCC 10231 Lavandula angustifolia Mill. / Synergy 76
Juniperus virginiana L. XFIC =0.50

ATCC 10231 Lavandula angustifolia Mill. / Additive effect 76
Laurus nobilis L. YFIC = 0.83

ATCC 10231 Lavandula angustifolia Mill. / Synergy 76
Litsea cubeba (Lour.) Pers. YFIC=0.19

ATCC 10231 Lavandula angustifolia Mill. / Indifferent effect 76
Matricaria chamomilla L. SFIC=1.17

ATCC 10231 Lavandula angustifolia Mill. / Synergy 76
Melaleuca alternifolia Cheel YFIC =0.50
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ATCC 10231 Lavandula angustifolia Mill. / Additive effect [
Melaleuca viridiflora Sol. ex YFIC =0.90
Gaertn.

ATCC 10231 Lavandula angustifolia Mill. / Additive effect 7
Mentha piperita L. YFIC =0.63

ATCC 10231 Lavandula angustifolia Mill. / Synergy 7
Myrtus communis L. 2FIC =0.50

ATCC 10231 Lavandula angustifolia Mill. / Additive effect 7
Ocimum basilicum L. >FIC = 0.67

ATCC 10231 Lavandula angustifolia Mill. / Synergy 7
Origanum majorana L. SFIC =0.42

ATCC 10231 Lavandula angustifolia Mill. / Indifferent effect 7
Pelargonium odoratissimum (L.) YFIC =1.04
L’Hér.

ATCC 10231 Lavandula angustifolia Mill. / Synergy 7
Pinus sylvestris L. YFIC =0.50

ATCC 10231 Lavandula angustifolia Mill. / Synergy 7
Piper nigrum L. YFIC =0.42

ATCC 10231 Lavandula angustifolia/ Synergy &
Pogostemon patchouli YFIC =0.50

ATCC 10231 Lavandula angustifolia Mill. / Synergy &
Pogostemon patchouli Pellet. YFIC =0.42

ATCC 10231 Lavandula angustifolia Mill. / Additive effect &
Rosmarinus officinalis L. YFIC=10.73

ATCC 10231 Lavandula angustifolia Mill. / Synergy &
Santalum album L. YFIC =0.42

ATCC 10231 Lavandula angustifolia Mill. / Synergy &
Styrax benzoin Dryand. YFIC =0.42

ATCC 10231 Lavandula angustifolia Mill. / Additive effect 7
Syzygium aromaticum (L.) Merr. &  XFIC = 0.58
L.M. Perry

ATCC 10231 Lavandula angustifolia Mill. / Synergy 7
Tagetes patula L. YFIC =0.42

ATCC 10231 Lavandula angustifolia Mill. / Additive effect 76
Thymus vulgaris L. YFIC =0.67

ATCC 10231 Lavandula angustifolia Mill. / Indifferent effect 140
Allium sativum L. YFIC =1.25

ATCC 10231 Lavandula angustifolia Mill. / Indifferent effect 140
Anthemis nobilis L. >FIC =1.50

ATCC 10231 Lavandula angustifolia Mill. / Indifferent effect 140
Matricaria recutita L. SFIC=1.17

ATCC 10231 Lavandula angustifolia Mill. / Additive effect 140
Melaleuca alternifolia Cheel >FIC =0.83

ATCC 10231 Leptospermum petersonii Additive effect 142
(F.Muell.) Mabb. / Kuneza
ericoides (A.Cunn.) T.G.Hartley

ATCC 10231 Leptospermum petersonii Additive effect 142
(F.Muell.) Mabb. / Leptospermum
scoparium J.R.Forst. and G.Forst.

ATCC 10231 Leptospermum scoparium Additive effect 140

J.R.Forst. and G.Forst. /
Commiphora myrrha (T.Nees)
Engl.

YFIC=0.75
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ATCC 10231 Leptospermum scoparium Additive effect 140
J.R.Forst. and G.Forst. / Lavandula  ZFIC = 1.00
angustifolia Mill.

ATCC 10231 Matricaria recutita L. / Citrus Indifferent effect 140
aurantium L. var. amara flower SFIC=1.17

ATCC 10231 Melaleuca alternifolia Cheel / Additive effect 140
Citrus limon (L.) YFIC =0.57

ATCC 10231 Melaleuca alternifolia Cheel / Indifferent effect 140
Rosmarinus officinalis L. YFIC =3.33

ATCC 10231 Melaleuca alternifolia Cheel / Indifferent effect 140
Santalum album L. YFIC =2.50

ATCC 10231 Melaleuca alternifolia Cheel / Additive effect 140
Santalum austrocaledonicum YFIC =0.63
(Dunal) A.DC.

ATCC 10231 Melissa officinalis L. / Pelargonium  Indifferent effect 140
odoratissimum (L.) L Hér. YFIC =2.00

ATCC 10231 Melissa officinalis L. / Pelargonium  Additive effect 140
graveolens L’ Hér. YFIC =1.00

ATCC 10231 Nardostachys jatamansi (D.Don) Additive effect 140
DC. / Citrus reticulata Blanco YFIC =0.88

ATCC 10231 Origanum vulgare L. / Additive effect 140
Commiphora myrrha (T.Nees) YFIC =0.92
Engl.

ATCC 10231 Origanum vulgare L. / Indifferent effect 140
Pelargonium graveolens L Hér. YFIC=1.38

ATCC 10231 Origanum vulgare L. / Additive effect 140
Pelargonium odoratissimum (L.) >FIC =0.92
L Hér.

ATCC 10231 Origanum vulgare L. / Pinus Additive effect 140
sylvestris L YFIC =0.92

ATCC 10231 Origanum vulgare L./ Rosmarinus  Indifferent effect 140
officinalis L. YFIC =1.38

ATCC 10231 Pelargonium graveolens L’Hér. / Additive effect 140
Citrus aurantium L. var. amara >FIC = 1.00
flower

ATCC 10231 Pelargonium graveolens L’Hér. / Additive effect 140
Citrus bergamia Risso and Poit. >FIC =1.00

ATCC 10231 Pelargonium graveolens L’Hér. / Additive effect 140
Citrus limon (L.) YFIC =0.63

ATCC 10231 Pelargonium graveolens L’Hér. / Additive effect 140
Citrus paradisi Macfad. XFIC =1.00

ATCC 10231 Pelargonium graveolens L’Hér. / Additive effect 140
Citrus sinensis (L.) Osbeck YFIC =0.75

ATCC 10231 Pelargonium graveolens L’Hér. / Additive effect 140
Juniperus virginiana L. XFIC =1.00

ATCC 10231 Pelargonium graveolens L’Hér. / Additive effect 140
Lavandula angustifolia Mill. YFIC = 1.00

ATCC 10231 Pelargonium graveolens L’Hér. / Additive effect 140
Rosmarinus officinalis L. YFIC = 1.00

ATCC 10231 Pelargonium graveolens L’Hér. / Synergy 140
Santalum album L. YFIC =0.50

ATCC 10231 Pelargonium graveolens L’Hér. / Synergistic effect 140
Santalum austrocaledonicum YFIC =0.38

(Dunal) A.DC.
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ATCC 10231 Pelargonium odoratissimum (L.) Indifferent effect 140
L’Hér. / Citrus aurantium L >FIC =2.00

ATCC 10231 Pelargonium odoratissimum (L.) Indifferent effect 140
L’Hér. / Citrus bergamia Risso and ~ ZFIC =2.00
Poit.

ATCC 10231 Pelargonium odoratissimum (L.) Additive effect 140
L’Hér. / Citrus limon (L.) YFIC =0.63

ATCC 10231 Pelargonium odoratissimum (L.) Additive effect 140
L’Hér. / Citrus paradisi Macfad. YFIC =1.00

ATCC 10231 Pelargonium odoratissimum (L.) Indifferent effect 140
L’Hér. / Citrus sinensis (L.) Osbeck  XFIC = 1.50

ATCC 10231 Pelargonium odoratissimum (L.) Additive effect 140
L’Hér. / Juniperus virginiana L. YFIC =1.00

ATCC 10231 Pelargonium odoratissimum (L.) Additive effect 140
L’Hér. / Lavandula angustifolia YFIC =1.00
Mill.

ATCC 10231 Pelargonium odoratissimum (L.) Additive effect 140
L’Hér. / Rosmarinus officinalis L. YFIC =1.00

ATCC 10231 Pelargonium odoratissimum (L.) Indifferent effect 140
L’Hér. / Santalum album L. YFIC =2.00

ATCC 10231 Pelargonium odoratissimum (L.) Additive effect 140
L’Hér. / Santalum YFIC =0.75
austrocaledonicum (Dunal) A.DC.

ATCC 10231 Pogostemon patchouli (L.) Benth./  Indifferent effect 140
Cedrus atlantica (Endl.) Manetti YFIC =2.00

ATCC 10231 Pogostemon patchouli (L.) Benth./  Indifferent effect 140
Citrus bergamia Risso and Poit. XFIC = 2.00 16!

ATCC 10231 Pogostemon patchouli (L.) Benth./  Indifferent effect 140
Pelargonium graveolens L’Hér. YFIC = 1.50

ATCC 10231 Pogostemon patchouli (L.) Benth./  Additive effect 140
Pelargonium odoratissimum (L.) YFIC =1.00
L Hér.

ATCC 10231 Santalum album L. / Boswellia Indifferent effect 140
carteri (Oliv.) Engl. YFIC =1.50

ATCC 10231 Santalum album L. / Cananga Additive effect 140
odorata (Lam.) Hook.f. and YFIC =0.75
Thomson

ATCC 10231 Santalum album L. / Citrus Additive effect 140
aurantium L. var. amara flower >FIC = 1.00

ATCC 10231 Santalum album L. / Citrus Additive effect 140
bergamia Risso and Poit. XFIC =1.00

ATCC 10231 Santalum album L. / Citrus limon Synergy 140
(L) YFIC = 0.63

ATCC 10231 Santalum album L. / Commiphora Indifferent effect 140
myrrha (T.Nees) Engl. XFIC =2.00

ATCC 10231 Santalum album L. / Cymbopogon  Indifferent effect 140
martinii (Roxb.) Wats. SFIC=1.17

ATCC 10231 Santalum album L. / Lavandula Indifferent effect 140
angustifolia Mill. YFIC = 1.50

ATCC 10231 Santalum album L. / Melaleuca Synergy 140
alternifolia Cheel YFIC = 0.83

ATCC 10231 Santalum album L./ Piper nigrum Indifferent effect 140
L. 2FIC =1.50
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ATCC 10231 Santalum album L. / Piper nigrum  Additive effect 140
L. 2FIC =1.00

ATCC 10231 Santalum album L. / Pogostemon Additive effect 140
patchouli (L.) Benth. YFIC =0.75

ATCC 10231 Santalum album L. / Styrax benzoin  Indifferent effect 140
Dryand. YFIC =1.50

ATCC 10231 Santalum album L. / Vetiveria Synergy 140
zizanioides Stapf. YFIC =0.38

ATCC 10231 Santalum austrocaledonicum Vieill.  Additive effect 140
/ Boswellia carteri Birdw. YFIC =0.75

ATCC 10231 Santalum austrocaledonicum Vieill.  Additive effect 140
/ Cananga odorata (Lam.) Hook.f. ~ XFIC =1.00
& Thomson

ATCC 10231 Santalum austrocaledonicum Synergy 140
Vieill./ Citrus aurantium L. YFIC =0.88

ATCC 10231 Santalum austrocaledonicum Vieill. ~ Synergy 140
/ Citrus bergamia Risso and Poit. YFIC =0.75

ATCC 10231 Santalum austrocaledonicum Vieill. ~ Additive effect 140
/ Citrus limon (L.) Osbeck YFIC =0.63

ATCC 10231 Santalum austrocaledonicum Vieill.  Additive effect 140
/ Commiphora myrrha (Nees) Engl.  XFIC = 1.00

ATCC 10231 Santalum austrocaledonicum Vieill. ~ Synergy 140
/ Citrus limon (L.) YFIC =0.58

ATCC 10231 Santalum austrocaledonicum Vieill.  Additive effect 140
/ Commiphora myrrha (T.Nees) YFIC =0.75
Engl.

ATCC 10231 Santalum austrocaledonicum Vieill.  Indifferent effect 140
/ Cymbopogon martinii (Roxb.) YFIC=1.25
Wats.

ATCC 10231 Santalum austrocaledonicum Vieill.  Additive effect 140
/ Piper nigrum L. YFIC =1.00

ATCC 10231 Santalum austrocaledonicum Vieill. ~ Additive effect 140
/ Pogostemon patchouli (L.) Benth.  XFIC =1.00

ATCC 10231 Santalum austrocaledonicum Vieill. ~ Additive effect 140
/ Styrax benzoin Dryand. YFIC =0.63

ATCC 10231 Santalum austrocaledonicum Vieill. ~ Additive effect 140
/ Vetiveria zizanioides (L.) Nash >FIC =1.00

ATCC 10231 Styrax benzoin Dryand. / Lavandula Indifferent effect 140
angustifolia Mill. YFIC =1.50

ATCC 10231 Syzygium aromaticum (L.) Merr. Additive effect 140
&L.M. Perry / Cinnamomum verum  XFIC = 0.63
J. Presl

ATCC 10231 Syzygium aromaticum (L.) Merr. &  Indifferent effect 140
L.M. Perry / Cinnamomum XFIC =2.00
zeylanicum Garcin ex Blume

ATCC 10231 Syzygium aromaticum (L.) Merr. &  Additive effect 140
L.M. Perry / Cinnamomum YFIC =0.80
zeylanicum Garcin ex Blume

ATCC 10231 Syzygium aromaticum (L.) Merr. &  Indifferent effect 140
L.M. Perry / Citrus bergamia Risso ~ XFIC = 1.50

ATCC 10231 Syzygium aromaticum (L.) Merr. &  Indifferent effect 140

L.M. Perry / Citrus limon (L.)
Osheck

YFIC=1.13
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ATCC 10231 Syzygium aromaticum (L.) Merr. Indifferent effect 140
and L.M. Perry / Lavandula 2FIC =1.50
angustifolia Mill.

ATCC 10231 Thymus vulgaris L. / Citrus Additive effect 140
bergamia Risso YFIC =1.00

ATCC 10231 Thymus vulgaris L. / Citrus limon ~ Additive effect 140
(L.) Osbeck YFIC =0.47

ATCC 10231 Thymus vulgaris L. / Rosmarinus Additive effect 140
officinalis L. 2FIC =1.00

aMIC- Minimum Inhibitory Concentration; "MBC-Minimum Bactericidal Concentration; XFIC Fractional Inhibitory
Concentration where the interaction classification is based on recommended criteria from literature’”

Essential oil combination studies were predominantly tested against E. faecalis and C.
albicans. There is thus a plethora of vaginal pathogens (Table 1), for which little to no research is
available. Out of the combinations studied against E. faecalis, 50% were indifferent to the
pathogen, while 50% were found to have an additive effect. Regarding C. albicans, 50% of
combinations tested had an additive effect, 25% had an indifferent interaction, 22% had a
synergistic effect and only 1% was antagonistic.

Table 8 compiles studies on essential oil combinations against vaginal pathogens, primarily
E. faecalis and C. albicans. Similar to the single-oil studies, the MIC, MBC, and XFIC values
reported are predominantly in vitro. Achievable concentrations in vivo may be lower than those
tested, and interactions between oils may vary depending on formulation, route of administration,
and exposure time. While additive and synergistic effects were observed in several combinations
(e.g., Lavandula angustifolia with multiple oils), some combinations showed indifferent or even
antagonistic interactions. Consequently, clinical applicability remains uncertain. Further research
integrating safe dosing, local pharmacodynamics, and in vivo efficacy is needed to validate these
combinations for therapeutic use.

When attempting to collate the scientific validation studies with the recommended essential
oil combinations in the layman’s aromatherapeutic literature, it was found that there were
numerous barriers. Firstly, common names as opposed to scientific names are mainly used within
the layman's literature. While the scientific literature is inclusive of common names, there are often
references to essential oils bearing the same scientific name and common name, yet the derivation
of the oil is from a different source or part of the plant (including flowers, leaves, bark, stems and
roots). For example, in the case of a study conducted by de Rapper et al., 2013 two types of

Angelica archangelica essential oil were combined with Lavandula angustifolia, one is obtained
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from the seed and the other from the root. These challenges present difficulty in correlating the
scientific data with the aromatherapeutic literature. A call for the harmonisation and collaboration
between aromatherapists and scientific researchers is in need to develope an evidenced-based
database of essential oils used in combination.

The effect of essential oils on the vaginal microbiota

Studies based on the effect of essential oils on the vaginal microbiota were compiled and
summarized in Table 9. The optimal outcome is observing little to no inhibition on the
Lactobacillus spp. as this is indicative of the preservation of the vaginal microbiome. An overview
of the results as presented in Table 9. The results have been summarized in Figure 1.

= Dominant inhibition Minimal effect
= No effect = Stimulation of growth

Figure 1. Summary of the effect of essential oils on the vaginal microbiota

Most studies ultimately reveal that a positive effect on the vaginal microbiome was
observed (Table 2.9). There are limited studies where all the relevant microbiota are considered
for example, certain Lactobacillus spp. such as L. gasseri, L. crsipatus, L. jensenii have been

neglected despite their role in the maintenance of the vaginal ecosystem.
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Table 2.9. Effect of essential oils on the vaginal microbiota

Strain number

Essential oil Results

Reference

Lactobacillus rhamnosus

ATCC 53103 Ammoides verticillata MIC?= 0.4 (£) 0.1 pl/ml 136
(Desf.) Brig.
CNCM 1-4036 Cinnamomum zeylanicum  No inhibitory effect at concentrations of 136
Garcin ex Blume 0.01% and 0.001%
ATCC 9595 MIC=0.025%
ATCC 7469 Cuminum cyminum Wall.  No inhibition of Lactobacillus spp. 144
ATCC 7469 Eucalyptus globulus Selective antibacterial activity with littleto 138
Labill. no effect on Lactobacillus
MIC= 14.8 mg/ml
ATCC 7469 Mentha longifolia (L.) MIC = 80 pg/ul 145
Huds. MBC = 120 pg/ul
ATCC 9595 Malaleuca alternifolia MIC=3977.3 pug/ul 146
(Maiden and Betche) MIC =300 pg/ul
Cheel
ATCC 9595 Mentha piperita L. Inhibition at a concentration of 0.4% 147
ATCC 9595 Syzygium aromaticum Inhibition at a concentration of 0.2% 147
(L.) Merr. and L.M. Perry
(Myrtaceae)
ATCC 9595 Satureja candidissima MIC = 3.1 + 0.6 pl/ml 136
(Poir.) Greuter and
Burdet.
CNCM 1-4036 Thymus vulgaris L. No inhibitory effect at concentrations of 148
0.01% and 0.001%
Lactobacillus acidophilus
ATCC 53103 Amygdalus communis L. ~ MIC= 0.5 pl/ml 149
ATCC 53103 Azadirachta indica A. Lactobacillus spp. inhibited by essential oil ~ 4°
Juss. MIC=0.125 pl/ml
NCTC 1723 Bidens Limited inhibition on Lactobacillus spp. 150
pilosa f. alausensis Sherff
ATCC 53103 Citrus limon (L.) Osbeck ~ MIC= 0.25 ul/ml 149
ATCC 314 Echinacea purpurea (L.)  MIC = 5.86 pl/ml 151
Moench
ATCC 53103 Olea europaea L. MIC= 0.25 pl/ml 149
Clinical strain* Origanum vulgare L. Delay in the growth but no inhibition on

existing Lactobacillus spp.

ATCC 53103 Psoralea corylifolia L. MIC= 0.125 pl/ml 149
Clinical strain Rosmarinus officinalis L. Delay in the growth but not inhibition on
existing Lactobacillus spp.
KS400 Thymbra capitata Griseb.  Lactobacillus spp. demonstrated higher 63
levels of tolerance than G. vaginalis, i.e.
less inhibition of Lactobacillus spp.
MIC= 2.50 pl/ml
ATCC 53103 Trachiyspirum ammi MIC= 0.125 pl/ml 149
Sprague
ATCC 314 Zataria multiflora Boiss.  MIC= 0.08 pl/ml 151
Lactobacillus fermentum
ATCC 14931 Citrus x sinensis (L.) Stimulates growth of L. fermentum 55
Osbeck
ATCC 14931 Origanum vulgare L. Stimulates growth of L. fermentum 55
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Strain number

Essential oil

Results

Reference

ATCC 9338 Thymus vulgaris L. No inhibition observed 55,182
ATCC 14931 Stimulates growth of L. fermentum
Lactobacillus plantarum
Lp3547 Cinnamomum zeylanicum  No inhibition at 0.01 and 0.001% 148
Garcin ex Blume
Lp3547 Syzygium aromaticum No inhibition at 0.01 and 0.001% 148
(L.) Merr. and L.M. Perry
Clinical strain Cuminum cyminum Wall. ~ Stimulated growth at 0.5, 1.0 and 2.0% 153
ATCC 8014 Citrus paridisi Macfad. No inhibition 154
ATCC 8014 Citrus lemon (L.) Osbeck  No inhibition 154
Clinical strain Satureja bachtiarica MIC = 25 ul/ml 155
Bunge
Clinical strain Satureja Khuzestanica MIC = 12.5 pl/ml 155
Jamzad
Clinical strain Satureja bachtiarica SFIC =0.75 155
Bunge with Satureja
Khuzestanica Jamzad
Lp3547 Syzygium aromaticum No inhibition at 0.01 and 0.001% 148
(L.) Merr. and L.M. Perry
ATCC 8014 Thymbra MIC=2.50 pl/ml 63
capitata Griseb. Thymbra
capitata Griseb.
(Valdivieso- Thymus vulgaris L. No inhibition at 0.01 and 0.001% 148
Ugarte et al.,
2021)
Lactobacillus reuteri
ATCC 23272 Origanum vulgare L. No inhibition observed 156
ATCC 23272 Rosmarinus officinalis L. No inhibition observed 5
ATCC 23272 Thymus vulgaris L. No inhibition observed 5
DSM20016 Thymbra capitata Grisesh. MIC= 2.50 pl/ml 63
Lactobacillus crispatus
KS116.1 Thymbra capitata Griseh. MIC = 2.50 ul/ml &3
Lactobacillus gasseri
KS114.1 Thymbra capitata Griseh. MIC = 2.50 ul/ml &3
Lactobacillus jensii
KS119.1 Thymbra capitata Griseh. MIC = 1.25 ul/ml &3

aMIC- Minimum Inhibitory Concentration

Only 17% of essential oils that were recommended by the aroma-therapeutic layman could
be correlated with scientific literature. However, most, to the best of our knowledge, reported a
degree of inhibition on the natural microbial colonizers. There has been an interest regarding
essential oils such as Thymus vulgaris and Origanum vulgare that demonstrated the ability to
stimulate the growth of L. fermentum. However, there are limited studies that examine how this
phenomenon occurs. Another challenge is that there are limited studies that consider the effects of

essential oils in combination against various Lactobacillus spp., despite essential oils being utilized
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as blends in common practice.

Although essential oils exhibit promising antimicrobial activity in vitro, their use in
sensitive mucosal environments, such as the vaginal mucosa, requires careful evaluation due to
potential safety concerns. Oils containing phenolic or terpene compounds, such as thymol,
carvacrol, or 1,8-cineole, can cause local irritation, allergic reactions, or mucosal disruption at
concentrations close to their minimum inhibitory concentrations (MICs) "33, In vivo studies and
limited clinical trials indicate that, when properly diluted in suitable carriers such as gels or
emulsions, essential oils are generally well tolerated, though adverse effects such as burning,
erythema, or mild discomfort may occur at higher concentrations'®*16%, Systemic absorption from
topical vaginal application is typically minimal, but repeated or high-dose exposure could increase
risk, particularly in sensitive populations. These findings highlight that, while essential oils hold
potential as adjunct or alternative therapies for vaginal infections, careful attention to formulation,

dose optimization, and rigorous safety evaluation is essential before clinical use.

The effect of essential oils on vaginal biofilms

The effect of essential oils on biofilms is often interpreted by the minimum concentrations of the
essential oil required to reduce the biofilm cell formation by 50% (MBICso) (Wijesinghe et al.,
2021). Biofilm formation is a contributor towards resistance in vaginal infection, however, limited
studies (Table 2.10) focused on neglected pathogens such as G. vaginalis, which are heavily
implicated in biofilm formation for BV and VVVC. More commonly studied was Candida spp. The
majority of studies (69%) report a significant reduction in biofilm formation and demonstrate
notable antibiofilm activity (81%); however, there is a limited number of available biofilm studies
on neglected pathogens associated with the vaginal canal. Furthermore, only 28% of

aromatherapeutic recommendations have been scientifically evaluated in biofilm studies.
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Table 2.10. Effect of essential oils on biofilms associated with the vaginal canal

Pathogen Essential Oil Results Reference
Bacterial vaginosis (BV)
Gardnerella vaginalis-  Thymbra capitata 49-91% biofilm mass reduction 63
Clinical strain Griseb.
Vulvovaginal candidiasis (VVC)
C. albicans Foeniculum vulgare For 34 strains, concentrations ranging loa

ATCC 10231 and other
isolates

C. tropicalis- Clinical
strain

C. tropicalis- Clinical
strain

C. tropicalis- Clinical
strain

C. tropicalis- Clinical
strain

C. albicans- Clinical
strain

C. albicans- Clinical
strain

C. albicans- Clinical
strain

C. albicans- Clinical
strain

C. albicans, C.
glabrata, C.
guilliermondii, C.
krusei, C. parapsilosis,
and C. tropicalis-
Clinical isolates, spp.
identified

C. albicans- Clinical
strain

Candida isolates-
Clinical strain
Clinical strain

Clinical strain-
Candida isolates

Mill.

Cymbopogon

citratus (hort. ex DC.)
Stapf,

Cuminum cyminum
Wall.

Citrus limon (L.)
Burm.f.

Cinnamomum verum J.
Presl

Cuminum cyminum
Wall.

Lavandula angustifolia
L.

Ziziphora tenuior Falk.

Cymbopogon

citratus (hort. ex DC.)
Stapf

Melissa officinalis L.,
Origanum vulgare L.
Lavandula stoechas L.
Mentha x piperita L.,
Rosmarinus officinalis
L., Salvia officinalis L.,
and Thymus vulgaris L.

Melissa officinalis L.
Origanum vulgare L.
Syzygium

aromaticum (L.) Merr.

& L.M.Perry
Thymus vulgaris L.

between 6.25% and 25% there was a
50% biofilm reduction.

Resulted in a 45-76% reduction in
biofilm formation.

<45% reduction
<45% reduction
<45% reduction

A biofilm reduction of 48.8% was
observed.
A biofilm reduction of 42.5% was
observed.
A biofilm reduction of 49.3% was
observed.
Anti-biofilm activity at 0.5x MIC.

Origanum vulgare and Thymus vulgaris
essential oils inhibited biofilm growth by
about 90%. Lavandula stoechas,

Mentha x piperita, and Rosmarinus
officinalis oils inhibited biofilm growth
by 75-85%. The weakest antibiofilm
activity was observed with lemon balm
and Salvia officinalis oils, which destroy
only 60-70% of biofilm.

Reduced up to 95.36% of the biofilm.

Reduction of 1 to 5 orders of magnitude
(Log CFU/cm?).
Inhibition at <0.5x MIC

Reduction of 0.2 to 2 orders of
magnitude (Log CFU%cm?).

157

157

157

157

158

158

159

110

160

161

159

161

2CFU-Colony forming units

CONCLUSION

Figure 2 provides a comprehensive overview of essential oils with antimicrobial effects on the
relevant vaginal pathogens. Among the most studied pathogens were E. faecalis and C. albicans,

likely due to their implication in a variety of infections beyond vaginal conditions. Although
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several pathogens have been previously discussed, it is evident that many have been largely
neglected in the context of essential oil studies. This is a critical gap, as several of these pathogens
are implicated in polymicrobial infections, which can disseminate and result in severe

complications 162,

Peptostreptococcus asaccharolyticus
Atopobium vaginae

Mobiluncus curtisii

Prevotella disiens

Ureaplasma Urealyticum
Peptostreptococcus melaninogenica
Mycoplasma hominis

Candida krusei

Gardnerella vaginalis

Bacteroides ureolyticus

Prevotella bivia

Peptostreptococcus anaerobius
Candida glabrata

Candida tropicalis

Candida parapsilosis

Trichomonas vaginalis

Candida albicans

Enterococcus faecalis

Pathogens

o
N
o

40 60 80 100
Number of essential oils studied

[Eny
N
o

140

Figure 2. Number of essential oils that have an antimicrobial effect on vaginal pathogens

Only 14% of essential oil recommendations have been evaluated against the pathogens
associated with BV, VVC, and TV. A closer examination reveals a significant disparity in the
number of studies on Trichomonas vaginalis, in contrast to the larger body of work on C. albicans
(implicated in VVC) and E. faecalis (implicated in BV). There is also a disparity between the
number of studies on C. albicans compared to non-C. albicans spp. and this demonstrates that
despite the dire implications of non-C. albicans spp. in vaginal infections, there is not enough
scientific validation that correlates with the aroma-therapeutic recommendations. Consequently,
there is a lack of studies that comprehensively address the effects of essential oils on parasites.

Notably, Origanum vulgare has demonstrated broad-spectrum antimicrobial properties,
exhibiting antibacterial, antifungal, antiparasitic, and antibiofilm activities”>!33, Similarly,

Melaleuca alternifolia shows these properties, but the specificity of its effects on different
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Lactobacillus spp. remains unclear®®. In contrast, Origanum vulgare appears to have minimal
interference with most Lactobacillus spp., except Lactobacillus plantarum®?® Interestingly, it has
displayed the ability to stimulate the growth of Lactobacillus fermentum, which may confer
beneficial effects®®. However, comprehensive studies on the impact of essential oils on the full
spectrum of Lactobacillus spp. are lacking, with many spp. receiving limited investigation (Table
2). The vaginal microbiome should also be a main area of focus in future studies.

In addition to the under-representation of certain pathogens, only 70% of essential oil
recommendations have been studied concerning BV and VVC, and merely 26% against TV. While
some studies have explored the effects of essential oil combinations, these account for only 14%,
with challenges in data collation arising from the frequent use of common names in the layman’s
aromatherapeutic literature, which lacks botanical specificity. Furthermore, the potential toxicity
of essential oils is often presumed but inadequately investigated, necessitating their consideration
in future studies.

Research on the antibiofilm activity of essential oils is also severely limited. Although
some essential oils display promising antibiofilm potential, the small number of studies restricts
the ability to draw definitive conclusions about their overall efficacy.

Essential oils offer promising potential for the development of novel adjuvants in the
treatment of vaginal infections. However, extensive clinical studies are required to generate the
evidence-based data necessary for their application. The majority of the cited studies are in vitro,
which presents substantial limitations for clinical translation. Issues such as bioavailability,
formulation design, and the variability in essential oil composition must be considered, as they
may significantly alter therapeutic outcomes. Moreover, essential oils are often assessed
individually in vitro, whereas in practice they may be applied as blends or formulated products,
which could modify their activity. A concerted effort to align aromatherapeutic literature with
rigorous scientific data is crucial. Collaborative efforts among researchers, healthcare
professionals, and aromatherapists will be essential in developing a systematic and reliable

database for future research and clinical use.
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Figure S1: PRISMA diagram illustrating the literature review process

statement.org/prismastatement/flowdiagram.aspx)

Table S1: Table illustrating essential oils tested against E. faecalis

(https://prisma-

Strain number  Essential oil Results Ref.
Enterococcus faecalis
ATCC 29212 Achilea milefolium L. MIC = 160 pg/ml !
ATCC 7314 Ammoides verticillate (L.) Rchb.  Agar dilution method 2
MIC =1.5+ 0.3 pul/ml

NCTC 8213 Aniba rosaeodora (Ducke) MIC = 0.5% (v/v) 3
Meisn.

NCTC 8213 Apium graveolens L. MIC = 2% (V/v) 3

NCTC 8213 Boswellia carterii (Oliv.) Herder MIC =2 % (v/v) 3

MTCC 439 Callistemon macropunctatus MIC = 8.9 mg/ml 3
Cheel

NCTC 8213 Cananga odorata (Lam.) MIC = 2% (v/v) 3
Hook.f. andThomson

ATCC 29212 Cinnamomum aromaticum Nees MIC =0.125% (v/v) 4

ATCC 29212 Cinnamomun zeylanicum Garcin ~ MIC50 = 50.4 mg/ml >
ex Blume

NCTC 8213 Citrus aurantifolia (Christm.) MIC =>2% (v/v) 3
Swingle

NCTC 8213 Citrus aurantium L. MIC =>2% (v/v) ’

NCTC 8213 Citrus bergamia Risso MIC =>2% (v/v) 3

NCTC 8213 Citrus limon (L.) Osbeck MIC = 2% (V/v) 6

NCTC 8213 Citrus madurensis (L.) N.S. MIC =>2% (v/v) 3
Jodha

NCTC 8213 Citrus paradisi Macfad. MIC = >2% (v/v); 25 mg/ml 37

ATCC 29212 Clausena anisate (Willd.) No antibacterial activity 8
Benth.

NCTC 8213 Commiphora myrrha (Torr.) MIC = 05% (v/v) 3
Engl.

NCTC 8213 Cogiandum sativum L. MIC = 05% (V/v) 8

NCTC 8213 Cucurbita pepo L. MIC =>2% (v/v) :

ATCC 29212 Cuminum cyminum L. MIC = 50% of EO ’

NCTC 8213 Cupressus sempervirens L. MIC = 1% (V/v) 3

NCTC 8213 Cymbopogon martini (Roxb.) MIC = 0.25% (v/v); 0.25 mg/ 3%
Wats. ml

ATCC29212 Cymbopogon citratus (DC.) MIC = 0.12% (v/v); 0.125% 3*
Stapf (V/v)

ATCC 29212 Cymbopogon nardus (L.) MIC = 1% (viv); No 8

Rendle

antibacterial activity at highest
concentration tested
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Strain number  Essential oil Results Ref.
ATCC 29212 Daucus carrot L. MIC = 2% (v/v); 0.0975% of °
EO
Clinical strain Dittrichia graveolens (L.) W. MIC = 0.5 pl/ml H
Greuter

ATCC 29212 Dysphania ambrosioides (L.) MIC = 105 ug/ml 12
Mosyakin and Clemants

ATCC 29212 Eucalyptus borealis F. Muell. MIC = 4% (v/v) 1

ATCC 29212 Eucalyptus camaldulensis MIC =5 mg/ml 8
Dehnh.

ATCC 29212 Eucalyptus citriodora Hook. MIC = No antibacterial activity °
at the highest concentration
tested

ATCC 29212 Eucalyptus globulus Labill. MIC = 4% (v/v) 13

ATCC 29212 Eucalyptus plenissima MIC = >8% (V/v) 13

(C.A.Gardner) Brooker
NCTC 8213 Eucalyptus polybractea F. MIC = 2% (v/v) 3
Muell.

ATCC 29212 Foeniculum vulgare Mill. MIC = >2% (v/v); 100% of EO °

NCTC 8213 Gaultheria procumbens L. MIC =>2% (V/V) 3

ATCC 29212 Hertia cheirifolia Kuntze MIC = 0.156 mg/ml 14

Jasminum sambac (L.) Aiton

CIP 103907 MIC = 1% (v/v) 15

ATCC 29212 Juniperus communis L. MIC = 2% (v/v); 6.25% of EO  °

ATCC 29212 Lantana camara L. MIC =10 mg/ml 8

ATCC 29212 Laurus nobilis L. MIC = 08% of EO ’

Clinical strain Lavandula angustifolia Mill. MIC = > 2% (V/v) 16

ATCC 29212 Lavandula intermedia Emeric ex MIC =10 mg/ml 8

Loisel.

ATCC 29212 Lippia multiflora Moldenke MIC =10 mg/ ml 8

NCTC 8213 Macadamia integrifolia Maiden ~ MIC = >2% (v/v) 3

and Betche

NCTC 8213 Melaleuca alternifslia Cheel MIC = 2% (v/v) 3

ATCC 29212 Melaleuca quinquenervia (Cav.) MIC = 1% (v/v); No 8

S.T. Blake antibacterial activity at highest
concentration tested

ATCC 49452 Mentha longifolia (L.) Huds. MIC = 1.50 £ 0.18 pg/ml v

ATCC 29212 Mentha % piperita L. MIC; MIC50 = 1% (v/v); 11.3 35
mg/ml

ATCC 29212 Mentha pulegium L. MIC = 1.035 mg/ml 18

ATCC 29212 MIC = 0.3 ul/ml

NCTC 8213 Mentha spicata L. MIC = 2% (v/v) °

Clinical strain Monarda fistulosa L. MIC = 2% (v/v) 10

Clinical strain Monarda didyma L. MIC = 0.25% (V/v) 10

ATCC 29212 Myrcia ovata Cambess. MIC = 0.031% (w/v) 6

ATCC 29212 Myristica fragrans Houtt. MIC =100% of EO ’
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Strain number  Essential oil Results Ref.
ATCC 29212 Neckera crispa Hedw. MIC = No antibacterial activity *°
at highest concentration tested
ATCC 29212 Neckera complanate (Hedw.)  MIC =576.2 pg/ml 19
Schimp.
ATCC 29212 Nepeta mahanensis (Benth.) Agar dilution method 20
Benth. MIC =2.27 mg/ml
ATCC 29212 Ocimum basilicum L. MIC = 2% (v/v); >10 mg/ml 8
8
ATCC 29212 Ocimum gratissimum L. MIC = 0.625 mg/ml
NCTC 8213 Oenothera biennis L. MIC = >2% (V/v) 3
ATCC 29212 Origanum hirtum (L.) Link MIC =< 0.06% (V/v) 16
ATCC 29212 Origanum marjorana L. MIC = 2% (v/v); 1.0% (v/v) 5.4
NCTC 8213 Origanum vulgare L. MIC = 0.25% (v/v 3
NCTC 8213 Pelargonium graveolens (L.) MIC = 0.5% (v/v) 3
L'Hér.
ATCC 29212 Peperomia pellucida (L.) Kunth ~ MIC = 1000 pg/ml ’
NCTC 8213 Pimenta racemosa (Mill.) J. W.  MIC = 0.5% (v/v) 3
Moore
ATCC 29212 Pimpinella anisum L. MIC = 2% (v/v) ’
NCTC 8213 Pinus sylvestris L. MIC = >2 %(v/v) ’
ATCC 29212 Piper callosum (L.) Steud. MIC = 1000 pg/ml ’
ATCC 29212 Piper marginatum Jacq. MIC = 500 pg/ml ’
NCTC 8213 Piper nigrum L. MIC = 1% (V/V) 3
ATCC 29212 Pistacia khinjuk Stocks MIC = 1.875 pg/ml 2
Clinical strain Pistacia lentiscus L. MIC = 0.68 mg/ ml 2
NCTC 8213 Pogostemon patchouli (Mig.) MIC = 0.12% (v/v) 3
Benth
NCTC 8213 Prunus armeniaca L. MIC = >2% (v/V) :
NCTC 8213 Prunus dulcis (Mill.) Rchb MIC =>2% (v/v) 3
ATCC 3360 Rosa alba L. MIC = 1.36 mg/ml 3
ATCC 29212 Rosmarinus officinalis L. MIC =>2% (v/v); 160 pg /ml !
ATCC 49452 Ruta graveolens L. MIC = 800 pul/ml v
ATCC 29212 Salvia officinalis L. MIC = 2% (v/v); 25 mg/ml 3
ATCC 51299 Salvia potentillifolia L. MIC = 64 pg/ml %
ATCC 29212 Salvia sclarea L. MIC = 2.0% (v/v) 34
NCTC 8213 Santalum album L. MIC = 0.25% (V/v) 3
ATCC 7314 Satureja candidissima Boiss. MIC = 6.2 + 0.9 pl/ml 2
ATCC 29212 Satureja horvatii Sili¢ MIC = 0.4 pl/ml !
ATCC 29212 Satureja intermedia (Ser.) Brig.  MIC =8.9 + 0.0 mg/ml 2
ATCC 49452 Satureja macrantha (Coss.) MIC = 20 pg/ml v
Brig.
Clinical strain Satﬂreja montana L. MIC = <0.06% (v/v) 10

81



Strain number  Essential oil Results Ref.

ATCC 29212 Syzygium aromaticum (L.) Merr.  MIC = 0.5% (v/v) i
& L.M. Perry

ATCC 29212 Tetradenia riparia (Hochst.) MIC =31.2 to 62.4 pg/ml 2
Codd

ATCC 29212 Teucrium polium L. MIC =5 pl/ml 2

ATCC 29212 Thymus algeriensis Boiss. MIC = 0.528 mg/ml 18

Clinical strain Thymus broussonnetii Boiss. MIC = 4+ 0.001 mg/ml 2

Clinical strain Thymus capitatus Hoffmanns. ~ MIC = 4+ 0.001 mg/ml 2
& Link

ATCC 29212 Thymus hirtus Willk. Ex Lange ~ MIC = 0.05% (v/v) %

ATCC 14506 Thymus serpyllum L. MIC = 6.25 pl/ml %

ATCC 29212 Thymus vulgaris L. MIC; MIC50 = 0,5% (viv); >%

21,7 mg/ml

Clinical strain Thymus zygis L. MIC = 1.00 mg/ml 10

ATCC 29212 Trachyspermum ammi Sprague ~ MIC =2 ul/ml i

NCTC 8213 Vetiveria zizanioides (L.) Nash ~ MIC =0.12% (v/v) 3

ATCC 29212 Xylopia aethiopica (Dunal) A. MIC = No antibacterial activity °
Rich. at highest concentration tested

NCTC 8213 Zingiber officinale Roscoe MIC =>2% (v/v) 3
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Abstract

The effectiveness of current treatments for vaginal infections is declining due to rising bacterial
and yeast resistance, along with adverse effects on the vaginal microbiome. Although essential oils
are known for their antimicrobial properties, their potential in treating vaginal infections either as
monotherapies or in combination has not been thoroughly explored. This study assessed the
antimicrobial efficacy (minimum inhibitory concentrations and biofilm inhibition) and toxicity of
46 essential oils and 86 combinations against both pathogens and beneficial vaginal microbiota
(Lactobacilli spp.). Among the single essential oils, Coriandrum sativum showed the most
promising broad-spectrum antimicrobial activity (values as low as 0.13 mg/mL). Origanum
vulgare and Myrtus communis were also of interest, having no toxicity with minimal impact on
the  vaginal biome  (Lactobacilli  spp.). The  combination  of Cinnamomum

camphora and Melaleuca cajuputi essential oil demonstrated superior antimicrobial inhibition
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(ZFIC values 0.08-0.35), was non-toxic at both 24 and 48 hr (percentage inhibition of 34.34 £ 6.49
and 46.90 £ 0.79, respectively), and was able to inhibit Candida biofilms. These findings suggest
that selected essential oils have potential as alternative treatments for vaginal infections, with the
ability to inhibit vaginal pathogens, demonstrate low toxicity while not inhibiting the natural

microbiota in vitro.

Keywords
Vaginal infections, vaginal microbiota, essential oils, biofilm, essential oil combinations,

Lactobacilli spp, antimicrobial

Introduction

Vaginal infections represent a significant concern in women’s health, with implications for both
physical and psychological well-being.! Among these, bacterial vaginosis (BV) and vulvovaginal
candidiasis (VVC) are the most prevalent, especially in women during their reproductive years.
Bacterial vaginosis accounts for approximately 60% of cases, and at least 75% of women
experience an episode of VVC in their lifetime.? 3 Added to that, the rates of re-infection within
the first six months and year of treatment are incredibly high. 4 °

The recurrent nature of vaginal infections complicates treatment as current therapies,
including antibiotics and antifungals, are increasingly compromised due to the emergence of
resistant micro-organisms.® This pattern of resistance exacerbates the cycle of recurrent infections,
leading to increased use of conventional medications, contributing to the broader issue of
antimicrobial resistance. Additionally, the use of conventional treatments often has a negative
impact on the vaginal microbiota, particularly on the Lactobacillus species, which are crucial for
maintaining the vaginal microbiome.” The formation of biofilms by pathogens further complicates
treatment, as this enhances the resilience of pathogens implicated in vaginal infections and leads
to treatment failure.®

Despite the well-documented historical use and current popularity of essential oils in the
aromatherapeutic literature, there is a lack of sufficient scientific evidence supporting their efficacy
in treating vaginal infections.**1° Furthermore, studies on the antimicrobial activity of essential
oil combinations against vaginal pathogens are limited, despite essential oils being often used in

combination to achieve therapeutic synergy.!''® There are several essential oils (Eugenia
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caryophyllata Thunb., Mentha piperita L., Thymus vulgaris L., Citrus paradisi Macf., Citrus limon
L., Origanum vulgare L., Rosmarinus officinalis L.) that have been associated with no inhibition
(either with planktonic cells or biofilms) of the vaginal microbiota, suggesting a positive effect on
the vaginal microbiome.'*?° Some essential oils (Citrus sinensis L., Origanum vulgare L.,
Rosmarinus officinalis L., Thymus vulgaris L.) have also been reported to stimulate the growth of
micro-organisms that are part of the vaginal microbiome.*

There is also a mistaken assumption that essential oils, being natural products, are
inherently non-toxic; however, several reports do exist emphasizing the toxicity of essential oils.
13,2122 Thys, this necessitates a thorough investigation into their toxicity.

This study aimed to evaluate the antimicrobial activity of essential oils and their
combinations against vaginal pathogens. Additionally, the study assessed the effect of essential
oils and combinations on the vaginal microbiota and their potential to inhibit biofilms.
Additionally, the research addresses the toxicity of essential oils and combinations to help evaluate
safety as well as the effects on the vaginal microbiota.

Materials and Methods

Essential Oil Selection and Chemical Analysis

Forty-six essential oils and 86 combinations were selected based on the aromatherapeutic literature
accessible to the layman and their reported anti-infective use against vaginal infections.?®2° As the
layman literature does not specify which part of the plant is recommended or very often does not
document the scientific name, more than one essential oil species was included for several of the
oils, and the part was selected based on essential oil availability. The essential oils used in this
study were procured from Scatters Qils (Gauteng, South Africa) and Prana Monde (Belgium). The
chemical profiles of the essential oils were obtained from the suppliers of the essential oils.

Preparation of Cultures

The 12 micro-organisms that were investigated were obtained from the American Type Culture
Collection (ATCC). Pathogens were selected based on their relevance to BV and VVC, their

known relevance in vaginal infections, and their availability. Commonly occurring bacterial
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reference strains in the vaginal canal included Enterococcus faecalis (ATCC 29212) and
Gardnerella vaginalis (ATCC 14018). The bacterial reference strain, Peptostreptococcus
anaerobius (ATCC 27337), was included due to its status as a neglected pathogen. The yeast
reference strains included Candida albicans (ATCC 10231), Candida krusei (ATCC 2159),
Candida glabrata (ATCC 90030), and Candida tropicalis (ATCC 40042). Additionally, microbial
colonizers (Lactobacillus acidophilus ATCC 314, Lactobacillus fermentum ATCC 9338,
Lactobacillus gasseri ATCC 19992, Lactobacillus plantarum ATCC 8014, and Lactobacillus
rhamnosus ATCC 7469) were chosen due to their relevance in the vaginal microbiome.
Regarding the bacterial culturing, E. faecalis was inoculated into Tryptone Soya broth
(TSB) (Oxoid) and grown at 37°C for 24 hrs. The fastidious pathogens G. vaginalis and P.
anaerobius were inoculated into Mueller Hinton broth supplemented with 5% sheep’s blood and
incubated at 37°C in a 5% CO: incubator. Gardnerella vaginalis required 48 hrs incubation,
while P. anaerobius required three to five days. All Candida cultures were inoculated into TSB
and incubated at 37°C for 48 hrs. The Lactobacillus colonizers were inoculated into De Man—
Rogosa—Sharpe (MRS) broth (Oxoid) and incubated at 37°C for 24 hrs in a 5% CO: incubator.
Each culture was streaked onto relevant agar to confirm the purity of the culture. The University
of the Witwatersrand Human Research Ethics Committee (Reference W-CBP-230405-01) granted

a waiver for the use of these micro-organisms.

Minimum Inhibitory Concentration (MIC)

The broth microdilution method was carried out for all 46 essential oils as described by Orchard
et al .>® The 96-well micro-titre plates were prepared by adding 100 pL of the respective broth
into each of the wells. The essential oils (diluted in acetone to a concentration of 32.00 mg/mL)
were added to the first row of the micro-titre plate at a volume of 100 pL, serially diluted, and then
the relevant culture added (100 puL ofa 0.5 McFarlands turbidity standard yielding an approximate
concentration of 1x10¢ colony forming units (CFU)/mL). This was then added to the wells at a
volume of 100 pL. Each micro-titre plate was sealed with a sterile adhesive sealing film to prevent
loss of essential oil due to evaporation. The micro-titre plates were incubated at an appropriate
temperature for a suitable duration depending on the growth requirements. After incubation, 40

uL p- iodonitrotetrazolium violet solution at a concentration of 0.04 mg/mL was added to each
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well of the microtiter plate. The presence of a colour change to pink/purple was indicative of the
presence of microbial growth. The lowest dilution with no colour change was considered the MIC
value for that essential oil. A MIC value of < 1.00 mg/mL was considered noteworthy.®! For the
microbial colonizers, MIC values >8 mg/mL were considered noteworthy, as the objective was to
ensure little to no inhibition of the microbiota.

Based on the combinations recommended in the aromatherapeutic literature, the essential
oils were tested at a 1:1 ratio, where a volume of 100 pL comprised of 50 pL of each oil used.®
To interpret the interactive profile, the Fractional Inhibitory Concentration index (XFIC) was

calculated:!!

MIC of (a *)combined with (b *)
MIC of (a) independently
MIC of (b *)combined with (a *)
MIC of (b) independently

FIC (i) =

FIC (ii) =

*Where (a) is the MIC of the one essential oil in the combination and (b) is the MIC of the other.

Thereafter, the ZFIC index was calculated as XFIC = FIC (i) + FIC (ii). The £FIC for each essential
oil combination was interpreted as: < 0.5 as synergy, > 0.5-<1.0 being additive, > 1.0-< 4.0
indicative of indifference, and > 4.0 antagonism.*! The inverse of this criterion was used when
evaluating the natural microbiota where > 4.0 was synergy, > 1.0-< 4.0 additive, > 0.5-<1.0
indifference, < 0.5 antagonism, as exhibition rather than inhibition was favoured for the
Lactobacilli spp.

A 100 pL volume of each positive, negative, and culture control was included in all assays
for each micro-organism. The positive controls were incorporated to ensure antimicrobial
susceptibility. The negative control (32.00 mg/mL water in acetone) was used to determine if the
solvent exhibited an antimicrobial effect. The culture control in the respective broth was used to
ensure that the media supported the growth of the pathogen. All antimicrobial studies were
undertaken in triplicate, and the mean and standard deviation were recorded on Microsoft Excel
Version 16.77.1.
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Brine Shrimp Lethality Assay

The brine shrimp lethality assay is extensively employed as an initial screening method to evaluate
the toxicity of various substances, including natural products and essential oils.®? Following the
assay protocol %, sea salt weighing 32 g was dissolved in 1 L of distilled water. Dried, brine-
shrimp (Artemia franciscana) eggs (Ocean Nutrition™) weighing 0.5 g were added to the artificial
seawater. The eggs were incubated for 18-24 hrs at ambient temperature. Thereafter, 400 puL of
saltwater containing live brine shrimp was added to each well of a 48-well microtiter plate.
Essential oil (400 pL for single oils and 200 pL of each essential oil for combinations) was added
to each well. Toxicity for all samples was tested at a concentration of 1.00 mg/mL. The tests were
done in triplicate. The negative control used was salt water at a concentration of 32.00 g/L to
ensure the simulated seawater supported growth. The positive control used was 1.6 mg/mL
potassium dichromate. After 24 and 48 hrs, the plates were observed under a light microscope
(Olympus) at 40 x magnification, and the dead shrimp were counted. Lastly, a lethal dose of 50

uL acetic acid (100% v/v) was added to the percentage mortality was calculated:

dead shrimp at 24 hours (or at 48 hours) (before acetic acid) — dead shrimp (time 0)
X

dead shrimp after acetic acid 100

% Mortality =

For combinations, the fractional mortality was calculated using the same equation as the
TFIC index.!* Biological cytotoxicity was considered for a percentage mortality of 50% or
greater.3* The toxicity was deemed as the fractional mortality concentration (FMC). The FMC

values were calculated using an adapted version of the FIC index:

% Mortality (a *)combined with (b *)
% Mortality (a) independently

% Mortality (b *) combined with (a *)
% Mortalit (b) independently

FMC (i) =

FMC (ii) =

“Where (a) is the % mortality of the one essential oil in the combination and (b) is the % mortality
of the other.
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Thereafter, essential oils and combinations that displayed both noteworthy MIC values and showed
no toxicity were further investigated for anti-biofilm activity.

Biofilm Studies

The method, >3 was used for the biofilm inhibition studies. Essential oil (100 pL if alone; or 50
uL: 50 uL of each essential oil for combinations) was added into the wells of a 96-well microtiter
plate. The essential oils added were in varying concentrations (2.00 mg/mL, 1.00 mg/mL, and 0.50
mg/mL). The concentration range was chosen to determine the lowest concentration that could be
utilized to inhibit biofilm formation.

Candida albicans and C. glabrata were selected for biofilm study due to their resilient
biofilms which is heavily implicated in infections associated with the vaginal microbiome.
Additionally, C. glabrata, while less studied, is also the second most prevalent pathogenic yeast
in humans after C. albicans.®*! The positive control was Amphotericin B, and the negative control
was water in acetone. A standardized solution containing approximately 1 x 108 CFU/mL of the
cultures (C. albicans and C. glabrata) was added into 100 uL. within a 96-well sterile microtitre
plate and incubated at 37°C for 4 hrs without shaking. Thereafter, the plates were incubated for a
further 48 hrs. The 4-hour incubation period was performed to allow initial adhesion of Candida
cells to the microtiter plate surface, which is a prerequisite step for biofilm establishment. This
was then followed by a further 48-hour incubation period to enable maturation of the biofilm
structure. Simply reporting a total of 52 hours would not capture this distinction, as the initial
adhesion phase and subsequent biofilm development are discrete and biologically relevant stages
in the standard biofilm assay methodology.

Biofilm biomass was then assayed using the modified crystal violet (CV) staining assay,
which comprised washing the incubated plates with sterile water and oven-drying them at 60°C
for 45 min, after which the wells were stained with 100 pL of 1% crystal violet and incubated at
room temperature for 15 min. To assess biofilm formation, 125 pL of ethanol was added to de-
stain the wells. This was then transferred to a new plate, and the biofilm mass was quantified
through absorbance at 590 nm using a microplate reader (Universal microplate reader ELX 800).
The mean absorbance of the essential oils and percentage inhibition was determined using the

following equation:
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. Optical density (OD)culture control — OD experimental X 100 OD culture control
% Inhibition =

(OD)culture control

Results were interpreted following established criteria.*? Biofilm inhibition percentages
ranging from 0.00% to 49.00% were considered indicative of poor inhibitory activity, while values
between 50.00% and 100.00% were classified as demonstrating good biofilm inhibitory activity.
The biofilm inhibition of the essential oils alone and in combination was carried out in triplicate,

and the average and standard deviation of the values were recorded.

Results and Discussion

Chemical Analysis of Essential Oils

Table 1 provides the major compounds for each of the essential oils that were investigated in this
study as obtained from the respective suppliers. It is known that a strong correlation exists between
the chemical composition of the essential oils and their antimicrobial activity.*® Including the
chemical profiles is also a means of ensuring quality control; hence, including GC-MS analysis in
antimicrobial studies is highly recommended.** The majority of the GC-MS data were consistent
with previous studies referenced in Table 1; however, some variability was observed. These
differences in the essential oils can be attributed to factors such as geographical location, batch,

supplier, plant part used, harvest time, maturity, and altitude.

Minimum Inhibitory Concentration of Single Essential Oils

Table 3.1 displays the average MIC values with standard deviation of the essential oils against the
various bacterial and yeast pathogen reference strains, as well as the effect on the microbial
colonizers (Lactobacillus spp.). On average, 35% of essential oils had noteworthy activity against
the bacterial species (MIC < 1.00 mg/mL), and 36% of essential oils had noteworthy activity
against the yeast species.

The essential oils that exhibited broad-spectrum antibacterial activity included M.

officinalis, P. cablin, C. paradisi, and C. aurantium. Those demonstrating broad-spectrum anti-
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yeast activity (n=4) were C. sativum, C. martini, C. aurantifolia, M. communis, and O. vulgare.
While C. aurantifolia, C. paradisi, O. vulgare, and M. communis, effectively inhibited six out of
seven pathogens at a noteworthy MIC value (< 1.00 mg/mL). These also did not interfere with
most of the Lactobacilli spp. growth. Thirteen essential oils had no substantial inhibitory effect on
all Lactobacilli spp. tested. Best activities (0.13 mg/mL) were observed for C. sativum and C.
citratus essential oils against the Candida reference strains.
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Table 3.1. Chemical analysis of essential oils where major compounds are >10%

Essential oil Essential oil GC-MS Previous studies Reference
(Scientific name) (Common name) (Major compounds)* (Major compounds)?
Boswellia carteri Birdw. Frankincense a- Pinene (44.18%) a- Pinene (37.00%) 4
Limonene (12.22%) Limonene (19.80%)
Cedrus atlantica G.Manetti Cedarwood a-Longipinene (41.90%) p-Himachalene (28.20%) 46
a-Himachalene (15.90%) a-Longipinene (21.26%)
Chamaemelum nobile All. Roman chamomile Methyl allyl angelate Isobutyl angelate (37.22%) 47
(20.23%)
Methyl allyl angelate (11.85%)
2-Methylbutyl angelate (18.71%)
Cinnamomum camphora J. Presl Camphor Camphor (27.00%) Camphor (36.81%) 48
Cinnamomum zeylanicum Garcin ex Blume | Cinnamon leaf Cinnamaldehyde (56.97%) Cinnamaldehyde (57.83%- 77.10%) 49,50
Citrus aurantifolia (Christm.) M.Hiroe Lime Limonene (39.10%) Limonene (42.6-63.35%) 51,52
a-Terpineol (16.40%) a-Terpineol (16.5%)
Terpinolene (11.20%) Terpinolene (11.80%)
Citrus aurantium L. Petigrain Linalool (41.81%) Linalool (43.2-65.97%) 53
Limonene (13.91%) Linalyl acetate (0.77%-24.77%)
Citrus reticulata (Blanco) M.Hiroe Mandarin Limonene (93.8%) Limonene (92.52-97.3%) 54
Citrus bergamia Risso Bergamot Linalool (29.57%) Linalool (8.80-46.34%) 55,56
Limonene (29.10%) Limonene (17.06%-37.20%)
Linalyl acetate (26.82%) Linalyl acetate (17.69-30.10%)
Citrus paradisi Macfad. Grapefruit Limonene (95.00%) Limonene (95.1%) 57
Citrus x sinesis L. P. Osheck Orange Limonene (93.5%) Limonene (93.2%) 58
Commiphora myrrha (T.Nees) Engl. Myrhh Furanoeudesma-1,3- Furanoeudesma-1,3-diene (18.8%) 59
diene(49.43%)
Curzerene (19.98%) Curzerene (11.64% - 34.65%) 60
Lindestrene (12.9%)
Coriandrum sativum L. Coriander seed Linalool (29.76%) Linalool (36.69-72.35%) 61,62
2-Decenal (17.78%) y-Terpinene (0.1-13.6%)
63

Cymbopogon citratus (hort. ex DC.) Stapf

Lemongrass

Geranial (36.99%)

Geranial (32.20%)
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Essential oil Essential oil GC-MS Previous studies Reference
(Scientific name) (Common name) (Major compounds)? (Major compounds)?
Neral (29.67%) Neral (25.70%)
Cymbopogon martini Stapf Palmarosa Geraniol (77.80%) Geraniol (76.77-94.03%) 64,65
Geranyl acetate (12.4%)
Eucalyptus globulus Labill. Bluegum eucalyptus | 1,8-Cineole (63.6%) 1,8-Cineole (63.10%%) 66,67
a-Terpineol (10.5%)
Eucalyptus radiata Sieber ex DC. Narrow-leaved 1,8-Cineole (65.59%) 1,8-Cineole (65.70%) 68
peppermint a-Terpineol (12.27%) a-Terpineol (12.80%)
Eugenia carophyllata C.Thunberg Clove Eugenol (70.67%) Eugenol (75.80%) 69,70
Eugenyl acetate (19.21%) Eugenyl acetate (18.98%)
S-Carophyllene (6.00-18.90%)
Foeniculum vulgare Mill. Fennel seed Trans-anethole (80.61%) Trans-anethole (84.00%) e
Helichrysum angustifolium DC. Immortelle a-Pinene (22.39%) o-Pinene (29.77%) 72
y-Curcumene (14.23%) y-Curcumene (18.80%) 73
Hyssopus officinalis L. Hyssop S-Pinocamphone (35.08%) S-Pinocamphone (34.00%) 4
S-Pinene (15.95%) S-Pinene (10.10%) 30
Juniperus communis L. Juniper a-Pinene (44.00%) o-Pinene (46.63%) 75
S-Pinene (10.81%) S-Pinene (10.70%) 76
Laurus nobilis L. Laurel 1,8-Cineole (54.10%) 1,8-Cineole (55.00%) 77,58
Lavandula angustifolia Mill. English lavender Linalyl acetate (41.89%) Linalyl acetate (36.70%)
Linalool (26.42%) Linalool (31.40%)
S-Carophyllene (10.20%)
Melaleuca alternifolia Cheel Teatree 1,8-Cineole (56.70%) Terpinen-4-ol (44.60%) 57
Melaleuca cajuputi Banks, Maton & Sm. ex | Cajuput Linalyl acetate (49.80%) Linalyl acetate (49.80%) 43
R.Powell Benzyl alcohol (10.60%) Benzyl alcohol (10.60%)
Melaleuca quinquenervia (Cav.) S.T.Blake | Niaouli 1,8-Cineole (43.59%) 1,8-Cineole (0.1-76.00%) 78,79
a-Pinene (10.48%) o-Pinene (13.73%)
Melissa officinalis L. Lemon balm Citronellal (35.6%) Citronellal (31.1%) 80
Mentha piperita L. Peppermint Menthol (44.51%) Menthol (47.50%) 58
Menthone (18.19%) Menthone (18.60%)
Myrtus communis L. Myrtle Estragole (74.20%) Estragole (74.20%) 43
Limonene (10.00%) Limonene (10.00%)
Ocimum sanctum L. Holy basil Estragole (74.61%) Estragole (68.00%) 81,43
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Essential oil Essential oil GC-MS Previous studies Reference
(Scientific name) (Common name) (Major compounds)? (Major compounds)?
Linalool (17.78%) Linalool (18.40%)
Origanum majorana L. Marjoram Terpinene-4-ol (22.54%) Terpinene-4-ol (16.80%) 82
y-Terpinene (15.14%)
Origanum vulgare L. Oregano Carvacrol (62.73%) Carvacrol (67.90) 43
Patchouli alcohol (26.32%) 83,58
Pogostemon cablin (Blanco) Benth. Patchouli Patchouli alcohol (30.80%) J- Guaiene (14.60%)
0- Guaiene (18.04%) a- Guaiene (12.50%)
a- Guaiene (14.98%) o
Pelargonium graveolens L'Hér. Geranium Dihydrogeraniol (27.77%) Dihydrogeraniol (26.70%)
Geraniol (14.09%) Geraniol (14.09%)
Pinus sylvestris L. Pine Bornyl acetate (34.8%) Bornyl acetate (42.30%) 58
a-Pinene (11.10%) a-Pinene (11.00%)
0-3-Carene (12.60%)
Pistacia lentiscus L. Mastic Myrcene (20.2%) Myrcene (36.92%) 84
a-Pinene (18.70%) o-Pinene (18.72%)
Limonene (14.50%)
Rosa damascena Mill. Damask rose Citronellol (34.06% Citronellol (28.13%) 85,43
Geraniol (14.29%) Geraniol (18.29%)
Nerol (10.20%)
Rosmarinus officinalis L. Rosemary Camphor (19.8%) Camphor (8.87%) 86
Salvia sclarea L. Clary sage Linalyl acetate (66.22%) Linalyl acetate (69.40%) 87
Linalool (14.30%)
Salvia officinalis L. Sage Linalyl acetate (58.5%) Linalyl acetate (58.5%) 43
Camphor (19.8%) Camphor (19.8%)
Santalum album L. Sandalwood a-Santalol (32.1%) a-Santalol (>43%) 88
4,5,9,10
Dehydroisolongifolene
(12.3%)
cis-a-Santalol (11.3%)
Styrax benzoin (Hayne) P.W.Fritsch Benzoin Eugenol (81.90%) Eugenol (81.90%) 43

Dimethyl phthalate (72.20%)
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Essential oil
(Scientific name)

Essential oil
(Common name)

GC-MS
(Major compounds)?

Previous studies
(Major compounds)®

Reference

Thymus vulgaris L.

Vetiveria zizanioides Stapf

Thyme

Vetiver

Thymol (46.61%)
p-Cymene (17.38%)
Khusenique acid (25.02%)

Thymol (44.97%)

Zizanol (12.80%)
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Origanum vulgare had the best broad-spectrum activity, having noteworthy inhibitory

MIC values against six out of the seven pathogen reference strains tested and minimal to no
inhibition against most of the natural microbiota, highlighting the potential for future in vivo
studies. The anti-lactobacillus effects of O. vulgare correspond with several previous studies.%-°2
Specific MIC values of the essential oils tested against P. anaerobius were not found in the
literature. The lack of studies may be due to the challenges in growing this fastidious pathogen and
the absence of a standardized growth protocol. This gap highlights a broader issue where the
clinical relevance of neglected vaginal pathogens is often understudied. Despite these challenges,
33% of the essential oils tested in this study exhibited noteworthy antimicrobial activity against P.
anaerobius. This finding emphasizes the importance of including neglected pathogens in
antimicrobial research, particularly in the context of vaginal infections, where they may contribute
to persistent or recurrent symptoms. Addressing these overlooked organisms is essential for

developing more comprehensive and effective treatment strategies.

Minimum Inhibitory Concentration of Essential Oil Combinations against Pathogens

A total of 602 essential oil combinations were tested (86 combinations against seven
pathogenic and five microbial colonizer reference strains), where the average MIC and XFIC
values were recorded (Table 3.2). Among the interactions, 101 exhibited synergy, 39 were
additive, 88 were non-interactive, and 30 were antagonistic against the bacterial reference strains.
Notably, E. faecalis was highly susceptible to most combinations, despite showing higher MIC
values when investigated with single essential oils. Gardnerella vaginalis and P. anaerobius
showed low levels of susceptibility to the combinations, which emphasises the strain’s resilience.

There were 48 combinations that resulted in synergy against the yeast pathogens.
Additionally, 127 combinations were additive, 124 were non-interactive, and only 45 were
antagonistic. Candida albicans was the most susceptible, while C. glabrata was the least
susceptible pathogen to inhibition by the essential oil combinations. Broad-spectrum synergistic
activity was mostly observed where the essential oils S. officinalis was combined with O. sanctum,
and C. camphora was combined with M. cajuputi. The lowest XFIC values and hence the best
synergy observed were recorded for C. bergamia with B. carteri and C. bergamia with C. atlantica
against E. faecalis (XFIC value of 0.07).

98



Table 3.2. MIC values (mg/mL) against bacterial and yeast pathogens and beneficial microbiota

Essential Oil EF! GV PA CA CK CG cT LA? LF LG LP LR
B. carteri 400 (£0.00)  120(x045)  3.67(£0.75) 2.33 (£ 0.82) 2.67 (£ 1.03) 160(x049)  131(x056) | 1.67(x052°  400(x000)  >8.00(£000) 2.33(£0.82)  2.67 (+1.03)
C. atlantica 400 (£0.00) 467 (1.63) 150(£050) | 3.00 (+1.10) 1.83 (+ 0.42) 160(+0.49)  150(x050) | 1.60 (x0.55) 1.00 (+ 0.00) 160 (£055)  1.80(+045)  1.67 (+052)
C. aurantifolia 050 (£0.00)  200(x000)  050(x0.00) | 050(£000)  0.75(x035) 050 (£0.00)  025(000) | 0.60(*0.22) 2.00(£0.00)  100(£0.00)  4.00(+000)  4.00(1.15)
C. aurantium 1.00 (£0.00)  046(x0.10)  1.00(£0.00) | 1.00(+000) 2.0 (*0.00) 1.00 (£0.00) 140 (x0.49) | 1.00 (+0.00) 1.00(+0.00)  2.00(x000)  1.00 (+0.00) 1.00 (+ 0.00)
C. bergamia 333(x1.03)  320(x1.10) 533 (x287) 100 (£0.00)  1.33(x0.52) 1.00 (£0.00)  117(x037) | 1.33(x052) 133(x052) 560 (£219)  7.00(x2.00)  8.00 (+0.00)
C. camphora 367(£0.82)  5.33(x2.07) 1.67 (+ 2.21) 167(052)  075(x029)  150(x050)  400(x0.00) | 1.17 (+0.42) 100(£0.00)  >800(x000) 3.33(x1.03) 2.0 (+0.00)
C. citratus 133(£052) 400 (x0.00) 133(£0.47) | 013(£000)  054(+0.25)  067(x024)  233(x0.75) | 0.60(*0.22) 100(£0.00)  >800(x000) 533(x207)  8.00 (+0.00)
C. martini 160 (055  4.00 (0.00) 167(x047) | 025(x019)  070(x027)  070(x0.24)  0.30(£0.10) | 1.40 (+0.55) 140 (+055)  090(x0.22)  360(+0.89) 090 (+0.22)
C. myrrha 140 (£055) 560 (x 2.19) 2.00 ( 0.00) 2.40 (+ 0.89) 1.40 (+ 0.55) 200(+000)  333(x094) | 800(x000)  080(x0.27)  >8.00(£000) 3.60 (+0.89) 1.00 (+ 0.00)
C. nobile 1.00 (£0.00) 2.0 (+ 0.00) 1.00(£0.00) | 400(£0.00)  058(£0.20)  063(x022)  063(x022) | 050 (0.00) 350 (x1.00)  1.00(x0.00)  4.00(+000)  2.00 (+0.00)
C. paradisi 050 (£0.00)  0.75(£0.35)  0.25(x0.00) | 1.00(£0.00)  144(£2.38)  038(£0.3)  0.75(x0.25) | 1.33(x052) 150 (x071) 200 (£0.00)  200(x000)  1.00 (+0.00)
C. reticulata 050 (£0.00)  2.00 (+ 0.00) 2.50 ( 0.87) 2.67 ( 1.15) 250 (£1.00) 067 (£024)  0.75(x0.25) | 0.45(x0.11) 167 (+058)  8.00(x0.00)  >8.00(£0.00)  2.00 (+0.00)
C. sativum 1.00(£0.00)  400(x000)  400(+0.00) | 013(x0.00) 013 (x000)  050(x025) 019 (x0.06) | 0.83(+0.26) 075(x029)  070(£0.27) 200 (0.00) 1.00 (% 0.00)
C. sinesis 100 (£0.00)  0.88(£0.25)  200(x0.00) | 400(x0.00)  042(x0.14)  075(+0.25)  0.75(+0.25) | 050 (+0.00) 100(£0.00)  >800(x000) >8.00 (£0.00)  4.00 (+0.00)
C. zeylanicum 167(£052)  217(x098)  0.18(x006) | 095(+1.40)  046(x010)  080(x024)  133(+0.47) | 090 (+0.22) 120 (+045) 200 (£000)  1.80(x045)  1.40 (+0.55)
E. carophyllata 133(£052)  333(x1.03)  058(x019) | 0.38(+0.14)  025(x000)  083(x024)  133(+047) | 300(x115)  150(£055)  1.33(x052) 167 (£052)  1.33(x052)
E. globulus 133(£052)  300(x115)  3.20(+0.98) 1.33 (+ 0.52) 1.40 (+ 0.55) 180(+040)  025(£0.00) | 1.20 (+0.45) 167 (x052)  >800(x000)  8.00(x000)  1.00 (+0.00)
E. radiata 250 (+1.00) 467 (x2.73) >8.00 (£0.00) | 1.00(£000)  1.25(+0.50) 175(+043)  150(x050) | >8.00(£000) 3.00(x115  350(x1.00)  6.00(+231)  1.20(+0.45)
F.vulgare 800(+0.00)  350(x1.00)  800(342 | 0.75(£0.29)  2.00 (x0.00) 800(x000)  175(x043) | 1.33(x052)  200(x000)  350(x1.00) 200 (£000)  1.20 (+0.45)
H. augustifolium 267(£1.03)  6.00(*231) 183(x0.72) | 083(£0.26) 233 (+0.82) 167(£047)  1.00(£0.00) | 1.00 (+0.00) 267(£1.03)  200(x0.00)  >8.00(x000) 1.67 (x052)
H. officinalis 200(x0.00) 175 (x 3.49) 2.00 ( 0.00) 1.00 (£0.00) 150 (+0.58) 140(+0.49)  183(x037) | 800(x000)  200(x000)  200(x000) 233 (+082) 140 (x055)
J. communis 267(x1.03) 640 (x2.19) 1.50 (+ 0.50) 1.17 (£ 0.41) 2.00 ( 0.00) 267(£0.94)  4.00(£0.00) | 2.80(2.95) 100(£0.00) 500 (£245)  2.67(x1.03) 167 (£052)
L. angustifolia 233(£0.82)  1.00(£000)  2.00 (+0.00) 1.60 (+ 0.55) 1.80 (+ 0.45) 200(+1.00)  1.00(£0.00) | 3.00 (1.15) 167(x052)  533(£207)  6.00(x219)  2.00 (+1.10)
L. latifolia 200(x0.00)  025(£000)  092(x019) | 1.00(£0.00) 150 (x0.58) 250(+0.87)  3.00(x1.00) | 4.00 (0.00) 100(£0.00) 200 (+0.00)  3.50(x1.00)  1.60 (+0.55)
L. nobilis 300(+1.15)  6.00(x231)  0.88(x022) | 1.25(x0.50) 1.75 (+ 0.50) 150 (£0.50)  1.25(£0.43) | 2.67 (x1.03) 100(£0.00)  >800(x000) 3.50(x1.00)  2.00 (+0.00)
M. alternifolia 200(£0.00)  0.75(£0.29) 2.0 (+0.00) 1.33 (+ 0.52) 1.00 (£055)  160(£0.49)  0.25(x000) | 1.40 (+0.55) 150 (+055)  4.00(£000)  560(x219)  1.67 (£0.52)
M. cajuputi 280(x110)  070(£0.27) 160 (+0.49) 1.33 (+ 0.52) 1.80 ( 0.45) 180(+0.40)  183(x037) | 1.67 (x052) 100(£0.00)  320(+110)  3.20(x1.10)  1.60 (+0.55)
M. communis 063 (£0.25)  1.00(£000)  800(£3.88) | 067(£0.29)  033(x014)  050(£0.00) 067 (£0.24) | 0.50 (+0.50) 100(£0.00) 200 (+0.00)  2.00(x0.00)  8.00 (+0.00)
M. officinalis 100 (£0.00)  092(£020)  0.5(x0.05) | 0.83(+0.26)  3.33(x1.15) 100(0.00)  021(£0.06) | >8.00(£000) 1.00(x0.00)  >8.00(£000) 050(+0.00) 800 (+0.20)
M. piperita 175(050)  025(£0.00)  1.00(x0.00) | 1.00(+0.00) 150 (+0.58) 150 (£0.50)  175(+0.43) | 0.18(+0.07) 1.00 (+ 0.00) 100(£0.00)  6.00(£231) 150 (+0.58)
M. quinquenervia  1.00(£0.00)  >800(x0.00)  200(x0.00) | 3.00 (+ 1.15) 233(+082)  058(x019)  1.00(x000) | 2.80(+1.10)  >8.00(£000) 200 (+0.00)  4.00(+0.00)  8.00 (+0.00)
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Essential Oil EF! GV PA CA CK CG CT LAZ LF LG LP LR
O. majorana 2.00 (+ 0.00) >8.00 (+ 0.00) 8.00 (+ 0.00) 1.17 (+ 0.41) 1.40 (+ 0.55) 2.40 (+ 0.80) 1.67 (x 0.47) 2.33(+0.82) >8.00 (+ 0.00) 3.60 (£ 2.52) 8.00 (+0.00) 2.40 (+0.89)
O. sanctum 1.67 (x 0.52) 1.80 (+ 0.41) 6.00 (* 3.15) 0.92 (+ 0.20) 0.80 (+0.27) 1.17 (x0.37) 1.17(x0.37) 0.92 (+ 0.00) 1.33(x0.52) 1.00 ( 0.00) 3.00 (£ 1.10) 1.83(x0.41)
O. vulgare 1.33 (+ 0.52) 0.50 (+ 0.00) 0.50 (+ 0.00) 0.83 (+ 0.26) 0.25 (+ 0.00) 0.40 (+0.12) 0.50 (* 0.00) >8.00 (+ 0.00) 1.00 ( 0.00) 4.00 (+0.00) 2.00 (+0.00) 2.00 (+0.00)
P. cablin 0.63 (+ 0.25) 0.50 ( 0.00) 0.25 (+ 0.00) 1.50 (+ 0.58) 2.67 (+ 1.15) 1.67 (+ 0.47) 0.50 (+ 0.00) 1.00 (+ 0.00) 0.33(x0.14) 2.00 (+ 0.00) 1.00 (+ 0.00) 2.00 (+ 0.00)
P. graveolens 1.50 (+ 0.55) 0.83 (+0.26) 1.60 (+ 3.00) 0.75 (£ 0.27) 1.17 (+ 0.41) 1.33(+ 0.47) 0.75 (+ 0.25) 1.00 (+ 0.00) 0.83 (+ 0.26) 1.83(x0.41) 1.80 (+ 0.45) 1.50 (+ 0.58)
P. lentiscus 2.00 (+ 0.00) 0.50 (+ 0.00) 2.00 (+ 0.00) 1.00 (+ 0.00) 1.40 (* 0.55) 1.75 (+ 0.43) 1.50 (+ 0.50) 1.50 (+0.58) 2.00 (+ 0.00) >8.00 (+ 0.00) 8.00 (+ 0.00) 2.00 (+0.00)
P. sylvestris 1.67 (+ 0.52) 1.00 (+ 0.00) 6.67 (+ 1.89) 0.50 ( 0.00) 0.83 (+0.26) 1.33(x 0.47) 0.92 (+0.19) >8.00 (+ 0.00) 1.17 (£ 0.41) 6.00 (+2.19) 2.67 (£1.03) 1.30 (£ 0.67)
R. damascena 2.00 (+ 0.00) 1.40 (% 0.55) 1.00 (+ 0.00) 1.00 (+ 0.00) 1.83(+1.17) 1.40 (+ 0.49) 0.15 (+ 0.05) 2.17 (£1.47) 1.80 (+ 0.45) 1.80 (+ 0.45) 3.50 (+1.00) 2.00 (+0.00)
R. officinalis 2.00 (+ 0.00) 0.50 ( 0.00) 0.42 (+ 3.75) 0.54 (+ 0.25) 2.50 ( 1.00) 1.20 (+ 0.40) 1.83(x0.37) 3.00 (+1.15) 1.67 (£ 0.52) 8.00 (+ 0.00) 8.00 (+ 0.00) >8,00 (+ 0.00)
S. album 0.19 (+0.07) 0.45 (£ 0.13) 1.67 (+ 3.00) >8.00 (+ 0.00) 5.33 (+2.07) 3.00 (+ 1.00) 2.00 (+ 0.00) 3.33(+1.03) 0.83 (+ 0.26) 1.67 (£ 0.52) 0.83 (+ 0.26) 4.00 (+ 0.00)
S. benzoin 1.67 (+ 0.52) 0.90 (+0.22) 2.00 (+ 0.00) 0.70 (+0.27) 1.50 (+ 0.55) 3.00 (+ 1.00) 1.80 (+ 0.40) 0.35 (£ 0.14) 1.80 (+ 0.45) 1.75 (+ 0.50) 6.40 (+2.19) 2.00 (+ 0.00)
S. officinalis 4.00 (+ 0.00) 3.00 (+ 1.15) 8.00 (+ 0.00) 1.50 (+ 0.55) 2.33(x0.82) 1.60 (+ 0.49) 1.33 (x 0.47) 5.33 (£ 2.07) 1.67 (+ 0.52) 2.00 (+ 0.00) >8.00 (+ 0.00) 2.00 (+0.00)
S. sclarea 1.50 (+ 0.58) 1.00 (+ 0.00) 1.00 (+ 0.00) 8.00 (+ 0.00) >8.00 (+ 0.00) 8.00 (+ 0.00) 3.00 (+ 1.00) 1.00 (+ 0.00) 2.00 (+ 0.00) 2.00 (+ 0.00) 2.00 (+ 0.00) >8,00 (+ 0.00)
T. vulgaris 2.00 (+ 0.00) 1.67 (+ 0.52) 1.00 (£ 3.11) 1.25 (+ 0.50) 1.40 (+ 0.55) 1.17 (+ 0.37) 1.17 (+ 0.37) 4.00 (+ 0.00) 1.67 (£ 0.52) 2.00 (+ 0.00) 3.33(x1.03) 2.00 (+ 0.00)
V. zizanioides 0.67 (+0.26) 1.67 (+ 0.52) 2.00 (+ 0.71) 2.50 (+ 1.00) 0.75 (+ 0.29) 1.60 (+ 0.49) 0.23 (+ 0.05) 1.67 (+0.52) 0.42 (£ 0.13) 0.50 (+ 0.00) 1.50 (+ 0.55) 0.42 (+ 0.13)

Controls

Ampicillin 0.63 mg/mL ND?* ND ND ND ND ND ND ND ND ND ND
Metronidazole ND 2.00 pg/mL 4.00 pg/mL ND ND ND ND ND ND ND ND ND
Amphotericin B ND ND ND 1.00 pg/mL 0.63 ug/mL 2.00 pg/mL 0.50 pg/mL ND ND ND ND ND
Erythromycin ND ND ND ND ND ND ND 0.078 pg/mL 0.25 pg/mL 0.50 pg/mL 0.125 pg/mL 1.00 pg/mL

Culture control

+

+

+

+

+

+

+

4

.

.

au

au

1. EF= Enterococcus faecalis (ATCC 29212); GV= Gardnerella vaginalis (ATCC 14018); PA= Peptostreptococcus anaerobius (ATCC 27337); CA= Candida albicans (ATCC
10231); CK= Candida krusei (ATCC 2159); CG= Candida glabrata (ATCC 90030); CT= Candida tropicalis (ATCC 40042); LA= Lactobacillus acidophilus (ATCC 314); LF=
Lactobacillus fermentum (ATCC 9338); LG= Lactobacillus gasseri (ATCC 19992); LP= Lactobacillus plantarum (ATCC 8014) and LR= Lactobacillus rhamnosus (ATCC 7469).

2\/aginal microbiota values shaded in to distinguish between pathogens and microbiota. 3. The noteworthy inhibitory MIC values for pathogens are in bold, and the MIC values demonstrating

little to no inhibition for the lactobacilli are also indicated in bold in the shaded area “ND not determined as the most appropriate positive control was used against each pathogen.
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The same XFIC values were also recorded for the combination O. vulgare with O. sanctum
against P. anaerobius. The lowest XFIC value (0.06) was observed for the combination M.
quinquenervia with E. globulus when tested against G. vaginalis.

Minimum Inhibitory Concentration of Essential Oil Combinations when tested against vaginal biota

Table 3.3 shows the average MIC and XZFIC values of the essential oil combinations tested on
the Lactobacilli found in the vagina. Regarding the combinations that displayed noteworthy
antimicrobial activity against the pathogens (Table 3.4), it is interesting to note that O.
vulgare with either C. reticulata, O. sanctum, or R. officinalis did not inhibit most of the Lactobacilli
spp. In terms of combinations with the best synergistic profiles and overall best activity, C. camphora
with M. cajuputi, C. camphora with O. sanctum, and S. officinalis with O. sanctum did not inhibit the
growth of most of the Lactobacillus spp. Overall, 33% of essential combinations did not inhibit any
of the Lactobacillus spp. demonstrating a positive effect on the vaginal microbiome. The vaginal
microbiota plays a pivotal role in maintaining urogenital health, primarily through the dominance of
beneficial Lactobacillus species such as L. crispatus and L. gasseri. These species contribute to the
maintenance of a low vaginal pH and inhibit the proliferation of pathogenic organisms via lactic acid
beneficial Lactobacillus species such as L. crispatus and L. gasseri. These species contribute to the
maintenance of a low vaginal pH and inhibit the proliferation of pathogenic organisms via lactic acid
production and competitive exclusion.®® Preserving this microbial equilibrium is essential in the
development of novel therapeutic agents for vaginal infections.

Essential oils that exhibited noteworthy antimicrobial activity against vaginal pathogens while
exerting minimal inhibitory effects on Lactobacillus spp. can be identified as promising candidates
for further in vivo studies. This selective antimicrobial profile supports the potential for therapeutic
applications that effectively treat infections without compromising the integrity of the native

microbiota.
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Table 3.3. Average MIC (mg/mL) and XFIC values for essential oil combinations against pathogen reference strains

Essential oil combination ‘ E. faecalis G. vaginalis P. anaerobius C. albicans C. krusei C. glabrata C. tropicalis
Essential oil 1 Essential oil 2 MIC YFIC MIC YFIC MIC XFIC MIC XFIC MIC XFIC MIC XFIC MIC YFIC
C. camphora C. nobile 0.25(+0.00)' 0.16% 050(x0.00) 017  0.75(x025) 051 | 2.00(x0.00) 0.85 0.50 ( 0.00) 0.76 1.0 (+0.00) 113 0.75(£0.35) 0.69
L. angustifolia 0.25(+0.00) 0.09 075(x0.35) 045  4.00(x0.00) 220 | 200(x0.00) 1.22 0.75 (£ 0.35) 0.71  1.00 (+0.00) 050  0.75(x0.35) 0.47
M. cajuputi 0.25(+0.00) 0.08  200(x0.00) 162  038(+0.13) 023 | 050(x0.00) 0.34 0.38 (¢ 0.18) 0.35  1.00 (+0.00) 0.61  0.63(x0.53) 0.25
M. officinalis 0.25(+0.00) 0.16  1.00(x0.00) 064  031(x0.11) 114 | 1.00(x0.00)  0.90 0.25 (+ 0.00) 0.20  1.00 (+0.00) 0.83  0.25(+0.00) 0.63
0. sanctum 0.25(+0.00) 011  4.00(x0.00) 149  038(+0.13) 014 | 050(x0.00) 042 0.38 (+0.18) 0.48  1.00 (+0.00) 0.76  0.38(+0.18) 0.21
C. bergamia B. carteri 0.25(+0.00) 0.07  4.00(x0.00) 229  >8.00 (+0.00) >1.89 | 050 (+0.00)  0.36 2.00 (+ 0.00) 113 1.00 (+0.00) 081  0.75(+0.35) 0.61
C. atlantica 0.25(+0.00) 007  4.00(x0.00) 109  4.00(x000) 1.96 | 1.00(x0.00) 0.67 1.00 (+ 0.00) 0.63  1.00 (+0.00) 051  0.25(+0.00) 0.51
E.caryophyllata  025(+000) 013  1.00(+0.00) 031  >800(x000)  >7.10 | 063(x025) 113  075(+035 178  1.00(x000) 110  038(+0.18)  0.30
L. angustifolia 0.38(+0.18) 0.14 3.00(x141) 197 150(x050) 050 | 0.75(x0.29) 061 1.50 (+0.71) 0.98  1.00 (+0.00) 0.75  1.00 ( 0.00) 0.93
P. cablin 1.00 (+0.00) 094  1.00(+0.00) 1.16  800(x0.00) 1675 | 0.63(x0.25) 050 0.50 ( 0.00) 0.28  0.50 (+0.00) 038  0.44(x0.13) 0.62
S. album 050 (+0.00) 1.39  4.00(x0.00) 507 6.00(x2.00) 236 | 1.00(x0.00) >0506 2.00 (+0.75) 0.94 150 (+0.71) 1.00  0.50 (+0.00) 0.34
S. benzoin 025(+0.00) 011  050(x0.00) 036  <0.13(+0.00) <0.04 | 0.25(x0.00)  0.30 0.50 ( 0.00) 0.35  >8.00(+0.00) >533 0.50 (+0.00) 0.35
E. globulus L. angustifolia 0.25(x0.00) 015  0.75(x0.35) 0.50 3.50 (+ 0.87) 1.42 >8.00 (+ 0.00) >551  0.38(x0.18) 0.24 0.75 (+ 0.35) 0.40 1.00 ( 0.00) 2.50
M. alternifolia 0.25(+0.00) 0.6  4.00(x0.00) 333  3.00(x1.00) 1.22 | 200(x0.00) >150  0.50 (+0.00) 0.43  1.00 (+0.00) 051  0.25(+0.00) 1.00
M. officinalis 0.38(+0.18) 028  1.00(x0.00) 029  3.00(x1.00) 151 | >8.00(+0.00) >3.32  1.00 (+0.00) 1.28  0.50 (+0.00) 050  2.00 (+0.00) 4.43
O. marjoram 050 (+0.00) 031  >800(x0.00)  >1..83 8.00(x0.00)  1.75 | >8.00 (0.00) >6.43  0.75(+0.35) 050  2.00 (+2.00) 0.97  2.00 (+0.00) 4.60
P. sylvestris 050 (+0.00) 034 800(x0.00) 533  6.00(x200) 1.39 | 4.00(x0.00) >55 0.50 ( 0.00) 0.48  1.00 (+0.00) 0.65  0.50 (+0.00) 1.27
T. vulgaris 0.25(+0.00) 0.6  6.00(x2.82) 280  800(x0.00) 525 |3.00(x141) >2.33  1.00(+0.00) 0.71  0.75(x0.35) 050  1.00 (+0.00) 2.43
B. carteri 0.50 (+0.00) 0.16  4.00 (x0.00) 2.00 8.00 ( 0.00) 3.28 1.00 ( 0.00) 0.82 3.00 (+1.41) 121 0.75 (+ 0.35) 0.46 1.00 ( 0.00) 0.88
H. angustifolium C. aurantium 1.00 (+0.00) 069  4.00(x0.00) 468  050(+0.00) 039 | 1.50(x0.508) 165 2.00 ( 0.00) 0.93  1.00 (+0.00) 0.80 1.0 (+0.00) 0.86
C. bergamia 0.75(x0.35)  0.39  1.00(x0.00) 024  1.00(x0.00) 037 | 0.63(x043)  0.69 2.00 ( 0.00) 1.18  2.00 (+0.00) 151 0.50 (+0.00) 0.46
C. nobile 050 (x0.00) 021 3.00(x1.15) 100  0.25(x000) 019 | 0.75(x0.29)  0.50 0.50 ( 0.00) 050  2.00 (+0.75) 219  0.75(x0.35) 0.97
C. reticulata 0.75(+0.35) 0.89  3.00(x1.15) 100 3.00(x1.00) 142 | 1.00(x0.00) 0.79 4,00 (+0.00) 1.66  1.00 (+0.00) 1.05  1.00 (+0.00) 1.17
C. sinesis 0.00 (+0.00) 0.69  4.00(x0.00) 261  800(x000) 419 | 3.00(x1.15) 218 1.00 (+ 0.00) 141  1.00 (+0.00) 097  0.38(£0.18) 0.44
L. angustifolia 050 (+0.00) 020 2.5 (+1.00) 146  8.00(x0.00) 419 | 1.50(x0.508) 137 4,00 (+0.00) 1.97  1.00 (+0.00) 050  2.00 (+0.00) 2.00
P. graveolens 050 (x0.00) 026  200(x0.00) 137  050(x000) 029 | 0.83(x1.60) 1.06 1.00 (+ 0.00) 0.64  0.75(x0.35) 050  2.00 (z0.00) 2.33
R. damascena 1.00 (£0.00) 044  1.00(x0.00) 044  050(x0.00) 039 | 038(x0.14) 041 2.00 ( 0.00) 0.98  1.00 (+0.00) 0.66  0.25(+0.00) 0.96
M. alternifolia C. aurantium 0.25(x0.00) 0.19  1.00(x0.00) 175  0.13(x0.00) 009 | 2.00(x0.00) 1.75 0.75 (+ 0.35) 0.35  0.75(+0.35) 0.79  0.25(+0.00) 0.51
C. myrrha 050 (+0.00) 0.30  800(x0.00) 605 025(+x0.00) 013 | 150(x0.71) 0.88 1.50 (+0.71) 0.86  2.00 (+0.00) 1.00 0.5 (+0.00) 0.50
C. reticulata 2.5 (£1.33) 313  2.00(x0.00) 1.83  3.00(x1) 1.35 | 2.00(x0.00) 1.3 2.67 (+1.15) 111 0.75(+0.35) 0.69  0.25(+0.00) 0.51
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Essential oil combination E. faecalis G. vaginalis P. anaerobius C. albicans C. krusei C. glabrata C. tropicalis
Essential oil 1 Essential oil 2 MIC XFIC MIC XFIC MIC XFIC MIC XFIC MIC XFIC MIC XFIC MIC XFIC
C. roman 025(x000) 049  2.00(£000) 063  6.00(x200) 450 | 2.00(*000) 100  100(x000) 051  1.00(x000) 098  0.25(x000) 067
C. sinesis 025(x000) 019 150(x071) 185  400(+0.00) 200 | 2.00(000) 100  100(x000) 141  1.00(x000) 073  038(x018) 085
C. zeylanicum 0.25(+000) 014 050(+000) 045 025(+000) 076 | 250(x1.00) 226  025(x000) 033  050(x000) 041  025(+000) 051
E.caryophyllata ~ 0.25(+0.00) 0.6 200 (£000) 163 050(x000) 051 | 1.00(x0.00) 169  167(£075 369  1.00(x000) 069  025(x000) 0.4
E. globulus 0.25 (+ 0.00) 0.16 2.00 (£ 0.00) 1.67 8.00 (£ 0.00) 3.25 4.00 (+ 0.00) 3.01 1.50 (£ 0.71) 0.96 1.00 (x 0.00) 1.06 0.25 (£ 0.00) 0.67
3. communis 050 (+0.00) 022 400(+000) 508  >300(:000)  >429 | >800(x000) >643 100(+000) 094  050(x000) 083  050(+000) 065
L angustifolia ~ 0.25(+0.00) 012  4.00(£000) 467  050(+000) 025 | 1.00(x000) 069  200(x000) 098  1.00(x000) 051  0.25(x000)  1.00
M. officinalis 038(£018) 023 300(+141) 238  600(+2.00) 376 | 2.00(000) 844  150(x071) 171  1.00(£000) 069  038(x018)  1.00
M.quinquenervia 038 (+0.18) 028  8.00(x000) 583  800(:0.00) 400 | 0.25(x000) 014  150(x071) 064  100(x000) 051  0.25(x000) 063
P. graveolens 100 (£000) 051  800(+000) 596  300(x100) 169 | 400(*000) 417  300(+141) 2.0l 100(:000) 092  100(+0.00) 067
P. sylvestris 0.75(+035 041  100(+000) 117  800(x000) 260 | 200(+000) 275  167(x085 136  >8.00(x0.00) >450 025(+000)  0.50
R. officinalis 025(x000) 013 075(x035) 125  600(+2.00) 864 | 1.00(£000) 130  038(x018) 016 075(x035) 088  025(x000) 063
S. sclarea 025(x000) 045 025(x000) 015  600(+2.00) 450 | 400(+000) 175  150(x071) 086  1.00(£000) 074  025(x000) 061
T. vulgaris 025(+000) 013  1.00(+000) 097  200(+000) 150 | 1.50(071) 116  025(+000) 014 075(+035) 070  025(+000)  0.51
M. quinquenervia  E. globulus 300(+1.15) 250 025(:+000) 006 800(+000) 325 | >800(000) >434 038(+018) 068  100(x000) 117  025(x000) 067
3. communis 100(£0.00) 069 150(x0.71) 025  >800(£000)  >429 | 400(£000) 238  025(:000) 025 050(000) 051  100(x0.00) 250
L angustifolia ~ 0.25(+0.00) 018 050 (£000) 028 300(+100) 150 | 400(x0.00) 192  1.00(£000) 048  050(x000) 062 075(+035) 088
M. officinalis 025(x000) 022 150(x071) 025 150(+050) 094 | 400(x000) 1605 300(x141) 075  100(x000) 105  1.00(+000)  0.63
P. sylvestris 038(+0.18) 030 100(+000) 051  200(+000) 065 | 400(x0.00) 467  1.00(£000) 039  050(x000) 051  100(+000)  1.00
R. damascena 0.25(+000) 019  100(+000) 106  100(+000) 144 | 200(x000) 219  1.00(£000) 109  050(x000) 080  100(+000) 071
s. album 063(£053) 196 1.00(x000) 117  300(+100) 165 | >8.00(:000) >183 200(x075 163  050(+000) 062  050(+000)  0.50
s. sclarea 038(x018) 024 025(x0.00) 015  6.00(+200) 450 | 300(+141) 069  133(+141) 023  100(x000) 103  075(+035 051
V. zizanioides 013(£000) 016  400(x000) 145 150(+050) 075 | 1.00(£000) 037  300(x141) 092  050(x000) 064  100(x000) 077
0. vulgare B. carteri 025(x000) 043 200(x0.00) 283  050(+000) 051 | 1.00(+0.00) 082  038(x0.18) 100 063(x025) 098  038(+018)  1.19
C.aurantifolia ~ 025(x0.00) 019 050 (+000) 063 050(x000) 100 | 050(x0.00) 0.80  400(x0.00) 875 050(x000) 078 075(x035  1.04
C. bergamia 050(£000) 034 075(x0.35) 087  025(+x000) 027 | 1.00(x000) 110  038(x018) 102 150(x0.71) 295  0.25(+000)  0.67
C. martini 050(£0.00) 044 050(x000) 051  025(+000) 032 | 050(x000) 130  150(x071) 400 050(x000) 113  038(+018) 1.3
C. paradisi 025(000) 022 200(*000) 333 013(x000) 038 | 075(0.35) 083  050(+000) 119  1.00(x000) 175  1.00(x0.00) 143
C. reticulata 025(+000) 034 050(x0.00) 063 013(x000) 015 | 1.00(+000) 079  083(+160) 202  050(+000) 081  100(+000) 167
C. sinesis 025(£000) 029 075(x035) 118  100(+000) 125 | 033(+184) 024  113(£063) 329  050(x000) 100  100(+000) 121
E. globulus 025(x000) 019 050(x0.00) 051  050(+000) 051 | 038(+018) 037  300(*141) 660 050(x000) 08l  100(+000) 127
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Essential oil combination E. faecalis G. vaginalis P. anaerobius C. albicans C. krusei C. glabrata C. tropicalis
Essential oil 1 Essential oil 2 MIC XFIC MIC XFIC MIC XFIC MIC XFIC MIC XFIC MIC XFIC MIC XFIC
H. officinalis 0.25(+0.00) 034  1.00(+x000) 129  075(x025) 094 | >8.00 (+0.00) >8.82  2.00 (+0.00) >4.13  1.00 (+0.00) 131 150(+0.71) 1.75
M. communis 0.25(+0.00) 034  200(+x0.00) 300 025(+x0.00) 027 | 050(+x0.00) 067 >8.00 (+0.00) >8.82 0.50 (+0.00) 1.28 150 (+0.71) 2.50
M. officinalis 400 (£000) 250 0.75(+035) 084  025(x000) 034 | 025(+000)  1.11 075(+035) 177 050(x0.00) 076  1.00(+0.00)  3.00
0. sanctum 0.25(x0.00) 016  050(x0.00) 022  050(x0.00) 007 | 050(+000) 051 050 (+0.00) 151  050(+0.00) 096  050(+0.00) 083
P. graveolens 0.25 (+ 0.00) 0.18 2.00 (+ 0.00) 3.20 0.50 (+ 0.00) 0.66 4.00 (+ 0.00) 5.08 0.50 (+ 0.00) 0.42 4.00 (+ 0.00) 2.96 0.25 (+ 0.00) 0.20
P. sylvestris 050 (+0.00) 034  200(x0.00) 300  4.00(+0.00) 430 | 150(0.71)  2.40 1.00 (£0.00) 220  050(+0.00)  1.00  1.00 (+0.00) 1.67
R. officinalis 1.00(+0.00) 068  1.00(+0.00) 200 075(x0.25 094 | 1.00(x0.00) 150 050 (+0.00) 200  050(+000) 113  050(+0.75)  0.87
S. sclarea 050 (+0.00) 026  0.75(+0.35) 1.3  150(x050) 225 | 075(+0.35) 050 1.00 (+0.00) 260 075(+x035) 122  050(+0.00)  0.77
S. officinalis B. carteri 0.25(+0.00) 028  4.00(x000) 233  800(+000) 151 | 050(0.75)  0.27 1.00 (+0.00) 064  1.00(+0.00)  0.69  150(+0.71) 1.14
C. atlantica 0.25(+0.00) 028 3.00(+1.41) 082  1.00(x0.00) 040 | 1.00(+0.00) 050 1.00 (+0.00)  1.08  1.00(+0.00) 111  050(+0.00) 035
C. aurantifolia 0.25(+0.00) 028 3.00(+141) 125 1.00(x0.00) 106 | 0.75(x0.35)  1.00 2.00(x0.00) 083  1.00(+000) 106  025(+0.00) 051
C. bergamia 0.25(+0.00) 038  4.00(x000) 129  1.00(+0.00) 016 | 075(x035) 063 150 (x0.71) 073  1.00(+0.00) 063  0.75(+0.35)  0.60
C. nobile 050 (+0.00) 031 200(x000) 083 075(x025 042 | 1.50(x0.71)  0.69 050 (+0.00) 029  050(+x0.00) 030  1.00(+0.00) 117
C. paradisi 400(x0.00) 125 200(x000) 167  050(x0.00) 103 | 1.00(+000) 083 >8.00 (+0.00) >372 150(+x0.71) 075  1.00 (+0.00) 1.04
C. reticulata 050(x0.00) 031 075(x035) 051  4.00(+0.00) 1.05 | 4.00(+x0.00) 2.08 1.00 (+000) 141  075(x035)  0.73  1.00 (0.00) 1.04
C. sinesis 0.50 (= 0.00) 0.50 1.00 (£ 0.00) 0.67 4.00 (+ 0.00) 1.25 1.00 (x 0.00) 0.46 2.00 (x0.00) 1.63 1.00 (x 0.00) 0.69 0.50 (+0.00) 0.50
E. globulus 050 (+0.00) 021  4.00(+000) 133  3.00(+1.00) 066 | 0.44+0.13) 0.31 2.00(+0.00) 080  1.00(+0.00) 063  2.80(+1.73) 6.65
J. communis 0.25(+0.00) 008 4.00(x000) 098  800(x0.00) 317 | 267(*115) 203 >8.00 (+0.00) >3.94 1.00(+0.00) 051  3.60 (+1.73) 1.80
L. angustifolia 0.25(+0.00) 0.3  4.00(x0.00) 267  150(+x050) 047 | 4.00(x0.00) 258 2.67 (+1.15) 3.04 050 (+0.00) 050  2.00 (+0.00) 1.75
M. alternifolia 0.25(+0.00) 009 150(x0.71) 070  2.00(x0.00) 063 | 2.00(x000) 1.42 3.00(+141) 172 150 (+0.71) 111  0.38(x£0.18) 0.89
M. officinalis 0.25(+0.00) 0.28  4.00(x0.00) 167  200(+0.00) 088 | 4.00(x0.00) 1672 150 (+0.71) 1.32  1.00 (+0.00) 1.31  2.00 (+0.00) 1.18
0. sanctum 0.25(+0.00) 016  050(+x0.00) 022  050(+0.00) 0.07 | 050(+0.00) 0.44 050 (£0.00)  0.30  2.00 (+0.00) 1.63  0.25(x0.00) 0.20
P. graveolens 0.25(+0.00) 028  050(+0.00) 038  1.00(+0.00) 0.38 | 1.00(+0.00)  1.00 150 (+0.71)  0.84  1.00 (+0.00) 163 150 (+0.71) 151
P. sylvestris 050 (+0.00) 021  150(x0.71) 125  2.00(+0.00) 027 | 4.00(x0.00) 533 0.75 (+ 0.35) 050  0.50 (+0.00) 031  0.50 (+0.00) 0.46
T. vulgaris 0.25(x0.00) 0.09  4.00(+x000) 117 6.00(x0.00) 3.38 | 2.00(+x0.00) 147 3.00 (+ 1.41) 172 150 (+0.71) 111 1.00 (+0.00) 0.80

"Noteworthy MIC values in bold; *bold italics for synergistic ZFIC
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Table 3.4. Average MIC and XFIC values of selected beneficial microbiota reference strains

Essential oil combination | L. acidophilus | L. fermentum | L. gasseri L. plantarum L. rhamnosus
Essential oil 1 Essential oil 2 MiIC XFIC MiIC YFIC MIC YFIC MIC YFIC MIC YFIC
C. camphora C. nobile 1.00 (+ 0.00) 1.00 6.00 (+ 2.00) 3.86 2.00 (x 0.00) >1.13 2.00 (x 0.00) 0.55 2.00 (+ 0.00) 1.00
L. angustifolia 4.00 (+0.00)* 4,00 >8.00 (+ 0.00) >6.40 >8.00 (+ 0.00) >1.25 2.00 (x 0.00) 0.47 4.00 (£ 0.00) 2.00
M. cajuputi 1.00 (+ 0.00) 1.00 2.00 (x 0.00) 2.00 2.00 (x 0.00) >0.44 3.00 (+1.41) 0.92 2.00 (+ 0.00) 1.13
M. officinalis 0.38 (£ 0.18) >0.18 2.00 (x 0.00) 2.00 2.00 (+ 0.00) >0.26 1.00 (x 0.00) 1.15 1.00 (+ 0.00) 0.31
O. sanctum 0.50 (+ 0.00) 0.50 2.00 (+ 0.00) 1.75 1.00 (x 0.00) >0.56 2.00 (x 0.00) 0.63 2.00 (+ 0.00) 1.05
C. bergamia B. carteri 1.50 (£ 0.71) 221 3.00 (+ 1.00) 1.50 3.00 (+1.41) >0.46 4.00 (£ 0.00) 1.14 >8.00 (+ 0.00) >2.00
E. caryophyllata 0.50 (+ 0.00) 0.50 2.00 (x 0.00) 1.42 4.00 (£ 0.00) 1.86 2.00 (x 0.00) 0.74 3.00 (+1.41) 1.32
L. angustifolia 2.00 (+ 0.00) 2.00 1.00 (+ 0.00) 0.68 2.00 (+ 0.00) 0.37 4.00 (+0.00) 0.62 4.00 (£ 0.00) 1.25
P. cablin 0.50 (+ 0.00) 0.50 1.00 (x 0.00) 1.89 2.00 (x 0.00) 0.68 2.00 (x 0.00) 1.14 3.50 (+1.00) 1.09
S. album 6.67 (+2.31) 8.98 0.50 (+ 0.00) 0.49 2.00 (+ 0.00) 0.78 1.00 (+ 0.00) 0.67 2.00 (+ 0.00) 0.38
S. benzoin 0.13 (£ 0.00) 0.13 1.00 (x 0.00) 0.65 1.00 (x 0.00) 0.38 1.00 (+ 0.00) 0.15 0.75 (£ 0.35) 0.23
E. globulus C. atlantica 2.00 (£ 0.00) 2.00 >8.00 (+ 0.00) >6.40  2.00 (+0.00) >0.76 150 (+0.71) 0.51 4.00 (+ 0.00) 3.20
L. angustifolia 4.00 (+ 0.00) 4.00 >8.00 (+ 0.00) >4.80 6.00 (+ 2.83) >0.94 >8.00 (+ 0.00) >1.17 >8.00 (+ 0.00) >6.00
M. alternifolia 1.00 (+ 0.00) 1.00 1.00 (+ 0.00) 0.63 >8.00 (+ 0.00) >1.50 >8.00 (+ 0.00) >1.21 8.00 (+ 0.00) 6.40
M. officinalis >8.00 (+ 0.00) >9.97 1.00 (+ 0.00) 0.80 >8.00 (+ 0.00) >1.00 >8.00 (+ 0.00) >1.25 8.00 (+ 0.00) 4.50
O. marjoram 4.00 (+ 0.00) 2.00 2.00 (x 0.00) >0.73 >8.00 (+ 0.00) >1.61 >8.00 (+ 0.00) >1.00 8.00 (+ 0.00) 5.67
P. sylvestris 1.00 (+ 0.00) >0.48 >8.00 (+ 0.00) >5.82 4.00 (+0.00) >0.58 4.00 (£ 0.00) 1.00 4.00 (+0.00) 3.54
T. vulgaris >8.00 ( 0.00) >4.30 1.00 (x 0.00) 0.60 3.00 (x1.41) >0.94 3.00 (x 1.41) 0.64 4.00 (£ 0.00) 3.00
H. angustifolium B. carteri 2.00 (x 0.00) 2.00 6.00 (+ 2.00) 1.87 2.00 (x 0.00) >0.63 >8.00 (+ 0.00) >0.86 1.00 (+ 0.00) 0.49
C. aurantium 0.50 (+ 0.00) 0.50 2.00 (+ 0.00) 1.37 3.0(x1.41) 1.50 2.50 (+ 1.00) >2.50 1.00 (+ 0.00) 0.80
C. bergamia 2.00 (x 0.00) 2.00 6.00 (+ 2.00) 3.38 >8.00 (+ 0.00) >2.71 2.00 (+ 0.00) >0.28 2.00 (+ 0.00) 0.72
C. nobile 0.50 (+ 0.00) 0.50 4.00 (+0.00) 3.16 2.00 (+ 0.00) 1.50 3.0 (x1.15) >0.76 2.00 (+ 0.00) 1.10
C. reticulata 2.00 (+ 0.00) 2.00 1.00 (x 0.00) 0.49 >8.00 (+ 0.00) >2.50 2.00 (+ 0.00) >0.25 1.00 (+ 0.00) 0.55
C. sinesis 3.0(x1.41) 441 1.25 (+2.78) 0.86 >8.00 (+ 0.00) >2.50 3.50 (+ 1.00) >0.50 2.00 (+ 0.00) 0.85
L. angustifolia 8.00 (+ 0.00) 8.00 >8.00 ( 0.00) >3.9 >8.00 (+ 0.00) >2.75 >8.00 (+ 0.00) >1.34 1.50 (+0.71) 0.82
P. graveolens 1.00 (+ 0.00) 1.00 4.00 (£ 0.00) 1.32 2.00 (+ 0.00) 1.05 3.50 (+ 1.00) >1.94 1.00 (+ 0.00) 0.63
R. damascena 0.50 (+ 0.00) 0.50 2.00 (+ 0.00) 0.93 1.00 (+ 0.00) 0.53 1.25(+0.5) >4.31 0.50 (+ 0.00) 0.27
M. alternifolia C. aurantium 0.25 (+ 0.00) 0.25 4.00 (+ 0.00) 3.33 2.00 (£ 0.00) 0.75 2.00 (£ 0.00) 1.18 2.00 (£ 0.00) 1.60
C. myrrha 0.75 (£ 0.35) 1.10 1.00 (+ 0.00) 0.96 1.5(x0.71) >0.28 2.00 (+ 0.00) 0.46 1.00 (+ 0.00) 0.80
C. reticulata 4.00 (£2.87) 6.87 1.00 (+ 0.00) 0.63 >8.00 (+ 0.00) >1.50 4.00 (+0.00) >0.61 4.00 (+0.00) 2.20
C. sinesis 1.00 (+ 0.00) 1.00 2.00 (+ 0.00) 1.67 >8.00 (+ 0.00) >1.50 >8.00 (+ 0.00) >1.21 8.00 (+ 0.00) 3.40
C. zeylanicum 0.25 (+ 0.00) 0.25 0.38 (+ 0.125) 0.28 2.00 (+ 0.00) 0.75 1.00 (+ 0.00) 0.37 1.00 (+ 0.00) 0.66
E. caryophyllata 0.50 (+ 0.00) 0.50 2.00 (+ 0.00) 1.33 4.00 (+0.00) 2.00 2.00 (+ 0.00) 0.78 2.00 (+ 0.00) 1.35
E. globulus 1.00 (+ 0.00) 1.00 0.75 (+ 0.25) 0.47 >8.00 (+ 0.00) >1.50 >8.00 (+ 0.00) >1.31 >8.00 (+ 0.00) >6.40
J. communis 3.0 (£1.41) 4.41 1.00 (+ 0.00) 0.83 >8.00 (+ 0.00) >1.80 >8.00 (+ 0.00) >2.21 8.00 (+ 0.00) 4.79
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Essential oil combination L. acidophilus | L. fermentum L. gasseri L. plantarum L. rhamnosus
Essential oil 1 Essential oil 2 MIC XFIC MIC XFIC MIC XFIC MIC XFIC MIC XFIC

L. angustifolia 1.00 (+ 0.00) 1.00 2.00 (+ 0.00) 1.27 >8.00 (+ 0.00) >1.75 4.00 (+ 0.00) 0.69 8.00 (+ 0.00) 4.40
M. officinalis 1.00 (+ 0.00) 1.00 2.00 (+ 0.00) 1.67 >8.00 (+ 0.00) >1.50 4.00 (+ 0.00) 0.73 >8.00 (+ 0.00) >2.90
M. quinquenervia 2.00 (+ 0.00) 2.00 1.00 (+ 0.00) >0.39 1.50 (£0.71) 0.56 >8.00 (+ 0.00) >1.71 8.00 (+ 0.00) 2.90
P. graveolens 1.00 (+ 0.00) 1.00 1.00 (+ 0.00) 0.94 4.00 (+ 0.00) 1.59 4.0 (x2.31) 147 4.00 (+ 0.00) 253
P. sylvestris 1.00 (+ 0.00) >0.42 1.00 (+ 0.00) 0.76 2.00 (= 0.00) 0.42 2.00 (+ 0.00) 0.55 4.00 (+ 0.00) 2.74
R. officinalis 0.75 (+ 0.35) 1.10 1.67 (£ 0.47) 1.05 4.00 (+ 0.00) 0.75 3.0(x1.41) 0.46 2.00 (+ 0.00) >0.72
T. vulgaris 1.00 (+ 0.00) 1.00 1.00 (+ 0.00) 0.63 4.00 (+ 0.00) 1.50 2.00 (+ 0.00) 0.48 2.00 (+ 0.00) 1.10

Melaleuca quinquenervia C. roman 2.0(+0.75) 2.75 2.00 (+ 0.00) >0.42 2.00 (+ 0.00) 1.50 4.00 (+ 0.00) 1.00 4.00 (+ 0.00) 1.25
E. globulus 1.00 (+ 0.00) 1.00 1.00 (+ 0.00) >0.36 6.00 (+2.83) >1.88 >8.00 (+ 0.00) >1.50 6.00 (+2.83) 3.38
J. communis >8.00 (+ 0.00) >2.86 4.00 (+ 0.00) >2.25 8.00 (+ 0.00) 2.80 >8.00 (+ 0.00) >2.50 >8.00 (+ 0.00) >2.90
L. angustifolia 6.67 (+3.4) 10.07 2.00 (+ 0.00) >0.73 3.0(x1.41) 1.03 8.00 (+ 0.00) 1.67 >8.00 (+ 0.00) >2.50
M. officinalis 6.0 (+2.83) 8.83 3.00 (+ 1.00) >1.69 2.00 (+ 0.00) >0.63 8.00 (+ 0.00) 1.75 8.00 (+ 0.00) 1.00
P. graveolens 6.67 (+3.4) 10.07 1.50 (+ 0.50) >0.99 3.0(x1.41) 157 8.00 (+ 0.00) 3.22 4.00 (£ 0.00) 1.58
P. sylvestris 8.00 (+ 3.00) >1.93 >8.00 (+ 0.00) >1.00 1.00 (+ 0.00) 0.33 2.00 (+ 0.00) 0.62 4.00 (£ 0.00) 1.79
R. officinalis 6.00 (+ 2.83) 8.83 >8.00 (+ 0.00) >2.90 2.00 (+ 0.00) 0.63 2.00 (+ 0.00) 0.38 3.00 (+1.41) >0.38
S. album 1.00 (+ 0.00) 1.00 0.38 (+0.13) >0.25 1.00 (+ 0.00) 0.55 1.00 (+ 0.00) 0.73 0.75 (£ 0.35) 0.14
S. sclarea 1.50 (£ 0.71) 2.21 2.00 (+ 0.00) >0.63 4.00 (+ 0.00) 2.00 >8.00 (+ 0.00) >3.00 6.00 (+ 2.83) >0.75
V. zizanioides >8.00 (+ 0.00) >3.83 0.38 (x0.13) >0.47 0.50 (+ 0.00) 0.63 0.50 (+ 0.00) 0.23 0.50 (+ 0.00) 0.63
B. carteri 1.00 (+ 0.00) >0.36 1.50 (+ 0.50) 0.94 2.00 (x 0.00) >0.38 2.00 (+ 0.00) 0.93 2.00 (£ 0.00) 0.87

Origanum vulgare C. aurantifolia 1.00 (£ 0.00) >0.89 1.00 (x 0.00) 0.75 0.75 (£ 0.35) 0.47 2.00 (£ 0.00) 0.75 2.00 (£ 0.00) 0.75
C. bergamia 1.00 (+ 0.00) >3.82 1.00 (x 0.00) 0.88 2.00 (+ 0.00) 0.43 2.00 (+ 0.00) 0.64 2.00 (£ 0.00) 0.63
C. martini 1.50 (£ 0.71) >0.63 1.00 (+ 0.00) 0.86 0.75 (+ 0.35) 0.51 0.75 (¥ 0.35) 0.29 1.00 (+ 0.00) 0.81
C. paradisi 1.00 (+ 0.00) >0.44 1.00 (x 0.00) 0.83 2.00 ( 0.00) 0.75 2.00 (+ 0.00) 1.00 1.50 (£ 0.71) 113
C. reticulata 3.00 ( 0.00) >3.52 1.50 (+ 0.50) 1.20 3.00 (+1.41) 0.56 2.00 (+ 0.00) >0.63 2.00 (+ 0.00) 1.00
C. sinesis 1.50 (£ 0.71) >1.59 1.00 (+ 0.00) 1.00 3.00 (+1.41) >0.57 3.0 (x1.41) >0.94 2.00 (+ 0.00) 0.75
E. globulus 1.50 (£ 0.71) >0.72 2.00 (+ 0.00) 1.60 2.00 ( 0.00) >0.38 2.00 (+ 0.00) 0.63 2.00 (+ 0.00) 1.50
H. officinalis 1.00 (+ 0.00) >0.12 2.00 (+ 0.00) 1.50 4.00 (+ 0.00) 1.50 2.00 (+ 0.00) 0.93 1.00 (+ 0.00) 0.61
M. communis 0.88 (+ 0.25) >0.94 1.00 (+ 0.00) 1.00 1.00 (+ 0.00) 0.38 2.00 (+ 0.00) 1.00 1.75 (£ 0.50) 0.55
M. officinalis 1.00 (+ 0.00) >0.89 1.50 (+ 0.50) 1.50 4.00 (+0.00) >0.75 2.00 (+ 0.00) 0.69 2.00 (£ 0.00) 0.63
O. sanctum 1.00 (+ 0.00) 1.00 1.00 (+ 0.00) 0.70 2.00 ( 0.00) 1.00 4.00 (+ 0.00) >0.90 2.00 (+ 0.00) 1.00
P. graveolens 1.00 (+ 0.00) >0.56 2.00 (+ 0.00) 2.20 2.00 (+ 0.00) 0.80 1.50 (£0.71) 0.79 2.00 (£ 0.00) 117
P. sylvestris 2.00 (+ 0.00) >0.26 0.75 (x 0.25) 0.70 2.00 ( 0.00) 0.42 1.50 (£0.71) 0.66 2.00 (+ 0.00) 1.27
R. officinalis 2.00 (+ 0.00) >0.46 1.00 (+ 0.00) 0.80 2.00 (+ 0.00) 0.38 2.00 (+ 0.00) 0.63 2.00 (+ 0.00) >0.63
S. sclarea 2.00 ( 0.00) >1.13 2.00 (= 0.00) 1.50 2.00 (+ 0.00) 0.75 8.00 (+ 0.00) 4.00 2.00 (+ 0.00) >0.63

Salvia officinalis B. carteri 3.00 (+1.41) 441 2.00 (= 0.00) 0.85 2.00 (= 0.00) >0.63 8.00 (+ 0.00) >2.22 4.00 (x 0.00) 1.75
C. atlantica 3.00 (£1.41) 441 1.00 (+ 0.00) 0.80 1.00 (+ 0.00) 0.56 4.00 (£ 0.00) >1.36 2.00 (+ 0.00) 1.10

106



Essential oil combination L. acidophilus | L. fermentum | L. gasseri | L. plantarum L. rhamnosus
Essential oil 1 Essential oil 2 MIC XFIC MIC XFIC MIC XFIC MIC XFIC MIC XFIC
C. aurantifolia 1.50 (£0.71) 2.21 1.00 (+ 0.00) 0.80 2.00 (= 0.00) 1.50 4.00 (+ 0.00) >0.75 >8.00 (+ 0.00) >3.00
C. bergamia 8.00 (+ 0.00) 8.00 1.00 (+ 0.00) 0.68 >8.00 (+ 0.00) >2.71 >8.00 (+ 0.00) >1.07 >8.00 (+ 0.00) >2.50
C. nobile 0.75 (+ 0.35) 1.10 1.50 (+ 0.50) 0.66 2.00 (+ 0.00) 1.50 4.00 (+ 0.00) >0.75 2.00 (+ 0.00) 1.00
C. paradisi 0.50 (+ 0.00) 0.50 1.00 (+ 0.00) 0.63 4.00 (+ 0.00) 2.00 2.00 (+ 0.00) >0.63 2.00 (+ 0.00) 1.50
C. reticulata 6.00 (+ 2.83) 8.83 2.00 (x 0.00) 1.10 4.00 (+ 0.00) 1.25 >8.00 (+ 0.00) >1.00 >8.00 (+ 0.00) >4.00
C. sinesis >8.00 (+ 0.00) >8.75 >8.00 (+ 0.00) 4.80 4.00 (+ 0.00) >1.25 8.00 (+ 0.00) >1.00 >8.00 (+ 0.00) >3.00
E. globulus >8.00 (+ 0.00) >4.08 4.00 (+0.00) 2.40 >8.00 (+ 0.00) >2.50 >8.00 (+ 0.00) >1.00 4.00 (+ 0.00) 3.00
J. communis >8.00 (+ 0.00) >2.18 >8.00 (+ 0.00) >6.40 >8.00 (+ 2.83) >2.80 >8.00 (+ 0.00) >2.00 >8.00 (+ 0.00) >4.40
L. angustifolia 4.00 (+ 0.00) 4.00 1.00 (+ 0.00) 0.60 >8.00 (+ 0.00) >2.75 >8.00 (+ 0.00) >1.17 >8.00 (+ 0.00) >4.00
O. sanctum 1.00 (+ 0.00) 1.00 1.00 (+ 0.00) 0.68 1.50 (£0.71) 1.13 4.00 (+ 0.00) >0.92 2.00 (+ 0.00) 1.05
P. graveolens 1.00 (+ 0.00) 1.00 2.00 (+ 0.00) 1.80 >8.00 (+ 0.00) >4.19 >8.00 (+ 0.00) >2.72 8.00 (+ 0.00) 4.67
P. sylvestris 2.00 (+ 0.00) >0.32 >8.00 (+ 0.00) >6.40 >8.00 (+ 0.00) >2.67 >8.00 (+ 0.00) >2.00 4.00 (£ 0.00) 2.54
V. zizanioides >8.00 (+ 0.00) >2.90 0.50 (+ 0.00) 0.85 0.50 (+ 0.00) 0.56 0.50 (+ 0.00) 0.29 0.50 (+ 0.00) 0.72

Toxicity Studies- Brine Shrimp Lethality Assay

!Noteworthy MIC values where microbiota is not inhibited in bold; 2Noteworthy =Fic values where combination did not affect the growth of microbiota in bold italic

The toxicity profiles of the essential oils were investigated for all essential oils and combinations. Table 3.5 displays the percentage mortality for

their preference for selection in therapeutic use.

the essential oils after 24 and 48 hrs. Overall, 62% of individual essential oils and 49% of essential oil combinations were found to be non-toxic, suggesting
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Table 3.5. Percentage mortality of essential oils

Essential oil % Mortality 24 hrs % Mortality 48 hrs
B. carteri 44.44 (+30.97)" 69.35 (+ 6.55)
C. myrrha 27.35 (£ 0.37) 45.98 (£ 2.94)
C. reticulata 10.48 (£ 6.1) 36.69 (£ 9.77)
C. atlantica 28.88 (+ 23.65) 80.56 (+ 0.57)
C. aurantifolia 42,51 (£ 1.72) 48.87 (£ 0.74)
C. aurantium 38.64 (x 2) 73.4 (£ 2.17)
C. bergamia 85.96 (+4.97) 87.98 (x5.99)
C. camphora 0.00 (£ 0.00) 3.52 (£4.99)
C. citratus 18.1 (+ 16.82) 46.02 (x 2.5)
C. martini 37.23 (£ 9.15) 42.64 (£5.3)
C. nobile 21.87 (£ 3.37) 58.09 (+ 2.32)
C. paradisi 22.21 (£23.11) 72.21 (£ 19.92)
C. sinensis 8.09 (£5.27) 31.84 (x5.44)
C. zeylanicum 33.6 (£4.09) 41.32 (+ 8.86)
E. globulus 0.00 (x 0.00) 1.84 (£ 1.61)
E. caryophyllata 71.62 (= 6.64) 78.84 (£ 2.47)
H. augustifolium 47.04 (= 10.09) 71.43 (£ 2.29)
H. officinalis 8.35 (+ 5.96) 30.15 (+ 4.12)
J. communis 0.00 (x 0.00) 0.00 (£ 0.00)
L. angustifolia 29.86 (£ 10.31) 34.16 (£ 9.11)
M. alternifolia 9.85 (£ 5.32) 63.5 (= 5.58)
M. cajuputi 65.98 (£ 18.21) 77.09 (£ 5.23)
M. communis 9.01 (x3.73) 23.42 (£5.84)
M. quinquenervia 63.84 (£ 4.07) 66.67 (£ 0.82)
M. officinalis 40.4 (£8.32) 70 (= 13.57)
O. majorana 1.99 (£ 2.09) 7.69 (x 3.78)
O. sanctum 12.85 (+ 3.21) 35.71 (x 16.07)
O. vulgare 12.74 (x 14.94) 28.01 (£ 8.23)
P. cablin 67.69 (+ 15.59) 80.4 (£ 4.56)
P. graveolens 1.09 (£ 1.89) 451 (£ 4.16)
P. sylvestris 0.76 (x 1.31) 10.78 (+ 8.58)
R. damascena 0.00 (x0.00) 1.67 (x 2.89)
R. officinalis 0.00 (+ 0.00) 9.13 (+8.29)
S. officinalis 11.81 (£ 6.81) 47.94 (£ 2.14)
S. album 44.53 (£ 2.46) 50.73 (x 1.44)
S. benzoin 7.58 (+11.09) 21.34 (+ 12.6)
S. sclarea 0.00 (x 0.00) 0.00 (£ 0.00)
T. vulgaris 0.00 (x 0.00) 1.01 (x 1.75)
V. zizanioides 38.45 (+ 4.05) 54.95 (+ 3.26)
Controls
Potassium dichromate (+) 100.00 100.00
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Essential oil

Saltwater (-)
Non-toxic essential oils in bold

% Mortality 24 hrs
2.26 (£ 0.08)

% Mortality 48 hrs
3.76 (£ 1.30)

Table 3.6 displays the percentage mortality and XFMC values for the combinations that
displayed noteworthy antimicrobial synergy. The essential oil combinations that exhibited the
most synergistic antimicrobial activity, while not inhibiting the vaginal colonizers to some degree,

and exhibited non-toxicity were depicted with synergistic XFMC values < 0.50.

Table 3.6. Percentage mortality of essential oil combinations

Essential oil combination | % Mortality | XFMC
Essential oil 1 Essential oil 2 24 hrs 48 hrs 24 hrs 48 hrs
C. camphora C. nobile 3.25 (£ 2.82) 30.03 (£ 5.68) >0.07 4.53
L. angustifolia 42.29 (+ 3.53) 45.53 (+ 2.53) 6.72 7.14
M. cajuputi 34.34 (£ 6.49) 46.90 (£ 0.79) >0.26 6.97
M. officinalis 44572 (+7.93)  54.45(+4.16) 6.89 8.13
O. sanctum 35.55 (+ 10.03) 42.46 (£ 6.82) >1.38 6.63
C. bergamia B. carterii 39.87 (+ 1.00) 45,06 (+ 1.43) 0.68 0.58
E. caryophyllata 51.85 (£ 9.32) 58.99 (£ 3.74) 0.66 0.71
L. angustifolia 42.15 (£ 4.21) 51.27 (£ 1.6) 0.95 1.04
P. cablin 37.44 (£17.43)  57.44 (x4.57) 0.49 0.68
S. album 33.74 (£ 8.63) 42.85 (+2.39) 0.58 0.67
S. benzoin 26.81 (+ 14.68)  42.81 (+6.02) 1.92 1.25
E. globulus C. atlantica 42.27 (+3.98) 46.69 ( 0.69) >0.73  12.99
L. angustifolia 38.59 (+ 3.59) 48.1 (x1.31) >0.65 13.78
M. alternifolia 0.00 (£ 0.00) 2.33 (£ 6.35) >0.00 0.65
M. officinalis 0.00 (£ 0.00) 2.42 (£ 0.6) 0.00 0.69
O. marjoram 32.56 (£ 0.82) 454 (£ 1.78) >8.16 15.29
P. sylvestris 0.00 (£ 0.00) 1.69 (x 2.94) >0.00 054
T. vulgaris 0.00 (£ 0.00) 0.00 (+ 0.00) <0.00 0.00
H. angustifolium B. carterii 0.00 ( 0.00) 1.67 (+ 2.89) 0.00 0.02
C. aurantium 1.36 (£ 2.36) 24.12 (+ 10.4) 0.03 0.33
C. bergamia 3.55 (£ 6.14) 39.55 (+ 1.68) 0.06 0.50
C. nobile 0.78 (£ 1.34) 3.05 (£ 3.47) 0.03 0.05
C. reticulata 0.00 (£ 0.00) 27.35 (£ 2.28) 0.00 0.56
C. sinesis 1.59 (£ 2.75) 4.15 (+ 4.88) 0.11 0.09
L. angustifolia 7.75 (£ 8.17) 32.59 (+ 14.2) 0.21 0.71
P. graveolens 41.42 (£ 1.47) 48.15 (+ 1.33) 19.39 5.68
R. damascena 0.00 (+ 0.00) 27.55 (£ 7.13) >0.00 8.46
M. alternifolia C. aurantium 37.13(+£13.23)  44.18 (+8.46) 2.37 0.65
C. myrrha 13.22 (£10.14)  41.16 (+ 7.56) 0.91 0.77
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Essential oil combination % Mortality XFMC
Essential oil 1 Essential oil 2 24 hrs 48 hrs 24 hrs 48 hrs
C. reticulata 0.88 (£ 1.52) 76.89 ( 3.75) 0.09 1.65
C. sinesis 32.84 (£3.47) 43.56 (+ 1.48) 3.70 1.03
C. zeylanicum 19.48 (£ 11.00)  42.54 (+6.47) 1.28 0.85
E. caryophyllata 45.94 (£ 11.19) 68.45 (+ 2.38) 2.65 0.97
E. globulus 9.83 (£ 17.02) 21.04(x17.18) =>0.50 5.89
J. communis 24.53 (+ 4.89) 48.38 (£ 0.67) >125 0.38
L. angustifolia 36.50 (+4.17) 46.80 (+ 4.05) 2.46 1.05
M. officinalis 22.57 (£ 7.27) 45.71 (£ 1.1) 1.77 0.86
M. quinguenervia 29.99 (£ 7.04) 41.06 (+2.24) 1.76 0.63
P. graveolens 0.27 (£ 0.35) 35.88 (£ 12.86)  0.14 4.26
T. vulgaris 16.89 (£ 3.29) 46.47 (+ 1.53) >0.86 23.37
Melaleuca quinquenervia C. roman 0.95 (£ 0.83) 62.81 (+ 9.48) 0.03 1.01
E. globulus 5.71 (£ 9.90) 93.43 (£ 4.51) >0.04 26.10
J. communis 33.86 (£13.32)  97.37 (x2.99) >027 =>0.73
L. angustifolia 20.74 (£ 15.95)  67.03 (= 7.03) 0.51 1.48
M. officinalis 20.10 (£ 17.24)  80.56 (+ 19) 0.71 1.48
P. graveolens 22.99 (£ 10.4) 74.45 (£ 13.92) 10.70 8.81
P. sylvestris 19.05 (£ 3.73) 35.70 (+ 20.61) 12.73 1.92
R. officinalis 21.28 (£ 20.67)  42.11 (+9.96) >0.17 262
S. album 8.70 (£ 1.72) 30.21(+10.16) 0.17 0.52
S. sclarea 14.57 (£ 3.88) 62.50 (+10.35) >0.11 >0.50
V. zizanioides 19.09 (+ 4.58) 34.91 (£5.3) 0.40 0.58
Origanum vulgare B. carterii 29.05 ( 25.15) 72.59 (£ 4.86) 0.85 1.82
C. aurantifolia 58.83 (+ 27.01) 78.27 (+ 6.83) 1.74 2.20
C. bergamia 11.24 (£5.81) 38.02 (+ 9.45) 0.27 0.89
C. martini 41.10 (+ 6.59) 81.32 (£ 6.42) 1.29 2.41
C. paradisi 54.61 (+ 10.48) 87.03 (x 11) 2.20 2.16
C. reticulata 35.74 (£11.88)  63.30 (x17.1) 2.34 1.99
C. sinesis 26.03 (£ 23.80)  65.65 (+ 6.34) 2.07 2.20
E. globulus 13.92 (£14.97)  20.99 (x7.72) >0.25 6.08
H. officinalis 49.66 (+ 8.78) 87.51(x4.2) 3.86 3.01
M. communis 25.26 (£ 18.50)  72.38 (x3.71) 1.85 2.84
M. officinalis 52.40 (£ 13.34)  90.19 (+ 3.98) 2.38 2.59
P. graveolens 50.72 (£ 5.42) 61.72 (x 10.75) 24.11 7.94
P. sylvestris 13.78 (£ 7.82) 29.37 (+ 4.28) 9.34 1.89
R. officinalis 49.43 (£ 1.19) 75.10 (£ 13.91) >0.88 5.45
S. sclarea 8.45 (+ 12.28) 19.70 (£ 9.19) >0.15 <0.35
V. zizanioides 14.67 (£ 8.17) 25.33 (£ 3.28) 0.45 0.68
Salvia officinalis B. carterii 0.00 (+ 0.00) 0.61 (+ 1.05) 0.64 0.01
C. atlantica 8.85 (+ 15.34) 32.25 (£ 5.86) 0.25 0.54
C. aurantifolia 0.00 (+ 0.00) 1.65 (+ 1.47) 0.00 0.03
C. bergamia 14.00 (+ 6.28) 47.90 (£ 1.57) 0.23 0.77
C. nobile 0.00 (£ 0.00) 0.40 (£ 0.7) 0.00 0.01
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Essential oil combination | % Mortality | XFMC

Essential oil 1 Essential oil 2 24 hrs 48 hrs 24 hrs 48 hrs
C. paradisi 0.69 (£ 1.20) 15.60 (£ 9.17) 0.02 0.27
C. reticulata 7.99 (£ 1.75) 31.68 (+4.11) 0.46 0.76
C. sinesis 0.00 (x 0.00) 2.81 (¥ 3.17) 0.00 0.07
E. globulus 0.00 (x 0.00) 0.81 (x 1.41) >0.00 0.23
J. communis 0.00 (£ 0.00) 0.48 (£ 0.82) >0.00 <0.00
L. angustifolia 0.00 (£ 0.00) 1.51(x1.32) 0.00 0.04
M. alternifolia 0.00 (x 0.00) 0.53 (x 0.00) 0.00 0.01
M. officinalis 4.58 (+4.02) 16.78 (£ 11.68)  0.17 0.36
O. sanctum 32.14 (£ 7.04) 48.58 (+ 1.42) 1.59 1.19
P. graveolens 3.31(x4.61) 15.01 (£ 8.88) 1.55 1.82
P. sylvestris 0.00 (£ 0.00) 0.81 (£ 1.41) 0.00 0.05
T. vulgaris 0.00 (x 0.00) 0.00 (x 0.00) >0.00 0.00

! Non-toxic essential oils shown in bold

Biofilm Inhibition Studies

Candida spp. was selected as a model for biofilm studies (Table 3.7) based on the fact that this
pathogen is a major colonizer of the vagina.*® Furthermore, the essential oil selection (C.
aurantifolia, C. camphora, M. cajuputi, M. communis, and O. vulgare) was refined based on the
essential oils that displayed noteworthy MIC inhibitory activity (with specific synergistic activity
against the chosen pathogens for biofilm studies), did not interfere with the majority of the vaginal
microbiota, and were non-toxic. The essential oil, M. communis, exhibited negative inhibition
values against C. albicans biofilms, indicating that it did not suppress but instead enhanced biofilm
formation. In contrast, the same essential oil exerted modest inhibitory activity against C. glabrata,
suggesting a species-dependent effect. The inhibition results for O. vulgare were consistent with
some previous studies, which reported at least 50% inhibition, except at the lowest
concentration.*+%*% In another study, the percentage inhibition of O. vulgare was reported to be
estimated at 90% of C. albicans and C. glabrata biofilms.*® The concentration ranges utilized in
the previous study featured end breakpoint values that do not align with concentrations optimal for
in vivo applications. This discrepancy reveals the critical need for selecting appropriate biofilm
breakpoints, highlighting the importance of considering these factors when interpreting
experimental results. Additionally, the use of different strains, C. albicans (ATCC 14053) and C.
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glabrata (ATCC 66032), may have influenced the observed differences found in previous

studies.%®

Table 3.7. Percentage inhibition (%) of biofilm by essential oils against biofilms formed by

C. albicans and C. glabrata

C. albicans C. glabrata

Essential oils 2 mg/mL 1 mg/mL 0.5mg/mL | 2 mg/mL 1 mg/mL 0.5 mg/mL

C. aurantifolia  83.07 (:0.03)"  83.49 (x0.02)  77.08 (x0.01) | 86.74 (£0.02) 84.53 (£0.01) 77.56 (+ 0.05)
M. communis  -105.26 (+0.63) -67.14 (+0.18) -64.86 (+1.04) | 52.34 (£ 0.12) 1433 (+0.1)  4.92 (+0.11)

0. vulgare 56.32 (+ 0.01) 54.93 (+0.08)  47.08 (+0.06) | 76.84 (+0.04) 74.73(+0.01) 66.07 (+ 0.02)
Controls

Amphotericin B 73.90 73.83 68.08 50.00 48.19 41.16

Water in 33.00 25.32 19.40 17.89 14.38 4.92

acetone

!Expressed as a percentage (%) where > 50% was regarded as noteworthy inhibitory activity, values in bold.

The essential oil combination having synergy against C. albicans and C. glabrata, being non-toxic
and having non-inhibitory effects on the Lactobacillus spp. was selected for biofilm testing (Table
3.8). For both C. albicans and C. glabrata, the combination of essential oils exhibited a higher
percentage of biofilm inhibition compared to the oils used individually. At the lowest
concentration, the essential oil combination effectively inhibited the biofilm of both C. albicans
and C. glabrata. To the best of the researcher's knowledge, no studies have reported on the biofilm

inhibition of these essential oil combinations.

Table 3.8. Percentage inhibition (%) of biofilm by essential oils against biofilms formed by C.

albicans and C. glabrata

Essential oil/Combination Essential oil concentration  C. albicans C. glabrata
(mg/mL)

C. camphora 2.00 62.30 (x0.02)" 60.00 (+0.002)
1.00 60.25 (+0.00) 51.89 (+0.02)
0.50 48.00 (x0.01) 50.56 (+0.01)

M. cajuputi 2.00 62.49 (+0.009) 70.91 (£0.01)
1.00 55.93 (+0.00) 67.88 (£0.04)
0.50 55.41 (+0.007) 65.26 (£0.01)

C. camphora with M. cajuputi 2.00 87.01 (+£0.008) 75.39 (£0.06)
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1.00 82.43 (0.007)  69.06 (+0.06)
0.50 81.85 (+0.006)  68.43 (+0.06)

Values where biofilm inhibition > 50% in bold.

Conclusion

This study investigated the antimicrobial effects, impact on vaginal microbiota, toxicity
profiles, and biofilm inhibition activity of 46 essential oils against seven bacterial and yeast
pathogen reference strains. The most effective broad-spectrum activity overall was essential oils
C. aurantifolia, C. nobile, C. paradisi, O. vulgare, and M. communis when investigated
independently.

Subsequently, 602 combinations were tested, with 25% showing synergy, of which 6%
did not inhibit vaginal microbiota and were non-toxic. Origanum vulgare and C. camphora were
involved in the most synergistic interactions. The combinations with the best activity were C.
camphora with M. cajuputi, C. camphora with O. sanctum, and S. officinalis with O. sanctum.
Cinnamomum camphora with M. cajuputi displayed the most favourable antimicrobial activity
across all parameters, including biofilm inhibition.

The study demonstrated that selected essential oils and their combinations have optimal
antimicrobial activity against vaginal pathogens, favourable toxicity profiles, minimal interaction
with the vaginal microbiota, and effective biofilm inhibition. These findings may hold relevance
in the broader context of antimicrobial resistance and the global burden of recurrent vaginal
infections. By identifying potential essential oil-based treatments, this study contributes to the
growing body of evidence supporting alternative approaches that could, with further validation,
reduce dependence on conventional antimicrobials and support improved reproductive health

outcomes.
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Chapter 4 — Overview and Conclusion

Vaginal infections are a significant public health concern, with high recurrence rates and rising
antimicrobial resistance diminishing the efficacy of standard therapies. In this context, this study
aimed to investigate the antimicrobial activity and toxicity of essential oils, both alone and in
combination, against pathogens causing vaginal infections, and to determine their inhibitory
effects on the natural vaginal microbiota. The findings highlight essential oils and their
combinations as promising candidates for microbiota-preserving interventions, providing a

foundation for future research into alternative strategies to manage resistant infections.

4.1 Highlights of the study

Upon investigating the antimicrobial activity of 46 essential oils against seven pathogens

associated with vaginal infections and five natural microbiota that predominate the vaginal

microbiome, the following was noted:

e The essential oils M. officinalis (MIC = 0.15-1.00 mg/mL), P. cablin (MIC = 0.25-0.63
mg/mL), C. paradisi (MIC = 0.25-0.75 mg/mL), and C. aurantium (MIC = 0.46-1.00
mg/mL)exhibited broad-spectrum antibacterial activity.

e Broad-spectrum anti-yeast activity was noted in C. sativum (MIC = 0.13-0.50 mg/mL), C.
martini (MIC =0.25-0.70 mg/mL), C. aurantifolia (MIC = 0.25-0.75 mg/mL), and O. vulgare
(MIC = 0.25-0.83 mg/mL).

e Overall, C. aurantifolia, C. paradisi, O. vulgare, and M. communis exhibited broad-spectrum
antimicrobial activity, effectively inhibiting six out of seven pathogens at a noteworthy MIC
(1.00 mg/mL) and not interfering with the majority of Lactobacilli species making them
promising candidates for preserving microbiota integrity. Observed differences in MIC values
to previous studies were attributed to factors such as variability in ATCC reference strains, use
of clinical strains, and differences in essential oil composition (Sook and Shin, 2007, Abdellatif
et al., 2014, Poyil et al., 2022). Essential oils with MIC values consistent with literature

typically had major constituent compositions within recommended ranges.
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The interactive profile of 602 essential oil combinations against seven pathogens associated with

vaginal infections and five natural microbiota using the £FIC index was analysed and the following

was highlighted:

The essential oil combinations O. vulgare with C. reticulata, O. vulgare with O. sanctum, and
O. vulgare with R. officinalis demonstrated the most noteworthy antimicrobial activity and did
not interfere with most Lactobacilli spp. (n> 3).

In terms of synergy, the combinations C. camphora with M. cajuputi (ZFIC = 0.08-1.62), C.
camphora with O. sanctum (XFIC = 0.11-1.49), and S. officinalis with O. sanctum (ZFIC =
0.07-1.63), showed synergy against the majority of both bacterial (n > 2) and yeast (n > 3)
pathogens and did not interfere with the majority of Lactobacillus spp. (n > 3).

Enterococcus faecalis was the most susceptible pathogen to the essential oil combinations
despite showing resistance in some of the single essential oil testing (MIC range: 0.50-8.00
mg/mL), highlighting the effectiveness of combinations in overcoming resistance against this
pathogen.

Salvia officinalis (34 times) and O. vulgare (27 times) were most involved in synergistic
interactions.

The combination of O. vulgare with C. reticulata is the only combination that did not interfere

with all five species of Lactobacilli, whilst also displaying noteworthy antimicrobial activity.

The toxicity of essential oils and their combinations using the brine shrimp lethality assay were

assessed, and the following observations could be made:

Overall, 62% of essential oils and 49% of essential oil combinations were non-toxic,
suggesting their potential for safe therapeutic use.

The single essential oils C. aurantifolia, O. vulgare, and M. communis displayed noteworthy
antimicrobial activity and did not interfere with the majority of the vaginal microbiota and
were also found to be non-toxic.

The essential oil combinations C. camphora with M. cajuputi, C. camphora with O. sanctum,
and S. officinalis with O. sanctum exhibited the most synergistic antimicrobial activity while
not interfering with natural vaginal colonizers. These combinations also demonstrated non-

toxic activity profiles.
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Lastly, the Candida spp. was chosen as a model for biofilm studies due to its role as a resilient

vaginal pathogen and colonizer (Neal and Martens, 2022). The selection of essential oils was

narrowed based on their notable antimicrobial properties, synergistic effects against the pathogens

used in the biofilm assay, with minimal impact on the vaginal microbiota, and displaying no or

limited toxicity. The results showed that:

The majority of the essential oils (75%) demonstrated a concentration-dependent relationship,
with higher concentrations resulting in greater inhibition of biofilm formation.

The essential oils C. aurantifolia and O. vulgare demonstrated the best biofilm inhibition
(>50%) against C. albicans and C. glabrata.

The combination of C. camphora with M. cajuputi exhibited higher inhibition of biofilm

formation compared to individual essential oils.

The overall data analysis revealed that:

Of the 46 essential oils tested against seven pathogens, 36% showed noteworthy antimicrobial
activity, with 13% being non-toxic and not affecting most of the natural microbiota tested.
The most effective oils in terms of demonstrating noteworthy antimicrobial activity, non-
interfering to the commensal microbiota, being non-toxic and showing a high percentage
inhibition of yeast biofilm inhibition were C. aurantifolia, and O. vulgare.

Among 602 essential oil combinations, 25% exhibited synergy, with 6% being non-toxic and
not inhibiting microbiota. The C. camphora with M. cajuputi combination showed the best
overall activity by demonstrating noteworthy antimicrobial activity, not inhibiting the vaginal
microbiota and not being toxic. This combination also demonstrated noteworthy biofilm

inhibition when tested against selected yeast biofilms.

The study flow and outcomes of the investigation are best summarised in Figure 4.1 and the data

summary for the essential oils highlighted are summarized in Table 4.1
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Figure 4.1: Study flow and highlights

Table 4.1: Table highlighting the data summary for the key essential oils highlighted in the study

outcomes
Essential Qil(s) Antimicrobial Effect on Toxicity Biofilm Inhibition
activity (mg/mL) Microbiota (mg/mL) (% Mortality) (% Inhibition)

C. aurantifolia MIC = 0.25-2.00 MIC = 0.60-4.00 24 hrs =42.51 77.56-86.74
48 hrs = 48.87

O. vulgare MIC =0.25-1.33 MIC = 1.00->8.00 24 hrs =12.74 47.08-76.84
48 hrs = 28.01

C. camphora MIC =0.75-5.33 MIC =1.17->8.00 24 hrs =0.00 48.00-60.00
48 hrs = 3.52

M. cajuputi MIC = 0.70-2.80 MIC = 1.67-3.20 24 hrs = 34.34 55.41-70.91
48 hrs = 46.90

C. camphora MIC = 0.25-2.00 MIC = 1.00-3.00 24 hrs = 34.34 75.39-87.01

with M. cajuputi SFIC = 0.08-1.62 YFIC = 0.92-2.00 48 hrs = 46.90
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4.2 Limitations and future considerations

A critical limitation of this study was the absence of scientific names and plant parts sourced from
the layman's literature, potentially leading to inconsistency in essential oil selection. A way
forward is to engage with aromatherapists and encourage the implementation of the use of
scientific names and documentation of plant parts used. The use of various laboratory reference
strains limits the clinical relevance of the findings. Future studies should incorporate clinical and
resistant strains to assess the effectiveness of the promising essential oils studied. Culturing P.
anaerobius proved challenging due to its fastidious nature. Additional data is urgently needed to
evaluate the toxicity of essential oil combinations, particularly in clinical applications. The brine
shrimp lethality assay used in this study may not accurately reflect in vivo toxicity, necessitating
comprehensive toxicity testing in human models. Furthermore, the long-term effects of essential
oils on the vaginal microbiota require further exploration, as their prolonged use may impact on
the vaginal ecosystem in ways not yet fully understood. Another future consideration to consider
is the application of essential oils, which are typically diluted in a carrier or base. It is crucial to
account for the interactions between the essential oils and the various potential bases used and
their effects on the vaginal microbiota. Lastly, the limited data on biofilm inhibition for some

essential oils, especially in combination, highlights the need for further research within this field.

4.3 Conclusion

The essential oils studied herein certainly have the potential to serve as alternative therapies for
vaginal infections. The study's novelty lies in evaluating essential oil combinations for
antimicrobial activity, toxicity, impact on natural microbiota, and biofilm inhibition. The essential
oils C. aurantifolia, O. vulgare, and the combination of C. camphora with M. cajuputi showed
noteworthy antimicrobial activity, minimal or no toxicity, no disruption to commensal microbiota,
and effective biofilm inhibition against Candida. The study provides a novel impetus for the use

of selected essential oils to combat vaginal infections while keeping the natural biome intact.
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Appendix A — Abstract for presentation

The antimicrobial and toxicity analysis of essential oils used for vaginal
infections

Muneebah Haroon Laher, Ané Orchard, Sandy van Vuuren
Department of Pharmacy and Pharmacology, University of the Witwatersrand,

Johannesburg, South Africa

Current treatment options for vaginal infections are increasingly limited due to bacterial and fungal
resistance. Furthermore, these treatments often have adverse effects on the vaginal microbiome.
With existing therapies losing effectiveness, there is a drastic need for alternative approaches.
Essential oils, known for their antimicrobial properties, have not been extensively studied for
treating vaginal infections alone or in combination despite their recommended use by the layman.
This study evaluates the antimicrobial activity by determining the minimum inhibitory
concentration, (MIC) and toxicity (brine shrimp lethality assay) of 46 essential oils, both
individually and in combination, against pathogens causing vaginal infections. These included
Enterococcus faecalis, Gardnerella vaginalis, Peptostreptococcus anaerobius, Candida albicans,
Candida tropicalis, Candida krusei, and Candida gasseri. Additionally, the effects of these
essential oils on the natural vaginal bacteria (Lactobacilli) were assessed, followed by an
interactive assessment using the fractional inhibitory concentration index (XFIC) to determine
synergistic profiles. The in vitro susceptibility tests revealed that the essential oils Melissa
officinalis exhibited one of the lowest MIC values at 0.16 mg/ml against bacterial pathogens, while
Coriandrum sativum demonstrated the lowest MIC value at 0.13 mg/ml for fungal pathogens.
Notably, Melissa officinalis interfered least with the Lactobacilli. The combination of Citrus
bergamia with Styrax benzoin demonstrated antimicrobial synergy (XFIC < 0.5). Toxicity assays
indicated variability, with some essential oils displaying higher toxicity levels than others. These
findings suggest that selected essential oils hold promise as alternative treatments for vaginal

infections while having minimal effects on the vaginal biome.

Keywords: Vaginal infections; Essential oils; Bacterial vaginosis; Vulvovaginal candidiasis
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