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ABSTRACT

Dandruff can be an extremely distressing scalp condition for many people.
It has various causes, from fungi, bacteria, or scalp irritation due to factors like
sun exposure or over-shampooing. As the world of beauty moves towards natural
cosmetics, alternative anti-dandruff agents that use essential oils are quite
popular these days. Essential oils such as tea tree, lemongrass, and lavender can
act as antimicrobial agents against the causes of dandruff. This review describes
the anti-dandruff potential of various essential oils on several dandruff-causing
microorganisms such as Malassezia furfur and Candida albicans. This review used
comparative literature analysis of articles retrieved from Scopus and Google
Scholar (2013-2022) with topics that focused on essential oils with anti-dandruft
and antifungal activity. The results of this review indicate that various essential
oils, especially those highlighted in this article, show strong potential to inhibit
the growth of dandruff-causing microorganisms and may be developed into stable
anti-dandruff formulations.
Keywords: Malassezia furfur, Candida albicans, Essential oil, Anti-dandruff, Anti-
fungal.
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INTRODUCTION
Dandruff is a condition that makes many
people uncomfortable and not confident. Dandruff

production, which provides a nutrient source for
lipophilic yeasts. All Malassezia species, except M.
pachydermatis, rely on external lipids, which are

is a group of corneocytes that have detached from
the skin's stratum corneum in the scalp and then
accumulated with parakeratosis cells. Dandruff can
be caused by microbial and non-microbial factors.
Non-microbial causes of dandruff include excessive
sun exposure, scalp irritation from over-
shampooing, excessive combing, dust and dirt
exposure, and the use of specific cosmetic products.
(Parketal., 2012).

Pathogenic microorganisms use sebum as
food, like Malassezia spp. (Siddiqui, 2020). At first,
M. furfur was identified as the cause of pathogenic
dandruff on the scalp, but later it was revealed that
M. globosa and M. restricta are mainly responsible.
Since these fungi require a lipid-rich environment
to grow as the main carbon source, sebum is an
ideal substrate for microorganisms like Malassezia
spp. (Gaitanis & Laurence, 2020),
Propionibacterium, and Staphylococcus (Xu etal.,
2016). As discussed in this review, sebaceous
glands mature during puberty, increasing sebum

essential substrates enabling Malassezia to trigger
inflammation, hyperproliferation, and scaling in
dandruff through lipase activity. Additionally, the
cell wall of Malassezia is rich in complex lipids,
underlying its lipid dependence. This lipid-rich wall
also serves as a protective shield against
phagocytosis (Meyar et al., 2018).

Lipases act as potential virulence factors in
certain pathogenic bacteria and fungi (Brunke etal,,
2006). Lipases, secreted by Malassezia, hydrolyze
sebum and triacylglycerols, releasing free fatty
acids that contribute to inflammation. As
Malassezia consumes sebum, skin compensates by
producing more, elevating free fatty acid levels, and
releasing irritants like oleic acid. This irritant is
known to cause scalp flaking (James et al., 2013).
Ultimately, increased Malassezia growth heightens
lipase activity, releasing free fatty acids such as
oleic acid, which exacerbates irritation and
dandruff symptoms (Meyar et al., 2018).
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A healthy scalp has density ranges between
103-105 organisms/mm? (Park et al, 2012).
Malassezia spp. is commonly found on the scalp, but
this microbe will be replicated 1.5-2 times the
normal level of the skin when the scalp is infected
by dandruff (Chaisripipat et al., 2015). The most
widely known microorganism that contributes
greatly to dandruff, versicolor, atopic dermatitis,
seborrheic dermatitis, pityriasis, and other
folliculitis is Malassezia spp. (Siddiqui, 2020).
Seborrheic dermatitis is caused by a non-specific
immune response to Malassezia species, which
triggers inflammation in seborrheic areas such as
the scalp, face, chest, back, axilla, and groin
(Billamboz & Jawhara, 2023). However, dandruff is
a less severe form of seborrheic dermatitis,
which is restricted to the scalp and causes itchy,
flaking skin without visible inflammation.
Malassezia is a monophyletic fungus that is found
in 7 billion human skin and is related to the
skin health condition. In someone who is
immunocompromised, Malassezia also can cause
systemic infection (Saunders et al., 2012). Dandruff
can cause the skin to become inflamed and may also
be itchy and produce white or yellow flakes. M.
furfur is well known to cause dandruff, but then
there is Malassezia globosa (Sibi, 2023).

Removing dandruff is so effective with
chemical antifungals, but the side effect is
inflammation that can harm the patient (Sahraie-
Rad et al, 2015). Antifungals, like ketoconazole
(imidazole derivatives), can’t be used for the long
term because of resistance issues (Pooja et al,
2013). Herbal substances are popular to use to
overcome this problem and escalate its
effectiveness (Sahraie-Rad et al., 2015). Along with
the development of natural cosmetics, alternative
antidandruff agents using essential oils are also
gaining popularity (Jain, 2022). Essential oil is a
hydrophobic liquid that contains high amounts of
volatile aromatic chemicals from plants. Natural
essential oil can give a potential alternative to the
currently used control agent because the
composition of essential oil is rich in bioactive
chemical compounds (Selvakumar et al, 2012;
Masyita et al,, 2022; Bolouri et al,, 2022), mainly
monoterpenes, sesquiterpenes, benzenoids, and
phenylpropanoids (Satana de Oliveira, 2023). In
addition, these compounds were associated with
various biological activities like antibacterial,
antiviral, anti-leishmanial, antioxidant, and
anticancer effects (Dagni et al., 2022).

The weakness of essential oils is their
instability, which causes the preparation to quickly
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smell rancid and even lose its odor, easy
reactivities, volatilities, and tendencies to
degradation (Turek & Stintzing, 2013). Moreover,
essential oils are highly unstable and easily
degrade when exposed to external factors like
oxidation, evaporation, heat, and light (Cimino et
al, 2021). To address these challenges, various
strategies have been explored to enhance their
stability, one of which is the wuse of
nanoencapsulation, a technique derived from
nanotechnology. Nanoencapsulation has gained
significant attention in industries such as
pharmaceuticals and cosmetics for its ability to
protect sensitive compounds (Maryam, 2015). This
technique involves encapsulating the essential oils
in nanoparticles, thus preventing evaporation and
oxidation, and providing controlled release to
ensure prolonged activity. For scalp applications,
such as serum formulations, nanoencapsulation
can be an ideal method to preserve the stability of
essential oils, ensuring their efficacy over time
by preventing rapid degradation (Pateiro et al,,
2021).

MATERIALS AND METHODS

This review article conducts a comparative
study of several sources of research journals on the
internet. This literature study was conducted
online through journals found by Google Scholar
and Scopus. Inclusion criteria are journals and
articles that discuss the potential of essential oils as
anti-dandruff and were published 10 years prior to
2023 with the exclusion criteria for journals that
were published before 2013 (2013-2023). The
references are international journals with
keywords “tea tree oil as anti-dandruff,” “essential
oils as anti-dandruff,” “anti-dandruff,” “formulation
Design Expert® of essential oil serum,” and
“Malassezia furfur” (Figure 1).

Literature search from Google scholar &
Scopus (n = >2.000)

{ Irrelevant (n=+1.880) |

| Abstract candidate (n=120) ‘

‘ Article reviewed (n=80) |

| Article candidates (n=61) ‘

Exclusion of article that
do not essential oils (n=5)

Articles included in this article (n=50,)
essential oil activity (n-43), and
dandruff (n=7)

Figure 1. Diagram of Article Writing Method
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RESULTS AND DISCUSSION

Dandruff and seborrheic dermatitis are
caused by fungal colonies. Therefore, antifungal
agents are commonly used for this kind of dandruff
treatment. Despite antifungals being used for along
time, it could cause several problems like drug
resistance, side effects, and patient non-adherence
in its use (Lee et al,, 2018). Gap analysis in these
reviews shows the market for anti-dandruff
products is predominantly populated by synthetic
formulations containing active ingredients like zinc
pyrithione or ketoconazole. While effective, these
synthetic compounds may pose risks of adverse
effects or environmental concerns. In contrast,
natural anti-dandruff formulas utilizing ingredients
such as essential oils or herbal extracts offer
potential benefits in terms of safety, sustainability,
and consumer appeal. However, there remains a
notable gap in research regarding the transition
from synthetic to natural anti-dandruff formulas.

Due to these reasons, there have been
numerous breakthroughs in antifungal substances
that are safer to use on a regular basis; among them
are essential oils. Several research findings in this
article indicate that certain essential oils have anti-
dandruff properties that work by stopping the
growth of microorganisms that cause scalp
dandruff. Excellent results can be obtained with
both pure essential oils and essential oils that have
been blended into a variety of hair preparations,
which include shampoo (a rinse-off cosmetic), hair
tonic (aleave-on cosmetic), and essential oil diluted
with a carrier oil, as described in this journal
review.

Essential oils have been shown to have a
variety of medicinal properties, including
analgesic, anesthetic, antiacne, antidiarrheal,
antiseptic, antispasmodic, central nervous system
stimulant, cosmetic, biopesticide, antiasthmatic,
antibacterial, anti-inflammatory, and sedative.
They also have a pleasant scent that is used in
perfume (Saraswathy & Lavanya, 2013; Ali et al,,
2015). Due to their qualities—which include a
distinct scent that varies depending on the plant—
essential oils are frequently favored to be used in
the creation of cosmetic preparations. They also
offer a variety of antibacterial, antifungal, and other
properties. Some research suggests that mixing
essential oils can have a synergistic effect on fungal
growth inhibition (Rashed et al.,, 2021). This could
serve as a stepping stone for additional
investigation into other hair dose forms with anti-
dandruff effects, and it might even be an option for
individuals with seborrheic dermatitis brought on
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by Malassezia spp. as a regular scalp care product.
The information below was gathered from the
many journals reviewed in thisarticle.

Mechanism of Anti-Dandruff Formulations

The mechanism of action for anti-dandruff
formulations generally involves the use of
antifungal, antibacterial, and skin-scaling
properties to combat the root causes of dandruff.
Dandruff is primarily caused by Malassezia fungi,
which are naturally found on the scalp but
proliferate excessively in conditions like an oily
scalp or inflammation (Gadge et al., 2023). Anti-
dandruff formulations often include agents that
target this yeast, inhibit its growth, and reduce
inflammation. Studies indicate that anti-dandruff
shampoos can work through mechanisms such as
the inhibition of fungal growth (e.g., using plant
extracts like tea tree oil), improvement of scalp
condition (e.g., with aloe vera's soothing and anti-
inflammatory effects), and the reduction of dead
skin cell accumulation on the scalp (e.g., through
selenium sulfide or herbal extracts) (Gadge et al,,
2023). This review aims to demonstrate that many
essential oils (Table I) have the potential to serve as
the main active ingredients in an anti-dandruff
formulation.

Anti-dandruff activity of essential oil
Tea tree oil

Tea tree oil contains terpenes like terpinen-
4-ol, which has been shown to exhibit strong
antifungal activity against Malassezia species.
These terpenes interfere with the fungal cell
membrane by disrupting cell wall synthesis and
increasing membrane permeability, leading to
fungal cell death. The commonly used microbes for
testing the anti-dandruff efficacy of tea tree oil
include Malassezia species, Candida albicans, and
Staphylococcus aureus (Hammer et al, 1999).
According to Umar et al. (2020), it was found that
tea tree essential oil has anti-dandruff properties
against the fungus Candida albicans that were
better than the standard from 6 shampoo
formulations containing tea tree oil with a gradual
concentration (0.5%-3%) compared to the control
(tea tree oil solution) with the same level of
concentration. The samples from the six shampoo
recipes fell within a 20.1-26.9 mm zone of
inhibition. This inhibition zone is comparable to
Selsun Blue shampoo's inhibition zone, which is
20.45+0.9 mm. These outcomes, nonetheless, are
still inferior to those of other anti-dandruff
shampoo manufacturers.
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Table I. Anti-Dandruff Activity of Various Essential Oils
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Essential oil Stt;,'lpdey Microbes Used Test Results Active Journal
Tea tree oil Malassezia furfur, Highly effective Terpinen-4-ol, (Das etal,,
In Vivo Malassezia globosa antifungal activity ~ alpha-terpineol, cineole 2023)
Rosemary oil Effective 1,8-cineole, camphor,  (Shahina et
InVitro  Candida albicans against Candida alpha-pinene al,,
albicans 2022)
Indian borage oil Staphylococcus Effective Thymol, carvacrol (Wadikar &
InVitro  aureus, Candida against bacteria and Patki, 2016)
albicans fungi
Tasmanian blue Malassezia furfur, Highly effective Terpinen-4-ol, (Baptista et
gum oil InVivo Malassezia globosa antifungal activity ~ alpha-terpineol, cineole  al., 2015)
Peppermint oil Malassezia furfur, Effective in Menthol, (Makkar et
In Vivo Pityrosporum ovale fungal inhibition = menthone, isomenthone al., 2018)
Lemongrass oil InVitro  Aspergillus spp., Moderate Linaloo], linalyl acetate (Powers et
Candida spp. antifungal effect al,, 2018)
Lavender oil In Vitro  Candida albicans, Highly effective against Cinnamaldehyde, (Vaczi etal,,
Malassezia spp. fungi and bacteria eugenol 2018)
Cinnamon oil InVitro  Candida albicans, Moderate to strong Cineole, terpineol (Moritz et
Escherichia coli antimicrobial effect al,, 2015)
Cajeput oil In Vitro Candida spp., Moderate Eugenol, methyl (Vuetal,
Staphylococcus antifungal properties eugenol 2024)
aureus
Kapoor tulsi oil In Vitro Pityrosporum Effective Limonene, (Pinto et al.,
ovale, Malassezia  antifungal properties methyleugenol 2017)
spp.
Southern In Vitro  Candida albicans, Moderate Methyl chavicol, linalool (Shirazi et
marigold oil Aspergillus niger ~ antimicrobial activity al,, 2014)
Lemon-scented In Vitro Malassezia globosa Effective in fungal Citronellal, isopulegol (Tolba et al,
gum oil inhibition 2015)
Basil oil In Vitro  Malassezia furfur Considerable Cineol, d-linalool, (Trupti &
antifungal activity methyl chavicol, p- Gadekar,
cymene, 2021)
a-terpineol
[ruveli oil InVitro  Candida albicans, Effective antifungal a-Gurjunene, a- (Lakshmi &
Malassezia furfur properties bisabolol, Nandagopal,
G-selinene 2021)
Sage oil InVitro  Candida albicans Fungicidal and 1,8-cineole, B-thujone,  (Sookto et
antimicrobial effects borneol, al, 2013)
[-elemene, camphor
Dill seed oil In Vitro  Candida albicans Effective antifungal Carvone, limonene, (Chen et al,,
effect apiol 2013)
Geranium oil InVitro  Candida albicans Excellent antifungal Geraniol (Leite et al,,
activity 2015)
Bay leaf oil InVitro  Candida albicans Effective antifungal 1,8-cineole, (Peixoto et
potential a-pinene B-pinene, al,, 2017)
limonene, sabinene
Summer savory In Vitro Candida albicans, Effective antifungal Carvacrol, (Valizadeh et
oil Candida krusei, potential y-terpinene, thymol, al.,, 2014)
Candida parapsilosis p-Cymene
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Continuation of Table I. Anti-Dandruff Activity of Various Essential Oils

Essential oil Stt;pdg Microbes Used Test Results Active Journal
Blend of InVivo Streptococcusspp., Fungistatic, fungicidal, 1,8-cineole,
cinnamon, clove, Pseudomonas spp., and antibacterial carvacrol, (Brochot et
oregano,  wild Candida spp. activities cinnamaldehyd e, al,, 2017)
carrot, camelina eugenol, carotol
oil
Coriander oil In Vitro Microsporum Effective in Linalool, (Soares et
canis, Candida fungal inhibition geraniol, neryl acetate  al., 2012)
albicans
Juniper berry oil In Vitro  Candida albicans Effective Sabinene, a-pinene,
antifungal activity limonene (Cabral et
against dermatophytes al, 2012)
Fern leaf InVitro  Candida albicans Inhibit fungal Carvacrol, (Zuzarte et
lavender oil filamentality cis-f-ocimene al,, 2012)

Due to its ability to pass through the cell wall
and cytoplasmic membrane of the tested bacterial
and fungal strains, tea tree oil possesses potential
antimicrobial and antifungal properties. It is
causing structural damage and cytoplasmic
material loss as a result. Essential oils can
penetrate through the cytoplasmic membrane
due to their lipophilicity. Tea tree oil may also
penetrate the organelle membranes of fungi and
destroy those organelles. Last but not least, the
long-lasting modifications brought on by tea tree
oil result in cell death (Li et al.,, 2016). Also, tea
tree’s essential oils and their components are
capable of altering both permeability and
membrane fluidity of Candida albicans by altering
membrane  properties and compromising
membrane-associated functions (Nazzaro et al.,
2017).

Rosemary oil

Rosemary is a plant that can be used in
different ways as an aromatic medicine and as a
culinary plant. Accordingly, it is grown all over the
world. This genus is extremely rich in essential oil,
although there are large intraspecies differences in
terms of the yield and quality of the essential oil
produced. The mechanism of action of rosemary oil
in anti-dandruff treatment involves multiple
pathways. First, it disrupts the fungal cell
membrane by interacting with ergosterol, a key
component of the cell membrane in fungi, leading
to cell death. Additionally, rosemary oil’s
antioxidant properties reduce oxidative stress on
the scalp, which is often linked to dandruff
exacerbation (Nieto, 2017). M. furfur and M.
sympodialis were both successfully treated by
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rosemary oil, with MIC50 values of 0.25% and
1.25%, respectively. The results of the MFC test
using rosemary oil were 0.5% against M. furfur and
0.25% against M. sympodialis. While M. furfur and
M. sympodialis were both susceptible to the
antifungal activity of rosemary oil, it was 9 mm for
both (Lee et al.,, 2018). When the test findings for
rosemary oil were compared to a positive control,
zinc pyrithione, it was discovered that the positive
control produced results that were far superior
when compared with rosemary oil (Lee etal., 2018).
In a different study, rosemary oil's MIC value for M.
furfur was 0.5%. The outcomes demonstrated that
rosemary essential oil possesses significant
inhibitory effects on fungus (Trupti & Gadekar,
2021).

Additionally, Ksouri et al. (2017) found that
the value of MIC80 of rosemary essential oil varied
between 23.99 pg/mL and 31.08 pg/mL against ten
isolates of Candida albicans and for the standard of
C. albicans strain was at the same range (30.27
pug/mL). This indicates that rosemary oil has
antifungal effects against C. albicans. The
combination of Tween 80 with the components of
rosemary oil—cineol, verbenone, and camphor—
improves the effectiveness of antifungals against C.
albicans, claimed Matsuzaki et al. (2013). Cineole,
verbenone, and camphor all have identical MIC
and MFCvalues at 1.25 pl/ml,

2.5 pL/mL, and 5.0 pL/mL, respectively
(Matsuzaki etal., 2013). These studies suggest that
the antifungal  activity = of rosemary oil
against  Malassezia sp. is stronger than the
antifungal action of rosemary oil against Candida
albicans.
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Figure 2. Components of Eucalyptus globulus essential oil

Indian borage oil and tasmanian blue gum oil
Indian borage (Coleus amboinicus) oil and
Tasmanian blue oil (Eucalyptus globulus) oil have
demonstrated promising antidandruff activities
due to their antimicrobial properties, particularly
against common dandruff-causing fungi like M.
furfur. Both oils are effective due to their rich
compositions of bioactive compounds, which target
scalp microbes responsible for dandruff. Their
mechanism of action includes disrupting microbial
cell membranes and inhibiting the synthesis of
essential cellular components, leading to the
control of dandruff formation (Jadhav et al., 2023).
The Eucalyptus globulus plant is one of the most
widely used medicinal plants in the world. After
being introduced to Australia, Ramel brought them
to Algeria in 1854. There are currently more than
900 different species of Eucalyptus in the world, of
which about 300 have volatile oils and 20 are used
as traditional medicines (Sharifi-Rad et al.,, 2017).
P-Cymene (20.24%), spathulenol (14.10%), and
eucalyptol (11.30%) were discovered to be the
main components of E. globulus essential oil. The
essential oil also contained p-phellandrene
(5.10%), cryptone (5.02%), (-)-a-thujene (3.40%),
cuminal (2.64%), elixene (3.00), and phellandral
(2.54%) (Figure 2) (Benabdesslem et al., 2020).
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According to data from Selvakumar et al.
(2012), the zones of inhibition for the anti-dandruff
effects of Coleus amboinicus and Eucalyptus
globulus essential oils were 31 mm and 37 mm,
respectively. A MIC value of 0.9% was also seen for
pure Coleus amboinicus (Trupti & Gadekar, 2021).
Coleus amboinicus essential oil was diluted using
coconut oil at a concentration of 75%, 50%, and
25%, while Eucalyptus globulus essential oil was
diluted at a concentration of 31 mm, 24 mm, and 20
mm. The results demonstrated that the pure
essential oil had more effective and superior anti-
dandruff activity than the positive control,
ketoconazole shampoo, when the two oils were
compared.

Peppermint oil

Peppermint oil's effectiveness in treating
dandruff is closely tied to its bioactive compounds,
primarily menthol, which contribute to its
antifungal and soothing properties. Menthol is
believed to inhibit the growth of fungi like Candida
albicans and Aspergillus niger, which are commonly
implicated in dandruff formation. It acts by
disrupting fungal cell membrane integrity and
inhibiting fungal enzyme activity, thereby
preventing scalp infections (Rashed et al., 2021).
Mentha arvensis oil exhibits antifungal activity

397



Essential Oils as Anti-Dandruff Agents and Their Serum Formulation

against M. furfur with an MIC value of 50 g/mL,
according to Chandra & Ah's (2014) study. Mentha
arvensis has a zone of inhibition against M. furfur of
22.44+1.26 mm, indicating moderate antifungal
efficacy (Pandey et al., 2019).

According to Saharkhiz et al. (2012), Mentha
piperita oil from peppermint species showed
antifungal activity against Candida albicans with
MIC values between 1 and 2 pL/mL and MFC values
between 2 and 4 pL/mL. Additionally, Mentha
piperita oil, at a concentration of up to 2 pL/mL, can
prevent the biofilm of Candida albicans (Saharkhiz
etal., 2012). The MIC of Mentha piperita oil against
Candida albicans was 1.50+0.16 g/mL, according to
Reddy et al. (2017). The results of both studies
were the same: there is a high antifungal activity of
Mentha piperita essential oil against Candida
albicans.

Lemongrass oil

Lemongrass oil has shown promise as an
anti-dandruff agent due to its antimicrobial and
anti-inflammatory properties. The effectiveness of
lemongrass oil against dandruff is largely
attributed to its high content of active compounds
such as citral and geraniol. These compounds have
been shown to exhibit antifungal activities, which
are essential in targeting the yeast Malassezia, a key
contributor to dandruff formation. Lemongrass oil
can disrupt the cell membranes of Malassezia
species, reducing their ability to proliferate and
cause scalp irritation (Mukarram et al., 2022).

According to Chaisripipat et al. (2015), a hair
tonic containing lemongrass oil in his investigation
had a less effective anti-dandruff therapeutic effect
compared to tea tree oil shampoo, which had the
same 5% level. A 5% tea tree oil shampoo
concentration reduced dandruff by 78.57% after
two weeks of use. Nevertheless, lemongrass oil hair
tonic produced notable benefits in reducing the
appearance of scalp flakes, which indicates
reducing the occurrence of dandruff, although it
has the lowest concentration of 5%. With a MIC
value of 60 pg/ml, pure lemongrass oil (C
flexuosus) was discovered to have antifungal
activity against M. furfur in a broth dilution test
(Chandra & Ah, 2014). In addition, two clinical
studies used essential oils from C. flexuosus
formulated in shampoo, cream, or lotion for the
successful treatment of dandruff (Donato et al,
2020).

Lavender oil

Lavender essential oil has been studied for
its effectiveness against microbes commonly
implicated in dandruff, such as Malassezia species,
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and other pathogens contributing to scalp health
issues. The active compounds in lavender oil, such
as linalool, linalyl acetate, and terpinen-4-ol, are
known for their antimicrobial and antifungal
properties. These compounds disrupt microbial
cell membranes, leading to leakage of cytoplasmic
contents and eventual cell death (Biaton et al,
2019). M. furfur and M. sympodialis were not
detected at MIC50 levels of 0.125% and 0.0625%,
respectively, using lavender oil. Results of the
lavender oil's minimal fungicidal concentration
(MFC) test showed that it was only 0.5% effective
against M. furfur and 0.25% effective against M.
sympodialis. Lavender oil's antifungal efficacy leads
to results against M. furfur and M. sympodialis of 9
mm and 13 mm, respectively (Lee et al., 2018).

When the test results for lavender oil were
compared to a positive control substance called
zinc pyrithione, it was discovered that the positive
control had a much better impact than how the
lavender oil did. The zinc pyrithione had MIC50
values of 0.000625%, 0.0025%, and 27 mm
(antifungal activity) against M. furfur, followed with
0.00039%, 0.00078%, and 26 mm (antifungal
activity) against M. sympodialis, respectively, were
obtained (Lee et al., 2018).
Cinnamon oil, cajeput oil, and kapoor tulsi oil

The effectiveness of essential oils like
cinnamon oil, cajeput oil, and kapoor tulsi oil
against dandruff is primarily linked to their
antifungal properties. Commonly used microbes in
anti-dandruff testing include M. furfur, a major
contributor to dandruff. These oils are tested
against M. furfur using methods like disc diffusion
and minimum inhibitory concentration (MIC)
assays, demonstrating varying levels of activity
depending on their chemical composition. These
essential oils not only target fungal proliferation
but also reduce biofilm formation, a significant
factor in dandruff pathology (Mankar et al., 2022).
According to studies by Pooja et al. (2013), the
minimum inhibitory concentration (MIC) for M.
furfur was 32 pg/mL for cinnamon oil, 128 pg/mL
for kapoor tulsi oil, and 64 ug/mL for cajeput oil.
The three MIC findings still fall short of the 16
pg/mL tea tree oil requirement. When two
essential oils were combined, namely the MIC of
cinnamon oil and kapoor tulsi oil of 4 pg/mL,
different findings were found.
Southern marigold oil

Southern marigold (Tagetes minuta) is a
marigold plant in the sunflower (Asteraceae)
family. Tagetes species originally has been used as a
source of essential oil for the flavoring in the food
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industries and has its potential in anti-dandruff
treatments due to its active compounds and
antimicrobial properties. Research indicates that
the essential oil of Tagetes minuta contains various
bioactive = compounds, including terpenes,
flavonoids, and alkaloids, which are believed to
play a key role in combating dandruff by targeting
the root causes such as fungal infections and scalp
inflammation (Shirazi et al, 2014). With an
inhibitory zone diameter of 31.07+2.01 mm and a
MIC value of less than 5 pl/ml, T. minuta essential
oil demonstrated antifungal efficacy against M.
furfur (Pandey etal., 2019). Garcia et al. (2012) also
found out that the essential oil of T. minuta was
resistant to the growth of the fungus, which may
have been caused by the presence of four

monoterpene components, which are
dihydrotagetone, limonene, tagetone, and
ocimene. One of the most common

components of T. minuta oils from plants gathered
in a number of locations, including Kenya, which
had been identified as dihydrotagetone (Garcia et
al, 2012).
Lemon-scented gum oil

Eucalyptus citriodora (lemon-scented gum)
oil, commonly known as lemon-scented eucalyptus
oil, is often used in anti-dandruff formulations due
to its antimicrobial properties. One of the key
factors influencing its effectiveness is the presence
of active compounds such as citronellal, which
has been shown to exhibit antifungal and
antimicrobial activity. A study by Tolbaetal. (2015)
demonstrated that citronellal can inhibit the
growth of Malassezia species, a common fungus
linked to dandruff formation. With an inhibitory
zone diameter of 24.75+£0.05 mm and a MIC value
of less than 15 pl/ml, E. citriodora essential oil
significantly inhibited M. furfur growth (Pandey et
al,, 2019).
Basil oil

Basil essential oils (BEOs), derived from
Ocimum basilicum L., are natural volatile
compounds rich in diverse chemical constituents
generated through plant secondary metabolism
(Ilic etal,, 2019). These oils find applications across-
various industries, including pharmaceuticals,
cosmetics, perfumery, dental and oral care, as well
as in aromatherapy and food sectors (Shiwakoti et
al, 2017; Padalia et al., 2013). Traditionally, basil
has been used in medicine to help alleviate
symptoms of fever, cough, flu, asthma, and
bronchitis (Shahrajabian et al., 2020).

Basil o0il contains cineol, d-linalool
(approximately 40%), methyl chavicol (around
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25%), p-cymene, o-terpineol, and some
sesquiterpene hydrocarbons (Trupti & Gadekar,
2018). The antimicrobial activity of basil oils varies
based on the type of Ocimum cultivar and its growth
stage (Voicu et al., 2020). Variations in antibacterial
effects among basil extracts are attributed to
differences in their phytochemical compositions.
Eugenol, the primary compound in basil oil, has
demonstrated effectiveness against protozoa and
fungal species such as Candida albicans and
Cryptococcus neoformans (Carrasco et al, 2012).
Methyl chavicol, another component, is known for
its antimicrobial and antioxidant properties. It
helps reduce dandruff and hair loss by stimulating
hair follicles, providing relief from scalp itching and
flaking. Additionally, it promotes hair growth by
enhancing blood circulation and brings shine to
dull hair. This ingredient is commonly found in
cosmetics, including lotions, soaps, shampoos, and
perfumes (Skidmore-Rot, 2010).

To demonstrate basil oil’s effectiveness as an
anti-dandruff agent, it was compared with the
synthetic chemical selenium sulfide, a commonly
used anti-dandruff compound, especially as
antibiotic-resistant strains of M. furfur have become
more prevalent (Trupti & Gadekar, 2021). Basil oil
showed significant antifungal activity, achieving a
minimum inhibitory concentration (MIC) of 0.7%
against M. furfur (Trupti & Gadekar, 2021). These
findings suggest that basil oil may offer a preferable
alternative to synthetic chemicals, with testing
results showing it performs comparably to
selenium sulfide in managing dandruff.

Iruveli oil

Iruveli essential oils, derived from Coleus
zeylanicus, a significant aromatic medicinal plant in
the Lamiaceae family, hold great therapeutic value
that is widely recognized as an aromatic herb
traditionally cultivated in India for medicinal
purposes (Lakshmi & Nandagopal, 2017). It is
highly regarded for its efficacy in treating urinary
tract infections and enhancing digestion. Many of
its components serve as anti-hepatotoxic,
antiulcerogenic, and anti-inflammatory agents, as
well as appetite stimulants, digestive aids,
stomachic remedies, liver tonics, and cardiotonics
(Rajkumar & Malathi, 2016). Coleus oil is abundant
in medicinally valuable components, such as
alkaloids, volatile compounds, sesquiterpenes, and
flavonoids. Its therapeutic activity is largely
attributed to the presence of compounds like a-
gurjunene (62.91%), a-bisabolol (10.82%), B-
selinene (4.26%), cadinol (4.17%), and lemonol
(3.46%). Among these, a-bisabolol is particularly
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noteworthy for its anti-inflammatory, anti-irritant,
and antimicrobial properties. Additionally, it has
been reported to facilitate the percutaneous
absorption of specific molecules (Lakshmi &
Nandagopal, 2021).

To evaluate the effectiveness of Coleus oil as
an anti-dandruff agent, it was compared to
clotrimazole, a widely used synthetic anti-dandruff
compound. A growing concern in antifungal
treatments is the development of multidrug
resistance, particularly among Candida species and
dandruff-causing fungi such as Malassezia species.
The antifungal activity of Coleus zeylanicus
essential oil was tested against Candida albicans
and M. furfur. The results showed that the oil
exhibited significantly stronger antifungal activity
against M. furfur (inhibition zone of 32.00 + 0.50
mm) compared to Candida albicans (15.00 + 1.25
mm). Remarkably, these results surpassed the
efficacy of the positive control, clotrimazole
(Lakshmi & Nandagopal, 2021).

Antifungal activity of essential oil

When Malassezia sp. is used to treat the
scalp, essential oils are discovered to be an effective
anti-dandruff agent. Other than that, numerous
essential oils haven't been studied as dandruff-
fighting agents, but they have a strong potential to
be just as effective against Candida albicans as
antifungal agents (Rudramurthy etal., 2014). These
research findings show that essential oils have
antifungal action with a range of potencies from
weak to high when compared with positive
controls (Table II). Here are the following essential
oils.

Sage oil

Sage essential oils, derived from Salvia
officinalis L., a perennial plant native to the
Mediterranean region, possess a variety of
medicinal properties, including spasmolytic,
antimicrobial, and astringent effects (Mossi et al,,
2011). Both the essential oil and leaf extracts of
sage have demonstrated significant antimicrobial
activity. These effects are primarily attributed to its
chemical constituents, which are dominated by
oxygenated hydrocarbons, monoterpene
hydrocarbons, and sesquiterpene hydrocarbons,
particularly 1,8-cineole, a- and p-thujone, and
borneol (Hayouni et al., 2008).

Salvia officinalis oil's antifungal
effectiveness against Candida albicans was
demonstrated in two studies by Badiee et al. (2012)
and Sookto et al. (2013). Salvia officinalis oil's MIC
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against C. albicans was reported by Badiee et al.
(2012) to be 15.6 pg/mL in standard species and
31.3 pg/mL in C. albicans that were isolated from
patients. The MIC of Salvia officinalis oil against C.
albicans, however, was 2.78 pg/L, according to
Sookto et al. (2013).
Dill seeds oil

Dill seed essential oil (DSEO), extracted from
Anethum graveolens of the Umbelliferae family, is a
traditional Chinese herb with a history of use
spanning over 2,000 years. While it is widely
utilized as a flavoring agent in the food industry, dill
also has notable therapeutic applications. It is

commonly employed in the treatment of
gastrointestinal issues, including flatulence,
indigestion, stomach colicc and intestinal

discomfort (Editor Committee of National Chinese
Medical Manage Bureau, 2005).

The mechanism of action of dill seed
essential oil against Candida albicans was studied
by Chen et al. (2013). The study's findings included
the oil from Anethum graveolens seed’s MIC and
MFC values. Dill seed oil has a MIC of 0.625 pg/ml
and an MFC of 1.25 pg/ml. The positive control,
fluconazole, was used to examine the effects of dill
seed essential oil. Results from the positive control
showed that the MIC and MFC were, respectively,
3.12 pg/ml and 6.25 pg/ml. Compared to the
positive control, the effects of dill seed essential oil
were quite potent against C. albicans (Chen et al,,
2013).

Geranium oil

A typical essential oil used in aromatherapy,
geranium oil has also been used historically as a
mosquito repellant and as a treatment for vaginal
candidiasis. A marker substance called geraniol is
found in Geranium. A significant portion of
Geranium oil, up to 20%, is geraniol (Leite et al.,
2015). Geraniol is a monoterpene alcohol
with a pleasant rose-like aroma. However, geraniol
has a number of biological activities, such as
antioxidant and anti-inflammatory properties
(Maczka et al, 2020). Geraniol's antifungal
activity against Candida albicans was demonstrated
by Leite et al. (2015) with MICs of geraniol that
were stable at 16 pg/ml for 10 isolates of C.
albicans, including the reference strain. Geraniol's
MIC was 32 pg/ml in only one isolation. The MIC
value for the other ten isolates of C. albicans in this
investigation was 2 pg/ml when compared to a
positive control, amphotericin B. This proves that
geraniol effectively combats C. albicans as a fungus.
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Table II. Anti-dandruff activities of some essential oils
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Name of Essential Oil MIC MICso MFC Zone of Inhibition
Tea tree oil (0.5%-3%) against C. albicans - - - 20.1 mm-26.9 mm
Cinnamon oil 32 ug/mL - - -
Kapoor tulsi oil 128 pg/mL - - -
Cajeput oil 64 pg/mL - - -
Tea tree oil (pure) 16 pg/mL - - -
Cinnamon oil and kapoor tulsi oil against M. 4 pug/mL - - -
furfur
Lavender oil against M. furfur - 0.125% 0.5% 9 mm
Lavender oil against M. sympodialis - 0.0625% 0.25% 13 mm
Rosemary oil against M. furfur 0.5% 0.25% 0.5% 9 mm
Rosemary oil against M. sympodialis - 0.125%  0.25% 9 mm
Rosemary oil against C. albicans 23.99-31.08 - - -

Hg/mL
Pure C. amboinicus oil 0.9% - - 31 mm
Pure E. globulus oil - - - 37 mm
C. amboinicus oil diluted in coconut oil 75% - - - 27 mm
C. amboinicus oil diluted in coconut oil 50% - - - 23 mm
C. amboinicus oil diluted in coconut oil 25% - - - 16 mm
Eucalyptus globulus oil diluted in coconut oil - - - 31 mm
75%
E. globulus oil diluted in coconut oil 50% - - - 24 mm
E. globulus oil diluted in coconut oil 25% - - - 20 mm
C. flexuosus oil against M. furfur 60 pug/mL - - -
M. arvensis oil against M. furfur 50 pg/mL - - 22.44+1.26 mm
M. piperita oil against C. albicans 1-2 uL/mL - 2-4 uL/mL -
T. minuta oil against M. furfur <5 pL/mL - - 31.07+2.01 mm
E. citriodora oil against M. furfur <15 pL/mL - - 24.75+0.05 mm
Basil oil against M. furfur 0.7% - -

C. zeylanicus oil against M. furfur
C. zeylanicus oil against C. albicans

32.00+£0.50 mm
15.004£1.25 mm

Bay leaves oil

Bay leaf essential oil, derived from Laurus
nobilis, family Lauraceae, is native to the southern
Mediterranean region (Guenane et al.,, 2016). The
leaves of L. nobilis are the most exploited part of the
plant due not only to the high produced quantity
but also to the large benefits and extensive use in
different fields, including culinary, cosmetic,
therapeutic, and pharmacologic (Khodja et al,
2023). The various beneficial health properties
attributed to bay leaves are related to the presence
of various bioactive compounds. Due to the
presence of cited chemical constituents in bay
leaves, various biological and pharmacological
properties have been reported, such as antioxidant,

antibacterial, fungicidal, antiviral, insecticidal,
wound healing, antimutagen, anticonvulsant,
analgesic, anti-inflammatory, and immuno-

stimulatory activities (Bendjersi et al., 2016; Nabila
etal, 2022; Zibi et al,, 2022).
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Peixoto et al. (2017). used the MIC test
against Candida spp. to compare the antifungal
activity of Laurus nobilis oil to nystatin. The results
are Laurus nobilis oil has an MIC value against
Candida albicans (2 strains) at 250 ug/mL, while
nystatin is at 0.4 ug/mL; against Candida krusei (2
strains) at 500 pg/mL, while nystatin is at 0.8 and
1.6 ug/mL; against Candida tropicalis strain CBS 94
at 500 pg/mlL, while nystatin is at 0.4 pg/mL;
against C. tropicalis strain ATCC 750 at 250 pg/mL,
while nystatin is at 0.4 ug/mL; and against Candida
glabrata at 500 pg/mL while nystatin is at 0.4
pg/mL (Khodja et al.,, 2023).

Summer savory oil

Summer savory essential oils, derived from
Satureja hortensis, a genus of fragrant plants in the
Lamiaceae family. Satureja species are aromatic
plants widely used for producing essential oils and
aromatic water in the Mediterranean region of
Turkey (Maral, 2022). The aerial parts of these
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plants are utilized in cooking, such as in stuffing
and sausages, offering distinctive flavors. In
traditional Chinese medicine, the leaves, flowers,
and stems are employed to prepare herbal teas and
to treat conditions such as infections, cramps, and
muscle pain (Valizadeh et al., 2014). Studies on the
genus Satureja L. highlight its health benefits,
includingits potential for alleviating pain associated
with oxidative stress. The essential oils from the
leaves and stems of Satureja hortensis L. are noted
for their antioxidant properties (Navroski, 2014).
These oils are particularly rich in bioactive
compounds such as carvacrol, y-terpinene, thymol,
and p-cymene (Valizadeh et al.,, 2014).

Conducting tests for minimum fungicidal
concentration and minimum inhibitory
concentration against Candida spp. (Candida
albicans, Candida krusei, and Candida parapsilosis),
Valizadeh et al. (2014). evaluated the antifungal
activity of Satureja essential oil. Satureja essential
oil has MIC values of 0.048%, 0.012%, and 0.024%
against Candida albicans, Candida krusei, and
Candida parapsilosis, respectively. The MFC's values
for Satureja essential oil against Candida albicans,
Candida krusei, and Candida parapsilosis are
identical to the MIC's value (Najibzadeh & Yadegary,
2018).

Blend of cinnamon, clove, oregano, wild carrot,
and camelina oil

Brochot et al. (2017) made an essential oil
blend that contains equal parts (3.53% each) of
Cinnamomum zeylanicum CT cinnamaldehyde
(bark), Syzygium aromaticum CT eugenol
(synonymous: FEugenia caryophyllus Sprengel,
cloves), and Origanum vulgare CT carvacrol (aerial
parts), 1.04% of Daucus carota CT carotol (seed),
and 88.35% of Camelina sativa oil (seed). EOs from
C. zeylanicum, E. caryophyllus, and O. vulgare and
their main compounds (cinnamaldehyde, eugenol,
and carvacrol) were fungicidal against C. albicans
and other Candida species whether or not they
were resistant to common antifungal drugs
(fluconazole or amphotericin B) (Pinto et al.,, 2006;
Khosravi et al.,, 2011).

This blend had fungistatic and fungicidal
activities against all Candida strains tested with
MICs ranging from 0.01% to 0.05% v/v and
minimal fungicidal concentrations (MFCs) from
0.02% to 0.05% v/v (Brochot et al., 2017).
Coriander oil

Coriander essential oil, derived from
Coriandrum sativum, a member of the Umbelliferae
(Apiaceae) family, is widely utilized as both a spice
and a medicinal agent in the pharmaceutical and
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food industries. It is abundant in bioactive
compounds such as linalool and geranyl acetate,
which exhibit antioxidant, anti-inflammatory, and
antimicrobial properties (Das et al., 2023).

The antifungal effects of C. sativum fruit
essential oil are primarily attributed to its key
components, including linalool (58.65%), geraniol
(17.87%), and neryl acetate (12.22%) (Soares etal.,
2012). Candida spp. was used to assess the
essential oil of Coriandrum sativum's antifungal
activity using the MIC test, MFC test, and growth
inhibition zone. The results showed that the mean
value of MFC was 872 pg/mL, the mean of the
growth inhibition zone was 9.25+0.5 mm, and the
MIC of Coriandrum sativum oil was at 434 pug/mL.
amphotericin B's growth inhibition zone measured
10.25 mm #* 1.26 mm (Soares et al., 2012).
Juniper berry oil

Juniper berry essential oil, derived from
Juniperus communis L., has long been recognized as
a powerful detoxifier and immune system booster,
with a rich history of use in traditional medicine to
address opportunistic infections and as a flavoring
agent (Hoferl et al., 2014; Bais et al., 2014). They
are commonly employed in natural remedies for
conditions such as sore throat, respiratory
infections, fatigue, muscle aches, and arthritis.
Additionally, juniper berries are known to soothe
skin flare-ups, enhance immune function, promote
restful sleep, and support digestive health. In
Bulgaria, the stems of the plant have also been
traditionally used to prevent both short- and long-
term illnesses (Ruberto & Baratta, 2000).

The chemical composition of juniper berry
essential oil was analyzed using GC/MS, revealing
that its major components are a-pinene (51.85%)
and limonene (25.1%). In addition, several minor
compounds were identified, including -
caryophyllene (1.42%), &-cadinene (0.51%), o-
terpinene (0.37%), tripionela (0.37%), o-cymene
(0.57%), isopinocarveol (0.57%), cis-carveol
(0.35%), B-cedrene (1.42%), y-elemene (0.31%),
cis-thiopsene (0.31%), P-cubebene (0.41%), a-
muurolene (0.51%), cadinene (0.06%), B-cadinene
(0.51%), elixene (0.45%), and cedrol (0.64%).
These compounds contribute to the diverse
bioactivity and therapeutic potential of the oil
(Cabral et al., 2012). In the MIC test, Cabral et al.
(2012) assessed the antifungal efficacy of Juniperus
communis essential oil against Candida albicans.
The MIC result differed from fluconazole as the
positive control. The MIC value of conventional
fluconazole was 1 pg/mlL, but the MIC value of J.
communis essential oil was 2.5 pL/mL.
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Fern leaf lavender oil

Fern leaf lavender essential oils, derived
from Lavandula multifida L. of the Lavandula
family, is the sole species in the Pterostoechas
section commonly found in the Mediterranean
region. It is native to countries such as Portugal,
Spain, Morocco, Algeria, Tunisia, and Libya (Upson
& Andrew, 2004). The Lavandula genus includes
several highly promising plants that have been
extensively studied in screening assays for their
diverse biological properties. These include
antioxidant, antimicrobial, insecticidal, antifeedant,
parasiticidal, and herbicidal activities (Gonzalez-
Colomaetal,, 2011). The essential oil of L. multifida
and its primary components, carvacrol and cis-p-
ocimene, demonstrated significant antifungal
activity by almost completely inhibiting
filamentation in the tested Candida albicans strains.
The high concentration of carvacrol in L. multifida
is notable, as this phenol is typically found in
much lower amounts in other lavender species.
This is particularly intriguing given the limited
natural occurrence of carvacrol (Zuzarte et al,
2012).

Lavandula multifida essential oil's antifungal
efficacy on Candida albicans has been studied by
Zuzarte et al. (2012), with the MIC value of L.
multifida essential oil against C. albicans being
0.32 pL/mL, which demonstrated the antifungal
action. This finding differed from the MIC value of
conventional fluconazole, which was 1 pg/mL.

Assays used in anti-dandruff studies Agar well
diffusion assay

The purpose of this method is to measure
the zone of inhibition of microbial growth around a
well containing the test substance. It is commonly
used to assess the antifungal activity of
formulations against pathogens such as M. furfur.
For example, a study using polyherbal formulations
recorded inhibition zones of up to 30 mm,
demonstrating strong activity against M. furfur
(Barve etal, 2023).

Broth dilution assay

The purpose of this experiment is to
determine the minimum inhibitory concentration
(MIC) of an anti-dandruff agent in liquid culture.
The procedure involves diluting the test agent in
broth containing the pathogen, with inhibition
quantified through spectrophotometric readings.
For example, polyherbal oils demonstrated up to
90% inhibition against M. furfur when tested using
broth dilution methods (Sathishkumar et al., 2019).
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Cytostatic and keratolytic activity assays

The study evaluates the efficacy of
formulations in reducing excessive scalp cell
turnover, a characteristic feature of dandruff. The
procedure involves the use of cultured human
keratinocytes, such as HaCaT cells, to determine
ICso values for both keratolytic and cytostatic
effects. For example, selenium-based shampoos
and polyherbal formulations have demonstrated
significant keratolytic effects in these assays (Barve
etal, 2023).

Filamentation inhibition assay

The study observes the disruption of fungal
filamentation, a critical growth form for fungal
pathogenesis. For example, essential oils such as
fern leaflavender oil have demonstrated significant
inhibition of Candida albicans filamentation
(Sathishkumar et al.,, 2019).

Lipase activity assay

The lipase activity assay is designed to
evaluate the inhibition of fungal lipase, an enzyme
essential for the survival of Malassezia on the lipid-
rich scalp, and has been employed to measure the
efficacy of active ingredients in reducing fungal
metabolism (Barve et al,,2023).

Clinical scalp testing

Clinical scalp testing involves human
trials where anti-dandruff formulations are
applied, and scalp conditions, including dandruff
scales, itching, and sebum production, are
monitored to evaluate the effectiveness of the
treatments. For example, double-blind trials
comparing various shampoos have demonstrated
their efficacy in managing dandruff symptoms
(Barve et al.,, 2023).

Herbal for anti-dandruff preparations

Utilizing shampoo, hair conditioner, or
hair tonic formulations can help treat dandruff.
Shampoo is required to remove surface dirt and
oil from the scalp and hair shaft. The main task
of shampoo is to carry out cleansing or detergent
action (Khaloud & Shah, 2014). The herbal
shampoo, with essential oils as the main
ingredient, (Table III) is a cosmetic preparation
made from plant-derived herbs. It functions
similarly to a regular shampoo, typically used
for cleansing the hair and scalp. Nowadays
herbals help people in building their good health
with the help of natural sources (Bhojane et al.,
2023).
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Salvia officinalis L. (sage) has demonstrated
antifungal activity against Candida albicans, with
research exploring various formulations and
optimization strategies. Research has explored the
creation of encapsulation and nanoemulsions
incorporating Salvia officinalis essential oil,
utilizing nanotechnology to improve bioavailability
and efficacy against fungal pathogens. The
encapsulation of Salvia officinalis essential oil in -
cyclodextrin was optimized to improve its
antifungal activity against C. albicans. The study
assessed the chemical composition and antifungal
efficacy of the encapsulated oil, demonstrating
enhanced activity compared to the free essential oil
(Bachir etal,, 2021).

The essential oil from dill (Anethum
graveolens) demonstrated strong antifungal effects,
inhibiting the growth and conidia germination of
fungi like Candida albicans and Aspergillus flavus. It
was shown to target the plasma membrane and
mitochondria of fungal cells, causing damage that
leads to cell death. The optimization of
concentrations and delivery methods further
enhanced its efficacy (Abdullah, 2023). Geraniol, a
key component of Geranium oil, has been
incorporated into nanoemulsions to enhance its
antifungal efficacy. The nanoemulsion system
consists of an oil phase, surfactants, and an aqueous
phase, designed for better solubility and controlled
release. Geraniol in its optimized nanoemulsion
form showed significant antifungal activity against
C. albicans. Studies highlighted reductions of more
than 6 log+o in fungal counts in biofilm models
(Pontes et al., 2023). Laurus nobilis essential oil has
primarily been tested in liquid or vaporized forms
for antifungal activity. Studies suggest its
effectiveness in inhibiting the growth of Candida
albicans in vitro through direct application to
microbial cultures or as part of biofilm
experiments. However, specific clinical dosage
forms like topical formulations are less commonly
reported in these studies. Nanotechnology-
enhanced formulations improve bioavailability and
reduce MIC further, enabling more efficient delivery
to fungal cells and biofilm disruption (Susanti et al.,
2022). Summer savory (Satureja hortensis)
essential oil is often used in liquid forms for direct
application or incorporated into other mediums
like wound dressings. For example, a nano-
modified wound dressing infused with the oil has
been tested for its efficacy in preventing fungal
biofilms caused by C. albicans. Studies optimize the
formulation of essential oil-infused nanomaterials
by characterizing their physical and chemical
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properties using methods like GC-MS, XRD, and
TEM. These analyses ensure the functional stability
of the nanostructures and the essential oil's
bioactivity. The optimized formulations
demonstrate enhanced antifungal activity, as
evidenced by reduced fungal viability and biofilm
formation. Broth microdilution and disk diffusion
methods confirm the minimum inhibitory
concentrations (MICs) of the essential oil against C.
albicans, validating its efficacy (Anghel et al., 2013).
A blend of oils including, cinnamon (Cinnamomum
zeylanicum), clove (Syzygium aromaticum),
oregano (Origanum vulgare), carrot seed (Daucus
carota), and camelina (Camelina sativa) is
commonly formulated as essential oils for topical
application or vapor delivery. The expert design
optimization is focused on blend ratios and
bioactive compound enhancement. Demonstrated
antifungal activity with MIC values of 0.01-0.05%
v/v against resistant strains. This blend is effective
against fluconazole-resistant Candida strains, and
its synergistic effects could reduce drug resistance.
Further research into nanotechnology applications
could enhance its potential (Zhong et al., 2023).
Coriandrum sativum, or coriander, has been
widely studied for its antifungal activity,
particularly against Candida albicans. Regarding
dosage forms, recent research has explored novel
formulations such as nanoemulgels to enhance the
bioavailability and efficacy of Coriandrum sativum
oil. Nanoemulgel systems allow for better
penetration and targeted delivery, particularly
useful in the treatment of fungal infections. These
formulations are often optimized using expert
design techniques such as Design Expert 13.0's
simplex lattice design, which allows for the precise
adjustment of ingredients to maximize the oil's
efficacy against pathogens like Candida. The
optimization of these formulations often involves
testing various parameters like surfactant
concentration, oil content, and pH levels, which are
refined using statistical design methods (Eid et al.,
2021). The essential oil of Juniperus communis can
be used in liposomal or nanoparticle-based
delivery systems for improved penetration and
sustained release. Studies have explored using
nanoparticles (e.g, silver nanoparticles or
liposomes) to improve the bioavailability and
stability of the oil. These nanoformulations help
increase the oil's effectiveness against fungal
biofilms, which are typically more resistant to
treatments. In some studies, optimization
techniques have been employed to fine-tune the
formulation of essential oils, such as adjusting
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particle size or surface charge to improve delivery
and reduce side effects. The results of such
optimization efforts often show improved
antimicrobial properties, such as greater inhibition
of Candida albicans growth and better penetration
through skin layers or biofilms (Gao et al., 2024).

Lavandula  multifida and  Lavandula
angustifolia essential oils have been formulated in
various dosage forms such as nanocapsules and
liposome-encapsulated systems. These forms are
designed to improve the bioavailability and
stability of the essential oils for therapeutic
applications, including antifungal treatments
against biofilm-forming fungi like Candida albicans.
Studies employed factorial design and response
surface methodologies to optimize nanocapsule
formulations. Variables such as polymer
concentrations, stabilizers (e.g, Span 80, Tween
80), and encapsulation parameters were
systematically varied to maximize encapsulation
efficiency and ensure desirable physical and
chemical properties. The optimized formulations
demonstrated significant antifungal activity. For
example, the nanocapsules achieved high
encapsulation efficiencies, with their
hydrodynamic diameter and zeta potential tailored
for stability and effective delivery. Liposomal
formulations also showed effectiveness in
eradicating both primary and persister-derived
biofilms of Candida albicans, illustrating the
potential for combating resistant fungal infections
(Gongalves et al., 2021; Alteriis et al., 2021).

Using natural extracts from plants including,
Sida cordifolia, Ocimum sanctum, and Citrus limon
as active components, Chandran et al. (2013)
conducted a study on anti-dandruff shampoo
formulations. These findings demonstrated that the
anti-dandruff shampoo composition has properties
similar to those of a popular synthetic anti-
dandruff shampoo brand. Punyoyai et al. (2018)
conducted research on fermented O. sanctum
products to be formulated in anti-dandruff
shampoo and discovered that the product may have
successfully inhibited M. furfur.

Patel & Talathi have looked into the herbal
shampoo's composition and performed a
physicochemical analysis on the formulation. The
criteria of the physicochemical analysis of the
herbal shampoo to compare the activity of the
formulation include cleaning action, detergency
ability, foamability, and foam stability test. The
ingredients in the shampoo must have both
cleansing and detergency qualities. Hydrophobic
substances like phenolics and flavonoids show
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grease-encapsulating, or cleansing, activity. The
amount of surfactant contained in the sample
extracts determines the ability to deter. It has been
demonstrated that saponins are surfactant
molecules that reduce surface tension and enhance
cleaning effectiveness (Patel & Talathi, 2016).

The development of a powder shampoo
containing herbal ingredients that have anti-
dandruff properties was carried out by
Madhusudhan et al. (2021). The research variety of
numerous natural shampoo formulations ranges
from 2.5% to 24.5% w/w Hibiscus concentrations,
1% to 3% lemon, and 5% to 15% w/w peppermint.
Commercial shampoos are outperformed by
powdered shampoo formulations with 15%
peppermint, 1% to 3% lemon, and 12.5% to 14.5%
Hibiscus. The optimized herbal powdered
shampoos offer excellent cleaning, detergency,
conditioning, and foaming actions when compared
to commercial formulations, are suitable for
normal hair, and have acceptable pH and
organoleptic stability features (Telrandhe et al.,
2023).

In addition to shampoo, Chaudhari et al.
(2020) conducted research on the composition and
assessment of hair gel that contained an anti-
dandruff herbal ingredient. For its anti-dandruff
properties, celery seed extract is utilized. The
current study concluded that Apium graveolens
(celery seeds) can be used to create and test the
anti-dandruff gel and that it may be used more
effectively since the formulation's stability
characteristics showed a significant fluctuation
throughout the stability research.

In this day and age, there are many different
types of cosmetics. Nowadays, serum preparation
is one cosmetic product that attracts attention. A
serum is a substance that may quickly absorb and
reach the deeper layers of the skin. A very high
concentration of active ingredients can be found in
the serum (Aggnihotri, 2021). Like many other
industries, nanotechnology has made significant
inroads into the cosmetics industry. This is because
nanomaterials have numerous advantages, such as
increased surface area, good stability, high
encapsulation efficiency and loading capacity,
prolonged retention time, and site-specific delivery
(Bilal & Igbal, 2020). It might be a brand-new
advancement in very efficient scalp treatment
products.

By paying close attention to the scalp barrier,
anti-dandruff treatments must work in harmony
with scalp care. According to Kim et al. (2021),
strengthening the scalp barrier can promote the
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continuous use of scalp care products. Many people
who have dandruffhave sensitive scalps. Other than
selecting an anti-dandruff agent, dealing with a
mild formula is more crucial in this condition.

Design of
formulation

Anew method of formulation to generate the
optimized formula is to use the Design of
Experiment (DoE), like Design Expert® software.
For instance, Costa (2019) demonstrated the
application of DoE in developing a stable cosmetic
formulation by optimizing key physicochemical
properties such as viscosity and stability. The DoE
can assist in optimizing natural formulations of
cosmetics by providing statistical analysis of
physicochemical evaluations. The DoE not only
facilitates optimization but also enables screening,
characterization, and optimization through
features such as simplex lattice design, factorial
design, response surface methodology (RSM), and
Box-Behnken design. Sopyan et al. (2022) applied
RSM in optimizing a nanoemulsion formulation,
successfully improving its efficiency.

Simulations have also become a widely used
strategy to support the optimization of
experimental runs across engineering and
technological fields, including cosmetics. Jankovic
et al. (2021) showed that simulations combined
with DoE improved predictive accuracy in material
performance. However, the success of DoE depends
on the appropriate selection of statistical methods,
variables, and factor levels. Luiz et al. (2021)
emphasized that prior to optimization by RSM,
screening designs are crucial to reducing the
number of factors and determining factor levels to
evaluate parameters such as nanocarrier stability
and response values.

experiment for optimization

CONCLUSION

Numerous essential oils have the potential to
be antifungal and anti-dandruff, according to the
review source's data. Tea tree oil is the most
efficlent and widely available essential oil for
preventing dandruff on the scalp, while other
essential oils can also be used in its place using a
variety of essential oils in combination to boost its
efficacy. Preparation of essential oil-based scalp
care products can have the same therapeutic
impact as using pure essential oils. You can use a
variety of herbal anti-dandruff scalp care formulas
to make cosmetics like shampoo, powdered
shampoo, conditioner, and many more. The findings
of this article review can be used to enhance the
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development of scalp preparations that effectively
prevent the development of dandruff. Design of
Experiment (DoE) can be used to develop the
formulation of scalp care products when the
researcher knows well about thetools.

The review highlights the anti-dandruff
potential of various essential oils against key
dandruff-causing microorganisms such as M. furfur
and M. globosa. This provides a basis for
formulating anti-dandruff serum wusing the
experimental design approach, specifically Design
Expert®. Numerous essential oils demonstrate
antifungal and anti-dandruff properties, with tea
tree oil identified as particularly effective and
accessible for scalp applications. Other essential
oils may also be utilized individually or in
combination to enhance their effectiveness.
Preparing scalp care products containing essential
oils can replicate the therapeutic effects of pure
essential oils, allowing for diverse formulations,
such as shampoos, powdered shampoos,
conditioners, and other products with anti-
dandruff properties. Insights from this review
may aid in advancing the formulation of effective
anti-dandruff scalp care products. Further, the
Design of Experiments (DoE) method can be
applied to optimize formulation development,
provided that researchers are well-versed with the
tools.

For future research, the author recommends
exploring the production of micro- or nano-
emulsions to minimize the volatility and oxidation
of essential oils within formulations, thus
enhancing stability. The authors also suggest that
there is significant promise in these natural
alternatives. Research is moving towards exploring
more potent essential oils and optimizing their
delivery in formulations, such as through
encapsulation techniques that enhance stability
and effectiveness. This review is expected to
support further studies in the development of
cosmetic products, specifically herbal scalp
treatments for dandruff.

ACKNOWLEDGMENTS

Authors acknowledge the Directorate of
Research and Community Service (DRPM)
Universitas Padjadjaran and the Ministry of
Education and Culture Republic of Indonesia for
their continuous support for this review article.

CONFLICT OF INTEREST
All authors have declared that they do not
have any conflicts of interest.

407



Essential Oils as Anti-Dandruff Agents and Their Serum Formulation

REFERENCES

Abdullah, M. (2023). Induction role of chitosan
nanoparticles to Anethum graveolens
extract against food-borne bacteria, oxidant,
and diabetic activities in vitro. Frontiers in
Microbiology, 14(1),1-12. doi:
10.3389/fmicb.2023.1209524

Aggnihotri, S. (2021). Formulation and
development of botanicals-based herbal
serum. Pharmaspire, 13(7), 211-217.

Ali, B., Al-Wabel, N.A., Shams, S., Ahamad, A., Khan,
S.A., & Anwar, F.(2015). Essential oils used in
aromatherapy: a systematic review. Revista
da Sociedade Brasileira de Medicina Tropical,
48(6), 746-752. doi:
10.1590/0037-8682-0188-2015

Alteriis, E., Maione, A.,, Falanga, A, Bellavita, R,
Galdiero, S., Albarano, L., Salvatore, M.M,,
Galdiero, E., & Guida, M. (2022). Activity of
Free and Liposome-Encapsulated Essential
Oil from Lavandula angustifolia against
Persister-Derived Biofilm of Candida auris.
Antibiotic, 11(1), 26.

doi:
10.3390/antibiotics11010026

Almas, 1., Innocent, E., Machumi, F., & Kisinza, W.
(2021). Chemical composition of essential
oils from Eucalyptus globulus and
Eucalyptus maculata grown in Tanzania.

Scientific African, 12(1), 1-7.
doi:https://doi.org/10.1016/j.sciaf
2021.e00758

Anghel, I., Grumezescu, A.M., Holban, A.M,, Ficai, A.,
Anghel, A.G, & Chifiriuc, M.C. (2013).
Biohybrid Nanostructured Iron Oxide
Nanoparticles and Satureja hortensis to
Prevent Fungal Biofilm Development,
International Journal of Molecular Sciences,
14(1), 18110-18123.
doi:10.3390/ijms140918110

Bachir, Y.N,, Sahraoui, N., Cheurfa, Z., Medjkane, M.,
& Ziane, AH. (2022). Formulation of a
natural nano system based on
Bcyclodextrin/arginine/xanthan to increase
antifungal activity of Salvia officinalis
essential oil from Algeria. Journal of Food
Measurement and Characterization, 26(3), 581-
597.doi: 10.29228/jrp.156

Badiee, P, Nasirzadeh, A., & Motaffaf, M. (2012).
Chemical composition and antifungal
activity of essential oil from Eucalyptus
smithii against dermatophytes. Journal of
Pharmaceutical Technology and Drug
Research, 1(7), 1-5.d0i:10.7243/2050-120X-

408

1-7

Bais, S., Gill, N.S,, Rana, N., & Shandil, S. (2014). A
Phytopharmacological Review on a
Medicinal Plant: Juniperus communis.
International Scholarly Research Notices,
2014(1), 634723.

doi:10.1155/2014/634723

Baptista, E. B., Zimmermann-Franco, D. C., Lataliza,
A. A. B, & Raposo, N. R. B. (2015).
Comparison of salvia officinalis L. essential
oil and antifungal agents against candida
species.  Journal of  Pharmaceutical
Technology and Drug Research, 1(7), 1-5.
doi:10.7243/2050-120X-1-7

Barve, S. S., Deshpande, S., & Dhawal, P.P. (2023).
Cytotoxic, cytostatic, and keratolytic activity
of anti-dandruff shampoo formulations.
International Journal of Research in
Dermatology, 9(2), 61-66.

Benabdesslem, Y., Hachem, K., & Mébarki, M.
(2020). Chemical composition of the
essential oil from the leaves of Eucalyptus
globulus Labill. growing in Southwest
Algeria. Journal of Essential Oil Bearing
Plants, 23(5), 1154-1160.
doi:10.1080/0972060X.2020.1843549

Bendjersi, F.Z., Tazerouti, F., Belkhelfa-Slimani, R,

Djerdjouri, B., & Meklati, B.Y. (2016).

Phytochemical composition of the Algerian

Laurus nobilis L. leaves extracts obtained by

solvent-free microwave extraction and

investigation of their antioxidant activity.

Journal of Essential Oil Research, 28(3), 202-

210. doi.org/10.1080/10412905.2

015.1129992

R, Kumar, A, & Sharma, A. (2017).

Formulation and evaluation of shampoo

formulated by Glycine Max seeds. Indian

Research Journal of Pharmacy and Science,

4(4), 1232-1238.

doi:10.21276/irjps.2017.4.4.10

Bhojane, R., Deurmalle, S., Jaiswal, P., & Sufi, B.
(2023). Formulation and evaluation of
herbal anti-dandruff shampoo. International
Journal of Novel Research and Development
(IINRD), 8(6), 910.

Biaton, M., Krzysko-Lupicka, T, Nowakowska-
Bogdan, E., Wieczorek, P.P.(2019). Chemical
Composition of Two Different Lavender
Essential Oils and Their Effect on Facial Skin
Microbiota.  Molecules, 24(1), 3270.
doi:10.3390/molecules24183270

Bilal, M., & Igbal, H.M.N. (2020). New insights on
unique features and role of nanostructured

Bhatt,

Volume 36 Issue 3 (2025)



materials in cosmetics. Cosmetics, 7(2), 24.
doi:https://doi.org/10.3390/cosmetics702
0024

Billamboz, M., & Jawhara, S. (2023) Anti-malassezia
drug candidates based on virulence factors
of malassezia-associated diseases.
Microorganisms, 11(10), 2599.
doi:10.3390/microorganisms11102599

Bolouri, P., Salami, R, Kouhi, S. Kordi, M. &
Astatkie, T. (2022). Applications of essential
oils and plant extracts in different industries.
Molecules, 27(24), 8999.
doi:10.3390/molecules27248999

Brochot, A, Guilbot, A, Haddioui, L., & Roques, C.
(2017). Antibacterial, antifungal, and
antiviral effects of three essential oil blends.
Wiley Microbiology Open, 6(4), 1-6.
doi:10.1002/mbo3.459

Brunke, S., & Hube, B. (2006). MfLIP1, a gene
encoding an extracellular lipase of the lipid-

dependent fungus Malassezia furfur.
Microbiology, 152(2), 547-554.
d0i:10.1099/mic.0.28501-0. PMID:
16436442

Cabral, C., Francisco, V., Cavaleiro, C., Gongalves, M.,
Cruz, M, Sales, F, & Salgueiro, L. (2012).
Essential oil of Juniperus communis subsp.
alpina (suter) celak needles: chemical
composition, antifungal activity and
cytotoxicity. Phytotherapy Research, 26(9),
1352-1357.d0i:10.1002 /ptr.3730

Carrasco, H., Raimondi, M., Svetaz, L., Liberto, M.D.,
Rodriguez, M.V, Espinoza, L., Madrid, A,
Zacchino, S. (2012). Antifungal activity of
eugenol analogues. influence of different
substituents and studies on mechanism of
action. Molecules, 17(1), 1002-1024.
dpi:10.3390/molecules17011002

Chaisripipat, W., Lourith, N., & Kanlayavattanakul,
M. (2015). Anti-dandruff hair tonic
containing  lemongrass  (Cymbopogon
flexuosus) oil. Forsch Komplementmed,
22(4),226-229.d0i:10.1159/000432407

Chandra, H., & Ah, AF. (2014). Lipoxygenase
inhibitory, anti-oxydant, and antimicrobial
activities of selected essential oils. Asian
Journal of Pharmaceutical and Clinical
Research, 7(4). do0i:10.1.1.984.3777

Chandran, S., Vipin, V.K,, Augusthy, A.R., Lindumol,
K.V., & Shirwaikar, A. (2013). Development
and evaluation of antidandruff shampoo
based on natural sources. jJournal of
Pharmacy and Phytotherapeutics, 1(4),
2321-5895.

Volume 36 Issue 3 (2025)

Iyan Sopyan

Chaudhari, N.A., Chaudhari, J.V.,, & Bhamare, M.B.
(2020). Formulation and evaluation of anti-
dandruff hair gel by using Apium graveolens.
International Journal Of Creative and
Innovative Research In All Studies, 3(6), 52-
58.

Chen, Y, Zeng, H,, Tian, ]., Ban, X,, Ma, B., & Wang, Y.
(2013). Antifungal mechanism of essential
oil from Anethum graveolens seeds against
Candida albicans. Journal of Medical
Microbiology, 62(8), 1175-1183.
doi:10.1099/jmm.0.055467-0

Cimino, C., Maurel, 0.M., Musumeci, T., Bonaccorso,
A, Drago, F, Souto, E.M.B,, Pignatello, R,, &
Carbone, C. (2021). Essential oils:
pharmaceutical applications and
encapsulation strategies into lipid-based
delivery systems. Pharmaceutics, 13(3) 327.
doi:10.3390/pharmaceutics13030327

Costa, G.M.D. (2019). Application of design of
experiments in the development of cosmetic
formulation based on natural ingredients.
Int | Phytocos Nat Ingred, 6(1), 4.
doi:10.15171/ijpni.2019.04

Dagni, A. Heghes, S.C., Suharoschi, R, Pop, O.L,
Fodor, A, Vulturar, R., Cozma, A., Aniq Filali,
0., Vodnar, D.C., Soukri, A.,, & El Khalfi, B.
(2022). Essential oils from Dysphania genus:
Traditional uses, chemical composition,
toxicology, and health benefits. Frontiers in
pharmacology, 13(1), 1024274. doi:
https://doi.org/10.3389/fphar.2022.10242
74

Dariji, D., Sapra, P., & Mankad, D. (2021). Bioactivity
of Eucalyptus essential oil. International
Journal of Engineering Applied Sciences and
Technology, 5(12), 103-106.

Das, S., Pradhan, C., & Pillai, D. (2023). Dietary
coriander (Coriandrum sativum L) oil
improves antioxidant and anti-
inflammatory activity, innate immune
responses and resistance to Aeromonas
hydrophila in Nile tilapia (Oreochromis
niloticus). Fish Shellfish Immunol, 132,
108486.d0i:10.1016/j.fsi.2022.108486

Das, S,, Silvanose, C., & Gladston, J. (2023). Role of
Malassezia furfur and M. globosa in Dandruff
and Seborrheic Dermatitis. Journal of Clinical
and Investigative Dermatology, 11(1), 1-4.

Donato, R., Sacco, C., Pini, G., & Bilia, A.R. (2020).
Antifungal activity of different essential oils
against Malassezia pathogenic species.
Journal  of  Ethnopharmacology, 249
(112376).

409



Essential Oils as Anti-Dandruff Agents and Their Serum Formulation

doi:https://doi.org/10.1016/j.jep.2019.112
376

Editor Committee of National Chinese Medical
Manage Bureau. (2005). Chinese Herbal
Uighur Volume. Shanghai: Shanghai Scientific
& Technical Publishers.

Eid, A.M,, Issa, L., Al-kharouf, 0., Jaber, R., & Hreash,
F. (2021). Development of Coriandrum
sativum Oil Nanoemulgel and Evaluation of
Its Antimicrobial and Anticancer Activity.
Hindawi BioMed Research International,
1(1), 1-10. doi: 10.1155/2021/5247816

Erosh, YSK. (2016). Tea tree oil: a promising
essential oil. Journal of Essential Oil Research,
29(3), 201-213.
doi:10.1080/10412905.2016.1232665

Gadge, S.S., Wankhade, S.P, & Tapare, S. (2023).
Formulation and evaluation of polyherbal
antidandruff =~ shampoo.  Journal of
Pharmacognosy and Phytochemistry, 12(4),
35-41. doi:
10.22271/phyto.2023.v12.i4a.1469.

Gaitanis, G., & Laurence, M. (2020). Microbiomics:
Dimensions, Applications, and Translational
Implications of Human and Environmental
Microbiome Research. New York: Academic
Press. pp. 203-224.

Gao, Y., Cao, Q., & Xiao, Y. (2024). The progress and
future of the treatment of Candida albicans
infections based on nanotechnology. Journal
of Nanobiotechnology, 22(1), 568. doi:
10.1186/s12951-024-02841-6

Garcia, M., Matias, J., Barros, |., de Lima, D., Lopes,
R, & Andreotti R. (2012). Chemical
identification of Tagetes minuta Linnaeus
(Asteraceae) essential oil and its acaricidal
effect on ticks. Revista brasileira de
parasitologia veterinaria, 21(4), 405-411.
doi:10.1590/51984-29612012000400011

Gongalves, M.M., Junkert, AM. Adam, LM., &
Marcondes, TV.B. (2021). International
Journal of Development Research, 11(4),
46106-46110.
doi:10.37118/ijdr.21561.04.2021

Gonzalez-Coloma, A, Delgado, F, Rodilla, ].M., &
Burillo, J. (2011). Chemical and biological
profiles of Lavandula luisieri essential oils
from western Iberia Peninsula populations.
Biochemical Systematics and Ecology, 39(1),
1-8.
doi:https://doi.org/10.1016/j.bse.2010.08.
010

Guenane, H., Gherib, A., Carbonell-Barrachina, A.,
Cano-Lamadrid, M., Krika, F, & Bakchiche, B.

410

(2016). Minerals analysis, antioxidant and
chemical composition of extracts of Laurus
nobilis from southern Algeria. Journal of
Materials and Environmental Science, 7(11),
4253-4261.

Hammer, K.A,, Carson, C.F, & Riley, T.V. (1999).
Antimicrobial activity of essential oils and
other plant extracts. Journal of Applied
Microbiology, 86(1), 985-990.

Hoferl, M., Stoilova, I, Schmidt, E., Wanner, J.,
Jirovetz, L, Trifonova, D. Krastev, L., &
Krastanov, A. (2014). Chemical Composition
and Antioxidant Properties of Juniper Berry
(Juniperus communis L.) Essential Oil.
Action of the Essential Oil on the Antioxidant
Protection of Saccharomyces cerevisiae
Model Organism. Antioxidants (Basel), 3(1),
81-98. d0i:10.3390/antiox3010081

Ili¢, A.S., Anti¢, M.P,, Jelaci¢, S.C., & Solevi¢-Knudsen,
T.M. (2019). Chemical composition of the
essential oils of three Ocimum basilicum L.
cultivars from Serbia. Notulae Botanicae
Horti Agrobotanici Cluj-Napoca, 47, 347-
351.
doi:https://doi.org/10.15835/nbha471112
50.

Jadhav, A.L., Shihire, A.D., Channyal, A.R., & Jarhad,
AP. (2023). Coleus Amboinicus
Pharmacological Activity and Treatment Use
for Typhoid. International Journal for
Research Trends and Innovation, 8(5), 619-
622.

Jain, S.A.P. (2022). Essential oils as potential source
of anti-dandruff agents: a review. Comb Chem
High Throughput Screen, 25(9), 1411-1426.
doi:10.2174/13862073246662107120941
48

James, A.G., Abraham, K.H., Cox, D.S., Moore, AE., &
Pople, J.E. (2013). Metabolic analysis of the
cutaneous fungi Malassezia globosa and M.
restricta for insights on scalp condition and
dandruff. International Journal of Cosmetic
Science, 35(2), 169-75. doi:
10.1111/ics. 12022

Jankovic, A. Chaudhary, G., & Goia, F. (2021).
Designing the design of experiments (DOE)
- an investigation on the influence of
different factorial designs on the
characterization of complex systems. Energi
& Buildings, 250(1), 1-17.
doi:https://doi.org/10.1016/j.enbuild.2021
111298

Khaloud, A, & Shah, A. (2014). Formulation,
evaluation and comparison of the herbal

Volume 36 Issue 3 (2025)


https://doi.org/10.1016/j.jep.2019.112376
https://doi.org/10.1016/j.jep.2019.112376

shampoos with the commercial shampoos.
International Journal of Basic and Applied
Science, 3(4), 301-305. do0i:10.1016/S2221-
1691(14)60235-5

Khan, I, Rathore, B., Mehriya, M., & Singh, B. (2017).
Evaluation, estimation and identification of
essential oil constituents. Journal of Essential
Oil  Bearing  Plants,  20(1), 1-10.
doi:10.1080/0972060X.2017.1333462

Khodja, Y.K, Bachir-bey, M., Belmouhoub. M., &
Ladjouzi, R. (2023). The botanical study,
phytochemical composition, and biological
activities of Laurus nobilis L. leaves: A
review. International Journal of Secondary
Metabolite, 10(2), 269-296.

Kim, S. Shin, S, Kim, S.N, & Na, Y. (2021).
Understanding the characteristics of the
scalp for developing scalp care products.
Journal of Cosmetics, Dermatological Sciences
and  Applications, 11(3), 204-216.
doi:https://doi.org/10.4236/jcdsa.2021.11
3018

Khosravi, A.R., Shokri, H., Kermani, S., & Parsa, S.
(2011). Antifungal properties of Artemisia
sieberi and Origanum vulgare essential oils
against Candida glabrata isolates obtained
from patients with vulvovaginal candidiasis.
Journal de Mycologie Médicale, 21(2), 93-99.

Ksouri, S., Djebir, S., Bentorki, A., Gouri, A., Hadef, Y,
& Benakhla, A. (2017). Antifungal activity of
essential oils extract from Origanum
floribundum Munby, Rosmarinus officinalis
and Thymus ciliatus Desf. against Candida
albicans isolated from bovine clinical
mastitis. Journal De Mycologie, 27(2), 245-
249.dx.doi.org/10.1016/j.mycmed.20
17.03.004

Lakshmi, M., & Nandagopal, S. (2017). Studies on
the Leaf Essential Oil of Coleus zeylanicus
(Benth.) L.H.Cramer-A Valuable Medicinal
Plant. Journal of Pharmaceutical, Biological
and Chemical Sciences, 8(5), 119.

Lakshmi, M, & Nandagopal, S. (2021).
Comprehensive GC-MS and FT-IR Profiling of
Coleus zeylanicus essential o0il and
investigation of its anti-fungal and anti -
oxidant activities. International Journal of
Research in Pharmaceutical Sciences, 12(1),
636-642

Lee, M., Na, E, Yun, S, Lee, S.C., Won, Y., & Lee, J.
(2018). In vitro study and clinical trial on
natural essential oils and extract against
Malassezia species. Journal of Medical
Mycology, 23(4), 91-98.

Volume 36 Issue 3 (2025)

Iyan Sopyan

doi:dx.10.17966/]M1.2018.23.4.91

Leite, M.C., Bezerra, AP, Sousa, ].P, & Lima, E.D.
(2015). Investigating the antifungal activity
and mechanism(s) of geraniol against
Candida albicans strains. Medical Mycology,
53(3),275-284.d0i:10.1093/mmy/myu078

Li, WR, Li, H.L,, Shi, Q.S., Sun, T.L, Xie, X.B., Song,B..&
Huang, X.M. (2016). The dynamics and
mechanism of the antimicrobial activity of
tea tree oil against bacteria and fungi.
Applied Microbiology and Biotechnology,
100(1), 8865-
8875doi:https://link.springer.com/ar
ticle/10.1007/s00253-016-7692-4

Limam, H., Jemaa, M.B., Tammar, S. Ksibi, N,
Khammassi, S. Jallouli, S., & Msaada, K.
(2020). Variation in chemical profile of
leaves essential oils from thirteen Tunisian
Eucalyptus species and evaluation of their
antioxidant and antibacterial properties.
Industrial Crops & Products, 158(1), 1-11.
doi:https://doi.org/10.1016/j.indcrop.2020
112964

Luiz, M.T, Viegas, ].S., Abriata, ].P, Viegas, F,
Vicentini, F.T, Bentley, M.V., & Tapia-Blacido,
D.R. (2021). Design of experiments (DoE) to
develop and to optimize nanoparticles as
drug delivery systems. European Journal of

Pharmaceutics and  Biopharmaceutics,
165(1), 127-148.
doi:https://doi.org/10.1016/j.ejpb.2021.05
.011

Maczka, W., Wihska, K., & Grabarczyk, M. (2020).
One hundred faces of geraniol. Molecules,

25(14), 3303.
doi:10.3390/molecules25143303
Madhusudhan, M., Rao, M.K, Radha, GV, &

Ganapathy, S. (2021). Use of traditional
herbs for the formulation of herbal
powdered shampoos and their evaluation.
Plant Archives, 21(1), 845-856.
doi:10.51470/PLANTARCHIVES.2021.v21.n
01.117

Makkar, M. K. Sharma, S., & Kaur, H. (2018).
Evaluation of Mentha arvensis essential oil
and its major constituents for fungitoxicity.
Journal of Food Science and Technology,
55(9), 3840-3844. doi: 10.1007/s13197-
018-3291-y

Mankar, S., Bajpai, N., & Wasule, D. (2022). Review
of efficacy and safety of natural and
synthetic anti-dandruff agents. International
Journal of Novel Research and Development
(IINRD), 7(1),164-173.

411


https://doi.org/10.4236/jcdsa.2021.113018
https://doi.org/10.4236/jcdsa.2021.113018
http://dx.doi.org/10.1016/j.mycmed.2017.03.004
http://dx.doi.org/10.1016/j.mycmed.2017.03.004
http://dx.doi.org/10.1016/j.mycmed.2017.03.004

Essential Oils as Anti-Dandruff Agents and Their Serum Formulation

Maral, H. (2022). Diurnal variations of essential oil
content and composition of Satureja cilicica
PH. Davis under culture conditions.
International ~ Journal  of  Innovative
Approaches in Agricultural Research, 6(3),
239-245.doi:
https://doi.org/10.29329 /ijiaar.2022.475.7

Maryam, LH.U. (2015). Nanoencapsulation of
essential oils with enhanced antimicrobial
activity: A new way of combating
antimicrobial  resistance.  Journal of
Pharmacognosy and Phytochemistry, 4(3),
165-170.

Masyita, A, Sari, R.M., Astuti, A.D,, Yasir, B., Nainu, F,
& Gandara, ].S. (2022). Terpenes and
terpenoids as main bioactive compounds of
essential oils, their roles in human health
and potential application as natural food
preservatives. Food Chem X, 13(1), 1-14.
doi:10.1016/j.fochx.2022.100217

Matsuzaki, Y, Tsujisawa, T, Nishihara, T., & Kakinoki,
Y. (2013). Antifungal activity of chemotype
essential oils from rosemary against Candida
albicans. Open Journal of Stomatology, 3(1),
176-182. dx.doi.org/10.4236/0jst.2013.32
031

Meray, Y, Gengalp, D., & Giiran, M. (2018). Putting It
All Together to Understand the Role of
Malassezia spp. in Dandruff Etiology.
Mycopathologia, 183(6), 893-903. doi:
10.1007/s11046-018-0283-4

Moritz, C., Rall, V., Saeki, M., & Junior, A. (2015).
Assessment of antimicrobial activity of
cinnamon  (Cinnamomum  zeylanicum)
essential oil combined with EDTA and
polyethylene glycol in yogurt. Acta
Scientiarum - Technology, 37(1), 99-104. doi:
10.4025 /actascitechnol.v37i1.17325

Morshedi, D., Aliakbari, F, Tayaranian-Marvian, A.,
Fassihi, A, & P’erez-Sanchez, H. (2015).
Cuminaldehyde as the major component of
Cuminum cyminum, a natural aldehyde with
inhibitory effect on alpha-synuclein
fibrillation and cytotoxicity. Journal of Food
Science, 80(10), 2336-2345. doi:
10.1111/1750-3841.13016

Mukarram, M., Choudhary, S., Khan, M.A., & Shahid,
(2022). Lemongrass Essential 0il
Components with Antimicrobial and
Anticancer Activities. Antioxidants, 11(1),
20. doi: 10.3390/antiox11010020

Nabila, B,, Piras, A, Fouzia, B., & Majda, S.R. (2022).
Chemical composition and antibacterial
activity of the essential oil of Laurus nobilis

412

leaves. Natural Product Research, 36(4),989-
993.
doi.org/10.1080/14786419.2020.1839450

Najibzadeh, T, & Yadegary, M.H. (2018). Antifungal
effect of Satureja khuzestanica Jamzad
essential oil on oral candidiasis in
immunosuppressed rats. Herba Pol, 64(3),
38-49.

Navroski, M.C.I, Waldow, D.A.G., & Reiniger, L.R.S.
(2014). Multiplicagdo in vitro de segmentos
apicais caulinares de segurelha (Satureja
hortensis L.). Revista Brasileira de Plantas
Medicinais, 16(1). doi:
10.1590/s1516-05722014000100017

Nazzaro, F, Fratianni, F, Coppola, R, & Feo, V.
(2017). Essential oils and antifungal activity.
Pharmaceuticals (Basel), 10(4), 86. doi:
10.3390/ph10040086

National Center for Biotechnology Information
(NCBI). (2024). Retrieved from
https://pubchem.ncbi.nlm.nih.gov/compou
nd/10583

Nieto, G. (2017). Biological activities of three
essential oils of the Lamiaceae family.
Medicines (Basel),4(3), 63.
doi:10.3390/medicines4030063

Padalia, R.C,, Verma, R.S., Chauhan, A., & Chanotiya,
C.S. (2013). Changes in aroma profiles of 11
Indian Ocimum taxa during plant ontogeny.
Acta Physiologiae Plantarum, 35, 2567-
2587.d0i:10.1007/s11738-013-1293-y

Pandey, P, Upadhay, R., & Singh, V.(2019). Screening
of antifungal activity of essential oils and its
chemical composition against Malassezia
Furfur. International Journal of Bio-
Technology and Research, 9(2), 31-36.

Park, H., Ha, M.H,, Park, S.G, Kim, M, Kim, B., &
Kim, W. (2012). Characterization of the
fungal microbiota (Mycobiome) in healthy
and dandruff-afflicted human scalps. Public
Library of Science One, 7(2), 1-6.
doi:10.1371/journal.pone.0032847

Pateiro, M., Gbmez, B, Munekatam, P.E.S, Barba, F.J.,
& Lorenzo, J.M. (2021). Nanoencapsulation
of promising bioactive compounds to
improve their absorption, stability,
functionality and the appearance of the final
food products. Molecules, 26(6), 1547.
doi:10.3390/molecules26061547

Patel, 1., & Talathi, A. (2016). Use of traditional
indian herbs for the formulation of shampoo
and their comparative analysis.
International Journal of Pharmacy and
Pharmaceutical Sciences, 8(3), 28-32.

Volume 36 Issue 3 (2025)


https://doi.org/10.29329/ijiaar.2022.475.7
http://dx.doi.org/10.4236/ojst.2013.32
https://pubchem.ncbi.nlm.nih.gov/compound/10583
https://pubchem.ncbi.nlm.nih.gov/compound/10583

Peixoto, L.R., Rosalen, P.L, Ferreira, G., Freires, I., &
Castro, R. (2017). Antifungal activity, mode
of action and anti-biofilm effects of Laurus
nobilis Linnaeus essential oil against Candida
spp.- Archivesof Oral Biology, 73(1), 179-185.
doi:http://dx.doi.org/10.1016/j.archoralbio
.2016.10.013

Pinto, E., Pina-Vaz, C., Salgueiro, L., & Martinez-de-
Oliveira, J. (2006). Antifungal activity of the
essential o0il of Thymus pulegioides on
Candida, Aspergillus and dermatophyte
species. Journal of Medical Microbiology,
55(10), 1367-1373.
doi:10.1099/jmm.0.46443-0

Pinto, E., Gongalves, M. ]., Cavaleiro, C., & Salgueiro,
L. (2017). Antifungal Activity of Thapsia
villosa Essential Oil against Candida,
Cryptococcus, Malassezia, Aspergillus and
Dermatophyte Species. Molecules, 22(10),
1595. doi: 10.3390/molecules22101595

Pooja, A., Arun, D., & Maninder, D. (2013). Screening
of plant essential oils for antifungal activity
against Malassezia Furfur. International
Journal of Pharmacy and Pharmaceutical
Sciences, 5(2),37-39.

Pontes, C.S., Carvalho, G.G., Leite, RP.A, &
Spolidorio, P.D.M. Improving Drug Delivery
on Candida Albicans Using Geraniol

Nanoemulsion.  (2023). Pharmaceutics,
15(1), 2475.
https://doi.org/10.3390/pharmaceutics15
102475\

Powers, C. N,, Osier, |. L., McFeeters, R. L., & Setzer,
W. N. (2018). Antifungal and Cytotoxic
Activities of Sixty Commercially-Available
Essential Oils. Molecules, 23(7), 1549. doi:
10.3390/molecules23071549

Punyoyai, C., Sirilun, S, Chantawannakul, P, &
Chaiyana, W. (2018). Development of
antidandruff shampoo from the fermented
product of Ocimum sanctum Linn. Cosmetics,
5(3),43. d0i:10.3390/cosmetics5030043

Rajkumar, K., & Malathi, R. (2016). Anticancer activ-
ity of an ethanol extract of Coleus forskohlii
root against gastric cancer cells in-vitro.
International Journal of Pharmaceutical
Sciences and Research, 7(4),1603-1611.

Rajivgandhi, G., Saravanan, K., Ramachandran, G., &
Alharbi, N.S. (2020). Enhanced anti-cancer
activity of chitosan loaded Morinda citrifolia
essential oil against A549 human lung
cancer cells. International Journal of
Biological Macromolecules, 164(1), 4010-
4021. doi.org/10.1016/j.ijbiomac.202

Volume 36 Issue 3 (2025)

Iyan Sopyan

0.08.169

Ramalakshmi, P., Subramanian, N., & Saravanan, R.
(2014). Antimicrobial activity of Coleus
amboinicus on six bacterial strains.
International Journal of Current Research,
6(11),9909-991

Rashed, A.A,, Rathi, D.G., Nasir, N.A.H.A,, & Rahman
AZ.A. (2021). Antifungal Properties of
Essential Oils and Their Compounds for
Application in Skin Fungal Infections:
Conventional and Nonconventional
Approaches. Molecules, 26(4), 1093. doi:
10.3390/molecules26041093

Reddy, D.N., Al-Rajab, A.]J., Sharma, M., & Albratty,
M. (2017). Chemical constituents, in vitro
antibacterial and antifungal activity of
Mentha x Piperita L. (peppermint) essential
oils. Journal of King Saud University-Science,
31(4), 528-533.
doi:10.1016/j.jksus.2017.07.013

Rosa, D.C. (2019). Antifungal activity of different
essential oils against Malassezia pathogenic
species. Journal of Ethnopharmacology, 249,
112376.d0i:10.1016/j.jep.2019.112376

Ruberto, G., & Baratta, M.T. (2000). Antioxidant
activity of selected essential oil components
in two lipid model systems. Food Chem,

69(2), 167-174.
doi:https://doi.org/10.1016,/S0308-8146(9
9)00247-2

Rudramurthy, S.M., Honnavar, P. Dogra, S., &
Chakrabarti, A. (2014). Association of
Malassezia species with dandruff. Indian
Journal of Medical Research, 139(3), 431-
437.

Saharkhiz, M.]., Motamedi, M., Zomorodian, K, &
Hemyari, K. (2012). Chemical composition,
antifungal and antibiofilm activities of the
essential oil of Mentha piperita L.
International Scholarly Research Network.
doi:10.5402/2012/718645

Sahraie-Rad, M., Izadyari, A. Rakizadeh, S. &
Sharifi-Rad, ]. (2015). Preparation of strong
anti-dandruff shampoo using medicinal
plant extracts: a clinical trial and chronic
dandruff treatment. Jundishapur Journal of
Natural Pharmaceutical Products, 10(4),
e21517.doi:10.17795/jjnpp-21517

Santana de Oliveira, M., Vostinary, 0., Rigano, D., &
de Aguiar Andrade, E.H. (2023). Editorial:
Bioactive compounds present in essential

oils: Advances and pharmacological
applications. Frontiers in pharmacology, 14,
1130097. doi:

413


http://dx.doi.org/10.1016/j.archoralbio.2016.10.013
http://dx.doi.org/10.1016/j.archoralbio.2016.10.013
http://dx.doi.org/10.1016/j.archoralbio.2016.10.013
https://doi.org/10.3390/pharmaceutics15%20102475/
https://doi.org/10.3390/pharmaceutics15%20102475/

Essential Oils as Anti-Dandruff Agents and Their Serum Formulation

https://doi.org/10.3389/fphar.2023.11300
97

Saraswathy, A, & Lavanya, S. (2013). Chemical
composition and antibacterial activity of the
essential oil from the roots of Coleus
vettiveroides K.C.Jacob. International
Journal of Pharmacy and Biological Sciences,
3(3),212-212.

Sathishkumar P, Nancy S., & Ananda, K.A.M. (2019).
Evaluation of Anti-Dandruff Activity of Poly
Herbal Hair Oil against the Fungus
Malassezia Furfur. International
Organization of Scientific Research-Journal of
Biotechnology and Biochemistry, 5(1), 1-6.
doi: 10.9790/264X-0501010106

Saunders, C.W,, Scheynius, A., & Heitman, J. (2012).
Malassezia fungi are specialized to live on
skin and associated with dandruff, eczema,
and other skin diseases. Public Library of
Science Pathogens, 8(6),1-4.
doi:10.1371/journal.ppat.1002701

Selvakumar, P, Naveena, E., & Prakash, S.D. (2012).
Studies on the antidandruff activity of the
essential oil of Coleus amboinicus and
Eucalyptus globulus. Asia Pacific Journal of
Tropical Biomedicine, 2, 715-719.
doi:10.1016/S2222-1808(12)60250-3

Shahina, Z., Al-Homsi, R., Sultana, T., & Dahms, T.E.
S. (2022). Rosemary essential oil and its
components 1,8-cineole and «o-pinene
induce ROS-dependent lethality and ROS-
independent virulence inhibition in Candida
albicans. Public Library of Science One,
17(11), 1-31. doi:
10.1371/journal.pone.0277097

Shahrajabian, M.H., Sun, W., & Cheng, Q. (2020).
Chemical components and pharmacological
benefits of basil (Ocimum basilicum): A
review. International Journal of Food
Properties, 23(1), 1961-1970.
doi:10.1080/10942912.2020.1828456

Sharifi-Rad, J., Sureda, A., Valussi, M., & Iriti, M.
(2017). Biological activities of essential oils:
from plant chemoecology to traditional.
Molecules, 22(1), 70.
doi:10.3390/molecules22010070

Shirazi, M.T., Gholami, H., & Tafsiry, A. (2014).
Chemical composition, antioxidant,
antimicrobial and cytotoxic activities of
Tagetes minuta and Ocimum basilicum
essential oils. Food Science and Nutrition,
2(2),146-155. doi: 10.1002/fsn3.85

Shiwakoti, S., Saleh, 0., Poudyal, S., & Zheljazkov,
V.D. (2017). Yield, Composition and

414

Antioxidant Capacity of the Essential Oil of
Sweet Basil and Holy Basil as Influenced by
Distillation = Methods.  Chemistry  and
Biodiversity, 14(4).
doi:10.1002/cbdv.201600417

Sibi, D.S.C. (2023). Role of Malassezia furfur and M.
globosa in dandruff and seborrheic
dermatitis.  Journal of Clinical and
Investigative Dermatology, 11(1), 1-4.

Siddiqui, S.A. (2020). In vitro evaluation of herbal
active enriched hair cream for common
dandruff treatment and hair nourishment.
Asian Journal of Management Sciences &
Education, 9(4), 63-72.

Skidmore-Roth L. (2010). Handbook of Herb and
Natural Supplement. 2nd ed. St. Louis:
Mosbey. p. 42.

Soares, B., Morais, S., Fontenelle, R, Queiroz, V., &
Rocha, M. (2012). Antifungal activity, toxicity
and chemical composition of the essential oil
of Coriandrum sativum L. fruits. Molecules,
17(7), 8439-8448.

d0i:10.3390/molecules17078439

Sookto, T, Srithavaj, T, Thaweboon, S., & Shrestha,
B. (2013). In vitro effects of Salvia officinalis
L. essential oil on Candida albicans. Asian
Pacific Journal of Tropical Biomedicine, 3(5),
376-380. doi:10.1016/S2221-
1691(13)60080-5

Sopyan, 1., Gozali, D., Sriwidodo, & Guntina, R.C.
(2022). Design-expert software (DOE): an
application tool for optimization in
pharmaceutical preparations formulation.
International Journal of Applied
Pharmaceutics, 14(4), 55-63. doi:
10.22159/ijap.2022v14i4.45144

Telrandhe, U.B., Tapase, A.R., Madia, D.K., & Sheikh,
N.W.A. (2023). Formulation, evaluation, and
comparison of herbal shampoo with
commercially available shampoos. Asian
Journal of Pharmaceutics, 17(3), 544-550.

Tolba, H., Moghrani, H., Benelmouffok, A., & Maachi,

R. (2015). Essential o0il of Algerian
Eucalyptus citriodora: Chemical
composition, antifungal activity. Journal de
mycologie medicale, 25(6), 1-6.

10.1016/j.mycmed.2015.10.009.

Turek, C, & Stintzing, F.C. (2013). Stability of
essential oils: a review. Comprehensive
Reviews in Food Science and Food Safety,
12(1), 40-53. doi:10.1111/1541-
4337.12006

Trupti, P.K, & Gadekar, S.S. (2021). To study the
antidandruff activity of rosemary oil, basil

Volume 36 Issue 3 (2025)



oil, coleus oil over selenium sulfide. Journal
of Pharmaceutical and BioSciences, 9(4), 49-
71.doi:10.31555/jpbs/2018/6/2/36-39

Umar, H., Mahmood, T, Hussain, T, Aslam, R, &
Yousaf, A.M. (2020). Formulation and in vitro
characterization of tea tree oil anti-dandruff
shampoo. Current Cosmetic Science, 10(10),
1-10.
doi:10.2174/26667797016662104260853
02

Véaczi, P., Conkov4, E., Marcinéakova, D., & Sihelska,
Z. (2018). Antifungal effect of selected
essential oils on Malassezia pachydermatis
growth. Folia veterinaria, 62(2), 67-72. doi:
10.2478/fv-2018-0018

Valizadeh, S., Fakheri, T, Mahmoudi, R., &
Gajarbeygi, P. (2014). Evaluation of
antioxidant, antibacterial, and antifungal
properties of Satureja hortensis essential oil.
Biotechnology and Health Sciences, 1(3), 1-4.
doi:10.17795/bhs-24733

Voicu, D.M.F, Neaguy, S, Ruginescu, R., & Enache, M.
(2020). The antimicrobial and
biotechnological potential of Ocimum
basilicum L. correlated with developmental
stage and cultivar type. Oltenia Journal for
Studies in Natural Sciences, 36(2), 195-202.

Vu, T. Phan, T, Nguyen, V., Ngo, T., & Dat, T.H.T.
(2024). Chemical compositions and
biological properties of the leaf essential oil
of three Melaleuca species. World Academy

Volume 36 Issue 3 (2025)

Iyan Sopyan

of Sciences Journal, 6(67), 1-10. doi:
10.3892 /wasj.2024.282
Wadikar, D.D. & Patki, PE. (2016). Coleus

aromaticus: a therapeutic herb with multiple
potentials. journal of Food Science and
Technology, 53(7), 2895-2901. doi:
10.1007/s13197-016-2292-y

Xu, Z., Wang, Z., Yuan, C,, Liu, X., & Zhang, M. (2016).
Dandruff is associated with the conjoined
interactions between host and
microorganisms. Science Reports, 6(24877),
1-9.d0i:10.1038/srep24877

Zhong, H, Han, L, Lu, RY, & Wang, Y. (2023).

Antifungal and Immunomodulatory
Ingredients from Traditional Chinese
Medicine. Antibiotics, 12(1), 48. doi:

10.3390/antibiotics12010048

Zibi, R.D.N,, Tala, V.R.S., Yamen, P., & Ngoupayo, ]J.
(2022). Comparative antiplasmodial and
cytotoxic activities of Coffea arabica and
Coffea  canephora alkaloids extracts.
International Journal of Pharmaceutical and
Phytopharmacological Research, 12(1), 54-
59. doi:https://doi.org/10.51847 /md
2]5bMnQF

Zuzarte, M., Vale-Silva, L. Gongalves, M. &
Salgueiro, L. (2012). Antifungal activity of
phenolic-rich  Lavandula multifida L.
essential oil. European Journal of Clinical
Microbiology & Infectious Diseases, 31, 1359-
1366.d0i:10.1007/s10096-011-1450-4

415



