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Abstract

Hair issues, such as hair loss and dandruff, pose significant challenges in hair care.
Patchouli oil, rich in bioactive components, has emerged as a promising candidate for
addressing these concerns. The aim of this study was to investigate the hybrid
functionality of fractionated patchouli oil in hair care formulations designed to promote
hair growth and control dandruff caused by Malassezia globosa. Crude patchouli oil
(CPO) was fractionated to enhance its efficacy, producing light fraction patchouli oil
(LFPO), which was then characterized using gas chromatography-mass spectrometry (GC-
MS) analysis. Hair tonic formulations containing three different LFPO concentrations
(0.5%, 1.0%, and 1.5%) were developed and evaluated for stability, pH, viscosity, and
antifungal activity against M. globosa. The results showed that LFPO contained 2.51% acid
number, 0.70% ester number, 0.71 mg/kg iron content, and 25.88% patchoulol. The
formulations exhibited stable physicochemical properties, with pH levels of 5.36—5.51 and
viscosity ranging from 3.94 to 4.08 centipoise (cP), suitable for hair tonic applications.
Formulation of 1.5% LFPO demonstrated the strongest antifungal activity, producing a
31.18+1.37 mm inhibition zone against M. globosa, surpassing ketoconazole (21.72+0.28
mm), suggesting potential as a natural antifungal agent. Histological analysis in rabbits
revealed that 1.5% LFPO formulation reduced epidermal cell shedding, increased hair
length by 41.6+0.35 mm after six weeks, and promoted dense hair follicle growth. This
research provides a foundation for developing natural, effective, and stable hair care
formulations. Despite these promising results, the efficacy and safety of LFPO
formulations in humans remain unexplored. Therefore, a clinical human trial is necessary
to assess skin tolerance, irritation risks, and long-term effects under real-world
conditions.

Keywords: Patchouli oil, anti-dandruff, formulation hair tonic, Malassezia globsa, hair
care

Introduction

H air is identified as a fundamental aspect of personal identity and expression, serving aesthetic,

cultural, and protective functions. However, hair is vulnerable to conditions including Malassezia
spp. infection [1-4], notably Malassezia globosa, which is strongly associated with dandruff in
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humans and animals [5-7]. Malassezia spp. naturally resides on the human scalp, and its
interaction with Staphylococcus spp., which breaks down sebum, promotes dandruff and
seborrheic dermatitis [8-10].

In Indonesia, issues related to M. globosa present notable dermatological challenges,
impacting scalp health [10-12]. Indonesia’s warm and humid tropical climate is conducive to the
proliferation of M. globosa [10]. Previous studies have shown a higher M. globosa presence on
the scalps of individuals not wearing hijabs compared to those wearing hijabs and in 52% of
patients with seborrheic dermatitis [10,12]. By metabolizing scalp oils, Malassezia spp. produce
byproducts that can trigger inflammation, leading to scalp imbalance, irritation, itching, and
redness [13-15]. Conditions associated with Malassezia spp. typically require prolonged
treatment with azole antifungal drugs; however, the emergence of azole-resistant strains in
humans and animals underscores the need to explore natural sources for alternative antifungal
agents [13-15].

Indonesia's rich biodiversity includes approximately 40,000 plant species, such as patchouli
[16]. Known locally as nilam, patchouli belongs to the Lamiaceae family and contains bioactive
compounds such as saponins, terpenoids, flavonoids, and alkaloids [17]. Three main varieties are
widely cultivated: Java patchouli (Pogostemon hortensis), Aceh patchouli (Pogostemon cablin),
and patchouli soap (Pogostemon heyneanus), with Aceh patchouli having the highest oil yield,
exceeding 3% [16]. Patchouli oil, extracted from the leaves via steam distillation, offers
antimicrobial [18], antifungal [19], antiviral [17], antioxidant [20], antimutagenic [21], anticancer
[22], anti-inflammatory [23], fixative [18], and aromatherapy properties [18]. Its primary
constituents include sesquiterpene hydrocarbons (40—-45%) and oxygenated hydrocarbons (52—
57%) [17,24], featuring 8-guaiene, a-guaiene, a-patchoulene, seychellene, trans-caryophyllene,
alloaromadendrene, 2-(1,4,4-trimethyl-cyclohex-2-enyl)-ethanol, a-gurjunene, and the main
compound, patchouli alcohol [25].

Patchouli oil is commonly used in products such as creams, lotions, soaps, and perfumes,
where it acts as a strong fixative and natural insect repellent [26,27]. Patchouli alcohol has
demonstrated antimicrobial effects against various pathogenic bacteria, including Escherichia
coli, Pseudomonas aeruginosa, Bacillus proteus, Shigella dysenteriae, Typhoid bacillus, and
Staphylococcus aureus [28] Although a study demonstrated its antifungal activity against
Penicillium digitatum [19], research on its antifungal properties remains limited, particularly
studies on the antifungal effects of fractionated patchouli oil derived from crude patchouli oil
(CPO) against Malassezia sp. and its potential to promote hair growth. Therefore, the aim of this
study was to investigate antidandruff activity of fractionated patchouli oil at concentrations of
0.5%, 1.0%, and 1.5% in hair care formulations against M. globosa, along with the effects of these
formulations on hair growth in male rabbits.

Methods

Study design and setting

The experimental study was conducted from March 2023 to March 2024, aiming to explore the
hybrid functionality of fractionated patchouli oil in hair care formulations designed to promote
hair growth and combat dandruff caused by the M. globosa fungus. Light fraction patchouli oil
(LFPO) was extracted using rotary evaporator and the characterization of contents was made
using gas chromatography-mass spectrometry (GC-MS). In addition, the study involved both in
vivo and in vitro methodologies. The in vitro antifungal activity against M. globosa was evaluated
using the cup-plate method at the Microbiology Laboratory, Faculty of Medicine, Universitas
Syiah Kuala. For the in vivo hair growth test, male rabbits aged 1 to 2 years and weighing 1.5 to 2
kilograms were used and treated with three doses of formulations (0.5%, 1% and 1.5% of LFPO)
for 42 days. The length of hair growth was measured repeatedly six times. Detailed study design
and main steps are presented in Figure 1.

Extraction of light fraction patchouli oil
Leaves of patchouli (P. cablin Benth.) were obtained from Aceh patchouli plants aged five months
to 2 years, with a voucher specimen deposited at the Atsiri Research Centre, Universitas Syiah
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Kuala, Banda Aceh, Indonesia (ARC-012023). The fractionation was performed at a pressure of
200 kilopascals and a temperature range of 125°C to 160°C to produce LFPO. The samples were
dried and distilled to obtain CPO using a stainless-steel kettle which was subsequently
fractionated using a rotary evaporator, following the method outlined previously [18].

Crude Patchouli Oil (CPO)
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Figure 1. Study design of light fraction patchouli oil loaded hair tonic.

The characterization of light fraction patchouli oil involved testing for color, refractive index,
specific gravity, ester number, iron content, and acid number [29]. GC-MS was utilized to identify
the chemical components of LFPO using a Shimadzu GC-MS QP 2010 Ultra (Shimadzu, Kyoto,
Japan). The peaks were cross-referenced with a mass spectrum database using specialized
Chromeleon software version SR5 (Thermo Fisher Scientific, Waltham, USA) for the
interpretation of mass spectral fragmentation patterns [30].

Hair care formulations

Four hair care formulations were prepared: a blank formulation without LFPO, designated as Fo,
along with formulations containing 0.5% LFPO (F1), 1% LFPO (F2), and 1.5% LFPO (F3). The
chemical compounds utilized in these hair care formulations were aquadest, glycerin (20%),
disodium EDTA (15%), dextrose (10%), benzalkonium chloride (5%), nitrogen (4,5%),
polysorbate 80 (4%), panthenol (1%), sodium hydroxide (1%), PEG 400 (1%), and CMC-Na
(0,8%). All chemical compounds were obtained from certified chemical distributors that provided
safety profiles for each component, thereby minimizing the potential for irritation.

Homogeneity test and pH measurements

Homogeneity test was used to assess the distribution of particles in the tonic formulation of LFPO
by applying a sample onto a glass slide following previous study [31]. The pH of the formulations
was measured three times using a digital pH meter (Eutech PC 700 Meter With pH Electrode,
USA) with measurements taken directly from the tonic without dilution. All measurements were
conducted at 25°C and involved freshly prepared samples.

Viscosity and flow measurement

The viscosity and flow properties of the formulations were measured three times using a bob-cup
Brookfield rheometer model LVDV-III Ultra (Brookfield Engineering Laboratories,
Massachusetts, USA) equipped with a small sample adapter and utilizing freshly prepared

Page 3 of 12



c
8
IS
2
c
=
S
S
o
(@)
=
P
o
<
(9]

Isnaini et al. Narra J 2025; 5 (2): e1622 - http://doi.org/10.52225/narra.v5i2.1622

samples. The measurements were controlled using Brookfield software V3.1-1 (Brookfield
Engineering Laboratories, Massachusetts, USA). Samples were subsequently tested at five
different shear rates (revolutions per minute) to generate rheograms. All measurements were
conducted at 32°C, reflecting the surface temperature of the skin.

Stability test

Physical stability of the formulations was evaluated through a cycling test, which involved heating
and cooling cycles. Each of the four formulations underwent accelerated stability testing by being
subjected to 24 hours in a refrigerator at 4+2°C, followed by 24 hours in an incubator at 40+2°C.
This cycle was repeated for six times. The physical stability was assessed based on the average
pH, viscosity, and homogeneity in the previous procedures after the completion of six cycles. All
results for pH, viscosity, and homogeneity were presented in tabular form, accompanied by p-
values for each evaluation to determine the statistical significance of the differences observed
across the formulations and cycles.

Antimicrobial activity test: In vitro study

For this in vitro study, a standard isolate of M. globosa strain No. CBS 7966 (Indilab, Franklin
Park, USA) was used. The cup-plate method was used to assess the antimicrobial activity by
creating a solid agar layer in a Petri dish then a cylindrical hole in the agar contained an antifungal
solution, which inhibited the growth of microorganisms in the surrounding area. Briefly, M.
globosa was cultured on Sabouraud-dextrose agar media and incubated at 32°C for 96 hours.
Following incubation, the growth was washed, and spectrophotometry was employed to measure
the culture concentration at 560 nanometers. A sterile swab was dipped into the saline-washed
culture and spread uniformly across a plate. After allowing the plate to dry for 20 minutes at room
temperature, 6 mm wells were punched into the agar and filled with a 10 mg/mL extract solution.
The plates were then incubated at 32°C for 96 hours, and the inhibition zones were recorded at
the end of the incubation period [32]. Control measurements were obtained using the control
solvent and ketoconazole served as the standard.

Hair growth assessment: In vivo study
The hair growth study utilizing different formulations were conducted on six male rabbits
weighing between 1.8 kg and 2 kg. The rabbits underwent a one-week acclimation period to the
environment, enclosures, and diet, receiving consistent water and uniform nutrition throughout.
Prior to treatment, fur was shaved from five designated areas on the rabbits' backs, with each
area measuring 2x2 cm (each rabbits had five shaved areas). After 24-hours post-shaving, all
rabbits received treatments corresponding to the marked areas. The positive control area was
treated with 0.2 mL of 2% minoxidil while the negative control area received no treatment. The
application areas included F1 (0.5% LFPO), F2 (1% LFPO), and F3 (1.5% LFPO), each treated with
0.2 mL of the respective formulation. The application was evenly spread across each shaved area
using a sterile cotton swab to ensure uniform distribution. Treatments were administered over a
period of 42 days, starting from the first day of treatment. Data collected included the length of
hair growth measured on days 7, 14, 21, 27, 34, and 42 following the initiation of treatment.

Histological assessment of skin tissue and hair follicles

The histological assessment was also conducted on skin tissue and hair follicles (hair growth)
using hematoxylin and eosin (H&E) staining at the end of the study. This followed the standard
procedure to assess the structure of the rabbit skin after application of hair tonic.

Statistical analysis

All experiments were performed six times, and results were expressed as mean + standard
deviation (for data with a normal distribution) and the median (minimum-maximum) for non-
normally distributed data. The normality of the data distribution was evaluated using the
Shapiro-Wilk test. Single-factor analysis of variance determined significance at a 95% confidence
interval (95%CI), with p<0.05 considered significant. Duncan's post hoc test was also applied,
maintaining the threshold of p<0.05 for statistical significance. SPSS software version 22 (IBM,
New York, USA) was employed for statistical analysis.
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Results

Physicochemical properties of crude patchouli oil and light fractionpatchouli
oil

In the present study, vacuum distillation in an aqueous medium yielded approximately 5% CPO
from leaves, which was then purified to produce LFPO with a 65% yield. The physicochemical
properties, including refractive index, specific gravity, acid number, ester number, iron content,
and oil color were evaluated for both the CPO and LFPO.

Physicochemical properties analysis revealed that CPO had a slightly higher refractive index
and specific gravity compared to light fraction (1.510 vs 1.506 and 0.962 g/mL vs 0.954 g/mL,
respectively) (Table 1). Light fraction exhibited significantly lower acid number (2.51%) and
ester number (0.70%) compared to CPO, indicating reduced rancidity and extended shelf life
[33]. Additionally, the iron content decreased from 5.30 mg/kg in crude to 0.71 mg/kg in LFPO.
The color change from reddish-brown in CPO to light yellow in LFPO further confirmed the
purification effectiveness (Table 1).

Purification process used to produce LFPO significantly improved several key properties of
patchouli oil. The results showed that LFPO met the standards set by SNI 06-2385-2006,
exhibiting a lighter color, reduced impurities, and enhanced chemical characteristics. These
findings highlight the effectiveness of vacuum distillation and purification in improving the
quality of patchouli oil, establishing LFPO as the preferred active ingredient for hair tonic
formulations targeting M. globosa compared to CPO.

Table 1. Physicochemical properties of crude patchouli oil (CPO) and light fraction patchouli
(LFPO)

Properties CPO LFPO Reference

Refractive index (nD20) 1.510 1.506 1.507-1.515

Specific gravity (g/mL, 25°C) 0.962 0.954 0.950—0.975

Acid number (%) 3.62 2.51 Max 8

Ester number (%) 2.80 0.70 Max 20

Fe content (mg/kg) 5.30 0.71 Max 25

Color Reddish brown Light yellow  Light yellow-reddish brown

GC-MS analysis

GC-MS analysis identified 26 chemical components in LFPO (Table 2). The primary constituents
included patchouli alcohol (25.88%), a-guaiene (20.78%), &-guaiene (17.84%), seychellene
(8.67%), a-patchoulene (6.51%), trans-caryophyllene (5.13%), [-patchoulene (4.61%), y-
gurjunene (3.08%), viridiflorol (2.75%), and globulol (1.39%) (Table 2).

Table 2. Chemical composition of light fraction patchouli oil

Retention Area Compounds Retention Area  Compounds

time (£r) (%) time (tr) (%)

3.306 0.09 a-pinene 13.246 17.84  §-guaiene

3.698 0.23 B-pinene 13.637 0.29  a-panasinsene

4.153 0.02 Limonene 13.799 0.17 Cedren-13-ol acetate

9.413 0.19 S-elemene 14.204 0.15 1,2-benzenedicarboxylic acid
10.450 0.03 [(-elemene 14.511 0.1 Germacrene B

10.656 4.61 [B-patchoulene 14.746 0.18 Isoaromadendrene epoxide
11.405 5.13 Trans-caryophyllene 15.723 0.97 Spathulenol

11.704 20.78 a-guaiene 15.961 1.39 Globulol

11.951 0.20 y-selinene 16.216 0.32 Pogostol

12.025 0.13 Cadinene 16.687 2.75 Viridiflorol

12.170 8.67 Seychellene 16.824 0.15 Guaiyl acetate

12.427 6.51 a-patchoulene 17.167 25.88 Patchouli alcohol

12.468 3.08 y-gurjunene 17.383 0.04  Longifolenaldehyde

Total 99.9

Physicochemical properties and stability of hair tonic formulation

All dose groups (0 to 1.5% of LFPO) had pH ranging from 5.36 to 6.83 (p<0.05), remaining within
the skin pH range of 4.5 to 7.0 (Table 3). Freshly prepared samples showed consistent viscosity
values: 4.11 centipoise (cP) for Fo (0%), 3.97 cP for F1 (0.5%), 4.08 cP for F2 (1%), and 4.07 cP
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for F3 (1.5%). After heating-cooling, viscosity fluctuated minimally, confirming formulation
stability, with values from 4.14 (cP) for Fo to 3.97 cP for F2 and F3. Analysis indicated no
significant differences (p>0.05) among groups (Table 3). This suggested that increasing the
concentration of LFPO did not elevate viscosity. All formulations exhibited stable pH, minimal
viscosity changes post heating-cooling, and consistent homogeneity. The formulations had a shelf
life of 30 months if the seal remains intact [34], demonstrating robustness and reliability crucial
for effective hair tonic development.

Table 3. Physicochemical properties of light fraction patchouli oil (LFPO)-loaded hair tonic
formulations

Formulation pH Viscosity (centipoise) Homogeneity
Freshly Heating- Freshly Heating- Freshly Heating-
prepared cooling prepared cooling prepared cooling

Fo (0% LFPO)  6.73+0.15¢  6.83+0.078> 4.11£0.03> 4.14+0.03¢ Homogenize Homogenize

F1(0.5% LFPO)  5.46+0.07°  5.51+£0.04" 3.97£0.03% 3.94+0.058  Homogenize Homogenize

F2 (1% LFPO)  5.4140.29%P 5.30+0.04%  4.08+0.01* 3.97+0.08>¢ Homogenize Homogenize

F3(1.5% LFPO) 5.36+0.142 5.38+0.032  4.07+0.01* 3.97+0.02>  Homogenize Homogenize
abecDifferent superscripts on the same line indicate a significant difference at p<0.05

Antimicrobial activity of hair tonic formulation

The mean inhibition zone for ketoconazole was 21.72 mm, establishing a benchmark for
antifungal activity (Table 4). In contrast, the negative control group (Fo) exhibited no inhibitory
effect against M. globosa, confirming the absence of antifungal properties in this formulation
(Table 4). F1, F2, and F3 formulations exhibited progressively higher inhibition zone values
(28.54 mm, 29.37 mm, 31.18 mm for F1, F2 and F3, respectively) and F3 demonstrating the most
potent antifungal activity (Table 4). The increasing inhibition zone values suggest a potential
dose-dependent relationship. All formula were significantly different with both negative control
and positive control groups. These results indicate that formulations F1, F2 and F3 possessed
significant antifungal properties against the targeted microorganisms (Table 4).

Table 4. Antimicrobial activity of light fraction patchouli oil (LFPO)-loaded hair tonic
formulations against Malassezia globosa

Samples Inhibition zone (mm) (mean+SD, n=3)
Positive control (ketoconazole) 21.72+0.28P

Fo (0% LFPO) 00.00£0.002

F1 (0.5% LFPO) 28.54+0.64¢

F2 (1% LFPO) 29.37+0.07¢

F3 (1.5% LFPO) 31.18+1.374

abcDifferent superscripts indicate a significant difference at p<0.05

In vivo hair growth effect

The hair growth on rabbits was evaluated to assess the effectiveness of hair tonic formulations.
The mean increases in hair length over six weeks were measured and the results are presented in
Table 5 and Figure 2. F3 formulation demonstrated superior average hair length growth
compared to F1 and F2. Minoxidil at a concentration of 2% served as a positive control for
comparison, revealing longer hair growth compared to in the patchouli oil formulation groups.
The representative photographs of hair length from each group after 6 weeks are presented in
Figure 3. The results indicated that F3 formulation exhibited the highest mean growth value of
41.6 mm by the sixth week.

Table 5. Hair-promoting growth activity of light fraction patchouli oil (LFPO)-loaded hair tonic
formulations over six weeks

Group Hair growth (mm) (mean+SD, n=6)
Basal Week 1 Week 2 Week 3 Week 4 Weeks5  Week 6
Positive control 35.16+ 0.26+0.0 4.1+ 12.27+ 22.24+ 20.11+ 32.12+1
(minoxidil) 0.64bc 4ab 0.09%b 0.163b 1.23%b 0.17b b
Fo (0% LFPO) 34.86+ 0+02 0.15+ 0.25+ 0.83+ 1.14+ 1.41+
0.4%¢ 0.06% 0.03%b 0.05% 0.072 0.263b
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Group Hair growth (mm) (mean+SD, n=6)
Basal Week 1 Week 2 Week 3 Week 4 Week5 Week 6
F1 (0.5% LFPO) 34.62+ 0£02 0.32+ 9.3+ 15.62+ 19.08+ 21.7+
0.78a¢ 0.162 0.15%b 0.342 0.152 0.59%b
F2 (1% LFPO) 33.7+ 0402 6.18+ 13.43+ 1903+ 21.31+ 25.4+
0.78a¢ 0.13? 0.5%bP 0.162 0.223 1.63b
F3 (1.5% LFPO) 34.88+1. 0+0%P 10.09+0. 21.63+0. 20.03+0. 33.6+0. 41.6%0.
O7b,c Oga,b 39b,a 53b,a 36b 35b

abe Different superscripts indicate a significant difference at p<0.05.

[]Positive control CJF0  [F1 [ 1r2 []F3

50

-y
o
|

Hair length (mm)
8
1

N
o
1

10 -

0 T T T T
Basal Week 1 Week 2 Week 3 Week 4 Week 5 Week 6
Time of observation (week)

Figure 2. Mean changes of hair length using light fraction patchouli oil(LFPO)-loaded hair tonic
formulations over six weeks. Basal refers to the original hair length of the rabbits before shaved.

Figure 3. Hair growth-promoting effects of light fraction patchouli oil (LFPO)-loaded hair tonic
formulations in rabbits over six weeks. (A) Initial shaved skin; (B) negative control (untreated);
(C) positive control (2% minoxidil) and (D-F) groups treated with 0.5%, 1%, and 1.5% LFPO,
respectively.

Histological assessment of skin tissue and hair follicles

The results of the histological analysis using H&E staining showed differences in the structure of
the rabbit skin after the application of hair tonic containing various concentrations of LFPO for
21 days (Figure 4). In the group with a concentration of 0.5%, there was slight thickening of the
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epidermis and lower hair follicle activity compared to the other groups (Figure 4A). This
indicates that a low concentration of LFPO may be less optimal in stimulating hair follicle growth.
Meanwhile, in the 1% group, the increase in hair follicle activity was more pronounced, with a
more organized follicle structure and a healthier epidermal layer (Figure 4B).

In the 1.5% group, hair follicles showed the most significant regenerative activity, with
increased epidermal thickness and denser dermal tissue (Figure 4C). This indicates that the
1.5% concentration provides the best stimulation for hair follicle growth and skin tissue
regeneration. However, it should be noted that the use of higher concentrations of patchouli oil
can have an irritating effect or reduce effectiveness if applied excessively. Therefore, these results
provide important insights for determining the optimal concentration of LFPO in hair care
products to stimulate healthy hair growth without causing side effects.

Figure 4. Histological analysis of rabbit skin using hematoxylin and eosin staining following
application of hair tonic formulations containing 0.5% light fraction patchouli oil (A), 1% light
fraction patchouli oil (B), and 1.5% light fraction patchouli oil (C) over a period of six weeks.

Discussion

M. globosa, a fungal infection, significantly contributes to dandruff, a common issue in Indonesia
associated with various dermatological problems [35]. The concentration of patchouli alcohol
from P. cablin was higher than that from P. heyneanus (14%) [36]. Recognized for its biological
activities, patchouli alcohol exhibited antifungal properties against Aspergillus species and
demonstrated antibacterial effects against all 127 tested strains, with inhibitory concentrations
ranging from 1.5 to 200 pg/mL for Gram-positive bacteria and 25 to 768 pg/mL for Gram-
negative bacteria [33,34]. LFPO also contained minor quantities of pinene, limonene, elemene,
selinene, spathulenol, and cadinene, enhancing the complexity of its aroma and therapeutic
potential [37]. Therefore, patchouli oil has demonstrated potential in aiding oily hair while
providing an authentic aromatherapy experience, serving as a basis for anti-dandruff shampoo
formulations in the present study [33]. The benefits of patchouli oil include antimicrobial [18],
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antifungal [19], antiviral [17], antioxidant [20], antimutagenic [21], anticancer [22], anti-
inflammatory [23], and fixative [18], in addition to its role in aromatherapy [18]. Given the
presence of multiple strains of Malassezia resistant to azoles in humans and animals, there is a
need to explore natural pharmaceutical resources as potential alternative antifungal agents. In
the present study, three formulations of hair tonic based on liquid fraction of patchouli oil, F1
(28.54+0.64 mm), F2 (29.37+0.07 mm), and F3 (31.18+1.37 mm), were found to be more
effective than ketoconazole (21.72+0.28 mm) in inhibiting the growth of M. globosa. In the
present study, F3 (1.5% LFPO) exhibited the greatest antifungal activity against M. globosa with
a 31.18+1.37 mm inhibition zone. GC-MS analysis identified patchouli alcohol (25.88%) as a
primary compound in liquid fraction patchouli oil, which, along with other constituents like a-
guaiene and §-guaiene, likely contributed to the observed antifungal efficacy. Patchouli alcohol
has been shown to be effective against various fungal species, such as Aspergillus flavus,
Aspergillus cinerea, and Aspergillus oryzae, supporting its potential in scalp health applications
[32,33]. Their mechanism of action is typically associated with the disruption of microbial
membranes, causing interference with the proton motive force, electron transport, and active
transport processes, which eventually leads to the coagulation of intracellular components [38].
The study conducted by Vu et al. [39] demonstrated that essential oils from Mentha arvensis
(MIC 2.5 pul/ml) and Piper betle (MIC 1 ul/ml) effectively inhibit Malassezia species and
synergistically eliminate M. furfur, likely by impairing organelle structure and function.

In the present study, F3 (1.5% LFPO) demonstrated slightly lower effectiveness than the
positive control (2% minoxidil) but showed greater hair length growth compared to F1 (0.5%
LFPO) and F2 (1% LFPO). Hair length data were analyzed using post hoc analysis, yielding a
significance value of p>0.05, indicating no significant difference between treatment groups. All
formulations were evaluated for pH, viscosity, and homogeneity in both freshly prepared and
heating-cooling stages. Higher viscosity correlated with a thicker solution, which can lead to scalp
crusting and dandruff [40]. The viscosity of F1 (0.5% LFPO), F2 (1% LFPO), and F3 (1.5% LFPO),
remained low, resulting in a thinner solution with no significant difference. A high-quality hair
tonic formulation yields a low-viscosity, liquid solution [37]. pH testing confirmed that
formulations Fo (no LFPO), F1 (0.5% LFPO), F2 (1% LFPO), and F3 (1.5% LFPO), maintained
stable, scalp-appropriate pH levels, minimizing irritation risks while meeting requirements for
hair tonic application [31]. According to previous study [41], the formulation of hair tonic utilizing
herbal oil possesses suitable physicochemical qualities when surfactants and stabilizers are
incorporated at appropriate proportions, hence ensuring the consistency of the formulation
during storage.

Increased epidermal cell shedding is associated with a higher risk of dandruff. Antifungal
testing against M. globosa showed that patchouli oil in hair tonic formulations effectively
inhibited this dandruff-causing fungus, reducing scalp itching and flaking [33]. Histological
findings in rabbits treated with similar formulations revealed that higher concentrations of
patchouli oil led to decreased cell shedding and greater hair length and thickness, with a dense
arrangement of hair follicles observed in treated skin [31]. The present study is the first to
examine patchouli oil’s anti-dandruff effects in hair tonic formulations. The main limitation of
this research is the brief testing period after the hair tonic is stored, both before and after opening
the seal. Additionally, while promising results were observed in laboratory and animal models,
the efficacy and safety of patchouli oil formulations have not yet been tested on human skin.
Human trials are essential to evaluate potential skin irritation, allergic reactions, and long-term
effects under real-world conditions. Further research should also explore additional plant
extracts and other parts of the patchouli plant to enhance antifungal efficacy and develop new
strategies for dandruff prevention.

Conclusion

Hair tonic formulations derived from Aceh patchouli oil demonstrated significant antifungal
activity against M. globosa. The presence of a high percentage of patchouli alcohol (25.88%) and
26 identified bioactive compounds suggests that the oil has therapeutic and aromatic properties,
potentially enhancing its effectiveness as a hair tonic. The formulations exhibited stable pH,
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viscosity, and homogeneity, with formulations of 1—1.5% LFPO could serve as effective agents for
improving scalp health and managing dandruff.
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