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Abstract  

 Malassezia furfur is a cutaneous lipophilic yeast commonly found in warm- blood animals and 

humans.  The fungus can become pathogenic under favorable conditions and is associated with both skin 

disorders and bloodstream infections.  The emergence of antifungal resistance underlines the need for 

alternative antifungals.  This study aimed to evaluate the antifungal and antibiofilm activities of essential oils 

from three Lamiaceae plants, Ocimum tenuiflorum, Vitex negundo, and Vitex trifolia, against five M.  furfur 

strains.  The paper disc diffusion results showed that O.  tenuiflorum essential oil ( OtEO)  showed the most 

significant inhibition zones ( 2. 33 ± 0. 33 mm) .  The minimum inhibitory concentration ( MIC)  and minimum 

fungicidal concentration values of the OtEO were 0.0156% to 0.0625% and 0.0156% to 0.125%, respectively. 

At sub-MIC, all three EOs demonstrated a high inhibitory effect on fungal biofilm formation. Among these, OtEO 

showed the highest antibiofilm activity. Our findings suggest that among Lamiaceae essential oils O. tenuiflorum 

has potential as a natural antifungal against Malassezia. 
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บทคัดยอ 

 Malassezia furfur หรือเช้ือเกลื้อนเปนยีสตชอบไขมันทีพ่บไดทั่วไปบนผิวหนังของสัตวเลือดอุนและมนุษย เชื้อเกลื้อน

สามารถกอโรคไดภายใตสภาวะที่เอ้ืออํานวย และเก่ียวของกับโรคผิวหนังและการติดเช้ือในกระแสเลอืด การอุบัติของเชื้อเกลื้อนดื้อ

ยาตานเชื้อราทําใหเกิดความจําเปนในการคนหายาตานเชื้อราใหม การศึกษานี้มีวัตถุประสงคเพื่อศึกษาฤทธิ์ตานเชื้อราและฤทธิ์

ตานไบโอฟลมของน้ํามันหอมระเหยจากพืชวงศกะเพราสามชนิด ไดแก กะเพรา (Ocimum tenuiflorum), คนทีเขมา (Vitex 

negundo), และ คนทีสอ (Vitex trifolia) ตอเช้ือ M. furfur หาสายพันธุ จากผลการทดสอบดวยวิธ ีpaper disc diffusion แสดง

ใหเห็นวา น้ํามันหอมระเหยจากกะเพรา (OtEO) มีฤทธิ์ยับยั้งไดดีที่สุด โดยมีขนาดวงใสยับยั้ง 2.33 ± 0.33 มิลลิเมตร และการ

ทดสอบดวย microbroth dilution ใหคาความเขมขนต่ําสุดที่สามารถยับยั้งเช้ือ (MIC) และคาความเขมขนต่ําสุดทีส่ามารถฆาเชื้อ

รา (MFC) อยูในชวง 0.0156 ถึง 0.0625%(v/v) และ 0.0156 ถึง 0.125%(v/v) ตามลําดับ ทีค่วามเขมขนต่ํากวา MIC น้ํามันหอม

ระเหยท้ังสามชนิดแสดงฤทธิ์ยับยั้งการสราง ไบโอฟลมของเช้ือราไดเปนอยางด ีและในบรรดาน้ํามันหอมระเหยเหลานี้ OtEO แสดง

ฤทธิ์ตานไบโอฟลมไดสูงสุด ผลการวิจัยของเราชี้ใหเห็นวา ในกลุมน้ํามันหอมระเหยจากพืชวงศกะเพรามีศักยภาพเปนยาตานเช้ือรา

ธรรมชาติสําหรับ Malassezia  

  

คําสําคัญ:  น้ํามันหอมระเหย  พืชวงศกะเพรา  ฤทธิ์ตานเช้ือรา  ไบโอฟลม  เช้ือเกลื้อน 

 

 

บทนํา (Introduction) 

 A lipopholic yeast Malassezia furfur is a member of cutaneous normal flora found on the skins of 

warm-blooded animals and humans.  It can become an opportunistic pathogen under specific conditions that 

develop in several skin disorders, pityriasis versicolor, seborrheic dermatitis, and folliculitis.  The yeast can also 

cause bloodstream infections in immunocompromised individuals or those receiving parenteral nutrition via 

catheters ( Gaitanis et al. , 2012; Saunte et al. , 2020) .  Its ability to form biofilms is one of the fungal virulence 

factors.  The fungal biofilm forms complex microbial communities that allow survival and protective abilities 

against host immune responses and increase its tolerance to antifungal agents (Sardi et al. , 2014). The clinical 

concern of Malassezia spp.  has grown recently due to its decreasing susceptibility to conventional antifungal 

agents thereby complicating treatment strategies for Malassezia-associated diseases (Peano et al., 2020; Leong 

et al., 2021). 

Essential oils (EOs) from medicinal plants have potential as alternative antimicrobials due to their antimicrobial 

properties and natural origin.  The plants in the Lamiaceae family, commonly known as the mint family ( e. g. , 

mint (Mentha spp.), Thai basil (O. tenuiflorum), hairy basil (O. citriodorum), lavender (Lavandula spp.), rosemary 

( Rosmarinus officinalis) , blue salvia ( Salvia farinacea) , and oregano (Origanum vulgare) )  have long been 

cultivated and used worldwide (Ramasubramania Raja, 2012). In Southeast Asia, they are used as multipurpose 

as herbal ingredients and folk medicine (Wannissorn et al., 2005). Notably, the Vitex and Basil plants have long 

been used in herbal folk medicine, recognized in many remedies, including Ayurveda, Chinese traditional 

medicine, and Southeast Asian traditional medicine.  The plants are known for their unique fragrance due to 
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being rich in essential oils.  These oils are rich in bioactive compounds that display a broad spectrum of 

pharmacological and biological activities of antimicrobial, anti- inflammatory, antioxidant, and anticancer 

properties ( Karpinski 2020) .  However, regarding Malassezia, very few are investigated.  Therefore, this study 

aimed to evaluate and compare the antifungal efficacy of essential oils extracted from three Lamiaceae plants, 

O.  tenuiflorum, V.  negundo, and V.  trifolia, against M.  furfur.  The findings from this study will provide 

fundamental scientific data for the potential pharmacological application of Malassezia infection therapy 

 

วัตถุประสงค (Objectives) 

 1. To study the efficacy of essential oils from Lamiaceae plants on the inhibition of M. furfur 

growth. 

 2. To study the efficacy of essential oils from Lamiaceae plants on the inhibition of M. furfur 

biofilm formation. 

 

สมมติฐานการวิจัย (Hypothesis) (ถามี) 

 1. The essential oils from Lamiaceae plants exhibit inhibitory and fungicidal activities 

against Malassezia furfur. 

 2. The essential oils from Lamiaceae plants can reduce the biofilm formation of Malassezia furfur. 

 

กรอบแนวคิดการวิจัย (Conceptual Framework) 

 
Figure 1 An experimental design of antifungal and antibiofilm activities against M. furfur. 

 

วิธีดําเนินการวิจัย (Methodology) 

1. Essential oil extraction 

 Fresh plant samples of O.  tenuiflorum were collected from Na Noi District, Nan Province, in August 

2023. V. trifolia and V. negundo samples were collected from Wiang Haeng District, Chiang Mai Province, in July 

2024.  The leaves, stems, and flowers of the plant were washed with distilled water.  The plant material was 
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then subjected to steam distillation using a steam distillation apparatus. The steaming process was maintained 

for 5 hours at 100 ± 2 °C.  The essential oil was collected from the upper oil layer using an oil determination 

apparatus.  All EOs were kept at room temperature in the dark.  The herbarium specimens of the collected 

plants were prepared and verified by a botanist. The herbarium codes for the O. tenuiflorum, V. negundo, and 

V.  trifolia specimens were PHARCOS21, GBQ 150531, and GBQ 150532, respectively.  All the specimens are 

deposited at Queen Sirikit Botanic Garden, Mae Rim District, Chiang Mai Province. 

2. Antifungal activity assessment by agar disc diffusion method 

 For preliminary screening of anti-Malassezia activity, M. furfur CBS 1878 was used as a representative 

of M. furfur. The strain was subcultured on Yeast Extract Peptone Dextrose Tween (YPDT) agar (1% yeast extract, 

2% bacto peptone, 2% dextrose, and 0.5% Tween-80). The yeast was prepared by preculture in YPDT broth at 

30 °C, 140 rpm for 48 hours.  After incubation, the optical density ( OD)  of the yeast culture was measured at 

600 nm using a spectrophotometer.  The concentration of the cell was adjusted to an OD of 1 (approximately 

2. 5x107 cells/ ml) .  The prepared yeast suspension was inoculated onto the surface of YPD- Tween agar plates 

using a cotton swab. 

 For the paper disc diffusion assay, each disc contained 5 µl of the essential oil which the 

concentration was prepared at 5%(v/v) by dilution with dimethyl sulfoxide (DMSO). After placing paper discs 

onto the YPDT agar, the plates were then incubated at 30 °C for 48 hours.  The clear inhibition zone of each 

plate was measured. Ketoconazole (0.5 µg/disc) and DMSO were used as positive control and negative control, 

respectively. All experiments were performed in triplicate. 

3. Determination of minimal inhibitory concentration (MIC) and minimal fungicidal concentration (MFC) 

 The Malassezia strains used for this study were M. furfur CBS 1878, M. furfur CBS 6001, M. furfur CBS 

6046, M.  furfur CBS 7019NT, and M.  furfur CBS 9584.  For the determination of MIC and MFC values, M.  furfur 

cells were precultured and prepared as described above. The fungal cell concentration was adjusted to OD 0.1 

with distilled water.  The MIC was determined using a broth microdilution assay.  Briefly, each well contained 

170 µl YPDT broth, 20 µl of prepared cell suspension, and 10 µl of essential oil with a final concentration of 2-

0. 0039% ( v/ v) .  The microplates were incubated at 30 °C, 140 rpm for 72 hours.  After the incubation 10 µl of 

0. 05%  Resazurin ( RSZ)  solution was added to each well.  The microplates were kept in the dark at room 

temperature for 12 hours. The MIC value was determined as the lowest concentration that RSZ did not change 

color.  Consequently, 100 µL aliquots of the culture with no color change were spread onto YPDT agar plates. 

The plates were incubated at 30 °C for 48 hours.  After incubation, fungal colonies on the YPD- Tween agar 

surface were observed and counted. The MFC was defined as the lowest concentration that resulted in a 99.9%. 

All experiments were performed in triplicate. 

4. Evaluation of essential oil efficacy on Malassezia furfur biofilm inhibition 

 The biofilm inhibition assay was performed in a 96-well microplate. The M. furfur CBS 1878 inoculum 

(OD 1) was prepared as described above. Each well contained 15 µL of the inoculum and 135 µL of YPDT broth. 

The microplate was incubated at 30 °C, 120 rpm for 24 hours to allow initial biofilm formation. The supernatant 
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with non- adhesive cells was removed, and then 190 µL of YPDT broth and 10 µL of essential oil were added 

into each well.  YPDT broth with and without fungal cells were used as positive and negative controls.  The 

microplate was incubated at 30 °C, 120 rpm for 72 hours. The medium was then discarded, and the wells were 

washed twice with distilled water. After that, the microplate was dried in a hot air oven at 45 °C for 15 minutes. 

The biofilms in each well were stained with 200 µL of 0.5% crystal violet solution at room temperature for 45 

minutes.  Afterward, the wells were washed twice with 250 µL of distilled water to remove excess stains.  The 

stained crystal violet was destained with 250 µL of 99.5% ethanol at room temperature for 45 minutes. Finally, 

200 µL of destain from each well was subsequently transferred to a new microplate.  The biofilm mass was 

determined by the absorbance measured at a wavelength of 580 nm using a spectrophotometer.  The 

experiment performed in triplicate The percent bifilm inhibition was calculated using the follwing fomular: 

% biofilm inhibition = [(Acontrol – Asample)/Acontrol] x 100 

5. Statistical analysis 

 The experimental data were statistically analyzed using One-way Analysis of Variance ( ANOVA)  to 

determine significant differences between three treatment groups based on different essential oil 

concentrations ( 0. 25 MIC, 0. 5 MIC, 1 MIC, and 2 MICs) .  A p- value less than 0. 05 ( p < 0. 05)  was considered 

statistically significant. 

 

ผลการวิจัย (Results) 

1. Agar disc diffusion assay. 

 The initial evaluation of the antifungal efficacy of Lamiaceae EOs was carried out using an agar disc 

diffusion assay. After incubation, only O. tenuiflorum essential oil (OtEO) demonstrated a clear zone of inhibition 

against M.  furfur.  In contrast, essential oils from V.  negundo and V.  trifolia did not exhibit any observable 

inhibition zones under the experimental conditions (Table 1). 

 

Table 1 

Mean ± standard deviation ( SD)  diameter of inhibitory zone of three Lamiaceae essential oils by Agar disc 

diffusion method against M. furfur CBS 1878. (ND = No detected zone of inhibitory) 

 

sample inhibitory zone (mm) ± SD 

Ocimum tenuiflorum 2.33 ± 0.33 

Vitex negundo L. ND 

Vitex trifolia L. ND 

Ketoconazole 18.56 ± 0.38 
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2. Minimum Inhibitory Concentration (MIC) and Minimum Fungicidal Concentration (MFC) of Lamiaceae 

essential oils against Malassezia furfur. 

The antifungal efficacy of Lamiaceae EOs was further evaluated using a broth microdilution assay against five 

M. furfur strains. In contrast to the results of the disc diffusion assay, all three essential oils possessed inhibitory 

and fungicidal activities against M.  furfur strains.  OtEO showed the lowest MIC and MFC values across M. 

furfur strains ranging from 0.015625% to 0.0625% and from 0.0156% to 0.125%, respectively. For VnEO, the MIC 

and MFC values were 0.0625% to 0.25% and 0.125 to 0.5%, respectively.  The VtEO showed the highest MIC 

and MFC values ranging from 0.5% to 2% and from 1 to 2%, respectively. Notably, the susceptibility of M. furfur 

appeared to differ among strains that M.  furfur CBS 9584 showed the most susceptibility to Lamiaceae 

EOs (Table 2 and Figure 2). 

 

Table 2 

Minimum inhibitory concentration ( MIC)  and minimum fungicidal concentration ( MFC)  of three Lamiaceae 

essential oils against five M. furfur strains. 

 

strains O. tenuiflorum V. negundo V. trifolia Ketoconazole 

MIC (%) ± 

SD 

MFC ( % ) 

± SD 

MIC (%) ± 

SD 

MFC ( % ) 

± SD 

MIC (%) ± 

SD 

MFC ( % ) 

± SD 

MIC 

(µg/ml) ± 

SD 

MFC 

(µg/ml) 

± SD 

M. furfur CBS 

1878 

0.0313 ± 0 0.0625 ± 0 0.25 ± 0 0. 33 ± 

0.14 

2 ± 0 2 ± 0 1 ± 0 2 ± 0 

M. furfur CBS 

6001 

0.0313 ± 0 0.0313 ± 0 0.25 ± 0 0.25 ± 0 2 ± 0 2 ± 0 1 ± 0 2 ± 0 

M. furfur CBS 

6046 

0.0156 ± 0 0.0313 ± 0 0.125 ± 0 0.25 ± 0 0.5 ± 0 1 ± 0 2 ± 0 2 ± 0 

M. furfur CBS 

7019NT 

0.0625 ± 0 0.125 ± 0 0.25 ± 0 0.5 ± 0 1 ± 0 2 ± 0 1 ± 0 1. 67 ± 

0.58 

M. furfur CBS 

9584 

0.0156 ± 0 0.0156 ± 0 0.0625 ± 0 0.125 ± 0 0.5 ± 0 1 ± 0 1 ± 0 1 ± 0 
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Figure 2 The susceptibility of three Lamiaceae essential oils against five M. furfur strains expressed as the 

frequency of occurrences in experimental replicates. 

 

3. Evaluation of Antibiofilm Efficacy of Lamiaceae Essential Oil on Malassezia furfur. 

 The biofilm inhibitory efficacy of three essential oils from OtEO, VnEO, and VtEO on M.  furfur CBS 

1878 was evaluated at various concentrations based on the MIC value ( 0. 25 MIC, 0. 5 MIC, 1 MIC, and 2 MIC) . 

The three essential oils demonstrated a high inhibitory effect on M.  furfur biofilm formation in any tested 

concentrations.  No statistical difference in biofilm inhibition was observed among samples when the 

concentration was above 0. 5MIC.  Interestingly, at a concentration of 0. 25MIC, the biofilm inhibition of VtEO 

significantly decreased to 53% while other EOs remained above 80% (Figure 3). 
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Figure 3 Efficacy of biofilm inhibition of three Lamiaceae essential oils against M. furfur CBS 1878. Different 

letters above the bars indicate statistically significant difference (p<0.05) among concentrations within the 

same species. 

 

อภิปรายผล (Discussions) 

 The increasing prevalence of azole-resistant Malassezia strains underscores the necessity to discover 

novel antifungal agents.  The plants belonging to Lamiaceae have long been used as folk remedies in many 

cultures and have potential as alternative antimicrobials.  Therefore, in this study, we evaluated the antifungal 

and antibiofilm efficacy of essential oils extracted from three Lamiaceae herbs against M. furfur.  The essential 

oils ( EOs)  extracted from all studied plants exhibited similar physical characteristics, characterized by a pale-

yellow color and a distinctive aromatic odor.  All EOs were insoluble in water but highly volatile ( data not 

shown) .  The preliminary examination by agar disc diffusion showed that only OtEO exhibited a clear zone of 

inhibition against. In contrast, VnEO and VtEO did not show observable inhibition zones under the experimental 

conditions.  The discrepancy in both assays may be due to the intrinsic volatility and solubility of certain 

essential oil components present in different EOs. The evaluation of EO via paper disc diffusion assay is difficult 

because if the important bioactive substances rapidly evaporate, their observable effect in the agar matrix will 

decrease.  The results of the broth microdilution assay confirmed the antimicrobial efficacy of all three 

Lamiaceae EOs.  The observed antifungal activity of OtEO aligns with previous studies reporting its potent 

inhibitory effects against Candida spp.  and Cryptococcus neoformans ( Amber et al. , 2010; Khan et al. , 2010; 

Powers et al., 2018).  

While the growth inhibition effect against several fungal species, OtEO possesses a broad range of MIC values 

from extremely low concentrations of 3 µg/ml (C.  guilliermondii)  to very high concentrations of 10000 µg/ml 

(Aspergillus spp.). Notably, pathogenic yeast species appear to be more susceptible to OtEO compared to mold 

fungi (Karpinski, 2020). Intriguingly, our results indicate that M. furfur shows less resistance to OtEO than that of 

a basidiomycetous yeast, C. neoformans, suggesting the potential use of OtEO as an anti-Malassezia agent. In 
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contrast to the studies regarding O. tenuiflorum's EO, the antifungal properties of EOs derived from Vitex species 

are little understood. It has been reported that Eos from V. agnus-castus and V. pseudo-negundo had strong 

antifungal effects against Candida spp (Asdadi et al. , 2015; Zareshahrabadi et al. , 2023) .  These EOs consist of 

pinene as the main chemical.  However, in this study, VnEO and VtEO did not indicate such dominant growth 

inhibition on M.  furfur.  Therefore, chemical component analysis is required for the investigation of possibly 

different compounds that exist in these EOS. 

The ability of Malassezia species to form biofilms is a critical virulence factor that significantly reduces 

susceptibility to conventional antifungals (Cannizzo et al., 2007; Figueredo et al., 2013). While some therapeutic 

strategies have explored monoclonal antibodies or chitosan to prevent initial adhesion ( Martinez et al. , 2006; 

Martinez et al. , 2010) , our findings suggest that essential oils show a potent alternative for targeting the early 

stages of biofilm development, similar to the previous studies (Palmeira-de-Oliveira et al., 2012; Zareshahrabadi 

et al. , 2023) .  Among the Lamiaceae EOs tested, OtEO exhibited superior antibiofilm activity even at sub-

inhibitory concentrations, effectively suppressing more than 90% of M. furfur biofilm. This high efficacy at low 

concentrations highlights OtEO as the most promising candidate for further development.  Future investigation 

should be focused on identifying the specific bioactive compounds responsible for antifungal and antibiofilm 

properties, along with toxicity evaluations. 

 

สรุปผล (Conclusion) 

 This study proves the antifungal and antibiofilm efficacy of the essential oils extracted from Lamiacea 

plants of O.  tenuiflorum, V.  negundo, and V.  trifolia against M.  furfur strains.  Among the three EOs, OtEO 

exhibited the most significant anti-Malassezia and anti- biofilm efficacy toward M.  furfur, while the other two 

EOs showed little effect.  Our findings provide scientific evidence for the antifungal and antibiofilm properties 

of O.  tenuiflorum as a prominent candidate for the development of novel antifungals and antibiofilm against 

Malassezia. Further investigation is required to elucidate the mode of action and identify bioactive compounds 

in these EOs. 

 

ขอเสนอแนะ (Recommendations) 

 1. ขอเสนอแนะในการนําผลการวิจัยไปใช 

  1.1  The strong antifungal and antibiofilm effects of essential oil from O. tenuiflorum suggest its 

potential use as a natural active ingredient in medical or cosmetic products for managing Malassezia-related 

skin conditions. 

  1.2  The ability of essential oils to inhibit biofilm formation at sub-MIC levels provides a basis 

for developing new antifungal formulations targeting fungal adhesion. 

 2. ขอเสนอแนะในการทําวิจัยคร้ังตอไป 
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  2.1  Chemical composition analysis of the essential oils should be conducted to identify the 

specific bioactive compounds responsible for antifungal and antibiofilm activities. 

  2.2  Toxicity and safety evaluations in human skin cells or in vivo models should be performed 

to assess the suitability of these essential oils for medical or cosmetic applications. 
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