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Original Research Article  

Antifungal activity of the essential oils of 
Osteophloeum platyspermum (Myristicaceae) 

against Malassezia spp. and Candida albicans 
influenced by seasonality and climatic factors. 

 

 

Highlights 

 Effectiveness against Malassezia furfur and M. pachydermatis, in vitro 

 Dry season oils to be more active against Malassezia spp. 

 Seasonal discrimination of the essential oils 

 Myrcene, limonene, linalol, terpinen-4-ol, 4-terpineol to be significant to the anti-yeast activity 

and to dry season discrimination 

 Essential oils to be used in the development of topic medicines 

 

Abstract 

Aims: Malassezia spp. are involved in a wide range of mammalian skin diseases. The introduction of 

new drugs is a need. Natural products are known to be effective in the treatment of microbial 

pathogens. The present study analyzed the O. platyspermum leaf essential oils (EOs) antifungal 

activity. 

Study design: 18 terpenes from 13 O. platyspermum leaf EOs are related to seasonal and climatic 

variations occurring during the dry (DS) and rainy (RS) seasons in th4 Amazon Rain-Forest, verified 

by means of multivariate analyses. 
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Place and duration of the study: the study was conducted at the Center for Research in Biodiversity 

(Microbiology Laboratory and Cell Culture Laboratory), Paulista University, biological activity 

evaluations occurred between January/2019 and December 2019). 

Methodology: microdilution broth assay was used in the minimal bactericidal concentration (MBC). 

Multivariate analyses were used to access the relationship among MBC, seasonality and terpene 

composition of the EOs. 

Results: Malassezia pachydermatis showed higher sensitivity to the EOs than M. furfur or C. albicans. 

The DS EOs were linked to the presence of limonene, myrcene, α-terpineol, linalool, terpinen-4-ol, 

cubenol-1-epi, influenced by insolation, temperature and evaporation, while β-elemene, γ-elemene, 

neo-intermedeol, elemol, α-cadinol, spathulenol, isospathulenol, viridiflorol, δ-amorphene and ledol 

were linked to the RS EOs, and were influenced by precipitation, relative humidity and wind velocity. 

DS EOs showed better antifungal activity against both Malassezia species, and the presence of the 

six discriminative terpenes was essential for the antifungal activity. 

Conclusions: The DS EOs are a potential source of new leads to defeat animal dermatological 

microbes. 

 

Keywords: volatile compounds; microdilution broth assay; principal component analysis; canonical 

correspondence analysis; seasonality 

 

1. INTRODUCTION 

Malassezia furfur and M. pachydermatis are usually found in the skin and in the mucosa microbiomes, 

both from animals and men [1]. In view of their commensal characteristics, they are frequently isolated 

from moist areas of the body that are rich in lipids and sebaceous glands, as the skin of healthy 

individuals [1]. Malassezia spp. represent 53 % to 80 % of the fungi existing in the human microbiome 

[2]. Although they live in commensalism, they can become pathogenic, depending on some 

predisposing factors as changes in the host defense mechanisms or in the skin microenvironment, 

which frequently cause superficial infections in both men and animals [3-5]. 
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The treatment of veterinarian or human patients commited with Malassezia spp. fungal infection is 

based on the use of topical and / or systemic antifungal drugs [6,7] from a group known as azoles. 

Despite the range of effectiveness observed for these drugs, there are reports of M. pachydermatis 

resistance to fluconazole, itraconazole and ketoconazole [8], and to 5-fluorocytosine [9]. Malassezia 

pachydermatis, which frequently is associated with dog skin infections, can become epidemiologically 

significant in cases of transspecies infections from dogs to humans [10,11]. Also, M. furfur, a 

commensal microorganism to humans, can be the main associated pathogen present in infants under 

intensive care showing systemic infections, where the yeasts migrate from the hands of the patient, 

their parents or healthcare workers [12],  and even associated to central catheters delivering parental 

nutrition [13,14], a condition that characterizes the importance of the pathogens to public health 

occurring in countries as the United States [15], India [16] or Brazil [17]. 

Studies made with essential oils as antimicrobial agents have been done for decades, and usually 

related to the traditional use of many medicinal plants, as erva-baleeira (Cordia verbenacea Jacq. – 

Boraginaceae [18]), or nutmeg (Myristica fragrans Hoult. – Myristicaceae [19]). The essential oil of 

Lavanda (Lavandula pubescens) contains carvacrol, a monoterpene that showed antifungal activity 

against Candida albicans [20], Cordoncillo (Piper barbatum) has hydroxylated sesquiterpenes in its 

essential oil that showed antifungal activity against two strains of C. albicans and against bacteria as 

Staphylococcus aureus and Streptococcus mutans [21]. 

Malassezia furfur and M. pachydermatis have shown high sensitivity to EOs, such as those obtained 

from Zataria multiflora and Thymus kotschyanus (both Lamiaceae), which inhibited the growth of 

Malassezia sp. isolated from infected animals [22]. Aerial organs of other lamiacs, as oregano 

(Origanum vulgare), thyme (Thymus vulgaris) [23], and mirtle (Myrtus communis) [24], showed activity 

against M. furfur, while the essential oil from the bark of caneleira (Cinnamomum zeylanicum) was 

effective against M. pachydermatis [25]. The use of both azole and essential oils to prospect for 

synergistic antifungal activity against M. pachydermatis clinical isolates is reported, and describes that 

the combination of Clotrimazole and the essential oils from Melaleuca alternifolia, Origanum vulgare or 

Mentha piperita showed the best results [26]. Nonetheless, few studies reporting the anti-Malassezia 

activity of essential oils obtained from Brazilian plants are available. The essential oil obtained from 

the fruits of Schinus terebinthifolius, known in Brazil as aroeira-vermelha (rose pepper), showed 
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activity against M. furfur [27]. The essential oil from the aerial organs of Eugenia pyriformis, known in 

Brazil as uvaia, has also shown activity against M. furfur [28]. 

Osteophloeum platyspermum (Myristicaceae) is a species widely distributed in the Amazon Rain 

Forest and part of Central America. Previous study has shown that 50 terpenes were identified in the 

13 essential oils obtained from its leaves collected during a two-year period regarding November 2009 

to October 2011 [29]. The present study reports the antifungal properties of the essential oils, as well 

as analyses how the seasonality and climatic factors have influenced the terpene composition of the 

essential oils and subsequently in their biological activity against M. furfur, M. pachydermatis and C. 

albicans. 

 

2. MATERIAL AND METHODS 

 

2.1. Sample Preparation for the Antifungal Assay 

The leaves of the plant were collected in the Amazon Rain Forest, in a region near Manaus (, under 

Brazilian Ministry of Environment, license number 12A/2008/IBAMA/MMA/Brazil. The leaveswere 

collected from an individual tree [MBPaciencia, 846, (UNIP Herbarium)] and a voucher of the plant 

was deposited at Unip Herbarium under number UNIP5720. The essential oils were prepared at 100 

%, 80 %, 60 %, 40 %, 20 % and 10 %. The oils were diluted with dimethyl sulfoxide (DMSO). The final 

test concentrations were 5.0 %, 4.0 %, 3.0 %, 2.0 %, 1.0 % and 0.5 %, due to the experimental 

methodology. DMSO did not show anti fungal activity at the final concentrations reached in the 

dilutions [29]. 

 

2.2. Antifungal Microdilution Broth Assay  

Strains of Malassezia furfur CBS-1878, Malassezia pachydermatis CBS-1696 and Candida albicans 

ATCC10231 were used. The microdilution broth assay was adapted to M. pachydermatis and M. furfur 

from CLSI - Clinical and Laboratory Standards Institute [30]. Strains of M. furfur CBS-1878 and M. 

pachydermatis CBS-1696 were incubated in Dixon agar at 32 °C for five to seven days. Yeast 

suspensions were individually prepared from fresh colonies, in 1% tween 80 added to Sabouraud 

dextrose agar. A similar procedure was made for C. albicans ATCC10231, but regular Sabouraud 
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dextrose agar (SDA) was used. The homogenized suspensions were prepared in saline solution (0.9 

%) and suspensions were prepared at concentrations of 1.5x10
6
 CFU/mL for M. pachydermatis [31]. 

1.5x10
5
 CFU/mL for M. furfur [32] and 1.5x10

5
 CFU/mL for C. albicans in Sabouraud dextrose broth 

medium (SDB) [33]. The assays were performed in U-bottom 96-well microplates, so 190 µL of the 

yeast SDB suspension were added to each well, then 10 µL of each oil were added to the 

corresponding wells, so as to give the final concentrations previously described. The tests were 

performed in duplicate. After that, microplates were incubated at 32 °C for 48 h to Malassezia spp. and 

at 36 °C to 24 h for C. albicans. In order to evaluate yeast growth inhibition, a subculture of 2 µL of 

each well were transferred to a 1.0 % tween 80 SDA Petri dish to M. pachydermatis and M. furfur and 

a regular SDA Petri dish to C. albicans. The dishes were taken to incubation under the conditions that 

were just described [34]. For those EOs that have inhibited yeast growth at the lower concentration of 

0.5 %, the oils were half-fold diluted in order to be tested for the minimal fungicidal concentration. 
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2.3. Experimental design 

Figure 1 represents the experimental design that was adopted in the present study. Collection, 

essential oil preparation and terpene identification were previously obtained [29], and biological and 

statistical analyses were performed in the present project. 

 

 

 

Figure 1. Experimental design adopted in the present analyses. 

2.4. Statistical Analysis 

Statistical analyses were performed on the basis of independence, randomness and normality 

evaluation by the Shapiro-Wilk test. In order to compare the yields of the essential oils obtained from 

the leaves of O. platyspermum collected in DS and in the RS, a t test was conducted in order to 

evaluate the efficacy of the antifungal activity (based on the MFC) of the essential oils collected in the 

DS and in the RS, the Kruskal-Wallis followed by Dunn’s post-test was conducted (GraphPad Prism® 

7.0 statistical package). Principal component analysis (PCA) and canonical correspondence analyses 

(CCA; Multi Variate Statistical Package, version 3.22, Kovach Computing Services) were made to 

evaluate a possible ordination of the oils in relation to their terpene composition and amount, and to 
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verify possible correlations to climatic indices as temperature, insolation, evaporation, relative 

humidity, precipitation and wind velocity, by considering the 18 terpenes that commonly occurs in the 

oils, namely “factors”, and the 13 essential oils, namely “cases”. The three yeasts (Malassezia furfur, 

M. pachydermatis and Candida albicans) were used in the analyses as environmental factors to 

ordinate and to perform CCA [35]. For all the analyses the significance level was considered as 

α<0.05. 

 

3. RESULTS 

3.1. Yields of the 13 essential oils of the study and list of the 18 commonly occurring terpenes  

The yields of the EOs, expressed as % w/w, are described in table 1, which also describes the season 

in which the leaves of the specimen were collected. Table 1 and figure 2 show that the yields of EOs 

obtained from the leaves collected during the DS are significantly smaller than the yields obtained 

from the leaves collected during the RS (t=2.705; df=8; p=0.0269).  
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Table 1. Season of leaves collection and yields of the essential oils prepared from it and statistical 

analysis comparing the yield mean and standard error, using Shapiro-Wilk (S-W) to seek for normality 

and t-test to compare means, for a significance level of α<0.05. 

 

Season EO# 
Yield (% 

w/w)) 

 Statistics 

DS EO2 0.236  Mean DS* 0.3004 

RS EO3 0.7346  S.E. DS* 0.04159 

RS EO4 0.4202  S-W DS p=0.11527 

RS EO5 0.5958   

RS EO6 0.3025  Mean RS* 0.5481 

DS EO7 0.4363  S.E. RS* 0.08158 

DS EO8 0.3587  S-W RS p=0.59036 

RS EO9 0.6873   

RS EO10 0.2916  t 2.705 

DS EO11 0.5706  df 8 

DS EO12 0.2276  p 0.0269 

DS EO13 0.2432  Cohen d 1.71097 

RS EO14 0.2904  Effect r 0.6912 

* = calculated after 1 outlier removal; S.E=standard error; DS=dry season; RS=rainy season. 
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Figure 2. Comparison of the essential oil yields obtained from the extraction by hydrodistillation from 

the leaves of Osteophloeum platyspermum using a t-test, considering the significance as α<0.05. 

(*=p<0.05). DS=dry season; RS=rainy season. 

 

Figure 3 represents the 18 terpenes that commonly occurs in all 13 EOs from the leaves of O. 

platyspermum, and were considered relevant to the analysis.  
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Figure 3. Chemical structure of the 18 essential oils obtained from the leaves of Osteophloeum 

platyspermum. MH=monoterpene hydrocarbon; OM=oxygenated monoterpene; SH= sesquiterpene 

hydrocarbon; OS=oxygenated sesquiterpene. 

 

3.2. Microdilution broth assay for the 13 essential oils 

The 13 EOs obtained from the leaves of O. platyspermum were tested against Malassezia furfur, M. 

pachydermatis and Candida albicans in the broth microdilution assay. The MFCs obtained for each 

essential oil against micro-organisms can be seen in table 2. Figure 4 represents a statistical 

comparison of the antifungal activity of the EOs against the three yeasts. M. pachydermatis was 

significantly more sensitive to the EOs antifungal activity (H~Χ
2
(0.05, 3) = 19.14; p<0.0001). According to 
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the results, M. pachydermatis showed more sensitivity to EOs than M. furfur (p=0.0429) and C. 

albicans (p<0.0001). Although the EOs have shown activity against M. furfur, only the EO11 was 

active at a very low concentration, whereas the oils were active only at the concentration of 1 % 

against C. albicans. Pure DMSO was tested in the broth assay (10 µL DMSO in 200 µL inoculated 

broth medium) and no fungal inhibition was observed. 

 

Table 2 – Minimal fungicidal concentration, given in percentage (% v/v), resulted from the 

microdilution broth assay made with essential oils obtained from the leaves of Osteophloeum 

platyspermum against Malassezia pachydermatis, M. furfur and Candida albicans.  

Essential oil # 

 

Malassezia furfur Malassezia pachydermatis Candida albicans 

Minimal fungicidal concentration (% v/v) 

EO2 1 1 1 

EO3 5 0.25 1 

EO4 1 0.125 - 

EO5 1 0.125 1 

EO6 0.25 6.25x10
-2

 1 

EO7 1 6.25x10
-2

 1 

EO8 0.25 6.25x10
-2

 1 

EO9 1 0.125 1 

EO10 0.25 6.25x10
-2

 1 

EO11 6.25x10
-2

 3.13x10
-2

 1 

EO12 0.25 6.25x10
-2

 1 

EO13 0.125 1 1 

EO14 1 0.125 1 

K-W(3,37)= 19.14 p<0.0001 

S-W Malassezia furfur p=0.0014 

S-W Malassezia pachydermatis p<0.0001 

S-W Candida albicans Not possible to calculate 
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Figure 4. Comparison of the minimal fungicidal concentrations of the essential oils from the leaves of 

Osteophloeum platyspermum leaves against the three yeasts, Malassezia furfur, M. pachydermatis 

and Candida albicans. Kruskal-Wallis followed by Dunn’s post-test was used, considering the 

significance level as α<0.05. *=p<0.05. ***=p<0.0001. 

 

3.3. Multivariate analyses study with the essential oils and commonly occurring terpenes 

Figure 5A displays the principal component analysis (PCA) made with the 18 terpenes present in the 

essential oils obtained from the leaves of O. platyspermum collected in the dry (DS) and rainy (RS) 

seasons. The PCA in figure A resulted in a cumulative percentage of 84.140 in the first two axes. EOs 

obtained from leaves from plants collected in the DS are ordinated in accordance to a seasonal 

distribution. 

Figure 5B shows the ordination obtained from a PCA displaying the vectors that correspond to the 

terpenes. It is possible to observe that limonene, myrcene, and α-terpineol have influenced on the 

ordination of the EOs that were obtained from the leaves collected during the DS, while spathulenol, α-

pinene and β-pinene have influenced on the ordination of the oils obtained from leaves collected in the 

RS. 

(-) = not tested; S-W=Shapiro-Wilk normality test 
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Figure 5 – Principal component analysis (PCA) made with 13 EOs (cases) obtained from the leaves of 

Osteophloeum platyspermum, considering the 50 terpenes (factors) that were identified as the factors 

in the multivariate analysis. A. PCA with the 13 cases and 18 factors obtained from the EOs ordinating 

the cases according to the seasonal variation in dry season (DS) and rainy season (RS). B. the same 

PCA made before, but showing the vectors corresponding to the terpenes (factors). 
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Figure 6A shows the ordination given by the canonical correspondence analysis (CCA) made with the 

13 EOs and 18 terpenes. The relationship of the climatic factors with the terpene expression and with 

the essential oils are expressed. Daily data reported to the climatic factors were obtained from the 

Instituto Nacional de Pesquisas Espaciais, INPE (www.inpe.br). The cumulative percentage was 

80.517 in the first axis. The essential oils, which are expressed in blue, were obtained from leaves 

collected during the DS, are seasonally ordinated according to the DS and related with the climatic 

factors insolation, temperature and evaporation, while the essential oils reported in green, obtained 

from leaves collected during the RS, are also seasonally ordinated and influenced by the relative 

humidity, precipitation and wind speed.  

Figure 6B shows how the terpenes spathulenol, isospathulenol and neo-intermediol are related to the 

precipitation factor, while α-pinene, β-pinene, and δ-amorphene are related to relative humidity. In the 

DS, it is observed that alpha-terpinene, terpinen-4-ol, linalool, myrcene, and limonene are related to 

average temperature and to the evaporation. 
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Figure 6 – Canonical correspondence analysis made with the 13 essential oils (A) and 18 terpenes 

(B), considering the climatic factors as comparing variables. The oils were obtained from the leaves of 

Osteophloeum platyspermum. 

 

Figure 7A reports the canonical correspondence analysis made with the EOs obtained from the leaves 

of O. platyspermum made with the 13 EOs and 18 terpenes, compared to the MFCs obtained from the 

yeasts C. albicans, M. pachydermatis and M. furfur. As described in Table 1, all oils from the different 
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collections showed some degree of yeast growth inhibition. Considering that the lower the value of the 

minimum fungicidal concentration of the EO the more effective is the antifungal power of the EO, the 

interpretation of the graph must be made by understanding that the best antifungal activity is observed 

for the essential oils located in opposition to the vector orientation. For M. pachydermatis, the oils that 

had the most significant antifungal activity were EO5, EO9 and EO10. For M. furfur, the oils with the 

best activity were EO7, EO11 and EO14, while for C. albicans the oil activity EO8, EO11 and EO14 

were the most relevant.  

Figure 7B shows which terpenes are most related to the yeast factor tested. Limonene and myrcene 

seemed to have more influence on C. albicans antifungal activity, whereas α-cadinol and cubenol-1-

epi seemed to influence M. furfur activity. M. pachydermatis seemed to be influenced by the antifungal 

activity of EOs containing neo-intermediol. It seems that α-pinene, α-cadinol and β-pinene are 

important for antifungal activity for the three micro-organisms. 
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Figure 7 – Canonical correspondence analysis made with the 13 EOs and 18 terpenes that were 

obtained from the leaves of Osteophloeum platyspermum. The comparison was made with the factors 

represented by the yeasts Malassezia pachydermatis, M. furfur and Candida albicans. 

 

4. Discussion 

Previous works reported the antifungal activity of oregano, cinnamon, thyme, salvia and other 

essential oils against Malassezia spp. [34,36-40], but there is a lack of reports concerning the anti-

yeast activity of Brazilian plants and their products, which the present report shall fill. 
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In a previous work [29], the leaves of one individual tree, Osteophloeum platyspermum Warb. 

(Myristicaceae), popularly known as ucuuba-chico-de-assis, were collected 13 times 

(Brazil/MMA/IBAMA license no. 12A/08 and 30.622-1), spanning a two-year period comprising rainy 

(RS) and dry seasons (DS [41]). In the work, the authors report that they obtained the essential is by 

hydrodistillation, in a Clevenger apparatus, for 4 hours. Yields were calculated (% mass/mass), the 

compounds were identified [42], and were classified according to their structure. Yields: EO2 (0.236 

%), EO3 (0.7346 %), EO4 (0.4202 %), EO5 (0.5958 %), EO6 (0.3025 %), EO7 (0.4363 %), EO8 

(0.35876 %), EO9 (0.6873 %), EO10 (0.2916 %), EO11 (0.5706 %), EO12 (0.2276 %), EO13 (0.2432 

%); Compounds (mean ± standard error %): β-pinene (34.59±0.66 %), limonene (20.99±0.74 %), α-

pinene (9.8±0.44 %), myrcene (7.38±0.33 %), α-terpineol (5.53±0.67 %), spathulenol (2.75±0.45 %), α 

-cadinol (1.79±0.13 %), linalool (1.29±0.14 %), isospathulenol (1.28±0.14 %), terpinen-4-ol (1.03±0.08 

%), β-elemene (0.8±0.13 %), γ-elemene (0.68±0.10 %), ledol (0.66±0.08 %), neo-intermedeol 

(0.64±0.08 %), δ-amorphene (0.47±0.06 %), elemol (0.32±0.04 %), cubenol-1-epi (0.71±0.06 %), and 

viridiflorol (2.75±0.45 %). Structure: four hydrocarbon monoterpenes (β-pinene, limonene, α-pinene 

and myrcene), three oxidated sesquiterpenes (α-terpineol, terpinene-4-ol and linalool), three 

hydrocarbon sesquiterpenes (β-elemene, γ-elemene and δ-amorphene) and eight oxygenated 

sesquiterpenes (elemol, neo-intermedeol, α-cadinol, cubenol-1-epi, spathulenol, isospathulenol, 

viridiflorol and ledol [29]). This work supplied the analyses made in the present study by considering 

the EOs yields, and the terpene percentages used in the statistical analyses. 

The yields of the essential oils obtained in the RS were significantly higher than those produced during 

the DS, possibly due to the higher water availability during RS, which may favor a greater volume of 

EO for this species. A similar observation was made in a study performed with the EO obtained from 

the leaves of Myrocarpus frondosus, a tree occurring in Southern Brazil [43], where the authors 

identified a higher oil yield during the winter. On the other hand, in a similar study carried out with 

Lippia origanoides (Verbenaceae), an herbaceous plant that grows in several Brazilian ecosystems, 

including the Amazon forest, the mean yields of the EOs collected in the DS was not statistically 

different from the mean yields of the EOs from the plant collected in the RS [44]. 

The evaluation of the antifungal activity of the 13 EOs has been done against M. pachydermatis, M. 

furfur and C. albicans, and all the EOs showed activity against the three yeasts, although variations in 

the antimicrobial activity were observed. Candida albicans showed to be more resistant to the EO 
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activity than the Malassezia spp., and was used as reference strain [45-47]. Both Malassezia species 

that were used showed to be more sensitive to the EOs activity than that observed to C. albicans. EOs 

EO6, EO7, EO8, EO10, EO11 and EO12 were extremely active against M. pachydermatis, while only 

EO11 was active against M. furfur. 

Despite a general variation in the terpene amounts in the EOs, the presence of the four major 

compounds β-pinene, limonene, α-pinene, and myrcene occurs in a constant pattern during seasonal 

change. On the other hand, a different situation occurs with Iryanthera polyneura Warb. 

(Myristicaceae), as there is a variation in spathulenol and τ-muurolol, the major compounds, according 

to a seasonal pattern: Spathulenol occurs in higher amounts during the RS while τ-muurolol occurs in 

higher amounts during the DS [48]. 

PCA has revealed that the EOs ordinated according to a seasonal variation, and discriminated those 

collected in the DS from those collected in the RS. Also, it showed that some of the terpenes have 

significantly contributed to the ordination, for example, limonene, myrcene, α-terpineol, linalool, and 

terpinen-4-ol have contributed to the ordination of EO EO2, EO7, EO8, EO12, EO13 and EO14 in the 

DS group, while α-pinene, β-pinene, spathulenol and the other terpenes contributed to the ordination 

of EO3, EO5, EO6, EO9 and EO10 in the RS group. The seasonal alterations in the EO composition 

have been previously reported by other groups. The EOs from the leaves of Tretadenia riparia, a plant 

that occurs in Southern Brazil, showed a significant alteration in the EO composition once 14-hydroxy-

9-epi-caryophyllene was present in the EO from the spring collection and absent in the EO from the 

winter collection. The analyses were based on PCA [49], as was the present findings. Also, the EOs 

obtained from three species of Nectandra (Lauraceae) showed that according to the period the plant 

material was collected, there was a composition change, discriminated by a PCA, so higher 

concentrations of oxygenated sesquiterpenes were observed in N. grandiflora in the spring, while they 

were more concentrated in N. lanceolata that were collected in the autumn, but for N. megapotamica 

the group of terpenes that were more concentrated was the monoterpene hydrocarbons, in the plants 

collected in the autumn. All the EOs that were obtained from the three species showed α-pinene and 

β-pinene as the major compounds [50].  

The CCA was used in the discrimination of essential oils and terpenes considering the climatic and the 

biological analysis factors, so as to prospect how the differences in the terpene expression varying 

according to a seasonal variation can influence the antimicrobial potential of the essential oils. In the 
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first CCA analysis, two groups of essential oils were discriminated, as observed in the PCA analyses. 

The group composed by EOs EO2, EO7, EO8, EO12, EO13, and EO14 contains the oils made with 

leaves collected in the DS and were influenced by insolation, temperature and evaporation, which are 

climatic characteristics of the Amazon rain forest dry season. On the other hand, the group composed 

by EO3, EO5, EO6, EO9 and EO10 have been influenced by precipitation, wind velocity and relative 

humidity, which are climatic characteristics of the rainy season in the Amazon forest. Such results are 

in accordance with previous works [29]. Also, the ordination of the two groups of EOs was influenced 

by the terpene variation in each of the essential oil. It was observed that α-pinene, β-pinene, and α-

cadinol had less influence on the CCA ordination than that observed for the other terpenes. Limonene, 

myrcene, linalool, terpinen-4-ol, and α-terpineol have influenced the discrimination of the DS set of 

EOs, while β-elemene, γ-elemene, neo-intermedeol, elemol, α-cadinol, cubenol-1-epi, spathulenol, 

isospathulenol, viridiflorol, δ-amorphene and ledol have influenced the discrimination of the RS set of 

EOs. Previous work also reports that the amounts of spathulenol are higher during the rainy season, 

as seen in the present findings [48]. 

The CCA made to analyze the ordination of the essential oils in relation to the antibacterial potential 

factor showed that the essential oils EO2, EO7, EO8, EO12, EO13 and EO14 were grouped in the DS, 

and were influenced by the amounts of myrcene, limonene, linalool, terpinen-4-ol, and α-terpineol, 

which were higher in the DS than in the RS. On the other hand, the essential oils EO3, EO5, EO6, 

EO9, and EO10 were grouped in the RS, and were influenced by a higher occurrence of spathulenol, 

elemol, β-elemene, γ-elemene, δ-amorphene, isospathulenol, and neo-intermedeol. The presence of 

α-pinene, β-pinene, and α-cadinol were significant to all the essential oils, independent of which 

season they were obtained. The CCA also helps in the elucubration on the relative importance the 

seasonality, as well as the significance of each terpene, in the general antifungal activity observed in 

the EOs. It is possible to state that the EOs from the DS are more active than those obtained from the 

RS against the yeasts, and consequently the occurrence of high amounts of myrcene, limonene, 

linalool, terpinen-4-ol, and α-terpineol, and the presence of cubenol-1-epi is important to the antifungal 

activity. Also, five out of six terpenes that are important for the DS discrimination are monoterpenes, 

and four out of six are oxygenated.  

 

5. Conclusions 
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The present work reported how the antifungal activity observed for the essential oils has seasonally 

varied, and how the relative terpene amounts were significant to the antifungal activity. According to 

the observation, the essential oils obtained from leaves collected in the dry season, when 

temperatures are as higher as 40 
o
C, the insolation and evaporation reaches elevated levels, as well 

as the presence of myrcene, limonene, linalool, terpinen-4-ol, α-terpineol, and cubenol-1-epi, showed 

to be essential to the antifungal activity. Those findings support the development of future remedies to 

be used against skin diseases caused by Malassezia spp., in animals. 
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