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Introduction: Aromatic plant species that produce essential oils contain bioactive compounds and medicinal properties, and are thus used in traditional medicine. This study aims to analyze the seasonal variation in Aloysia oblanceolata Moldenke's essential oil's chemical composition in the Amazon region.Methods: The botanical material was collected monthly over 1 year; the leaf essential oils were extracted by hydrodistillation, and their chemical composition was analyzed through gas chromatography–mass spectrometry (GC-MS). Local climatic parameters, such as insolation, temperature, relative humidity, and precipitation, were monitored. Multivariate statistical analyses were performed using hierarchical cluster analysis (HCA) and principal component analysis (PCA).Results and discussion: The AoEO yields ranged from 3.4% (December 2022 and February 2023) to 5.3% (August and September 2023), with an average of 4.3% ± 0.7%. Essential oil yields did not show a significant difference (p > 0.05) between the dry (4.7% ± 0.7%) and rainy (4.1% ± 0.6%) periods. GC and GC-MS identified 38 chemical constituents in the essential oils, comprising approximately 94.6%–97.1% of the oils analyzed in the seasonal variation study over the 12-month period. The chemical constituents that significantly correlated with climatic factors were trans-pinocamphone, β-pinene, and E-caryophyllene. Group I was statistically different from Groups II and III in terms of trans-pinocarvyl acetate content (I = 7.0 ± 0.5%; II = 9.1 ± 0.3%; III = 8.2 ± 0.6%). Group II differed from the other groups in terms of its β-pinene (I = 4.3 ± 0.5%; II = 5.2 ± 0.3%; III = 1.6 ± 0.9%), trans-pinocamphone (I = 13.1 ± 1.2%; II = 15.9 ± 0.4%; III = 12.5 ± 2.1%), and E-caryophyllene contents (I = 6.9 ± 0.7%; II = 4.7 ± 0.1%; III = 7.9 ± 1.6%). Furthermore, Group III differed from the other groups in terms of β-pinene content (I = 4.3 ± 0.5%; II = 5.2 ± 0.3%; III = 1.6 ± 0.9%). These results indicate seasonal variations in the chemical composition of the essential oils, possibly influenced by environmental factors and plant development.Keywords: lavender, Verbenaceae, mono- and sesquiterpenes, essential oil composition, environmental factors
1 INTRODUCTION
The Verbenaceae family, classified in the Lantaneae tribe, harbors a wide diversity of shrubs, trees, and herbs (O’Leary et al., 2016a). These plants have inflorescences and perennial leaves generally arranged oppositely (Romero et al., 2002). Taxa belonging to this family are used in traditional medicine due to the presence of bioactive compounds and their medicinal properties, including antioxidant and anti-inflammatory actions (Mohammadhosseini et al., 2022).
Aromatic plant species are used in traditional medicine due to the presence of bioactive compounds and their medicinal properties (Zeni et al., 2011; Mohammadhosseini et al., 2022). The Aloysia genus (Verbenaceae) is native to Brazil and originates from South America, especially in Argentina, Bolivia, Brazil, and Chile. These regions are known for harboring the greatest diversity of Aloysia species, with 28 species and 6 varieties, 12 of which are found in Brazil (Benovit et al., 2015; Mohammadhosseini et al., 2022).
Aloysia oblanceolata Moldenke (syn. Aloysia gratissima var. Oblanceolata Moldenke), popularly known as “Alfazema” and “Vassourinha Doce,” is a shrub with fasciculated leaves arranged oppositely along the branches, producing white inflorescences composed of flowers grouped in the same structure (O’Leary et al., 2016a). This species is native to South America, occurring in Paraguay, Bolivia, and Brazil. In Brazil, Aloysia oblanceolata is mainly found in the states of Rio Grande do Sul and Paraná (Marx et al., 2010).
A. oblanceolata is used in traditional medicine due to its sedative properties, with central nervous system depressant activity (Gressler et al., 2014; Benovit et al., 2015). The essential oils from A. oblanceolata have received much attention due to their antibacterial, antifungal, and antimycotic properties (Souza and Wiest, 2007).
There is significant scientific interest in researching plant-derived compounds associated with folk medicine knowledge. In this context, essential oils represent an important source of natural substances, since their active constituents often exhibit many pharmacological properties (de Cássia da Silveira e Sá et al., 2014). In addition, natural products are active against microorganisms, such as fungi, viruses, and bacteria, that are responsible for several infectious diseases (Ud-Daula et al., 2016; Alijar Souza et al., 2022).
Several environmental factors can significantly impact the chemical composition of essential oils produced by plants since these substances are primarily influenced by conditions external to the plant organism. Among the most relevant aspects that contribute to this variation are the incidence of solar radiation, which directly affects photosynthesis and, consequently, the synthesis of secondary metabolites; rainfall levels, which regulate water availability and osmotic balance; and variations in temperature and pressure, which can interfere with the processes responsible for the biosynthesis of volatile compounds (Gobbo-Neto and Lopes, 2007; Jerônimo et al., 2024).
These complex interactions between biotic and abiotic factors highlight the importance of understanding environmental and regional dynamics in the study of the production and quality of essential oils. Given this perspective, this study aimed to analyze the seasonal variation in the chemical composition of the essential oils from Aloysia oblanceolata.
2 METHODOLOGY
2.1 Plant material and climate data
Leaves (150 g) of a cultivated A. oblanceolata were collected from a home garden in the city of Garrafão do Norte, Pará state, Brazil (coordinates: 1°56′22.7382″S/47°3′3.17772W). Mature leaves from a single specimen were sampled monthly on the third day of every month, at 9 a.m., from November 2022 to August 2023. To ensure an unequivocal taxonomic identification, three samples were sent for independent identification, and vouchers were incorporated into the Herbarium of the Museu Paraense Emílio Goeldi (MG246092), the Herbarium of the Universidade do Estado do Pará (MFS10607), and the Herbarium of Embrapa Amazônia Oriental (IAN202959). The specimen was collected in accordance with Brazilian laws regarding biodiversity protection (Sisgen ACA3523).
The data on climatic parameters (insolation, relative humidity, and rainfall) were obtained monthly from the National Institute of Meteorology website (INMET, http://www.inmet.gov.br/portal), which is part of the Brazilian Government (INMET, 2023). The meteorological data were recorded through a meteorological station located in Belém-PA, which is 169.99 km away from the collection site in a straight line; the station is equipped with a Vaisala system, model MAWS 301 (Vaisala Corporation, Helsinki, Finland).
2.2 Essential oil extraction and yield calculation
The leaves were dried for 7 days in a climate-controlled environment and then pulverized. The leaves (50 g) were subjected to hydrodistillation (in duplicate) using a Clevenger apparatus (3 h), with the condensation system set at a temperature of 10°C–15°C. The essential oils obtained were centrifuged for 5 min at 3,000 rpm and dehydrated in anhydrous sodium sulfate (Na2SO4) under the same conditions (Maia and Andrade, 2009). The dry weights were used to calculate the oil yields. Essential oil yields were expressed as a percentage and calculated from the moisture-free biomass using the relationship between oil volume, plant sample mass, and moisture. The oils were stored in dark bottles for later chromatographic analysis (de Lima et al., 2024).
2.3 GC and GC-MS analyses
Gas chromatography–mass spectrometry (GC-MS) equipped with a gas chromatography–flame ionization detector (GC-FID) was used to analyze the composition of A. oblanceolata essential oils. A Shimadzu Model QP 2010 ultra-instrument (Shimadzu, Tokyo, Japan) equipped with an Rtx-5MS fused silica capillary column (30 m, 0.25 mm; 0.25 μm film thickness) as the stationary phase (Restek, Bellefonte, PA, United States) was used. Helium gas was used as the carrier gas, adjusted to 1.0 mL/min at 57.5 kPa. Oil samples were introduced into the instrument using split injection (ratio 1:20) of 1 μL of an n-hexane solution (5 μL of oil: 500 μL of n-hexane); the injector and interface temperatures were set to 250°C; the programmed oven temperature was 60°C–240°C (3°C/min), followed by 10-min isotherm. Electron ionization mass spectrometry (EIMS) was conducted at 70 eV, with an ion source temperature set to 200°C.
Mass spectra were obtained by automatic scanning, with fragment masses in the 35–400 m/z range. The mass spectra and retention indices of the samples were compared with those from the FFNSC-2 (Mondello, 2011) and Adams (Adams, 2017) commercial libraries. The retention indices of the volatile constituents were calculated using the linear equation by Van Den Dool and Kratz (1963), based on a homologous series of hydrocarbons (C8–C40, Sigma-Aldrich, St. Louis, MO, United States) under the same chromatographic conditions. GC-DIC analysis was performed on a Shimadzu QP-2010 instrument (Shimadzu, Tokyo, Japan) equipped with an FID under the same conditions described above, except that hydrogen was used as the carrier gas. The percentage composition of the oil sample was calculated from the GC-FID peak areas. Analyses were performed in triplicate.
2.4 Statistical analysis
PCA was applied to the essential oil components of A. oblanceolata leaves (>3.0%) (OriginPro/OriginLab 2024 Learning Edition Corporation, Northampton, MA, United States). HCA was performed considering Euclidean distance and Ward’s linkage. Statistical significance was assessed through a Tukey’s test (p < 0.05), and Pearson’s correlation coefficients (r) were calculated to determine the relationship between the analyzed climatic parameters (insolation, relative humidity, temperature, and precipitation) using GraphPad Prism software version 8.0.
3 RESULTS AND DISCUSSION
3.1 Relationship between essential oil yields and climatic parameters
The climatic parameters of insolation, precipitation, temperature, and relative humidity were monitored from November 2022 to October 2023 to evaluate their influence on the production and composition of AoEO. Insolation values ranged from 88.2 h (April) to 289.5 h (September); monthly precipitation ranged from 32.7 mm (October) to 465.4 mm (April); temperature ranged from 26.7°C (May) to 35.8°C (October); and relative humidity from 75.4% (October) to 93.2% (March). The dry period in the region housing the collection site was November 2022 and July to October 2023, with an average precipitation of 149.3 ± 104.3 mm, and the rainy period was from December 2022 to June 2023, with an average precipitation of 361.9 ± 79.2 mm (Figure 1).
[image: Figure 1]FIGURE 1 | Relationship between the climatic parameters and the essential oil production of Aloysia oblanceolata during the seasonal variation study.
The Amazon holds approximately half of the Earth’s tropical rainforests and experiences torrential rains and droughts, varying in spatial and temporal scales. Therefore, the Amazon region has only two seasons: dry and rainy (Lean and Warrilow, 1989; Loureiro et al., 2014; Da Silva et al., 2019). With a humid and hot climate, the Amazon experiences the highest rainfall from December to April, the rainy season, and the lowest rainfall from June to November, the dry season. The remaining months are considered transition periods between seasons. However, these two seasons can vary from one year to the next, depending on the atmospheric phenomena that affect tropical regions (Hall et al., 1998; da Costa et al., 2020). In studies that evaluated the effect of seasonality on the composition and yields of essential oils, the climatic parameters obtained in 2022 indicated an atypical climate in the year studied (Barros et al., 2022; Santos et al., 2023).
In the seasonal study, AoEO yields ranged from 3.4% (December 2022 and February 2023) to 5.3% (August and September 2023), with an average of 4.3% ± 0.7% in the period studied (Figure 1). Essential oil yields did not show a significant difference (p > 0.05) between the dry (4.7% ± 0.7%) and rainy (4.1% ± 0.6%) periods (Figure 2).
[image: Figure 2]FIGURE 2 | Essential oil yields from Aloysia oblanceolata in dry and rainy seasons.
Regarding the relationship between climatic parameters and essential oil yields, no significant correlations (p > 0.05) were observed with humidity (r = −0.25), sunlight (r = 0.36), precipitation (r = −0.15), or temperature (r = −0.16) (Figure 3).
[image: Figure 3]FIGURE 3 | Correlation between the yields, main components, and classes of Aloysia oblanceolata oil compounds and climatic factors. MH, monoterpene hydrocarbon; OM, oxygenated monoterpene; SH, sesquiterpene hydrocarbon; OS, oxygenated sesquiterpene. *Significant correlation (p < 0.05).
A study that evaluated the effect of seasonality on the composition and yields of essential oils of Lippia alba leaves, collected in Belém, Pará, Brazil, did not present a significant difference in oil yields between the dry period (1.1% ± 0.3%) and the rainy period (1.7% ± 0.5%) (Barros et al., 2022). On the other hand, during the evaluation of the effect of seasonality on the composition and yields of essential oils of Aloysia triphylla leaves, cultivated and collected in Rio Grande do Sul, Brazil, oil yields were different during the summer (0.42%), autumn (0.31%), winter (0.19%), and spring (0.30%) seasons. The season with the lowest rainfall presented the best yield during the studied period (Parodi et al., 2020).
3.2 Seasonal effects on Aloysia oblanceolata oil composition
The essential oils from Aloysia oblanceolata contain 38 chemical constituents (Table 1). These constituents comprise 94.6%–97.1% of the oils analyzed in the seasonal study over the 12-month period. The predominant compounds in the essential oils of the leaf samples were oxygenated monoterpenes (33.2%–48.1%), oxygenated sesquiterpenes (18.5%–27.8%), sesquiterpene hydrocarbons (19.0%–27.3%), and monoterpene hydrocarbons (2.4%–10.7%). The main constituents identified in the essential oils of the leaves during the seasonal study were trans-pinocamphone (11.1%–16.4%), guaiol (10.8%–14.2%), trans-pinocarvyl acetate (6.1%–9.5%), cis-pinocamphone (5.7%–8.4%), and β-pinene (0.9%–5.8%). The structures of the constituents are shown in Figure 4.
TABLE 1 | Yields and chemical composition of essential oils from Aloysia oblanceolata leaves relative to the seasonal variation study.
[image: Table 1][image: Figure 4]FIGURE 4 | Chemical structures of the main constituents identified in Aloysia oblanceolata oils during the seasonal period.
The chemical constituents that demonstrated a significant correlation with climatic factors were trans-pinocamphone, which presented a moderate negative correlation with insolation (r = −0.54), and β-pinene, which presented a positive moderate correlation with humidity (0.51). However, some constituents had no significant correlation with climate parameters (p < 0.05); for example, trans-pinocamphone presented a moderate positive correlation with humidity (r = 0.57) and a strong positive correlation with precipitation (r = 0.77); β-pinene presented a strong negative correlation with temperature (r = −0.85), a moderate negative correlation with insolation (r = −0.62), and a strong correlation with precipitation (r = 0.75); E-caryophyllene presented a moderate correlation with temperature (r = 0.55) and strong correlations with insolation (r = 0.78), precipitation (r = −0.79), and humidity (r = 0.70). Thus, the monoterpene hydrocarbon class showed a strong negative correlation with temperature (r = −0.81), a moderate negative correlation with insolation (r = −0.66), a moderate positive correlation with humidity (r = 0.53, with significance), and a strong correlation with precipitation (r = 0.75), while the sesquiterpene hydrocarbon class showed a moderate negative correlation with precipitation (r = −0.52) and a moderate positive correlation with insolation (r = 0.48) (Figure 3).
During the seasonal study, variations in the amounts of the main constituents were observed throughout the seasons. In the rainy season, trans-pinocamphone presented the highest contents of 15.0%, while in the dry season, the content was reduced to 12.5%. On the other hand, guaiol displayed a concentration of 10.8% in the rainy season, which increased to 12.4% in the dry season. trans-Pinocarvyl acetate presented contents of 8.1% in the rainy season and 7.6% in the dry season. cis-Pinocamphone content varied from 6.9% in the rainy season to 6.3% in the dry season. E-caryophyllene contents increased from 5.4% in the rainy season to 7.6% in the dry season. In contrast, β-pinene recorded the highest level in the rainy season (4.8%), while in the dry season, a lower level was observed (3.4%).
There is still limited information available regarding the mechanisms behind the influence of environmental factors on terpene emissions from plants. Studies show that temperature, vapor pressure of the terpenes, the humidity of the air surrounding the leaf, and the exposure area of essential oils are all involved in the passive release of constitutive terpenes, in a manner that is often independent of the stomatal opening. Furthermore, monoterpene emission can also be influenced by thermal stress/heat stress, when plants are exposed to a high temperature that affects some physiological processes. Due to heat stress, stomata open, and monoterpenes are likely to be released into the atmosphere immediately after their synthesis from non-storage tissues (Malik et al., 2023).
3.3 Multivariate analysis of the essential oils from Aloysia oblanceolata
HCA and PCA were plotted, with the main constituents of the essential oils showing values above 3%. Applying HCA provided the dendrogram shown in Figure 5, which presents the formation of three groups of Aloysia oblanceolata. Group I was composed of oils extracted from April, June, March, and December, with a similarity of 52.65%. Group II presented a similarity of 36.82%, represented by the samples extracted from October and September. Group III presented a similarity of 34.68%, which was represented by the samples extracted from January, August, July, May, February, and November.
[image: Figure 5]FIGURE 5 | Hierarchical cluster analysis of the main constituents of the essential oils from Aloysia oblanceolata.
In the seasonal variation analysis of the chemical composition of the essential oils, variations in the concentration of the main constituents were observed throughout the dry and rainy periods. trans-Pinocarvyl acetate was the predominant component of group I (9.1% ± 0.3%), while E-caryophyllene was the main constituent of group II (7.8% ± 1.6%), and trans-Pinocamphone (13.1% ± 1.2%) in group III.
These results indicate seasonal variations in the chemical composition of the essential oils, possibly influenced by environmental factors and plant development. PCA (Figure 6) of the constituents of the essential oils of Aloysia oblanceolata elucidated 87.92% of the data variability. Like HCA, PCA confirmed the formation of three distinct groups.
[image: Figure 6]FIGURE 6 | Principal component analysis of the main constituents of the essential oils from Aloysia oblanceolata.
The analysis of the mean content and standard deviation of the constituents present in the AoEO (Figure 7) showed that Group I had statistical differences (Tukey’s test, p < 0.05) when compared to Groups II and III in terms of trans-pinocarvyl acetate contents (I = 7.0 ± 0.5%; II = 9.1 ± 0.3%; III = 8.2 ± 0.6%). Group II differed from the other groups in terms of β-pinene contents (I = 4.3 ± 0.5%; II = 5.2 ± 0.3%; III = 1.6 ± 0.9%), trans-pinocamphone (I = 13.1 ± 1.2%; II = 15.9 ± 0.4%; III = 12.5 ± 2.1%), and E-caryophyllene contents (I = 6.9 ± 0.7%; II = 4.7 ± 0.1%; III = 7.9 ± 1.6%). Furthermore, Group III differed from the other groups in terms of β-pinene contents (I = 4.3 ± 0.5%; II = 5.2 ± 0.3%; III = 1.6 ± 0.9%).
[image: Figure 7]FIGURE 7 | Analysis of the standard deviations of the three groups of Aloysia oblanceolata from the seasonal variation study. Mean ± standard deviation. Values with the same letters on the bars are considered not statistically different in Tukey’s test (p > 0.05).
Applying a multivariate analysis combining a heatmap with hierarchical clustering analysis (Figure 8), with the chemical constituents revealed a color pattern that varied with a gradual increase in intensity, indicating the lowest to the highest degree. The clustered heatmap (Figure 8) confirmed the clustering results obtained in PCA and HCA (see Figures 5, 6).
[image: Figure 8]FIGURE 8 | Clustering heatmap with the constituents of the essential oils from Aloysia oblanceolata samples.
4 CONCLUSION
The essential oils from Aloysia oblanceolate, found in the Amazon region, has a chemical composition that is rich in trans-pinocamphone, β-pinene, E-caryophyllene, and trans-pinocarvyl acetate, which demonstrated correlation with climatic factors, evidencing that environmental factors and plant development influence the chemical composition of the essential oils.
It is vital to consider the effects of climatic conditions in the production and use of the essential oils from A. oblanceolata , especially in traditional medicine. The efficacy may vary depending on the oil’s chemical composition. This study expands scientific knowledge about A. oblanceolata leaf essential oils and provides valuable information for a more sustainable use of this species.
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