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Abstract: Baccharis dracunculifolia DC. is a dioecious shrub native to South America 
and the main botanical source of green propolis, an important commercial and 
medicinal product produced by Apis mellifera L. This study evaluated the phytochemical 
composition and antioxidant activity of hydroethanolic extracts and essential oils 
from male and female plants collected from different populations. This is the first 
comparative analysis of genders from different populations, focusing on artepillin C, 
the main compound of industrial interest. Leaf extracts were analyzed by HPLC-DAD 
and LC-MS, while hydrodistilled essential oils were assessed using GC-FID and GC-MS. 
Antioxidant activity was measured using DPPH and ABTS assays. A total of 31 compounds 
were detected in the extracts, with 17 identified. Major constituents included 3,5-di-O-
caffeoylquinic acid , 4,5-di-O-caffeoylquinic acid, and artepillin C. Essential oils were rich 
in oxygenated sesquiterpenes, monoterpene and sesquiterpene hydrocarbons, with (E)-
nerolidol, β-pinene, and limonene as the main volatiles. Male plants exhibited higher 
levels of non-volatile compounds, greater essential oil content, and stronger antioxidant 
activity in both extracts and oils. The highest artepillin C concentration was found in 
male leaves from both studied populations. These findings highlight the influence of 
gender and environment on the phytochemical profile, reinforcing its potential for high-
quality natural products.

Key words: Artepillin C, antioxidant activity, Apis mellifera, essential oil, HPLC-DAD, phe-
nolic compounds.

INTRODUCTION
Baccharis dracunculifolia DC. (Asteraceae) is a 
fast-growing, aromatic, dioecious shrub native 
to South America, commonly occurring in Brazil, 
Argentina, Paraguay, and Bolivia (Barroso & 
Bueno 2002). It typically grows in open habitats 
such as grasslands, forest edges, and degraded 
areas, where it plays a key role in ecological 
succession and the regeneration of native flora 
(Campos & Martins 2016). Beyond its ecological 
relevance, B. dracunculifolia is known for its 
medicinal potential and stands out as the main 

botanical source of Brazilian green propolis, a 
bioactive product produced by Apis mellifera L. 
from the plant’s vegetative buds, enriched with 
salivary secretions, beeswax, and pollen (Park et 
al. 2004, Teixeira et al. 2005).

The essential oils obtained from the 
leaves and inflorescences of the species are 
characterized by the presence of a wide range 
of medicinal components (Banskota et al. 1998, 
Park et al. 2004, Mishima et al. 2005, Teixeira et 
al. 2005, de Sousa et al. 2009, Parreira et al. 2010, 
Salazar et al. 2018). Among the main non-volatile 
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compounds found in the plant and in the 
propolis are the prenylated phenylpropanoids 
like artepillin C (Banskota et al. 1998, Park et 
al. 2004, Teixeira et al. 2005) and chlorogenic 
acids (Mishima et al. 2005). The Japanese 
market has shown growing interest in Brazilian 
propolis (Toreti et al. 2013), for its use in foods 
and beverages with the aim of maintaining or 
improving human health (Aga et al. 1994). In 
addition, several studies on artepillin C have 
provided evidence, among other properties, of 
its anti-carcinogenic action resulting in the high 
demand for the propolis product on the market 
(Ahn et al. 2007, Messerli et al. 2009). 

Previous studies have identified numerous 
biological activities from extracts of B. 
dracunculifolia such as trypanocidal (Filho 
et al. 2004), antiulcer (Lemos et al. 2007), 
antimicrobial (Filho et al. 2008), antimutagenic 
(Munari et al. 2008), anti-inflammatory (Paulino 
et al. 2008) and radical scavenging (Nakanishi 
et al. 2003). These biological activities, including 
antimicrobial and antioxidant activities, are 
primarily due to the high levels of prenylated 
cinnamic acid derivatives, such as artepillin 
C (Feresin et al. 2003). B. dracunculifolia 
essential oils also present several biological 
activities such as antimicrobial (Ferronatto et 
al. 2007), antibacterial (Barbosa et al. 2015), anti-
inflammatory (Florão et al. 2012), insecticide 
(Chaaban et al. 2017) and cytototoxic activities 
against HEp-2 cells (Búfalo et al. 2010). In 
addition, the oil is used as an ingredient to 
produce fine fragrances (Lapczynski et al. 2008).

Many studies on dioecious plant species 
have shown morphological and physiological 
differences between male and female 
individuals (Espirito-Santo et al. 2003, Besten et 
al. 2013, Li et al. 2016). Plants with dimorphism 
can present different allocations of products 
during vegetative and reproductive phases and 
studies indicate that energy investments on 

reproductive processes are greater in female 
plants (Antos & Allen 1999, Cepeda-Cornejo & 
Dirzo 2010). However, in B. dracunculifolia sex did 
not influence the reproduction by stem cuttings 
(Tomazzoli et al. 2022). In dioecious species, part 
of the resources used for the development of 
new tissues such as leaves, roots and stems, can 
be distinctly reallocated to the production of 
flowers, fruits and seeds (Dudley 2006).

The physiological differences between 
female and male individuals may also affect 
plant secondary metabolism, since primary and 
secondary metabolic pathways share common 
precursors and intermediates (Herms & Mattson 
1992). Many dioecious species produce greater 
quantities of phenolics in female plants when 
compared with males. Consequently, the 
females are significantly better equipped against 
herbivory, showing significantly less damage 
(Cornelissen & Stiling 2005, Cepeda-Cornejo & 
Dirzo 2010). 

Plant secondary metabolism can be 
influenced by several factors including the 
environment and plant’s genotype. Geographic 
conditions may influence the chemical profile 
of the plant, related to its ecological adaptation 
to the growth site. Environmental factors 
such as radiation, temperature, precipitation, 
photoperiod are also known to affect the 
chemical constituents of plants (Figueiredo et 
al. 2008, Bano et al. 2016).

Phytochemical differences between female 
and male individuals of B. dracunculifolia 
from different growth sites have not yet been 
investigated. This information can greatly 
contribute to understanding the interaction 
between bee and plant in the fabrication of green 
propolis, to assist in the production of high-
quality seedlings, both for the production of 
bee pasture and for the production of essential 
oil. The objective of this study is therefore to 
evaluate the phytochemical composition and 
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antioxidant activity of hydroethanolic extracts 
and essential oils from male and female leaves 
of B. dracunculifolia from different populations 
in southern Brazil.

MATERIALS AND METHODS
Material Collection and Procedures
Branches of male and female individuals of B. 
dracunculifolia were collected in April 2018 from 
two populations in southern Brazil during the 
flowering period. Population 1 (P1): 25°19’80’’S - 
49°48’35’’W, altitude 1027 meters, and Population 
2 (P2): 25°30’63’’S - 49°02’58’’W, altitude 891 
meters. The branches were collected from 25 
female and 25 male individuals in the field and 
the sex of the plants was confirmed through 
botanical identification. Voucher specimens were 
deposited in the Municipal Botanical Museum 
of Curitiba - MBM Herbarium, with the deposit 
numbers: MBM-384.962 (Male – P1), MBM-370.693 
(Female – P1); MBM-371.866 (Male – P2); MBM-
379.293 (Female – P2). The registration number of 
the species in the ‘Sistema Nacional de Gestão 
do Patrimônio Genético e do Conhecimento 
Tradicional Associado - SisGen’ is AC74344.

Within each population, leaves from male 
and female plants were removed from branches. 
After, leaves from each treatment were pooled 
and then divided into two subsets: for HPLC 
analysis and for essential oil isolation. Leaf 
material for HPLC analysis was immediately 
frozen in liquid nitrogen (-196°C) and stored in 
ultra-low freezer (-80°C) until analyzed. Samples 
for the isolation of the essential oil were fresh at 
the time of oil extraction.

Preparation of Extracts for HPLC Analysis
Samples for HPLC analysis were separately 
lyophilized (Liotop L101®) for 48 hours at a 
temperature of 35°C and vacuum pressure of 
200 mBAR. The material was then ground and 

the extracts were prepared with 10 mg of ground 
lyophilized leaves in 1mL of water: ethanol 
(1:1 v/v) solution in a water bath (Ratek TH5®) 
for 1h at 60°C. After this period, the solution 
was filtered through a 2 micron filter. This 
procedure was performed in 3 replicates. For the 
chromatography analysis, 1000µl of the extracts 
were transferred into 2 mL vials.

HPLC-DAD Analysis
Aliquots (10 µl) of the hydroalcoholic extracts 
of B. dracunculifolia leaves were injected in 
an Agilent Technologies 1290 Infinity II Liquid 
Chromatography (HPLC), equipped with C18 
reversed phase column (Synergi Fusion-RP 80A, 
50mm x 4.6mm Ø, 2.5µm), C18 pre-column and 
diode array detector – DAD (Agilent Technologies 
1260 Infinity II). The samples were eluted using 
the flow rate of 0.5mL/min and a linear gradient 
of methanol: water: formic acid (15: 84.9: 0.1, 
v/v/v, solvent A), and methanol: formic acid 
(99.9: 0.1, v/v, solvent B). The gradient profile 
started with 0-10 min (0% B), 10-60 min (72.2% 
B), 60-65 min (72.2% B), 65-67 min (0% B), 67-
75 min (0% B). The chromatogram profiles were 
recorded at 200, 220, 260, 280, 290, 300 and 316 
nm.

For the semi-quantification of the 
metabolites, external standard curves were 
calculated  with 5 concentrations for the 
following compounds: chlorogenic acid (0 µg.mL-1 
- 1000 µg.mL-1; r2= 0.9998; y= 0.0329x), caffeic acid 
(0 µg.mL-1 - 1000 µg.mL-1; r2= 0.999; y= 0.0169x), 
quercetin (0 µg.mL-1 – 100 µg.mL-1; r2= 0.9998; y= 
0.0523x) and artepillin C (0 µg.mL-1 - 610 µg.mL-1; 
r2= 0.9999; y= 0.0309x). Compound concentration 
were expressed in mg.g-1 of leaves dry mass. 

LC-MS/MS Analysis
LC-MS/MS analysis was carried out for 
annotation of the compounds using the SCIEX 
X500R QTOF system with Turbo V™ source 
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and Electrospray Ionization (ESI). The negative 
mode was used with the IS voltage set to 4500 
V and the following parameters were adopted:  
mass range 100–1000m/z, fragmentor energy at 
100V, collision energies at 10 and 35 V and the 
estimated cycle was 1757. The temperature of 
the source was set at 350°C for ionization mode. 
High purity nitrogen was used as the desolvation 
gas with flow at 6 L.min-1 and pressure at 2 bar.  
The samples (2μL) were eluted from the C18 
reversed phase column (Synergi Fusion-RP 80A, 
50mm x 4.6mm Ø, 2.5µm) using the flow rate of 
0.3 mL.min-1 and a linear gradient of methanol: 
water: formic acid (15: 84.9: 0.1, v/v/v, solvent 
A), and methanol and formic acid (99.9: 0.1, v/v, 
solvent B). The gradient profile started with 0-10 
min (0% B), 10-60 min (72.2% B), 60-65 min (72.2% 
B), 65-67 min (0% B), 67-75 min (0% B).

Extraction and Quantification of the Essential 
Oil Content
Fresh leaves of male and female plants of 
each population were separated for essential 
oil isolation. The extraction used 100g of fresh 
leaves added to 1L of distilled water. The process 
was done by hydrodistillation in Clevenger-
type apparatus for 2 hours and 30 minutes, in 
three replications. The essential oil content was 
measured based on the dry mass of leaves and 
the yield was expressed as a percentage (%) of 
dry mass. The essential oil samples were stored 
in a freezer (-5°C) until further analysis.

Hydrogen and Helium were used as carrier 
gas flow for GC/FID (1.5 mL.min-1) and GC/MS (1 
mL.min-1), respectively. The temperature program 
was 60°C, rising to 240°C at the rate of 3°C per 
minute. For GC–MS, the injection volume was 1µL 
of the sample, 1% (w/v) in hexane, the interface 
temperature was at 300°C and mass range of 
m/z 40–400. The mass detector was operated in 
the ionization mode (electron impact 70 eV) at 
3.15 scan.s−1 and the ion source was maintained 

at 230 °C. The annotation of the compounds 
was done through the calculation of the linear 
retention index using a homologous series of 
alkane: C7-C30 (Van Den Dool & Kratz 1963) and 
in addition, the mass spectrum was compared 
with data from the literature (Adams 2007). The 
constituents were quantified by dividing the 
peak area of each compound by the total area 
of the identified compounds (%).

DPPH and ABTS Radical Scavenging Assays
The antioxidant capacity of the ethanolic 
extracts and essential oil obtained from B. 
dracunculifolia leaves was assessed through 
the DPPH (2,2-diphenyl-1-picrylhydrazyl) free 
radical scavenging assay, following the protocol 
originally proposed by Brand-Williams et al. 
(1995). Absorbance was recorded at 515 nm using 
a UV-Vis spectrophotometer (Shimadzu®-1800) 
after incubation. The DPPH scavenging capacity 
was expressed as percentage inhibition: AA(%)= 
((Abs.control -Abs.sample)/Abs.control)100 
where ‘Abs.control’ is the absorbance of DPPH 
radical in methanol and ‘Abs. sample’ is the 
absorbance of DPPH radical solution + plant 
extract or essential oil. The assay was performed 
using six graded concentrations of each sample, 
and the radical scavenging activity was expressed 
as percentage inhibition. IC₅₀ values, defined as 
the concentration required to inhibit 50% of 
the radical activity, were calculated from dose–
response curves. Ascorbic acid was included as 
a positive control standard. 

The  ABTS  ( 2 , 2 -az inob i s- ( 3 -e thy l -
benzothiazolin-6-sulfonic acid)) method was 
also used to determine the antioxidant activity of 
the hydroethanolic extracts of B. dracunculifolia 
leaves.  The antioxidant capacity of the ethanolic 
extracts (50% v/v) was evaluated using the 
ABTS radical scavenging method described by 
Re et al. (1999), with modifications. Essential 
oils were not analyzed due to solubility issues. 
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The ABTS radical was generated by combining 
ABTS with potassium persulfate and allowing 
the reaction to proceed in darkness at ambient 
temperature for approximately 16 hours. The 
resulting mixture was diluted using a sodium 
acetate buffer solution (20 mM, pH 4) until it 
reached an absorbance of 0.700 at 734 nm. A 30 
µL aliquot of the extract was added to 3 mL of 
the prepared ABTS solution, and after a 2-hour 
incubation, absorbance was recorded with a UV-
Vis spectrophotometer. The antioxidant activity 
was quantified in terms of Trolox equivalents 
(μM·g⁻¹), using a previously established 
calibration curve.

Statistical Analysis
The experimental design was completely 
randomized in a 2x2 factorial scheme (two 
populations and two genders: male and female), 
with 3 replications. The data were tested with 
a Bartlett test to verify the homogeneity of 
the variances. After this, analysis of variance 
(ANOVA) was applied and, when significantly 
different, the means were separated by Tukey 
(P <0.05). The analyses were performed with the 
software Assistat (Silva & Azevedo 2016).

RESULTS
Chemical Characterization of the Extracts
The chemical  const i tuents from the 
hydroethanolic extracts (50% v/v) of B. 
dracunculifolia are described in Table I. 
Chromatographic analysis such as LC-MS/
MS and HPLC-DAD revealed the presence of 
three compounds identified by comparison 
to external standards, fourteen compounds 
identified by mass spectrometry and fourteen 
unidentified compounds. Chlorogenic acidswith 
its derivatives and isomers are the main 
compounds identified in B. dracunculifolia 

leaves, followed by prenylated cinnamic acid 
derivatives: artepillin C, baccharin and drupanin. 

Differences in gender of the plant and in 
growth sites (populations) were not identified in 
the qualitative composition of B. dracunculifolia 
leaves in this work, but a large difference was 
found in the quantification of compounds 
between them by HPLC-DAD (Table II, III e IV). 

In quantitative terms, the major compounds 
identified in the leaves regardless of gender and 
population were 3,5-di-O-caffeoylquinic acid 
(21.93 to 10.87 mg.g-1), 4,5-di-O-caffeoylquinic 
acid (15.25 to 3.72 mg.g-1) and artepillin C (18.95 
to 3.29 mg.g-1), however, the interaction between 
non-volatile constituents of female and male 
B. dracunculifolia leaves and their place of 
production was also investigated. 	

Factor analysis applied to compounds 
above 0.6 mg.g-1 identified interaction between 
gender and population for the compounds: 
Caffeoylquinic acid isomer, caffeic acid, 3,5-di-
O-caffeoylquinic acid, 4,5-di-O-caffeoylquinic 
acid and kaempferide (Table II). The detected 
interaction refers to the amount of these 
compounds produced that was linked to plant 
gender in that specific population. Interestingly, 
all presented higher content in male plants 
from P1. However, the interaction between 
populations and gender was not significant for 
the compounds: 3,4-di-O-caffeoylquinic acid, 
tricaffeoylquinic acid, drupanin, artepillin C 
and p-coumaric acid (Table III e IV). This means 
that these factors act independently. For these 
compounds, isolated differences were found, 
with again higher levels in male plants and in the 
population P1. The exception was p-coumaric 
acid, which showed no statistical difference 
between the treatments.

As previously reported in this work, we 
identified differences in the compounds 
produced between the two populations studied, 
including phenolics compounds (prenylated 
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Table I. Composition of hydroathanolic extracts of leaves of B. dracunculifolia by LC-MS/MS.

Compounds Rt M-1 MS/MS Fragmentation Mol For Ref

1 Caffeoylquinic acid isomer 14.57 353.087 191.0557/ 173.0454/ 161.0243/ 135.0451/ 
127.0399/ 93.0344/ 85.0294 C16H18O9 1, 3

2 Caffeic Acid 15.45 179.034 135.0452/ 117.0346 C9H8O4 1

3 ni 15.97 595.165 475.1241/ 457.1136/ 415.1026/ 385.0928/ 
355.0820 C27H32O15

4 ni 18.93 415.160 191.0563/ 149.0457/ 131.0342/ 89.0244 C19H28O10

5 ni 23.60 519.170 339.1086/ 309.0978/ 279.0871 C22H32O14

6 3,4-Di-O-(E)-caffeoylquinic acid 27.20 515.118 353.0873/ 335.0770/ 191.0558/ 179.0346/ 
173.0452/ 161.0243/ 135.0450 C25H24O12 1, 3

7 3,5-Di-O-(E)-caffeoylquinic acid 27.97 515.119 353.0875/ 191.0558/ 179.0347/ 173.0347/ 
161.0246/ 135.0451 C25H24O12 1, 3

8 4,5-Di-O-(E)-caffeoylquinic acid 31.06 515.118 353.0863/ 191.0553/ 179.0341/ 173.0446/ 
161.0241/ 135.0446 C25H24O12 3, 5

9 Caffeic acid derivative 32.06 487.160 323.0768/ 263.0558/ 179.0346/ 161.0240 C25H28O10 1

10 ni 34.43 361.165 317.1761/ 287.1657/ 243.1757/ 155.0868 C20H26O6

11 ni 35.18 361.165 317.1750/ 287.1653/ 243.1750/ 155.0864 C20H26O6

12 Tricaffeoylquinic acid 37.60 677.149 515.1180/ 353.0866/ 335.0767/ 191.0555/ 
179.0344/ 161.0240 C34H30O15 1

13 Artepillin C derivative – CO2 41.46 343.154 299.1629/ 281.1555/ 255.1740/ 241.1589/ 
217.1226/ 197.1330/ 173.1334 C20H24O5 1

14 Kaempferide 42.43 299.055 284.0320/ 255.0293/ 227.0343/212.0474/ 
200.0475/ 136.9877 C16H12O6 1, 2, 4

15 Kaempferide isomer 43.27 299.055 284.0323/ 255.0294/ 227.0346 C16H12O6

16 ni 43.33 329.066 314.0424/ 29.0189/ 271.0240/ 255.0293 C17H14O7

17 ni 44.11 407.206 389.1969/ 359.1861/ 315.1963/ 287.1649/ 
243.1751/ 217.1228/ 175.1126/ 111.0451 C22H32O7

18 4-Hydroxy 3-prenylcinnamic acid- 
Drupanin 45.75 231.102 187.1126/ 132.0578 C14H16O3 1, 2, 3

19 ni 45.81 389.196 359.1860/ 315.1960/ 269.1540/ 241.1590 C22H30O6

20 ni 46.76 327.123 321.1004/ 163.0399/ 145.0294/ 119.0510 C19H20O5

21 ni 47.98 391.211 345.1697/ 332.1620/ 315.1595/ 301.1805/ 
271.1698/ 243.1746/ 205.1229 C22H32O6

22 ni 48.60 315.159 297.1490/ 253.1590/ 241.1590/ 198.1044/ 
186.1045 C19H24O4

23 Methyl-Kaempferide 49.54 313.071 298.0479/283.0240/ 255.0289/ 227.0345/ 
163.0032/ 135.0085 C17H14O6

24 ni 50.27 295.097 149.0604/ 119.0499/ 105.0708 C18H16O4

25 ni 51.11 267.102 163.0398/ 145.0291/ 119.0499/ 117.0342 C17H16O3

26 Coumaric acid derivative 53.09 315.159 297.1491/ 253.1595/ 201.1281/ 271.1700/ 
146.0734 C19H24O4 1
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cinnamic acid derivatives) and flavonols 
(kaempferide and their derivatives). This may 
be related to weather conditions from the two 
plant growth sites.

Antioxidant Activities of the Extracts
The antioxidant activity of the B. dracunculifolia 
extracts was expressed as IC50 (µg.ml-1) against 
DPPH (Table V)  and concentration of Trolox 
(uM.g-1) by ABTS (Fig. 1). The radical scavenging 
activity can be expressed by the IC50, which is 
the concentration of antioxidant to reduce the 
DPPH radical by 50%, where lower IC50 values 
indicates higher sample activity. For this assay, 
antioxidant activity varied from 1124.72 ± 50.03 
µg.ml-1 to 2563.63 ± 140.15 µg.ml-1 of aqueous 
ethanolic extract. We observed an interaction 
between population and sex of the plant (as the 
same happened with the analyzed compounds) 
with lower IC50 in male plants from P1 (1124.72 ± 
50.03 µg.ml-1) and consequently highest capacity 
to neutralize free radicals. The antioxidant 
activity by ABTS did not show factor interaction, 
but isolated differences between genders and 
populations were detected, with again higher 
capacity antioxidant in male plants (1231.22 
µM.g-1) and in P1 (1361.22 µM.g-1).

Essential Oil Content (%)
Interaction between population and gender was 
not significant (P>0.05) for essential oil content, 

this means that these factors act independently 
in this study. However, isolated differences 
were verified for population and gender. The 
essential oil contents of populations ranged 
from 0.513 - 0.781% and plants from P2 produced 
higher amounts (0.781%) when compared to P1. 
The production of essential oil between female 
and male plants ranged from 0.566 - 0.728% and 
male plants produced higher amounts (0.728%) 
when compared to female plants (Fig. 2).

Chemical Composition of Essential Oils

A total of 31 chemical constituents were 
identified in the essential oils of male and 
female plants of B. dracunculifolia from the 
two studied populations. The essential oils 
were predominantly composed of oxygenated 
sesquiterpenes (36.24 - 52.44%), monoterpene 
hydrocarbons (15.75 - 43.24%) and sesquiterpenes 
hydrocarbons (9.34 - 18.38%). The major 
compounds were: (E)-nerolidol (13.03 - 19.68%), 
β-pinene (9.81 - 20.97%), limonene (6.17 - 18.21%) 
and spathulenol (6.79 - 12.02%) for all botanical 
materials (Table VI). 	

Interaction between population and gender 
was not significant (P>0.05) for the chemical 
composition of essential oils, this means that 
these factors act independently in this study. 
However, isolated differences were verified for 
population and gender for some compounds. 

27 Artepillin C derivative – OCH2 53.83 329.175 299.1624/ 328.1879/ 255.1754 C20H26O4 1

28 ni 54.93 331.190 301.1799 C20H28O4

29 Artepillin C 57.46 299.164 299.1646/ 255.1746/ 200.1199/ 145.0654 C19H24O3 1, 2, 3

30 3-Prenyl-4-(dihydrocinnamoyloxy)-
cinnamic acid- Baccharin 60.67 363.159 187.1123/ 149.0603/ 131.0498 C23H24O4 1

31
(E)-3-{-4-hydroxy-3-[(E)-4-(2,3-

dihydrocinna-moyl oxy)-3-methyl-
2-bute-nyl]-5-prenylphenyl}-2-

propenoic acid
65.17 447.216 297.1486/ 253.1588/ 198.1042/ 149.0602/ 

105.0707 C28H32O5 1, 2

1Szliszka et al. 2013; 2Carvalho et al. 2011; 3 Moura et al. 2011; 4Falcão et al. 2013; 5Fernandes-Silva et al. 2013. Rt= Retention time 
(min); M-1= Molecular mass; Mol For= Molecular formula; Ref= References.

Table I. Continuation.
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These analyses considered only the chemical 
constituents with averages higher than 3.0% in 
at least one of the botanical materials. Plants 
from P2 produced higher levels of β-pinene, 
limonene and α-pinene when compared to P1. 
Plants from P1 produced higher levels of (E)-
nerolidol, bicyclogermacrene, germacrene D, 
thujopsan-2-α-ol, globulol and α-cadinol when 
compared with P2. Similarly, the isolated gender 
effects were significant for some compounds 
studied, where female plants produced higher 
contents of spathulenol and thujopsan-2-α-
ol and male plants produced higher levels of 
globulol.

Antioxidant Activity of Essential Oils
For antioxidant activity of B. dracunculifolia 
essential oils, expressed as IC50 (µg ml-1), the 
interaction between population and gender was 
also not significant (P>0.05). However, isolated 
differences between male and female plants 
were identified (Fig. 3). Essential oils from male 
plants showed lower IC50 (261.8 µg ml-1) and 
consequently higher capacity to neutralize free 
radicals when compared to essential oils from 
female plants. 

In addition, local plant growth also 
influenced the production of essential oil, where 
plants from P2 produced higher essential oil 
content (0.781%) (Fig. 2). The highest essential 
oil content from P2 may be related to low 

Table II. Means and standard deviation of composition content mg.g-1 of male an female leaves of  B. 
dracunculifolia plants from population P1 and poupaltion P2 characterized by HPLC-DAD.

Populations
Caffeoylquinic 

derivative Caffeic acid 3,5-Di-caffeoylquinic 
acid

4,5-Di-caffeoylquinic 
acid Kaempferide

Male Female Male Female Male Female Male Female Male Female

P1 3.06 ± 0.23 
aA

1.61 ± 0.36 
aB

2.65 ± 0.15 
aA

1.45 ± 0.13 
aB

21.93 ± 1.84 
aA

16.73 ± 0.77 
aB

15.25 ± 0.87 
aA

10.42 ± 0.66 
aB

0.59 ± 0.06 
aA

0.51 ± 0.05 
aB

P2 1.44 ± 0.15 
bA

1.15 ± 0.05 
bB

1.18 ± 0.07 
bA

0.95 ± 0.08 
bB

11.72 ± 0.79 
bA

10.87 ± 0.47 
bA

9.68 ± 0.64 
bA

3.72 ± 0.15 
bB

0.51 ± 0.05 
bA

0.22 ± 0.01 
bB

Means followed by the same lower-case letters in columns and upper-case letter in lines are not statistically different at 5% 
level of significance according to Tukey test.

Table III. Means and standard deviation of composition content mg.g-1 of leaves of B. dracunculifolia plants from   
population P1 and population P2 characterized by HPLC-DAD.

Populations 3,4-Di-caffeoylquinic 
acid

Tricaffeoylquinic 
acid Drupanin Artepillin C p-coumaric acid

P1 11.09 ± 3.98 a 4.65 ± 1.07 a 1.68 ± 0.54 a 14.24 ± 4.92 a 2.17 ± 0.35 a

P2 6.20 ± 1.91 b 2.18 ± 0.88 b 0.99 ± 0.49 b 7.91 ± 4.93 b 2.19 ± 0.71 a
Means followed by the same lower case in columns are not statistically different at 5% level of significance according to Tukey 
test.

Table IV. Means and standard deviation of composition content mg.g-1 of leaves of B. dracunculifolia plants from 
two genders characterized by HPLC-DAD.

Gender 3,4-Di-caffeoylquinic acid Tricaffeoylquinic acid Drupanin Artepillin C p-coumaric acid

Male 11.37 ± 3.71 a 4.32 ± 0.45 a 1.82 ± 0.39 a 15.70 ± 3.40 a 2.41 ± 0.64 a

Female 5.92 ± 1.61 b 2.51 ± 1.22 b 0.85 ± 0.36 b 6.44 ± 3.41 b 1.95 ± 0.31 a
Means followed by the same lower case in columns are not statistically different at 5% level of significance according to Tukey 
test. 
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Figure 1. Means and standard deviation of antioxidant activity by ABTS (µM.g-1) of male and female leaves of B. 
dracunculifolia from P1 and P2. Means with different lowercase letters differ significantly according to Tukey’s test 
(P < 0.05).

Table V. Means and standard deviation from IC50 of antioxidant activity (µg.ml-1) by DPPH of male and female leaves 
of B. dracunculifolia from P1 and P2.

DPPH (IC50 μg mL-1)

Populations
Genders

Media
Male Female

P1 1124.72 bB 1397.21 bA 1260.97

P2 1604.68 aB 2563.63 aA 2084.16

Media 1364.7 3960.84

CV (%) = 4.63

precipitation especially during January and 
February of 2018, the period that preceded the 
leaf harvest in March, 2018. Unlike the results 
of essential oils, the extract analysis by HPLC-
DAD (Table II) identified higher production of 
secondary metabolites in P1 plants.

DISCUSSION
Many studies suggest that B. dracunculifolia is 
the main botanical source of Brazilian green 

propolis, where similar profiles were identified 
between plant resin and propolis samples, in 
particular to the composition of prenylated 
cinnamic acid derivative, flavonoids and 
chlorogenic acid (Quintino et al. 2020, Tomazzoli 
et al. 2020).

Related to the annotation of the compounds, 
similar result was found by Park et al. (2004) 
where the same compounds were identified for 
male and female B. dracunculifolia leaf bud. 
However, Teixeira et al. (2005) identified some 
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Table VI. Composition of essential oil (%) by GC/MS (mean ± standard deviation) of fresh leaves of female and 
male plants of B. dracunculifolia from  Populations P1 and P2.

Compounds RIlit RIcal

Populations
P1 P2

Male Female Male Female
1 α-thujene 924 925 0.13 ± 0.03 - 0.15 ± 0.04 0.21 ± 0.01

2 α-pinene 932 932 3.44 ± 0.70 1.89 ± 0.38 3.52 ± 1.09 5.58 ± 0.29

3 sabinene 969 972 0.25 ± 0.07 0.16 ± 0.05 0.16 ± 0.10 0.42 ± 0.05

4 β-pinene 974 976 14.21 ± 2.62 9.81 ± 1.69 18.64 ± 4.34 20.97 ± 0.85

5 myrcene 988 989 1.36 ± 0.30 0.84 ± 0.47 1.77 ± 0.28 2.11 ± 0.09

6 limonene 1024 1026 8.09 ± 0.67 6.17 ± 0.89 18.21 ± 2.25 13.95 ± 0.34

Monoterpenes hydrocarbons 25.25 15.75 42.46 43.24
7 β-elemene 1389 1388 0.42 ± 0.06 0.46 ± 0.04 0.21 ± 0.04 0.26 ± 0.02

8 (E)-β-cariofilene 1417 1413 1.86 ± 0.27 2.8 ± 0.11 1.70 ± 0.24 1.52 ± 0.23

9 aromadendrene 1439 1432 0.34 ± 0.04 0.31 ± 0.01 0.38 ± 0.05 0.22 ± 0.02

10 trans-muurola-3,5-dieno 1443 1451 0.11 ± 0.01 0.12 ± 0.01 - 0.13 ± 0.01

11 α-humulene 1446 1452 0.57 ± 0.08 0.71 ± 0.05 0.43 ± 0.05 0.34 ± 0.05

12 cabreuva oxide B 1462 1456 0.59 ± 0.08 0.67 ± 0.04 0.54 ± 0.07 0.36 ± 0.04

13 cabreuva oxide D 1467 1479 0.14 ± 0.01 0.15 ± 0.01 - 0.12 ± 0.01

14 germacrene D 1484 1474 4.10 ± 0.55 4.34 ± 0.12 2.48 ± 0.25 2.20 ± 0.22

15 germacrene A 1497 1508 0.18 ± 0.02 0.19 ± 0.29 - -

16 bicyclogermacrene 1500 1490 5.93 ± 0.81 6.38 ± 0.12 3.40 ± 0.35 2.66 ± 0.25

17 α-muurolene 1500 1495 0.36 ±0.03 0.28 ± 0.02 0.23 ± 0.02 0.13 ± 0.01

18 γ-cadinene 1513 1508 0.46 ±0.05 0.44 ± 0.03 0.36 ± 0.03 0.28 ± 0.01

19 δ-cadinene 1522 1519 1.9 ± 0.15 1.53 ± 0.13 1.60 ± 0.13 1.12 ± 0.06

Sesquiterpene hydrocarbons 17.4 18.38 11.34 9.34
20 (E)-nerolidol 1561 1564 19.21 ± 0.23 19.68 ± 0.89 15.74 ± 2.05 13.03 ± 0.31

21 spathulenol 1577 1570 7.87 ± 0.52 12.02 ± 0.58 6.79 ± 1.17 10.34 ± 0.33

22 thujopsan-2-α-ol 1575 1586 3.46 ± 0.14 4.8 ± 0.64 2.93 ± 0.52 3.40 ± 0.11

23 globulol 1583 1590 3.02 ± 0.27 2.35 ± 0.35 2.34 ± 0.46 1.24 ± 0.12

24 ledol 1602 1594 2.02 ± 0.17 2.57 ± 0.33 1.68 ± 0.35 1.86 ± 0.06

25 1-epi-cubenol 1627 1621 0.56 ± 0.04 0.54 ± 0.08 0.49 ± 0.04 0.53 ± 0.03

26 epi-α-muurolol 1640 1635 2.3 ± 0.19 2.13 ± 0.31 1.61 ± 0.31 1.42 ± 0.05

27 α-muurolol 1644 1640 0.69 ± 0.06 0.75 ± 0.13 0.52 ± 0.13 0.58 ± 0.01

28 α-cadinol 1652 1647 2.55 ± 0.14 2.61 ± 0.37 1.68 ± 0.44 1.50 ± 0.05

29 germacrene-trien-1-α-ol 1677 1685 1.66 ± 0.20 2.79 ± 0.35 1.42 ± 0.34 1.99 ± 0.02

30 shyobunol 1680 1688 1.23 ± 0.15 1.27 ± 0.02 0.69 ± 0.15 0.67 ± 0.05

31 isobiclogermacrenal 1733 1724 0.46 ± 0.06 0.93 ± 0.11 0.37 ± 0.11 0.59 ±0.01

Oxygenated sesquiterpene 46.17 52.44 36.27 37.15
Identified compounds  % 89.47 89.69 90.04 89.73

RIlit: retention index of the literature. RIcal: calculated retention index. – trace element <0.1%.
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differences between apices of female and male 
plants, when evaluated together volatile and 
nonvolatile compounds, where male plants were 
chemically more complex than female plants, 
with 42 identified substances in male and 33 in 
female apices. This difference can be related to 
abiotic factors and to the herbivory preference 
between male and female plants, that affect the 
plant defense and consequently the secondary 
metabolism (Hall et al. 2017).

In continuation of this evidence, the 
chemical composition of the essential oils 
from B. dracunculifolia observed in this study, 
particularly the presence of (E)-nerolidol, 
spathulenol, and β-caryophyllene, aligns 
with compounds identified in the essential 
oil of Brazilian green propolis, as reported by 
Quintino et al. (2020). These compounds were 
also among the major constituents of this type 

of propolis, reinforcing its botanical origin from 
B. dracunculifolia. This correlation supports 
the hypothesis that the essential oil profile of 
B. dracunculifolia significantly contributes to 
the chemical and biological properties of green 
propolis, including its antioxidant potential.

The concentrations of many secondary 
metabolites are strongly correlated with plant 
growth conditions, for example, environmental 
stresses such as radiation, pathogen attack, 
nutrient availability, and temperature usually 
increase phenylpropanoid levels. Whereas 
phenolic levels are extensively affected 
by nutritional stress (Dixon & Paiva 1995, 
Ramakrishna & Ravishankar 2011). 

The chemical profile of phenolic compounds 
is also affected by altitude variation, where 
the higher the altitude resulted in the higher 
the phenolic content (Pandey et al. 2018). 

Figure 2. Essential oil content (%) of female and male plants of B. dracunculifolia from P1 and P2. Means with 
different lowercase letters differ significantly according to Tukey’s test (P < 0.05).
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Plants collected in P1 (altitude = 1027 meters) 
presented higher levels of these compounds 
when compared with P2 (altitude = 891 meters). 
This may have occurred because plants growing 
at higher altitudes are subjected to higher UV-B 
radiation and this affects their development, 
morphology and physiology. As a protective 
mechanism, plants subject to increased radiation 
levels, produce higher contents of phenolic and 
flavonoids (Jaakola & Hohtola 2010). 

Phenolic compounds protect plant 
tissues against UV radiation, consequently, 
the production of these compounds depends 
on three factors acting simultaneously:  light 
environment, plant physiology and plant 
biochemistry (Bantis et al. 2016). These 
compounds are produced via the shikimic acid 
biosynthetic pathway. A key enzyme in this 
pathway is phenylalanine ammonia lyase (PAL), 
which is strongly stimulated by environmental 
stresses, and most cases, leads to increased 
phenolic levels in plants (Wang & Frei 2011).

Although this work has identified differences 
in the contents of some compounds according 
to plant growth site, it is important to highlight 
that generally the male plants presented 
higher levels of all compounds studied. The 
sex-differences in secondary metabolites were 
meaningful and this may have been caused by 
different reproductive efforts between males 
and females (Antos & Allen 1999, Cepeda-
Cornejo & Dirzo 2010). Male plants frequently 
make lower total reproductive investment than 
females, although their investment during the 
flowering is high (Cepeda-Cornejo & Dirzo 2010). 
Female plants considerably increase investment 
in reproduction that is mainly due to ripening 
of fruit and seeds (Turcotte & Houle 2001). 
This higher investment of female metabolism 
for reproduction may indicate a lower shift of 
products to secondary metabolism, which is 
directly related to plant defense. 

During plant development, including 
the phenological stages, there is a strong 
dependency on protein synthesis for the 
manufacture of photosynthetic, biosynthetic, 
regulatory enzymes and structural protein. The 
same occurs for phenolic synthesis and because 
of this, growth and defense compete for common 
substrates (Herms & Mattson 1992).

In dioecious species different resource 
allocations between gender may also determine 
unequal patterns of defense and herbivory in 
the field (Hall et al. 2017). The infestation of 
different galls on B. dracunculifolia is common 
and the insect Baccharopelma dracunculifoliae 
(Hemiptera: Psyllidae) is the most frequently 
found gall in this plant species (Arduin et al. 
2005). In work developed by Bastos et al. (2011) 
no significant difference between genders 
of B. dracunculifolia were identified about 
herbivory by different insects: Baccharopelma 
dracunculifoliae galls infestation and Apis 
mellifera visit for resin collection. However, the 
same work identified the plant growth site may 
influence B. dracunculifoliae gall infestation and 
resin collecting visits of A. mellifera, confirming 
the relationship between presence of gall insect 
and production of defense compounds by 
host plants as a defense strategy. In contrast, 
Rodrigues et al. (2020) identified significant 
differences between male and female plants 
of B. dracunculifolia, where males had greater 
infestation by galling insects and females were 
most visited by bees for resin collection to 
produce green propolis.

Many studies about the relationship 
between galls insects and secondary metabolites 
from host plant have been quantified and 
widely discussed in the work developed by Hall 
et al. (2017). It was found that concentrations 
of phenolic and tannin compounds increased 
significantly in response to galls, whereas 
the impact on concentrations of volatile 
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compounds was not significant. Gall strategy 
is to increase phenolic and tannins levels and 
therefore, reduce the risk of predation due to 
herbivory while reducing the risk of predation 
by the decrease of volatile emissions (Hall et 
al. 2017). Rodrigues et al. (2020) found higher 
gall infestation in male plants, this may be the 
reason our work found increased secondary 
metabolites male plants of this species.

Some works reported strong antioxidant 
activity for the chlorogenic acids derivatives 
emphasizing that its content as the major 
antioxidant metabolites isolated from 
Asteraceae plant species (Fraisse et al. 2011, 
Mijangos-Ramos et al. 2018). The antioxidant 
capacity of chlorogenic acids can be related to 
their chemical structure, where catechol moiety 
combined with unsaturated ester moiety gives 
their free radical-scavenging activity (Parejo 
et al. 2004). In addition, studies have been 
correlating antioxidant capacity levels with the 

anti-inflammatory activity of these purified 
compounds, showing that they may be related to 
their capacity as radical scavengers (Mijangos-
Ramos et al. 2018).

Another compound well known for its 
antioxidant activity is the prenylated cinnamic 
acid derivative, artepillin C. A previous study 
by Shimizu et al. (2004) proved its bioavailable 
antioxidant. Artepillin C has the capacity to 
pass though the intestinal absorption system 
in the free form and inhibits oxidative damage 
of intracellular DNA in hepatocytes. Unlike 
artepillin C, most dietary phenolics have low 
bioavailability due to their low intestinal 
absorption rate. 

The chemical structure of artepillin C 
consists of a simple phenol (single ring) and with 
two prenyl groups. Previous work described that 
prenyls increase affinity for cell membranes and 
this similarly happens with artepillin C, which 
facilitates its antioxidant effect on membranous 

Figure 3. Means and standard deviation from IC50 of antioxidant activity (μg.ml-1) by DPPH of male and female 
leaves of B. dracunculifolia from populations P1 and P2. Means with different lowercase letters differ significantly 
according to Tukey’s test (P < 0.05). ns = not significant difference.
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lipid peroxidation (Kasai et al. 2002). In this 
context, due to its affinity for cell membranes 
and because it is not easily conjugated, artepillin 
C is used in treatments of degenerative diseases, 
for example, to prevented renal and pulmonary 
cancers (Kimoto et al. 2000, 2001).

Therefore, plants of B. dracunculifolia 
with higher contents of artepillin C and 
dicaffeyolquinic acids have the potential to 
produce a higher green propolis quality that 
is more beneficial to human health due to 
increased antioxidant activity. This would 
increase its market value.

B. dracunculifoilia reproduction time is 
different between the sexes, the male starts 
flowering earlier, and this can be explained by 
the competition between males for pollination 
opportunities. In general, male flowering times 
are induced by pollen donation (selection 
pressure) where males that produce earlier 
flowers increase reproductive success (Espirito-
Santo et al. 2003). As the higher terpene content 
may be involved with pollinator activity (Maffei 
2010), this can help us understand the higher 
essential oil content in male plants.

However, male and female plants may 
have different physiological requirements and 
variations between them can be expected 
(Mwang’Ingo et al. 2010). Gender differences were 
noticed in the work developed by Radoukova 
et al. (2018) for the plant Juniperus communis 
L., where the interaction between plant sex and 
habitat was highly significant, the essential oil 
content ranged from 0.28% to 1.21%, with higher 
levels in female plants. In contrast, the study 
developed with Juniperus scopulorum Sarg., the 
essential oil content in male trees was greater 
than in female trees (Zheljazkov et al. 2013). If the 
pathways of primary and secondary metabolism 
share common precursors and intermediates, 
this higher investment of female metabolism 
for reproduction may indicate a lower shift of 

products to secondary metabolism (Herms & 
Mattson 1992). Consequently, this leads to lower 
terpene production, and may explain the high 
levels of essential oil in males when compared 
to females plants. 

These differences between the two 
populations may be related to the biotic and 
abiotic factors which include, environmental 
conditions, edaphic factors, mechanical or 
chemical injuries, climate, diseases, pests and 
genetic factors (Figueiredo et al. 2008).

Unlike the results of essential oils, the 
extract analysis by HPLC-DAD (Table I) identified 
higher production of secondary metabolites in 
P1 plants. This may have happened due to the 
induction of different metabolic pathways for 
the synthesis of terpenes - MEP or mevalonate 
pathway- and phenolic acids - shikimic acid 
pathway (Taiz & Zeiger et al. 2013). Thus, these 
different metabolic pathways may have affected 
the levels of terpenes and phenolics in inverse 
correlation, depending on plant stimulus.

Similar chemical composition has been 
reported from studies with B. dracunculifolia 
plants from different growth sites of Brazil, 
where the compounds (E)-nerolidol and 
spathulenol were indicated as the majority and 
β-pinene and limonene presenting low levels 
(Queiroga et al. 2008, Besten et al. 2012, Barbosa 
et al. 2015). Besides that, the production of 
certain terpenes can be increased when plants 
are exposed to certain abiotic stresses such as 
light (Liu et al. 2017). Since plants from P1 were 
subjected to higher radiation, this may also 
help us understand the higher sesquiterpene 
yields of these essential oils. For example, the 
high content of (E)-nerolidol is due to its known 
scavenging activity (Vinholes et al. 2014) and 
may act as an antioxidant compound on leaves 
under stressful conditions.

Differences in antioxidant activity between 
male and female plants have been reported by 
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other authors (Emami et al. 2007, Zuccolotto et al. 
2019). A previous study on essential oils of leaves 
of Juniperus communis subsp. hemisphaerica 
verified the DPPH scavenging activity of the male 
plants with higher potential than oil of female 
plants for use as preserving food materials 
(Emami et al. 2007). On the other hand, in work 
on different species of the genus Baccharis no 
significant differences in the antioxidant activity 
of essential oils between male and female 
plants were observed (Zuccolotto et al. 2019).

The antioxidant activity of essential oil may 
be a result of the synergistic effect between two 
or more compounds, as previously reported 
(Xavier et al. 2016). This synergism may have 
influenced the high antioxidant capacity of 
the essential oils of male plants especially 
due to the high levels of compounds with 
known antioxidant activity such as (E)-nerolidol 
(Nogueira Neto et al. 2013, Vinholes et al. 2014) 
and limonene (Roberto et al. 2009). In addition, 
significant differences in spathulenol contents 
in female plants was found and this may be 
related to possible low antioxidant activity of 
the compound, since a previous study verified 
decrease in the contents of spathulenol under 
NaCl stress, a process that produces oxidative 
damages in plant cells (Taarit et al. 2009).

The present work identified notable 
distinctions between male and female 
specimens of B. dracunculifolia, an aromatic 
species recognized for its diverse applications, 
including the extraction of essential oils and 
its central role in the formation of Brazilian 
green propolis. Through comparative analysis 
of chemical profiles and biological properties, 
the data demonstrated that male plants 
tend to accumulate greater levels of valuable 
metabolites, particularly artepillin C and 
chlorogenic acids. Additionally, they showed 
enhanced essential oil yield and stronger 
antioxidant performance in both oil and extract 

forms. These results highlight the relevance 
of male individuals as promising candidates 
for use in natural product industries such 
as phytotherapy and cosmetics, as well as in 
the generation of high-quality green propolis. 
Nonetheless, further research is required 
to assess whether Apis mellifera exhibits a 
preference for male plants, which may reinforce 
their importance in the sustainable sourcing of 
this economically relevant bee product.
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