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Abstract 

 

Medicinal plants are used worldwide for the treatment of various diseases, and there 

is increasing interest in studying their bioactive properties and chemical composition. A 

deeper understanding of these properties could drive significant advancements in multiple 

industrial sectors. In this study, we investigated three medicinal plants traditionally used 

in Brazil and Portugal: Plantago major L., Bidens pilosa L., and Pistacia lentiscus L. The 

primary objective was to expand scientific knowledge of these species by characterizing 

their chemical composition and diverse bioactive properties. 

The plants were characterized regarding their individual profiles in fatty acids, 

tocopherols, free sugars, and organic acids through adequate chromatographic 

methodologies. The hydroethanolic extracts were characterized in terms of phenolic 

composition and antioxidant and antimicrobial activities. The polyphenolic profile was 

analyzed by HPLC-DAD-ESI/MS. The antioxidant activity was assessed through the 

thiobarbituric acid reactive substances (TBARS) formation inhibition. Finally, the 

antimicrobial activity was assessed by the microdilution method against bacteria and 

fungi. 

P. major exhibited the highest lipid content (1.7 g/100 g dw), followed by P. 

lentiscus and B. pilosa (1.2 and 0.6 g/100 g dw, respectively). In all species, palmitic acid 

(C16:0) was the fatty acid detected in higher relative abundance (between 37.8% and 

44.1%). The major tocopherol in P. major and P. lentiscus was alpha-tocopherol (35.5 

and 1.7 mg/100 g, respectively), and gamma-tocopherol in B. pilosa (0.09 mg/100 g). B. 

pilosa contained the highest concentration of free sugars (4.5 g/100 g), followed by P. 

lentiscus and P. major (3.3 and 0.8 g/100 g, respectively). The most abundant organic 

acid in B. pilosa and P. lentiscus was quinic acid (0.76 and 0.46 g per 100 g, respectively). 

In turn, succinic acid was the most abundant in P. major (1.62 g per 100 g), which was 

also the plant with higher total organic acids. A wide variety of phenolic compounds was 

identified in all the studied plants. The major phenolic compounds in P. major, B. pilosa, 

and P. lentiscus were verbascoside, quercetin-dimethyl ether rutinoside, and 

galloylquinic acid, respectively. Regarding antioxidant activity, the hydroethanolic 

extract of P. lentiscus demonstrated the highest activity, followed by B. pilosa and P. 

major. For the antibacterial activity, P. major extract exhibited activity against all 

bacterial strains tested. P. lentiscus was effective against Salmonella enterica, Yersinia 

enterocolitica, Bacillus cereus, Listeria monocytogenes, and Staphylococcus aureus, 
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while B. pilosa was only effective against Escherichia coli and S. enterica. However, 

none of the plants showed significant antifungal activity against Aspergillus braziliensis 

and Aspergillus fumigatus. 

In conclusion, the chemical composition, antioxidant, and antimicrobial activities 

of P. major, B. pilosa, and P. lentiscus were studied, which contributes to the scientific 

understanding of their potential. The results obtained in this study enable further 

investigation into their extracts and the validation of their traditional uses. 
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Resumo 

 

As plantas medicinais são amplamente utilizadas em todo o mundo para o 

tratamento de diversas doenças. Por isso, há um interesse crescente no estudo 

propriedades bioativas e composição química dessas plantas, uma vez que este 

conhecimento pode impulsionar avanços significativos em vários setores industriais. 

Neste estudo foram estudadas três plantas medicinais tradicionalmente usadas no Brasil 

e em Portugal: Plantago major L., Bidens pilosa L. e Pistacia lentiscus L. O objetivo 

principal foi expandir o conhecimento científico sobre essas espécies, através da 

caracterização química e avaliação das propriedades bioativas. 

As plantas foram caracterizadas quanto aos perfis individuais de ácidos gordos, 

tocoferóis, açúcares livres e ácidos orgânicos, através das metodologias cromatográficas 

adequadas. Por sua vez, os extratos hidroetanólicos foram caracterizados em termos de 

composição fenólica e atividades antioxidante e antimicrobiana. A composição fenólica 

foi analisada por HPLC-DAD-ESI/MS. A atividade antioxidante foi avaliada através do 

ensaio de inibição da formação de substâncias reativas ao ácido tiobarbitúrico (TBARS). 

Por fim, a atividade antimicrobiana foi avaliada pelo método de microdiluições 

sucessivas em bactérias e fungos. 

Quanto ao teor lipídico a P. major apresentou o maior teor (1,7 g/100 g extrato), 

seguido da P. lentiscus e da B. pilosa (1,2 e 0,6 g/100 g extrato, respectivamente). Em 

todas as espécies estudadas, o ácido palmítico (C16:0) foi o ácido gordo detetado em 

maior abundância relativa (entre 37,8% e 44,1%). O alfa-tocoferol foi o tocoferol 

detetado em maior concentração na P. major e na P. lentiscus (35,5 e 1,7 mg/100 g, 

respectivamente), enquanto o gama-tocoferol foi a isoforma que exibiu uma maior 

concentração na B. pilosa (0,09 mg/100 g). A B. pilosa exibiu ainda a maior concentração 

de açúcares livres (4,5 g/100 g), seguida da P. lentiscus e da P. major (3,3 e 0,8 g/100 g, 

respectivamente). O ácido orgânico mais abundante na B. pilosa e P. lentiscus foi o ácido 

quínico (0,76 e 0,46 g por 100 g, respectivamente). Por outro lado, o mais abundante em 

P. major foi o ácido succínico (1,62 g por 100 g). 

Uma ampla variedade de compostos fenólicos foi identificada em todas as plantas 

estudadas. Os compostos fenólicos detetados em maior concentração no extrato 

hidroetanolico da P. major, B. pilosa e P. lentiscus foram verbascosídeo, quercetina-

dimetil éter rutinosídeo e ácido galoilquínico, respectivamente. Em relação à atividade 

antioxidante, o extrato hidroetanólico da P. lentiscus demonstrou a maior atividade, 
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seguido da B. pilosa e da P. major. Quanto à atividade antibacteriana, o extrato de P. 

major exibiu atividade contra todas as cepas bacterianas testadas. A P. lentiscus 

demonstrou atividade contra a Salmonella enterica, Yersinia enterocolitica, Bacillus 

cereus, Listeria monocytogenes e Staphylococcus aureus, enquanto a B. pilosa foi eficaz 

apenas contra a Escherichia coli e a S. enterica. No entanto, nenhuma das plantas mostrou 

atividade antifúngica significativa contra a Aspergillus braziliensis e a Aspergillus 

fumigatus. 

Em conclusão, foram estudadas a composição química, as atividades antioxidante 

e antimicrobiana de P. major, B. pilosa e P. lentiscus, o que contribui para o entendimento 

científico de seu potencial. Os resultados obtidos neste estudo permitem novas 

investigações sobre seus extratos e a validação de seus usos tradicionais.
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1. Introduction 

1.1. Medicinal plants: history and traditional uses 

Across the world, medicinal plants are used to treat several diseases. Historical 

references indicate that the population has used these species for over 60,000 years 

(Azevedo & Ferreira, 2011). Without precise medical knowledge, plants were classified 

according to their medicinal effects on consumers and were used to prevent and reduce 

symptoms of many diseases (Rico, 2018). In the last year, the World Health Organization 

estimated that 80% of the global population depends on plant extracts or their active 

components for traditional folk medicine therapies (World Health Organization, 2023). 

With the development of technologies and scientific research, there has been increasing 

interest in the identification, isolation, and bioactive study of species’ chemical 

composition, contributing to increased knowledge of their properties and, consequently, 

their potential applications (Saddiqe, 2019). However, empirical data regarding the 

efficacy and safety of medicinal plants and their metabolites is still poorly understood.  

According to the literature, the wide variety of bioactive compounds detected in 

medicinal plants is suggested to be primarily responsible for the diverse therapeutic 

effects that have been demonstrated. Properties such as antioxidant, immunomodulatory, 

antimicrobial, anti-inflammatory, anticoagulant, and antitumor activity, among others, 

have been widely described (Morguette et al., 2023; Pereira et al., 2015). In line with the 

promising potential that has been demonstrated, the study of these plants' biologically 

active phytochemical compounds could constitute fundamental advances for several 

industrial sectors, such as pharmaceuticals, energy, and food (Nyakudya et al., 2020). 

Brazil ranks among the world’s most biodiverse countries, home to more than 

40,000 plant species, many of which are considered medicinal plants by ancient 

communities, yet remain unexplored (Santos et al., 2024). According to the Oswaldo Cruz 

Foundation, a database of approximately 300 species of medicinal plants has been 

created, gathering information on scientific data and traditional uses (Fiocruz, 2022). 

Furthermore, over 3,900 plant species are described in Portugal, about 500 of them are 

medicinal plants (Rocha et al., 2017). Overall, these studies highlight the extensive use 

and diversity of medicinal plants in both countries, reflecting their rich ethnobotanical 

heritage. 
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In this sense, three plant species (Plantago major L., Bidens pilosa L., and Pistacia 

lentiscus L.) were studied according to their uses in traditional medicine, in Brazil and 

Portugal. Studies regarding their chemical composition and bioactive properties are quite 

scarce. 

 

1.2. Plantago major L. 

1.2.1. Botanical description 

P. major L. (Figure 1), commonly known as greater or common plantain, is an 

invasive and medicinal species that belongs to the genus Plantago and the family 

Plantaginaceae (Keivani et al., 2021). It is a perennial herbaceous plant that can reach a 

height of around 15 cm. The leaves of P. major are oval and distributed in a rosette, while 

the inflorescences are long, non-ramified spikes with a brownish-green color. This plant 

is wind-pollinated, producing a substantial quantity of small, ovate seeds (Lyu et al., 

2023). 

 

 

Figure 1 P. major L. Source: Flora-On. 

 

Despite being native to Europe and Asia, P. major is also found in northern and 

southern Africa, America, Australia, and New Zealand. This species has been introduced 

in many parts of the world due to its high resistance to environmental stress and its 

capacity to withstand a wide range of temperatures, pH levels, soil types, and humidity, 
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as well as pollution, pests, and diseases (Skrynetska et al., 2019). In traditional medicine, 

P. major seeds are used to treat respiratory and intestinal diseases, while its leaves are 

used due to their wound-healing properties (Kuiper & Bos, 2012). To better understand 

the medicinal applications of P. major, it is essential to study its bioactive properties and 

chemical composition using scientific methodologies. 

 

1.2.2. Chemical composition 

According to the literature, P. major exhibits a wide variety of bioactive 

compounds, including phenolic compounds, terpenoids, polysaccharides, tocopherols 

and organic acids (Haghighi et al., 2021). Flavonoids are one of the most widely described 

classes of phenolic compounds, particularly luteolin and apigenin derivatives (Adom et 

al., 2017). Beara et al. (2009) reported the presence of luteolin-7-O-glucoside, apigenin-

7-O-glucoside, and rutin in the methanolic extract of the aerial parts. The presence of two 

phenolic acids,  plantamajoside and verbacoside, was also reported in the hydroethanolic 

extracts of the whole plant (Skari et al., 1999). 

Several terpenoids were also detected in the aerial parts of P. major. Lupeol, β-

amyrin, β-sitosterol, and α-amyrin were identified in the methanolic extract of the leaves 

(Turgumbayeva et al., 2022), while isoborneol was found in the essential oils of the leaves 

(Haghighi et al., 2022). The polysaccharide composition of P. major leaves was also 

assessed by Lukova et al. (2017), who described arabinose, rhamnose, galactose, and 

galacturonic acid as the most abundant monosaccharides (37.36%, 16.96%, 46.11%, and 

62.64%, respectively).  

The presence of vitamin E was reported only in P. major seeds, in the forms of 

alpha and gamma tocopherols, with alpha-tocopherol being the most abundant one 

(between 524.53 and 754.67 µg/g) (Wang et al., 2017). Moreover, Olennikov (2005) 

identified malic and succinic acid in P. major leaves, with succinic acid being the most 

abundant organic acid.  

The studies described in the literature are quite scarce, with the majority of data 

published more than a decade ago. The chemical characterization of the species using 

emerging chromatographic methodologies is extremely important for the comprehensive 

understanding of its potential. 
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1.2.3. Bioactive properties 

P. major is a medicinal plant widely used in traditional medicine. Table 1 

summarizes the studies regarding the bioactive properties of P. major extracts, 

particularly its antioxidant, antimicrobial, anti-inflammatory, and wound healing 

potential.
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Table 1 Summary of the research findings on P. major L. bioactivities. 

Part used Extract Assay Main results Reference 

Antioxidant     

Leaves, seeds Water, ethanol DPPH assay (% of inhibition) 70-90% Mohamed et al. (2011) 

Leaves 70% ethanol DPPH assay (µg/µg) IC50 = 0.85 µg/µg Stanisavljević et al. (2008) 

Aerial parts 80% methanol DPPH, FRAP, OH- and NO scavenger capacity, reduction of NBT, 

lipid peroxidation (µg/mL) 

IC50 = 5.35 – 340 µg/mL Beara et al. (2009) 

Aerial parts 75% ethanol TBARS (mg/mL) IC50 = 3.4 mg/mL Çoban et al. (2003) 

Aerial parts 50% ethanol DPPH assay (% of inhibition), mitochondrial ROS inhibition (% of 

inhibition) 

40% and 55%, respectively Mello et al. (2015) 

Antimicrobial     

Leaves 95% ethanol, methanol, or 

hot water  

Disk diffusion (Staphylococcus aureus, Pseudomonas aeruginosa, 

Candida glabrata, Candida albicans) (zone of inhibition) 

10 – 20 mm  Soliman et al. (2022) 

Leaves 10% ethanol Disk diffusion (P. aeruginosa) (zone of inhibition) 9.93 – 22.18 mm  Monawer & Mammani (2023) 

Leaves 70% ethanol Disk diffusion (Bacillus subtilis, S. aureus, Escherichia coli, P. 

aeruginosa, Saccharomyces cerevisiae, C. albicans, Aspergillus 

niger) (zone of inhibition) 

10.1 – 23.5 mm  Stanisavljević et al. (2008) 

Anti-inflammatory    

Leaves Water, 50% ethanol NF-kB assay with LPS induced oral epithelial cells Reduced activation of NF-kB pathway Zubair et al. (2019) 

Aerial parts 80% methanol COX-1 and 12-LOX inhibition in human platelets (mg/mL) IC50 = 0.65 – 1.73 mg/mL Beara et al. (2010) 

Roots, stem, and 

leaves 

Dichloromethane, ethanol  COX-1 and COX-2 catalyzed prostaglandin biosynthesis assay (% 

of inhibition) 

21.7 – 59%  Stenholm et al. (2012) 

Leaves 60% ethanol, 60% 

methanol, deionized water 

Sprague Dawley rats (IL-1α, IL-1β, TNF-α inhibition, % of 

inhibition) 

12.23 – 26.74% Hussan et al. (2015) 

Wound healing     

Seeds 70% ethanol Porcine wound healing model Increased wound healing Zubair et al. (2016) 

Leaves 70% ethanol Mice of Swiss line wound model 100% of wound closure Thomé et al. (2012) 

Leaves 50% ethanol Scratch assay with oral epithelial cell line H400 100% scratch cover Zubair et al. (2012) 

Leaves Ethanol Wistar rats wound model 100% of wound closure Kartini et al. (2021) 

DPPH – 2,2-diphenyl-1-picrylhydrazyl; FRAP – ferric reducing antioxidant power; NBT – nitroblue tetrazolium; NO – nitric oxide; TBARS – Thiobarbituric acid reactive substances; ROS – 

reactive oxygen species; NF-kB – nuclear factor kappa beta; COX-1 – cyclooxygenase 1; COX-2 – cyclooxygenase 2; 12-LOX – lypoxigenase; IL-1α – interleukin 1α; IL-1β – interleukin 1β; 

TNF-α – tumor necrosis factor α; IC50 – extract concentration responsible for 50% of inhibition. 
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The antioxidant capacity was evaluated using several in vitro methodologies. The 

most described method is the 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging 

assay; however, other assays, such as ferric reducing antioxidant power (FRAP), 

hydroxyl and nitric oxide (NO) scavenger capacity, reactive oxygen species (ROS) 

inhibition, and lipid peroxidation, have been also described.  

Beara et al. (2009) evaluated the antioxidant potential of an 80% methanolic extract 

of P. major, which showed significant DPPH scavenging activity (IC50 = 5.35 μg/mL) 

compared to the synthetic antioxidant butylated hydroxytoluene (BHT, IC50 = 8.28 

μg/mL). The extract also exhibited higher superoxide (O2) and NO scavenging activity 

(IC50 values of 25.70 μg/mL and 0.34 mg/mL, respectively) when compared to other 

Plantago species (i.e., Plantago aregentea, Plantago holosteum, Plantago maritima, and 

Plantago media). In another study, Mohamed et al. (2010) compared the antioxidant 

activities of 70% ethanolic and hot and cold-water extracts of P. major leaves with 

Cyamopsis tetragonoloba L. (guar) seeds through DPPH assay. P. major showed higher 

antioxidant activity (70-90%) than guar seeds (20-30%) and slightly higher than BHT 

(80%). Also, Mello et al. (2015) described a promising antioxidant activity in ethanolic 

extracts of aerial parts, demonstrating a cell viability improvement through the reduction 

of ROS generation in both rat liver mitochondria cells and human liver HepG2 cells. This 

plant’s potential to inhibit lipid peroxidation through thiobarbituric acid reactive 

substances (TBARS) was studied by Çoban et al. (2003). In this case, 75% ethanolic 

extract of the aerial parts showed an IC50 of 3.4 mg/mL and a similar inhibition percentage 

compared to the positive control alpha-tocopherol (69% and 77% for plant and control, 

respectively). 

The antimicrobial activity of P. major extracts was mainly assessed using the disk 

diffusion method. The authors described that these extracts have an interesting potential 

of inhibiting the growth of several microorganisms, including both bacteria and fungi. 

Soliman et al. (2022) tested P. major leaf extracts (95% ethanol, 95% methanol, and 

aqueous) against Staphylococcus aureus and Pseudomonas aeruginosa bacterial strains 

and the fungi Candida glabrata and Candida albicans. The methanolic and aqueous 

extracts inhibited the growth of both bacteria and C. glabrata (zones of inhibition between 

9 and 20 mm). In contrast, the ethanolic extract was only efficient against S. aureus (zones 

of inhibition between 10 and 15 mm). Similarly, Monawer et al. (2023), evaluated the 

ethanolic extract of the plant against P. aeruginosa isolated from burn infections and 

compared its activity with commercial antibiotics (e.g., piperacillin, ceftazidime, 



7 

cefepime, meropenem, ofloxacin, tobramycin). The observed zone of inhibition increased 

with increasing extract concentration, while the commercial antibiotics showed no 

efficacy against the studied pathogen. Stanisavljević et al. (2008) demonstrated that the 

70% ethanolic extract of the leaves also inhibits the bacterial strains Bacillus subtilis, S. 

aureus, Escherichia coli, and P. aeruginosa and the fungi Saccharomyces cerevisiae and 

C. albicans; however, it did not inhibit Aspergillus niger. 

The anti-inflammatory activity of aqueous and ethanolic extracts of P. major 

leaves, as well as their combinations, were tested through the nuclear factor kappa beta 

(NF-kB) assay on oral epithelial cells (H400 cell line) (Zubair et al. 2019). All solvent 

combinations (e.g., water, ethanol, water, and ethanol) and concentrations (between 0.01 

and 1 mg/mL) exhibited the ability to inhibit the inflammatory mediator. The authors 

suggested that the observed activity could be related to the higher concentration of 

compounds such as polyphenols (Zubair et al., 2019). The capacity to inhibit the enzymes 

cyclooxygenase 1 (COX-1) and 2 (COX-2) was used to evaluate the anti-inflammatory 

activity of heptane, dichloromethane, and ethanol extracts of P. major leaves, roots, and 

stems. The authors showed that dichloromethane extracts inhibited COX-1 more 

effectively than heptane and ethanol extracts (56.5%, 47%, and 51.7%, respectively), 

while for COX-2, ethanol extracts (59%) exhibited higher inhibitory capacity than 

heptane and dichloromethane (21.7% and 46%, respectively) (Stenholm et al., 2013). A 

similar study evaluated the inhibition of COX-1 and 12-lipoxygenase (12-LOX) using 

human platelets, of the 85% ethanolic extract of P. major and Plantago lanceolata with 

aspirin and quercetin as standards for COX-1 and 12-LOX, respectively. Both extracts 

demonstrated an inhibitory capacity against COX-1 and 12-LOX (IC50 between 0.65 and 

2.0 mg/mL), higher than the standards used (IC50 = 0.001 and 0.084 mg/mL for aspirin 

and quercetin, respectively) (Beara et al., 2010). Also, Hussan et al. (2015) evaluated the 

ethanolic and methanolic extracts of P. major leaves’ anti-inflammatory capacity in 

Sprague Dawley rats induced with acetaminophen (APAP), focusing on the reduction of 

interleukins 1 and 1 (IL-1 and IL-1) and tumor necrosis factor- (TNF-). The 

authors concluded that the normal group showed significantly higher concentrations of 

these inflammatory cytokines (2, 1.1, and 14 pg/mL of IL-1α, IL-β, and TNF-α, 

respectively) than the methanolic extracts (0.6, 0.5, 7 pg/mL of IL-1α, IL-β, and TNF-α, 

respectively).  

One of the most common uses of P. major in traditional medicine is its wound-

healing potential. Several studies have evaluated this capacity using in vitro, ex vivo, and 
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in vivo assays, demonstrating the plant´s interesting potential to promote wound closure 

(Zhakipbekov et al., 2023). Thomé et al. (2012) studied a 70% ethanolic extract of the 

leaves through an in vivo assay with Swiss mice. The animals treated with P. major 

extracts showed better wound closure and re-epithelization compared to control animals 

treated with collagenase ointment. Also, Kartini et al. (2021) used Wistar rats as a wound 

model and compared three different treatments: with the plant leaf ethanolic extract, with 

ursolic acid, and with oleanolic acid (all extracted from the plant). The positive control 

used was a Chinese commercial gel Mebo®, while a gel without active ingredients was 

the negative control. The results showed that treatment with the plant extract took 16 days 

to achieve epithelization, demonstrating an effectiveness comparable to the positive 

control, which takes 19 days. The fastest wound closure was achieved with the gel 

containing oleanolic acid, although the gel with the plant extract also reduced the 

inflammation in the wounded area. In turn, a study by Zubair et al. (2012) utilized an in 

vitro scratch assay with the oral epithelial cell line H400 to demonstrate that 50% ethanol 

extracts could promote scratch coverage. The same authors conducted another study 

comparing the wound-healing properties of P. major leaf extracts (water and ethanol) 

through an ex vivo porcine model. In this case, the ethanol-based extracts exhibit higher 

efficacy in wound healing than water extracts, both at a concentration of 1.0 mg/mL. The 

authors identified plantamajoside, verbascoside, aucubin, and ursolic acid as the main 

compounds responsible for the demonstrated activity (Zubair et al., 2016).  

 

1.3. Bidens pilosa L. 

1.3.1. Botanical description 

B. pilosa L. is a small plant belonging to the Asteraceae family (Figure 2). This 

species is commonly known as picão-preto, malpica, pica-pica, or Spanish needles 

(Bartolome et al., 2013; Borges et al., 2013; Silva et al., 2011). It exhibits high 

reproductive potential and the ability to adapt and resist adverse environmental 

conditions, including different soil types and moisture levels, as well as both low and high 

elevations. These characteristics have contributed to its widespread distribution.  

Despite being considered native to South America, B. pilosa can also be found in 

tropical and subtropical areas, such as Brazil, Peru, Colombia, Kenya, China, Uganda, 

Australia, and Hawaii (Arthur et al., 2012; Xuan & Khanh, 2016).  
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Figure 2 B. pilosa L. Source: Flora on. 

 

B. pilosa is an erect perennial herb with a quadrangular stem and lateral branches, 

both green and smoothly marked with parallel lines. The leaves are opposite, with sharply 

serrated ovate leaflets that are slightly hairy, leading to white or yellowish flowers. The 

seeds, or achenes, are dark brown or black, straight and long, playing a crucial role in the 

wind dispersion and propagation of the plant (Bairwa et al., 2010). 

All parts of B. pilosa have been used as food ingredients and in traditional medicine 

(Xuan & Khanh, 2016). This species is traditionally used to treat headaches, ear 

infections, kidney problems, flatulence, stomach and mouth ulcers, arterial hypertension, 

diabetes, diarrhea, hemorrhoids, hangovers, and malaria, as an antidote for poisoning, and 

for treating wounds (Abajo et al., 2004; Taylor, 2005). 

 

1.3.2. Chemical composition 

According to the literature, B. pilosa is rich in phenolic compounds, fatty acids, 

polyacetylenes, terpenoids, and alkaloids, commonly identified in its leaves, stems, and 

roots (Ajanaku et al., 2018; Son et al., 2022).  

Regarding the phenolic composition of B. pilosa, a wide variety of phenolic acids 

and flavonoids have been described. Kusano et al. (2003) identified 3-O-caffeoylquinic 

acid (17 mg/g dw), 3,4-di-O-caffeoylquinic acid (21 mg/g dw), 3,5-di-O-caffeoylquinic 

(18 mg/g dw), 4,5-di-O-caffeoylquinic acid (17 mg/g dw), and rutin (18 mg/g dw) as the 
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most abundant compounds in the aerial parts. Idris et al. (2023) identified hydroxybenzoic 

and hydroxycinnamic acids, and flavonoids in the 70% ethanolic extract, with caffeic, 

ferulic, and coumaric acids as the most abundant ones. Similarly, Nguyen et al. (2023) 

studied the aqueous, methanolic, acetonic, and ethyl acetate leaf extracts, and the most 

abundant phenolic compounds were: p-coumaric acid (between 0.25 and 7.85 mg/g of 

extract), salicylic acid (between 0.48 and 6.70 mg/g of extract), and gallic acid (between 

1.90 and 2.20 mg/g of extract). Also, Angelini et al. (2021) identified some phenolic 

compounds in B. pilosa extracts, among them gallic and chlorogenic acids, and 

epicatechin.  

The composition of polyacetylenes in B. pilosa includes at least 37 polyacetylenes 

and derivatives. Most of these are aliphatic, containing triple or double bonds, along with 

cyclic, aromatic, and glucoside rings or heterocyclic end groups. The major 

polyacetylenes identified were 1,2-dihydroxytrideca-5,7,9,11-tetrayne, 1,3-dihydroxy-

6(E)-tetradecene-8,10,12-triyne, 2-β-d-glucopyranosyloxy-1-hydroxy-5(E)-tridecene-

7,9,11-triyne, 3-β-d-glucopyranosyloxy-1-hydroxy-6(E)-tetradecene-8,10,12-triyne, 

cytopiloyne, and pilosol (7-phenyl-hepta-4,6-diyne-2-ol) (Chang et al., 2013; Chang et 

al., 2004; Chiang et al., 2007; Wu et al., 2004). 

Moreover, terpenoids have been detected in the essential oils of B. pilosa flowers 

and leaves, with β-caryophyllene (5.1% and 10.9%, respectively) and τ-cadinene (6.13% 

and 7.82%, respectively) being the most abundant compounds (Deba et al., 2008). Fatty 

acids were detected in higher abundance in the plant’s roots than in the leaves (Angelini 

et al., 2021). However, Quaglio et al. (2020) studied the aerial parts of B. pilosa and 

reported palmitic, oleic, and linoleic acids as the major fatty acids (30%, 27%, and 24.3%, 

respectively). 

Studies have also described the presence of alkaloids in both the whole plant 

ethanolic extract and various leaf extract fractions (i.e., hexane, dichloromethane, ethyl 

acetate, and methanol) (Ajanaku et al., 2018; Son et al., 2022).  

 

1.3.3. Bioactive properties 

Several biological properties of B. pilosa extracts have been studied, including 

antioxidant, antimicrobial, anti-inflammatory, and wound healing (Chang et al., 2007; 

Masako & Yoshiyuki, 2006). Table 2 summarizes the literature regarding B. pilosa 

bioactive properties, and the methodologies used in those studies. 
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Table 2 Overview of bioactive properties of B. pilosa L. 

Part used Extract Method Main results Reference 

Antioxidant     

Whole plant 99% ethanol DPPH, ABTS, RP, Phosphomolybdenum method (µg/mL) EC50 = 139.14 – 462.09 

µg/mL   

Son et al. (2022) 

Aerial parts Water Hemolysis of human erythrocytes (mg/mL) IC50 = 1.19 mg/mL Abajo et al. (2004) 

Whole plant 70% ethanol DPPH and superoxide scavenging activity (µg/mL) IC50 = 11.43 – 100 µg/mL Chiang et al. (2004) 

Leaves 70% ethanol DPPH, ABTS 77.1% and 83.24%, 

respectively 

Falowo et al. (2017) 

Leaves, flowers Essential oil, water extract DPPH (µg/mL), β-carotene bleaching assay IC50 = 47 – 172 µg/mL Deba et al. (2008) 

Leaves, flowers Water, methanol, acetone, ethyl acetate DPPH and ABTS (% of inhibition) 68.07 – 83.36% Nguyen et al. (2023) 

Antimicrobial     

Roots Water, acetone, methanol Agar dilution method for bacteria (S. aureus, Staphylococcus 

epidermidus, Bacillus cereus, Micrococcus kristinae, Streptococcus 

faecalis, E. coli, P. aeruginosa, Shigelia flexneri, Klebsiella pneumoniae, 

Serratia marcescens), and fungus (A. niger, Aspergillus flavus, 

Penicillium notatum, and C. albicans) (mg/mL) 

MIC = 5 – 10 mg/mL Ashafa & Afolayan 

(2009) 

Whole plant Water, ethanol, hexane Agar diffusion method (S. aureus, P. aeruginosa, E. coli, Streptococcus β 

hemolytic, B. cereus, and C. albicans) (µg/mL) 

MIC = 1.8 – 47.1 µg/mL Rojas et al. (2006) 

Leaves, flowers Steam-distillation (essential oil), water 

extract 

Disk diffusion method (B. subtilis, B. cereus, Bacillus pumilus, E. coli 

and Pseudomonas ovalis) (mm of inhibition), agar dilution method 

(Fusarium solani, Fusarium oxysporum and Corticum rolfsii)  

7.7 – 20.3 mm 

33.1 – 98.0% inhibition 

Deba et al. (2008) 

 

Leaves Hexane, ethyl acetate, 

dichloromethane, methanol 

Agar diffusion (Bacillus spp., E. coli, P. aeruginosa, S. aureus, K. 

pneumoniae, C. albicans, and Rhizopus sp.) (zone of inhibition) 

10 – 40 mm Ajanaku et al. (2018) 

Whole plant 99% ethanol Agar diffusion method (Aeromonas dhakensis, Aeromonas hydrophyla, 

Edwardsiella ictalurid, Streptococcus agalactiae, Colletotrichum sp., and 

F. oxysporum) 

MIC = 625 – 1250 µg/mL 

100% of inhibition 

Son et al. (2022) 

Anti-inflammatory    

Aerial parts Water DNP-ascaris induced Wistar rats Suppressed IgE production Masako & Yoshiyuki 

(2006) 

Whole plant 70% ethanol NO inhibition using LPS-induced RAW 264.7 cells (µg/mL) IC50 = 36.2 – 250.8 µg/mL Chiang et al. (2004) 

Whole plant 80% ethanol LPS induced macrophages Suppressed IgE production Yan et al. (2022) 

Wound healing    

Leaves 90% ethanol Excision wound model on Wistar albino rats 15 days for total healing Hassan et al. (2011) 

Leaves Methanol, cyclohexane, and methylene 

chloride 

Excision wound model on Wistar albino rats 100% inhibition of gastric 

ulcer 

Tan et al. (2000) 

DPPH – 2,2-diphenyl-1-picrylhydrazyl; ABTS – 2,2′-azinobis (3-ethylbenzothiazoline-6-sulfonic acid); RP – reducing power; AAPH - 2,2'-Azobis(2-amidinopropane) dihydrochloride; DNP – 2,4-

dinitrophenylated; LPS – lipopolysaccharide; IgE – immunoglobin E; IC50 – extract concentration responsible for 50% of inhibition; EC50 – extract concentration responsible for half of the 

maximum activity; MIC – Minimum inhibitory concentration; NO – Nitric oxide. 
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B. pilosa has demonstrated a promising antioxidant potential. Several studies have 

shown that different parts of the plant exhibit significant antioxidant activity, often 

comparable to or higher than positive controls. Son et al. (2022) and Chiang et al. (2004) 

evaluated the antioxidant capacity of the hydroethanolic extract from the whole plant 

through several in vitro assays, such as DPPH, ABTS, reducing power, total antioxidant 

capacity (TAC), and superoxide scavenging activity. These studies described a 

concentration-dependent increase of its antioxidant capacity. Besides, Abajo et al. (2004) 

demonstrated that the aqueous extracts exhibit the capacity to inhibit AAPH-induced 

hemolysis in erythrocytes, with an IC50 value of 1.19 mg/mL. In turn, Deba et al., (2008) 

compared the antioxidant capacity of flowers and leaves aqueous extracts and essential 

oils. Essential oils of both flower and leaves exhibit stronger DPPH free radical 

scavenging activity than the aqueous extract (IC50 values equal to 50, 47, 172, and 61 

µg/mL, respectively). Both extracts and essential oils exhibited a strong activity in the β-

carotene bleaching assay, although the results were not superior to the antioxidant activity 

of the positive controls (α-tocopherol and BHT). More recently, Nguyen et al. (2023) 

evaluated the antioxidant activity of various extracts (i.e., water, methanol, acetone, and 

ethyl acetate) from the flowers and leaves of B. pilosa. For the ABTS assay, the flower 

methanolic extract and the leaf acetone extract showed higher free radical inhibition 

(72.17% and 68.07%, respectively) when compared with the other extracts. However, in 

the DPPH assay, the highest activity was observed for the flowers’ water, acetone, and 

ethyl acetate extracts, as well as the leaves methanolic and ethyl acetate extracts (activity 

ranging from 76.38% to 83.36%). Similarly, Falowo et al. (2017) obtained percentages 

of DPPH and ABTS inhibition for the leaves ethanolic extract (77.1% and 83.24%, 

respectively), which were also similar to the control BHT (70.6% and 85.0%). The leaves 

extract was able to reduce TBARS levels on fresh beef samples (1.14 and 0.85 µg MDA/g 

for negative control and extract, respectively), indicating higher inhibition of lipid 

peroxidation than the positive control BHT (0.98 µg MDA/g). 

The antimicrobial properties of B. pilosa have also been studied, usually expressed 

in terms of minimum inhibitory concentration (MIC) or percentage of inhibition, using 

methods such as agar or disk diffusion and agar dilution. Ajanaku et al. (2018) observed 

that methanolic extracts from the leaves of B. pilosa inhibited the growth of various 

microorganisms, including the bacteria Bacillus spp., E. coli, P. aeruginosa, S. aureus, 

Klebsiella pneumoniae, and the fungi C. albicans (MIC values between 3.125 and 6.25 

mg/mL). Son et al. (2022), observed that ethanolic extracts inhibited aquatic and plant 
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pathogenic bacteria and fungi, with MIC values ranging from 0.625 to 2.5 mg/mL. 

Similarly, Ashafa & Afolayan, (2009) showed that methanolic root extract inhibits both 

Gram-positive and Gram-negative bacteria, with S. aureus and E. coli, demonstrating 

higher susceptibility (MIC = 5.0 mg/mL). The same study reported antifungal activity, 

with acetone, methanol, and water extracts resulting in total inhibition of Penicillium 

notatum fungi at a concentration of 0.1 mg/mL. Also, Rojas et al. (2006) described similar 

results, demonstrating that ethanolic extract of the whole plant inhibited S. aureus, 

Bacillus cereus, and E. coli (MICs of 36.3, 27.7, and 8.2 µg/mL, respectively).  

The anti-inflammatory activity of B. pilosa has been evaluated through both in vitro 

and in vivo assays. Yan et al., (2022) demonstrated that hydroethanolic extracts 

significantly inhibit NO and IL-6 in LPS-stimulated murine macrophage RAW 246.7 

cells (decrease of 30% to 70%, respectively). Additionally, Masako & Yoshiyuki (2006) 

described that aqueous extracts of B. pilosa administrated to Wistar rats reduced the 

production of immunoglobin E (IgE) and modulated the T-cells’ immune responses, 

exhibiting immunoregulatory effects.  

Wound healing properties have also been associated with B. pilosa. Hassan et al. 

(2011) studied the effects of 90% ethanol extracts from the plant’s leaves on excision 

wounds in Wistar albino rats, showing faster wound closure and epithelialization 

compared to a neomycin cream control. In turn, Tan et al. (2000) studied the potential of 

methanol, cyclohexane, and methylene chloride extracts of B. pilosa in Wistar rats 

healing gastric lesions and observed that the methylene chloride extract at 750 mg/kg 

provided 100% inhibition of gastric ulceration.   

 

 1.4. Pistacia lentiscus L. 

1.4.1. Botanical description 

P. lentiscus L., commonly known as the mastic tree or Aroeira, belongs to the 

Anacardiaceae family and is native to the Mediterranean region (Figure 3) (Henning & 

Raab-Straube, 2016). The geographic distribution of this species includes North Africa, 

the western Iberian Peninsula, southern France, Turkey, and the Canary Islands (Codif 

Recherche & Nature, 2016). Well-adapted to Mediterranean climate conditions, P. 

lentiscus thrives in dry, rocky soils, and elevated temperatures (Barra et al., 2007).  
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Figure 3 P. lentiscus L. Source: Jardim Botânico da UTAD. 

 

This dioecious shrub has separate male and female flowers on independent trees, 

pollinated by the wind. The leaves are alternate, typically consisting of three to five 

leaflets, while the fruit is a small round drupe that matures from red to dark brown (Rauf 

et al., 2017). The bark produces a resin widely used for medicinal applications and in the 

production of mastic gum (Pachi et al., 2020). 

Traditionally, the nuts of P. lentiscus are consumed for their nutritional value and 

have been used in traditional medicine to reduce coronary heart diseases, high blood 

pressure, cancer, inflammation, gallstones, and diabetes (Dreher, 2012). Other parts of 

the plant are also used to treat conditions such as hepatitis, jaundice, gastrointestinal, 

urinary, respiratory, and dental diseases (Dimas et al., 2012; Ljubuncic et al., 2005; Rauf 

et al., 2017). Given its extensive use in traditional medicine, the exploration of the plant’s 

chemical composition and bioactive properties is essential to better understand and 

validate its traditional applications. 

 

1.4.2. Chemical composition 

The main compounds identified in P. lentiscus are phenolic compounds and 

terpenes. Although fatty acids, tocopherols, and organic acids were also identified in this 

plant’s leaves, seeds, and fruits.  

Garofulić et al. (2020) identified more than 34 phenolic compounds in the leaves 

and fruit extracts obtained by optimized Microwave-Assisted Extraction. In the fruit 

extracts, myricetin glucuronide (251.44 mg/100 g), myricetin rutinoside (172.63 mg/100 

g), and quercetin-3-glucoside (156.61 mg/100 g) were the most abundant, while the leaf 
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extracts showed higher concentrations of myricetin rhamnoside (1782.39 mg/100 g), 

myricetin glucuronide (750.00 mg/100 g), and digalloylquinic acid (605.88 mg/100 g). 

Similarly, Dragović et al. (2020) analyzed methanolic and ethanolic extracts of P. 

lentiscus leaves, identifying seven phenolic acids and five flavonol glycosides. With the 

phenolic acids 5-O-galloyl-quinic acid and monogalloyl glucose present in higher 

concentrations (between 28.9 and 186.5 mg/L in the methanolic extract and between 2.6 

and 104.4 mg/L in the ethanolic extract). The major flavonol glycosides detected included 

myricetin-3-O-rhamnoside and myricetin-3-O-glucoside (between 17.9 and 97.5 mg/L in 

the methanolic extract and between 8.12 and 74.5 mg/L in the ethanolic extract). Both 

extracts exhibited higher concentrations of phenolic acids (between 17.31 and 457.2 

mg/mL) than flavonol glycosides (between 34.1 and 183.7 mg/L).  

Additionally, the essential oil and mastic gum of this species has been characterized 

by their phenolic composition. Studies have highlighted significant concentrations of 

triterpenoids, monoterpenes, and sesquiterpenes (Rauf et al., 2017). Mastic gum , in 

particular, contains high amonts of two triterpenic acids, 24Z-isomasticadienonic acid 

and 24Z-isomasticadienolic acid, along with their isomers (masticadienonic and 

masticadienolic acid), as well as oleanonic and moronic acids (Lemonakis et al., 2011).  

Regarding the fatty acid composition, Harrat et al. (2018) reported alpha-linolenic 

and linoleic acids as the most abundant in P. lentiscus leaves (between 20.92 – 48.92%, 

and 10.94 – 16.99%, respectively). In turn, Brahmi et al. (2020) described oleic, palmitic, 

and linoleic acids as the most abundant in the plant’s seeds and fruits (between 19.49 – 

53.13%, 18.43 – 20.34%, and 18.85 – 42.5%, respectively). Vitamin E was also detected 

in P. lentiscus leaves, being alpha-tocopherol the most abundant form (58.51 – 89.17% 

on dw), followed by delta-tocopherol (7.59 – 27.47% on dw), and beta-tocopherol (3.24 

– 14.02% on dw). Furthermore, according to Hajji-Hedfi et al. (2024), quinic acid is one 

of the major constituents of P. lentiscus leaves (5464.09 ppm). 

 

1.4.3. Bioactive properties 

Several studies have investigated the biological properties of P. lentiscus, including 

its antioxidant, antimicrobial, anti-inflammatory, and wound healing effects (Dragović et 

al., 2020; Milia et al., 2021; Sehaki et al., 2023). Table 3 provides a summary of the main 

investigations regarding the bioactive properties of P. lentiscus. 
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Table 3 Summary of the P. lentiscus bioactive properties. 

Part used Extract Method Main results Reference 

Antioxidant     

Leaves  Dichloromethane, ethyl acetate, 

ethanol, methanol 

DPPH (µg/mL), FRAP (Abs), β-carotene bleaching assay (% of inhibition) IC50 = 5.44 – 38.70 

Abs = 0.12 – 1.20 

79.66 – 90.3% 

Salhi et al. (2019) 

Leaves 70% ethanol DPPH and FRAP (µg/mL) IC50 = 455 

EC50 = 15.0 

Bakli et al. (2020) 

Fruits, twigs, 

leaves 

Water, hexane, ethyl acetate, 

methanol, ethanol 

DPPH (mg/mL) and anti-radical power IC50 = 0.09 – 93.98 

ARP = 1.05 – 26.12 

Barbouchi et al. (2020) 

Fruits Choline chloride-based deep 

eutectic solvent 

TBARS (% of inhibition) 81.32% Tebbi et al. (2024) 

Antimicrobial     

Leaves Dichloromethane, ethyl acetate, 

ethanol, methanol, water 

Disk diffusion method (Micrococcus luteus, Listeria innocua, B. subtilis, E. coli, Candida 

pelliculosa, F. oxysporum) (zone of inhibition) 

9 – 15 mm Salhi et al. (2019) 

Leaves Water Disk diffusion method (S. aureus, E. coli, P. aeruginosa, Enterobacter faecalis, B. cereus, 

Citrobacter freundii, Proteus mirabilis, K. pneumonia) (zone of inhibition) 

9 – 12 mm Ghenima et al. (2015) 

Leaves 70% ethanol Disk diffusion method (S. aureus, B. cereus, E. faecalis, C. freundii, E. coli, K. pneumoniae, 

Salmonella typhi, Salmonella enterica, Salmonella typhimurium, P. aeruginosa, P. 

mirabilis, Vibrio cholerae, L. innocua, A. niger, A. flavus, C. albicans) (zone of inhibition, 

mg/mL) 

7.3 – 18.8 mm 

MIC = 0.5 – 5 

mg/mL 

Bakli et al. (2020) 

Anti-inflammatory    

Leaves  Water Ulcerative colitis induced Wistar rats (IL-6 production) 175 – 125 pg/mg Zahouani et al. (2020) 

Leaves 80% methanol Croton oil-induced ear edema in mice, acetic acid-induced vascular permeability in mice, 

and carrageenan-induced pleurisy in rats (% of inhibition) 

51 – 65%; 28 – 

46%; 29 – 36% 

Bouriche et al. (2016) 

Leaves 95% ethanol IL-1β secretion in THP-1 cells stimulated by ATP or by H2O2 (pg of IL-1β/supernatant) 68.02 – 93.43  Remila et al. (2015) 

Wound healing     

Leaves Methanol Excision wound model on Wistar albino rats (% of wound closure) 88.83 – 94.67% Elloumi et al. (2022) 

Leaves 70% ethanol Excision wound model on Wistar albino rats (% of wound closure) 100% Hemida et al. (2022) 

DPPH – 2,2-diphenyl-1-picrylhydrazyl. FRAP – ferric reducing antioxidant power. IL-6 – interleukin 6. IL-1β – interleukin 1β. ATP – adenosine triphosphate. H2O2 – hydrogen peroxide. IC50 – 

extract concentration responsible for 50% of inhibition; EC50 – extract concentration responsible for half of the maximum activity; MIC – Minimum inhibitory concentration; Abs - absorbance. 
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Several authors highlight this species antioxidant capacity. Salhi et al. (2019) 

evaluated the antioxidant activity of P. lentiscus leaves extracted using Soxhlet extraction 

with several solvents (i.e., dichloromethane, ethyl acetate, ethanol, methanol, and water). 

For the DPPH assay, the ethanolic extract exhibited an IC50 similar to the positive controls 

tested (i.e., butylated hydroxyanisole (BHA) and ascorbic acid) (IC50 values of 5.44, 5.54, 

and 2.82 µg/mL, respectively). Also, in the FRAP assay, the ethanolic, methanolic, and 

aqueous extracts exhibited reducing activities similar to the positive control ascorbic acid. 

The authors suggested that extracts with higher concentrations of phenolic compounds 

exhibit higher antioxidant activity. Similarly, Barbouchi et al. (2020) evaluate the 

antioxidant activity of aqueous and ethanolic extracts from P. lentiscus leaves and twigs 

through the DPPH assay and obtained IC50 values between 90 and 530 µg/mL for the 

aqueous extract and between 130 and 1550 µg/mL for the ethanolic extract. The aqueous 

extract showed antioxidant activity stronger than the positive control quercetin (IC50 = 

100 µg/mL). In turn, Bakli et al., 2020 demonstrated a weaker DPPH scavenging activity 

for the 70% ethanolic extracts of the leaves, compared with the control BHT (IC50 value 

of 455 µg/mL and 4.31 µg/mL, respectively). However, the same authors obtained similar 

ferric reducing power results, with EC50 values of 15 and 16 µg/mL for extract and BHT, 

respectively. More recently, Tebbi et al. (2024) studied the fruits extracts (using choline 

chloride-based deep eutectic solvent) for lipid peroxidation inhibition through TBARS 

and obtained a high percentage of inhibition (81.32%), although no positive control was 

used. These results highlight the antioxidant potential of this plant, although the 

inconsistencies between the studies highlight the need for further investigation.  

The antimicrobial activity of P. lentiscus extracts was assessed mainly by the agar 

diffusion and dilution methods against a range of microorganisms. Bakli et al. (2020) 

studied the antimicrobial properties of 70% ethanol leaf extract against 16 

microorganisms, including bacteria, fungi, and yeasts, using a disk diffusion assay. The 

extract demonstrated reduced MIC values for some bacteria tested, such as methicillin-

resistant Staphylococcus aureus (MRSA), Salmonella typhi, Vibrio cholerae, and the 

fungus C. albicans (MIC values of 0.5, 0.6, 0.3, and 0.1 mg/mL, respectively). Besides, 

the leaf aqueous extract was efficient against the bacteria S. aureus, B. cereus, P. 

aeruginosa, Proteus mirabilis, L. monocytogenes, K. pneumoniae, E. faecalis, E. coli, 

Salmonella typhimurium, Citrobacter freundi (inhibition zones between 9 and 12 mm) 

(Ghenima et al., 2015). Ethyl acetate, ethanol, methanol, and water extracts from the 

plant’s leaves also inhibited the growth of B. subtilis, Listeria innocua, Micrococcus 
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luteus, and E. coli (between 9 and 15 mm of inhibition), though only ethyl acetate and 

ethanolic extracts inhibited the growth of the fungi Candida pelliculosa (12 and 13 mm 

of inhibition, respectively) (Salhi et al., 2019). 

The anti-inflammatory activity of P. lentiscus has been studied using different 

extracts and methodologies. Remila et al., (2015) showed that ethanolic leaf extract 

significantly reduces IL-1β levels in THP-1 cells, with the cells stimulated with ATP 

showing higher IL-1β concentrations (121.87 pg/supernatant) than leaf extracts (IL-1β 

between 68.02 and 93.43 pg/supernatant). Zahouani et al. (2020) tested aqueous leaf 

extracts on Wistar albino rats induced with ulcerative colitis and verified a reduction of 

secreted IL-6 from the control (225 pg/mg of IL-6) compared to the extract (125 pg/mg 

of IL-6).  

Studies have used croton oil-induced ear edema, acetic acid-induced vascular 

permeability, and carrageenan-induced pleurisy assays to assess the anti-inflammatory 

effects of methanol and aqueous leaf extracts in Wistar and Swiss albino rats. P. lentiscus 

extracts significantly reduced ear edema, inhibiting ear thickness by 51 to 65%, compared 

to 54% inhibition demonstrated by the control indomethacin. The extracts also inhibited 

vascular permeability by 28 to 46%, while the control inhibited 44%. Furthermore, the 

pleurisy development was also reduced, inhibiting exudation by 29 to 38%, compared to 

the positive control λ-carrageenan. These results suggest that P. lentiscus extracts 

effectively inhibit different stages of inflammation (Bouriche et al., 2016). 

Finally, P. lentiscus extracts have shown promising wound-healing potential. 

Elloumi et al. (2022) used an excision wound model on Wistar albino rats to study 

methanolic leaf extract at two concentrations (5 and 20 mg/mL) and compared them with 

negative and positive controls (physiological serum and Centasia cream, respectively) 

and with isolated quercetin and myricetin. After 14 days, myricitrin achieved the highest 

wound closure rate (94.67%), followed by Centasia cream (91.67%) and the plant extract 

at 20 mg/mL (88.83%). The extract promoted re-epithelization by stimulating collagen 

fiber and fibroblast organization, as well as reducing inflammation and swelling at the 

wound site. Similarly, Hemida et al. (2022) used the same animal wound model to 

evaluate the activity of 70% ethanol leaf extract in different concentrations (10% and 

30%). The 10% plant extract resulted in the fastest re-epithelization (10 days) when 

compared with the groups treated with 30% extract and with both positive (Cicatrylbio®), 

and negative controls. Both tested extract concentrations achieved 100% wound 

contraction at day 24, whereas the control groups reached 100% only at day 28. The 
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histological study indicated that the extracts promoted fibroblast proliferation and 

neovascularization. In general, P. lentiscus shows promising wound healing potential, 

which is closely related to its anti-inflammatory, antimicrobial, and antioxidant activities 

(Elloumi et al., 2022; Hemida et al., 2022). 
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2. Objectives 

The main objective of this study is to increase the scientific knowledge of P. major, 

B. pilosa, and P. lentiscus. These species are broadly used in traditional medicine in 

countries such as Portugal and Brazil due to their therapeutic potential. In this sense, the 

study aims to characterize the chemical composition of these species using appropriate 

chromatographic methodologies, as well as to evaluate different bioactive properties. A 

schematic representation of the main objectives of this study is shown in Figure 4. 

 

 

Figure 4 Schematic representation of the main objectives of the present study. 

 

The chemical composition of each plant was determined through the identification 

and quantification of fatty acids, tocopherols, free sugars, and organic acids. In addition, 

the hydroethanolic extracts of the plants was characterized regarding their composition 

in phenolic compounds, using high-performance liquid chromatography coupled to a 

diode array detector and electrospray ionization-mass spectrometry (HPLC-DAD-

ESI/MS). 

The bioactive properties of the hydroethanolic extracts were assessed, namely 

through their antioxidant and antimicrobial activities. The antioxidant activity was 
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determined through the inhibition of thiobarbituric acid reactive substances (TBARS). 

Antimicrobial activity, including antibacterial and antifungal properties, was determined 

using the colorimetric microdilution method with p-iodonitrotetrazolium violet (INT) as 

an indicator. 

This study expected to provide valuable scientific validation of the medicinal 

properties of these species. These findings will contribute to the scientific community’s 

knowledge and could potentially support the identification of new molecules of interest 

derived from these medicinal plants. 
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3. Materials and methods 

3.1. Plant material 

P. major, B. pilosa, and P. lentiscus (Figure 5) were commercially obtained from 

Chás do Mundo, located in Leiria, Portugal. The leaves of P. major and P. lentiscus 

leaves, as well as the aerial parts of B. pilosa, were the vegetable tissues studied due to 

their application in traditional medicine. The plant materials were reduced to a fine 

powder (~20 mesh) and stored protected from light until further analysis. 

 

 

 

 

 

 

 

 

Figure 5 P. major (a), B. pilosa (b), and P. lentiscus (c) commercially obtained. 

 

3.2. Chemical constituents’ characterization 

3.2.1. Fatty acids 

The lipidic fraction of the samples was extracted with petroleum ether in a Soxhlet 

extraction system at 120 °C for approximately 7 hours. Subsequently, the obtained lipidic 

fraction was subjected to transesterification, following the procedure described by Liberal 

et al. (2024). Briefly, the samples were extracted with 5 mL of reagent A, consisting of 

MeOH, H2SO4, and C7H8, in a ratio of 2:1:1, under agitation for 12 hours at 50 °C. 

Subsequently, 3 mL of distilled water and 3 mL of diethyl ether were added to the 

mixture, with vortexing between each addition. Once phase separation was achieved, the 

supernatant was collected with a Pasteur pipette and transferred to a vial containing 

anhydrous sodium sulfate. The mixture was then filtered through a 0.22 µm nylon syringe 

filter to vials for analysis.  

The fatty acid methyl esters (FAME) profile was assessed by gas-liquid 

chromatography using a YOUNG IN Chomass 6500 GC system (Gyeonggi, South Korea) 

(a) (b) (c) 
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equipped with a flame ionization detector (FID) set at 260 °C, a split/splitless injector at 

250 °C and a split ratio of 1:80, and a Zebron-Fame column (30 m × 0.25 mm i.d. × 0.20 

μm df; Phenomenex, Lisbon, Portugal). 

The identification and quantification of the individual fatty acids were achieved by 

comparing the relative retention times of FAME peaks with commercial standards 

(standard mixture 47,885-U, Sigma, St Louis, MO, USA). Data analysis was conducted 

using Clarity DataApex 4.0 software (Prague, Czech Republic), and the results were 

expressed as relative percentages of the identified fatty acids. 

 

3.2.2. Tocopherols 

The tocopherol composition of the samples was determined following the 

procedure described by Barros et al. (2013). To 500 mg of sample mass, it was added in 

the following order: BHT solution in n-hexane (100 µL, 10 mg/mL), an internal standard 

of tocol solution in n-hexane (400 µL, 50 µg/mL), and methanol (4 mL). The mixture was 

homogenized in a vortex, and then n-hexane (4 mL) and saturated NaCl solution (2 mL) 

were added. After that, the mixture was homogenized in a vortex (1 min), centrifuged 

(Centurion K24OR- 2003) at 4000 rpm for 5 min, and the supernatant was transferred to 

a vial, previously wrapped in aluminum foil. The extraction with n-hexane was repeated 

twice. The combined extracts were then dehydrated with anhydrous sodium sulfate and 

taken to dryness under a nitrogen steam, redissolved in n-hexane (2 mL), filtered through 

a 0.22 µm nylon filter, transferred into an amber vial for subsequent analysis by HPLC.  

The HPLC system consisted of a quaternary pump (Smartline 1000, Knauer), a 

degasser (Smartline 5000), an automatic sampler (AS-2057 2500), and a fluorescence 

detector (Jasco) with a normal phase Polyamide II column (250 x4.6 mm, 5 µm, YMC 

from Waters) at 35°C (oven 7971 R Grace). The system was programmed for excitation 

at a wavelength of 290 nm and emission at 330 nm. The mobile phase consisted of a 

mixture of n-hexane and ethyl acetate (70:30 v/v) at a flow rate of 1 mL/min. 

Data were analyzed using Clarity 2.4 Software (DataApex). Compounds were 

identified by comparing retention times with authentic standards, and the quantification 

was based on the fluorescence signal using chromatographic comparison with the internal 

standard. Results were expressed in mg per 100 of dry weight (dw).  
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3.2.3. Free sugars 

The free sugar content was determined following the procedure previously 

described by Barros et al. (2013). Briefly, 1 g of the plant material was extracted with a 

solution of EtOH:H2O (80:20, v/v, 40 mL) and with the internal standard melezitose (1 

mL, 25 mg/mL). The extraction was carried out in a bath at 80 °C for 90 minutes, and the 

solution was agitated every 15 minutes. After extraction, the mixture was centrifuged at 

3500 rpm for 5 minutes and filtered through Whatman N°4 filter paper. The ethanol was 

then evaporated under reduced pressure using a rotary evaporator (Hei-VAP Core, 

Heidolph Instruments) at 40°C. The obtained solution was transferred to a separating 

funnel and washed three times with diethyl ether (10 mL). The lower phase was collected 

into a volumetric flask and adjusted to a final volume of 5 mL with water. The mixture 

was then filtered through a 0.22 µm nylon filter for analysis. 

Free sugars determination was performed using a high-performance liquid 

chromatography system (Knauer, Smartline system) coupled with a refractive index 

detector (Knauer Smartline 2300) (HPLC-RI) and with the column 100-5 NH2 Eurospher 

(4.6 x 250 mm, 5 µm, Knauer). The mobile phase consisted of acetonitrile:deionized 

water (70:30, v/v) with a flow rate of 1 mL/min, at 35°C (oven 7971 R Grace). 

The identification of free sugars was performed by comparing the peak retention 

times with those of commercial standard. Data analysis was carried out using Clarity 2.4 

(DataApex), and quantification was carried out using the internal standard method. The 

results were expressed in g per 100 g of dry weight (dw). 

 

3.2.4. Organic acids 

A sample mass of 1.5 g was extracted with metaphosphoric acid (25 mL, 4.5%) at 

25°C, under agitation (150 rpm) for about 20 minutes; then filtered through a Whatman 

No. 4 paper filter and transferred to a syringe from which it was filtered through a 0.22 

µm nylon filter.  

The analysis was performed by a Shimadzu 20A series UFLC system (Shimadzu 

Corporation). Separation was performed on a reverse phase C18 column (5 µm, 250 x 4.6 

mm, Phenomenex), thermostated at 35°C. The elution was carried out with sulphuric acid 

(3.6 mM). A photodiode array detector (PDA) was used to perform the detection of 

compounds, at wavelengths of 215 and 245 nm.  
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The identification and quantification of organic acids was achieved by comparing 

retention times and area of the peaks with commercial standards and their respective 

calibration curves. The results were expressed in mg per 100 g of dry weight (dw). 

 

3.3. Extraction procedure 

The samples studied (P. major, B. pilosa, and P. lentiscus) were extracted through 

a hydroethanolic maceration. Briefly, 1.5 g of each studied species was mixed with a 

solution of EtOH:H2O (80:20, v/v, 30 mL), and stirred for 1 h at room temperature. The 

mixture was filtered through a paper filter, and the retained residue was re-extracted under 

the same conditions. The obtained solutions were concentrated through reduced pressure 

at 40ºC using a rotary evaporator (Hei-VAP Core, Heidolph Instruments) (Figure 6). The 

aqueous phase was frozen at -20 ºC and lyophilized (FreeZone 4.5, Labconco, Kansas 

City, MO, USA). The obtained extract was stored and protected from light until further 

analysis.  

 

 

Figure 6 Obtention of the hydroethanolic extracts. 

 

3.4. Phenolic compounds analysis 

The obtained hydroethanolic extracts were re-dissolved in EtOH:H2O (20:80, v/v) 

at a final concentration of 10 mg/mL and filtered through a 0.22 µm nylon syringe filter. 

The phenolic composition of the studied species was analyzed by high-performance 

liquid chromatography coupled to a diode array detector and electrospray ionization–

mass spectrometry (HPLC-DAD-ESI/MS), according to a procedure previously 

described (Bessada et al., 2016). The separation was performed using a Waters Spherisorb 
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S3 ODS-2 C18 column (3 μm, 150 × 4.6 mm, Waters, Milford, MA, USA), operated at 35 

ºC. The mobile phase consisted of 0.1% formic acid in water (A) and acetonitrile (B). The 

elution gradient was as follows: 15% B (5 min), 15% B to 20% B (5 min), 20-25% B (10 

min), 25-35% B (10 min), 35-50% B (10 min), followed by column re-equilibration (10 

min) using a flow rate of 0.5 mL/min. 

Mass detection was carried out using a Linear Ion Trap Mass Spectrometer LTQ 

XL (Thermo Finnigan, San Jose, CA, USA) with an electrospray ionization (ESI) source 

and nitrogen (50 psi) as the carrier gas; the voltage used was 5 kV for spray, with an initial 

temperature of 325 ºC and a capillary voltage of -20 V; the tube lens offset voltage was 

maintained at -66 V and using 280 and 370 nm as selected wavelengths. Spectra were 

obtained in negative ion mode between 100 and 1500 m/z. The collision energy was 35 

arbitrary units. 

The chromatographic data were collected and analyzed in the program Xcalibur® 

(Thermo Finnigan, San Jose, CA, USA). The tentative identification of phenolic 

compounds was performed by comparison of the chromatographic data, such as retention 

times, UV–Vis, and mass spectra, with the available standard compounds and the 

literature information. The quantification of the individual compounds was performed 

through peak area determination and chromatographic comparison with the calibration 

curves. The results were expressed in mg per g of extract. 

 

3.5. Bioactive properties evaluation 

3.5.1. Antioxidant activity 

The antioxidant capacity of the studied species was evaluated using two cell-based 

methodologies: the thiobarbituric acid reactive substances (TBARS) formation 

inhibition.  

For the TBARS assay, the obtained extracts were re-dissolved in water and 

successively diluted to obtain a range of concentrations to be tested (0.0097 – 1.25 

mg/mL). A porcine brain cell solution (1:2, w/v; 100 L) was incubated with the extract 

solutions (200 L), ascorbic acid (0.1 mM; 100 L), and iron sulfate (10 μM; 100 L) at 

37.5 ºC for 1 hour. After the incubation period, trichloroacetic (28%, w/v, 500 µL) and 

thiobarbituric acid (TBA, 2% w/v, 380 µL) acids were added and the mixture was heated 

at 80 ºC for 20 minutes. Finally, the obtained solution was centrifuged at 3000 rpm for 5 
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minutes and the malondialdehyde - thiobarbituric acid (MDA-TBA) complex was 

measured at 532 nm. The commercial Trolox was used as a positive control. The obtained 

results were expressed as the extract concentration responsible for 50% TBARS 

formation inhibition (IC50 values, µg/mL). 

 

3.5.2. Antimicrobial activity 

The antimicrobial activity was assessed against ATCC strains (Liofilchem, Italy). 

Five Gram-negative bacteria (Enterobacter cloacae (ATCC 49741), Escherichia coli 

(ATCC 25922), Pseudomonas aeruginosa (ATCC 9027), Salmonella enterica subsp. 

enterica serovar Enteritidis (ATCC 13076) and Yersinia enterocolitica (ATCC 8610)), 

and four Gram-positive strains (Bacillus cereus (ATCC 11778), Listeria monocytogenes 

(ATCC 19111), and Staphylococcus aureus (ATCC 25923)) were used. Besides, two 

fungal strains (Aspergillus fumigatus (ATCC 204305) and Aspergillus brasiliensis 

(ATCC 16404), Liofilchem, Italy), were used to assess the antifungal activity.  

The antimicrobial assays were performed using the microdilution method, 

following a procedure previously described (Petropoulos et al., 2017). Briefly, the 

hydroethanolic extracts of P. major, B. pilosa, and P. lentiscus were redissolved in water 

to obtain a concentration of 10 mg/mL that was further successively diluted (10, 5, 2.5, 

1.25, 0.625, 0.312, 0.156, and 0.078 mg/mL). For the antibacterial activity, the bacterial 

inoculum was added to all wells (10 µL), and after 24 hours of incubation, p-

iodonitrotetrazolium violet (INT) solution (50 µL, 0.2 mg/mL) was added, and the plates 

were incubated for 30 minutes. Viable bacteria change the color of the INT solution from 

yellowish to pink. For the antifungal activity, a fungal suspension was prepared through 

the dilution of spores in phosphate-buffered saline (PBS) solution (106 spores). The plates 

were incubated at 25°C for 72 hours, and the antifungal activity was determined by 

visualizing the presence or absence of spores in the plates. 

The obtained results were expressed as minimum inhibitory (MIC), bactericidal 

(MBC), and fungicidal (MFC) concentrations. The commercial streptomycin (1 mg/mL), 

methicillin (1 mg/mL), ampicillin (1 mg/mL), and ketoconazole (1 mg/mL) were used as 

positive control.  
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3.6. Statistical analysis 

All assays were performed in triplicate. The results were presented as the mean 

value ± standard deviation (except for antimicrobial activity). The differences between 

the obtained results were analyzed through a two-tailed paired Student's t-test at a 5% 

significance level, using the SPSS Statistics software (IBM SPSS Statistics for Mac OS, 

Version 26.0; IBM Corp., Armonk, NY, USA). Samples with significant differences were 

considered when the p-value was lower than 0.05. For the comparison between two 

samples, a two-tailed paired Student's t-test was applied to assess the statistical 

differences (α = 0.05).  
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4. Results and discussion 

4.1. Chemical composition 

4.1.1. Fatty acids 

The lipidic content and fatty acid composition of P. major, B. pilosa, and P. 

lentiscus are described in Table 4. The content of saturated fatty acids (SFA), 

monounsaturated fatty acids (MUFA), and polyunsaturated fatty acids (PUFA) is also 

presented.  

 

Table 4 The lipidic fraction content and the fatty acid composition of P. major, B. pilosa, and P. lentiscus. 

 P. major B. pilosa  P. lentiscus 

Lipidic Fraction (g per 100 g dw) 

 1.705  0.003c 0.6  0.1a 1.2  0.1b 

Fatty Acids (relative percentage, %) 

C6:0 0.45  0.01a 0.66  0.04c 0.614  0.004b 

C8:0 0.38  0.01a 0.79  0.05c 0.730  0.005b 

C10:0 0.29  0.01b 0.48  0.02c 0.669  0.004a 

C11:0 n.d. n.d. 0.251  0.004 

C12:0 0.326  0.002b 0.379  0.005b 0.93  0.06a 

C13:0 n.d. n.d. 0.070  0.001 

C14:0 2.49  0.05c 1.35  0.02b 5.2  0.1a 

C14:1 0.157  0.001b 0.299  0.025c 0.47  0.02a 

C15:0 0.79  0.03b 1.10  0.01c 1.30  0.01a 

C16:0 44.1  0.1c 37.8  0.1a 39.2  0.1b 

C16:1 3.1  0.2b 1.42  0.05a 2.087  0.001b 

C17:0 0.915  0.004b 1.46  0.04c 1.75  0.04a 

C18:0 6.69  0.04b 7.65  0.04c 10.1  0.2a 

C18:1n9c 4.84  0.01c 10.590  0.005b 19.6  0.4a 

C18:2n6c 29.3  0.3b 26.67  0.02a 6.9  0.1c 

C20:0 1.8  0.1b 1.80  0.02b 2.4  0.1a 

C20:1 0.170  0.002 n.d. n.d. 

C20:2 0.37  0.02 n.d. n.d. 

C21:0 n.d. n.d. 1.15  0.04 

C22:0 2.899  0.003a 4.8  0.3b 5.01  0.15a 

C23:0 0.88  0,04a 2.8  0.1c 1.585  0.004b 

SFA 62.0  0.1c 61.02  0.01b 70.8  0.4a 

MUFA 8.3  0.2b 12.31  0.03c 22.2  0.4a 

PUFA 29.3  0.3b 26.67  0.02a 7.0  0.1c 

Results are presented as mean values  standard deviation. Different letters in the same row correspond to significant differences 

(p < 0.05). Fatty acids are expressed as relative percentages of each fatty acid. C6:0 – caproic acid; C8:0 – caprylic acid; C10:0 – 
capric acid; C11:0 – undecanoic acid; C12:0 – lauric acid; C13:0 – tridecanoic acid; C14:0 – myristic acid; C14:1 – tetradecanoic 

acid; C15:0 – pentadecanoic acid; C16:0 – palmitic acid; C16:1 – palmitoleic acid; C17:0 – heptadecanoic acid; C18:0 – stearic 

acid; C18:1n9c – oleic acid; C18:2n6c – linoleic acid; C20:0 – arachidic acid; C20:1 – gondoic acid; C20:2 –eicosadienoic acid; 
C21:0 – heneicosanoic acid; C22:0 – behenic acid; C23:0 – tricosanoic acid; n.d. – not detected; dw – dry weight; SFA – saturated 

fatty acids; MUFA – monounsaturated fatty acids; PUFA – polyunsaturated fatty acids. 
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P. major exhibited the highest lipidic fraction (1.705 g per 100 g dw), followed by 

P. lentiscus and B. pilosa (1.2 and 0.6 g/100g of dw, respectively). A total of 21 fatty 

acids were identified in the medicinal plants studied. P. lentiscus was the species that 

exhibited the highest variety of fatty acids, with a total of 19 identified, followed by P. 

major with 18 fatty acids and B. pilosa with 16. Palmitic acid (C16:0 – between 37.8% 

and 44.1%) and linoleic acid (C18:1n9c – between 6.9% and 29.3%) were the fatty acids 

present in the highest relative abundance in all species. In turn, the fatty acids detected in 

the lowest relative abundance were myristic acid (C14:1) in both P. major and B. pilosa 

(0.157% and 0.299%, respectively) and tridecanoic acid (C13:0) in P. lentiscus (0.07%).  

In this study, saturated fatty acids (SFA) were the most abundant class of fatty acids 

in all species studied (with relative abundances between 61.02 and 70.8%), while 

monounsaturated fatty acids (MUFA) were the least abundant in P. major and B. pilosa 

(8.3 and 12.31%, respectively). In contrast, polyunsaturated fatty acids (PUFA) were the 

class of fatty acids with the lowest abundance in P. lentiscus (7.0%). 

According to the literature, the fatty acid composition of these three species has not 

yet been significantly studied. Similar to our findings, palmitic acid has been reported as 

the most abundant fatty acid in the leaves and aerial parts of P. major (12.68% and 

15.18%, respectively), even though in lower relative abundances than our results 

(Haghighi et al., 2021; Turgumbayeva et al., 2022). Differently from our results, Harrat 

et al. (2018) reported a higher relative abundance of linoleic acid in P. lentiscus leaves 

(between 10.94 and 16.99%), but lower abundance of palmitic and oleic acids (between 

5.31 – 9.03%, and 3.42 – 4.85% respectively). However, this plant’s seeds and fruits 

contained oleic acid as the most abundant (19.49 – 53.13%), followed by palmitic (18.43 

– 20.34%) and linoleic acids (18.85 – 42.5%) (Brahmi et al., 2020). For B. pilosa, 

palmitic, oleic, and linoleic acids were reported as the major fatty acids in the aerial parts 

(30%, 27%, and 24.3%, respectively) (Quaglio et al., 2020). Therefore, the most abundant 

fatty acids identified in our study were consistent with those previously described in the 

literature.  

Researchers have described higher contents in the plant seeds, fruits, roots, and 

stems of MUFA and PUFA contents, than in leaves and aerial parts (Angelini et al., 2021; 

Rauf et al., 2017; Wang et al., 2017). Trabelsi et al. (2012) described higher MUFA and 

PUFA contents than SFA content in P. lentiscus fruits (between 22.08 – 55.4% of MUFA, 

19.81 – 56.31% of PUFA, and 20.9 – 26.8% of SFA). Similarly, Ait Mohand et a. (2020) 
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described that P. lentiscus seeds also contained more MUFA and PUFA, but less SFA 

than the plant’s leaves (53.67%, 22.27%, and 22.25%, respectively).  

 

4.1.2. Tocopherols 

The obtained results regarding the studied species’ tocopherol composition are 

presented in Table 5. 

 

Table 5 Tocopherols composition of P. major, B. pilosa, and P. lentiscus. 

Tocopherols (mg per 100 g dw) 

 P. major  B. pilosa  P. lentiscus  

Alpha-tocopherol 35.5  0.3a 0.08  0.01c 1.7  0.1b 

Gamma-tocopherol 4.0   0.5a 0.09  0.01b n.d. 

Total tocopherols 39.6  0.2a 0.1664  0.0005c 1.7  0.1b 

Results are presented as mean values  standard deviation. Different letters in the same row correspond to significant differences 

(p < 0.05). n.d. – not detected; dw – dry weight. 

 

Alpha and gamma tocopherols were identified and quantified in the medicinal 

plants studied. Alpha-tocopherol was detected in a higher concentration in P. major and 

P. lentiscus (35.5 and 1.7 mg/100 g). Regarding B. pilosa, the presence of alpha and 

gamma isoforms is very similar, displaying equivalent concentrations (0.08 and 0.09 

mg/100 g, respectively). The higher content of tocopherols within the plants studied was 

in P. major (39.6 mg/100 g), followed by P. lentiscus (1.7 mg/100 g), and B. pilosa 

(0.1664 mg/100 g).  

According to the literature, alpha-tocopherol was identified in P. major leaves 

(Morales et al., 2021), while in seed oil, alpha and gamma isoforms were detected, with 

alpha-tocopherol as the most abundant (between 524.53 and 754.67 µg/g) (Wang et al., 

2017). Alpha isoform was the most abundant tocopherol in P. lentiscus leaves (Harrat et 

al., 2018; Kıvçak & Akay, 2005) and seed oil (Wissal et al., 2013). In agreement with our 

results, authors have described low contents of alpha and gamma tocopherols in B. pilosa 

aerial parts (Gowele et al., 2019; Shen et al., 2018).  
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4.1.3. Free sugars 

The content of the free sugars detected in the medicinal species under study are 

presented in Table 6. 

 

Table 6 Free sugars identified in P. major, B. pilosa, and P. lentiscus. 

Free Sugars (g per 100 g dw) 

 P. major  B. pilosa  P. lentiscus  

Fructose 0.27  0.01b 3.4  0.5a 1.03  0.05c 

Glucose 0.51  0.04b 1.12  0.05a 0.47  0.02b 

Sucrose n.d. n.d. 1.76  0.03 

Total free sugars 0.8  0.1b 4.5  0.5a 3.260  0.001c 

Results are presented as mean values  standard deviation. Different letters in the same row correspond to significant differences 

(p < 0.05). n.d. – not detected; dw – dry weight. 

 

The free sugar content of the three plant species studied exhibited differences, both 

in composition and content. B. pilosa showed the highest total free sugar content (4.5 g 

per 100 g dw), followed by P. lentiscus (3.26 g per 100 g dw) and P. major (0.8 g per 100 

g dw). Among the individual sugars, fructose, glucose, and sucrose were the free sugars 

detected, with sucrose being detected only in P. lentiscus, where it was present at the 

highest concentration (1.76 g per 100 g dw). In turn, B. pilosa exhibits the highest fructose 

content (3.4 g/100 g dw), while P. major showed a higher glucose content (0.51 g per 100 

g dw). 

According to the existing literature, studies evaluating the free sugar composition 

of these species are relatively limited, typically focusing only on quantifying the total 

sugar content. Rahman et al. (2020) described a total sugar content of P. major leaves 

between 2.89 and 6.78 mg/g dw. Furthermore, Bouta et al. (2024) studied the P. lentiscus 

leaves and reported a total sugar content of 14.84%. According to Bartolome et al., 

(2013), B. pilosa contains a sugar content between 6 and 8.4 g/100 g, slightly higher than 

the results otained in our study. In this turn, Ruiz-Reyes et al. (2022) described a low 

presence of sugars in B. pilosa leaves, and Muhamad et al. (2019) reported a soluble sugar 

content between 0.2% and 0.7%.  
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4.1.3. Organic acids 

The quantitative and qualitative composition of organic acids composition of the 

studied medicinal plants are presented in Table 7. 

 

Table 7 Organic acids of P. major, B. pilosa, and P. lentiscus. 

Organic Acids (g per 100 g dw) 

 P. major  B. pilosa  P. lentiscus  

Quinic n.d. 0.76  0.05* 0.46  0.04* 

Malic 0.22  0.02* 0.25  0.1* n.d. 

Succinic 1.62  0.04** n.d. 0.29  0.01** 

Total organic acids 1.8  0.1a 1.02  0.04b 0.75  0.02c 

Results are presented as mean values  standard deviation. Different letters in the same row correspond to significant 

differences (p < 0.05). *No statistically significant differences were found (p-value >0.05). **Means statistical differences 

obtained by a t-student test (p-value <0.05). n.d. – not detected; dw – dry weight. 

 

Quinic, malic, and succinic acids were the organic acids identified and quantified 

in the medicinal plants studied. Quinic acid was the organic acid detected in higher 

concentrations in B. pilosa and P. lentiscus (0.76 and 0.46 g per 100 g, respectively), 

while succinic acid was the most abundant organic acid detected in P. major leaves (1.62 

g per 100 g). Among the medicinal plants studied, P. major exhibits a higher content of 

organic acids (1.8 g per 100 g), followed by B. pilosa and P. lentiscus (1.02 and 0.75 g 

per 100 g, respectively).  

Olennikov et al. (2005) identified malic and succinic acid in P. major leaves with 

succinic acid present in higher relative abundance (0.25%). Moreover, Nxumalo et al. 

(2023) detected the presence of quinic acid in B. pilosa and described a lower content of 

organic acids than the obtained in our study. Quinic acid was also detected in B. pilosa 

and P. lentiscus aerial parts and whole plant, respectively (Anagnostou et al., 2023; Idris 

et al., 2023; Scognamiglio et al., 2019). In contrast, Hajji-Hedfi et al. (2024) detected 

quinic acid as the most abundant organic acid in P. lentiscus. Besides, malic and succinic 

acids were detected with higher concentrations in other Plantago species, namely 

Plantago algarbiensis and Plantago almogravensis (Martins et al., 2013). 
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4.2. Phenolic compounds 

The phenolic compounds composition of the hydroethanolic extracts of the studied 

medicinal plants is presented in Tables 8-10. The analytical data, such as the retention 

time (Rt), the wavelength of maximum absorption (max), pseudomolecular ion ([M-H]-), 

and fragmentation pattern (MS2) of each detected compound are presented. The tentative 

identification was based on the comparison between the obtained analytical data with the 

available standard and the literature information.  

  

4.2.1. Plantago major 

The phenolic compounds tentatively identified in the hydroethanolic extract of P. 

major is presented in Table 8. 

 

Table 8 Retention time (Rt), wavelengths of maximum absorption (λmax) in the UV-Vis region, mass spectral 

data, and tentative identification of the phenolic compounds detected in the hydroethanolic extracts of P. major. 

 

A total of thirteen phenolic compounds were tentatively identified, corresponding 

to ten phenolic acids (peaks 1, 2, 3, 4, 5, 6, 7, 8, 10, and 11) and three flavonoids (peaks 

9, 12, and 13).  

Peak 
Rt 

(min) 

λmax 

(nm) 

[M-H]- 

(m/z) 
MS2 (m/z) Tentative identification 

Quantification 

(mg/g extract) 

1 5.92 323 353 191,179,135 3-O-Caffeoylquinic acid 0.12  0.02 

2 8.16  337 163 p-Coumaroylquinic acid tr 

3 8.53 324 353 191,179,173,135 5-O-Caffeoylquinic acid 0.23  0.03 

4 11.74  639 621 β-Hydroxyverbascoside 0.044  0.003 

5 14.88 327 639 477 β-Hydroxyverbascoside 

isomer 
0.28  0.04 

6 15.16 330 755 593 Verbascoside-O-pentoside 0.025  0.002 

7 16.03 329 755 593,623 Verbascoside-O-pentoside 0.31  0.04 

8 16.72 330 623 461 Verbascoside 8  1 

9 17.73  609 301 Rutin 0.11  0.01 

10 19.45 327 623 461 Verbascoside isomer 0.27  0.04 

11 20.12 331 1111 755 Verbascoside derivative 0.65  0.11 

12 21.86  623 315 Isorhamnetin-O-rutinoside 0.12  0.01 

13 22.67  461 285 Luteolin-O-glucuronide 0.134  0.004 

     Total phenolic acids 9.7  1.5 

     Total flavonoids 0.36  0.02 

     Total phenolic compounds 10.1  1.5 

Results are expressed as mean ± standard deviation. tr - traces.  
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Most of the identification was based on the comparison of the chromatographic 

patterns with the available standards and literature information. The 3-O-caffeoylquinic 

(peak 1) and 5-O-caffeoylquinic acids (peak 3) were previously identified in P. major 

(Meinhart et al., 2017). Rutin (peak 9) was previously identified in plant flowers and 

leaves, methanolic and ethanolic extracts (Ganeshpurkar & Saluja, 2017; Salem et al., 

2023; Soliman et al., 2022), and whole plant (Zbuchea et al., 2016) extracts. Phenolic 

acids derived from verbascoside (Figure 7) stand out as the most abundant, 

corresponding to seven of the 13 compounds tentatively identified. This compound 

exhibits a concentration comprised between 0.025 and 8 mg/g extract. Verbascoside 

derivatives were previously identified in P. major extracts by several authors (Gonçalves 

et al., 2019; Laanet et al., 2024; Mazzutti et al., 2017; Vendruscolo et al., 2024; Zubair et 

al., 2011), with some studies highlighting the presence of verbascoside and rutin 

derivatives as responsible for the P. major bioactive properties. Rutin exhibits 

antimicrobial activity, particularly against E. coli (Araruna et al., 2012). Moreover, its 

combination with other flavonoids, such as kaempferol, has been shown to enhance 

antibacterial effects against B. cereus and S. enteritidis (Arima et al., 2002). In turn, Xiao 

et al. (2022) it relates verbascoside with properties such as antioxidant, anti-

inflammatory, and antimicrobial. However, further studies to better understand the 

biological mechanisms associated with this compound would be of great interest.  

 

 

Figure 7 Chemical structure of verbascoside. 
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4.2.2. Bidens pilosa 

The polyphenolic composition of the hydroethanolic extract of B. pilosa is 

presented in Table 9. 

 

Table 9 Retention time (Rt), wavelengths of maximum absorption (λmax) in the UV-Vis region, mass spectral data, 

and tentative identification of the phenolic compounds detected in the hydroethanolic extracts of B. pilosa. 

 

Regarding B. pilosa hydroethanolic extract, a total of twenty phenolic compounds 

were tentatively identified, from which eight phenolic acids (peaks 1, 2, 3, 4, 5, 6, 7, and 

13) and twelve flavonoids (peaks 8, 9, 10, 11, 12, 14, 15, 16, 17, 18, 19, and 20). 

Protocatechuic (peak 1) and caffeic acids (peak 5) were previously detected in B. 

pilosa leaves, stems, and roots aqueous extracts (Deba et al., 2007), 3-O-caffeoylquinic 

(peak 2) and rutin (peak 8) were previously reported in leaves methanolic extracts (Moyo 

et al., 2020), 5-O-caffeoylquinic (peak 4) and 5-O-feruloylquinic acid (peak 7) were 

Peak 
Rt 

(min) 

λmax 

(nm) 

[M-H]- 

(m/z) 
MS2 (m/z) Tentative identification 

Quantification 

(mg/g extract) 

1 5.82 261,294 153 109 Protocatechuic acid 0.125  0.030 

2 5.89  353 191,179,135 3-O-Caffeoylquinic acid 0.15  0.02 

3 6.76  315 153,109 Protocatechuic acid hexoside tr 

4 8.47 326 353 191 5-O-Caffeoylquinic acid 0.73  0.15 

5 10.38 325 179 135 Caffeic acid 0.06  0.02 

6 14.91  839 677 1,3,4,5-O-Tetracaffeoylquinic acid 0.11  0.01 

7 14.91  367 191,173 5-O-Feruloylquinic acid 0.040  0.002 

8 17.65  609 301 Rutin 0.15  0.03 

9 18.52  463 301 Quercetin-O-hexoside 0.11  0.01 

10 18.88  623 315,300 Isorhamnetin-O-neohesperidoside 0.24  0.04 

11 19.96  523 477 Isorhamnetin-O-hexoside 0.086  0.015 

12 22.13 254 477 301 Quercetin-O-glucuronide 0.8  0.2 

13 22.13 337 515 353 3,4-O-Dicaffeoylquinic acid 0.6  0.1 

14 24.37  637 329 Quercetin-dimethyl ether 

rutinoside 
0.13  0.03 

15 25.15 254,354 637 329,299 Quercetin-dimethyl ether 

rutinoside 
2.5  0.5 

16 27.24  491 329 Quercetin-dimethyl ether hexoside 0.35  0.06 

17 30.37  505 329 Quercetin-dimethyl ether 

glucuronide 
0.27  0.05 

18 35.77  547 329 Quercetin-dimethyl ether 

derivative 
0.10  0.01 

19 38.95  547 329,487,411 Quercetin-dimethyl ether acetyl 

glucuronide 
0.068  0.004 

20 39.9  329 314 Quercetin-dimethyl ether 0.10  0.01 

     Total phenolic acids 1.83  0.35 

     Total flavonoids 5  1 

     Total phenolic compounds 7  1 

Results are expressed as mean ± standard deviation. tr - traces.  
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detected in the methanolic extracts (Ramabulana et al., 2020), and 3,4-O-dicaffeoylquinic 

acid (peak 13) in the whole plant butanol extract (Chiang et al., 2004). 

B. pilosa exhibits a higher variety of quercetin derivatives, quercetin-O-hexoside 

(peak 9) and quercetin-O-glucuronide (peak 12) were previously detected in the ethanolic 

extract of the plant aerial parts (Idris et al., 2023). Also, Liang & Xu (2016) studied the 

phenolic composition of B. pilosa hydroethanolic extract, and besides caffeic, rutin, and 

luteolin, the authors also detected a high variety of quercetin derivatives, such as 

quercetin-O-glucuronide (peak 12), quercetin-dimethyl ether rutinoside (peak 14 and 15), 

and quercetin-dimethyl ether hexoside (peak 16). Quercetin-dimethyl ether rutinoside 

(peak 15, Figure 8) was the compound detected in higher concentration in B. pilosa 

hydroethanolic extract (2.5 mg/g extract), followed by chlorogenic acid (0.73 mg/g 

extract).  

 

 

Figure 8 Chemical structure of quercetin-dimethyl ether rutinoside. 

 

4.2.3. Pistacia lentiscus 

The phenolic compound composition of the hydroethanolic extract of P. lentiscus 

is presented in Table 10. 
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Table 10 Retention time (Rt), wavelengths of maximum absorption (λmax) in the UV-Vis region, mass spectral data, and 

tentative identification of the phenolic compounds detected in the hydroethanolic extracts of P. lentiscus. 

 

A total of twenty-four phenolic compounds were tentatively identified in P. 

lentiscus hydroethanolic extract, corresponding to one phenolic acid (peak 3), fourteen 

flavonoids (peaks 10, 11, 12, 13, 14, 15, 16, 18, 19, 20, 21, 22, 23, and 24), and nine 

gallotanins (peaks 1, 2, 4, 5, 6, 7, 8, 9, and 17). 

The compounds galloyl quinic acid (peak 1), trigalloyl quinic acid (peak 6), 

myricetin-O-glucuronide (peak 15), quercetin-3-O-glucoside (peak 16), kaempferol-3-O-

rutinoside (peak 19), quercetin-O-pentoside (peak 20), quercetin-O-rhamnoside (peak 21) 

were previously detected in P. lentiscus leaves and fruit ethanolic extract (Garofulić et 

al., 2020). In turn, Anagnostou et al. (2023) described the presence of digalloyl quinic 

Peak 
Rt 

(min) 
λmax (nm) 

[M-H]- 

(m/z) 
MS2 (m/z) Tentative identification 

Quantification 

(mg/g extract) 

1 4.15 273 343 161,169 Galloyl quinic acid 15  4 

2 5.55 280 483 271,331,313,169,465 Digalloylglucose tr 

3 5.78 261,294 153 109 Protocatechuic acid 0.21  0.05 

4 6.1 275 495 343 Digalloyl quinic acid isomer I 8.5  2.0 

5 6.83 276 495 343,325 Digalloyl quinic acid isomer II 0.90  0.03 

6 10.97 276 647 495,479,629 Trigalloyl quinic acid 0.13  0.01 

7 10.97 276 647 161 Galloyl hexoside 0.13  0.01 

8 12.23 275 647 495 Trigalloyl quinic acid isomer 0.6  0.2 

9 14.03 272 647 343 Trigalloyl quinic acid isomer 0.128  0.001 

10 14.63 264,299,357 625 316,317 Myricetin-O-hexoside-

deoxyhexoside 
1.0  0.3 

11 15.11 264,299,357 479 317,316 Myricetin-O-hexoside 0.6  0.1 

12 17.12  615 463 Quercetin-O-galloyl-hexoside 0.10  0.01 

13 17.7 262,350 463 316,317 Myricetin-O-deoxyhesoxide 4  1 

14 17.7  449 316,317 Myricetin-O-pentoside 4  1 

15 18.61 261,351 493 317 Myricetin-O-glucoronide 0.5  0.1 

16 19.16 264,353 463 301 Quercetin-3-O-glucoside 0.11  0.01 

17 19.34 276 469 393,769,599,169 Pentagalloyl glucoside 0.299  0.001 

18 19.84 267,357 761 301,609 Quercetin-O-galloyl-rutinoside 0.17  0.04 

19 20.88  593 285 Kaempferol-3-O-rutinoside tr 

20 21.39  433 300,301 Quercetin-O-pentoside 0.16  0.03 

21 22.51 256,349 447 300,301 Quercetin-O-rhamnoside 0.9  0.2 

22 24.46  585 301 Quercetin-O-acetyl-malonyl-

hexoside 
0.11  0.02 

23 25.61  615 317,463 Myricetin-O-galloyl-

deoxyhexoside 

tr 

24 27.09  431 285 Kaempferol-O-deoxyhexoside 0.11  0.02 

     Total phenolic acids 0.21  0.05 

     Total flavonoids 12  3 

     Total gallotannins 26  6 

     Total phenolic compounds 38  9 

Results are expressed as mean ± standard deviation. tr - traces.  
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acid (peaks 4 and 5), trigalloyl quinic acid (peak 6), myricetin-O-deoxyhesoxide (peak 

13), and myricetin-O-glucuronide (peak 15) in leaves dichloromethane, methanol, and 

water extracts. The presence of the phenolic acid protocatechuic acid (peak 3) was also 

described (Aissat et al., 2022; Brahmi et al., 2020; Daoued et al., 2016).  

Unlike the other plants studied, P. lentiscus exhibits a significant presence of 

gallotannins, corresponding to a concentration of 26 mg/g extract, followed by flavonoids 

(12 mg/g extract) and phenolic acids (0.21 mg/g extract). Galloyl quinic acid (peak 1, 

Figure 9) and digalloyl quinic acid isomer I (peak 4) were the tentatively identified 

compounds present in higher abundance (15 and 8.5 mg/g extracts, respectively). 

 

 

Figure 9 Chemical structure of galloyl quinic acid. 
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4.3.  Bioactive properties 

4.3.1. Antioxidant activity 

The antioxidant activity of the studied medicinal plants was evaluated through 

TBARS assay. The obtained results are presented in Table 11 and were expressed as IC50 

values. 

 

Table 11 Antioxidant activity of the hydroethanolic extracts of P. major, B. pilosa, and P. lentiscus. 

Antioxidant Activity 

 P. major  B. pilosa  P. lentiscus  Positive Control 

TBARS  

(IC50 values, g/mL) 151  11a 98  2b 1.7  0.1c 9.1  0.3 

Results are presented as mean values  standard deviation. Different letters in the same row are significantly different according to Tukey’s 

HSD test (p = 0.05). n.d. – not detected; dw – dry weight. 

 

All medicinal plants studied exhibit the capacity to inhibit lipid peroxidation. Lower 

IC50 values (i.e., highest antioxidant activity) were obtained for P. lentiscus (1.7 g/mL), 

followed by the hydroethanolic extracts of B. pilosa and P. major (IC50 values = 98 and 

151 g/mL, respectively). Nevertheless, P. lentiscus exhibited lower IC50 values than 

those of the positive control (Trolox, IC50 = 9.1 g/mL), highlighting the promising 

antioxidant potential of this species.  

Several researchers have previously assessed the antioxidant potential of these 

plants through different methodologies and described promising results. Among the 

various bioactivities studied, the antioxidant activity of these medicinal species is one of 

the most explored, mainly through the DPPH assay.  

Falowo et al. (2019) studied the incorporation of B. pilosa essential oil in ground 

pork meat and described that the essential oils exhibit a higher capacity to protect meat 

than positive control (BHT). Similarly, Tebbi et al. (2024) analyzed the lipid peroxidation 

inhibition of P. lentiscus fruit extract (using a choline chloride-based deep eutectic 

solvent) and described an inhibition of 81.32%. Çoban et al. (2003) studied ethanolic 

extract of P. major to protect rat liver homogenates from lipid peroxidation and reported 

a IC50 value of 3.4 mg/mL.  

Furthermore, the antioxidant activity of P. major extracts was previously 

demonstrated by several authors through the DPPH assay. The comparison between its 

leaf and seeds hydroethanolic extracts and the controls (quercetin and BHT) described a 
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more promising result for the leaves, as they exhibit a higher percentage of DPPH radical 

scavenging activity (between 70 – 90%) in comparison with seeds (20 – 90%), and 

synthetic antioxidant BHT (80%), while quercetin exhibit the highest activity (95%) 

(Mohamed et al., 2010). A similar study was conducted by Mello et al. (2015), that 

reported a lower DPPH scavenging activity for the leaf hydroethanolic extract (40%), 

compared with the control quercetin (90%).   

Regarding B. pilosa ethanolic extract, Son et al. (2022) reported a lower DPPH 

scavenging activity for the plant extract than the positive controls ascorbic and gallic 

acids (EC50 of 455.78, 2.86, and 3.92 µg/mL, respectively). Similarly, Nguyen et al. 

(2023) reported a DPPH scavenging activity of around 80% for the flower and leaves 

extracts (500 µg/mL). Moreover, Salhi et al. (2019) studied P. lentiscus ethanolic extract 

and described a DPPH scavenging activity similar to BHA and ascorbic acid (IC50 of 

5.34, 5.55, and 2.82 µg/mL, respectively).  

Several authors highlight the direct correlation between phenolic compounds 

composition and their antioxidant capacity. In our study, among the species studied, P. 

lentiscus exhibited the highest levels of total phenolic compounds and flavonoids (38.12 

and 12.29 mg/g, respectively), along with the greatest antioxidant activity. This fact 

suggests that the observed activity could be positively correlated with these compounds. 

However, B. pilosa demonstrated the lowest content of phenolic compounds and was the 

species with the second most interesting antioxidant activity. This difference may be 

related to the individual compounds detected in each species studied. B. pilosa exhibits 

the presence of several phenolic acids, such as protocatechuic, chlorogenic, and caffeic 

acids, known for their scavenging capacity (Silva et al., 2010), and these were not 

detected in P. major.  

 

4.3.2. Antimicrobial activity 

Among the traditional uses of P. major, B. pilosa, and P. lentiscus, one of the most 

reported is the use of extracts to treat infectious diseases and wounds. Therefore, studying 

the antimicrobial activity of these plants contributes to the scientific knowledge of 

traditional use. In this study, the antimicrobial activity was evaluated through the 

microdilution method. The results obtained for the antibacterial and antifungal activities 

of these species are presented in Table 12. 
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Table 12 Antimicrobial activity of P. major, B. pilosa, and P. lentiscus hydroethanolic extracts. 

  P. major  B. pilosa  P. lentiscus  Positive Control 

 Antibacterial activity - Food bacteria (MIC and MBC, mg/mL) 

  MIC MBC MIC MBC MIC MBC Ampicillin Streptomycin Methicillin 

G
ra

m
-n

eg
at

iv
e 

  Enterobacter cloacae 5 >10 >10 >10 >10 >10 0.15 0.15 0.007 0.007 n.t n.t 

  Escherichia coli 5 >10 10 >10 >10 >10 0.15 0.15 0.01 0.01 n.t n.t 

  Pseudomonas aeruginosa 5 >10 >10 >10 >10 >10 0.63 0.63 0.06 0.06 n.t n.t 

  Salmonella enterica 5 >10 10 >10 10 >10 0.15 0.15 0.007 0.007 n.t n.t 

  Yersinia enterocolitica 5 >10 >10 >10 2.5 >10 0.15 0.15 0.007 0.007 n.t n.t 

 

             

G
ra

m
-

p
o

si
ti

v
e   Bacillus cereus 5 >10 >10 >10 2.5 >10 n.t n.t 0.007 0.007 n.t n.t 

  Listeria monocytogenes 5 >10 >10 >10 2.5 >10 0.15 0.15 0.007 0.007 n.t n.t 

  Staphylococcus aureus 5 >10 >10 >10 2.5 >10 0.15 0.15 0.007 0.007 0.007 0.007 

 Antifungal activity (MIC and MFC, mg/mL) 

  MIC MFC MIC MFC MIC MFC Ketoconazole     

   Aspergillus brasiliensis >10 >10 >10 >10 >10 >10 0.06 0.125     

   Aspergillus fumigatus 10 >10 10 >10 >10 >10 0.5 1     

MIC – Minimum inhibitory concentration; MBC – Minimum bactericidal concentration; MFC – Minimum fungicidal concentration; n.t. – not tested.  
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 The hydroethanolic extract of P. major was the only species studied that exhibited 

antibacterial activity against all tested bacteria strains (MIC = 5 mg/mL). In contrast, P. 

lentiscus demonstrated effectiveness only against S. enterica, Y. enterocolitica, and the 

Gram-positive bacteria (i.e., B. cereus, L. monocytogenes, and S. aureus), with MIC 

values between 2.5 and 10 mg/mL. Meanwhile, the extract of B. pilosa showed 

antibacterial activity only against E. coli and S. enterica (Table 12).  

 The results obtained are in agreement with the existing literature information. 

Metiner et al. (2012) described that P. major ethanolic and acetone extracts exhibit the 

capacity to inhibit E. coli and B. cereus bacteria, with MIC values between 3.562 and 

42.5 mg/mL, without exhibiting bactericidal activity. Monawer & Mammani et al. (2023) 

and Soliman et al. (2022) also studied the antibacterial activity of P. major using the disk 

diffusion method and described inhibition zones between 9.93 and 23.18 mm. In contrast, 

P. lentiscus fruit extracts showed promising activity against S. enterica, S. aureus, K. 

pneumonia, and B. subtilis (34.3 – 44.3 mm of inhibition) (Tebbi et al., 2024). Besides,  

flavonoids extracted from P. lentiscus leaves exhibit antibacterial activity against S. 

aureus, S. typhi, P. aeruginosa, and V. chloreae (Bakli et al., 2020). Several studies have 

also reported significant antibacterial activity of B. pilosa methanolic extracts, which 

effectively inhibited the growth of several bacteria, including S. aureus, E. coli, B. cereus, 

and P. aeruginosa, exhibiting MIC values between 0.031 and 0.198 mg/mL (Ajanaku et 

al., 2018; Angelini et al., 2021). This species was also tested against S. typhimurium and 

aquatic pathogens such as A. dhakensis, A. hydrophila, E. ictaluri, and S. agalactiae, 

demonstrating effectiveness against all tested microorganisms (MIC values between 0.65 

to 1.25 mg/mL) (Son et al. 2022). 

 Regarding the antifungal activity (Table 12), the extracts P. major and B. pilosa 

demonstrated the capacity to inhibit the fungus A. fumigatus (MIC = 10 mg/mL). 

However, no activity was observed against A. brasiliensis. Additionally, the extract of P. 

lentiscus showed no antifungal activity against the fungi tested. According to the 

literature, the antifungal activity of these species was scarcely studied. Son et al. (2022) 

described that B. pilosa ethanolic extracts inhibit Colletotrichum sp. and Fusarium 

oxysporum (MIC values of 1250 and 2000 µg/mL, respectively). Moderate antifungal 

activity for the acetone, methanol, and water extracts was also described against A. niger 

and P. notatum (between 36.39 and 100% of growth inhibition). The authors observed 

that the antifungal effect is dependent on the extract concentration (Ashafa & Afolayan, 

2009; Son et al., 2022). Moreover, P. lentiscus leaf extracts and their flavonoids were 
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effective against F. oxysporum, C. pelliculosa, and C. albicans (between 12 and 15 mm 

of inhibition), wihout the capacity to inhibit Aspergillus flavus and A. niger (Bakli et al., 

2020; Salhi et al., 2019). Additionally, P. major leaves ethanolic extracts at 20 mg/mL 

showed moderate antifungal activity against C. albicans and A. niger (10 – 17.6 mm of 

inhibition). However, a better antifungal activity of the plant’s ethanolic extract has only 

been detected at higher concentrations (>30 mg/mL) (Edalatpanah et al., 2020; 

Zhakipbekov et al., 2023). Edalatpanah et al. (2020) suggested that the antifungal activity 

of P. major is related to the presence of the phenolic acid verbascoside. 
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6. Conclusion and future perspectives 

 

The present study focused on the chemical characterization of P. major and P. 

lentiscus leaves, as well as the aerial parts of B. pilosa, and the evaluation of the bioactive 

properties of their hydroethanolic extracts.  

All studied species exhibit varied compositions in fatty acids. P. lentiscus was the 

species that exhibited the highest contents in SFA and MUFA, while P. major exhibit 

higher PUFA content. Alpha and gamma tocopherols were the detected tocopherol 

isoforms in P. major and B. pilosa; in turn, in P. lentiscus, only the alpha-tocopherol was 

detected. Moreover, P. major exhibits higher tocopherol content than P. lentiscus and B. 

pilosa. P. lentiscus exhibits the presence of the free sugars’ fructose, glucose, and sucrose, 

while B. pilosa and P. major contain only fructose and glucose. For the organic acids’ 

composition, quinic, malic, and succinic acids were identified; quinic acid was the major 

one in B. pilosa and P. lentiscus, while succinic acid was the most abundant in P. major. 

It was possible to tentatively identify several phenolic compounds within the plants 

studied, with P. lentiscus containing the higher total phenolic content, followed by P. 

major and B. pilosa. Verbascoside, quercetin-dimethyl ether rutinoside, and galloylquinic 

acid were the major phenolic compounds in P. major, B. pilosa, and P. lentiscus, 

respectively. Regarding the bioactive properties, all plants’ extracts exhibited an 

antibacterial potential. However, only P. major and B. pilosa showed antifungal activity. 

In turn, the most promising antioxidant activity was observed in P. lentiscus extracts, 

followed by B. pilosa and P. major.  

Our study elucidated the chemical composition, antioxidant, and antimicrobial 

activities of these medicinal plants. This knowledge contributes to the validation of their 

traditional uses and enables further investigation into their extracts, not only for medical 

purposes but also for nutritional and pharmacological applications.  

As a result of the varied potential demonstrated, it would be interesting to study 

bioactive properties such as anti-inflammatory and wound-healing activity. Additionally, 

the correlation between the chemical composition and bioactive properties of each plant 

could be performed, in order to identify the compounds responsible for the demonstrated 

bioactive properties. Finally, and considering these species’ properties and their extensive 

use in traditional medicine, it would be interesting to explore their use in pharmaceutical 

and cosmetic applications. 
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