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INTRODUCTION

Two decades ago, CECHINEL-FILHO & 
YUNES (1998) reported advances in phytotherapy 
and growth in the market for phytotherapeutic agents, 
highlighting the importance of conducting chemical 

and pharmacological studies to determine the efficacy 
of medicinal plants. Several medicinal plants are used 
without particularly confirming their pharmacological 
properties, which raises the possibility of these plants 
being harmful to health due to their adverse effects 
and toxicity (VEIGA JÚNIOR et al., 2005).
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ABSTRACT: This study aimed to perform phytochemical analysis and to test the antimicrobial activity of the crude hydroalcoholic extract 
obtained from the leaves of Sphagneticola trilobata. Classes of secondary metabolites present in the extract were identified through phytochemical 
screening using analytical thin-layer chromatography. Antimicrobial activity was evaluated by testing cultures of Staphylococcus aureus, 
S. epidermidis, Staphylococcus spp., Escherichia coli, Serratia marcescens, Enterococcus faecalis, Pseudomonas aeruginosa, Salmonella 
Typhimurium, and Klebsiella pneumoniae isolated from human skin and those of Staphylococcus spp. isolated from dog skin using the broth 
microdilution method. In the phytochemical screening, classes of anthracenic derivatives and mono-, sesqui-, and diterpenes were identified. 
Colorimetric analysis showed total phenol and total flavonoid contents of 21.7 ± 0.009 mg of gallic acid equivalents per gram of sample and 
0.23 ± 0.005 mg of catechin equivalents per gram of sample, respectively. Microbiological analysis revealed that the hydroalcoholic extract of 
S. trilobata exhibited antimicrobial activity against cultures of Staphylococcus spp., E. coli, S. marcescens, and E. faecalis isolated from human 
skin and those of Staphylococcus spp. isolated from dog skin. Thus, crude hydroalcoholic extract of leaves of S. trilobata contained flavonoids 
and terpenoids as secondary metabolites, which contributed to its antimicrobial activity against skin bacteria isolated from different sources.
Key words: Antimicrobial, Phytochemical Screening, Phenolic compounds.

RESUMO: Este estudo teve como objetivo realizar a triagem fitoquímica preliminar e testar a atividade antimicrobiana do extrato 
hidroalcoólico bruto das folhas de Sphagneticola trilobata. A identificação das classes de metabólitos secundários presentes no extrato foi 
realizada através da cromatografia em camada delgada analítica (CCDA). Para determinar a quantidade de fenóis e flavonoides totais 
foram utilizados os métodos espectrofotométricos de Folin-Ciocalteu e complexação com AlCl3, respectivamente. Para avaliar a atividade 
antimicrobiana foram testadas culturas de Staphylococcus aureus, Staphylococcus epidermidis, Staphylococcus spp., Escherichia coli, Serratia 
marcescens, Enterococcus faecalis, Pseudomonas aeruginosa, Salmonella Typhimurium, Klebsiella pneumoniae isoladas de pele humana e 
culturas de Staphylococcus spp. isoladas de pele de cães pelo método de microdiluição em caldo.  Na triagem fitoquímica foi verificada 
reação positiva para a presença de derivados antracênicos, mono, sesqui e diterpenos. As análises colorimétricas mostraram conteúdos de 
fenóis totais e flavonoides totais de 21,7 ± 0,009 miligramas de equivalentes de ácido gálico por grama de amostra e 0,23 ± 0,005 miligramas 
de equivalentes de catequina por grama de amostra, respectivamente. Na análise microbiológica, o extrato hidroalcoólico das folhas de 
Sphagneticola trilobata apresentou atividade antimicrobiana frente às culturas de Staphylococcus spp., Escherichia coli, Serratia marcescens 
e Enterococcus faecalis. Todas as culturas de Staphylococcus spp. isoladas de pele de cães foram sensíveis ao extrato. Conclui-se que o 
extrato hidroalcoólico bruto das folhas de Sphagneticola trilobata possui entre seus metabólitos secundários os flavonoides e terpenoides que 
contribuíram com a atividade antimicrobiana frente às bactérias isoladas de pele de diferentes origens. 
Palavras-chaves: antibacteriano, estudo fitoquímico, compostos fenólicos.
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Sphagneticola trilobata is a plant that 
has been very commonly used in folk medicine 
in Brazil; however, few studies have evaluated its 
activity. It is a herbaceous plant from the Asteraceae 
family and is popularly known as malmequer, 
vedélia, and picão-da-praia in Brazil. It is native to 
Brazil, easily grows, and quickly spreads on several 
different types of soil. It grows well both under the 
sun and in the shade and can easily be found in dark 
places, on seashores, and in vacant lots, forming a 
carpet of foliage (CORREIA, 1984).

Although, phytochemical analysis studies 
of S. trilobata have been conducted (CECHINEL 
FILHO, 2000; CARVALHO et al., 2001; FIDELIS 
et al., 2005; SILVA et al., 2012; SHANKAR & 
TOMAS, 2014), it is important to identify the 
chemical composition of extracts from this plant 
collected from different regions of Brazil because 
the composition may vary with changes in soil 
and climate. Thus, the antimicrobial activity of the 
extract from this plant against bacteria isolated from 
human and animal skin is directly related to the 
variation in its chemical components under different 
environmental conditions.

Therefore, this study aimed to perform a 
preliminary phytochemical screening and to evaluate 
the antimicrobial activity of hydroalcoholic extract 
from the leaves of S. trilobata against skin isolates 
of Gram-positive and Gram-negative bacteria from 
different sources.

MATERIALS   AND   METHODS

Seven samples of the plant species were 
collected at blooming from the campus of the Federal 
Rural University of Pernambuco (UFRPE) located at 
geographic coordinates 8° 04’ 03” S and 34° 55’ 00” W, 
in the morning in May 2015. The material was sent to 
the Geraldo Mariz Herbarium of the Federal University 
of Pernambuco, where the botanical dehydrated 
material was deposited, identified, and catalogued 
under the registration number 78.782.

To produce the hydroalcoholic extract, the 
plant’s leaves were dehydrated in an oven at 40°C and 
then ground and macerated in 70% ethanol for 72 h. The 
extract/plant proportion was 2 mL of the solvent—70% 
ethanol (Merck ethanol PA)—for 1 g of plant material, 
according to the method described by MATOS (1997). 
The extracting solution was filtered and then concentrated 
in a rotary evaporator under reduced pressure at 45°C, 
which produced a crude hydroalcoholic extract with 
a concentration of 140 mg/mL. Procedures were 
performed at the UFRPE Laboratory of Pharmacology.

Phytochemical assays were performed at the 
Center for Studies and Research on Medicinal Plants 
of the University of the São Francisco River Valley 
(NEPLAME-UNIVASF). Preliminary phytochemical 
screening was performed using analytical thin-layer 
chromatography. The extract was applied with a glass 
capillary tube onto plates with an aluminum support 
using silica gel 60 F254 as an adsorbent and then eluted 
using different solvent systems, as described by 
WAGNER & BLADT (1996).

For determining the total phenol content, an 
aliquot (40 µL) of the extract was added to 3.16 mL of 
distilled water and 200 µL of Folin– Ciocalteu reagent, 
mixed immediately in succession. The mixture was 
made to stand for 6 min, and 600 µL of a stock Na2CO3 
solution was then added. The final solutions were 
made to stand at 20°C for 2 h. At the end of the process, 
the absorbance of each solution was determined 
using a spectrophotometer at 756 nm against blank 
(all components, except the sample being analyzed), 
and results were plotted on a graph correlating the 
absorbance of the samples with their concentration. 
The total phenolic content of extracts was expressed 
as milligrams of gallic acid equivalents per gram of 
sample (mg EqGA/g) using the gallic acid calibration 
curve, which was obtained in concentrations ranging 
from 50 to 1,000 mg/L (SLINKARD & SINGLETON, 
1977). All assays were performed in triplicate.

Total flavonoid content was determined 
using the metallic complexation method previously 
described by ZHISHEN et al. (1999). First, 300 µL 
of the crude hydroalcoholic extract and the same 
volume of (+)-catechin standard solution were added 
to 1.5 mL of distilled water, following which 90 
µL of NaNO2 solution was added. After letting the 
mixture react for 6 min, 180 µL of 10% AlCl3·H2O 
solution was added to it. After reacting for 5 min, 600 
µL of 1 M NaOH solution was added to the previous 
mixture. Finally, the volume was topped with 330 
µL of distilled water, and the system was completely 
homogenized. Immediately after obtaining the final 
mixture, absorbance was measured against the blank 
at 510 nm on a spectrophotometer and compared with 
standard solutions containing (+)-catechin at known 
concentrations. Results were expressed as milligrams 
of catechin equivalents per gram of sample (mg 
EqC/g) by comparison with the standard catechin 
curve, which was obtained in concentrations ranging 
from 50 to 1,000 mg/L. All assays were performed in 
triplicate (ZHISHEN et al., 1999).

Antimicrobial activity was evaluated using 
the broth microdilution method at the Federal University 
of the São Francisco River Valley (UNIVASF) 
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Laboratory of Microbiology and Animal Immunology. 
First, 0.25 mg of the crude hydroalcoholic extract from 
the leaves of S. trilobata was weighed and diluted 
in alcohol and water (3:7), which resulted in a stock 
solution with a concentration of 25,000 μg/mL. Fifteen 
isolates of Gram-positive and Gram-negative bacteria 
from different sources, including isolates from human 
skin, such as S. aureus (ATCC 25923), S. epidermidis 
(ATCC 12228), Staphylococcus spp. (MRSA 8536 and 
MRSA 9606), E. coli (ATCC 35218), S. marcescens 
(ATCC 13880), E. faecalis (ATCC 19433), P. 
aeruginosa (ATCC 27853), S. Typhimurium 
(ATCC 10708 and ATCC 14023), and K. pneumoniae 
(ATCC 13883), and those from dog skin, including 
four strains of Staphylococcus spp. (244, 246, 250, 
and 256) during clinical consultations at the UNIVASF 
University Veterinary Hospital. Bacterial isolates used 
in this experiment were chosen for their importance 
in several dermatological diseases occurring in both 
human and veterinary clinical practice. The strains 
were available at the bacteria collection of the 
UNIVASF Laboratory of Microbiology and Animal 
Immunology. All isolates were reseeded in trypticase 
soy agar medium for 24 h at 37°C.

For preparing bacterial inoculum, four 
colonies were inoculated into tubes containing 5 mL 
of saline until the McFarland turbidity scale value of 
0.5 was obtained. Then, 0.1 mL of the suspension was 
inoculated into tubes containing 9.9 mL of Mueller–
Hinton broth. In a 96-well microplate, 200 μL of 
Mueller–Hinton broth was added to each well, and a 
serial dilution was performed in the same wells starting 
with 200 μL of the extract followed by a 1:2 dilution, 
discarding the final 200 μL. The serial dilutions were 
tested at the following final concentrations: 12,500, 
6,250, 3,125, 1,562.5, 781.3, 390.6, 195.3, and 97.6 μg/
mL. Wells were then inoculated with 20 μL of the 
Mueller–Hinton broth containing the tested bacterium, 
separately in each well. The last wells received the 
diluent control (the diluent plus Mueller–Hinton 
broth and the tested bacterium), positive control (the 
Mueller–Hinton broth and the tested bacterium), and 
negative control (the Mueller–Hinton broth alone). 
Plates were incubated in a bacteriological oven at 
37°C, and the growth conditions of microorganisms 
were checked after 24 h (CLSI, 2014).

The antimicrobial activity was evaluated 
considering the most dilute concentration of the crude 
hydroalcoholic extract that inhibited bacterial growth 
in the tested tube (minimum inhibitory concentration, 
MIC), assessed by a negative result in the colorimetric 
reaction produced by adding 10 μL of 2,3,5-triphenyl 
tetrazolium chloride (TTC) at 2% to each well. A 

change in the color of TTC from colorless to red 
indicates bacterial metabolic activity. All assays were 
performed in triplicate (CLSI, 2014).

RESULTS

Phytochemical screening of the crude 
hydroalcoholic extract from leaves of S. trilobata 
revealed the presence of phenolic compounds, 
anthracene derivatives, and mono-, sesqui-, and 
diterpenes (Table 1). The total phenol and total 
flavonoid content was 21.7 ± 0.009 mg EqGA/g and 
0.23 ± 0.005 mg EqC/g, respectively.

The following bacterial cultures isolated 
from human skin exhibited susceptibility to the crude 
hydroalcoholic extract from the leaves of S. trilobata: 
Staphylococcus spp. (MRSA 8536 and MRSA 9606), 
E. coli (ATCC 35218), S. marcescens (ATCC 13880), 
and E. faecalis (ATCC 19433) (Table 2).

Some cultures exhibited resistance to the 
extract, including P. aeruginosa (ATCC 27853), S. 
Typhimurium (ATCC 10708 and ATCC 14023), and 
K. pneumoniae (ATCC 13883).

All bacterial cultures isolated from dog skin 
obtained from the UNIVASF University Veterinary 
Hospital, i.e., Staphylococcus spp. (244, 246, 250, and 
256), were susceptible to the crude hydroalcoholic 
extract from the leaves of S. trilobata (Table 2).

DISCUSSION

S. trilobata contains several classes of 
secondary metabolites exhibiting pharmacological 

 

Table 1 - Determination of compounds present in the crude 
hydroalcoholic extract from the leaves of 
Sphagneticola trilobata by phytochemical 
screening. 

 

Class Result 

Alkaloids – 
Anthocyanins – 
Anthraquinones – 
Flavonoids ++ 
Coumarins – 
Anthracene derivatives + 
Lignans – 
Saponins – 
Condensed tannins – 
Hydrolyzable tannins – 
Triterpenes and steroids – 
Mono-, sesqui-, and diterpenes + 

 
(–) negative; (+) weakly positive; (++) moderately positive. 
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properties, including tannins, saponins, flavonoids, 
phenolic compounds, and terpenoids (BALEKAR et al., 
2014). SOUZA-MOREIRA et al. (2010) have highlighted 
the importance of determining the chemical constituents 
of a plant and identifying the active compounds among 
them and their possible adverse effects.

BALEKAR et al. (2012) analyzed the 
ethanolic extract from the leaves of S. trilobata 
collected from the campus of the Prince of Songkla 
University in Thailand in February and reported 
that the total phenol content was 74.38 ± 1.03 mg/g, 
which was measured using the Folin–Ciocalteu 
method, and the total flavonoid content was 
16.67 ± 0.74 mg/g in quercetin equivalents. Higher 
contents obtained in their study than those obtained 
in the present study are attributable to the solvent 
used in extraction and differences in climate and 
soil because the extracts were produced from plants 
collected from different locations.

Other studies have analyzed the chemical 
composition of the aerial parts of S. trilobata and 
identified the main chemical constituents of this 
species, such as kaurenoic acid, luteolin, flavonoids, 
tannins, and essential oils (CECHINEL FILHO, 
2000; FIDELIS et al., 2005; SILVA et al., 2012). 
In addition to these, other compounds have been 
isolated from the flowers, such as stigmasterol and 
its glucosides, β-sitosterol, oleanolic acid ester 
derivatives (CARVALHO et al., 2001), phenolic 
compounds, flavonoids, and terpenoids (SHANKAR 
& TOMAS, 2014).

The presence of these compounds in 
the chemical composition of S. trilobata makes it a 
widely used species in folk medicine. Phenols and 
flavonoids are potent antioxidants (PRIOR & CAO, 

2000; VIEIRA et al., 2015), and flavonoids also 
exhibit antimicrobial activity (RAJARATHINAM 
& DRONAMRAJU, 2018). Terpenes exhibit anti-
nociceptive, anti-inflammatory, and antimicrobial 
properties (SARTORI, 2005), and anthracene 
derivatives, the presence of which has not been 
reported in this species to date, exhibit astringent 
activity (SOUSA et al., 2003).

In addition to phytochemical studies, 
advances have been made in research on 
pharmacological actions of plants exhibiting 
antimicrobial activity with an aim of obtaining 
novel compounds with biological activity. Although, 
the bactericidal properties of several species have 
been empirically acknowledged for centuries, these 
properties have started to be scientifically confirmed 
only in the last few decades (HAIDA et al., 2007).

One of the bacterial genera tested in the 
present study was Staphylococcus spp. The crude 
hydroalcoholic extract from the leaves of S. trilobata 
inhibited the growth of cultures isolated from human 
and dog skin. Similar results were observed in a study 
by SARTORI (2005) in which fractions of extracts 
from flowers of the same species inhibited the growth 
of S. aureus; that study evidenced that the hexane, 
dichloromethane, and butanol fractions of the extract 
exhibited antimicrobial activity with an MIC between 
250 and 1,000 μg/mL. BALEKAR et al. (2012) 
observed that the ethyl acetate fraction of the ethanolic 
extract from leaves of S. trilobata was active against 
S. aureus and S. epidermidis, with an MIC of 62.5 and 
31.25 μg/mL, respectively. SHANKAR & TOMAS 
(2014) tested the antimicrobial activity of various 
extracts from the flowers of S. trilobata against other 
bacterial species, such as Vibrio parahaemolyticus, 

 

Table 2 - Minimum inhibitory concentration of crude hydroalcoholic extract from the leaves of Sphagneticola trilobata against bacterial 
cultures isolated from human and dog skin. 

 

Bacterial cultures Minimum inhibitory concentration 

Human skin  
Staphylococcus aureus (ATCC 25923)  3,125 µg/mL 
Staphylococcus epidermidis (ATCC 12228) 3,125 µg/mL 
Staphylococcus spp. (MRSA 8536) 6,250 µg/mL 
Staphylococcus spp. (MRSA 9606) 6,250 µg/mL 
Escherichia coli (ATCC 35218) 12,500 µg/mL 
Serratia marcescens (ATCC 13880) 12,500 µg/mL 
Enterococcus faecalis (ATCC 19433) 6,250 µg/mL 
-----------------------------------------------------------------------Dog skin----------------------------------------------------------------------------------- 
Staphylococcus spp. (244) 3,125 µg/mL 
Staphylococcus spp. (246) 1,562.5 µg/mL 
Staphylococcus spp. (250) 3,125 µg/mL 
Staphylococcus spp. (256) 6,250 µg/mL 
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Streptococcus haemolyticus, Proteus rettgeri, and 
P. vulgaris, and concluded that the ethanolic extract 
from the flowers exhibited antimicrobial activity.

Other studies that reported the bactericidal 
activity of medicinal plants and importance of natural 
products can easily be reported in the literature, such 
as the study conducted by DUARTE (2006) who 
observed that extracts from Mikania glomerata and 
M. laevigata inhibited S. aureus and S. faecium, with 
MIC values between 0.04 and 0.1 mg/mL, which is 
similar to the MIC of chloramphenicol (0.12 mg/mL). 
PARENTE et al. (2009) observed that the ethanolic 
extract from the flowers of Calendula officinalis 
L. exhibits antimicrobial activity against S. aureus. 
Likewise, HAIDA et al. (2007) observed that the crude 
extract from the aerial parts of Rosmarinus officinalis 
exhibited inhibitory activity against S. aureus.

E. coli is an important bacterium that is 
commonly used to study the antimicrobial activity 
of phytotherapeutic products and was found to be 
inhibited by the crude hydroalcoholic extract from the 
leaves of S. trilobata. Other plants have been studied 
and found to exhibit this activity, such as various 
extracts from the aerial parts of Bidens pilosa and 
Origanum majorana (HAIDA et al., 2007). However, 
SILVA & ALMEIDA (2014) did not find the same 
result when they tested the crude ethanolic extract 
from the bark of Carapa guianensis Aubl.

E. faecalis was another bacterium tested in 
the present study with the crude hydroalcoholic extract 
from the leaves of S. trilobata, which exhibited an MIC 
of 6,250 µg/mL for this bacterial species. The same 
assessment was conducted by SOARES et al. (2008) 
using the crude hydroalcoholic extract from the dried 
bark of Stryphnodendron adstringens, with MIC values 
>400 μg/mL. Another studied bacterium in the present 
study was S. marcescens, which was inhibited with an 
MIC of 12,500 µg/mL. In another study conducted by 
NURTJAHJA et al. (2013), S. marcescens was shown 
to be susceptible to the methanolic extract from the 
leaves of Callicarpa candicans.

In the present study, in addition to the 
cultures that were inhibited, there were also some 
that exhibited resistance against the tested extract, 
namely S. Typhimurium, K. pneumoniae, and P. 
aeruginosa. According to BATISTA et al. (2011) and 
NURTJAHJA et al. (2013), plant products exhibit a 
stronger antimicrobial activity against Gram-positive 
bacteria, and the antimicrobial activity of the extracts 
may be attributed to the presence of secondary 
metabolites, such as alkaloids, flavonoids, terpenoids, 
and phenolic compounds.

CONCLUSION

Results obtained in the present study 
indicated that the crude hydroalcoholic extract from 
the leaves of S. trilobata, which contains terpenes and 
flavonoids among its major secondary metabolites, 
exhibit antimicrobial activity against bacterial 
cultures isolated from human and dog skin.

ACKNOWLEDGMENTS

The authors wish to thank the Brazilian federal 
government’s Coordenação de Aperfeiçoamento de Pessoal de 
Nível Superior(CAPES), the Fundação de Amparo a Ciência 
e Tecnologia do Estado de Pernambuco.(FACEPE), and the 
Universidade Federal Rural de Pernambuco(UFRPE) for their 
financial support and help in the development of this research.

DECLARATION   OF   CONFLICT   OF   
INTEREST

The authors declare no conflict of interest. The 
founding sponsors had no role in the design of the study; in the 
collection, analyses, or interpretation of data; in the writing of 
the manuscript, and in the decision to publish the results.

AUTHORS’   CONTRIBUTIONS

AGBL, LRME and JEN conceived and designed 
experiments. AGBL, ETNF, APO, REFA, MMC and JRGSA 
performed the experiments. AGBL carried out the lab analyses. AGBL 
and LRME performed statistical analyses of experimental data. AGBL 
and LRME prepared the draft of the manuscript. All authors critically 
revised the manuscript and approved of the final version.

REFERENCES

BALEKAR, N. et al. Evaluation of the wound healing potential 
of Wedelia trilobata (L.) leaves. Journal of Ethnopharmacology, 
v.141, p.817-824, 2012. Available from: <http://www.sciencedirect.
com/science/article/pii/S037887411200178X?via%3Dihub>. 
Accessed: Dec. 15, 2017. doi: 10.1016 / j.jep.2012.03.019.

BALEKAR, N. et al. Wedelia trilobata L.: A phytochemical and 
pharmacological review. Chiang Mai Journal of Science, v.41, n.3, 
p.590-605, 2014. Available from: <https://www.researchgate.net/
publication/286114303_Wedelia_trilobata_L_A_Phytochemical_
and_Pharmacological_Review>. Accessed: Nov. 19, 2017.

BATISTA, J.S. et al. Antibacterial and healing activities of 
buriti oil Mauritia flexuosa L.. Ciência Rural, v.42, n.1, p.136-
141, 2011. Available from: <http://www.scielo.br/pdf/cr/v42n1/
a1012cr5053.pdf>. Acessed: Dec. 10, 2017. doi: 10.1590/S0103-
84782012000100022.

CARVALHO, G.J.A. et al. Diterpenes, triterpenes and steroids 
from flowers of Wedelia paludosa. Química Nova, v.24, n.1, 
p.24-26, 2001. Available from: <http://www.scielo.br/pdf/qn/
v24n1/4445.pdf>. Accessed: Dec. 15, 2017. doi: 10.1590/S0100-
40422001000100006.

CECHINEL FILHO, V. Advances and perspectives in the field of 
active natural products: studies conducted at NIQFAR/UNIVALI. 



6

Ciência Rural, v.49, n.4, 2019.

Leite et al.

Química Nova, v.23, n.5, p.680-685, 2000. Available from: <http://
www.scielo.br/pdf/qn/v23n5/3059.pdf>. Accessed: Oct. 22, 2017. 
doi: 10.1590/S0100-40422000000500017.

CECHINEL FILHO, V.; YUNES, R.A. Estrategies for obtaining 
pharmacologically active compounds from medicinal plants: 
concepts about structural modification for improve the activity. 
Química Nova, v.21, n.1, p.99-105, 1998. Available from: <http://
www.scielo.br/pdf/qn/v21n1/3475.pdf>. Accessed: Nov. 11, 2017. 
doi: 10.1590/S0100-40421998000100015.

CORRÊA, P.M. Dicionário das plantas úteis do Brasil e das 
exóticas cultivadas. Rio de Janeiro: Imprensa Nacional, 1984, 5v.

DUARTE, M.C.T. Antimicrobial activity of medicinal and 
aromatic plants uses in Brazil. Multiciência, v.7, 2006. Available 
from: <https://www.multiciencia.unicamp.br/artigos_07/a_05_7.
pdf>. Accessed: Oct. 11, 2017.

FIDELIS, I. et al. Influence of packaging and storage on the 
microbiological growth and tanini concentration in Sphagneticola 
trilobata (L) Pruski. Revista Ceres, v.52, n.303, p.647-657, 
2005. Available from: <http://www.redalyc.org/articulo.
oa?id=305242983003>. Accessed: Nov. 13, 2018.

HAIDA, K.S. et al. In vitro assessment of the antimicrobial 
activity from eight medicinal plant species. Arquivos de 
Ciências da Saúde da UNIPAR, v.11, n.3, p.185-192, 2007. 
Available from: <http://revistas.unipar.br/index.php/saude/article/
view/2037/1779>. Accessed: Nov. 22, 2017. doi: 10.25110/
arqsaude.v11i3.2007.2037.

MATOS, F.J.A. Introdução à fitoquímica experimental. 
Fortaleza: UFC Edições, 1997. 2v.

NURTJAHJA, K.; KELANA, T.B.; SURYANTO, D.; PRIYANI, 
N.; RIO, G.; PUTRA, D.P.; ARBAIN, D. Antimicrobial Activity 
of Endemic Herbs from Tangkahan Conservation Forest North 
Sumatera to Bacteria and Yeast. Journal of Biosciences, v.20, 
n.4, p.177-181, 2013. Available from: <https://www.sciencedirect.
com/science/article/pii/S1978301916301206>. Accessed: Jun. 02, 
2018. doi: 10.4308/hjb.20.4.177.

PARENTE, L.M.L. et al. Healing effect and antibacterial activity 
of Calendula officinalis L. cultivated in Brazil. Revista Brasileira 
de Plantas Medicinais, v.11, n.4, p.383-391, 2009. Available from: 
<http://www.scielo.br/pdf/rbpm/v11n4/a05v11n4.pdf>. Accessed: 
Dec. 10, 2017. doi: 10.1590/S1516-05722009000400005.

PRIOR, R.L.; CAO, G. Antioxidant phytochemicals in fruits and 
vegetables. Diet and health implication. Horticultural Science, v.35, 
p.588-592, 2000. Available from: <https://pdfs.semanticscholar.
org/c0e4/bf8d152b1cca451325893bd1279982b54db4.pdf>. 
Accessed: Dec. 10, 2017.

RAJARATHINAM, G.; DRONAMRAJU, S.V.L. In vitro and in silico 
antimicrobial activity of sterol and flavonoid isolated from Trianthema 
decandra L. Microbial Pathogenesis, v.121, p.77-86, 2018. Available 
from: <https://www.ncbi.nlm.nih.gov/pubmed/29763728>. Accessed: 
Nov. 12, 2018. doi: 10.1016/j.micpath.2018.05.018.

SARTORI, M.R.K. Atividade antimicrobiana de frações de 
extratos e compostos puros obtidos das flores da Acmela 
brasiliensis Spreng (Wedelia paludosa) (ASTERACEAE). 2005. 
84f. Dissertação (Mestrado em Ciências Farmacêuticas) – Curso 

de Pós-graduação em Ciências Farmacêuticas, Universidade do 
Vale do Itajaí.

SHANKAR, R.; THOMAS, T. Antibacterial activity of flower heads 
of Wedelia trilobata (L.) A. S. HITCHC. Journal of Biological 
& Scientific Opinion, v.2, n.6, p.409-412, 2014. Available from: 
<file:///D:/ARQUIVOS/Downloads/wedeliatrilobata.pdf>. Accessed: 
Dec. 11, 2017. doi: 10.7897/2321-6328.02692.

SILVA, C.J. et al. Chemical composition and histochemistry 
of Sphagneticola trilobata essential oil. Revista Brasileira de 
Farmacognosia, v.22, n.3, p.482-489, 2012. Available from: 
<http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0102-
695X2012000300003>. Accessed: Nov. 13, 2018. doi: 10.1590/
S0102-695X2012005000012.

SILVA, F.R.P.; ALMEIDA, S.S.M.S. Phytochemical analysis 
and microbiological activity of the crude ethanol extract of the 
Crabwood, Carapa guianensis Aubl. Biota Amazônia, v.4, n.4, 
p.10-14, 2014. Available from: <https://periodicos.unifap.br/index.
php/biota/article/view/947/v4n4p10-14.pdf>. Accessed: Nov. 18, 
2017. doi: 10.18561/2179-5746/biotaamazonia.

SLINKARD, K.; SINGLETON, V.L. Total phenol analysis: automation 
and comparison with manual methods. American Journal of Enology 
and Viticulture, v.28, p.49-55, 1977. Available from: <http://www.
ajevonline.org/content/28/1/49.article-info>. Accessed: Dec. 10, 2017.

SOARES, S.P. et al. Antibacterial activity of the crude 
hydroalcoholic extract of Stryphnodendron adstringens on dental 
caries microorganisms. Revista Odonto Ciência, v.23, n.2, 
p.141-144, 2008. Available from: <https://core.ac.uk/download/
pdf/25531001.pdf>. Accessed: Oct. 15, 2017.

SOUSA, O.V. et al. Quality evaluation of rhubarb raw materials 
used in pharmaceutical formulations. Revista Brasileira de 
Farmacognosia, v. 13, p. 30-34, 2003. Available from: <http://www.
scielo.br/pdf/rbfar/v13s1/a12v13s1.pdf>. Accessed: Oct. 20, 2017.

SOUZA-MOREIRA, T.M. et al. Brazil in the context of quality 
control of medicinal plants. Revista Brasileira de Farmacognosia, 
v.20, n.3, p.435- 440, 2010. Available from: <http://www.scielo.
br/pdf/rbfar/v20n3/a23v20n3.pdf>. Accessed: Dec. 11, 2017. doi: 
10.1590/S0102-695X2010000300023.

VEIGA JÚNIOR, V.F. et al. Medicinal plants: safe cure? Química 
Nova, v.28, n.3, p.519-528, 2005. Available from: <http://www.
scielo.br/pdf/qn/v28n3/24145.pdf>. Accessed: Sep. 10, 2017. doi: 
10.1590/S0100-40422005000300026.

VIEIRA, L.M. et al. Total phenolics, antioxidant activity and 
tyrosinase enzyme inhibition by Myracrodruon urundeuva Fr. All. 
(Anacardiaceae) extracts. Revista Brasileira de Plantas Medicinais, 
v.17, n.4, p.521-527, 2015. Available from: <http://www.scielo.br/scielo.
php?pid=S1516-05722015000400521&script=sci_abstract&tlng=pt>. 
Accessed: Feb. 12, 2018. doi: 10.1590/1983-084X/13_033.

WAGNER, H.; BLADT, S. Plant Drug Analysis: A Thin Layer 
Chromatography Atlas. New York: Springer, 1996. 2v.

ZHISHEN, J. et al. The determination of flavonoid contents in 
mulberry and their scavenging effects on superoxide radicals. Food 
Chemistry, v.64, n.4, p.555-559, 1999. Available from: <https://
www.sciencedirect.com/science/article/pii/S0308814698001022>. 
Accessed: Sep. 20, 2017. doi: 10.1016/S0308-8146(98)00102-2.


	_Hlk1273435
	_Hlk1297705
	_Hlk1296135
	_GoBack

