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The plants popularly used in the treatment of various diseases, such as Myracrodruon urundeuva Allemao,
have been investigated about the action on microorganisms, aiming the discovery and use of new natural
additives. This research aimed to evaluate the in vitro antimicrobial activity of the aqueous extract of
Myracrodruon urundeuva leaves and its fractions on pathogenic bacteria associated with foodborne diseases.
The aqueous extract was obtained by decoction of the fresh leaves and fractionated by high-speed counter-
current chromatography. The antimicrobial activity was performed using microdilution in a plate. The
aqueous extract of “aroeira-do-sertdo” leaves was effective against all tested microorganisms. Antimicrobial
activity was verified for Staphylococcus aureus and Listeria monocytogenes (0.2 and 0.8 mg/mL,
respectively) and for Salmonella Enteritidis, Pseudomonas aeruginosa, and Escherichia coli (6, 10 and 16
mg/mL respectively). Twenty-four secondary compounds were isolated, distributed in six fractions. The
fractions showed antimicrobial activity on Gram-positive bacteria at low concentrations (0.011 to 0.095
mg/mL) and at higher concentrations (2.4 to 33 mg/mL), two fractions showed activity on Gram-negative
bacteria. The union of the compounds in the extract was favorable for antimicrobial activity on all the studied
bacteria, demonstrating that the susceptibility of the microorganisms to the extract varied according to the
chemical compounds present.
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As plantas popularmente utilizadas no tratamento de vérias doencas, como Myracrodruon urundeuva
Allemdo, tém sido investigadas quanto a a¢do sobre 0s microrganismos, visando a descoberta e utilizacdo de
novos aditivos naturais. Este trabalho teve como objetivo avaliar a atividade antimicrobiana in vitro do extrato
aquoso de folhas de Myracrodruon urundeuva e suas fracGes sobre bactérias patogénicas associadas a
doencas transmitidas por alimentos. O extrato aquoso foi obtido por decoccéo das folhas frescas e fracionado
por cromatografia em contracorrente de alta velocidade. A atividade antimicrobiana foi realizada por meio
de microdiluicdo em placa. O extrato aquoso de folhas de aroeira-do-sertdo foi eficaz contra todos os
microrganismos testados. A atividade antimicrobiana foi verificada para Staphylococcus aureus e Listeria
monocytogenes (0,2 e 0,8 mg/mL, respectivamente) e para Salmonella Enteritidis, Pseudomonas aeruginosa
e Escherichia coli (6, 10 e 16 mg/mL, respectivamente). Foram isolados vinte e quatro compostos
secundarios, distribuidos em seis fragdes. As fragdes apresentaram atividade antimicrobiana sobre bactérias
Gram-positivas em baixas concentra¢fes (0,011 a 0,095 mg/mL) e em concentra¢cdes mais altas (2,4 a 33
mg/mL), duas fracBes apresentaram atividade sobre bactérias Gram-negativas. A unido dos compostos no
extrato foi favoravel para atividade antimicrobiana sobre todas as bactérias estudadas, demonstrando que a
susceptibilidade dos microrganismos ao extrato variou de acordo com 0s compostos quimicos presentes.
Palavras-chave: bactericida, compostos isolados, planta medicinal.

1. INTRODUCTION
Plants are used in folk medicine to treat infections, and this has revived the interest of several

research groups to study this activity, aiming at the isolation of chemical compounds with
antimicrobial activity, or the optimization of the use of these plants [1].
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Several studies have proven the efficacy of plant extracts on bacterial and fungal pathogens.
Researches have shown that microbial sensitivity indicates the effectiveness of extracts used for
medicinal purposes and as food additives [2].

Myracrodruon urundeuva Allemao, popularly known as “aroeira-do-sertdo”, “aroeira-preta”,
“urundeuvina” or “aroeira-do-campo” is found in the Brazilian caatinga and dry forests of Ceara,
being more frequent in the Northeast region [3].

The compounds with pharmacological activity of M. urundeuva stem and leaf extracts are
tannins, dimeric chalcones, and flavonoids [3]. Scientific research, mostly in vitro work, claims
that polyphenols are responsible for the anti-inflammatory, antiproliferative, antioxidant, and
antitumor effects [4] and some are considered antimicrobial [5]. Proposed that the tannins obtained
from Myracrodruon urundeuva, were able to inhibit the formation of biofilm by damaging the
bacterial membrane, thus having bacteriostatic action in some microorganisms [6].

Aiming at the potential present in medicinal plants, and the deficiency of data addressing their
research as growth inhibiting agents in food-related microorganisms, this work aimed to evaluate
the antimicrobial activity of the aqueous extract and fractions of the leafs of M. urundeuva.

2. MATERIALS AND METHODS

Plant material and extraction

The Myracrodruon urundeuva leaves were collected in august of 2015 at the Urban Agriculture
Teaching and Research Center - NEPAU (3°44°16.0”’S; 38°34°22.6”W) located at the Federal
University of Ceard. The aqueous extract was produced at the Laboratory of Phytochemical
Analysis of Medicinal Plants - LAFIPLAN of the Department of Organic and Inorganic Chemistry
at the Federal University of Ceara with registration number in the SisGen A9B8196.

The plant material was weighed (600g of M. urundeuva fresh leaves) and subjected to manual
grinding, being subsequently subjected to hydrodistillation with 2.5 L of distilled water for 2 hours.
After that time, 0.8 mL of essential oil and 2.3 L of decoction liquid were obtained. The aqueous
solution was dehydrated using a freeze dryer (Christ Model Alpha 1-2 LD plus), obtaining 83.1 g
of the extract and the essential oil was stored [7].

Fractionation of aqueous extract by HSCCC (High Speed-Counter-Current
Chromatography)

The aqueous extract obtained is very polar, so the compound's isolation can be difficult if
performed under chromatographic conditions. To avoid irreversible adsorption that can occur with
polar adsorbents such as silica gel, the extract was fractionated by high-speed counter-current
chromatography (HSCCC - High Speed-Counter-Current Chromatography), (Tauto/Shimadzu LC-
10A/Knauer) using as a solvent system heptane/ AcOEt/MeOH/H,0 (1:5:1:5). For the purification
of the mixtures, a semi-preparative column with phenyl stationary phase was used in HPLC
(Shimadzu Model LC-8A). The identification of these compounds was done using the NMR and
MS techniques, as described in our previous work [7]. Weight of fractions: 34-43 (33 mg); 45-52
(38 mg); 57 (68.3 mg); 71-109 (1.02 g); 122-177 (3.9 mg); 181 (244 mg).

Antimicrobial activity

The antimicrobial activity analyzes were performed at the Food Microbiology Laboratory -
LMA of the Federal University of Ceard. The strains of Salmonella Enteritidis IAL-1132,
Pseudomonas aeruginosa 1AL-1026, Staphylococcus aureus ATCC-27664 and Escherichia coli
ATCC-25922 were grown on Soy Agar Tripticase - TSA (Difco, Sparks, USA), while Listeria
monocytogenes ATCC-19115 was grown in the same culture medium, but enriched with 0.1% yeast
extract - TSA + YE (Difco, Detroit, USA). The strains were incubated at 35 °C/24 hours in BOD
(Biochemical Oxygen Demand, Quimis / Model Q316-M26) and after that period, colonies isolated
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from each microorganism were transferred to 5 mL of the soybean tripe enrichment broth - TSB
(Difco, Sparks, USA). Then, they were incubated at 35 °C/24 hours in the BOD to obtain a final
bacterial concentration of approximately 108 CFU/mL for each microorganism. From this
concentration, serial dilutions (10 to 10) were performed in order to obtain a bacterial suspension
of 10° CFU/mL.

The minimum inhibitory concentration (MIC) of the aqueous extract and fractions was
determined on the growth of pathogenic bacteria by the microdilution method in plates (96 wells,
300 pL capacity / well; MicrotestTM, Becton Dickinson and Co.) [8].

All analyses were performed using a laminar flow hood (Pachane/model 410) with three
replications. The total volume of 200 pL was distributed among equal parts of the bacterial
suspension (10° CFU/mL) and antimicrobial solution. Concentrations 0.03 to 16 mg/mL were used
for the aqueous extract and 0.004 to 50 mg/mL for the fractions, prepared with sterile distilled
water. The following control were used: inoculum, culture medium and sterile distilled water
(positive control) to evaluate the viability of the tested microorganism, as well as wells containing
culture medium and antimicrobial solutions in the tested concentrations (control of solutions) to
verify the safety of them. At the end of the distributions, the initial optical density reading D.Os30nm
(T = 0) was performed using an absorbance reader on Elx 808 microplates (Instruments BioTek,
Inc. Winooski, VT, USA). Then, the plates were incubated at 35 + 1 °C for 24 hours. After this
period, a new reading D.Ogs0nm (T = 24) was performed. Concentrations that showed results whose
variation (A) of the D.Ogz0nm readings were < 0.05 [9] were classified as inhibitory.

A 100 pL aliquot of each concentration of the tested antimicrobial solutions was spread on the
surface of the plates (Spread plate) containing the TSA medium. Then, the plates were incubated
at 35 °C for 24 hours in the BOD. The concentration of the tested antimicrobial solution that
provided a reduction of three logarithmic cycles (3.0 logl0 CFU/mL) of viable cells from the
concentration of the initial inoculum (10° CFU/mL) was classified as minimum bactericidal
concentration (MBC) [8, 9].

3. RESULTS AND DISCUSSION

Antimicrobial activity of M. urundeuva fractions

Preliminary studies of the extract indicate characteristic compounds of gallotannins and other
phenolic derivatives, which is in agreement with studies carried out with the ethanolic extract of
mastic leaves [10]. The phenyl stationary phase column proved to be efficient in the purification of
mixtures containing compounds of high polarity.

Aquino et al. (2019) [7] related the chemical composition of the six fractions and the
identification of twenty-four compounds in aqueous extract (Table 1). The composition of the
fractions were: Fraction 34-43 (quinic acid; gentisic acid; quercetin 3-O-(2"-galloyl)-p-D-
arabinofuranoside; quercetin 3-O-(2"-galloyl)-a-L-rhamnopyranoside and quercetin 3-O-(3"-
galloyl)-a-L-rhamnopyranoside), Fraction 45-52 (m-digallic acid and p-digallic acid), Fraction 57
(gallic acid), Fraction 71-109 (methyl gallate; 2,3,4,6-Tetra-O-galloyl-f#-D-glucopyranose;
1,2,3,4,6-penta-O-galloyl-S-D-glucopyranose; methyl m-digallate; methyl p-digallate and 3-O-(m-
digalloyl)-1,2,4,6-tetra-O-galloyl-B-D-glucopyranose), Fraction 122-177 (1-O-galloyl-6-O-
luteoyl-a-glucose; corchoionosideo C; kaempferol 3-O-rutinoside; homovitexin; quercetin 3-O-4-
D-glucoside; 1,2,3,4,6-penta-O-galloyl-#-D-glucopyranose; rhoifolin and 3-O-(m-digalloyl)-
1,2,4,6-tetra-O-galloyl-#-D-glucopyranose) and Fraction 181 (N-methyl-trans-4-hydroxy-L-
proline; quinic acid).

The chemical compounds found by Pinho et al. (2012) [11] are in agreement with those found
in the present study. The metabolites isolated and identified in the extract of the leaves of M.
urundeuva (Table 1).



M.J.G. Ferreira et al., Scientia Plena 17, 057201 (2021) 4

Table 1. Class of metabolites of Myracrodruon urundeuva leaf extract.

Metabolites Compound References
Non-protein aminoacid N-Methyl-trans-4- hydroxy-L-proline [12]
Carboxilic acid Quinic acid [13]
Polyphenol carboxylic Gallic acid/ Pyrogallol/ Gentisic acid/ m- [14, 15]
acid derivatives Digallic acid/ p-Digallic acid/ Methyl gallate/
Methyl m-digallate/ Methyl p-digallate
Flavonoids Quercetin -
Glycosylated flavonoids Kaempferol 3-O-Rutinoside/ Homovitexin/ [16, 17]

Quercetin 3-0-p-D-glucoside/ Rhoifolin/
Quercetin 3-O-(2’-galloyl)-5-D-
arabinofuranoside/ Quercetin 3-O-(2°’-
galloyD)-a-L-rhamnopyranoside/ Quercetin 3-
0-(3’’-galloyl)-a-L-rhamnopyranoside
Gallotannins 1-O-Galloyl-6-O-luteoyl-a-glucose/ 2,3,4,6- [18, 19]
Tetra-O-galloyl-g-D-glucopyranose/ 1,2,3,4,6-
Penta-O-galloyl-s-D-glucopyranose/ 3-O-(m-
digalloyl)-1,2,4,6-Tetra-O-galloyl-5-D-
glucopyranose
Megastigmane Corchoionoside C/ 9-epi-Blumenol [20, 21]
Source: Aquino et al. (2019) [7].

Other studies describe that flavonoids (flavones, flavonols and flavanonols) [22] and saponins
[23] have important antimicrobial activity. The phenolic compounds are present in the fractions
(Table 2) obtained, being related to the cultivation conditions of the plant, being synthesized as a
response to stress, attack by microorganisms or strong UV radiation [24]. The inhibitory effect of
these can be explained by their interaction with bacterial membrane proteins through hydrogen
bonding, which can result in changes in their permeability, causing cell destruction or coagulation
of their content [24].

Table 2. Antimicrobial activity of fractions of Myracrodruon urundeuva leaf.
Microorganisms

Fractions L. monocytogenes S. aureus S. Enteritidis E. coli P. aeruginosa
MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC
34-43 - - 0.090 0.095 - - - - - -
45-52 - - - - - - - - - -
57 0.040 0.070 0.008 0.011 - - - - - -
71-109 0.070 - 0.070 0.085 24 2.4 33 33 33 33
122-177 - - - - - - - - - -
181 35 - 30 - - - - - 45 -

MIC = Minimum Inhibitory Concentration (mg/mL). MBC = Minimum Bactericidal Concentration (mg/mL).

Gallic acid can be considered a potential antibacterial agent and was found in two fractions in
association with tannins, including in the fraction 71-109. The results showed activity on all
bacteria studied and in small concentrations for Gram-positive bacteria. According to Borges et al.
(2013) [25], gallic acid produces irreversible changes in the properties of the bacterial cell
membrane, such as a change in hydrophobicity, a decrease in the negative surface charge and the
occurrence of rupture or formation of pores in the cell membranes with the consequent leakage of
essential intracellular constituents, such as potassium. In this research, the authors showed
antimicrobial activity on E. coli, P. aeruginosa, S. aureus and L. monocytogenes using gallic acid
corroborating the results of this research.
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The mechanism of action of tannins can be explained by its ability to precipitate proteins from
mucosal and tissue surface cells, forming a protective layer, inhibiting enzymes, causing a rupture
of the plasma membrane and deprivation of the microbial substrate by forming a tannin complex
protein and/or polysaccharide, thus preventing the development of microorganisms [26].

Observed that fractions of tannins and other phenols extracted from Rubus ulmifolius showed
high antimicrobial activity [27]. The tannins showed activity on P. aeruginosa and S. aureus, with
varying concentrations due to the plant material being dry or fresh and the method of diffusion in
agar and disc [26]. Because they are fractions, they were obtained in small quantities, mainly the
fraction 122-177 and 45-52, a fact that made the tests difficult and it was not possible to find
antibacterial activity.

In the fractions 34-43 and 57, a common class of metabolites was found derivatives of
polyphenol carboxylic acid and both fractions showed only activity for Gram-positive bacteria at
low concentrations. In general, Gram-negative bacteria are more resistant to antimicrobials of plant
origin due to their outer lipopolysaccharide membrane, which restricts the diffusion of hydrophobic
compounds, while being permeable to nutrients [28].

According Rodrigues et al. (2014) [26], in their research demonstrated that the isolation of
tannins improved antimicrobial activity in relation to the crude extract of Psidium guineense. These
data corroborated with the isolated fractions in the present work. According to the classification
proposed by Aligianis et al. (2001) [29], MIC values < 0.5 mg/ml are considered to be strongly
inhibitory in the case of plant matter.

The presence of proline derivative might be linked to the water stress suffered by the plant,
corroborating studies by Gimenez et al. (2013) [30], who showed an accumulation of proline in
response to the water deficit in sugarcane. In the fraction 181, containing the proline derivative (N-
Methyl-trans-4-hydroxy-L-proline), it was evidenced inhibitory activity on L. monocytogenes, S.
aureus, and P. aeruginosa. The proline derivative was also found in Syderoxylon obtusifolium,
another Caatinga plant as reported [31].

Antimicrobial activity of M. urundeuva leaf aqueous extract
The aqueous extract of the aroeira leaf was effective against all the microorganisms tested,
varying in concentrations from 0.2 to 16 mg/mL (Table 3).

Table 3. Antimicrobial activity of the aqueous extract of the leaf of Myracrodruon urundeuva.
Aqueous extract of M. urundeuva

Microorganism MIC (mg/mL) MBC (mg/mL)
L. monocytogenes 0.04 0.8

S. aureus 0.1 0.2

S. Enteritidis 5 6

E. coli 6 16

P. aeruginosa 3 10

MIC = Minimum Inhibitory Concentration. MBC = Minimum Bactericidal Concentration.

For Gram-negative bacteria (S. Enteretidis, E. coli and P. aeruginosa) a higher concentration of
the extract was necessary to obtain a bactericidal effect due to its cell structure and composition
(Table 3). Attributed the greater resistance of Gram-negative bacteria to the cellular structure and
composition of these microorganisms, since the double membrane forms a complex envelope that
restricts the penetration of most molecules, being responsible for the resistance of these
microorganisms to plant extracts [24].

In study with hydroalcoholic extract of aroeira-do-sertao leaves, showed through phytochemical
screening, that the leaf contains secondary metabolites with antimicrobial activity, such as
flavonoids (flavanones and flavanonols), saponins, tannins and cachectic tannins [11], in agreement
with those found in the present study. These metabolites were responsible for the plant's
antimicrobial activity, confirming the growth inhibition of S. aureus in concentrations ranging from
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200 mg/mL to 500 mg/mL, with bacteriostatic activity of 200 mg/mL, but there was no inhibition
of E. coli.

The concentrations found in the present study were much lower, showing the importance of the
solvent in the preparation of the extracts. Since the aqueous extract showed better antibacterial
activity for Gram-positive and Gram-negative when compared with the data by Pinho et al. (2012)
[11] who used hydroalcoholic extract.

Found greater amounts of tannins in the leaves than in the bark of M. urundeuva [32]. The
antimicrobial action of tannins is well known [33], and it has already been found that aqueous and
acetone extracts lose their activity against Gram-positive bacteria when their tannin content is
eliminated [34]. Proposed that the tannins obtained from Caatinga plants, including M. urundeuva,
were able to inhibit biofilm formation by damaging the bacterial membrane, thus exhibiting
bacteriostatic properties [6].

The fractions showed an important antimicrobial activity on Gram-positive, although high
concentrations were required to show antimicrobial activity on Gram-negatives. The combination
of these fractions had a synergistic effect potentiating the analyzed extract, showing it was possible,
in lower concentrations, to obtain bactericidal activity on L. monocytogenes, S. aureus, S.
Enteritidis, E. coli, and P. aeruginosa.

4. CONCLUSION

In conclusion, the leaf aqueous extract of aroeira-do-sertdo showed to be a promising
antimicrobial agent due to its action on L. monocytogenes, S. aureus, E. coli, S. Enteritidis, and P.
aeruginosa. In virtue to the composition of the fractions obtained from the extract, an important
antimicrobial activity was observed in Gram-positives bacteria.
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