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Abstract
Ethanolic and aqueous extracts obtained from aerial parts of three San Luis native species belonging at the
Fabaceae family, “Acacia caven (Molina) Molina var. caven, Acacia furcatispina Burkart and Prosopis
torquata (Cav. ex Lag.) DC.” were tested for the phytochemical components and to validate their in vitro
antibacterial activity against strains of Staphylococcus aureus by agar well diffusion, micro-well dilution and
agar overlay bioautography assays. Phytochemical study revealed the presence of carbohydrates, tannins,
flavonoids, saponins and alkaloids. Thin layer chromatography analysis detected flavonoids (quercetine) and
sapogenines (oleanolic acid). Antibacterial activity against S. aureus in all the extracts tested was detected.
The aqueous extract of P. torquata was the most active showing inhibition diameters of 15-20 mm and the
lowest MIC values according to the diffusion and microdilution methods respectively. Under both methods
ethanol extracts of the three plants were less active than the aqueous extracts against the tested strains. The
bioautography assay demonstrated well-defined inhibition zones against S aureus in correspondence with
those flavonoids and sapogenines bands. These compounds could be considered the main responsible of
their popular use for treating of microbial infections.
Key words: antibacterial activity; screening phytochemical; Prosopis torquata; Acacia cavens; Acacia furcatispina.
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Introduction
Diverses bacterial infections, especially those
produced by Staphylococcus aureus, are very
difficult to manage. S. aureus is well-evidenced as a
major human pathogen and is commonly involves in
skin and soft tissue infections. In addition, it can
cause some serious infections including bacteremia,
pneumonia, acute endocarditis, meningitis,
osteomyelitis, toxic shock syndrome, and fatal
invasive diseases (1, 2, 3, 4). Many factors
contribute to the pathogenesis of S. aureus such as
the presence of capsule, the expression of adhesins,
the secretion of various toxins and also
immunomodulators (5). Also, many strains are
biofilm producers and show a better ability to
attach themselves to mucosal surfaces and cause
infection than non-biofilm producer strains (6). The
emergence and spread of methicillin-resistant S.
aureus (MRSA) originated in the 1960s remains a
major clinical and epidemiological problem in
hospital environments (7, 8). The introduction of
glycopeptide antibiotics, a last resort to treat such
infections, was followed by the isolation of either
vancomycin-intermediate S. aureus (VISA) or
vancomycin-resistant S. aureus (VRSA) (9, 10).
Bacterial resistance to antimicrobial agents has
become a widespread medical problem, especially
in hospitals. Therapy with several types of
antibiotics is frequently accompanied by side effects
and microbial resistance (10). At present, the
pharmaceutical arsenal available to control
antibiotic-resistant bacteria is limited.
The increase in bacterial resistance has created the
necessity of studies directed towards the
development of new antimicrobials. Many
researchers have focused on the investigation of
natural products as source of new bioactive
molecules (11, 12, 13). Various plants worldwide
have been used in traditional medicine as
alternative treatments of bacterial infections, and
represent good sources of therapeutic agents (14,
15, 16, 17).
In the San Luis Province of Argentine, the region is
characterized by a relatively large biodiversity and
the flora consists of about 2.700 species (18). The
dominant plant families include Asteraceae,
Poaceae, Fabaceae, Solanaceae, Rosaceae and
Verbenaceae among other and any of them are
used in domestic medicine for the treatment of
most diseases and the alleviation of symptoms and
signs (19).
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The use of medicinal plants in the treatment of
diseases is an ancient tradition in San Luis, Argentina.
From the pharmacognostic point of view the
Fabaceae family is very important because many of
its species are used in folk medicine. Three native
species: Acacia caven (Molina) Molina var. caven
“espinillo”, “aromo” or “tusca”, Acacia furcatispina
Burkart (= A. gilliesii Steud) “garabato”, and Prosopis
torquata (Cav. ex Lag.) DC. “tintitaco” are used in folk
argentine medicine as astringent and antiseptic
agent (19).
To our knowledge, there are few reports related to
the antimicrobial activity and chemical composition
of the species tested in the present study.
The objective of the present study was to identify
major biologically active phytoconstituents and to
test the antibacterial activity of ethanolic and
aqueous extracts obtained from Prosopis torquata,
Acacia cavens and Acacia furcatispina against
methicillin resistant Staphylococcus aureus strains by
agar well diffusion, micro-well dilution and agar
overlay bioautography assay.
Materials and methods
Plant material
Plant material were collected in the Northern
region of the province of San Luis, Argentina.
Aerial parts (leaves) of Prosopis torquata, Acacia
cavens and Acacia furcatispina were used for the
study. Voucher specimens were deposited in the
herbarium of the San Luis National University
(UNSL). Plants material were dried in air flow oven at
not more than 50° C and pulverized using a grinder
to blade. The extractions were performed by
infusion, cooking and alcoholic extraction techniques
(20).
Preparation of extracts
Aqueous extracts:
• Infusion: It was prepared according to Farmacopea
Argentina 6th ed. 1978 (20) applying constant action
of hot water during 20 min.
• Decoction: Dried and powdered plant material (5g)
was boiled with 70 ml of water for 20 min. After
cooling to 40-45 ºC, the liquid was filtered and the
volume adjusted to 100 ml with distilled water (20).
Crude ethanol extracts (EE)
The leaf powder was macerated in ethanol 95%
(V/V) in a 1:3 proportion at room temperature,
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et al. (22). The different organic extracts were
dissolved in dimethylsulfoxide (DMSO) and the
aqueous extracts were dissolved in water.
The extracts were sterilized by filtration through a
0.2 membrane filter.
- Agar well diffusion assay
The bacterial inoculum (1x106 ufc/ml) was uniformly
spread on Mueller Hinton agar and then, 7 mm
diameter holes were cut in the agar gel. Each well
was filled with 50 μL (20 mg/ml) of each plant
extract. Simultaneously, wells containing the same
volume de DMSO, ethanol and distilled water served
as negative controls while gentamicin sulfate (1µg
per well) was used as positive control. After 24h at
Phytochemical analysis
37ºC, the diameters of the growth inhibition zones
Aqueous extracts were subjected to phytochemical
were measured (mm). All tests were performed in
analysis to ascertain the presence of metabolites
duplicate and the antibacterial activity was expressed
such as glycosides, tannins, flavonoids, saponins
as the mean of inhibition diameters (mm) produced.
and alkaloids (23).
-Determination of Minimum Inhibitory Concentration
(MIC)
Thin layer chromatography
Based on the preliminary screening, ethanol and
Phytocompounds of the ethanolic extracts were
aqueous extracts that revealed antimicrobial activity
analyzed using thin layer chromatography (TLC)
were further tested to determine the minimum
using aluminium-backed TLC plates (Merck, silica
inhibitory concentration (MIC) for each bacterial
gel 60 F 254 plates) (24). Briefly, the plant extracts
sample. The MICs of Prosopis torquata, Acacia
were reconstituted in the extracting solvent. Five
cavens and Acacia furcatispina aqueous and
microlitres of each extract was spotted on the TLC
ethanolics extracts were determined by micro-well
plates and developed in different mobile systems:
dilution in tripticase soy broth supplemented with
ethyl acetate: formic acid: methyl ethyl acetone:
0.01% (W/V) of 2,3,5,-triphenyltetrazolium chloride
water (5:1:3:1) as eluent for flavonoids and
as visual indicator of bacterial growth (CLSI). The
chloroform: methanol: water (70:30:4) for
inoculum used was a suspension of microorganisms
sapogenines.
of 107 cfu / ml. The ethanolic extracts were dissolved
Development of the chromatograms was done in a
in dimethylsulfoxide (DMSO) and the aqueous
closed tank in which the atmosphere had been
extracts were dissolved in distilled water to the
saturated with the eluent vapour. The plates were
highest concentration to be tested (8000 μg/ml), and
then dried overnight under a stream of air to
then serial two-fold dilutions were made in
remove excess solvent. The TLC plates were run in
concentrations ranges from 8000 to 62.25 μg/ml.
triplicate. In plate A, the reference chromatogram
The 96-well microplates were prepared by
was used to determine the spots as visualized by UV
dispensing into each well 95 μL of culture medium, 5
light to see if the separated spots were UV active
μl of the inoculum and 100 μl of each dilution of
after which it was sprayed with vanillin sulphuric
different extracts. The final volume in each well was
acid (2%) spray reagent, plate B was used for
200 μl. The plates were incubated at 37°C for 24 h
bioautography. Individual Retention factor (Rf) for
and read visually. MIC was defined as the lowest
each spot was measured and plate C, to assess the
concentration of the extracts in the medium in which
chemical profile of the samples visualized with
there was no visible growth after incubation. Media,
oleum = sulphuric acid: acetic acid: water
extract and strains controls were included. The test
(80:10.10). Rutine, quercetin, oleanolic acid were
was performed in duplicate.
used as standards.
- Minimum bactericidal concentration (MBC)
Extracts that showed inhibitory activity in the
Antibacterial activity assay
preliminary broth assay were submitted to a
Antibacterial activity of the crude ethanolic extracts
subculture on the surface of the trypticase soya agar
and aqueous extracts were determined by the agar
plates, in order to evaluate bacterial growth.
well diffusion method (CLSI) (21), modified
by Perez
_______________________________________
Microorganisms
The microorganisms used in this study were as
followed: I.- Reference strains: Staphylococcus
aureus ATCC 43300, Staphylococcus aureus ATCC
25923 and II.- methicillin resistant Staphylococcus
aureus (n=.3.), isolated from skin diseases. The
written informed consent was obtained from all
subjects prior to the study. All organisms were
maintained in brain-heart infusion (BHI medium)
containing 20% (v/v) glycerol at −80°C. The
inocula were prepared by adjusting the turbidity of
the suspension to match the 0.5 Mc Farland.
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the ethanol extracts of the three plants were less 8
and 9 mm and MIC values between 1000 and 4000
µg/mL respectively (Tables 1 and 2). This lower
microbial activity may be due to low concentration of
active compounds in these extracts.
-Bioautography agar overlay
Table 3 shows MBCs values against S. aureus.
The developed TLC plates were thinly overlaid with
Respect to P. torquata, the MBC values of aqueous
soft medium (BHI agar 0.6%) containing 0.1 % (w/v)
extracts against S. aureus were twice the MIC values,
2,3,5 triphenyltetrazolium chloride and inoculated
however the MIC and MBC values of ethanol extracts
with an overnight cultures of S. aureus at a final
were equal (1000 µg/mL) .
concentration of 108 CFU/ml. The plates were
The MBC and MIC values of ethanolic and aqueous
placed in a sterile tray, sealed to prevent drying the
extracts of A. cavens were the same (2000 µg/mL)
thin agar layer and incubated at 37°C for 24 h.
except
Microbial growth inhibition appeared as clear zones
the ethanolic extract against S. aureus ATCC 43300
against a pink background. The Rf values of the
(8000µg/mL and 4000µg/mL respectively), while for
spots showing inhibition were determined.
the A. furcatispina extracts, the MBC values were
one or two fold higher than the corresponding MIC
Results and Discussion
values.
The biological activities of any medicinal plant
In order to elucidate whether the observed
reflects the effect and nature of its phytochemical
antibacterial
effects
were
bactericide
or
compounds. Phytochemical study of the three
bacteriostatic, MBC/MIC ratios were calculated.
plants revealed the presence of carbohydrates,
Extracts with ratios greater than 1 were considered
tannins, flavonoids, saponins and alkaloids either in
as bacteriostatic, while extracts with ratio less than
both aqueous and ethanol extracts or in any of
or equal to 1 were bactericide. These data allow
them. TLC analysis revealed the presence of
concluding that MIC values of aqueous extracts of P.
flavonoids: quercetin (Rf of 0.91) and sapogenines:
torquata (250 µg/mL) were bacteriostatic and higher
oleanolic acid (Rf of 0.87) (Fig 1).
concentrations of ethanol extract were required
The antibacterial activity of plants extracts was
to have bactericidal effect (1000 µg/mL).
assayed in vitro conditions by agar well diffusion
A. cavens and P. torquata aqueous extracts exhibited
and broth microdilution methods against clinical
a higher degree of antibacterial activity, compared
isolates and references strains of S. aureus. The
with the ethanol extracts, in contrast to A.
results showed antibacterial activity of all extracts
furcatispina whose ethanolic extracts were more
assayed against S. aureus. Inhibition of bacterial
active than their water extracts. Previous study have
growth by the action of the extracts according to
reported that alcohol is a better solvent for
the agar well diffusion method is summarized in
extraction
of
antimicrobial substances from
Table 1. Maximum inhibition was observed with the
medicinal plants than water (11). Our results partially
P. torquata aqueous extracts (inhibition diameters
confirm this observation because the most active A.
of 15-20 mm) although diameters of inhibition were
furcatispina extracts against S. aureus were
similar between the different strains of S. aureus
ethanolic, however the most active A. cavens and P.
tested. No differences in the diameters of inhibition
torquata extracts were aqueous.
zones between methicillin-sensitive and methicillinThe bioautography assay for qualitative antibacterial
resistant Staphylococcus aureus strains are
activity detection demonstrated well-defined
observed. This clearly indicates that antibiotic
inhibition zones against the growth S. aureus in
resistance does not interfere with the antimicrobial
correspondence with those flavonoids and
activity of plant extracts and extracts could have
sapogenines bands. It was observed that flavonoids
different modes of action on test organisms.
and sapogenines were positive in both extracts of all
Table 2 shows the results of the MIC of aqueous
three plants.
and ethanolic extracts of the three plants against
These results suggest that anti-staphylococcal activity
S. aureus using the broth microdilution method.
detected in the extracts tested may be due to the
Similar to those results observed by the agar
presence of these compounds in the plant species
diffusion method the aqueous extract of P.
studied. In addition to the compounds with
torquata was the most active showing the lowest
antimicrobial activity several compounds on the
MIC values against S. aureus. Under
both
methods,
_______________________________________
MBC was defined as the lowest concentration that
showed no bacterial growth in the subcultures after
24 h of aerobic incubation at 37°C.

http://pharmacologyonline.silae.it
ISSN: 1827-8620

PhOL

Martinez et al

5 (1-6)

An YH, Friedmann RF. Concise review of mechanisms of
bacterial adhesion to biomaterial surfaces. J Biomed Mater
Res. 1998; 43:338-348
7. Zetola N, Francis JS, Nuermberger EL, Bishai WR.
Community-acquired meticillin-resistant Staphylococcus.
aureus: an emerging threat. Lancet Infect Dis.2005; 5: 275–
286.
8. Nguyen HM, Graber CJ. Limitations of antibiotic options for
invasive infections caused by methicillin-resistant
Staphylococcus aureus: is combination therapy the answer?
J. Antimicrob Chemother. 2010; 65: 24–36.
9. Appelbaum, PC. The emergence of vancomycinintermediate and vamcomycin- resistant Staphylococcus
aureus. Clin. Microbiol. Infect. 12: 2006; 16-23.
10. Hiramatsu K. Vancomycin-resistant Staphylococcus aureus:
a new model of antibiotic resistance. Lancet Infect Dis.
2001; 1: 147–155.
11. Rojas JJ, Ochoa VJ, Ocampo SA, Muñoz JF. Screening for
antimicrobial activity of ten medicinal plants used in
Colombian folkloric medicine: A posible alternative in the
treatment of non-nosocomial infections. BMC Complement.
Altern. Med. 2006; 6:2.
12. Manfredi R, Sabbatani S. Novel pharmaceutical molecules
against emerging resistant gram-positive cocci. Braz J Infect
Dis . 2010; 14: 96–108
13. Samy RP, Gopalakrishnakone P. Therapeutic Potential of
Plants as Antimicrobials for Drug Discovery. Evid Based
Complement Alternat Med.2008; 283–294
14. Savoia D. Plant-derived antimicrobial compounds:
alternatives to antibiotics. Future Microbiol. 2012; 7(8):97990
15. Praveen
Dahiya
and
Sharmishtha
Purkayastha.
Phytochemical Screening and Antimicrobial Activity of Some
Medicinal Plants Against Multi-drug Resistant Bacteria from
Clinical Isolates. Indian J Pharm Sci. 2012; 74(5): 443–450.
16. Abreu AC, McBain AJ, Simões M. Plants as sources of new
antimicrobials and resistance-modifying agents.Nat. Prod
Acknowledgement
Rep.2012; 29(9):1007-21.
17. Mattana, C. M, S. E. Satorres, A. Sosa, M. Fusco and L. E.
This work is part of the Project 8802 financed by
Alcaráz. Antibacterial activity of extracts of Acacia aroma
University National of San Luis, Argentina. The
against methicillin-resistant and methicillin-sensitive
authors also acknowledge the organizers of XXII
Staphylococcus. Brazilian J. Microbiol. 2010; 41:58-587.
Congress of Italo-Latin American Society of
18. Del Vitto, L, E. Petenatti, M.Nellar and M. Petenatti.
Ambiente y biota de las areas protegidas de San Luis,
Ethnomedicine
(SILAE), Costa Rica, 02-05
Argentina. Herbario de la UNSL. Serie técnica. 1993; 1: 1-64.
September 2013, where this paper was presented.
19. Del Vitto LA, EM Petenatti & ME Petenatti. Recursos
herbolarios de San Luis (Argentina). Primera parte: plantas
References
nativas. Multequina. 1997; 6: 49-66.
1. Honeyman, A.L., Friedman, H., and Bendinelli, M.
20. Farmacopea Nacional Argentina. Codex Medicamentarius
Staphylococcus aureus Infection and Disease. Klurver
Argentine.. Sexta Edición. Bs.As. Editorial Codex, S.A. 1978.
Academic Publishers: New York. 2002; 342.
21. Clinical Laboratory Standards Institute (CLSI). Performance
2. Saliba WR, Goldstein LH, Raz R, Mader R, Colodner R, and
Standards for antimicrobial susceptibility testing; M100Elias MS. Subacute necrotizing fasciitis caused by gasS21. Wayne, Pensylvannia. USA. 2011; 31 (1).
producing Staphylococcus aureus. Eur.J. Clin. Microbiol.
22. Perez, C.; Pauli, M.; Bazevque, P. An antibiotic assay by the
Infect. Dis.2003; 22: 612-14.
agar well diffusion method. Acta Biologiae et Medicinal
3. Herwaldt, LA. Staphylococcus aureus nasal carriage and
Experimentalis.1990; 15: 113-115.
surgical-site infections. Surgery, 134 (suppl.5), 2003; 2-9.
23. Kuklinski, C. Farmacognosia. Ed. Omega S.A. España. 2000.
4. Valencia I C, Kirsner R S. & Kerdel F A. Microbiologic
24. Eloff J N. Which extractant should be used for the screening
evaluation of skin wounds: alarming trend toward
and isolation of antimicrobial components from plants? J.
antibiotic resistance in an inpatient dermatology service
Ethnopharmacology. 1998; 60:1–8
during a 10-year period. J Am Acad Dermatol.2004; 50,
25. Alcaráz LE, Mattana CM, Satorres SE, Petenatti E, Petenatti
845–849.
M, Del Vitto L and Laciar A. Antibacterial activity of extracts
5. Murray P, Rosenthal, K.; Pfaller, M. Microbiología Médica.
obtained from Senna corymbosa and Tipuana tipu.
5° Edición. España. Editorial Elsevier S.A. 2007.
Pharmacologyonline. 2012; 3:158-161.
_______________________________________

reference chromatogram were visible in UV light
and other that were visible by using vanillin/sulfuric
acid reagent, many of these compounds did not
coincide with the antimicrobial components.
This could be attributed to evaporation of the active
components or insufficient amount of the active
component. Synergism could play an important role
in the active extracts when the MIC of the mixture
was determined, because a minor antimicrobial
activity of individual compounds was observed.
In our laboratory, previous studies have also been
reported antimicrobial activity of flavonoides and
sapogenines present in regional plants against S.
aureus (15, 25).
To our knowledge, there is no scientific information
concerning the antibacterial activity of the plants
used in the present study, therefore, our results
support the popular use of these plants for the
treatment of infectious skin diseases.
The separation and identification of the main
compounds responsible for the bioactivity could
help to know more about the properties of the
studied plants.
From the present study, it can be concluded that
the selected medicinal plants have potential as
antimicrobial agents against S. aureus strains.
Hence, this study would lead to the development of
some biologically active compounds which can be
employed in the formulation of antimicrobial agents
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Fig 1. TLC with alcoholic extracts. a) TLC (revealed) for flavonoids. UV light. From left to right:
Tintitaco, scribble, espinillo, routine control. b) TLC (revealed) for saponins. Natural light. From left
to right: Tintitaco, scribble. espinillo, oleanolic acid control.
Table 1. Antibacterial activity of ethanolic and aqueous extracts of A. cavens, A. furcatispina and P.
torquata by agar well diffusion assay.
Microorganisms

S. aureus (380)*1
S. aureus (383)*2
S aureus (386)*3
S. aureus ATCC 43300
S. aureus ATCC 25923

AE
9
10
9
10
10

A. cavens
EE
8
8
8
8
8

Inhibition zone diameter (mm)
A. Furcatispina
P. torquata
AE
EE
AE
EE
10
8
15
9
10
8
16
9
10
8
22
10
9
8
20
9
9
8
18
9

*: Methicillin resistant S. aureus : 1(isolated from wound), 2(isolated from abscess),
3( isolated from abscess) , AE: aqueous extracts; EE: ethanolic extracts
Table 2. MIC (ug/ml) of ethanolic and aqueous extracts of A. cavens, A. furcatispina and P.
torquata by micro-well dilution method
Microorganisms

S aureus (386)*
S. aureus ATCC 43300
S. aureus ATCC 25923

A. cavens
AE
EE
2000
4000
2000
4000
2000
4000

MIC (ug/ml)
A. Furcatispina
AE
EE
4000
1000
4000
1000
4000
1000

P. torquata
AE
EE
250
1000
250
1000
250
1000

*: Methicillin resistant S. aureus
Table 3. MBC (ug/ml) of ethanolic and aqueous extracts of A. cavens, A. furcatispina and P. torquata.
Microorganisms

S aureus (386)*
S. aureus ATCC 43300
S. aureus ATCC 25923

A. cavens
AE
EE
2000
4000
2000
8000
2000
4000

MBC (ug/ml)
A. Furcatispina
AE
EE
8000
4000
8000
8000
8000
4000

*: Methicillin resistant S. aureus
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P. torquata
AE
EE
500
1000
500
1000
500
1000

