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INTRODUCTION

Infect ions caused by pathogenic microorganisms are
responsible for high rates of morbidity and mortality in
Braz i l  (Coe lho  e t  a l . ,2OO7,  Souza e t  a l . ,2OO7) .  These
infect ions can occur in invasive form, and are an in-
creasing problem due to the increase of their incidence in
hospitals, especially in patients who are undergoing
cancer treatment, transplantation or are immuno_
suppressed for other reasons (Oliveira et al., 2001).

The search for new compounds with antimicrobial acti-
vity from plants has been the subject of intense research
in recent years (Harvey, 2007; Lee et al., 20OT;
Hostet tmann et  a l . ,  2003).  This is due mainly to the fact
that the plants are widely used in folk medicine to combat
various diseases in humans caused by bacteria and fungi
(Stefanel lo et  a l . ,  2006; Duarte et  a l . ,2OO4; Cruz et  aL,
2007). ln this sense, many researchers are aiming to
scientifically prove the use of plant extracts as an effec-
tive control of infections of the skin fl//eckesser et al.,
2007), the mouth (More et a|.,2008) and other infections

caused by a range of Gram-positive and Gram-neqative
bacter ia (Vuuren, 2008; Lee et  a l . ,2007; Chauhan Et , t  .
2007)

Agave sisa/ana Perrine, popularly known as sisal, be_
longing to the Agavaceae fami ly and is a monocoty_
ledonous plant from Mexico. lt is well adapted to the
semi-arid region of Northeast Brazil . Brazil is the world's
largest producer of A. sisa lana for the supply of the sisal
f iber,  and the sisal  cul ture is one of  the main economic
act iv i t ies in the semi-ar id Bahia State,  which accounts for
about 90% of i ts product ion (oashi ,  lggg).  product ion of
sisal is mainly carried out by small farmers and has an
important social function, because these producers would
find it diff icult to cultivate other crops with satisfactory
economic results due to the unfavorable weather condi-
t ions in the region (Si lva and Bel t r io,  1g99).

The search for natural products from agro-industrial
waste, which may became useful to society, has grown in
recent years. only 5% of the decortications of the leaves
of sisal (A. sisalana) produce a hard fiber that is used for
various purposes; the remaining 95% consists of solid
waste (mucilage) and waste l iquid (1uice of the sisal) that
qfe normally discarded by sisal farms (Oashi, lggg).
Thus, s isal  waste pr incipal ly contains plant t issue ( l ignin
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and cellulose), primary and secondary metabolites, and
water, amongst others. In an attempt to uti l ize this waste,

some small local producers have systematically applied
this residue to crops in an attempt to obtain improved
production, or in the feeding of animals. ln this way,
iesearchers have studied this practice and published the

use of sisal waste as ferti l izer (Lacerda et al., 2006),
pest ic ides (Barreto,  2003) and animal feed (Far ia et  a l ' ,
2008a, b).  Pizarro et  a l .  (1999) descr ibed the use of  s isal

waste as being used against larvae of mosquitoes, which

transmit tropical diseases.
ln this work, we evaluated the antimicrobial activity of

A. sisalana (leave and sisal waste) in strains that were

resistant or non-resistant to antibiotiqs, which were

collected in the Bahia state, Brazil.

MATERIALS AND METHODS

The sisal waste was collected directly using the paraibana-type
machine after the decortication process of the leaves of A. sisalana
in a sisal farm located in the Municipal i ty of Valente, Bahia state, in
March 2006. The leaves are also col lected in the same local. The

sisal residue was subjected to compression and the resultant l iquid
was f i l tered and dried under a control led temperature (60'c) to give

the crude extract of the sisal residue (ESR). Leaves of A. sisalana
(approximately 1.3 kg) was crushed in a semi-industr ial blender and
divided into two portions. These portions were extracted separately
by ref lux lor 12 h using hydroalcoholic solut ion (3:7) and methanol
to provide the crude hydroalcoholic extract (ESH) and methanol
(ESM).  respect ive ly .

The microorganisms used in this study were: sfaphylococcus
aureus ccMB 262 (resistant to streptomycin and dihydrostrep-
tomycin), S. aureus CCMB 263 (resistant to novobicin), S' aureus
ccMB 285, Escherichia coli ccMB 261 (sensitive to sulpho-
namide), E. coticcMB 284, Pseudomonas aeruginosa ccMB 264,
Micrococcus /uteus ccMB 283, Salmonella choleraesuis ccMB
281, Bacittus cereus ccMB 282 and a clinical isolate of candida
albicans ccMB 266. Evaluations were made by a dif fusion test

using 6 mm diameter paper discs impregnated with 5 pL of each

sample at a concentrat ion of 1 mg per disc. The tests were
performed in tr ipl icate. Posit ive controls were patterns of inhibit ion

of microbial groMh discs impregnated with the antibiot ic chloram-
phenicot (30 hg) and the anti fungal, nystat in (10 mg)^I] ' 'e. bacterial
inoculum (100-trL of a suspension containing 10' CFU/mL) was

uniformly spread using steri le cotton swab on Mueller-Hinton agar
poured on Petri dish. The discs loaded with natural products were
placed onto the surface of the agar. The same procedure was per-

iormed to assess the activity of the yeast, but suspension of this

microorganism was standardized to a concentration of

approximately 5 x 105 CFU/mL. The plates were incubated at 37'C
toitne bactei ia and 2B'C for the yeast, for 24 and 48 h respectively.
The results of the study were obtained with the aid of a mil l imeter

ruler, and the mean and the average standard deviat ion of the

results was calculated. All tests were performed in triplicate.
The Mlc for c. atbicans ccMB 266 was established by testing its

susceptibi l i ty by microdi lut ion in broth. The tests were performed in

Mueller Hinton broth. The ESR and ESH were resuspended in a

solut ion ultrapure autoclaved water and DMSO (1:1). Then, the

resuspended extracts were steri l ized by f i l t rat ion through cel lulose

acetate membrane (0.22 mm). We prepared serial di lut ions of 100

to 0.0488 mg/mL of the extracts in sterile microtiter plates of 96
wells. Then, eachwell  received 10 pL of suspension (Scale 3, Mc

Far land) of  each micro- test .  The plates were incubated at  2B"C for

48 h We performed a ver i f icat ion of  the pur i ty  of  the suspension of

i nocu lum by  a  subcu t tu re  o f  the  vo lume used  in  the  tes t  (10  pL )  i n

the Muel ler  Hrnton agar p late in a s imul taneous incubat ion.  Af ter  the
per iod of  incubatron were added 50 pL of  t r iphenyl  tetrazol ium

chlor ide 2-3-5 TVETEC) in the f inal  concentrat ion of  1250 mg/wel1

for  qual i tat ive analysis of  microbia l  growth in the wel ls  in order to

determine the ant imrcrobral  act iv i ty  of  each di lut ion of  the samples

Controls were performed to a lso test  for  the v iabi l i ty  of  micro-

o rgan isms  and  the  s te r r l i t y  o f  t he  cu l tu re  med ium.  A l l  t es ts  v re 'e

oerformed in t r tp l tcate

RESULTS AND DISCUSSION

The extract  of  the s isal  residue (ESR) and fol iar  poia '
extracts (ESH) and (ESM) of A. sisa/ana were teste:
against  Gram-posi t ive and Gram-negat ive bactena (nc^-
resistant and resistant to ant ib iot ics) and a fungus, by t r 'e
disk di f fusion method (Table 1).  l t  was noted that there
was a low efficiency of these extracts against the bacteria
tested, however, there was significant inhibit ion of the
growth of C. albicans by the ESR and ESH. This fact can
be at tested by their  halos of  inhibi t ion,  which were s imi lar
to those produced following treatment with nystatin. The
MIC for C. atbicans was evaluated for these extracts by
microdi lut ion in broth (Table 2).

The classi f icat ion of  Al ig iannis et  a l .  (2001) quant i f ies
the biological activity of natural products based on the
resul ts obtained in the MIC test :  strong inhibi tors up to
0.5 mg/mL, moderate inhibitors function between 0.6 and
1.5 mg/mL and weak inhibi tors funct ions above 1.6 mg/
mL. The result obtained by MIC of the extracts ESR and
ESH (Table 2) shows effective inhibition of C. albicans.

The antimicrobial activity of the extracts of Agave
species are documented in the l iterature, however, l i tt le is
known about the l iquid residue of A. sisa/ana, which is
discarded during the production of hard fibers. Verastegui
et al. (1996), in an evaluation of ethanolic extracts of
Agave lechiguilta against 20 microorganisms (Clostridium
perfringens, Listeria monocytogenes, Yersinia entero-
colitica, E) coli, Proteus vulgaris, Salmonella thyphimu-
rium, Shigelta dysenteriae, Nocardia asteroids, Nocardia
brasiliensis, Candida krusei, C. albicans, Candida
rugosa, cryptococcus neoformans, cryptococcus
laurenti, Cryptococcus albidus, Microsporum canis,
Microsporum gypseum, Trichophyton fonsurans, Epider-
mophyton floccosum and Sporotrix schenckil, showed
action of this plant against the bacteria C. perfringens
and S. dysenteriae and all fungi tested, except against C.
krusei. In the other work, Verastegui et al. (2008) exami-
ned the biological activity of ethanolic extracts obtained
from the leaves of four species of Agave (A. lecheguilla,
Agave picta, Agave scabra and Agave lophanta)' and
showed that all the extracts tested are active against the
fungus C. neoformans. In addition, the ethanolic pxtract
of A. picta also showed activity against E. coli.

Yang et al. (2006) tested the antimicrobial activity of 28



Microorganism Inhib i t ion zone (mm)
ESRl ESH ESM P2

Bacteria Gram +

S. aureus CCMB 285
S. aureus CCMB 2633

S. aureus CCMB 2624

B. cereus CCMB 282
M. luteus CCMB 283

20
1 6

1 6

1 8
20

Bacteria Gram

E. co l iCCMB 284
E.  co l iCCMB 261s
P. aureginosa CCMB 264
S. cholereasuis CCMB 281 1 4
Fung i

C. albicans CCMB 266 1 8 1 9 12 20

Santos et  a l .  6183

Table 1.  Ant imicrobia l  act iv i ty  of  extracts f rom Agave s isalana.

'The extracts were tested in the concentration of 1 mg/disc2P. bacter ic idal  chloramphenicol  (30 pg/disc)  and fungicrdal  nystat in (10 pg/disc)3Resistent  to novobic in.
aResistent  to st reptomycin and dihydrostreptomicin
"Sensi t ive to t r imethopr im and resistant  to sul fonamide.

Table 2. Minimal inhibitory concentrat ion (mg/mL) of l iquid sisal
residue extract (ESR) and hydroetanolic extract of the leaves (ESH)
from Agave sisa/ana.

compounds isolated from monocotyledonous plants.
Among these compounds, ten were saponins with ste-
roidal nucleous as aglycone with different units of sugars
in their structure, and they showed biological activity that
is similar to the positive control of amphotericin against C.
neoformans and Aspergillus fumigatus. Specificically, the
saponin of Agave americana also showed antifungal
activity against the pathogenic microorganisms C. albi-
cans, Candida glabrata, C. krusei, C. neoformans and A.
fumigatus.

Among the antifungal compounds produced by plants,
the act ion of  saponins is apparent ly due to their  abi l i ty  to
form complexes with sterols that are present in the mem-
branes of the fungi, which causes the loss of membrane
integrity. However, the exact mechanism is not yet fully
understood (Osbourne and Morrissey, 1999).

Thus, the hydroethanolic extract obtained of leaves and
the foliar sisal residue concentrate of A. sisalana demon-
strated significant inhibit ion of C. albicans. The metha-
nolic extract of leave showed some action against C.
albicans when compared with the above extracts.
Uj ikawa and Purchio (1989) isolated and part ia l ly  charac-
terized some compounds glycosylated from the leaves of
A. sisalana, which had a pronounced inhibitory effect

against the fungus C. neoformans, Saccharomyces cere-
visiae and Crebrothecium ashbyi. These results suggest
that the bioactive compound(s) of the extract studied here
can contain i ts glycosi lated structural  uni t  (pr incipal ly
saponin).  At  present,  th is,residue is discarded by the s isal
farms, but could constitute a potentially useful raw
material, which when stabil ized and treated adequately,
could be uqeful in the treatment of diseases caused bv C.
albicans.
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