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ABSTRACT: (Effect of cashew (Anacardium occidentale L.) peduncle bagasse extract on Streptococcus mutans and its biofilm).
This study investigated the antimicrobial activity of cashew (4nacardium occidentale L.) peduncle bagasse extract. Cashew
peduncle bagasse extract was prepared, and its minimal inhibitory concentration (MIC) and minimal bactericidal concentration
(MBCQ), and effect on biofilm formation were determined against the strain Streptococcus mutans UA159. The bagasse extract
showed MIC at a concentration of 500 pg/mL and MBC at 1000 pg/mL against S. mutans. At 250 pg/mL, the extract significantly
reduced the biofilm formation of S. mutans, possibly associated with its effect on planktonic cells. The results of this study showed
that cashew peduncle residue has biomedical potential as an antimicrobial agent against an important pathogen responsible for
the formation of biofilm and subsequent dental caries.
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RESUMO: (Efeito do extrato do bagasso do pedunculo do caju (4nacardium occidentale L.) sobre Streptococcus mutans e seu
biofilme). Este estudo investigou a atividade antimicrobiana do extrato do bagago do pedinculo do caju (Anacardium occidentale
L.). O extrato do bagasse do caju foi preparado e sua concentragao inibitoéria minima (CIM), concentragdo bactericida minima
(CBM) e seu efeito sobre a formagao de biofilme foram determinadas sobre a estirpe Streptococcus mutans AU 159. O extrato
do bagaco apresentou CIM a uma concentrag@o de 500 pg/mL e CBM a 1000 pg/mL contra S. mutans. A 250 pg/mL, o extrato
reduziu significantemente a formagao de biofilme de S. mutans, possivelmente associado ao seu efeito sobre células planctonicas.
Os resultados desse estudo mostraram que o residuo do pedunculo do caju tem potencial biomédico como agente antimicrobiano

contra um importante patdgeno responsavel pela formagao de biofilme e subsequentemente carie dental.
Palavras-chave: Anacardium occidentale, biofilme, extrato, pedunculo, residuo, Streptococcus mutans.

INTRODUCTION

The cashew tree (Anacardium occidentale L.) occupies
an important position among tropical fruit trees, with a
growing market for its main products, including the nut
and the peduncle, also known as the cashew “apple”
(Leitdo et al. 2013). According to De Abreu et al. (2013),
in Brazil the average annual production of cashew is 260
000 tons, which corresponds to a production of over 2
million tons of cashew peduncle. The peduncle is pro-
cessed and used for the production of drinks, sweets,
jams, nectar, flour, fermented products and animal feed,
but less than 6% of the peduncle produced is presently
used (Moura 1998, Paiva & Barros 2004, De Abreu et
al. 2013). The complex chemical composition of the
peduncle includes proteins, sugars, tannins, flavonoids,
ascorbic acid, phosphorous, calcium, iron, and vitamins
A and C (FAO 1986, Rodriguez-Amaya et al. 2009,
Queiroz et al. 2011). Its juice has been used to produce
a film with healing, analgesic and anti-inflammatory
properties (Silva 2002). Moreover, peduncle bagasse ash

has shown antifungal properties against important species
of the genus Fusarium, as a result of the large amounts
of KHCO, produced (Karabulut et al. 2006, Diliopoulos
et al. 2010, Santos et al. 2011).

Cashew peduncle bagasse, a by-product of the juice
extraction process, comprises approximately 20% of
the total weight of the peduncle (AGRIANUAL 2000,
da Costa et al. 2009). It is one of the largest sources of
residues (90-94%) produced by the cashew industry,
and is presently used only as a nutritional supplement in
animal feed (Santos et al. 2007, da Costa et al. 2009).
This limited use is a result of its rapid degradation, which
makes it impossible to store.

Organic-solvent extracts from aerial parts, bark, flow-
ers, fruits, heartwood, leaves, twigs and roots from plants
have been investigated for their ethnopharmacological
use (Paiva ef al. 2010). Cashew extracts have been
reported to possess several pharmacological properties,
including anti-inflammatory, antioxidant, antitumor,
and antimicrobial against pathogenic microorganisms
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(Broinizi et al. 2007, Carvalho et al. 2011, Pereira et al.
2011, Onasanwo et al. 2012, Gongalves & Gobbo 2012).
Pathogenic bacteria rarely exist in the form of pure plank-
tonic cultures (Santos et al. 2008); instead, they adhere
to surfaces, and thus persist within a highly complex
ecosystem comprised of a structured biofilm established
inside the host. Bacteria in a biofilm are more resistant
to the action of antibacterial agents (Cataldi ez al. 2013).
Dental plaque is a type of biofilm that develops on the
surfaces of teeth and is a precursor to tooth decay. Oral
biofilm consists of multiple species of bacteria that take
part in the complex ecosystems of the oral cavity. One
such species is Streptococcus mutans, a gram-positive
bacterium that is the primary causative agent of dental
caries (Takahashi & Nyvad 2011, Bedran et al. 2013).
Several products originating directly from plants, such as
those in the form of extracts and infusions, have shown
activity against microorganisms related to dental caries
(Naidoo et al. 2012). Other studies report that stem bark
and leaves of cashew show antibacterial activity against
many biofilm-forming oral bacteria (Kudi et al. 1999, da
Silva et al. 2007, Aratjo et al. 2009).

This study evaluated the antimicrobial activity of
cashew peduncle bagasse extract against planktonic
cultures and biofilm formation by Streptococcus mutans.

MATERIALS AND METHODS
Production of extract

Samples of red cashew peduncles were obtained from
plantations in the State of Ceara, Brazil during Septem-
ber and October 2008. After the nut was extracted, the
peduncles were pressed to remove the juice, producing
the cashew bagasse. The bagasse was then dried in an
oven at 36 °C for 48 h and ground in an analytical mill.
For production of the extract, the bagasse powder was
added to a 70% ethanol solution, stirred for 30 min, and
stored at room temperature for 7 days. The solution was
filtered and subjected to rotary evaporation in a water
bath at 60 °C for 48 h. The extract was lyophilized for 24
h to form a powder that was reconstituted in 0.9% NaCl
at 2000 pg/mL and stored for later use.

Microorganism and culture conditions

The bacterial strain Streptococcus mutans UA 159 used
in this study was obtained from the Instituto Oswaldo
Cruz (FIOCRUZ) collection. The strain was kept in
BHI (Brain Heart Infusion; Difco) and 20% glycerol at
—80 °C. For the experimental procedures, 100 pL of the
medium containing bacteria was inoculated into 10 mL
of fresh BHI broth and incubated for 18 h at 37 °C in
10% CO,. After initial activation, the culture was renewed
using 100 pL of inoculum in 10 mL of sterile BHI broth
and grown under the same conditions as described above.

Antimicrobial assays

The effects of the extract on bacterial growth (plank-

tonic culture) were determined using the broth microdilu-
tion method in 96-well polystyrene plates, according to
the procedure outlined by the guidelines of the National
Committee for Clinical Laboratory Standards (NCCLS
2003). After cell growth, the culture was centrifuged at
1500 g for 20 min at 4 °C, washed twice with 0.9% NaCl
and then adjusted to a concentration of 108-10° cells/
mL in BHI broth. The extract solutions were prepared
by 2-fold serial dilutions in 0.9% NaCl, with final con-
centrations of 7.8, 15.6, 31.25, 62.5, 125, 250, 500 and
1000 w/mL. The assay in polystyrene plates was carried
out by the addition of 100 puL of bacteria (103-10° cells/
mL) in BHI broth to each well and 100 pL of the extract
solution at each concentration. The negative control used
was 0.9% NaCl, which represents the normal growth of
bacteria using the same procedure as for the bacteria/
extract. Chlorhexidine (0.12%) was used as a positive
control. The optical density at 640 nm of the contents
of each well was recorded using an automated Elisa
Reader (Synergy™ HT Multi-Mode Microplate Reader,
Bio-Tek Instruments, Winooski, VT, USA) to measure
microbial growth. When the plates were ready, an initial
measurement was carried out to establish a baseline.
Measurements were made after 24 h of incubation at 37
°C in 10% CO,. The minimum inhibitory concentration
(MIC) was determined as the lowest concentration of
extract that prevented visible growth of the microorgan-
ism. The minimal bactericidal concentration (MBC) was
evaluated as described by Sa ef al. (2012). To determine
the MBC, 50 pL of bacterial suspension from the wells
corresponding to each concentration tested was inocu-
lated in 5 mL of sterile BHI broth medium and incubated
for 24 h at 37 °C in 10% CO,. MBC was considered the
lowest concentration that completely inhibited bacterial
growth in the medium.

Effect of peduncle bagasse extract on biofilm
formation

The methodology used to monitor biofilm growth
was based on the microtiter plate test developed by Ste-
panovic et al. (2000) with some modifications. Briefly,
sterile 96-well flat-bottom polypropylene tissue-culture
plates were prepared using a procedure similar to that
used to assay the effects on bacterial growth, with the
same initial concentration of cells. Biofilms were de-
veloped in microtiter plate wells containing BHI broth
supplemented with 1% sucrose at 37 °C in 10% CO, for
24 h. Biofilm growth was tested in the presence of extract,
at the final concentrations of 15.6, 31.25, 62.5, 125, 250
and 500 p/mL, 0.9% NaCl, or 0.12% chlorhexidine for
24 h. Following incubation, the contents of each well
was removed and the biofilms were washed twice with
200 pL/well of sterilized water to remove weakly adher-
ent cells. These cells were preserved for later analysis.
The attached biofilm mass was quantified using crystal
violet staining (Burton et al. 2007). Briefly, the plates
containing the biofilms were dried in air for 30 min, and
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200 pL of absolute methanol was transferred to each
well to fix the adherent cells. After 15 min, the methanol
was removed, and 200 pL of 1% crystal violet (Gram
color-staining set for microscopy; Merck, Darmstadt,
Germany) per well was added. After 5 min, the washing
process was repeated with sterile water, and the plates
were allowed to stand at room temperature for 1 h. To
solubilize the dye bound to biofilms, 200 pL of 33% (v/v)
glacial acetic acid (Merck) was added to each well, and
the plates were agitated for 15 min. The resulting solu-
tions were transferred to a new sterile 96-well plate, and
the optical densities at 570 nm for the contents of each
well were recorded using an automated Elisa Reader
(Synergy HT Multidetection Microplate Reader, Bio-Tek
Instruments).

Statistical analysis

The results from nine repetitions (n =9) of at least three
separate experiments were obtained. Quantitative data
are expressed as the means =+ standard deviation (SD).
A Mann-Whitney non-parametric test was performed to
determine the significant differences between the groups
(Triola 2008). The significance level used was 0.01 (P
< 0.01). All statistical analyses were performed using
OriginPro 8.5 software (OriginLab Corporation, North-
hampton, MA, USA).

RESULTS AND DISCUSSION

As shown in figure 1, peduncle bagasse extract was
able to inhibit the planktonic growth of S. mutans, with
a MIC value of 500 pg/mL; and at a concentration of
250 pg/mL the extract reduced planktonic growth by
approximately 96% relative to the absorbance of the
negative control (NaCl). The chlorhexidine solution
(positive control), a powerful antimicrobial agent used
in dentistry, inhibited bacterial growth compared to the
negative control. At 1000 pg/mL, the extract killed all
the bacteria (MBC).
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Figure 1. The antibacterial activity of peduncle bagasse extract
against Streptococcus mutans UA159. (+) P<0.01 compared to nega-
tive control (NaCl).

Figure 2 shows the effects of the peduncle bagasse
extract on biofilm growth. At 500 and 250 pg/mL, the
extract reduced the biofilm formation. As expected,
chlorhexidine inhibited the biofilm formation compared
to the negative control. Extract solutions with concen-
trations equal to or greater than 250 pg/mL inhibited
biofilm growth. At these concentrations, the extract
solution reduced the biofilm formation approximately
96% compared to the absorbance of the negative control.

The causal factors that underlie the antimicrobial
effect of peduncle bagasse extract require additional
investigation. To accomplish this, it is necessary to
study the chemical and phase composition. According
to Andrade (2013), cashew peduncle bagasse extract
contains several bioactive phytochemicals, including the
major compounds carotenoids, ascorbic acid, flavonoids
and tannins. One or more of these compounds, acting
together or separately, may be responsible for the high
efficacy of this extract against the growth of bacteria
and biofilm formation. Several studies have described
antimicrobial activity of extracts from different parts
of A. occidentale, including the bark, leaves, nuts and
peduncle (Arekemase et al. 2011, Lasca & Gongalves
2012, Gongalves & Gobbo 2012). Lasca and Gongalves
(2012) showed that the ethanolic extract of the peduncle
inhibits the growth of Staphylococcus aureus, Staphy-
lococcus epidermidis, Pseudomonas aeruginosa and
Candida albicans, and suggested that this antibacterial
activity of the extract is due to the presence of tannins.
Green et al. (2008) observed that anacardic acids ex-
tracted from peduncle juice exhibit antimicrobial activ-
ity against S. mutans at a concentration of 800 pg/mL.
Considering the diversity of constituents present in the
cashew-peduncle extract, the antibacterial activity of the
extract against S. mutans may be due to the presence of
phenolic compounds such as tannins, flavonoids or oth-
ers. The mechanisms responsible for the antimicrobial
activity of phenolic compounds present in plant extracts
are not fully understood; however, several studies have

Mean optical density (0.D5;y )
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Figure 2. The effect of peduncle bagasse extract on the biofilm for-

mation of Streptococcus mutans UA159. (+) P<0.01 compared to
negative control (NaCl).
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suggested that these compounds may inactivate important
enzymes and damage the cytoplasmic membrane (Paiva
et al. 2010, Cushnie & Lamb 2011, Nitiema ef al. 2012,
Alves et al. 2013).

The oral cavity contains several microenvironments
that can be colonized by bacteria and consequently sup-
port the formation of biofilm. Biofilms are involved in the
etiology of the most common diseases of the oral cavity,
such as dental caries and periodontal disease (Martins
et al. 2012). Streptococcus mutans is commonly found
in the human oral cavity and contributes significantly to
tooth decay (Biswas et al. 2010). In the present study, an
extract from cashew peduncle bagasse showed bacterio-
static and bactericidal activity on S. mutans, and inhibited
biofilm formation. Probably, the reduction of the biofilm
formation by the extract from cashew peduncle occurs
due to its bacteriostatic and bactericidal activity. These
findings are consistent with those of Aratjo et al. (2009),
who demonstrated that the hydroalcoholic extract of stem
bark from A. occidentale showed bactericidal activity
against important biofilm-forming bacteria, including
S. mutans. Thus, the antimicrobial properties of the
peduncle bagasse extract show potential for its use in
oral health, supporting the antimicrobial activity of oral
antiseptics.

The bagasse from cashew peduncle is an industrial
residue remaining after juice extraction, and its use is
rather limited (Broinizi et al. 2007). The industrial resi-
dues cause potential environmental problems, resulting in
losses of raw materials and energy, and hence requiring
significant investments in treatments to control pollution
(Pelizer et al. 2007, Marques 2013). On the other hand,
studies have shown the presence of bioactive compounds
in different types of agro-industrial residues, with po-
tentially valuable applications in industry (Martin et
al. 2012). Moreover, residues of fruits can be used as a
source of raw material to identify antimicrobial agents.
Studies have found bioactive compounds with antimi-
crobial activity in the bagasse of grapes (Adamez et al.
2012), pomegranate peels (Al-Zoreky 2009) and lemon
rinds (Mahmud et al. 2009). Thus, one alternative use for
cashew peduncle bagasse might be as an antimicrobial
agent in the prevention and control of caries.

In this study, bagasse from the peduncle of cashew
(Anacardium occidentale L.), a residue of the Brazil-
ian cashew agribusiness, showed antibacterial activity
against Streptococcus mutans. These results suggest that
peduncle bagasse extract has a potential use as a prophy-
laxis for dental caries; however, toxicological studies
will need to be performed to validate its applicability
in this regard.
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