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ABSTRACT

The aim of this study is to verify the action of the aqueous leaf extract Ziziphus joazeiro in the eradication of
bacterial and fungal biofilms, and to compare these effects with the stem bark extracts, as well as with con-
ventional standard drugs. The presence of secondary metabolites was observed through phytochemical pro-
spection assays. The effect of the aqueous extract on microbial biofilm formation was observed by OD600 nm
absorbance and the crystal violet assay. For bacterial and fungal biofilms, chlorhexidine gluconate and fluco-
nazole, respectively, were used as positive controls. Phytochemical characterization showed the presence of
secondary metabolite classes common to both extracts such as flavonoids, steroids and saponins. In particular, in
the aqueous leaf extract phenols, condensed tannins and alkaloids were observed. Eradication results using the
aqueous leaf extract showed an inhibition of the microbial biofilm mass, moreover the biofilms were more
sensitive to the bark extract, which presented a greater inhibition number and an action similar to standard
drugs. It is important to highlight the leaf extract showed significant eradication at the lowest concentrations for
mature yeast biofilms, thus demonstrating its potential to modify microbial resistance susceptibility. Bacterial
and fungal biofilm eradication results using the Ziziphus joazeiro aqueous extracts presented a biofilm inhibition
effect for both, moreover the results support the ethnopharmacological knowledge surrounding the use of
Ziziphus joazeiro stems in the community. In comparison, the bark extract presented a more effective treatment
than the leaf extract against biofilms, presenting inhibition levels similar to the used standard drugs.

1. Introduction

Biofilm development is a serious healthcare concern given persis-
tent infections, comprising roughly 80% or more of microbial infectious

Biofilms are microbial ecosystem complexes characterized by one or
more microbial cell community, covered by an extracellular polymeric
structure which adheres to a biotic and/or abiotic subtract [1,2].

This complex represents one of the main microbial resistance me-
chanisms, due to evolutionary advantages this confers to it, especially
protection against extreme conditions, such as lack of nutrients, pH and
temperature changes, free radicals and ultraviolet radiation, in addition
to the action of antibiotics and even the action of the host's immune
system [3].

cases [4,5].

Bacterial infections caused by biofilm proliferation such as chronic,
nosocomial and medical device associated infections, have an increased
resistance to conventional antibiotics when compared to isolated infec-
tions [6]. Among the bacterial resistance mechanisms, biofilms induce
physiological changes in response to scarcity, stimulate efflux pump ex-
pression, participate in quorum sensing and provides an environment for
genetic interaction and transfer, thus contributing to the dissemination of
tolerance mechanisms against various drugs of clinical interest [7].
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Infections caused by the Candida genus represent the fourth greatest
cause of infections associated with healthcare [8]. Candida spp. pa-
thogenicity is directly linked to its virulence factors, such as di-
morphism, extracellular enzyme production, their ability to adhere to
surfaces and their ease in forming biofilms. Biofilm formation is the
main clinical repercussion, especially due to the increased resistance of
certain species to antifungal therapy [9,10].

Therefore, biofilms represent a source of infection and are asso-
ciated with a growing mortality index when compared to the same
species isolate which does not form a biofilm [11].

In this context, the implementation of natural products with a
therapeutic focus, which are already used by the population, occurs due
to the high antimicrobial resistance incidence. Plant extracts are being
increasingly studied and considered as possible sources of new com-
pounds with antimicrobial activity [12].

According to ethnobiological studies, Ziziphus joazeiro Mart. is an
endemic plant from the Caatinga, commonly used as an oral antiseptic
[13], antimycotic [14], expectorant, as well as in the treatment of
bronchitis and gastric ulcers [15].

Ziziphus joazeiro Mart. is commonly used by the population in oral
hygiene and gingivitis treatment. Plant parts, especially the bark and
stem bark, are triturated and used for tooth brushing. From con-
servative point of view, the incorrect practice of stem removal may lead
to girdling, a process of total or partial removal of the bark in the cir-
cumference of the plant, which impedes nutrient and water flow, re-
sulting in tissue dehydration, in addition to leaving the plant exposed to
pest and microorganismal attacks causing plant death [16]. In turn, the
leaves are used for the manufacture of anti-dandruff shampoo and ca-
pillary tonic, as well as for washing utensils [17,18].

Buccal cavities possess a vast and diverse microbial flora, composed
by bacteria and fungi, with Streptococcus mutans, Staphylococcus epi-
dermidis and yeasts such as Candida spp. being commonly found. These
coexist, interact and grow in biofilms, which can range from a simple
dental plaque to other oral diseases, such as periodontal disease, en-
dodontic infections, angular cheilitis and prosthetic stomatitis [19].

Ziziphus joazeiro bark and leaves have in their phytochemical con-
stitution, saponins, which in aqueous solutions form persistent and
abundant foam, this being responsible for the property that makes the
Ziziphus joazeiro stem bark be used by the population for dental
brushing [18].

Due to the Ziziphus joazeiro traditional medicine application and the
continuous removal of its stem bark by the population, it is necessary to
validate the use of another Z. joazeiro part in order to minimize stem
bark usage. Therefore, the aim of this study is to verify the action of the
aqueous leaf extract against microbial resistance in the eradication of
bacterial and fungal biofilms, and to compare this with the aqueous
stem bark extract and chlorhexidine gluconate effects, a chemical al-
ready used in oral hygiene, as well as fluconazole.

2. Materials and methods
2.1. Collection area and plant material

Ziziphus joareizo Mart. leaves and stem barks were collected from
Sitio Ipueiras, located in the rural area of the Brejo Santo municipality,
South of Ceara, Brazil, at the foot of the Chapada do Araripe, with
geographic coordinates 07°28’54.4”S/39°01°47.2”W. Collections took
place in February 2017. A species sample was deposited in the Dardano
de Andrade Lima Herbarium of the Regional University of Cariri —
URCA under n°13.346 and identified as Ziziphus joazeiro Mart.
(Rhamnaceae).

2.2. Extract preparation

Z. joazeiro leaf and stem bark aqueous extracts (EAFZJ and EACCZJ)
were produced by cold extraction maceration [20]. Fresh leaves were
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cut and the stem barks were dried at room temperature and crushed in a
mechanical mill. Posteriorly, both were added to distilled sterile water,
packaged in a container protected from light and air, and after 72 h, the
extracts were filtered, frozen and taken to a lyophilizer (—60 °C).

2.3. Qualitative chemical prospection

Chemical assays qualitatively analysed the presence of secondary
metabolites. The method based on Matos [21] evaluated the presence of
phenols, tannins, flavonoids, alkaloids, steroids. To verify steroids and/
or triterpenoids, the Liebermann — Burchard test was performed using
an adapted method from Campbell and Shawn [22].

2.4. Biofilm production evaluation and bacterial strain eradication

2.4.1. Used strains

Six bacterial lineages were used: Streptococcus mutans INCQS 00446
(ATCC 25175), Enterococcus faecalis INCQS 00018 (ATCC 14506) and
Staphylococcus epidermidis INCQS 00016 (ATCC 12228), obtained from
the Microorganism Collection Reference in Sanitary Surveillance
(CMRVS), Oswaldo Cruz Foundation - FIOCRUZ - INCQS, Rio de
Janeiro, RJ; Staphylococcus aureus ATCC 25923, Pseudomonas aeruginosa
ATCC 9027 and Escherichia coli ATCC 259223, obtained from the
Mycology Laboratory of the Federal University of Paraiba (UFPB). To
perform the assays, each sample was subcultured in a BHI agar en-
vironment and incubated at 37 °C for 24 h, after which a small amount
of cells were removed and diluted in 0.9% NaCl and adjusted in a
spectrophotometer (600nm) to a concentration of 5 x 10° CFU/mL
(5 x 10* CFU/uL well).

2.4.2. Solution preparations for biofilm assays

Product solutions were prepared through a 20 mg and 2 mg dilution
for each extract, with concentrations ranging from 2 mg/mL to 0.2 mg/
mL. 0,12% Chlorhexidine gluconate (Kley) was used as the standard
reference antibiofilm.

2.4.3. Biofilm formation induction

Induction was performed according to the methodology by Trentin
et al. [23] with some modifications. For biofilm production, 96-well
microdilution plates were used. 20 uL of 0.85% NaCl, 20 uL of the
bacterial inoculum and 160 pL of the brain-heart infusion (BHI) broth
medium were added to each well and were incubated for 24 h at 37 °C.
After incubation, the contents were removed and the dishes were wa-
shed three times with sterile 0.85% saline with the biofilms being fixed
by incubating at 55 °C for 1h.

2.4.4. Biofilm formation evaluation

Biofilm formation using isolates were evaluated by the Violet
Crystal method described by Stepanovic et al. [24] in different culture
medium and formation surfaces using microtiter plates. Through op-
tical density (OD) readings, average absorbance values were de-
termined for each sample (ODa), compared to the absorbance of the
sterility control (ODc). Samples were classified as strongly (4x ODc
< ODa), moderately (2x ODc < ODa < 4x ODc) and weakly (ODc
< ODa < 2x ODc) biofilm forming agents. Isolates presenting absor-
bance values equal to or lower than the control were classified as non-
biofilm producers.

2.4.5. Biofilm treatment

After biofilm preparation, 20 pL of the different extract concentra-
tions and of chlorhexidine gluconate were added to the microtiter plate
with 20 pL of the bacteria and 160 pL of the brain-heart infusion broth
(BHI) growing media. The plate was incubated for 24 h at 37 °C, where
the contents were removed after incubation and the plate was washed
three times with 0.85% saline solution, incubated at 55 °C for 1 h, and
colored with 0.4% CV for 15 min. This was subsequently washed three
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times with saline solution and eluted in ethanol (100%). The reading
was performed with an absorbance of 570 nm.

2.4.6. Statistical analysis

Statistical analysis were performed using the software Graphpad
Prism, v. 5.0. Data were analyzed using the arithmetic mean of the
absorbances obtained from each extract for each bacterium in up to 8
replicates. Data were subsequently analyzed using a one-way ANOVA
(P < 0.05; *P < 0.1; ****P < 0.0001), followed by Tukey’s post-hoc
test. Each variable was compared to the biofilm growth control and
chlorhexidine gluconate.

2.5. Biofilm production evaluation and Candida genus eradication

2.5.1. Used strains

Standard lineages were obtained from the Oswaldo Cruz Culture
Collection (FIOCRUZ) of the Brazilian Institute of Quality Control in
Health (INCQS). Candida albicans INCQS 40006, Candida tropicalis
INCQS 40042 and isolated strains were obtained from the Culture
collection of the Federal University of Pernambuco - URM (Recife
Mycology University) Candida albicans URM 4387, Candida tropicalis
URM 4262. The strains were inoculated in Sabouraud Dextrose Agar
(SDA, KASVI) and incubated for 24 h at 37 °C. An initial suspension was
subsequently prepared in 5mL of sterile saline solution (NaCl, 0.85%
saline) and its density was adjusted according to the 0.5 MacFarland
scale with 90% transmittance determined by spectrophotometry, using
a wavelength of 530 nm. This provides a standard yeast concentration
containing from 1 X 10° to 5 x 10° cells per mL.

2.5.2. Preparation of solutions for biofilm assays

Products solutions were prepared through dilution of 0.15 g of each
extract followed by further dilution in 1mL of dimethyl sulfoxide
(DMSO, Merck, Darmstadt, Germany). The tested concentrations varied
from 16.384 pug/mL to 128 ug/mL. Fluconazole (Pfizer) was used as
reference antifungal drug with concentrations varying from 64 ug/mL
to 0.5 pug/mL.

2.5.3. Qualitative evaluation of Candida spp. biofilm development

Qualitative evaluation of biofilm formation capacity was performed
using the visual method adapted from Shin et al. [25]. After seeding the
isolates in Sabouraud agar medium and preparing the suspensions as
described above, 20 pL were inoculated into 180 pL of liquid Sabouraud
contained in the microplate wells, which were maintained at 35 °C for
24 h and 48 h without shaking. The contents were then aspirated and
the wells were washed with distilled sterile water and a Fuchsin dye
(QEEL-Specialized Chemistry Erich Ltda.) was added to perform the
evaluation according to the intensity of the staining. Staining was
evaluated visually and classified as follows: 1) Strongly stained: when
the biofilm was intensely stained allowing the correct determination of
the contour of the areas containing the biofilm; 2) Average staining:
when the biofilm was stained more weakly but still allowed the de-
termination of the contour of the areas containing the biofilm; 3) Poor
staining: when the biofilm was not stained making it impossible to
distinguish the color of the plate and the characteristic colour of the
stain. The interpretation represented a strong, moderate and weak
biofilm formation activity, respectively.

2.5.4. Biofilm formation induction

96-well microdilution plates were used for biofilm production
where, 20 uL of the suspensions were transferred to microplate wells
containing 180 uL. of YPD (Yeast extract-Peptone-Dextrose). The plates
were incubated at 37 °C for 48 h. Following the incubation time, the
wells were carefully aspirated and washed twice with 200 puL of PBS
buffer.

The prewashed wells were stained with 110 uL of 0.4% aqueous
violet crystal solution for 45 min. Thereafter, they were washed three
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times with 200 pL of ultrapure sterile water (Milli-Q) and the biofilm
was discoloured using 200 puL ethanol for 45 min. At the end, 100 uL
from each well were transferred to a new microplate and biofilm for-
mation was evaluated using the optical density difference between the
biofilm formed and the control well, by reading the absorbance in a
spectrophotometer adjusted with a wavelength of 595 nm. Each strain
was tested three times and the absorbance values of the control well
were subtracted from the tested wells to minimize interference [26].

2.5.5. Biofilm treatment

Biofilms were formed onto microdilution plates, as aforementioned.
After a 48 h period, wells with biofilms were filled with 200 pL of the
eight Ziziphus joazeiro (EAFZJ and EACCZJ) aqueous extracts and
Fluconazole serial dilutions. The extracts and standard drug were di-
luted in RPMI 1640 to achieve each concentration. Untreated biofilm
wells and biofilm free wells were included as positive and negative
controls respectively. The microdilution plates were incubated for 24 h
and 48h at 35°C. After each period, the biofilm was quantified as
previously described [27].

2.5.6. Statistical analysis

For statistical analysis, the Graphpad Prism v. 5.0. software was
used. Data were analyzed using the arithmetical mean from triplicates
for each tested concentration and posteriorly analysed using a two-way
ANOVA (P < 0.05; *P < 0.1; ****P < 0.0001), comparing values for
each extract concentration, point by point, using Bonferroni’s post-hoc
test. A general behaviour comparison for each substance against the
tested strains was inferred through the already cited analysis.

3. Results

Aqueous extract production from the stem and leaves presented a
yield of 9.51% and 8.54%, respectively.

EAFZJ and EACCZJ phytochemical characterization saw the pre-
sence of secondary metabolite classes common to both extracts such as
flavonoids (leucoanthocyanidins, flavones, flavonols, flavononols, fla-
vonones, xanthones, catechins), steroids and saponins. In particular,
phenols, condensed tannins and alkaloids were observed in the EAFZJ.

Table 1 and Fig. 1 show the biofilm formation capacity of the tested
bacterial strains, including Escherichia coli which presented minimal
biofilm formation, being eliminated during treatment assays.

In the Streptococcus mutans biofilm eradication (Fig. 2), the extracts
presented a lower biofilm growth percentage than the growth control at
all concentrations used. Treatment with EAFZJ and EACCZJ at a con-
centration of 0.2 mg/mL inhibited biofilm mass by 46.4% and 48.5%,
respectively, presenting a similar action than chlorhexidine gluconate,
with an inhibition of 46.8%.

The 0.2mg/mL EAFZJ concentration was the only one which pre-
sented biomass reduction compared to the growth control against
Enterococcus faecalis (Fig. 3) biofilms; however, its inhibition was not
significant, when compared to chlorhexidine.

As for Staphylococcus biofilm treatment (Fig. 4), a significant in-
hibitory extract effect was observed against Staphylococcus epidermidis
biofilms, when compared to the growth control, with 0.2 mg/mL EAFZJ
and EACCZJ concentrations inhibiting biofilm mass by 40% and 36.5%,

Table 1
Evaluation of bacterial biofilm formation by optical density (570 nm).

Clinical isolates Biofilm formation

Streptococcus mutans INCQS 00446 (ATCC 25175) Moderate
Enterococcus faecalis INCQS 00018 (ATCC 14506) Moderate
Staphylococcus epidermidis INCQS 00016 (ATCC 12228) Strong
Pseudomonas aeruginosa ATCC 9027 Moderate
Escherichia coli ATCC 259223 weak

INCQS - Brazilian Institute of Quality Control in Health.
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respectively. However, these did not present a significant result when
compared to the standard reference drug, chlorhexidine gluconate,
which inhibited 74.5% of biofilm formation.

Results from the extracts’ influence on Pseudomonas aeruginosa
biofilm formation are shown in Fig. 5. All extract concentrations used in
the treatment presented significant results against the positive control,
with 2mg/mL EAFZJ and EACCZJ concentrations inhibiting biofilm

Chlorhexidine Gluconate
E.AF.Z.J. 2mg/mL
E.AF.Z.J. 0,2mg/mL
E.A.C.C.Z.J. 2mg/mL
E.A.C.C.Z.J. 0,2mg/mL

Chlorhexidine Gluconate
E.AF.ZJ. 2mg/mL
E.AF.Z.J. 0,2mg/mL
E.A.C.C.ZJ. 2mg/mL
E.A.C.C.Z.J. 0,2mg/mL

Chlorhexidine Gluconate
E.AF.ZJ. 2mg/mL
E.AF.ZJ. 0,2mg/mL
E.A.C.C.Z.J. 2mg/mL
E.A.C.C.ZJ. 0,2mg/mL
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Fig. 2. Eradication of Streptococcus mutans biofilm by aqueous
extracts of Ziziphus joazeiro, compared to 12% chlorhexidine
gluconate. On the columns are the statistical relevance of the
substance in relation: growth control/chlorhexidine gluconate.
p < 0.05;* (p > 0.01); **** (p < 0.0001); ns = not significant.
GC. Growth control. E.A.F.Z.J. Aqueous extract of the leaves of
Zigiphus joazeiro. E.A.C.C.Z.J. Aqueous extract of the bark of the
stems of Ziziphus joazeiro.

Fig. 3. Eradication of Enterococcus faecalis biofilm by aqueous
extracts of Ziziphus joazeiro, compared to 12% chlorhexidine
gluconate. On the columns are the statistical relevance of the
substance in relation: growth control / chlorhexidine gluconate.
p < 0.05;* (p > 0.01); **** (p < 0.0001); ns = not significant.
GC. Growth control. E.A.F.Z.J. Aqueous extract of the leaves of
Ziziphus joazeiro. E.A.C.C.Z.J. Aqueous extract of the bark of the
stems of Ziziphus joazeiro.

Fig. 4. Eradication of Staphylococcus epidermidis biofilm by aqu-
eous extracts of Ziziphus joazeiro, compared to 12% chlorhexidine
gluconate. On the columns are the statistical relevance of the
substance in relation: growth control / chlorhexidine gluconate.
p < 0.05;* (p > 0.01); **** (p < 0.0001); ns = not significant.
GC. Growth control. E.A.F.Z.J. Aqueous extract of the leaves of
Ziziphus joazeiro. E.A.C.C.Z.J. Aqueous extract of the bark of the
stems of Ziziphus joazeiro.

formation by 45.8% and 45.3%, and the 0.2 mg/mL concentrations
inhibition biofilm formation by 46.4% and 73%. EACCZJ biofilm mass
inhibition approached the inhibition of chlorhexidine gluconate, which
showed a reduction of 80%.

The EAFZJ eradication results demonstrate bacterial biofilm mass
inhibition, however, biofilms were more susceptible to the EACCZJ
extract, which presented higher inhibition numbers and an action
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Table 2

Evaluation of biofilm formation by violet crystal method.

Clinical isolates Biofilm formation

Candida albicans INCQS 40006 Strong
Candida albicans URM 4387 Moderate
Candida tropicalis INCQS 40042 Strong
Candida tropicalis URM 4262 Strong

INCQS - Brazilian Institute of Quality Control in Health.; URM - University
Recife Mycology.

similar to that of chlorhexidine gluconate against the tested strains.

The biofilm formation capacity of clinical Candida spp. isolates are
shown in Table 2, with the interpretation being performed taking into
account colour intensity.

Fig. 6 presents the biofilm induction results obtained based on op-
tical density values, with all yeast isolates being capable of forming
biofilms within 24 and 48h, with different intensities. C. tropicalis
isolates presented, when statistically compared to others, a higher ca-
pacity for biofilm production URM 4262 (2.494 nm) and INCQS 40042
(2.487 nm), followed by C. albicans INCQS 40006 (1.780 nm) and URM
4387 (1.873nm).

Treatment of biofilms formed by C. albicans (Fig. 7) isolates de-
monstrate significant inhibition (58.8%) by the EACZJ against the
INCQS 40006 strain, 24 h, at the lowest concentration, when compared
to the EAFZJ (14.6%). At 48h, inhibition using both EAFZJ con-
centrations is noticeable, with the effect at the highest concentration
standing out, obtaining an inhibition value of 94.4% (59.9% for the
EACZJ; 72.2% for fluconazole). For URM 4387 isolates, inhibition oc-
curs only in the 24 h biofilm formation assays, using a concentration of
128 ug/mlL; the EACZJ presented a percentage inhibition of 61.1%,
being statistically the best result when compared to the EAFZJ (8.7%)
and fluconazole (10.6%). At the 16.384 ug/mL concentration, an in-
version of the results was observed with the EAFZJ standing out against
the EACZJ, obtaining an 88.4% inhibition, a result similar to the
standard drug (99.1%).

Fig. 8 shows the C. tropicalis biofilm formation results for the INCQS
40042 strain, 24 h, with biofilm reduction occurring at the lowest and
highest EACZJ concentrations, inhibiting biofilm formation by 59.1%
and 74.4%, respectively. Thus presenting significant inhibition when
compared to EAFZJ (7.9% and 38.9%) and the conventional antifungal
(25.5% and 69.3%). In the 48 h assay, the lowest EAFZJ concentration
induced an inhibition of 75.5%, standing out from the EACZJ (35.1%)
and fluconazole (25.5%). Treatment with the URM 4262 isolate was
statistically relevant at 24 h with the 128 ug/mL concentration, where
the EACZJ reduced biofilm biomass by approximately 90.5%.

With the results in mind, the EAFZJ presented a greater biofilm
formation inhibition in the 48h assays, that is, in mature biofilms,
whereas the EACZF acted in intermediate biofilms formed within 24 h.
In addition, the EACZJ inhibitory actions over biofilms formed by

Chlorhexidine Gluconate
E.AF.Z.J. 2mg/mL
E.AF.Z.J. 0,2mg/mL
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Fig. 5. Eradication of Pseudomonas aeruginosa biofilm by aqueous
extracts of Ziziphus joazeiro, compared to 12% chlorhexidine
gluconate. On the columns are the statistical relevance of the
substance in relation: growth control/chlorhexidine gluconate.
p < 0.05;* (p > 0.01); **** (p < 0.0001); ns = not significant.
GC. Growth control. E.A.F.Z.J. Aqueous extract of the leaves of
Zigiphus joazeiro. E.A.C.C.Z.J. Aqueous extract of the bark of the
stems of Ziziphus joazeiro.

E.A.C.C.Z.J. 2mg/mL
E.A.C.C.ZJ. 0,2mg/mL

Candida isolates, occurred in greater numbers when compared to the
EAFZJ.

4. Discussion

Phytochemical analysis using Ziziphus joazeiro leaves, bark and stem
bark extracts report the presence of flavonoids, alkaloids, steroids,
tannins, saponins, carbohydrates and cellulose [28-31].

Several phenolic compounds such as flavonoids, tannins and sapo-
nins, present antimicrobial activity and act as fungal and bacterial
biofilm formation inhibitors and biomass inhibitors [32,33].

The probable secondary metabolite antimicrobial and antibiofilm
mechanisms of action are listed as cytoplasmic membrane trauma, ef-
fective inhibition of cell metabolism enzymes and microbial aggrega-
tion inhibition [34].

Bacterial biofilm formation capacity is determined by the parti-
culars of each species and by a variety of adhesion site factors [35].
Albano et al. [5] cite Staphylococcus epidermidis, Staphylococcus aureus
and Pseudomonas aeruginosa as species with a high proliferation capa-
city in medical devices and biofilm development, within clinically re-
levant biofilm formation bacterial strains.

Candida spp. biofilm formation is species-dependent, this meaning,
biofilm formation is conditioned to the species type and environmental
conditions, where Candida albicans and non-albicans strains create
biofilms in a similar way, though with well-defined characteristics [36].
Candida albicans and Candida tropicalis are the Candida’s species which
most form biofilms [37].

C. albicans isolates possess thicker and less compact biofilms, with
the presence of yeasts in basal parts and filamentous forms in superior
parts [10]. C. tropicalis biofilms are an agglomerate of cells and fila-
ments, with these differences contributing to the pathogenic potential
of each lineage [38].

The biofilm formation process in Candida spp. is separated into
three steps: an initial, intermediary and a mature phase. In the mature
phase, specifically within 48h, the entire biofilm is covered by the
polymeric extracellular matrix and displays a three-dimensional
growth, where all resistance mechanisms are established and active in
this phase [39].

With respect to biofilm inhibition, the results support the ethno-
pharmacological data highlighting the use of the Ziziphus joazeiro stem
barks by the community as toothpaste [17]. In contrast, studies carried
out with Ziziphus joazeiro aqueous bark extracts [40] and leaf essential
oils [41] were not active against bacterial and fungal biofilms.

Some studies cite the antimicrobial activity of Ziziphus joazeiro
[14-43], however, it is important to note that to reduce biofilm bio-
mass, inhibitory concentrations of up to ten times greater than the usual
concentrations needed to inhibit planktonic cells [44] are necessary.

In view of the bacterial biofilm eradication results, the 0.2 mg/mL
concentration presented the highest biofilm formation inhibition, when
compared to the 2mg/mL concentration, probably due to a higher
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nutrient subsidy present in the higher extract concentrations, such as
proteins and polysaccharides, which instead of reducing, contribute to
biofilm development and formation [3].

Among the extracts, the EACCZJ presented greater Streptococcus
mutans and Pseudomonas aeruginosa inhibition, inhibiting similarly or
superiorly, when compared to chlorhexidine gluconate. Chlorhexidine
is an antimicrobial agent with a broad spectrum against gram-positive
and gram-negative bacteria, yeast, dermatophytes and some viruses
[45].

Chlorhexidine gluconate is one of the most popular antiseptics used
in the prevention and inhibition of caries and gingivitis at concentra-
tions ranging between 0.12% and 2%. Its action against biofilms con-
sists of microbial lysis, due to cellular permeability modifications or
coagulation of bacterial cytoplasmic compounds, in addition to redu-
cing microbial adhesion to contact surfaces [46,47].

The significant EACCZ treatment results against some biofilm
strains may be associated with its chemical composition, especially
secondary metabolites, such as saponins. These have antimicrobial,
insecticide and molluscicide properties, in addition to interacting with
bacterial membrane lipids and consequently increasing cellular per-
meability through channel formation and/or membrane rupture
[42-48].

Microscopy and biochemical studies performed by Parai et al. [49]

mm FLUCONAZOLE (FCZ)
EAF.ZJ.
B EACC.ZJ.

indicate Staphylococcus aureus and Pseudomonas aeruginosa biofilm
eradication may be associated with the loss of extracellular polymer
substances present in the bacterial biofilm matrix and alterations in cell
membrane integrity of the bacterial strains by saponins. The action of
saponins in mature Candida albicans biofilm eradication is reported by
Sadowska et al., who highlight a cellular wall instability and reduced
yeast adherence during biofilm formation.

When comparing isolated yeast biofilm formation periods, almost
no biofilm biomass inhibition was noticed in the 48 h period with the
highest concentration (16.384 ug/mL). According to Gutierrez et al.
[50], a lower biomass reduction and/or biofilm increase when exposed
to an extract, is a specificity of yeast species, which produce marked
filamentation in an attempt to defend and enhance its virulence, to
overcome stress and death by the presence of these natural products.

The phytochemical extract composition is another factor, which
may contribute nutrients for extracellular matrix development, thus
guaranteeing greater biofilm resistance. The matrix from Candida spe-
cies consists mainly of carbohydrates, proteins, phosphate and hex-
osamines; the Ziziphus joazeiro aqueous extract possesses a considerable
amount of carbohydrates [18].

A study performed by Paula-Mattiello et al. [51], using C. para-
psilosis biofilms formed between 6, 12 and 24 h showed cell viability
loss when these were treated with ketoconazole, while biofilms from
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the same species were resistant to this antifungals after a 48 h period,
thus showing a greater structural complexity of the mature biofilm.

The treatment of mature biofilms by standard drugs and natural
substances are mostly ineffective, which is probably due to the com-
plexity and resistance of their structure, such as the extracellular ma-
trix, which acts as a barrier neutralizing substances and the presence of
resistant cells at high concentrations, the persister, which collaborate
with the resistance and insistence of fungal biofilm infections [52].

Thus, it is important to highlight the EAFZJ result, which showed a
significant inhibition against Candida biofilms formed within 48 h, this
reduction being relevant given it shows a change in mature biofilm
susceptibility and resistance. The phytochemical composition of the leaf
extract revealed the presence of condensed tannins which, in mature
Candida sp. biofilms, can interact with polysaccharides, inactivating
enzymes responsible for maintaining the extracellular matrix, thus re-
ducing biofilm mass and cell surface hydrophobicity [53].

5. Conclusion

Eradication of fungal and bacterial biofilms using the Ziziphus joa-
zeiro aqueous extracts indicate a biofilm inhibition effect for both fungi
and bacteria. Moreover, results support the ethnopharmacological
knowledge regarding Ziziphus joazeiro stem bark usage by community.
The EACCZJ presented more effective results against biofilms than the
EAFZJ, obtaining inhibition values similar to standard drugs.
Additionally, the EAFZJ presented significant eradication of mature
yeast biofilms, at the lowest concentrations, thus demonstrating its
potential in modifying microbial resistance susceptibility. Lastly, fur-
ther studies addressing the mechanisms of action of the aforementioned
extracts against biofilms are necessary.
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