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Abstract: Currently, microbial contamination is one of the major problems 
faced by the phytomedicine industry with respect to the quality of the raw 
materials. The objective of this study was to evaluate the effectiveness of a 
preservative system in a formulation with hydrogel containing hydroalcoholic 
extract of Schinus terebinthifolius Raddi, Anacardiaceae (“aroeira” or 
“Brazilian Peppertree”), through the challenge test. The extracts were prepared 
by maceration at a ratio of 1:10 plant/solvent in 40% alcohol. Gel samples 
were artificially contaminated with separate inocula of Aspergillus niger, 
Candida albicans, Escherichia coli, Staphylococcus aureus and Pseudomonas 
aeruginosa and the number of viable microorganisms determined in triplicate 
by the "pour plate" method for counting colonies at 0, 24 and 48h, 7, 14, 21 
and 28 days. The addition of the preservatives (methyl and propylparaben) in 
the “aroeira” gel proved to be effective against the studied species when the 
samples were evaluated using the challenge test. According to the criterion A of 
the European Pharmacopoeia, it was verified that the hydrogel product showed 
good conservation in a 28 days period. 
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Introduction

 The species Schinus terebinthifolius Raddi, 
Anacardiaceae, is popularly known as “aroeira” or 
“Brazilian Peppertree”. It is a plant frequently used in 
the treatment of skin and mucous membrane injuries and 
ulcers and in respiratory, digestive and genitourinary 
systems infections (Bacchi, 1986). 
 The bark of Schinus terebinthifolius is rich 
in tannins (Matos, 1994) which are related to various 
biological activities attributed to the “aroeira”: anti-
inflammatory, antibacterial, antifungal, anticarcinogenic 
and antimutagenic (Simões et al., 1999). The tannins 
and polyphenols, present in large amounts in this plant, 
are considered as chemical markers in the quality 
control of this species (Ministério da Saúde, 1994). 
 Leal et al. (1996) studied the antimicrobial 
activity of gelled forms of Schinus terebinthifolius used 
for vaginal treatments, showing their efficacy against 
S. aureus. Subsequent studies have confirmed this 
activity against Staphylococcus aureus, Pseudomonas 
aeruginosa, Escherichia coli, Candida albicans and 
Aspergilus niger in different gels (Amorim & Santos, 

2003 Melo Jr. et al., 2003; Arias et al., 2004). 
 Studies of Amorim & Santos, (2003) showed 
that the gel with S. terebinthifolius can be used for 
the treatment of bacterial vaginosis in non-pregnant 
women, showing an 84% cure rate. However, the 
presence of alkyl phenols in preparations based on 
“aroeira” materials can cause allergic reactions in the 
skin and mucous membranes, therefore the use of these 
products requires caution (Lorenzi & Matos, 2008). 
 Due to the evidences of efficacy against the 
viability of a variety of microorganisms, a hydrogel 
containing hydroalcoholic extract of S. terebinthifolius 
bark was prepared for topical use. Considering the 
antimicrobial activity reported for this plant species, a 
preservative action from this extract, when incorporated 
to a gel, could be equally expected, as it has been 
reported for other species (Nostro, 2002; Manou, 
1998). 
 However, there may be problems in the 
preservation of the product due to high water content 
present in the preparation. In addition, the contamination 
from the raw materials and the product handling steps 
can elevate the microbial load; however, these factors 
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can be minimized by using a suitable preservative 
system. The parabens are among the substances 
commonly used as preservatives. The inhibitory 
concentrations of propylparaben and methylparaben 
for P. aeruginosa ATCC 9027 and S. aureus ATCC 
6538 ranges around 4000 and 2000 µg/mL respectively 
(Handbook of excipients, 1994). 
	 Thus, the goal of this work was to evaluate 
through the challenge test, the efficacy of a preservative 
system consisting of methyl and propyl parabens in 
a hydrogel containing hydroalcoholic extract of S. 
terebinthifolius. 

Materials and Methods

Hydrogel 

	 The material object of this study consisted of a 
formulation of hydrogel containing hydroalcoholic extract 
of Schinus terebinthifolius Raddi, Anacardiaceae, as 
presented in Table 1. The G1 formulation did not contain the 
preservative system, while the G2 formulation contained 
the parabens. The G3 and G4 formulations did not contain 
the plant extract, but had the preservative system added to 
the first one and not to the last. 

Table 1. Gel formula containing the Schinus terebinthifolius 
Raddi, Anacardiaceae extract. 
Plurigel® 2%
Propilene glycol 5%
Propylparabenen 0,6%
Methylparaben 0,3%
Hydroalcoholic extract of S. terebinthifolius 16%
Purified water by Reverse Osmosis q.s.f. 100 mL

Adjusted pH to 6.0 with 5% NaOH solution

	 The Plurigel®, an acrylate derived polymer, was 
provided by the Galena, the propylene glycol by Donghwa 
Surveyors & Adjusters Corporation and the methyl and 
propyl paraben preservatives were obtained from Ueno 
Fine Chemicals Industry Ltd. 
	 The hydroalcoholic extract of Schinus 
terebinthifolius was obtained from bark previously dried 
in a circulating air oven (Fabbe), at 45 °C for five days 
and grinded in a hard tool steel blades mill (Marconi, 
model MA 048) through maceration in 40% alcohol in a 
ratio of 1:10 (w/v), plant:solvent for five days resulting 
in a concentration of 7% total tannins and 8.53% total 
polyphenols, from which values were determined by the 
spectrophotometer method validated by Vasconcelos 
(Vasconcelos, 2003).

Culture media

	 The culture media used (Himedia) were prepared 
from the dehydrated complex mixture and sterilized 
according to the manufacturer’s instructions. Soyabean 
casein agar was used for the bacteria inoculation and 
Sabouraud-dextrose agar for the fungi inoculation. 

Diluent 

	 Monobasic potassium phosphate buffer at pH 
7.2 with 1% of polysorbate 80 was used to neutralize the 
action of the parabens. This solution was sterilized through 
autoclaving at 121 °C for 15 min. 

Microorganisms 

	 The microorganisms used to assess the 
antimicrobial efficacy of the preservative system were: 
Staphylococcus aureus ATCC 6538, Pseudomonas 
aeruginosa ICQS 00230, Escherichia coli ATCC 8793, 
Candida albicans ICQS and Aspergillus niger ICQS 
40036 and were all kindly provided by the Instituto 
Oswaldo Cruz-RJ. Inoculum for the bacteria and yeast 
were obtained from strains of 24 to 48 h subcultures, 
incubated at a temperature of 35 °C. The inoculum for the 
filamentous fungus was obtained from the strain of a 7 to 
14 days subculture at room temperature. 

Preparation and standardization of the microorganisms’ 
suspensions

	 The bacteria were cultivated in soyabean casein 
slant agar at 30-35 °C for 24 h and the fungi in Sabouraud-
dextrose agar at 20-25 °C for 48 h for the yeast and seven 
days for the mold. The cell mass was collected in 9 mL 
of sterile saline solution and the resulting suspension 
submitted to viable cell counts (CFU/mL) by the pour 
plate method stab culture seeding method (United States 
Pharmacopoeia, 2006). 
	 The standardized microorganism suspensions 
were transferred to Petri dishes (1 mL) along with the same 
volume of the 1:10 dilution of “aroeira” gel samples and 
placebo with and without preservative in phosphate buffer 
containing the neutralizer. The aliquots were homogenized 
with 15-20 mL of culture media and cooled down at 45 
°C afterwards. The assays for the bacteria and fungi were 
incubated at 35 °C for 48 h, and at 25 °C for five days 
respectively. The controls for testing if polysorbate 80, 
used as a neutralizer of the preservatives, did not interfere 
in the inhibitory effect of the test article were set in parallel. 
(United States Pharmacopoeia, 2006). 

Challenge test

 	 Gel samples containing extract of S. 
terebinthifolius without preservatives (G1) and with the 
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the product based on the “aroeira” extract containing the 
preservatives presented good conservation towards C. 
albicans, and that the same result with the placebo was 
not observed, suggests that synergism might have occurred 
between the extract compounds and the preservatives. 
Synergic actions from phenolic compounds present in 
the lichen Heteroderma leucomela (L.) Poelt displaying 

mixture of parabens (G2), plus placebo, i.e. gel without the 
extract but with the preservatives (G3) and placebo without 
preservatives (G4) were submitted to the challenge test. 
 Batches of 50 g of each sample, packed in 
sterile polyethylene tubes, were inoculated separately 
with the microorganisms. The volume of the inoculum 
was differentiated in order to provide a fi nal suspension 
concentration in the product of 106 CFU/g. 
 All tubes were homogenized manually for 1 
min immediately after the inoculation and the obtained 
suspension was submitted to serial dilution and plated for 
viability count (CFU/g) using the pour plate method. The 
determination of the number of viable microorganisms 
was made immediately after the inoculation and after 24 
and 48 h, 7, 14, 21 and 28 incubation days (European 
Pharmacopoeia, 2002). 

Results and Discussion 

 The assays to prove the inactivation of the 
preservative systems demonstrated the effi cacy of the 
neutralizing agents, since there was no inhibition of 
microbial growth in any of the groups tested. 
 Table 2 presents the counts for viable 
microorganisms during the challenge test, and the 
logarithms are shown in Figures 1 to 3. 
 The antimicrobial effectiveness in each sample 
was evaluated by the criterion A of interpretation of the 
European Pharmacopoeia (2002), which advocates a 
reduction of two logarithmic cycles in two days, three 
logarithmic cycles in seven days, no changes in fourteen 
days and remaining without changes until the 28th testing 
day for bacteria. As for the fungi this same Pharmacopoeia 
reports a decrease of two logarithmic cycles in fourteen 
days and no increase in 28 days. 
 According to this criterion, it can be concluded 
that the preservative system used in this study shows 
satisfactory effi cacy towards the tested microorganisms. 
When considering the product in study, the “aroeira” gel 
added with preservative (G2), the analysis of the results for 
the bacteria showed a reduction of two logarithmic cycles 
in 48 h and remaining unchanged until the 28th testing day. 
A reduction of three logarithmic cycles in fourteen days 
was observed for the fungus and of fi ve logarithmic cycles 
for the yeast, with the outcomes remaining unchanged for 
both until the 28th testing day (Figure 1). 
 On the other hand, the evaluation of the placebo 
containing the preservative system (G3), showed a 
reduction of two logarithmic cycles for A. niger in 48 h 
and no increase up to the 28th day, however there was 
no reduction for C. albicans in this same period and the 
reduction for the yeasts occurred only in seven days. As 
for the bacteria, this hydrogel based product proved to be 
well conserved, since there was no evidence of bacterial 
growth throughout the test period (Figure 2). The fact that 

Figure 1. Deadly curve profi le log CFU/g x day for the aroeira 
gel with preservation system (formulation G2).

Figure 2. Deadly curve profi le log CFU/g x day for the placebo 
with preservation system (formulation G3).

Figure 3. Deadly curve profi le log CFU/g x day for the aroeira 
gel without preservation system (formulation G1).
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Table 2. Number of viable (CFU/g) of P. aeruginosa, E. coli, S. aureus, C. albicans and A. niger in the effictiveness of preservatives 
test.

Time
Gel Microorganisms Inoculum 0 h 24 h 48 h 7 days 14 days 21 days 28 days
G1 A. niger 9.1x104 9x103 9x103 9x103 9x103 9x103 9x103 9x103

C. albicans 7.2x109 7x108 7x108 7x108 7x106 7x106 7x106 7x106

E. coli 9x107 9x106 9x104 9x104 9x104 9x104 9x104 9x104

P. aeruginosa 6x109 6x104 6x104 6x104 6x104 6x104 6x104 6x104

S. aureus 1.6x1010 1x107 1x103 1x103 1x103 1x103 1x103 1x103

G2 A. niger 9.1x104 9x104 6,5x102 3x101 4x101 5x101 1x101 <10
C. albicans 7.2x109 8x105 2x 103 <10 <10 <10 <10 <10

E. coli 9x107 1x102 <10 <10 <10 <10 <10 <10
P. aeruginosa 6x109 <10 <10 <10 <10 <10 <10 <10

S. aureus 1.6x1010 5x102 <10 <10 <10 <10 <10 <10

G3 A. niger 9x104 5x102 3,1x102 <10 <10 <10 <10 <10
C. albicans 8x109 1x101 9x101 9x101 <10 1x101 <10 <10

E. coli 5x109 <10 <10 <10 <10 <10 <10 <10
P. aeruginosa 2x1010 <10 <10 <10 <10 <10 <10 <10

S. aureus 1x1010 <10 <10 <10 <10 <10 <10 <10

G4 A. niger 9,1x104 5x102 3x103 2x105 1x103 1x103 7x103 8x103

C. albicans 7.2x109 8x105 3x106 1x105 1x106 1x106 1x106 1x106

E. coli 9x107 4x103 3x103 3x103 1x104 <10 6x103 1,3x104

P. aeruginosa 6x109 8x101 <10 1x103 <10 <10 <10 <10
S. aureus 1.6x1010 4x106 2x103 <10 <10 <10 1,5x104 2x104

(Buffer + neutralizer) A. niger 9.1x104 9,1x104 3x104 6x104 1x106 1x106 1x106 1x106

C. albicans 7.2x109 8x105 9,2x105 1x104 1x106 1x106 1x106 1x106

E. coli 9x107 2x106 2x106 1x106 1x106 1x106 1x106 1x106

P. aeruginosa 6x109 1x106 2x106 2x104 1,2x106 1,26x106 1,26x106 1,26x106

S. aureus 1.6x1010 2x106 2x106 1x106 2x106 2x106 2x106 2x106

G1: Aroeira gel without preservation system; G2: Aroeira gel with preservation system; G3: Placebo with preservation system; G4: Placebo without  
preservation system.

antimicrobial activity against S. aureus and B. subtilis 
have been reported in the literature (Falcão et al., 2002).
	 Overall, these results are consistent with the 
studies of Campana et al. (2006) where the authors 
reported that formulations containing methylparaben 
associated with propylparaben showed broad spectrum of 
antimicrobial activity against the strains of S. aureus, S. 
epidermidis, P. aeruginosa and P. putida. Our results are 
also compatible with the results obtained by Guimarães et 
al., (1982). According to these authors, the result of the 
challenge test in kaolin suspension using a mixture of 
methylparaben, propylparaben and sorbic acid, revealed 
effectiveness of this preservative system against strains of 
A. niger, C. albicans and S. aureus. 

	 Bou-Chakra et al. (1999), also reported the 
effectiveness of the preservative system with the challenge 
test in formulation of liquid soap against the bacteria P. 
aeruginosa ATCC 9027, S. aureus ATCC 6538, E. coli 
ATCC 10536 and against the yeast C. albicans ATCC 
10231 and the filamentous fungus A. niger ATCC 16404. 
	 Figure 3 indicates the reduction of two logarithmic 
cycles in the growth for E. coli and the reduction of four 
cycles for S. aureus in 24 h, remaining unchanged until 
the end of the test for the “aroeira” gel without adding 
preservative (G1). These data indicate that the plant 
extract has preservative strength per se, especially towards 
S.aureus corroborating the antimicrobial activity observed 
by Leal et al. (1996), Martinez et al. (1996) and Melo Jr. et 
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al. (2002). 
	 Similar results were recorded by Remili et al. 
(1994) with other medicinal plant extracts. These authors 
reported that 9 medicinal plants extracts treated by spray-
dryer, revealed bactericidal activity through the challenge 
test against strains of S. aureus ATCC 6538 and E. coli 
ATCC 8539. 
	 The results of this work are also consistent with 
the studies of Seo et al. (2002). These authors developed a 
preservative system that consisted of a mixture of chitosan 
and Inula helenium L extract, whose results presented 
excellent antimicrobial effect in cosmetic and transdermal 
formulations in the challenge test against strains of A. 
niger, C. albicans, E. coli, P. aeruginosa and S. aureus.

Conclusion 

	 The method of the challenge test allowed for the 
evaluation of the formulation composed of a preservative 
system and S. terebinthifolius gel within 28 testing days. 
The formulation was considered adequately conserved 
by the system comprised of methyl and propylparaben, 
according to the criterion A advocated by the European 
Pharmacopoeia (2002) against the strains of A. niger, E. 
coli, P. aeruginosa, S. aureus and C. albicans. 
	 Although antimicrobial activity of extracts 
of S. terebinthifolius is reported in the literature, the 
need for using preservatives was evident since there 
was no significant reduction in the microbial load for 
all microorganisms tested in the samples of hydrogel 
containing only the plant extract. 
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