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The development of natural preservatives provides a way of substituting or decreasing the amount of synthetic
preservatives normally used in pharmaceutical and cosmetic products. The purpose of this research was to
evaluate the Silene vulgaris extract efficiency as a natural preservative in topical cream formulation. The
antimicrobial activity of S. vulgaris extract was assayed for determination of the minimum inhibitory
concentration. The in-vitro stability was studied for the cream formulation stored at different temperatures 4°C,
25°C and 37°C. However the effectiveness of antimicrobial effect of extracts at concentrations (2-20%) in
topical cream was assayed by using a microbial challenge test. This test was performed following the standard
procedure proposed by The European Pharmacopoeia, using reference strains: Staphylococcus aureus ATCC
29213, Escherichia coli ATCC 25922, Pseudomonas aeruginosa ATCC 27853, Candida albicans ATCC 10231
and Aspergillus brasiliensis ATCC 16404. The results demonstrated that S. vulgaris extract at10% and 20%
(w/w) reduced the bacteria and fungi inocula, according to the criterion A of the European Pharmacopoeia, with
a significant conservation during a period of 28 days compared to phenoxyethanol as a synthetic preservative.
Our study indicate that under the tests conditions, Silene vulgaris extract has antimicrobial activity and could be
considered as an alternative preservative for cosmetic formulations.

INTRODUCTION

Cosmetic products are subjected to microbiological

contamination and spoilage. Industries have always been

primary purpose of inhibiting microorganisms from growing
(Cosmetics Directive, 2009). Antimicrobial preservatives are used
to reduce the likelihood of microbial growth in aqueous products
and to reduce the chance of microbial survival in anhydrous

interested in this issue as microbial spoilage can lead to product
degradation or can harm the health of the consumer and
potentially spread infection in the case of pathogens and contact
with injured or damaged skin. Cosmetic products must be
adequately preserved during all the manufacturing process,
storage and use (Rodford et al., 1997).

Preservatives are defined in the sixth amendment to
the Cosmetics Directive as substances added to products for the
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products that may be contaminated during use (Baird et al., 2007).
In order to evaluate the antimicrobial preservative effect of Silene
vulgaris (caryophyllaceae) selected from an ethnobotanical survey
realized in Sefrou region (Middle Atlas of Morocco) on our choice
(Boukhira et al., 2013). S. vulgaris contains flavonoids, triterpene
saponins and tannins (Boukhira et al., 2015). The Silene genus is
one of the most recognized and widespread genus of
Caryophyllaceae family, with more than 700 species on the earth.
It has been observed that the first microbial study on Silene species
in this context was carried out by Hoffman et al. in 1993, who
demonstrated that Silene parishii ethanolic extract was completely
effective on Bacillus subtilis, partially effective on Candida
albicans, and had no effect on S. aureus and Klebsiella pneumonia.
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In addition, many researchers have been reported
the antimicrobial effect of some species of Silene (Ertlrk et al.,
2005; Mahesh et al., 2008; Bajpai et al., 2008; Borchardt et al.,
2008).

The preservatives available on the market have some
degree of hypersensitivity and allergies (De Groot 1998). Efforts
have been directed to the development of natural preservatives
with antimicrobial properties to reduce or even replace the
synthetic preservative. Among these natural compounds, plant
derivatives such as extracts and essential oils (Maccioni et al.
2002; Seo et al. 2002; Nostro et al. 2004; Ostrosky et al. 2011) are
widely used because of their antimicrobial activities and,
therefore, have been proposed as alternative synthetic preservative
agents.

Several studies demonstrated the antimicrobial activities
of herbal extract and essential oil and have been proposed as
natural preservatives such as Rubus rosaefolius (Ostrosky et al.
2011), tea tree (Melaleuca alternifolia), lemon grass (Cymbopogon
citratus), calamint or lavender (Lavendula officinalis) (Kunicka-
Styczynska et al., 2011), (Calamintha officinalis) (Nostro et al.,
2002) and many others.

The aim of this study is to evaluate the antimicrobial
activity of Silene vulgaris extract, assessment of their efficacy as
preservatives in cosmetic formulation and the evaluation of cream
stability during the storage time. Preservative efficacy testing is
performed to determine the type and minimum effective
concentration of preservatives required to preserve the topical
formulation.

MATERIALS AND METHODS

Plant material

The leaves of S. vulgaris (Caryophyllaceae) were
collected in April 2014 from Sefrou, (Morocco). The plant was
identified by Pr. A. Ouhammou and the voucher specimen
(INP1206) was preserved in the herbarium of National Agency of
Medicinal and Aromatic Plants Taounate-Morocco.

Preparation of extract

The dried leaves of S. vulgaris (20 g) were extracted with
ethanol 70% using an ultrasonic bath. Sonication was performed
with ultrasound frequency 35 KHz, 20W for 45 min. The extract
was then concentrated under vacuum in a rotary evaporator to
obtain crude extract.

Formulation of cream

The cream formulation used in the preservative challenge
test was prepared in our laboratory, using the raw materials
described in Table 1. The challenge test was performed in six
formulations: cream preserved with 2% (w/w) of S. vulgaris
extract (SV 2%), cream preserved with 5% (w/w) of S. vulgaris
extract (SV 5%), cream preserved with 10% (w/w) of S. vulgaris
extract (SV 10%), cream preserved with 20% (w/w) of S. vulgaris
extract (SV 20%), cream preserved with synthetic preservative

phenoxyethanol (PH 1%); the same cream without preservative as
control group.

Table 1: The composition and pH of the formulation used in the challenge test.

Cream Proportion (%)
Oily phase: Beeswax 22
Almond oil 49.2
Tween 80 0.8

Aqueous phase: Water (g.s 100)
pH of the cream: 5.6

Microorganisms and microbial suspension

The standard microbial strains procured from American
Type Culture Collection (ATCC) were used in this study. The
Gram-negative bacteria Escherichia coli ATCC 25922 and
Pseudomonas aeruginosa ATCC 27853; Gram-positive bacteria
Staphylococcus aureus ATCC 29213; yeast Candida albicans
ATCC 10231 and mould Aspergillus brasiliensis ATCC 16404
were used as challenged microorganisms in preservative
effectiveness test. The bacteria were cultured on Tryptic Soya
Agar (TSA) at 37 'C for 24 h, while the fungi (yeast and mould)
were grown on Sabouraud dextrose agar (SDA) at 25°C for 48 h
up to 5 days. For microbial inocula, the cells were harvested into
0.1% peptone water by gentle agitation and adjusted to yield
suspensions of approx. 10° CFU ml™ or 10° spores ml™, using
turbidimetry absorbance correlated to an aerobic plate count. The
peptone water with 0.05% (v/v) Tween 80 was used for A.
brasiliensis harvesting

Antimicrobial activity of S. vulgaris extract

The minimum inhibitory concentration (MIC) was
determined by the broth microdilution method (Bouhdid et al.,
2009). The media were placed into each of the 96 wells of the
microplates. S. vulgaris extract in water at 100 mg/ml were added
into the first rows of microplates, and twofold dilutions of S.
vulgaris extract (100-0.097 mg/ml) were made by dispensing the
solutions to the remaining wells. Then, 50 uL of microbial
inoculum were added to each well at a final concentration of 10°
CFU/ml. The microplates were incubated at 37 °C for 24 h and 48
h. The lowest concentration of the extracts that completely inhibits
macroscopic growth was determined, together with the minimum
inhibitory concentrations (MICs). Experiments were carried out in
triplicate. Streptomycin was used as reference drugs for bacteria.
The Minimal microbicidal concentration (MMC) value
corresponded to the lowest concentration of extract yielding
negative subcultures after incubation at 37 °C for 24 h for bacteria
and 48h for fungi. It was determined by spreading 5 pL from
negative wells on Luria Bertani (LB) plates. Experiments were
carried out in triplicate.

Stability study of cream formulation
Physical evaluation

The color and texture of cream was determined by taking
5¢g of cream from each set (stored at 25°C, 4°C and 37°C) in three
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transparent glass jars and the color and texture were checked. This
process was done at the time of preparation of cream (at zero time)
and thereafter two weeks. pH of the cream was determined by
using the digital pH meter. Prior to this, the pH meter was
calibrated by using buffer solution of pH 3.99, 7.0 and 9.2 and
then electrode was washed with de-mineralized water (Bates
Roger et al., 1973). pH was checked at the time of preparation of
cream (zero time) and thereafter 14 days. The creams jars stored at
room temperature, 4 °C and 37°C were selected to check the pH of
the cream to ensure its stability at different temperatures.

Microbial control cream

The microbial load of cream was evaluated according to
Marchand et al. (2011) with some modifications. 100 mg of cream
was taken in 900 pl of sterile distilled water. Then a series of
dilution (107 to 10™) of the creams were prepared. 100ul of each
dilution was spread on the surface of Petri dishes (9 cm)
containing 25 ml of TSA for bacteria or SDA for fungi. The
incubation was performed at 37°C for 24 h for bacteria and at 25
°C for 5days for fungi. The results are provided by CFU per gram
of cream.

Challenge test

The formulations (20 g samples) were placed in sterile
containers and separately inoculated with bacterial and fungal
suspensions in order to obtain a final concentration of
approximately 10° CFU/g. The samples were gently mixed to
ensure a homogeneous microorganism distribution and incubated
in the dark at 20-25°C. After a contact time of 0, 2, 7, 14, and 28
days, the samples (1g) were removed and placed into 9 ml of
peptone solution 0.1 %, and serial decimal dilutions were
performed before inoculation in microbial plates. Cell viability
was determined by the plate count method in TSA or SDA, and the
CFU were counted after 1 or 5 days of incubation at 37°C and
25°C for bacteria and fungi, respectively. All determinations were
performed in triplicate. The results were expressed as log CFU/g.
We used the dilution technique to inactivate the antimicrobial
effect of the preservative. The viability and growth ability of the
inoculated cells were evaluated by a growth control which
consisted of 20 g cream base without preservative samples
separately inoculated with each bacterial and fungal suspensions.
In order to substantiate preservative efficacy for this type of
preparation, a reduction of three log phases (3 log) from the initial
bacterial count within one week, and no increase thereafter up to

Table 3: Microbial counts during the storage time (CFU/g) .
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four weeks, is necessary. For fungi, a 2 log reduction within two
weeks and no increase afterwards up to one month following the
initial contamination is demanded according to the standards
proposed by the European Pharmacopoeia Commission (E.P.)
concerning topical preparations (E.P., 2005).

RESULTS

Antimicrobial activity of S. vulgaris extract

In the present study, antimicrobial effect of S. vulgaris
extract was studied by using broth microdilution assay for
determination of minimum inhibitory concentrations in attempt to
evaluate its preservative efficacy. The minimum inhibitory
concentrations of S. vulgaris extract against the standard
organisms showed that P. aeruginosa and C. albicans exhibited a
lower (MIC) than E. coli and S. aureus and A. brasiliensis (Table
2).

Table 2: Minimum inhibitory concentration (MIC) and Minimum microbicidal
concentration (MMC) of S. vulgaris extract.
Silene vulgaris extract

Streptomycin

MIC? MMC” MIC®  MMC®
Staphylococcus aureus 25 50 0.004 0.004
Escherichia coli 25 50 0.008  0.064
Pseudomonas aeruginosa 3 12.25 0.032  0.032
Candida albicans 6 6 - -
Aspergillus brasiliensis 100 >100 - -
®MIC: minimum inhibitory concentration (as mg/ml). "MMC: minimum

microbicidal concentration (as mg/ml),
- 1 not determined.

Stability study of cream formulation

The color and texture of cream formulation was checked
at the time of preparation and after 14 days period. There was
found no difference in visual appearance after two week from the
time of preparation. The color of cream formulation at the time of
preparation and after 14 days of storage at 25°C, 37°C and 4°C
was observed to be brown-green. The pH evaluation is important
to check the stability of a cream formulation. pH values were not
found different at all temperatures for a period of 14 days. The pH
values after this period are 5.7 at 25°C and 4°C and 5.8 at 37°C.
Moreover, the microbial control of cream demonstrated that the
total viable count for aerobic mesophylic microorganisms in cream
formulation preserved with S. vulgaris extract at zero time and
after two weeks compared to control is less than 10° CFU/g of the
product (Table 3) (SCCP, 2006). In addition, P. aeruginosa, S.
aureus and C.albicans are not detectable in formulation.

Initial Bacteria CFU/g Initial Fungi CFU/g Bacteria CFU/g Fungi CFU/g

Dose TSA SDA T(°C) 5 14 5 14

4°C 0 1 x10? 0 0
Cream base - 3.5x10° 0 25°C 5 x10? 5 x10? 0 2 x10?
37°C 3 x10? 5 x10? 0 2 x10?

4°C 0 1 x10? 0 0

Cream with S. vulgaris 20% 4.5 x10? 0 25°C 0 2 x10? 0 0

37°C 1 x10? 4 x10° 0 0
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Fig. 1: The reduction of bacterial and fungal viable cells: (a) S. aureus, (b) E. coli, (c) P. aeruginosa, (d) C. albicans and (e) A. brasiliensis: SV 2%: cream with
S. vulgaris extract 2% (w/w); SV 5%: cream with S. vulgaris extract 5% (w/w); SV 10%: cream with S. vulgaris extract 10% (w/w); SV 20%: cream with S.
vulgaris extract 20% (w/w) PH 1%: cream with phenoxyethanol 1%; Control: cream without any preservative.

Challenge test

Staphylococcus aureus
The analysis of the results (figure 1a) for the bacteria

showed a reduction of three logarithmic cycles in the
growth for S. aureus in seven day and remaining unchanged until
the 28™ testing day for the cream formula at the concentrations
10% and 20%(w/w) of S. wvulgaris extract compared to
synthetic preservative phenoxyethanol 1%. On the other
hand the preservative at low concentration 2% and 5% (w/w)
of S.vulgaris extract in cream formulation was not sufficient.

Escherichia coli
Figure 1b indicates the reduction of four and three

logarithmic cycles in the growth for E. coli in 2 days, remaining
unchanged until the end of the test for the cream formula at the
concentrations 10% and 20% (w/w) of S. vulgaris extract
respectively. An immediate and persistent bactericidal effect noted
from day 2 and completed by day 7 with no bacteria being
recovered up to day 28. However there was no reduction in this
same period in the cream formula preserved with S. vulgaris
extract at the concentrations 2% and 5% (w/w).
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Pseudomonas aeruginosa

The cream formula preserved with S. vulgaris extract at
studied concentrations (2-20%) showed a antimicrobial action
which satisfied the E.P. criteria A against P. aeruginosa. The
cream showed an immediate and persistent bactericidal effect,
noted from day 0 and completed by day 2 with no bacteria being
recovered up to day 28 in compared to phenoxyethanol 1%
(Figurelc).

Candida albicans

Figure 1d indicates the reduction of three logarithmic
cycles in the growth for Candida albicans in 14 days, remaining
unchanged until the end of the test. The formulation at 10 and 20%
(w/w) of S. vulgaris extract exhibited an antimicrobial action
which satisfied the E.P. criteria. However there was no reduction
in this same period in the cream formula at the concentrations 2%
and 5% (w/w).

Aspergillus brasiliensis

Figure le presents the reduction of two logarithmic
cycles in the growth for A. brasiliensis in 14™ day, remaining
unchanged until the end of the test for cream formula. The extract
of S. vulgaris at studied concentrations examined in the present
formulation succeeded in satisfying the A criteria of the E.P. for
preservative efficacy.

DISCUSSION

Preservatives are ingredients used to limit microbial
growth and survival by exerting adverse effects upon various
biological and  cellular  processes in  contaminating
microorganisms. In our research, S. vulgaris extract was found to
be active against Gram-negative bacteria P. aeruginosa and the
yeast C. albicans, at the concentrations 3mg/ml and 6mg/ml
respectively, whereas the extract was less active against E. coli and
S. aureus at 25 mg/ml of MIC values. This results of MICs is in
accordance with the previous studies that reported that the
minimum inhibitory concentrations of some herbal extracts
showed that P. aeruginosa exhibited lower (MIC) than S. aureus
(Gislene et al., 2000; Biyiti et al., 2004; Suffredini et al., 2006;
Esra et al., 2012; Sthéfane et al., 2014; Onivogui et al., 2015).

Gattoa et al. (2011) reported that S. vulgaris extract
contained flavone apigenin derivatives evaluated by High-
performance liquid chromatography HPLC. In addition several
flavonoids including apigenin, flavones have been shown to
possess potent antibacterial activity (Cushnie et al., 2005).
Another study of Sato et al. (2000) reported that flavones
derivative inhibited the growth of S. aureus.

Related to the microorganisms used during the test, it
must be guaranteed that they have been challenged against the
preservative system for 28 days to substantiate the results of the
experiments. Thus, the control was used to prove the viability of
the inoculated cells and their growth ability during the test period
(Figure 1). The microbial challenge test performed in topical

cream formulation preserved with S. vulgaris extract at the
concentrations 10% and 20% (w/w) has satisfied the criteria for
microbial effectiveness compared to synthetic preservative
phenoxyethanol at 1%, considering the official criteria of
European Pharmacopoeia (E.P., 2005). The preservative in the
assayed cream was found particularly effective against Gram-
negative strains, presenting a lethal effect at 2 days for E. coli and
at day 0 for P. aeruginosa after inoculation.

The result of the challenge test performed in the cream
preserved with 5% (w/w) of S. vulgaris extract for S. aureus and
E. coli, did not comply with the criteria of European
Pharmacopoeia due to there being 0.85 log reductions in both
stains on the seventh day and 1.85 and 0.95 log reductions
respectively on the 14th day. This result is due to the used
preservative concentration, as well as the reduction of its available
concentration resulting from an interaction with the formulation
components or a resistant microorganism selection (Bloomfield et
al., 1988).

On the other hand, the preservative efficacy against P.
aeruginosa and A. brasiliensis was much sufficient in cream
formula preserved with S. vulgaris extract at 2% and 5% (w/w)
concentration. According to Griffin et al., (1994), the optimum pH
for the development of different fungi lays in the range between
4.0 and 6.0. The pH of the prepared creams lies in the range of 5.7-
5.8 which provides a favorable environment to fungi growths.
The S. vulgaris extract antimicrobial action at all concentrations
studied except for C. albicans at 2% and 5% (w/w), did not
comply with the criteria of European Pharmacopoea.

In addition to this study we have compared the
preservative efficacy of S. vulgaris extract with other plant extracts
such as essential oil of Origanum elongatum and Thymus
broussonitii in the prepared cream (data not publuished). We
demonstrated that S. vulgaris extract was significant preservation
during a period of 28 days against the five reference strains (S.
aureus, E. coli, P. aeruginosa, C. albicans and A. brasiliensis)
recommended by the European Pharmacopoeia compared to the
essential oils of Origanum elongatum, Thymus broussonitii and to
phenoxyethanol as a synthetic preservative.

In others studies, Seo et al. (2002) developed a
preservative system that consisted of a mixture of chitosan and
Inula helenium extract at 10% (w/w). These results presented an
excellent antimicrobial effect in cosmetic formulations against
strains of A. niger, C. albicans, E. coli, P. aeruginosa and S.
aureus. In our study, the extract of S. vulgaris at concentrations of
10 and 20% (w/w) was effective against the tested gram negative
and gram positive bacteria and fungi and present an interesting
bactericidal effect against P. aeruginosa Gram-negative in all
concentrations up to 2% (w/w).

CONCLUSION

The development of natural preservatives provides a way
of replacing or reducing the amount of synthetic preservatives
normally used in cosmetic preparations. In addition, these agents
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have less toxic effects and represent a possible natural and safer
alternative of the preservatives. Our study demonstrated that S.
vulgaris extract at concentrations of 10% and 20% (w/w) inhibit
the growth of microorganisms effectively as that of
phenoxyethanol in cream formulation. Therefore, it can be
recommended as effective candidate for natural cosmetic
preservatives in the assayed topical cream. That preservative effect
was maintained during 28 days, and satisfying the antimicrobial
effectiveness test criteria of the European Pharmacopoeia.
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