Indian J Microbiol (Apr—June 2013) 53(2):232-237
DOI 10.1007/s12088-012-0329-0

ORIGINAL ARTICLE

Essential Oils and Herbal Extracts as Antimicrobial Agents

in Cosmetic Emulsion

Anna Herman - Andrzej Przemystaw Herman -
Beata Wanda Domagalska - Andrzej Mlynarczyk

Received: 29 September 2012/ Accepted: 23 October 2012 /Published online: 3 November 2012

© Association of Microbiologists of India 2012

Abstract The cosmetic industry adapts to the needs of
consumers seeking to limit the use of preservatives and
develop of preservative-free or self-preserving cosmetics,
where preservatives are replaced by raw materials of plant
origin. The aim of study was a comparison of the antimi-
crobial activity of extracts (Matricaria chamomilla, Aloe
vera, Calendula officinalis) and essential oils (Lavandulla
officinallis, Melaleuca alternifolia, Cinnamomum zeylani-
cum) with methylparaben. Extracts (2.5 %), essential oils
(2.5 %) and methylparaben (0.4 %) were tested against
Pseudomonas aeruginosa ATCC 27853, Escherichia coli
ATCC 25922, Staphylococcus aureus ATCC 29213, Can-
dida albicans ATCC 14053. Essentials oils showed higher
inhibitory activity against tested microorganism strain than
extracts and methylparaben. Depending on tested micro-
organism strain, all tested extracts and essential oils show
antimicrobial activity 0.8-1.7 and 1-3.5 times stronger
than methylparaben, respectively. This shows that tested
extracts and essential oils could replace use of methylpar-
aben, at the same time giving a guarantee of microbio-
logical purity of the cosmetic under its use and storage.
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Introduction

Preservatives are added to cosmetics to maintain their
microbiological purity during manufacture, packing, stor-
age, but especially during the entire period of use. Despite the
fact that preservatives are usually used in small concentra-
tions, they are considered as one of the main factors causing
allergies to users [1]. The main component of preservative
system in most cosmetics product on the market is methyl-
paraben which antimicrobial activity is well documented [2].
Methylparabens are more effective against fungi than against
bacteria; their antibacterial activity is greatest against gram-
positive organisms and poorest against Pseudomonas spe-
cies [3]. Despite the numerous advantages of methylparaben
as an effective preservative, some studies suggest that this
component of cosmetic formula could pose some risks to
human health [4, 5]. Therefore, there is a growing demand
for cosmetics that are preservatives free. Alternative way to
solve the problem of microbial purity of cosmetics is use of
compounds (e.g. herbal extracts and essential oils) which are
not preservatives but also exhibit antimicrobial activity.
There are many studies carried out in the in vitro conditions,
which evidence microbial activity of herbal extracts [6-8]
and essential oils [9—11]. Therefore, it appears that these
natural compounds can successfully be used in the cosmetic
industry as a preservative. The aim of this study was a
comparison of the antimicrobial activity of selected herbal
extracts (Matricaria chamomilla, Aloe vera, Calendula
officinalis) and essential oils (Lavandulla officinallis, Mel-
aleuca alternifolia, Cinnamomum zeylanicum) to methyl-
paraben in cosmetic emulsion.
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Materials and Methods
Microorganisms

Pseudomonas aeruginosa ATCC 27853, Escherichia coli
ATCC 25922, Staphylococcus aureus ATCC 29213, Can-
dida albicans ATCC 14053 were used. The microorgan-
isms were activated through double passaging: bacteria on
Trypticase Soy Agar medium (TSA; BioMerieux, France)
(37 °C, 48 h) and yeast on Sabouraud Dextrose Agar
medium (SDA; BioMerieux, France) (25 °C, 72 h).

Extracts and Essential Oils

Commercial available hydroglycolic extracts from Matri-
caria chamomilla flower, Aloe. vera leaf, Calendula offi-
cinalis flower (Greentech, France) and essential oils from
Lavandulla officinallis, Melaleuca alternifolia, Cinnamo-
mum zeylanicum (Avicenna-Oil, Poland) were used for the
experiments.

Antimicrobial Activity of Essential Oils, Extracts
and Methylparaben In Vitro

Several colonies of overnight cultures of individual organisms
were suspended in saline to obtain density equal to 0.5
McFarland turbidity standard (approximate cell density of
1.5 x 10® CFU/mL). The antibacterial and antifungal activity
was evaluated by using the disc diffusion method. Suspensions
of microorganisms were spread over the TSA and SDA agar
plates (BioMerieux, France), respectively by using sterile cot-
ton swabs. The sterile paper discs of 6 mm in diameter (BTL,
Poland) were impregnated with 15 pL. essential oil/extracts/
methylparaben and placed on the agar surface. Kanamycin
(BioMerieux, France) and in the case of fungi amphotericin B
(BioMerieux, France) were used as controls. All bacterial plates
were incubated at 37 °C for 24 h and fungal plates at 25 °C for
72 h. The diameter of the zone of inhibition was measured in
mm. For each test, three replicates were performed.

Preparation of Emulsion

The composition of formulations is showed in Table 1.
Emulsifier Ceteareth-20 (Eumulgin® B2, Cognis Polska
Sp. z.0.0.), Isopropyl Myristate (Cognis Polska Sp. z.0.0.),
Ethylhexyl stearate (Cetiol® 868, Cognis Polska Sp. z.0.0.),
Octyldecanol (Eutanol G®, Cognis Polska Sp. z.0.0.), Cy-
clopentasiloxane and Dimethicone (Dow Corning®1411
Fluid, Dow Corning Europe S.A.), water, glycerin (POCH
S.A, Poland) and methylparaben (Aseptin M, Cognis Pol-
ska Sp. z.0.0.)/essential oil/extract were homogenized for
3 min using Heidolph SilentCrusher M homogenizer
(Heidolph Instruments GmbH & Co. KG, Germany) at

approximately 13,000 rpm. Then emulsion was gently
stirred using blender RW 16 (IKA® Werke GmbH & Co.
KG, Germany) and the Sodium Polyacrylate (Cosmedia
SP, Cognis Polska Sp. z.0.0.) was added stepwise. Stirring
continued for an additional 30 min. Extracts and essential
oils were added at 2.5 % concentration. Methylparaben
was added at 0.4 % concentration as the maximum
allowable concentration of synthetic preservative specified
by EU Cosmetics Directive. Emulsion without methylpar-
aben, essential oils and extracts was a references sample.

Antimicrobial Effectiveness Testing

The suspensions of the tested bacteria and yeast cells were
prepared in saline and later standardized to the density of
about 10® CFU/mL. Inoculation of emulsion (with/without
selected extracts, essential oils and methylparaben) with
the microorganism suspension was prepared by addition of
0.02 mL inoculum to 20 g cream sample. The inoculated
containers were mixed thoroughly and incubated in the
dark at 20-25 °C. The number of viable microorganism in
formulations was determined by the plate count method at
the proper times 0, 7, 14, 21, and 28 days after inoculation.
A sample of 1 mL cream was transferred to 9 mL physi-
ological salt solution (0.9 % NaCl Graso Biotech) and
tenfold dilutions method was done. Triplicate plating of
each dilution was performed with TSA agar for bacteria
and SDA agar for yeast. The plates were incubated at 37
and 25 °C for bacteria and yeast respectively. Counts the
CFU per plate (30-300 colonies) determined the number of
surviving microorganisms per gram of tested cosmetic
product. The results were expressed as log CFU/mL. All
determinations were performed in triplicate, and the results
represent an average of two different experiments.

Table 1 Composition of the emulsions: El, emulsion without
methylparaben/essential oils/extracts; E2, emulsion with essential
oils; E3, emulsion with extracts; E4, emulsion with methylparaben

Ingredient* Percentage by weight

El E2 E3 E4
Sodium polyacrylate 0.8 0.8 0.8 0.8
Ceteareth-20 3 3 3 3
Isopropyl myristate 4 4 4 4
Ethylhexyl stearate 3 3 3 3
Octylodecanol 3 3 3 3
Cyclopentasiloxane and dimethicone 3 3 3 3
Glycerin 3 3 3 3
Essential oil 0 2.5 0 0
Extract 0 0 2.5 0
Methylparaben 0 0 0 0.4
Aqua 802 777 717 79.8
*INCI Name
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Statistical Analysis

All tests were conducted in triplicate and data from
experiments were calculated as mean £ SD. Standard
deviation for the test of microorganism population viability
not exceeding 0.3 logarithmic unit.

Results

Antimicrobial Activity of Essential Oils, Extracts
and Methylparaben In Vitro

Antimicrobial activity of the extracts and essential oils was
checked in the disc-diffusion test and presented in Table 2.
Essentials oils in the examined concentrations showed
higher inhibitory activity against bacteria and yeast than
extracts and methylparaben. Depending on of tested
microorganism strain, the zone of inhibition varied
between 8—44 mm for essential oils, 7-9 mm for extracts
and 8-9 mm for methylparaben. Lavender oil and Calen-
dula officinalis extract did not affect the growth of P.
aeruginosa. All tested extracts did not affect the growth of
C. albicans. The ranking of the inhibitory activity of the
essential oils, extracts and methylparaben determined on
the basis of inhibition zone diameter was as follows:
Cinnamomum zeylanicum > Lavandulla officinallis, Mel-
aleuca alternifolia > methylaparaben > Aloe vera > Mat-
ricaria chamomilla, Calendula officinalis. The sensitivity
of the microorganisms was as follows: S. aureus > C.
albicans > E. coli > P. aeruginosa.

Antimicrobial Effectiveness Testing

It was found that essentials oils showed higher inhibi-
tory activity against bacteria and yeast than extracts and
methylparaben (Figs. I, 2). Among all tested com-
pounds, cinnamon oil was the most potent inhibitor of
microorganism growth. This essential oil completely

inhibited S. aureus, E. coli and C. albicans growth after
28 days of incubation. Tea tree oil, extracts from Calen-
dula officinallis and Matricaria chamomilla totally inhib-
ited E. coli growth, while Aloe vera extract overall stopped
S. aureus growth after 28 days of incubation. For all tested
creams with extracts, essential oils or methylparaben, the
weakest antimicrobial activity was demonstrated against P.
aeruginosa. All tested extracts and essential oils at 2.5 %
concentration exhibited antimicrobial activity stronger than
methylparaben. Depending on tested microorganism strain,
extracts and essential oils showed antimicrobial activity
0.8-1.7 and 1-3.5 times stronger than methylparaben,
respectively.

Discussion

Antimicrobial activity of essential oils and herbal extracts
in in vitro conditions is well documented. In our study
essentials oils revealed higher inhibitory activity both to
bacteria and yeast compared to extracts and methylpara-
ben. Lavender and cinnamon oils exhibited approximately
1-2 times higher activity against S. aureus and E. coli in
comparison with results of others [12, 13]. We showed that
tea tree oil inhibited the growth of all studied microbes;
however its action against P. aeruginosa was weak. These
results fully support the previously published studies,
which demonstrated the resistance of P. aeruginosa on
action of tea tree oil [8, 9]. In our research, it was found
that Matricaria chamomilla and Aloe vera extracts effected
growth of all tested strain. Obtained results were within the
range previously described in the studies of other [7, 14,
15], where the inhibitory effects of Matricaria chamomilla
and Aloe vera extracts against S. aureus, P. aeruginosa,
E. coli and C. albicans were also determined. Only
Calendula officinalis showed lower activity against P.
aeruginosa, S. aureus, C. albicans than those observed by
Roopashree et al. [16]. Determined antimicrobial activity
of essential oils and extracts in cosmetic formulation was
substantially lower than in in vitro condition. This

Table 2 Antibacterial and antifungal activity of essential oils, extracts and methylparaben (15 pL) in agar disc diffusion method, inhibition
zones (mm). Diameter of inhibition zones (mm) including the diameter of disc (6 mm), values are given as mean =+ SD of triplicate experiment

S. aureus P. aeruginosa E. coli C. albicans

Lavandulla officinallis 17 £+ 0.66 - 18 £ 04 15 +£2.0
Melaleuca alternifolia 17 £ 3.33 8 + 0.44 11 £ 0.66 10 £ 4.44
Cinnamomum ceylanicum 44 + 2.66 24 £ 222 32 +£1.33 39 £ 1.77
Matricaria chamomilla extract 7 £ 0.66 7+ 044 7 £ 0.66 -

Aloe vera extract 7+ 0.44 9+ 0.44 8 +0.44 -
Calendula officinalis extract 8+ 1.1 - 7+ 1.1 -
Methylparaben (0.4 %) 9 £ 044 8 £ 0.44 8 £ 0.44 9+ 044
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Fig. 1 Inhibition of growth of Staphylococcus aureus ATCC 29213
(a), Pseudomonas aeruginosa ATCC 27853 (b), Escherichia coli
ATCC 25922 (c¢), Candida albicans ATCC 14053 (d) in cream

observation fully supports results of previous studies [10,
17, 18]. It may result from interaction of essential oils and
extracts with chemical components of cosmetic formula-
tion. Higher affinity of essential oil/extracts for the oil/
water cosmetic ingredients limits their accessibility in the
water/oil phase resulting in antimicrobial activity reduc-
tion. Therefore, the results of in vitro studies are not
enough to confirm or deny the antimicrobial properties of
natural compounds in the cosmetic formulation. It is nec-
essary to carried out the experiments that take into account
the possible interactions between the additive of natural
origin and other cosmetic ingredients.

In our research, essential oils and extracts at the con-
centration of 2.5 % inhibited growth of all tested micro-
organism strain. This supports previous published data
show that most essential oils exhibit antimicrobial activity
at the concentration below 5 % (v/v) [19]. Moreover, the
antimicrobial activity of oils is dose-dependent with greater
activity seen at the higher oil concentrations. The study
concerning the antimicrobial effect of tea tree oil showed
that hygienic skin wash with 5 % tea tree oil was signifi-
cantly more active against E. coli K12 growth than a non-
medicated soft soap [20]. Manou et al. [17] found that 3 %
Thymus vulgaris essential oil inhibited the growth of S.
aureus, P. aeruginosa and E. coli in formulations O/W and

formulation (CF) with Cinnamomum zeylanicum (cinnamon), Lavan-
dulla officinallis (lavender), Melaleuca alternifolia (tea tree) oils and
methylparaben

W/O, C. albicans only in formulations W/O, but not
against the A. niger. The 1 and 2 % (v/v) Calamintha
officinalis essential oil added to two product types O/W
cream and shampoo also inhibited growth of tested bacteria
and fungi alone and as mixed culture [18]. Lavandulla
officinallis and Rosmarinus officinalis oils (1.5 %) in an
aqueous cream formulation displayed remarkable antimi-
crobial activities against all common test organisms
(including bacteria and fungi) and environmental isolates
used [21]. Mixture of different extracts and essential oils
can very effectively inhibit the growth of microorganisms
at a much broader spectrum of activity and replace or
significantly reduce the amount of synthetic preservatives
added to cosmetics. It is known that antimicrobial activity
of essential oils is much weaker than synthetic preserva-
tives [22] and for this reason they must be added in greater
amounts to the cosmetic. We found that adding to the
cream formulation five times more essential oils and
extracts (2.5 % v/v) compared with methylparaben (0.4 %
v/v) resulted in a stronger activity against tested microor-
ganisms even against most resistant P. aeruginosa. Kuni-
cka-Styczynska et al. [23] showed that in washing liquid,
1 % tea tree oil, 1 % lavender oil or their mixture con-
taining 0.5 % each is sufficient to inhibit most of
the microorganisms tested. At the same time, the
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Fig. 2 Inhibition of growth of Staphylococcus aureus ATCC 29213
(a), Pseudomonas aeruginosa ATCC 27853 (b), Escherichia coli
ATCC 25922 (c), Candida albicans ATCC 14053 (d) in cream

supplementation of oil mixtures with a small amount of a
commercial synthetic preservative—Glydant Plus Liquid
(0.1 %) eliminated even the most resistant microorgan-
ism—P. aeruginosa and A. niger from the formulation.
The creation of such mixture makes it possible to decrease
the dose of the synthetic preservative by 8.5 times compare
to the dose recommended by the producer. Synergism
between essentials oils and methylparaben was observed by
Maccioni et al. [24]. They found that Laurus nobilis,
Eucalyptus globulus and Salvia officialis oils added at
concentration of 0.025 and 0.0125 % were 200-fold more
active in combination with methylparaben. Also Patrone
et al. [25] showed synergism between eucalyptus and mint
oils with methylparaben against P. aeruginosa and mint,
oregano and sage combined with propylparaben and imi-
dazolidinyl urea against S. aureus. It must be stressed that
the use of high concentrations of essential oils in formu-
lation exclude too intense fragrance of cosmetics and can
cause a skin irritation and allergies to users. Less irritancy
occur at lower oil concentrations, but at the same time, low
concentration of essential oils reduces their antibacterial
activity and usability as preservatives. These significant
disadvantages of essential oils decrease their use as pre-
servatives in the cosmetic industry. Therefore, in the
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formulation (CF) with Matricaria chamomilla, Aloe vera, Calendula
officinalis extracts and methylparaben

present study we also examined the antimicrobial proper-
ties of plant extract which show lower irritant properties
than essential oils. Bernatoniene et al. [26] described that
0.9 % Calendula officinalis extract added to cream inhib-
ited growth of P. aeruginosa and S. aureus. They showed
that no more than 10* microorganisms (aerobic bacteria
plus fungi) per 1 g of cream was found in samples col-
lected directly after preparation and after 12 months of
storage. This work proved that the antimicrobial efficiency
of Calendula officinalis extract was sufficient to preserve
the formulation against microorganism contamination.
Papageorgiou et al. [27] found that Lonicera caprifolium
and Lonicera japonica extracts added to different aqueous
(tonic lotion, shampoo, shower gel) and O/W formulation
(conditioning cream, anticellulite cream, cleansing milk,
peeling cream) at the concentration of 0.2 % have excellent
activity against S. aureus, P. aeruginosa, E. coli, C. albi-
cans, A. niger in the acidic pH 5.5 during 28 day incuba-
tion and following 3 weeks of use. Effectiveness of
antimicrobial protection of Rubus rosaefolius Smith extract
0.2 % (w/w) in two different base formulations (emulsion
and gel) was investigated by Ostrovsky et al. [28]. In both
examined emulsions, extract was effective against P.
aeruginosa, B. cepacia, S. aureus and E. coli, presenting a
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lethal effect at 2 days after inoculation and maintained for
28 days of incubation. In other studies, the preservative
efficacy of chitosan and Inula helenium was evaluated [29].
The mixture of chitosan powder and Inula helenium extract
powder in the ratio 1:3 was incorporated at concentrations
of 5-10 % (w/w) in O/W emulsion formulas and tonic
lotion. It was found that this mixture showed antimicrobial
activity against S. aureus, P. aeruginosa, C. albicans, A.
niger and E. coli in the O/W formulas and the tonic.
However, despite the many advantages of using natural
extracts as antimicrobial additives in the cosmetic, the use
of plant extracts might be accompanied by various other
problems including change of color, odor and emulsion
stability [30].

Summarizing, examined extracts and essential oils
inhibit the growth of microorganisms more firmly than
methylparaben. Therefore they can be recommended as
effective candidate for natural cosmetic preservatives.
Addition to cosmetic formula the appropriate concentra-
tions and mixtures of essential oils and extracts may let for
replace the synthetic preservatives as methylparaben, at the
same time giving a guarantee of microbiological purity of
the cosmetic product under its use and storage.
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