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Cosmetic bio-product based on cinnamon essential
oil “Cinnamomum verum” for the treatment of
mycoses: preparation, chemical analysis and

antimicrobial activity

Abstract

The evolution of cosmetology is, in recent years, considerable, especially by the number of
new substances that appear particularly natural substances. Hence, this paper presents the
physicochemical analyzes and the biological activities of a cosmetic formulation based on
the essential oil of Cinnamomum verum (bark of cinnamon). The first part of the work, and
after the extraction of the essential oil of cinnamon by hydrodistillation, we analyzed all
the constituents of this oil by GC-MS. The results of these analyzes showed that the main
composition consists of three compounds: cinnamaldehyde (89.31%), cinnamyl acetate
(2.44%), linalool (1.60%). the last part of this work aimed to investigate the antimicrobial
activities in cinnamon essential oil by assessing each against mycotic microbes, then the
antibacterial activity was done against: Escherichia coli, Pseudomonas aeruginosa and
Staphylococcus aureus, and Antifungal activity was done against yeast Candida albicans
and Aspergillus niger. The data of these microbial activities have shown remarkable
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Introduction

The history of humanity seems inseparable from cosmetics. From
time immemorial, they have been allies of women and, often, of men.
Over time, habits and habits have of course been very different, but
cosmetics have always been present.'=

The evolution of cosmetology is, in recent years, considerable,
especially by the number of new substances and new formulations that
appear and by the pressure of increasingly stronger regulations. The
cosmetic product is no longer that product that owed everything to the
artificial, the false-semblant in order to give the illusion of a reality or
rather to hide this reality. Cosmetology has become a science, based
on precise facts of a biological and physicochemical nature, and this
new conception has definitely been imposed.**

In recent years, the cosmetics market has been growing, evolving
and becoming more and more competitive. The formulations always
push the boundaries of chemistry and galenics further to discover,
every day, new presentations. This is why cosmetic products are
becoming more specific, more effective and more targeted.

This evolution is to be compared with the changes in consumption
of the cosmetic product in recent decades. The use of these products
is growing, and every consumer uses many different cosmetics
throughout the day.”!

On the other hand, the industrial development of natural resources
in Morocco was begun for ten years, while several industries were
installed to produce Bio-products and exploit these resources, because
Morocco is undoubtedly both a well-known name and a significant
producer in the world of natural product particularly essential oils.
This is the result of several main factors: The geography and climate,
which is governed by the Mediterranean Sea, the Atlantic Ocean, the
desert in the south and its three main mountain ranges. Morocco hosts

a complete range of Mediterranean climates and soils that favour
an extremely rich biodiversity, including an impressive variety of
aromatic plants (both Mediterranean classics and endemic species).
Also, the essential oils are the subject of intensive scientific research
and attract attention of cosmetic and pharmaceutical industries due
to their potential as active pharmacological compounds or natural
preservatives. Enormous diversity of this group of natural compounds
and wide spectrum of biological properties make them attractive for
many industries. Regardless from sensory properties of essential oils,
antimicrobial and antifungal activities are the goal of research.!1

The objective of this manuscript is to give a chemical and
biological study on the essential oil of Cinnamomum verum, which
is of industrial interest in cosmetic preparations. More precisely,
this work is based on the identification of the chemical compounds
of this essential oil by gas chromatography coupled with mass
spectrophotometry GC-MS and the carrying out of antimicrobial
activities by antibacterial tests against Escherichia coli, Pseudomonas
aeruginosa and Staphylococcus aureus and antifungal tests against
Candida albicans and Aspergillus niger.

Material and methods

Plant material: Extraction and analysis of essentials
oils

Bark of the plant Cinnamomum verum were purchased from the
local market in Khénifra (Morocco), and identified at Department
of Environmental engineering (EST-Khenifra-Moulay Ismail
University). Voucher specimen of the plants were dried and deposited
at the herbarium of laboratory. After this step, dried plant was
submitted to steam distillation in a Clevenger-type apparatus for 3h
and essential oil obtained were separated from water and dried over
anhydrous Na2S0O4 then stored at 4°C until use.
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Analysis of essential oils is done by gas chromatography coupled
to mass spectrometry GC-MS (Hewlett Packard 5971A). Determining
the relative proportions of various molecules is obtained by gas
chromatography coupled with flame ionization (GC-FID). Analysis
by GC-MS and GC-FID are made under identical conditions. GC-
MS was performed on a DB-5 column (5% phenyl methyl siloxane)
whose dimensions are: length: 30m; diameter: 250um; film thickness
0.32 microns. The applied temperature program was 40°C for 5Smin,
40 to 200°C at 3°C/min then held at 200°C for Smin. The carrier gas
was helium (pressure: 49.9 kPa, flows: ImL/min). The source of the
mass spectrometer to a temperature of 230°C and the mass range is
scanned from 50 to 350amu. Identification of the components was
based two processes. First method: on the comparison of their GC
retention indices (RI) on non polar and polar columns, determined
relative to the retention time of a series of n-alkanes with linear
interpolation, with those of authentic compounds or literature data.
And second method on computer matching with commercial mass
spectral libraries and comparison of spectra with those of our personal
library. Relative amounts of individual components were calculated
on the basis of their GC peak areas on the two capillary Rtx-1 and Rtx-
Wax columns, without FID response factor correction.!!216:17

Antimicrobial activity evaluation

The essential oil of Cinnamomum verum was tested against
five microorganisms, including two Gram-negative bacteria:
Escherichia coli, Pseudomonas aeruginosa, one Gram-positive
bacterium, Staphylococcus aureus, the yeast Candida albicans
and the mold Aspergillus niger. Spores of the mold were harvested
into sterile distilled water from monoconidial cultures, developed
on potato dextrose at 24°C during 7days. The minimum inhibitory
concentrations (MICs) of the essential oil were determined against all
the tested microorganisms using the broth microdilution method.!'®%°
Microbial samples were prepared by dilution with growth media to
obtain inocula at 105 colony forming units (CFU) per mL culture.
The test cultures were performed in Muller Hinton broth for bacteria,
or in Sabouraud dextrose broth for Candida albicans or Aspergillus
Niger. The culturing media were supplemented with 0.5% Tween-20.
Samples of the essential oil were prepared by different dilutions
in DMSO, and tested at a final concentration ranging from 0.5 to
Sug oils per mL culture. Microbial growth was allowed in 96-well
microtitration plates by dispensing into each well 180uL of microbial
culture and 20uL of essential oil sample at various concentrations.
The final DMSO amount, being less than 4%, was without growth
inhibition effect. Sample blanks were prepared for all the extracts
by adding 20puL of essential oil sample to 180uL of Mueller Hinton
(or Sabouraud dextrose) broth medium. The plates were incubated at
37°C, 24 h for the bacteria and 48 h for Candida albicans or Aspergillus
Niger. The antibiotics, tetracycline and pinicilin were used as positive
controls against the bacteria and chloramphenicol and amphotericin
B for Candida albicans and Aspergillus Niger, respectively. The
viability of the examined microorganisms was assessed by measuring
absorbance of cultures at 600nm against the Mueller Hinton or the
Sabouraud dextrose broth, using a Multiscan Spectrophotometer
(Thermo-Fisher Scientific Spectrophotometer). Tests were carried
out in triplicate, and repeated twice. Microbial growth inhibition was
expressed in percentage term according to the equation:

A -4,
%Inhibilion:{l—( sample ~Asample blank HX]OO

Acontrol

i. Asample: absorbance of the culture test sample;
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ii. Asample blank: absorbance of the extract sample in the nutrient
broth;

iii. Acontrol: absorbance of the cullture control.
Results and discussion

In a survey conducted on the treatment of mycoses, patients are
less and less confident in their drug treatments. They wish more and
more to know everything about what they will consume, but also
turn more easily on natural formulations sold in herbalists, indeed,
More than 80% of Moroccans trust in herbal medicine. Essential oils,
secreted naturally by plants, to protect it, or to make it attractive, for
example, perfectly meet their expectations: the fields of use are varied,
the products sold in cosmetology are random, and the cost, which
depends of the composition, is not excessive. In the second survey,
we conducted a study of dozens of cosmetics in different regions of
Morocco, so most of these products are formulations based on plant
extracts, especially the essential oil of the cinnamon plant. So this
study was performed in order to evaluate the antimicrobial properties
of an essential oil of Cinnamomum verum bark on responsible strains
of mycoses.

Essential oil Table 1 shows the chemical composition of the
essential oil of Cinnamomum verum bark. The composition of the
essential oil of Cinnamomum verum is quite variable, depending
on the locality of growth and the organ used. However, many paper
report eugenol as the main component of the oil of the leaves and
cinnamaldehyde for the oil from the bark.?!"* This is in agreement
with the sample used in this study (cinnamaldehyde=89.31%), other
important constituents present in interesting concentration were
cinnamyl acetate (2.44%) and linalool (1.6%).

Table | Constituents identified in the oils of Cinnamomum verum (Bark)

Pic Compound %

1 o-pinene 0.37
2 camphene 0.12
3 benzaldehyde 0.24
4 B-pinene 0.15
5 myrcene 0.05
6 a-phellandrene 0.01
7 o-terpinene 0.03
8 p-cymene 0.02
9 B-phellandrene 0.23
10 linalool 1.60
11 2-ethenyl-3-methyl phenol 0.01
12 borneol 0.01
13 terpinen-4-ol 0.02
14 a-terpineol 0.01
15 cinnamaldehyde 89.31
16 d-elemene 0.33
17 a-cubebene 0.12
18 eugenol 0.39
19 ethyl 3-phenyl-propan-1-ol 0.05
20 cinnamyl acetate 2.44
21 o-humulene 0.01
22 d-cadinene 0.01
23 bicyclogermacrene 0.01
24 benzyl benzoate 0.01
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The antimicrobial activity of the essential oil was investigated
against 3 bacteria and 2 fungi species, using MIC methods. The
essential oil showed strong antimicrobial activity against all
microorganisms tested including three bacteria and two fungi
species as shown in Table 2. It was highly effective against Gram
positive bacteria Staphylococcus aureus, and Gram negative bacteria
Escherichia coli and Pseudomonas aeruginosa.

Widespread studies have demonstrated the effectiveness of natural
products such as plant essential oils to reduce the damages of bacteria
and fungi responsible of mycosis. Their research recommended
application of plant essential oils as a good alternative to chemical
treatments. Our results indicated acceptable antimicrobial activity
of Cinnamomum verum essential oil. To the best of our knowledge,
Table 2 Antimicrobial activities of Cinnamomum verum Essential oil
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the antimycotics activity of Cinnamomum verum against pathogenic
bacteria and fungi has never been reported, but several previous
works were studied the activity of this oil on the same strains, that is
to say that the medical application was not made.?* Several factors,
such as chemical structure, active biological compound, concentration
of essential oils and type of microorganisms play important roles in
the efficiency of essential oils. The GC-MS analyses of the essential
oil of Cinnamomum verum showed that different compounds such
as cinnamaldehyde (89.31%), cinnamyl acetate (2.44%), linalool
(1.60%) consist the major portion of the oil (93.35%). chemical
ability of Cinnamomum verum essential oil was demonstrated by the
existence of this three compounds, which exhibited antimicrobial
activity.

MIC(pg/mL)

Essential oil or compound
E.coli

P. aeruginosa

S. aureus C. albicans A. Niger

E.O of C. Verum 265.44+53.56

335.34468.06

576.71£112.52 231.37+51.03 119.26+25.78

Tetracycline 0.86+0.29 0.94+0.31 0.85+0.34 n.t n.t
Pinicilin 0.66+0.23 0.87+0.37 <0.05 n.t nt
Chloramphenicol n.t n.t n.t <0.05 0.75+0.22
Amphotericin B n.t n.t n.t 0.75+0.15 3.13+1.06
MIC, minimum inhibitory concentration, values given as pg/mL Nt, not tested
Such results were observed in work by Didry et al.,’! in which References

cinnamaldehyde with other three compounds: eugenol, thymol and
carvacrol, also the synergistic effect with certain combinations of
this compounds exhibit an inhibitory activity on oral microorganisms
such as: Streptococcus sp., Peptostreptococcus sp. and Prevotella
sp. Also the work of Chen et al.,*> who showed inhibitory activity
of cinnamaldehyde with Carvacrol and lauryl arginate against
Salmonella Tennessee in intestinal infections. Many publications have
reported the antimicrobial capacity of cinnamaldehyde-rich essential
oils especially the same species of Cinnamomum sp.>**

Conclusion

Our work has given a cosmetic application marketed in the morocan
market, hence the use of Cinnamomum verum essential oil for the
treatment of mycoses. During this work we carried out a chemical
analysis of this oil by GC-MS which confirmed the attendance of
cinnamaldehyde as a major compounds, also present an added value
in the pharmaceutical and cosmetic preparations according to their
importance of the inhibition of several pathogenic bacteria and fungi.
On the other hand, our results of antibacterial activities against three
bacteria and two fungi (Escherichia coli, Pseudomonas aeruginosa,
Staphylococcus aureus, Candida albicans and Aspergillus niger)
have shown the effectiveness of this essential oil and the confirmation
of several previous works, which explains the use of the essential
oil Cinnamomum verum in cosmetic preparations, particularly the
treatment of mycoses.
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