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The artefacts, part of our cultural heritage, are exposed to fungal
attack. The main cause of deterioration is the combination of
atmospheric pollutants and the fungi present on the artefacts,
depending on nature of the support material. Various factors (physical,
chemical or biological) can interact with the artefacts leading to
changes in its composition and/or characteristics. Among all, paper
artefacts are more exposed to fungal attack, because of their chemical
composition. This study describes the efficiency of using some natural
extracts (hydro-alcoholic and water extracts) obtained from
Roumanian native plants with antifungal effect, compared with
antifungal effect of some essential oils obtained from the same plants.
The extracts (hydro-alcoholic and water extract) and essential oils
obtained from plants can act as safe, efficient and not expensive
fungicides for the antifungal treatment.

For the antifungal studies, we have focused on fungal species
(environmental moulds) developed on paper artefacts; the fungal
species were previously identified by the use of optical and electronic
microscopy; the analytical characterization of the essential oils was
made using gas-chromatography—mass spectrometry.
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INTRODUCTION

Different agents, such as environmental
pollutants, climatic factors (temperature, humidity,
rain and others), chemical treatments, can affect
cultural heritage objects and/or monuments by
facilitating the microbial growth. This can lead to
irreversible transformations (chemical, physical,
aesthetical) that can be summarized under the term
biodeterioration. The biodeterioration represents a
subject of interest to researchers worldwide, as the
phenomenon can affect very different support
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materials: paper artefacts,' limestone, marble and
other stones, > textiles, > museum walls and others. *

The effects of biodeterioration are specific to
each category of microbiodeteriogens; the effect
accumulates over time and depends on the
mechanisms by which the biodeteriogens acted on
that specific area.

One of the most harmful and most encountered
biodeteriogens are the fungi,’ especially Aspergillus
sp. and Penicillium sp.

Worldwide, there is a continuous need for new
treatments for biodeterioration, researchers proposing
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recipes based on different principles, from natural
extracts to synthesized materials or various other
alternative techniques (gamma or laser treatments,
fumigation, extreme temperature treatments and so
on).
This study describes the antifungal effect of
essential oils of Ocimum Basilicum (commercial
available and obtained in the laboratory) compared
with hydro-alcoholic and water extracts of the
same plant with proven antifungal effect, as
demonstrated in our previous studies.’ The natural
products (hydro-alcoholic and water extracts or
essential oils) obtained from plants can act as safe,
efficient and not expensive fungicides.

For antifungal studies, we have focused on
fungal species (environmental moulds, species
naturally occurring in the environment the artefacts
are exposed to in our country) developed on paper
artefacts; the fungal species were previously
identified (Aspergillus, Penicillium and Mucor) by
the use of optical and electronic microscopy’; the
analytical characterization of the essential oils was
made using modern gas-chromatography—mass
spectrometry.

MATERIAL AND METHODS

1. Materials

The plant materials used were fresh leaves of
Ocimum  basilicum (basil); the plants were
harvested from nature. The ethanol used for
extracts and analyses was analytic grade,
purchased from Merck. The essential oils were a
commercial available one (Solaris Plant,
Roumania) and one obtained in the laboratory. The
water used for all the experiments was bidistilled
water. Culture media used for antifungal
determinations was Solid Sabouraud (INCDMI
Cantacuzino, Roumania).

2. Methods

2.1. Characterization Methods

The GC-MS analyses were performed on a Varian
2100 T apparatus, equipped with split injector and a
CP-SIL 8 CB capillary column, under the following
working conditions: carrier gas He (1.2 mlxmin™),
injector temperature 280 °C, column temperature
T,=50 °C, t;=2 min, r;=5°C/min, T,=280 °C, t,=
15 min; GC-MS interface temperature 250°C, GC-
MS source temperature 200°C, GC-MS source: EI
(electron impact), electron energy 70 eV.

2.2 Obtaining the natural extracts
and essential oils

The essential oil was obtained in the laboratory by
the following recipe: 250 g. basil leaves (shade-
dried,® in order to remove excess moisture) were
firstly ultrasonated in 1700 ml bidistilled water for
30 min. The essential oil was subsequently extracted
from the mixture using a Neo-Clevenger installation
(in accordance with the European Pharmacopoeia).’
The refluxing time was three hours. The yield is
approx. 1.16 ml/100 g of dried material, slightly
higher than literature data.'® The extracted essential
oil was stored in sealed glass vials and kept under
refrigeration at 4°C until analysis.

The extracts used for the study were obtained
from fresh plant, following three methods,
previously presented: ¢ a) 20 g of finely cut plant
material mixed in 700 ml of water, under heating
and vigorous stirring (method a); b) 20 g of finely
cut plant material mixed in 700 ml 1:1 ethanol:
water solution, under vigorous stirring at room
temperature (method b); ¢) 20 g of finely cut plant
material kept in 700 ml 1:1 ethanol: water solution
at 80°C for 2 hours (method c).

2.3 Antifungal efficiency

In order to determine the antifungal effect of the
synthesized materials, we used a modified Kirby-
Bauer method: ' '? sterile paper discs (5 mm 388
Filtrak paper) impregnated with the materials
obtained (15 ul) were distributed directly in Petri
dishes inoculated with spores obtained from the
untreated simulated artefacts; the environmental
fungal species developing on those simulated paper
artefacts were previously identified as Aspergillus,
Penicillium and Mucor.” The antifungal effective-
ness was evaluated as inhibited area, using the
following formula Antifungal efficiency = (di-
ameter of the inhibited zone / diameter of the
Petri dish) x 100. For the antifungal efficiency
test, natural extracts and essential oils were used,
as well as diluted essential oils (from the
commercial available oil — Dilution Factor 10). All
the experiments were carried out in triplicate, using
as controls a disc impregnated with water/ethanol
mixture and a non-impregnated disc.

RESULTS AND DISCUSSIONS

The hydro-alcoholic and water extracts were
characterized by analytical techniques, as
previously presented; the major constituents of the
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extracts (determined by GC-MS) were squalene,
v-Cadinene, P-Cubebene, 2-Norpinene, levo-f-
elemene, B-linalool, B-(E)-ocimene and cineole. ®

The two essential oils (the commercial available
one and the one obtained in the laboratory) were
characterized by gas  chromatography—mass
spectrometry (GC-MS) in order to identify the most
important components of the essential oils (the
overlaid chromatograms are presented in Fig. 1).

The GC-MS results confirms the presence of
terpenic compounds in the essential oils;"® the
major components in the two samples are:
estragole (13.793 min) — present in both samples,
at the same concentration, eucalyptol (7.320 min —
present in larger concentration in the obtained
sample), linalool (9.846 min. — present in larger
concentration in the commercial sample) and o-
bergamotene (23.344 min — present in larger
concentration in the obtained sample). Besides
these compounds, in the obtained samples were
also identified: B-phellandrene (5.646 min.),
camphor (11.629 min.), terpinenol (12.953 min. —
only in the obtained sample), bornyl acetate
(17.258 min.), methyl cinnamate (18.238 min. —
only in the obtained sample), y elemene (19.108 —
only in the obtained sample), eugenol (20.223 min.

— only in the obtained sample), copaene (20.924
min. — only in the obtained sample), methyl
eugenol (22.318 min. — mostly in the obtained
sample), caryophyllene (22.701 min. — mostly in
the obtained sample), caryophyllene (24.168 min.
— mostly in the obtained sample), a-cubebene
(24.436 min. — mostly in the obtained sample),
(H)epi bicyclosesquiphellandrene (25.215 min. —
only in the obtained sample), cedrene (25.374 min.
— mostly in the obtained sample), humulene
(27.677 min. — only in the obtained sample),
spathulenol (29.055 min. — only in the obtained
sample), cubenol (30.256 min. — mostly in the
obtained sample), T-cadinol (31.565 min. — only in
the obtained sample). The differences between the
analysed samples could be explained by two
factors: the commercial available oil could have
been purified and, also, between two essential oils
from the same plant could appear differences in
composition, depending on various factors
(harvesting time, origin, etc.)."*

The antifungal results and their variation in
time are presented in Fig. 2 (for 48h to 120 h
incubation time) and in Fig. 3 (144 h to 216 h
incubation time).
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Fig. 1 — GC-MS chromatograms obtained for basil oils (red — obtained in the laboratory; blue — commercial available).
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Fig. 2 — Antifungal efficiency of the tested materials for incubation time 48 h to 120 h.
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Fig. 3 — Antifungal efficiency of the tested materials for incubation time 144 h to 216 h.

The results obtained by the modified Kirby-Bauer
method reveals that the basil oils (both commercial
and obtained in the laboratory) have very good
antifungal activity (100%) for up to 144 h incubation
time. Starting with 168 h, the antifungal activity
decreases (to approx. 7% for the commercial oil and
20% for the one obtained in the laboratory at 216 h
incubation time). The diluted essential oil
(commercial) has a weak antifungal activity (15%
after 48 h incubation time, 0% after 72 h). The
obtained essential oil has a better antifungal activity
at the end of the study (216 h incubation time) than
two of the previously presented extracts (obtained by
methods 1 and 2). However, none of the oils used in
this study reached the performance of the

hydroalcoholic extract obtained by method c in our
previous studies.

CONCLUSIONS

The paper presents obtaining and characterization
of basil essential oil, as well as a comparison between
the use of basil natural extracts and essential oils
(commercial and obtained in the laboratory) as
potential antifungal agents. The antifungal studies
were performed by the use of previously identified
environmental fungi, cultivable on the selected
culture media (4spergillus, Penicillium and Mucor).

After tests, some conclusions can be drawn: the
natural extract obtained by the third method has
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superior antifungal efficiency than the essential
oils and the other extracts. However, the obtained
essential oil has a better antifungal activity than the
extracts obtained by methods a and b. The
differences in the antifungal efficiency between
extract obtained by method c and the essential oils,
is especially visible over long periods of time (over
168 h). This means that a virtual treatment based
on essential oils should be repeated at smaller
periods of time than treatments based on
hydroalcoholic extracts obtained by the third
method.

Noteworthy is the fact that all extracts and oils
used have proven antifungal activity, none of them
favouring the development of fungi. The results
presented offer the possibility of obtaining a
biodeteriogens removal recipe using natural
extracts, with low costs and high efficiency.
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