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Abstract
Natural antimicrobials can eliminate fungi and prevent the aging of cotton fabrics. While
fungi can cause severe infections to the fabric user etc, natural antimicrobials have the
advantage of not being toxic to humans. The present study showed that the essential oils of
lemon (Citrus limon), lavender (Lavandula angustifolia) and mint (Mentha piperita) have
inhibitory effects on yeast and mould spores on a piece of textile from Romanian cultural
heritage, “ie”, stored in a space within an ethnographic museum., inhibitory action against
Botrytis sp., the inhibitory effect of lemon essential oil on Cladosporium sp. and that of
peppermint essential oil on yeast species Rhododtorula mucilaginosa were demonstrated,
respectively. Being environmentally friendly, these sources, can be tested on a large scale.
Key words: essential oils, cotton, antibacterial agents, health, prevention and conservation.
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Introduction
Among the many elements of tangible
cultural heritage specific to the Beius Depression, Romania, the traditional women shirt called ‘IA’ stands out. It is a part
of the cultural heritage with implications
for shaping place-specific identity [1-4].
‘IA’ is also an indisputable historical
landmark which provides information
about the people who made and wore
such garments, their social status, the
level of knowledge and understanding
of the universe in which they lived and
worked, etc. [5-7].
Museums, especially ethnographic museums with their clothes, fabrics, throws,
scarves, etc., classic for the region, play
an important role in education and preserving the original cultural heritage of
each country and region [8]. Therefore,
the preventive conservation of naturally
aged textiles is of fundamental importance for the protection and preservation
of the material heritage of the region.
The high collections presented are also
important in shaping regional tourist
centers [9] and the potential for cultural
heritage marketing [10-12] influencing
the choice of destinations preferred by
tourists.
Textiles are exposed to many challenges,
such as indoor temperature and relative
humidity fluctuations, light impact, insects, dust and particulate matter, nonstandard storage and display, housekeeping methods, very poor restoration and
conservation etc [13].
In this context, the present study aimed at
non-invasive analysis in order to biore-

mediate an ‘ia’ clothing element located
in the depository of the Beius Municipal
Museum (Figure 1). The importance of
the study lies in the need to preserve and
protect such elements of tangible heritage
of national and even international importance and of inestimable value. Antiquity
together with time and the simultaneous
action of some factors related to microclimate, microorganisms and the ‘human’ represent causes that endanger the
integrity of such textile creations. Hence,
the need arises to carry out interdisciplinary studies (by conservators, chemists,
microbiologists, geographers, etc.), as
non-invasively as possible, in order to
preserve these artefacts for posterity.
An assessment of contamination and the
effects of essential oils on potentially
existing fungi on the surface of the material was conducted. The microscopic
appearance of threads in the area with the
most damaged macroscopic appearance,
precisely the inner left fibre, was further evaluated. Microscopic images are
shown in Figure 1.
The microscopic images (x 20; x 40)
(Figure 1) of threads taken from the
inner left sleeve respectively show the
deterioration of their quality. Due to
single broken fibres, the arrangement of
fibres visible under the microscope is
disordered. Fibres do not form a bundle,
indicating their location of mechanical
damage (left picture). Visible is a change
in its arrangement, probably under the influence of chemical factors [14]. Several
cracks oblique to the fibre axis can be observed, and there are cracks propagating
from the constriction in both directions
of the fibre (Figure 1, right down).
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Figure 2. Traditional Romanian “ie”.
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positive reactions are denoted by +, corresponding to the digit 1, and the negative ones
by -, corresponding to the digit 0. The final result obtained at 72h is a 7-digit numerical
profile interpreted using ApiwebTM computer software.
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The sampling step was performed using
sterile swabs. The size of the parts examined was 5/5 cm in accordance with
the delimiting frame. Samples were taken before and after 15 minutes from the
application of essential oils according to
Table 1.
5 drops (150 µL) of each essential oil
were applied to the corresponding area
of the fabric. To make their application
as accurate as possible, glass containers with a sprayer were used, in which
50 drops of sterile distilled water, the
equivalent of 7.5 mL, were previously added. After application, a break of
15 minutes was made before the second

set of samples was taken. The samples
were seeded on Sabouraud and Csapek-Dox culture media. Petri dishes with
the seeded culture media were incubated
for 7 days at 28 °C. After 3 days of incubation, fungal colonies became macroscopically visible. On the seventh day,
three different types of colonies could be
identified: two as a mould species and
one as a yeast species . Identification of
the fungi was performed by evaluation of
macroscopic and microscopic characteristics in the case of moulds, respectively,
and with the use of the API® 20 C AUX6
kit for identification of the yeast species.
API® 20 C AUX principly evaluates the
biochemical characteristics of yeasts by

Table 1. Areas of traditional cloth ”ie” examined and essential oils applied.
Area examined
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Essential oil applied

Area examined

Essential oil applied

Left inner sleeve

Citrus limon (lemon)

Upper medial face

Lavandula angustifolia (lavander)

Left shoulder

Mentha piperita (mint)

following 19 assimilation reactions. In
the microwells of the API gallery, 100 µL
of fresh yeast suspension calibrated at
a turbidity of 2 McFarland was pipetted.
Incubation was performed at temperatures of 29 °C ± 2 °C, and readings done
after 48h and 72h by comparing each
with the negative control. On the results
sheet, the positive reactions are denoted
by +, corresponding to the digit 1, and the
negative ones by –, corresponding to the
digit 0. The final result obtained at 72 h
is a 7-digit numerical profile interpreted
using ApiwebTM computer software.

Results and discussions
All fungal colonies were developed from
samples before the application of essential oils. Figures 4, 5 and 6 represent the
areas examined and fungal colonies developed on the culture media.
Two different kinds of mould (Cladosporium sp. and Botrytis sp.) and a yeast
species (Rhodotorula mucilaginosa) deFIBRES & TEXTILES in Eastern Europe 2021, Vol. 29, 5(149)
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Figure 5. From left to right: area examined (medial-upper right front), Csapek-Dox
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Figure
From
to right:
area examined
(medial-upper
right
Csapek-Dox
Figure 5. From
left to5.
right:
area left
examined
(medial-upper
right front), Csapek-Dox
environment
andfront),
Sabouraud
environment.
environment and Sabouraud environment

Figure 6. From left to right: area examined (left shoulder), the Csapek-Dox environment and
Sabouraud environment

Two different kinds of mould (Cladosporium sp. and Botrytis sp.) and a yeast specie
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Since Cladosporium belongs to mould fungi, its spores are particularly troublesome
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for allergy sufferers, and its presence in the external and internal environment makes
difficult to prevent. However, it develops mainly in the external environment, often on
dead plants, but also indoors [42-44]. In addition to moisture, its multiplication is
favoured by dust and rare airing, typical of museum exhibitions, despite the use of

irritating cough. Allergic effects on the
mucous membranes of the larynx cause
a dry cough, and in the case of the mucous membranes of the eyes, the effect
is often conjunctivitis on the rim of the
eyelids, discharge from the eyes etc.
More than ten years ago Rhodotorula fungi, due to the increasing number
of immunocompromised patients, was
classified by some researchers as pathogens [46]. This is owing to the high resistance to some medicines and the high
adaptability of this species. In humans, it
primarily causes bloodstream infections,
but hypersensitivity pneumonitis is also
possible [47]. Risk factors increasing its
presence and activity include solid and
haematologic malignancies in patients
who receive corticosteroids and cytotoxic
medicines, the presence of CVC, and the
use of broad-spectrum antibiotics [48].
Unlike Cladosporium and Rhodotorula,
fungi of the Botrytis species are not reported as pathogenic in humans. However, in the case of people with primary
or acquired immunodeficiency and structural lung disease, they may experience
systemic fungal infections [49]. This may
apply to staff working in museum rooms,
at exhibitions, and in places where fungi
of the Botrytis family have good conditions to thrive. In such cases, systemic
symptoms such as weight loss and/or
a recurrent cough, shortness of breath
etc. appear [50-52]. Botrytis in immunocompromised people, such as patients
with the hepatitis C virus, AIDS, and organ transplant patients, can cause local
infections, causing pathologies of the
eye, brain, heart, peritoneum, or onychomycosis. It is highly resistant to conventional and most modern antifungal agents
when its concentration is elevated or the
body’s resistance is low [53, 54].
From the present study, we can state that
the essential oils of lemon (Citrus limon), lavender (Lavandula angustifolia)
and mint (Mentha piperita) have inhibitory effects on yeasts and mould spores.
As well as this, the inhibitory action of
lemon, lavender and mint essential oils
against Botrytis sp that of lemon essential oil against Cladosporium sp. and that
against the yeast species Rhododtorula
mucilaginosa were demonstrated.

Conclusions
The research conducted allowed to identify the main species of developing fungi
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in the material studied: Cladosporium,
Rhodotorula and Botrytis. The first two
are definitely pathogenic, while Botrytis, which is generally not hazardous to
health, may show pathogenic features
in selected, specific cases. As museum
rooms and exhibitions are characterised
by specific climatic conditions, also
generated by CVC, they often become
a place for fungal growth, especially on
plant-based materials, such as cotton.
Due to the time of creation of the exhibit
(fabrics) as well as the storage and climatic conditions in the exhibition rooms,
microorganisms (fungi, yeasts etc) often
develop there.
Fungi can easy contaminate clothing exhibits stored in museums and improper
exhibition halls. They are one of the factors favouring the process of damage to
the fabrics from which they are made.
The fungi detected on the samples, depending on the species, may cause many
allergic reactions and serious diseases.
They are primarily exposed to museum
workers who stay in rooms with fungal
spores for several hours a day. Yeasts can
also be dangerous to eldery people or
those which have a weakened immunological system.
Bearing in mind these risks, and all of the
above, to try and prevent them, testing
with essential oils should be implemented on a large scale, which, as shown by
the results of the research, can be considered natural agents for biodesinfection to preserve museum exhibits and are
non-toxic for humans.
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