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Abstract

Ginger (Zingiber officinalis Roscoe) has been, from the past until now, one of the most worldwide cultivated aromatic plants.
The fresh or dried underground ginger rhizome is used in medicinal purposes, which the European Pharmacopoeia presents
as Zingiberis rhizoma. The essential oil obtained from ginger, available on the Romanian market, was prepared using the
official method with the Neo-Clevenger apparatus. The amount of 1.925% (v/m) + 0.049 was extracted, which is in
accordance with the reference standards of the European Pharmacopoeia. The GC-MS analysis of essential oil composition
revealed the presence of camphene (32.79%), eucalyptol (24.32%), a-pinene (18.05 %) and zingiberene (1.25%). Ginger
essential oil has antioxidant properties with an IC50 value of 30.72 puL/mL in different acetone dilutions. The antifungal
properties highlighted on isolated stems from public spaces (Fonsecaea sp. and Penicillium chrysogenum) may justify the use
of ginger essential oil as an agent that prevents the exposure of the population to pathogens.

Rezumat

Ghimbirul (Zingiber officinalis Roscoe) a fost si este una dintre cele mai cultivate plante aromate din lume. In scop
medicinal, de la ghimbir se foloseste rizomul, proaspat sau uscat, pe care Farmacopeea Europeana il prezintd in monografia
Zingiberis rhizoma. Uleiul volatil obtinut din ghimbirul comercializat pe piata din Roménia, prin metoda oficinala, cu
aparatul Neo-Clevenger, este n cantitate de 1,925% (v/m) + 0,049, ceea ce corespunde prevederilor Farmacopeei Europene,
care mentioneaza un continut de minim 1,5% (v/m). Analiza GC-MS a uleiului volatil a pus in evidenta prezenta camfenului
(32,79%), eucaliptolului (24,32%), a-pinenului (18,05%) si zingiberenului (1,25%). Uleiul volatil de ghimbir prezinta
proprietati antioxidante cu valoarea IC 50 a dilutiilor, in acetona, de 30,72 uL/mL. Proprietdtile antifungice puse in evidenta
pe tulpini izolate din spatiile publice (Fonsecaea sp. si Penicillium chrysogenum) pot justifica utilizarea uleiului volatil de
ghimbir ca agent de prevenire a expunerii populatiei la agenti patogeni.
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Introduction oil had significant antibacterial activity on Bacillus
cereus, Staphylococcus aureus, Escherichia coli
and Salmonella typhimurium [2].

Mi H et al. (2016) indicated that ginger essential oil
could be used as a radical scavenger in the food
industry due to the antioxidant activity of its phenolic
components (gingerol, paradol, shogaol etc.) [25].
Bonilla et al. (2018) showed that the antioxidant activity
takes place when ginger essential oil is incorporated
in different film formulations. Therefore, the active
film might be used as food packaging [7].
Sharifi-Rad et al. (2017) reported some biological
properties of ginger essential oil with a-zingiberene as
the major component in an evaluation of the Zingiber
genus, showing that it has antibacterial, antifungal and
antioxidant activity. Many in vitro studies demonstrated

Ginger (Zingiber officinalis Roscoe) has been and still
is one of the world’s most cultivated aromatic plants,
being recognized by Asians since the first century
as a medicinal herb with rapid effects.

Ginger has nearly 500 identified compounds, many
of which have known biological activity, acting in a
complementary way to produce profound biological
benefits, such as alleviating digestive disorders, treating
respiratory problems, improving blood circulation,
fighting inflammations and infections, etc.

In a recent study, Amalraj et al. (2020) presented
the 40 major components in the ginger essential oil,
among which there are: a-zingiberene, B-cedrene, o-
curcumene, B-bisbolene, B-sesquiphellandrene, E-f-
farnesene, B-panasinsene and others. The essential
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the antimicrobial potential of Zingiber plant extracts
against both Gram-positive (Bacillus cereus and
Staphylococcus aureus) and Gram-negative (Escherichia
coli, Salmonella typhi, Pseudomonas aeruginosa and
Klebsiella pneumonia) bacteria. The essential oil also
exhibited significant antifungal activity against Candida
glabrata, C. albicans and Aspergillus niger. These
results suggest that the essential oil of the Zingiber
plant could be used in the treatment of many bacterial
and fungal diseases as well as in food preservation as
natural preservatives [37].

Baldin et al. demonstrated the antimycobacterial
activity of ginger essential oil against Mycobacterium
tuberculosis, Mycobacterium boletti, Mycobacterium
smegmatis, Mycobacterium abscessus, Mycobacterium
chelonae and Mycobacterium massiliense. The evaluation
of the 11 ginger essential oil fractions revealed promising
activity against Mycobacterium spp., with minimum
inhibitory concentration (MIC) values between 31.25
and 125 pg/mL [5].

Traditional long-term use and numerous studies on
ginger rhizomes have shown that this product is
considered safe and that it has antioxidant properties.
For medicinal purposes, the fresh or dried rhizome of
ginger is used, and it is presented in the European
Pharmacopoeia under the title Zingiberis rhizoma
[47].

Classical GC coupled with mass spectrometry (GC-
MS) [8, 14] or gaseous injection (GC-MS-HS) [23]
were used for the identification and quantification of
chemical constituents in essential oils.

This study presents a new perspective on the benefits
of ginger essential oil as a solution with antifungal
action. Using ginger essential oil as an agent in the
prevention of the exposure to pathogens in public
spaces may prove helpful in public health policies.
The bio-aerosols are a complex mixture of micro-
organisms and organic materials where thousands of
species of microorganisms exist, and most have not
been studied. Bioaerosols can induce illnesses in a
variety of ways, can produce allergic reactions, infections
and toxicity. The health effects of biological materials
can vary substantially from person to person [22].
Studies have indicated an increased incidence of
infections caused by emerging fungi, which shows
there is a necessity to research the potential use of
essential oils as a new therapeutic alternative in the
treatment of fungal infections, due to emerging drug
resistance [13, 30].

Also, finding out more about the inhibition of microbes
in indoor air or from surfaces is in the attention of
air quality specialists [46].

In this work, the antifungal preliminary evaluation
was carried out for two fungal strains (Fonsecaea sp.
and Penicillium chrysogenum), which were isolated
from the rock substrate of vestiges at the Archaeological
Museum of Constanta, Romania. The importance of
this study is conferred by the fact that it brings
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information about these fungi with infectious potential
[34] from museum precincts.

Furthermore, this study could be considered as one of
the first reports on the antifungal activity of Zingiber
essential oil on the fungi strains isolated from
archaeological exhibits in a museum. In a further
study, our research will be continued and corelated
with information on bioaerosols and surface quality
and public health prevention measures.

Materials and Methods

The material used in this study was the essential oil
obtained from the fresh rhizome of Zingiber officinale
Roscoe purchased from the Romanian market, originally
from China.

The rhizome was peeled and shredded before the
preparation of the Zingiberis rhizoma plant product.
The obtaining and the volumetric determination of
essential oil was performed using the Neo-Clevenger
method according to EP 9.0 [27, 47] and the GC-
MS analysis was performed with a Perkin Elmer
Chromatograph.

GC-MS analysis

The identification of volatile compounds in ginger
essential oil was carried out using the GC-MS-HS
technique, which involves gas-chromatographic screening
with HS gas injection and detection by mass spectrometry.
The identification of volatile compounds is based on
the comparison of the spectra that have been obtained
under predefined conditions with the SCIENT and
NIST Wiley spectral libraries.

The method of analysis described below is the adaptation
of the sample preparation method and the gas
chromatographic method described in the literature [19,
28] using the selective mass detector for the purpose
of detecting and identifying volatile compounds in
ginger essential ail.

Used equipment: PerkinElmer Chromatographic system
with mass spectrometry detection. The instrument is
identified with the number E 65 and it is capable of
providing optimum application conditions for the
selected method. It is equipped with: Clarus 680
Gas Chromatograph; injection programmable injector
in Split or Splitless mode; thermostatic oven with a
gas chromatographic column (temperature range 40°C
to 300°C); Clarus SQ8T quadrupole mass spectrometer;
and a capillary column of melted silica, ELITE-5MS,
L =30 m, ®; = 0.250 mm, PerkinElmer.

Sample to be analysed: ginger essential oil obtained by
steam distillation in the Neo-Clevenger apparatus.
The obtained chromatograms were screened to identify
each present compound by comparison with the Scient
and NIST-Wiley spectral libraries.

The peak selection criterion was the matching value
of > 700 (the likelihood of retrieving the volatile
compound by overlapping its spectra and the spectra
from the library attached to the MS software).
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Antioxidant activity

The antioxidant capacity was determined by using a
spectrophotometer (Jasco V-650) through the scavenger
DPPH method [9, 11, 27, 32]. Scavenging activity
was calculated as follow:

'%onlml - Asample

ontrol

% scavenger DPPH = x100

where: Acontrol and Asample are the absorbances at 517
nm for DPPH methanol solution and the samples,
respectively.

The DPPH solution was prepared by dissolving
DPPH in methanol to obtain an absorbance value of
0.8 + 0.02. For the preparation of each sample, 0.1 mL
of essential oil was diluted in acetone (20 pL/mL,
10 pL /ml, 5 pL/mL) and was mixed with 3.9 mL
of DPPH solution. The essential oil is not miscible
with methanol, therefore acetone had to be used in
order to dilute it. In other studies, Tween 20 was used
as an oil-in-water emulsifier [33]. The mixtures were
incubated in the dark at 25 + 2°C for 30 min, then the
absorbance was measured at 517 nm and compared
with the absorbance of a blank (pure methanol) [21,
42].

The purple colour of the DPPH solution at 517 nm
changed to pale yellow due to the appearance of the
reduced form of the free radical after contact with the
sample solution containing essential oil with free
radical scavenging potential.

The IC50 (the dilution of essential oil that scavenges
50% of the free radical) was calculated in the Excel
program by linear interpolation, using the generated
equation: inhibition = 1.6675*concentration - 1.2187,
R2=0.9939.

Antifungal activity

The antifungal activity was determined by testing ginger
essential oil on fungal strains (Fonsecaea sp. and
Penicillium chrysogenum) isolated from rock substrate
from vestiges at the Archaeological Museum of Constanta,
Romania. The isolated strains were raised on Sabouraud
agar and were used to inoculate and perform the disk
diffusion method [20, 36, 26, 29]. The strains sub-
cultures were separated on Sabouraud agar plates and
incubated at 24 - 25°C for 2 - 5 days for Penicillium
and 5 - 7 days for Fonsecaea. The fungal suspension
and inoculum preparation (108 - 10" CFU/mL) were
obtained from each fungal subculture [13] in sodium
chloride solution (0.9%) [17] and the concentration
was verified in a haemocytometer chamber. The fungal
suspension was dispersed on the whole surface on the
Sabouraud agar plates with cotton sterile swabs [20].
A positive control plate containing only fungal suspension
was also used. The control plates and samples medium
were inoculated in similar conditions.

The essential oil was spread in equal volumes (10 pL)
on four filter paper discs with a diameter of 5 mm,
which were subsequently applied on the surface of
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SDA medium inoculated with spores of fungal strains.
The plates were covered with glass covers and were
incubated at room temperature (24 + 2°C) for 20 days.
For each tested sample, the assessment of inhibitory
activity was carried out in triplicate.

The evolution of the cultures was observed periodically,
and the growth of the macroscopically visible colonies
was recorded. The determination of the species was
based on morphological criteria (colony features,
pigmentation), hyphae and spores details identified
in microscopic preparations [10, 34, 35].

The growth inhibition (%) was evaluated on the
fungal colonies’ growth in the experimental plates
compared to the control plates according to the
formula:

Growth inhibitive performance (%) = % x 100,

which shows the inhibition rate of fungus growth of
the experimental samples and where: ¢ — the number
of the colonies from control plates; s — the number of
the colonies from experimental plates; the evaluation
and the colonies counting was corelated with the
growth characteristics of the species.

The zone of inhibitory activity was recorded as the
diameter of the clear zone and the medium values
(between large diameter and small diameter) were used
for analyses. [13, 20].

Results and Discussion

An amount of volatile oil of 1.925% (v/w) + 0.049
was obtained from a quantity of 250 - 300 g of
fresh Zingiberis rhizoma with a loss on drying of
91.40% + 0.51.

The Zingiberis rhizoma plant product is of good
quality, as it contains between 1 - 3% essential oil, as
mentioned in the literature data [1, 37], which falls
within the specifications of the European Pharmacopoeia
9.0 edition of at least 15 mL/kg [47].

The obtained essential oil is yellowish, with characteristic
flavour and aroma and subunit density. Data from the
literature describes the same features [24, 47]. The
lemon scent of the preparation is due to the presence
of geranial [24].

GC-MS analysis

Some of the compounds present in the GC-MS
chromatogram (Figure 1) were identified using the
data library of the device, with a match > 900.

The 16 identified compounds with retention times
and areas under curves are shown in Table I. Also,
the percentage of each identified compound in the
essential oil composition is reported. When considering
the areas under the total curve, the highest percentage
belongs to camphene (32.79%), followed by eucalyptol
(24.32%) and o-pinene (18.05%). Zingiberene was
found in a small amount, of 1.25%.
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Figure 1.
Chromatogram GC-MS of essential oil of Zingiberis rhizome
Table |
The compounds identified in the essential oil of Zingiberis rhizoma

No. | Compound name | RT (retention time) min | AUC (area under the curve) | % compound from total area
1 |a-pinene 5.3 4.90 x 10° 18.05
2 | camphene 5.99 8.90 x 10° 32.79
3 |B-pinene 6.64 0.80 x 10° 2.95
4 | B-myrcene 7.07 1.30 x 10° 4.79
5 |a-phellandrene 7.59 0.30 x 10° 1.11
6 |eucalyptol 8.65 6.60 x 10° 24.32
7 | a-terpinolene 10.26 0.12 x 10° 0.44
8 |linalol 10.75 0.16 x 10° 0.59
9 |borneol 12.97 0.24 x 10° 0.88
10 |cis-citral (neral) 15.01 0.35 x 10° 1.29
11 |trans-citral (geranial) 15.89 0.53 x 10° 1.95
12 | a-curcumene 21.42 0.12 x 10° 0.44
13 |zingiberene 21.79 0.34 x 10° 1.25
14 | a-farnesene 22.01 0.32 x 10° 1.18
15 |farnesol 22.08 0.76 x 10° 2.80
16 | cedrol 22.46 0.76 x 10° 2.80
Identified compounds 26.50 x 10° 97.63
Total compounds 27.14 x 10° 100

The literature highlights the influence of many factors
on the quantity and quality of ginger essential oil:
pedoclimatic conditions, fresh or dry use [1] and
extraction methods [24, 38].

Evans WC (2002) mentions the presence of camphene,
phellandrene, curcumene, terpineol, borneol and citral
in ginger essential oil [16], which are compounds that
were also found in the sample analysed in the present
study.

Mesomo et al. (2013) makes a comparison between
the composition of essential oil obtained by steam
distillation and the essential oil obtained by extraction
with supercritical CO,. He mentions that the main
constituent of essential oil obtained by steam distillation
from dry ginger is camphene, which is similar to the
findings in our study, or a-curcumene if the fresh
product is used. In ginger essential oil obtained by
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extraction with supercritical CO, the major component
is a-zingiberene. The author also mentions the amount
of 2.62% essential oil yielded after extraction with
supercritical CO,, respectively 1.79% through the steam
distillation method, which confirms the fact that the
extraction method influences the quantity and quality of
the obtained essential oil [18]. Our yield of essential
oil obtained by steam distillation with the Neo-Clevenger
apparatus was 1.925% (v/m) + 0.049, which is an
amount almost equal to the value mentioned in the
literature.

In a 2000 study, Weidner MS and Sigwart K mention
that ginger is classified as safe [44]. Chrubasik et al.
[2005] reported in a literature review that the efficacy
of ginger as an antiemetic is only confirmed in the
states of nausea and vomiting during pregnancy [12].
Also, from a meta-analysis which included ten randomized
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trials published in 2018, the authors concluded that
ginger administered per os in different supplements
may reduce postoperative nausea and vomiting [43].

In a 2008 review of Ali BH and colleagues, it was
appreciated that ginger and many chemical constituents
of ginger essential oil have remarkable antioxidant
properties. Thus, the traditional use of ginger is
scientifically based and is recommended for the prevention

of metabolic and degenerative diseases associated
with oxidative processes in the body [1, 3, 18, 39].
Antioxidant activity

The scavenger capacity for the essential oil obtained
from Zingiberis rhizoma purchased from the Romanian
market, originating from China, has an 1C50 = 30.72
puL/mL, as shown in Table II.

Table 11

Scavenger DPPH capacity and IC50 of Zingiberis rhizoma essential oil

Sample of essential oil in acetone | Concentration (UL/mL) | % scavenger DPPH IC 50 (uL/mL)
Dilution 1 40 65.36
Dilution 2 20 33.35
Dilution 3 10 12.66 80.72
Dilution 4 5 8.82

The assessment of radical scavenging ability using
the DPPH method has been performed on ginger
essential oil by several authors. Norri et al. showed
that the antioxidant activity is negligible [27].

Yeh et al. [45] show that EC50 values for extracts
from two ginger rhizomes were in the range of 2.81 -
5.57 mg/mL, and the same authors indicate that the
extracts showed a relatively effective ability of scavenging
DPPH radicals.

Sacchetti et al. [33] showed that ginger essential oil
reduced the concentration of DPPH free radicals by
about 55%.

Teerarak M, Laosinwattana Ch [41] showed that
using ginger essential oil may represent an effective
defence against free radical attack, possibly through
a mechanism that maintains antioxidant activity at
critical locations in the cell.

Antifungal activity

The disc diffusion test of the sensitivity of fungal
strains isolated from the environment (Fonseceae sp.

a)

——

P B

Fonsecaea sp.

=
“‘/ &Amw
\ <o

~  Penicillium
chrysogenum

and Penicillium chrysogenum) to ginger essential oil
was a preliminary study in our research project. The
observations showed total growth inhibition for both
fungal cultures in the first 5 - 7 days of the study
(Figure 2a, Figure 2b and Table III), compared to
the control plates (Figures 2e and 2f).

After prolonging the exposure time to over 10 days,
the regrowth of the fungi became evident (Figures 2c
and 2d). A slow growth was recorded for Fonsecaea
sp. while normal colony growth was observed in the
plates with strains of Penicillium chrysogenum (Tabel
1.

The 10 days incubation period with visible antifungal
effect (Figure 2) was correlated with the application of
Zingiberis rhizoma essential oil because the formation
of the fungi colonies was macroscopically visible from
the 2" day for Penicillium and from the 5™ day for
Fonsecaea, in the control samples.

93NINGg

Figure 2.
Antifungal activity of Zingiberis rhizoma essential oil on Fonsecaea sp. and Penicillium chrysogenum strains:
a, b — samples between 5 - 7 days; ¢, d — samples after 10 days; d’— zone of inhibition; e, f — control at 5 - 7 days
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The growth inhibitive performance of ginger essential to 15 days, the evaluation specifying 23.8 + 1.2%
oil was determined by calculating the percentage of for Fonsecaea sp. and 10 + 0.5% for Penicillium
colonies of visible fungi found in control and chrysogenum.
experimental conditions. The method was adapted Antifungal activity in the areas surrounding the paper
from airborne or surface fungi assay techniques [15]. discs with Zingiberis rhizoma essential oil was still
This evaluation, which was done according to the noticeable after 15 days. For instance, the inhibition
NMAM 0800 standard method [15, 22], recorded an zones around the discs measured 11 + 2 mm in the plates
antifungal activity of 100% in the first 5-day period, where ginger essential oil was applied to Fonsecaea
which is a significant result for a preliminary screening. sp. cultures, respectively 4.5 £ 0.5 mm in plates where
The inhibitory action of the Zingiberis rhizoma essential ginger essential oil was applied to Penicillium chrysogenum
oil began to decline after the exposure time was extended fungal strains (Table I11).
Table 111
Preliminary screening for antifungal action of Zingiberis rhizoma essential oil
Effect Zone of inhibition
Fungus | 1 11 diameter
5-7days 10-15days 16 - 20 days (mm)
Fonseceae sp. - -+ ++ 11+2
Penicillium chrysogenum — + - ++ 45+05

“—"no fungal colonies; " — +" =reduced growth; " + —" = visible growth; “+ + " = normal growth
The analysed strains are present in the environment Conclusions

and their assessment adds new information to the
literature on the importance of essential oils in fighting
fungal contamination. In similar studies, oregano, thyme
and clove essential oils have also had an inhibitory
effect on five different fungal strains, including Penicillium
chrysogenum. Nevertheless, the way essential oils act
depends on the fungal species and the concentration
used in the test [31].

Given that such an ability to inhibit pathogenic fungi
in humans represents an opportunity with implications
on public health, ginger essential oil may prove useful
in prevention measures aimed at limiting the dispersion
of such pathogens.

For example, Fonsecaea sp. includes 3 known species
whose pathogenic effect is triggered by touching or
encountering contaminated surfaces. Avoiding contamination
prevents the occurrence of chromoblastomycosis disease
caused by Fonsecaea monophora, which is associated
with brain diseases as well [34, 40].

The total inhibition of these strains for several days

Zingiberis rhizoma commercialized on the Romanian
market is rich in essential oil. Ginger belongs to the
nutraceuticals category and represents, besides a highly
appreciated spice, a possible remedy in the prevention
and treatment of diseases caused by oxidative stress.
Antifungal activity tested on two fungal strains in an
isolated environment indicated a significant effect in
both of the analysed species and may be a premise for
the development of protocols for the prevention and
halt of the spread of fungal species, which could
contribute to the reduction of associated public health
risks.

Based on the presented results, ginger essential oil has
the potential to become technologically useful as a
natural preventative antifungal agent.
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