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Abstract

In the current context of promoting sustainable agriculture, it is important to find alternative solutions to synthetic
pesticides in the fight against phytopathogenic microorganisms. Volatile oils in general, and those of plants from the
Lamiaceae family in particular, through their chemical profile, have proven their antifungal and bactericidal efficacy,
offering an ecological solution for the protection of agricultural crops, without affecting the environment. The
antimicrobial activity of oregano oil on plant pathogens is closely related to the oil concentration, chemotype, as well
as the synergy of biologically active compounds. The scientific paper is a review and aims to present the comparative
effectiveness of the essential oil obtained from species and subspecies of Origanum vulgare L. on the main pathogenic

bacteria and fungi, in correlation with the chemical profile.
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INTRODUCTION

Plant pathogens, such as fungi, bacteria,
phytoplasmas and viruses, threaten agricultural
and forestry production, causing diseases with
significant economic and environmental impact
(Camele et al., 2012).

Plant protection products, including herbicides,
fungicides, and insecticides, are widely used to
combat plant diseases, weeds, and pests.
Excessive use of plant protection products can
lead to microorganisms, weeds and insect
resistance. Even though plant protection
products are effective, they are not exclusive to
target pathogens and can negatively affect soil,
human and animal commensal and beneficial
microorganisms, leaving toxic residues and
contributing to  environmental pollution
(Onaran et al., 2014). According to the research
of Ashraf & Zuhaib (2013), only 0.1% of

synthetic chemicals reach the targeted
pathogens, and the remaining 99.9%
contaminate the environment. Globalisation

and climate change have exacerbated these
problems by facilitating emerging diseases'
rapid emergence and spread. A trend exists
towards reducing dependence on conventional
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pesticides and implementing integrated pest
management (IPM) (Bonaterra et al., 2022).
Modern agriculture is increasingly replacing
synthetic chemicals with environmentally
friendly biocontrol solutions, such as botanicals
and industrial by-products used as organic
fertilisers, which can inhibit pathogens and
improve soil and crop quality (Greff et al.,
2023).

Essential oils (EO), respectively, their chemical
compounds, have become promising substitutes
for traditional plant protection products due to
their recognised antimicrobial properties, single
or in combination duet synergistic reactions
between constituents (Alvarez-Garcia et al.,
2023; Koscak et al., 2023). However, the
composition of essential oils obtained from the
same plant species can vary significantly
depending on numerous factors, including
chemotype, plant growing conditions, and
genetic variability of plant species (Grul'ova et
al., 2020; Vasinauskiené et al., 2006; Gurita et
al., 2019; Beicu et al.,, 2023). Fungi and
bacteria cause various complex plant diseases.
In the juvenile stage of plants, they can suffer
from rot and wilting, and in adulthood, from
moulds  (Kosakowska et al, 2024).



Phytopathogenic fungi are responsible for
about 30% of all diseases affecting crops and
can significantly impact both during cultivation
and, after harvesting, during the storage period
(Raveau et al., 2020).

The antimicrobial activity of essential oils on
bacteria is based on several effective and
complex mechanisms. They degrade the
bacterial cell wall and cytoplasmic membrane
structure, increasing permeability by modifying
fatty acids, polysaccharides, and phospholipid
layers. These lead to reduced membrane
potential, leakage of ions and cellular contents,
reduction of ATP, and eventually cell lysis
(Sotelo et al., 2023; Balasoiu (Jigau) et al.,
2024). The main mechanisms of action of
essential oils on fungi are given by inhibition of
cell wall formation, destruction of the cell
membrane by inhibition of ergosterol synthesis,
dysfunction of fungal mitochondria by
inhibition of proton pumps and mitochondrial
electron transport, inhibition of efflux pumps,
cell division and protein or RNA/DNA
synthesis (Raveau et al., 2020; Nazzaro et al.,
2017; Taheri et al., 2023).

The Lamiaceae family comprises about 7200
plants organised into 236 genera, most of
which are aromatic species containing essential
oils, which can be easily cultivated and
multiplied. The genus Origanum includes 10
sections, comprising 43 plant species, six
subspecies, three botanical varieties, and 18
natural hybrids (Ietswaart, 1980; Kokkini,
1997; Mutu, 2020; Maithani et al., 2023). Due
to its biological activities, Origanum vulgare L.
(elderberry, oregano) is a medicinal species
among the most commercially important plants
(Morshedloo et al., 2017; Lukas et al., 2015).
From the taxonomy point of view, letswaart
described six subspecies of Origanum vulgare,
such as ssp. vulgare L., ssp. glandulosum
(Desf.) letsw., ssp. gracile (K. Koch) Ietsw.,
ssp.  hirtum (Link) Ietsw., ssp. virens
(Hoffmanns. & Link) letsw., ssp. viridulum
(Martin-Donos) Nyman (Ietswaart, 1980;
Kokkini, 1997; Lotti et al., 2019; Lukas et al.,
2015; Mutu, 2020; Kaouther et al., 2017;
Mechergui et al., 2016). Oregano (Origanum
vulgare L.) grows wild in Mediterranean areas
and is widely distributed naturally in Europe
and North Africa (Kokkini, 1997; Lotti et al.,
2019; Skoufogianni et al., 2019; Kaouther et
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al., 2017; Marrelli et al., 2018; Mechergui et
al., 2016).

This paper aims to highlight the mode of
oregano essential oils action (O.E.O.s) on
phytopathogenic bacteria and fungi affecting
cereals. The paper will also highlight the
benefits of using oregano essential oil in grain
protection, highlighting their potential in
sustainable agriculture.

CHEMICAL COMPOSITION OF
Origanum vulgare L. ESSENTIAL OIL

Essential oils are oily liquids extracted by
hydrodistillation or solvent extraction from
different parts of plants (leaves, stems, roots,
seeds, fruit, flowers, resins/bark), containing
over 300 compounds (Dhifi et al., 2016;
Raveau et al.,, 2020; Taheri et al., 2023).
Essential oils are soluble in organic solvents
(alcohol, ether) and insoluble in inorganic
solvents (water) (Dhifi et al., 2016), contain 90-
95% volatile components and 1-10% non-
volatile components (Malik, 2019). Oils are
vital components of many plants, located in
secretory trichomes or mucous canals, and
protect plants from insects, bacteria, and fungi
attack (Harcéarova et al., 2021; Horablaga et al.,
2023).

The quantitative and qualitative profile of
essential oils is influenced by environmental
factors, soil pollution, water stress, salinity
(Morshedloo et al., 2017), genotype, cultivation
conditions and geographical locations (Lotti et
al., 2019; Gurita et al., 2019; Skoufogianni et
al.,, 2019; Raveau et al.,, 2020), leading to
notable variation between populations of the
genus Origanum.

Skoufogianni et al. (2019), observed significant
seasonal variation in the quantitative profile of
essential oil from the Crete and Amorogos
Islands (Greece). In the autumn, the plant
essential oil content varied between 1.0-3.1%,
while in the summer it varied between 4.8-
8.2%.

From a chemical point of view, the main
constituents of essential oils are terpenes,
terpenoids,  phenylpropanoids and  other
constituents (lipids, sulphur derivatives, amino
acids: alanine, isoleucine, leucine, valine and
methionine) (Masyita et al., 2022; Butta et al.,
2023).



Terpenes (terpenoids, isoprenoids) are the main
compounds of essential oils and constitute the
most diverse class of chemical compounds
among the plant's secondary metabolites. They
are classified according to the number of
isoprene  contain:  hemiterpenes  (CsHs),
monoterpenes (CioHis), sesquiterpenes
(Ci5Ha4), diterpenes (Ca0H32), norisoprenoids
(C13); depending on the biochemical structure:
acyclic, cyclic, phenolic monoterpenes (Mutu,
2020; Marrelli et al., 2018; Morshedloo et al.,
2017; Taheri et al., 2023; Butta et al., 2023;
Oliva et al.,, 2015; Nazzaro et al., 2017).
Terpenoids are terpenes with oxygen molecules
added or with modified methyl groups, the
most known being: thymol, carvacrol, linalool
and menthol (Nazzaro et al., 2013). Moreover,
essential oils also contain terpene-free
compounds, such as eugenol, cinnamaldehyde,
and safrole, produced via the phenylpropanoid
pathway. Biogenetically, terpenoids and
phenylpropanoids have different precursors and
biosynthesis pathways: terpenoids are formed
via the mevalonate and the deoxyxylulose
phosphate pathway, and phenylpropanoids are
generated via the shikimate pathway (Dhifi et
al., 2016).

Numerous studies have been carried out on the
Origanum vulgare L. essential oil, highlighting
the biochemical variability of the six
subspecies: ssp. vulgaris contains carvacrol and
thymol; ssp. Airtum is rich in carvacrol, thymol,
p-cymene and y-terpinene; ssp. glandulosum is
rich in monoterpene compounds (carvacrol,
thymol and their derivatives); ssp. gracile
contains acyclic compounds, carvacrol or
sesquiterpenoids; ssp. virens is rich in acyclic
compounds and sesquiterpenes; ssp. viridulum
contains a high amount of sabinene (Mutu,
2020).

On the other hand, the results obtained by
studying essential oils from Lithuania (Vilnius)
have shown that the main constituents in ssp.
glandulosum is carvacrol, ssp. gracile contains
thymol and sabinen-germacren D., ssp. virens
has increased amounts of germacrene D-
sabinene, y-terpinene, and ssp. viride is rich in
linalyl acetate, P-caryophyllene and sabinene
(Mockute et al., 2001).

The oils also have remarkable antimicrobial
properties and can be found in all parts of
aromatic plants (Imbrea et al., 2016; Alvarez-
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Garcia et al.,, 2023; Maithani et al., 2023).
Volatile oils allow plants to regulate the
environment, acting as a chemical signal to
attract pollinators, inhibit seed germination,
communicate between plants, and repel
predators (Taheri et al., 2023).

ANTIBACTERIAL ACTIVITY OF
OREGANO ESSENTIAL OIL AGAINST
PHYTOPATHOGENIC BACTERIA

The soil may contain important bacterial
pathogens, including Agrobacterium,
Pectobacterium, Pseudomonas, Ralstonia and
Xanthomonas. However, these microorganisms
are conditionally pathogenic; the disease
occurrence is influenced by the presence of an
open wound or natural holes to invade the host
plant. The bacteria determine morphological
changes in the host plant's root system, invade
the vessels of the xylem and cause wilting
symptoms, eventually leading to the death of
the plants (Greff et al., 2023).

Chemical composition of Origanum vulgare
ssp. hirtum essential oil (Greek oregano), is
characterised by the predominance of
monoterpenes, respectively of  phenolic
monoterpenes such as carvacrol (35.79%), of
monoterpene  hydrocarbons  (p-cymene -
17.01% and y-terpinene - 13.76%), and
oxygenated monoterpenes (6.65%). On the
other hand, the essential oil of Origanum
vulgare ssp. vulgare (common oregano) is
dominated by oxygenated sesquiterpenes
(35.80%), mainly caryophyllene oxide
(18.89%), but it also contains sesquiterpene
hydrocarbons and oxygenated monoterpenes in

considerable  quantities. Due to these
compounds, Greek oregano essential oil
presents  antimicrobial  activity  against

Pseudomonas syringae (see Table 1) and
Xanthomonas hortorum. According to the
study, Greek oregano essential oil has more
antimicrobial activity against Xanthomonas
hortorum than common oregano essential oil
(Kosakowska et al., 2024).

Similarly, Grulova et al. (2020), demonstrated
significant antibacterial activity of thymol
(76%) chemotype oregano essential oil against
Pseudomonas savastanoi and Xanthomonas
campestris (see Table 2). Moreover, Sotelo et
al. (2023), observed that oregano essential oils



inhibited all phytopathogenic Pseudomonas
syringae strains, with MIC values between
11.56 mg-mL™"! to 92.5 mg-mL"!.

Other studies demonstrated the effect of
oregano essential oils against pathogenic
factors of bacteria. Carezzano et al. (2017),
investigated the impact of Origanum vulgare L.
essential oils on some pathogenic factors of
Pseudomonas syringae, including anti-toxin
and anti-biofilm activities. The results showed

that oregano essential oil strongly inhibited
biofilm formation and the production of
coronatin, syringomycin, and tabtoxin at MIC
values between 5.8 and 11.6 mg-mL".
Moreover, the essential oil also demonstrated
complete inhibition (100%) of syringomycin
production in all Pseudomonas syringae strains
at concentrations between 0.003 and 0.11
mg-mL".

Table 1. Antibacterial effect of oregano essential oil against Pseudomonas ssp.

Bacterial Major essential oil
0O.E.O. strain Methods Results compounds identified by | References
GC-MS / GC-FID
Pseudomonas MIC = 1600 ppm Carvacrol 62.37+ 0.01%, Tarakaqov &
savastanoi pv. | Disk-diffusion M.B .(:.: 3200 ppm v-terpynen 4.85+ Dzhalilov,
i : Inhibition of bacteria 0.002%, thymol 3.15+ 2022
gycinea growth by 2.0+0.8 mm 0.055%
Pseudomonas Di o Inhibited bacterial Thymol 36'0%’17 - Grulova et
savastanoi isk-diffusion growth at 10.000 ppm cymene 5_.7 %, carvacrol al., 2020
3.2%, linalool 2.6%
MIC =5.8-46.3
mg-mL"!
MBC =0.022 - 0.36
mg-mL"!
Pseudomonas 0O.E.O. inhibited the
syringae production of
coronatine at
Broth concentrations between Carvacrol. p-cymene. o~ | C ;
Origanum . . 0.045 mg-mL"! to 0.09 » p-eymene, ¢ arezzano e
vulgare microdilution mg-mL"! terpinene al., 2017
method MIC = 11.9 mg-mL"!
Pseudomonas MBC = 0.012 mg-mL"'
syringae pv. O.E.O. inhibited
atropurpurea tatoxin production at
0.006 mg-mL"!
Pseudomonas
o MIC = 5.8 mg'mL"
S“Vg"l“y’;‘i’;‘;’a"v' MBC = 0.22 mg-mL"'
Pseudomonas Broth y-terpinene 22.7%, Oliva ot al
syringae pv microdilution MIC =23.1-46.3 cqrvacrol 19.7%, cis- 2015 v
syringae method mg-mL"! sabinene hydrate 19.7%,
p- cymene 11.5%
Broth _ Cis-sabinene hydrate Sotelo et al.,
Pseudomonas |\ odilution | MIC=11:36-46.26 1 54 9904 thymol 12.03%, | 2023
syringae method mg mL carvacrol 11.39%
Origanum Caryophyllene oxide
vulgare MIC =4 uL-mL"! 18.89%, B-caryophyllene
spp- Broth MBC =4 uL-mL1 5.64%, B-cubebene
vulgare Pseudomonas . . 5.51%, carvacrol 3.97% | Kosakowska
Origanum syringae microdilution etal., 2024
method _ 1 Carvacrol 35.79%, p- ”
vulgare MIC =0.125 pL-mL o
spp. MBC = 0.250 pL-mL"' cymene 17.01%,
Hirtum y-terpinene 13.76%

*0.E.O. (Oregano Essential Oil), MIC (Minimum Inhibitory Concentration), MBC (Minimum Bactericidal Concentration), GC-MS (Gas
Chromatography-Mass Spectrometry), GC-FID (Flame Isomerism Detector for Gas Chromatography.
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Table 2. Antibacterial effect of oregano essential oil against Xanthomonas ssp.

Major Essential Oil
0.E.O. Bacterial strain Methods Results Components determined References
by GC-MS / GC-FID
%. -
Origanum Xanthomonas Disk - Inhibited growth at Thyrr;ol 76.0%, p cyrf)lene Grul'ova et
vulgare campestris diffusion 10.000 ppm 5.7%, carvacrol 3.2%, al., 2020
: linalool 2.6% ?
. Caryophyllene oxide
vglr ’i;’e”:'" MIC =2 pL-mL"! 18.89%, B-caryophyllene
l‘il arsp. MBC =2 uL-mL"! 5.64%, B-cubebene
g Xanthomonas Broth 5.51%, carvacrol 3.97% | Kosakowska
hortorum microdilution etal., 2024
. %. 1~
Mic 0128 L | COEl 20
. _ . 1 . 0,
hirtum MBC =0.250 pL-mL y-terpinene 13.76%

*0.E.O. (Oregano Essential Oil), MIC (Minimum Inhibitory Concentration), MBC (Minimum Bactericidal Concentration), GC-MS (Gas
Chromatography-Mass Spectrometry), GC-FID (Flame Isomerism Detector for Gas Chromatography).

ANTIFUNGAL EFFICACY OF
OREGANO ESSENTIAL OIL AGAINST
PHYTOPATHOGENIC FUNGI

Infections caused by fungal pathogens can be

transmitted through agricultural and
horticultural products, affecting the soil.
Species such as Fusarium, Verticillium,
Rhizoctonia, Sclerotinia, Phytophthora and
Pythium can survive in soil and plant debris for
long periods, forming resistant structures
(sclerotia, microsclerotia, oospores,

chlamydospores or hyphae). Some species can
invade the host plant through roots and stems
or spread rapidly among seedlings, causing root
necrosis, vascular disease, rot, gall, and root
and tuber proliferation (Greff et al., 2023).

The antifungal components of plant-derived
essential oils have been intensively studied and
can be classified in the following order:
phenols-alcohols-aldehydes-ketones-ethers-
hydrocarbons (Xiang et al., 2020; Lopez et al.,
2004). The active antifungal compounds are
monoterpenes, sesquiterpenes, phenols,
aldehydes and ketones. Constituents such as
terpenoids, phenolic terpenes, and alcohols
significantly increase the antifungal activity of
volatile oils (Butta et al., 2023).

The inhibitory activity of oregano essential oil
was demonstrated against Aspergillus spp.,
Fusarium spp. and Penicillium ochrochloron.
After 13 and 10 days of incubation, in the
presence of essential oil, Aspergillus niger and
Aspergillus flavus reached the complete growth

of the mycelium (4.75 cm). Instead, Aspergillus
spp., Penicillium ochrochloron did not reach
maximum growth, highlighting that this strain
is less invasive than those studied (Strelkova et
al., 2021).

Similarly, Duan et al. (2024), highlighted that
the carvacrol (66.01%) chemotype of the
oregano essential oil inhibited the proliferation
of Aspergillus flavus in wheat grain. The
carvacrol disrupts the cell membrane and cell
wall structure, causing mitochondrial
dysfunction and preventing DNA replication.
Studies conducted by Ji et al. (2022),
demonstrated the efficacy of fumigation
treatment with oregano essential oil (carvacrol
>88.3%) on Aspergillus flavus, by inducing
oxidative stress. The treatment resulted in a
significant increase in the production of
superoxide anions (from 1.57 to 9.14 times)
and the degree of lipid peroxidation (from 2.89
to 11.06 times) in the fumigation interval of 2
to 8 hours at 45°C, resulting in decreased
mitochondrial activity (by 50.17%, 64.21%,
and 89.41%) and ATP production (by 21.55%,
60.34%, and 70.30%) over the 4 to 8-hour
fumigation interval. In addition, oregano
essential oil vapour inhibited metabolic
activities related to protein and methylglyoxal
synthesis and the production of aflatoxin AFB1
(AFB1) during 5 days of incubation.

Numerous studies have shown that the
antifungal activity of volatile oils can be
amplified by combining different essential oils
to achieve a synergistic effect. For example,
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Xiang et al. (2020), demonstrated the
synergistic activity of cinnamon, oregano and
lemon oils (COL-CEO) against the aflatoxin
B1 production of (AFBI1) Aspergillus flavus.
The production of this toxin is reduced by
67.53% at a concentration of 0.6 pL/disc and
by 72.68% at a concentration of 1.0 pL/disc
(see Table 3). COL-CEOs also have synergistic
effects when the three oils are combined in a
ratio of 1:5:48.

Most essential oils of the Origanum subspecies
(Origanum vulgare spp. virens, Origanum
vulgare spp. vulgare) have demonstrated
significant antifungal activity against Fusarium
verticillioides due to their high content of
phenolic compounds (see Table 4). These
phenolic compounds are essential for fighting
pathogens, as they affect the permeability of
the cell membrane of fungi, leading to the loss

of cellular components and inhibition of
cellular metabolism (Pizzolitto et al., 2020).
Also, oregano essential oil inhibited (100%)
mycelial growth of Fusarium graminearum, at
concentrations of 1000 pg/mL and 500 pg/mL.
A lower concentration of essential oil inhibited
a lower percentage of mycelial growth. A
concentration of 100 pg/mL inhibited the
mycelium growth of Fusarium graminearum
strain by 37.4% and 40.7% for the Fusarium
graminearum (Har¢arova et al., 2021).

Oregano essential oil composed of trans-
caryophyllene 30.729%, sabinene 18.16%,
caryophyllene oxide 8.635%, germacrene-D
8.59% (see Table 5), inhibited the growth of
Penicillium aurantiogriseum by 2 mm in
diameter, 9 days after inoculation on a medium
with a concentration of 0.25 mg-L™! (Rus et al.,
2016).

Table 3. Antifungal effect of oregano essential oil against Aspergillus ssp.

Major essential oil
. compounds
0.E.O. Fungal strain Methods Results identified by GC- References
MS / GC-FID
Carvacrol 66.01%,
1 0,
Aspergillus Agar well MIC of carvacrol = 0.18 linalool 5. 107 %, Duan et
favus diffusion uL/mL thymol 3.51%, o- al., 2024
cymene 3.03%, y-
terpinene 2.54%
Aspergillus Disk _ Thymol 54%, Paster et
flavus volatilisation MIC =2.0 /L carvacrol% al., 1995
. Jietal,
Origanum | Aspergillus _ Broth | MEC = 312.5 mg/L Carvacrol 288.3% | 2022
vulgare flavus microdilution
5.0 ul O.E.O. produces a
40.93% inhibition of fungal
growth; 4 .
-terpineol 44.11%,
Aspergillus Disk - V‘r’ll(‘l"]noeg °1f 1}? ul, g?n*lfi’b?? ML inalool 15.22%, a- | Esper et
flavus diffusion a HLShOWe fortory terpineol 5.96%, y- al., 2014
- effects on the production of terpinene 5.02%
aflatoxin B1 in soybeans by P e
54.4%, 88.68%, 86.94% and
88.16%
. o Xiang et
Aspergillus . e Inhibits growth at 2.50 uL/full | Carvacrol 84.96%,
Origanum flavus Disk-diffusion disc thymol 13.26% al., 2020
vulgare in
0, -
o Aspergillus Cacrv?ri:g(l: 71?0//0,[) Strelkova
phase Pere Disk-diffusion MIC = 62.5 uL/L Y % etal., 2021
flavus thymol 3%
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Table 3. Antifungal effect of oregano essential oil against Aspergillus ssp. - continuation

Major essential oil
. compounds
0.E.O. Fungal strain Methods Results identified by GC- References
MS / GC-FID
. Aspergillus MIC =450 ppm Z-sabinene hydrate
Ov';”;;;’:‘e'” Aavus MFC = 600 ppm 23.03%, thymol
0
ssp. Aspergillus MIC = 650 ppm 1781626;) 7tY temlneze
hirtum flavus MFC = 800 ppm 270 PR | Camiletti
- Broth ol 6.20% ot al
Oricanum Aspergillus microdilution MIC = 550 ppm o-cymene 14.33%, 201;"
avus = ppm terpinen-4-o
vu%gm 1 MFC = 1100 inen-4-ol
%. E-f-
ssp. Aspergillus MIC = 550 ppm 12.'55 f)l’ 0E4ﬁ60/
vulgare flavus MFC =700 ppm terpineol 10.467%,
- thymol 9.44
. . Carvacrol 70%, p- . .
Aspergillus Disk MIC = 62.5 uL/L cymene 11%, | Stelkovd
niger volatilisation etal., 2021
thymol 3%
0, -
. ‘ The highest inhibition activity | LMl 76.0% b= | Gripovs
Aspergillus Disk - cymene 5.7%,
. . o was observed at 1000 and 500 o etal.,
Origanum niger diffusion m carvacrol 3.2%, 2020
vulgare pp linalool 2.6%
Aspergillus
niger i o,
8 ]?1§k ' MIC = 2.0 /L Thymol 540A), Paster et
Aspergillus volatilisation carvacrol% al., 1995
ochraceus

*0.E.O. (Oregano Essential Oil), MIC (Minimum Inhibitory Concentration), MFC (Minimum Fungicidal Concentration), GC-MS (Gas

Chromatography-Mass Spectrometry), GC-FID (Flame Isomerism Detector for Gas Chromatography)

Table 4. Antifungal activity of oregano essential oil against Fusarium ssp.

Major essential oil

3.97%

0.E.O. Fungal strain Methods Results ; dei(t)irfr'llg glg;d(s} C. References
MS / GC-FID
Fusarium . Inhibition of funogal growth Thymol 29.60%, p-
avenaceum Disk- by 77.4% cymene 29.40%, B- Hanana et
Fusarium diffusion Inhibition of fungal growth ty . 2 6 88"/ al., 2017
culmorum by 90.3% erpmene =6.6U%
MIC< 0.8 pL/cm3
At 20% O.E.O.
concentration:
Origanum .Disk.- ERG has been reduced by Perczak et
vulgare diffusion 99.98%, ZEA has been al., 2019
Fusarium reduced by 99.08%, and
culmorum DON has been reduced by
99.26%
The concentration of ERG
was reduced by 90.31%, Carvacrol < 80%, Perczak et
ZEA was reduced by th 129 12020
62.79% and DON by ymot =7 al
100.00%
Caryophyllene
Origanum oxide 18.89%, B-
vulgare Fusarium Broth MIC =1 uL/mL caryophyllene Kosakowska
spp. culmorum microdilution MEFC =1 pL/mL 5.64%, B-cubebene etal., 2024
vulgare 5.51%, carvacrol
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Table 4. Antifungal activity of oregano essential oil against Fusarium ssp. - continuation

Major essential oil

0.E.O. Fungal strain Methods Results ; deizrgggil;dé C. References
MS / GC-FID
Origanum Carvacrol 35.79%
vulgare Fusarium Broth MIC = 0.032 pL/mL ] 1 7' 010/’ Kosakowska
spp. culmorum microdilution MEFC = 0.250 uL/mL p-cymene 7017, oy al., 2024
. y-terpinene 13.76%
hirtum
MIC< 0.8 uL/ecm3
At 20% O.E.O.
. concentration: Perczak ot
Fusarium Disk- ERG has been reduced by al. 2019
graminearum diffusion 99.97%, ZEA has been v
reduced by 100.00%, and
DON has been reduced by
99.70%.
The concentration of ERG
Fusarium was reduced by 83.24%, Carvacrol < 80%, Perczak et
. ZEA was reduced by o al., 2020
graminearum 26.05% and DON by thymol 2%
100.00%
Fusarium MIC = 0.4 mg-mL"! Haréérové et
graminearum Broth 1IE =47.8% C 1 85439 12021
Fusarium microdilution arvacro ’ al
. MIC = 0.4 mg-mL"!
graminearum
Origanum Fusarium MIC = 0.02 ul/mL Rek L
vulgare graminearum Disk MEFC = 0.02 pl/mL ¢ lanzo 8/ 11 (2: ot
Fusarium volatilisation MIC = 0.08 wl/mL &
graminearum MFC = 0.08 pl/mL
Fusarium Carvacrol 70%, p-
sporotrichioides Disk MIC =62.5 uL/L cymene 11%, Stielkova et
. .| volatilisation MFC = 125 pL/L thymol 3% al., 2021
Fusarium solani
F usarium ' Inhibition of funogal growth Thymol 29.60%, p-
subglutinans Disk - by 94.4% Hanana et
- o T cymene 29.40%, B-
Fusarium diffusion Inhibition of fungal growth ferpinene 26.80% al., 2017
verticillioides by 67.3% )
40, 50, 100, 200 /1
O.E.O. reduced mycelium
Fusarium Disk - growth by 75%. Thymol 21.2%, Lopez et al.,
verticillioides diffusion On dgy 29’ oregano terp 1n§01 21.1%, y- 2004
essential oil (30 ppm) terpinene 9.1%
decreased the production
of fumonizin B1 (FB1)
Thymol 29.950%,
Origanum cis-sabinene hydrat
vulgare Fusarium MIC =250 pL/L 24.654%, v-
spp. verticillioides Mathematical terpinene 12.045%,
vulgare model using terpinen-4-ol . .
arbitrary 7.764% P‘ZIZO;‘gZOOCt
descriptors Thymol 34.045, cis- b
Origanum based on EO sabinene hydrat
Fusarium components MIC =250 pL/L 19.094%, y-
vulgare e - : o
spp. virens verticillioides terplnqne 6.811%,
terpinen-4-ol
6.660%

*0.E.O. (Oregano Essential Oil), MIC (Minimum Inhibitory Concentration), MFC (Minimum Fungicidal Concentration), IE = inhibitory effect, ERG

(ergosterol), ZEA (zearalenone), DON (deoxynivalenol), GC-MS (Gas Chromatography-Mass Spectrometry), GC-FID (Flame Isomerism Detector
for Gas Chromatography)
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Table 5. Antifungal effect of oregano essential oil against Penicillium spp.

Major essential oil
0O.E.O. Fungal strain Methods Results compounds identified by References
GC-MS / GC-FID
Trans-caryophyllene
Penicillium Poisoned _ 1 30.729%, sabinene Rus et al.,
o . MIC=0.5 mg'L o
aurantiogriseum medium MFC = 5 moL-! 18.16%, caryophyllene 2016
method g oxide 8.635%,
germacrene-D 8.159%
Carvacrol 70%, p-cymene
Origanum Penicillium Disk _ 11%, thymol 3% Strelkova et
vulgare ochrochloron volatilisation MIC =62.5 uL/L al., 2021
. The hlghegt . Thymol 76.0%, p-cymene o 2
o . inhibition activity o o Grulova et
Penicillium Disk - . 5.7%, carvacrol 3.2%,
expansum diffusion | "asinthe case of linalool 2.6% al., 2020
pan ° 1000 and 500 007 =070
ppm
Ori Penicillium MIC =350 ppm | Z-sabinene hydrat 23.03%,
vu;liz::;n oxalicum MEFC = 500 ppm thymol 18.66%, y-
& P- Penicillium . MIC =400 ppm | terpinene 7.12 %, terpinen- o
hirtum . Poisoned _ o Camiletti et
minioluteum . MEFC = 600 ppm 4-01 6.20%
— medium al., 2014
Orisanum Penicillium method MIC =400 ppm o-cymene 14.33%,
vul ‘i re ss oxalicum MFC =700 ppm | terpinen-4-ol 12.55%, E-f-
el | Penicillium MIC =500 ppm | terpineol 10.46%, thymol
i minioluteum MEFC = 600 ppm 9.44%

*0.E.O. (Oregano Essential Oil), MIC (Minimum Inhibitory Concentration), MFC (Minimum Fungicidal Concentration), GC-MS (Gas
Chromatography-Mass Spectrometry), GC-FID (Flame Isomerism Detector for Gas Chromatography)

CONCLUSIONS

Plants and botanicals play a crucial role in
promoting a sustainable and balanced
agricultural system, which is important in
environmental protection, biodiversity
promotion, pest management, soil
improvement, and reduction of dependence on
synthetic products and toxicity. Sustainable
agriculture aims to reduce the use of chemicals
because most pathogens become resistant; thus,
they are replaced by plant-derived products.
Botanical substances, especially essential oils,
are among the most widely used treatments
against soil plant  pathogens, having
antibacterial and antifungal properties. Using
less toxic essential oils than synthetic products
represents an adequate alternative to controlling
aflatoxins. Thus, oregano essential oil could
protect against aflatoxin Bl in soybean and
corn crops. This scientific research aimed to
carry out an analysis of oregano essential oil,
highlighting the effects and mode of
antibacterial and antifungal action, as well as
the mode of action of the chemical components
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identified in their composition, on the bacteria
and fungi present in cereals.

REFERENCES

Alvarez-Garcia, S., Moumni, M., & Romanazzi, G.
(2023). Antifungal activity of volatile organic
compounds from essential oils against the postharvest
pathogens Botrytis cinerea, Monilinia fructicola,
Monilinia fructigena, and Monilinia laxa. Frontiers
in Plant Science, 14, 1-12.

Ashraf, S., & Zuhaib, M. (2013). Fungal biodiversity: a
potential tool in plant disease management.
Management of microbial resources in the
environment, Dordrecht: Springer, 69—90.

Balasoiu (Jigau), A.R., Obistioiu, D., Hulea, A.,
Suleiman, M.A., Popescu, I., Floares, D., Imbrea,
IM., Neacsu, A.-G., Smuleac, L., Pascalau, R., &
Imbrea, F. (2024). Analysing the antibacterial
synergistic interactions of Romanian lavender
essential oils via Gas Chromatography—Mass
Spectrometry: In vitro and in silico approaches.
Plants, 13(15), 2136.

Beicu, R., Popescu, S., Imbrea, F., Velicevici, G.,
Neacsu, A., Pop, G., Butta, L., & Imbrea, .M.
(2023). Assessment of phenotypic diversity in some
wild thyme populations from Banat area (Western
Romania). Scientific Papers Serie A Agronomy, 66
(2), 441-452.



Bonaterra, A., Badosa, E., Daranas, N., Francés, J.,
Rosello, G., & Montesinos, E. (2022). Bacteria as
biological control agents of plant diseases.
Microorganisms, 10(9).

Butta, L.D., Neacsu, A., Smuleac, L.I., Pascalau, R.,
Imbrea, F., Batrina, S.L., & Imbrea, .M. (2023).
Antifungal and anti-mycotic properties of essential
oils extracted from different plants on pathogenic
fungi that biosynthesize mycotoxins. Scientific
Papers. Series A. Agronomy, 66(1), 251-263.

Camele, 1., Altieri, L., De Martino, L., De Feo, V.,
Mancini, E., & Rana, G. L. (2012). In vitro control of
post-harvest fruit rot fungi by some plant essential oil
components. International Journal of Molecular
Sciences, 13(2), 2290-2300.

Camiletti, B.X., Asensio, C.M., Pecci, M.D.L.P.G., &
Lucini, E.I. (2014). Natural control of com
postharvest fungi Aspergillus flavus and Penicillium
sp. using essential oils from plants grown in
Argentina. Journal of Food Science, 79(12), M2499-
M2506.

Carezzano, M.E., Sotelo, J.P., Primo, E., Reinoso, E.B.,
Paletti Rovey, M.F., Demo, M.S., Giordano, W.F., &
Oliva, M.D.L.M. (2017). Inhibitory effect of Thymus
vulgaris and Origanum vulgare essential oils on
virulence factors of phytopathogenic Pseudomonas
syringae strains. Plant Biology, 19(4), 599-607.

Dhifi, W., Bellili, S., Jazi, S., Bahloul, N., & Mnif, W.
(2016). Essential oils' chemical characterization and
investigation of some biological activities: A critical
review. Medicines, 3(4), 25.

Duan, W.Y., Zhu, X.M., Zhang, S.B., Lv, Y.Y., Zhai,
H.C., Wei, S., Ma, PA, & Hu, Y.S. (2024).
Antifungal Effects of carvacrol, the main volatile
compound in Origanum vulgare L. essential oil,
against Aspergillus flavus in postharvest wheat.
International Journal of Food Microbiology, 410,
110514.

Esper, R.H., Gongalez, E., Marques, M.O.M., Felicio,
R.C., & Felicio, J.D. (2014). Potential of essential
oils for protection of grains contaminated by
aflatoxin produced by Aspergillus flavus. Frontiers in
Microbiolog, 5(269), 1-5.

Greff, B., Saho, A., Lakatos, E., & Varga, L. (2023)
Biocontrol activity of aromatic and medicinal plants
and their bioactive components against soil-borne
pathogens. Plants, 12(4), 706.

Grulova, D., Caputo, L., Elshafie, H.S., Baranova, B.,
De Martino, L., Sedlak, V., Gogal'ova, Z., Poracova,
J.,, Camele, I, & De Feo, V. (2020). Thymol
chemotype Origanum vulgare L. essential oil as a
potential selective bio-based herbicide on monocot
plant species. Molecules, 25(3), 595.

Gurita (Ciobotaru), G.V., Pavel, Z., Borcan, F., Moaca,
A., Danciu, C., Diaconeasa, Z., Imbrea, 1., Vlad, D.,
Dumitrascu, V., & Pop, G. (2019). Toxicological
evaluation of some essential oil obtained from
selected Romanian Lamiaceae. Revista de Chimie, 70
(10), 3703-3707.

Hanana, M., Mansour, M.B., Algabr, M., Amri, I,
Gargouri, S., Romane, A., Jamoussi, B., &
Hamrouni, L. (2017) Potential use of essential oils
from four tunisian species of Lamiaceae: Biological

481

alternative for fungal and weed control. Records of
Natural Products, 11(3), 258-269.

Harg&arova, M., Conkova, E., Proskovcové, M., Véaczi, P.,
Marcin¢akova, D., & Bujnak, L. (2021). Comparison
of antifungal activity of selected essential oils against
Fusarium  graminearum in vitro. Annals of
Agricultural and Environmental Medicine, 28(3),
414-418.

Horablaga, M.N., Cozma, A., Alexa, E., Obistioiu, D.,
Cocan, I., Poiana, M.A., Lalescu, D., Pop, G.,
Imbrea, 1., & Buzna, C. (2023). Influence of sample
preparation/extraction method on the phytochemical
profile and antimicrobial activities of 12 commonly
consumed medicinal plants in Romania. Applied
Sciences, 13(4):2530.

Tetswaart, J.H. (1980). 4 taxonomic revision of the genus
Origanum (Labiatae), The Hague/ Boston/ London,
Leiden Botanical Series, 4(1), 106-123.

Imbrea, I.M., Radulov, 1., Nicolin, A.L., & Imbrea, F.,
(2016). Analysis of macroelements content of some
medicinal and aromatic plants using flame atomic
absorption  spectrometry  (FAAS).  Romanian
Biotechnological Letters, 21(4), 11460-11649.

Ji, M., Li, J., & Fan, L. (2022). Study on the antifungal
effect and mechanism of oregano essential oil
fumigation against Aspergillus flavus. Journal of
Food Processing and Preservation, 46(11), e17026.

Kaouther, M., Soumaya, K., Wahbi, J., Wolfgang, F., &
Abdellah, C. (2017). Morphological and molecular
evaluation of genetic diversity of wild tunisian
oregano, Origanum vulgare L. subsp. glandulosum
Desf. letswaart. Asian Journal of Biology, 3(2), 1-15.

Kokkini, S. (1997). Taxonomy, diversity and distribution
on Origanum species. Oregano: Proceedings of the
IPGRI International Workshop on Oregano, ltaly:
Rome, 2-12.

Kosakowska, O., Weglarz, Z., Styczynska, S., Synowiec,
A., Gniewosz, M., & Baczek, K. (2024). Activity of
common thyme (Thymus vulgaris L.), Greek oregano
(Origanum vulgare L. ssp. hirtum), and Common
oregano (Origanum vulgare L. ssp. vulgare) essential
oils against selected phytopathogens. Molecules,
29(19), 4617.

Kosc¢ak, L., Lamovsek, J., Permi¢, E., Prgomet, 1., &
Godena, S. (2023). Microbial and plant-based
compounds as alternatives for the control of
phytopathogenic bacteria. Horticulturae, 9(10), 1-26.

Lopez, A.G., Theumer, M.G., Zygadlo, J.A., &
Rubinstein, H.R. (2004). Aromatic plants essential
oils activity on Fusarium verticillioides Fumonisin
BI1 production in corn grain. Mycopathologia, 158,
343-349.

Lotti, C., Ricciardi, L., Rainaldi, G., Ruta, C., Tarraf, W.,
& De Mastro, G. (2019). Morphological,
biochemical, and molecular analysis of Origanum
Vulgare L. The Open Agriculture Journal, 13(1),
116-124.

Lukas, B., Schmiderer, C., & Novak, J. (2015). Essential
oil diversity of European Origanum vulgare L.
(Lamiaceae). Phytochemistry, 119, 32-40.

Maithani, A., Maithani, U.,, & Singh, M. (2023).
Botanical description, cultivation practices, essential
oil composition and therapeutic values of Origanum



vulgare L. and its future prospective. Current
Agriculture Research Journal, 11(2), 348-361.

Marrelli, M., Statti, G.A. & Conforti, F.(2018).
Origanum spp.: an update of their chemical and
biological profiles. Phytochemistry Reviews, 17, 873—
888.

Masyita, A., Sari, R.M., Astuti, A.D., Yasir, B., Rumata,
N.R., Emran, T.B., Nainu, F., & Simal-Gandara, J.
(2022). Terpenes and terpenoids as main bioactive
compounds of essential oils, their roles in human
health and potential application as natural food
preservatives. Food Chemistry: X, 13, 1-14.

Malik, S. (2019). Essential oil research: trends in
biosynthesis, analytics, industrial applications and
biotechnological production, Switzerland: Springer,
3-17.

Mechergui, K., Jaouadi, W., Coelho, J.A., Serra, M.C. &
Khouja, M.L. (2016). Biological activities and oil
properties of Origanum glandulosum Desf*: A
Review. Phytothérapie, /4(2), 102-108.

Mockute, D., Bernotiene, G., & Judzentiene, A. (2001).
The essential oil of Origanum vulgare L. ssp. vulgare
growing wild in Vilnius district (Lithuania).
Phytochemistry, 57(1), 65-69.

Morshedloo, M.R., Craker, L.E., Alireza, S., Nazeri, V.,
Sang, H., & Maggi, F. (2017). Effect of prolonged
water stress on essential oil content, compositions
and gene expression patterns of mono- and
sesquiterpene synthesis in two oregano (Origanum
vulgare 1L.) subspecies. Plant physiology and
biochemistry, 111, 119—128.

Mutu, A. (2020). Structural and functional diversity at
Origanum vulgare L., Doctoral thesis, Republic of
Moldova, Chisinau, 17-41

Nazzaro, F., Fratianni, F., De Martino, L., Coppola, R.,
& De Feo, V. (2013). Effect of essential oils on
pathogenic bacteria. Pharmaceuticals, 6(12), 1451—
1474.

Nazzaro, F., Fratianni, F., Coppola, R., & De Feo, V.
(2017). Essential oils and antifungal activity.
Pharmaceuticals, 10(4), 86.

Oliva, M.D.L.M., Carezzano, M., Giuliano, M., Daghero,
J., Zygadlo, J., Bogino, P., Giordano, W., & Demo,
M. (2015). Antimicrobial activity of essential oils of
Thymus — vulgaris and  Origanum vulgare on
phytopathogenic strains isolated from soybean. Plant
Biology, 17(3), 758—765.

Onaran, A., Yilar, M., Belguzar, S., Bayan, Y., & Aksit,
H. (2014). Antifungal and bioherbicidal properties of
essential oils of Thymus fallax Fish & Mey.,
Origanum vulgare L. and Mentha dumetorum Schult.
Asian Journal of Chemistry, 26(16), 5159-5164.

Paster, N., Menasherov, M., Ravid, U., & Juven, B.
(1995). Antifungal activity of oregano and thyme
essential oils applied as fumigants against fungi
attacking stored grain. Journal of Food Protection,
58(1), 81-90.

Perczak, A., Gwiazdowska, D., Gwiazdowski, R., Ju$,
K., Marchwinska, K., & Waskiewicz, A. (2020). The
inhibitory potential of selected essential oils on
Fusarium spp. growth and mycotoxins biosynthesis
in maize seeds. Pathogens, 9(1), 1-16.

482

Perczak, A., Gwiazdowska, D., Marchwinska, K., Jus,
K., Gwiazdowski, R., & Waskiewicz, A. (2019).
Antifungal activity of selected essential oils against
Fusarium culmorum and F. graminearum and their
secondary metabolites in wheat seeds. Archives of
Microbiology, 201, 1085-1097.

Pizzolitto, R.P., Jacquat, A.G., Usseglio, V.L., Achimon,
F., Cuello, A.E., Zygadlo, J.A., & Dambolena, J.S.
(2020). Quantitative-structure-activity —relationship
study to predict the antifungal activity of essential
oils against Fusarium verticillioides. Food Control,
108, 106836.

Raveau, R., Fontaine, J., & Lounés-Hadj Sahraoui, A.
(2020). Essential oils as potential alternative
biocontrol products against plant pathogens and
weeds: A Review. Foods, 9(3), 1-31.

Rekanovi¢, E., Stepanovi¢, M., Todorovi¢, B., Poto¢nik,
1., Milijasevi¢-Mar¢i¢, S., & Kosti¢c, M. (2012).
Antifungal activity of essential oils to plant
pathogenic fungi Alternaria solani Sorauer and
Fusarium  graminearum Schwabe. [nternational
Symposium for Agriculture and Food, Faculty of
Agricultural Sciences and Food, Ss Cyril and
Methodius University, 10, 1072—1078.

Rus, C.F., Alexa, E., Sumalan, R.M., Galuscan, A.,
Dumitrache, A., Imbrea, I.M., Sarac, I., Pag, A., &
Pop, G. (2016). Antifungal activity and chemical
composition of Origanum vulgare L. essential oil.
Revista de chimie, 67(11), 2287-2290.

Skoufogianni, E., Solomou, A.D., & Danalatos, N.G.
(2019). Ecology, cultivation and utilisation of the
aromatic Greek oregano (Origanum vulgare L.): A
Review. Notulae Botanicae Horti Agrobotanici Cluj-
Napoca, 47(3), 545-552.

Sotelo, J.P., Rovey, M.F.P., Carezzano, M.E., Moliva,
M.V., & Oliva, M.D.L.M. (2023). Characterisation of
Pseudomonas  syringae strains associated with
soybean bacterial blight and in vitro inhibitory effect
of oregano and thyme essential oils. Physiological
and Molecular Plant Pathology, 128, 102133.

Strelkova, T., Nemes, B., Kovacs, A., Novotny, D.,
Bozik, M., & Kloucek, P. (2021). Inhibition of fungal
strains isolated from cereal grains via vapor phase of
essential oils. Molecules, 26(5), 1-10.

Taheri, P., Soweizy, M., & Tarighi, S. (2023).
Application of essential oils to control some
important fungi and bacteria pathogenic on cereals.
Journal of Natural Pesticide Research, 6, 1-18.

Tarakanov, R.I., & Dzhalilov, F.S.U. (2022). Using of
essential oils and plant extracts against Pseudomonas
savastanoi  pv. glycinea and  Curtobacterium
flaccumfaciens pv. flaccumfaciens on soybean.
Plants, 11(21), 1-24.

Vasinauskiené, M., RaduSien¢, J., Zitikaite, 1., &
Survilien¢, E. (2006). Antibacterial activities of
essential oils from aromatic and medicinal plants
against growth of phytopathogenic bacteria.
Agronomy Research, 4, 437-440.

Xiang, F., Zhao, Q., Zhao, K., Pei, H., & Tao, F. (2020).
The efficacy of composite essential oils against
aflatoxigenic fungus Aspergillus flavus in maize.
Toxins, 12(9), 1-16.



