Kacdaniova M. et al./Scientific Papers: Animal Science and Biotechnologies, 2025, 58 (1)

Antibacterial Activity of Crocus sativus Essential OQil against
Selected Phytopathogenic Bacteria and its
Insecticidal Potential

Miroslava Kadaniova !, Jan Kollar 2, Oleg Paulen !

nstitute of Horticulture, Faculty of Horticulture and Landscape Engineering, Slovak University of Agriculture,
Trieda Andreja Hlinku 2, 94976 Nitra, Slovakia

’Institute of Landscape Architecture, Faculty of Horticulture and Landscape Engineering, Slovak University of
Agriculture, Tulipanova 7, 94976 Nitra, Slovakia

Abstract

Crocus sativus, commonly known as saffron crocus, is a plant that looks delicately fragrant and produces stigmas.
When harvested and dried, these stigmas become saffron. Saffron is a spice that has been used by humans since
ancient times. It is one of the more expensive spices in the world, so its cultivation is of great economic significance
wherever it is grown. The aim of our study was the investigation of the antibacterial potential of Crocus sativus
essential oil against plant pathogens and its insecticidal activity. The bacterial species Agrobacterium radiobacter,
Pectobacterium carotovorum, Priestia megaterium, Pseudomonas syringae and Xanthomonas arboricola were used
to test the antimicrobial activity and insect Megabruchidius dorsalis was used for insecticidal effect. The
antimicrobial activity was monitored by disk diffusion method under in vitro and gas phase conditions on fruit
(strawberry) and vegetable (carrot) models. Under in vitro conditions, the best antimicrobial activity was found
against X. arboricola, and under in situ condition, the best antimicrobial activity were found against 4. radiobacter
on strawberry model and against P. megaterium on carrot model at the lowest concentration of C. sativus essential
oil. The best insecticidal activity was found at the highest concentrations 100 % of C. sativus essential oil used. Our
study demonstrated the antibacterial and insecticidal activity of C. sativus essential oil.
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1. Introduction of C. sativus is not fully established; however, it is
currently cultivated in Western Asia, Turkey, Iran,
Greece, India and Spain [1]. Currently, Iran is

Crocus sativus, commonly known as saffron responsible for approximately 90 % of global
crocus, is a delicate-looking lavender plant that saffron production [2].

produces stigmas. When harvested and dried, Saffron oil, obtained through the distillation of
these stigmas create saffron, a spice that has been saffron flowers, is considered a valuable
used by humans since ancient times. It is one of commercial product due to its pharmacological
the costliest spices in the world, and as such, its properties and its olfactory characteristics. A
cultivation has great economic significance substantial corpus of reviews has emerged
wherever it takes place. The plant is indigenous to addressing the multifaceted facets of saffron,
south-west Asia. The precise geographical origin encompassing domains such as cultivation,

extraction methodologies, historical applications,
and pharmacological properties [3-11]. As early as
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throughout the world in the sphere of conventional
medicine for the prevention and treatment of a
wide range of diseases and health conditions [8].

As evidenced by Bakkali et al. [12], essential oils
have various biological activities, which include
but are not limited to antimicrobial, antiviral,
antioxidant, and anticancer properties. Saffron oil,
in particular, has significant applications in the
food industry. It is used to color and flavor a
variety of food products, drinks, and beverages. In
addition to its coloring and flavoring properties,
saffron oil has antimicrobial and antioxidant
properties [13]. This means that it can be used to
improve the quality of food products. The food
industry is currently experiencing a period of rapid
change, with the increasing production of
preserved foods for consumers. It is evident that
consumers have a clear preference for foodstuffs
that are preserved using safe methods [14].
Microbial activity is one of the most prevalent
causes of spoilage, which is a major concern in the
food industry. This is due to the significant
economic losses that it causes, as well as its

potential to have serious public health
consequences. Microorganisms produce
saccharolytic, proteolytic, pectinolytic, and

lipolytic enzymes, which are associated with
metabolic end products that are characteristic of
spoilage [15]. Therefore, it can be concluded that
microbial activity is of great importance in the
manifestation of spoilage. The manifestation of
microbial food spoilage is characterized by the
occurrence of visible growth and changes.

The objective of the present study was twofold.
Firstly, it set out to investigate the antibacterial
potential of Crocus sativus essential oil against
plant pathogens. Secondly, it investigated its
insecticidal activity.

2. Materials and methods

2.1. Essential oil

Crocus sativum essential oil was purchased from
Inevita SK (Bratislava, Slovakia). The essential oil
was stored at 4 °C before use. The essential oil
was produced by CO, extraction.

2.2. Bacterial strains

The antibacterial activity of Crocus sativum
essential oil (CSEO) was evaluated against a range
of Gram-negative (G°) bacterial strains including
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Agrobacterium radiobacter CCM 2926,
Pectobacterium carotovorum CCM 1008T, and
Pseudomonas  syringae CCM 2868 and

Xanthomonas arboricola CCM 1441 and Gram-
positive (G") bacteria Priestia megaterium CCM
2007. All bacterial strains were obtained from the
Czech Collection of Microorganisms in Brno,
Czech Republic. Bacterial inocula were cultured
in  Mueller-Hinton broth (MHB, Oxoid,
Basingstoke, UK) for 24 h at 37 °C before
analysis. The optical density of the inocula was
adjusted to 0.5 McFarland standard on the day of
the experiment.

2.3. Disc diffusion method

In order to evaluate the antibacterial activity, the
disc diffusion method was employed, as
previously described. Small discs (6 mm in
diameter) saturated with CSEO were placed on
Mueller-Hinton agar (MHA) for bacterial strains.
The bacterial strains were incubated at 37°C for
24 hours. The measurement of the inhibition zones
was conducted in mm. The blank discs functioned
as negative controls, while the antibiotic discs
(cefoxitin for Gram-positive bacteria, gentamicin
for Gram-negative bacteria, from Oxoid,
Basingstoke, UK) served as positive controls [16].

2.3. In situ antimicrobial activity

In order to assess the in situ antimicrobial activity
of CSEO, a range of substrates were tested,
including commercial strawberry and carrot, as
well as specific both Gram-positive and Gram-
negative bacteria. The substrates were sliced into
pieces measuring 0.5 mm, cleaned, and placed in
60 mm Petri dishes which had been inoculated
with bacteria. CSEO was dispersed in ethyl
acetate at concentrations of 500, 250, 125, and
62.5 pg/mL. Ethyl acetate filter sheets served as
controls. The plates were sealed and incubated at
37 °C for a period of seven days. Microbial colony
growth was assessed using Imagel] to calculate
bacterial volume densities, along with standard
methods for measuring in situ colony development
[16].

2.4. Insecticidal activity

The insecticidal activity of CSEO was assessed
using Megabruchidius dorsalis Fahreus, 1839 as
the model organism. Groups of fifty M. dorsalis
insects were placed in Petri dishes, each lined with
sterile filter paper. Various concentrations of
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CSEO (100 %, 50 %, 25 %, 12.5 %, 6.25 %, and
3.125 %) were prepared by diluting the CSEO
with a 0.1% polysorbate solution. After saturating
sterile filter paper discs with 100 uL of each
CSEO concentration, the plates were sealed with
parafilm and left at room temperature for 24
hours. The control group received 100 pL of the
0.1 % polysorbate solution. After one full day, the
number of living and dead insects was counted.
This experimental procedure has been replicated
successfully in three separate studies.

3. Results and discussion

The aim of our work was the antibacterial activity
of CSEO under in vitro and in situ conditions
against 5 plant pathogens. The best antimicrobial
activity was found against bacteria X. arboricola
(Figure 1). The lowest antibacterial activity was
found against 4. radiobacter 7.33 mm). Next, we
investigated the antibacterial activity of CSEO in
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vapor phase on strawberry and carrot model. The
best inhibited bacteria was A. radiobacter (89.76
%) at the lowest concentration (Figure 2), while
on the carrot model the best inhibited bacteria was
P.  megaterium (88.67 %) at the lowest
concentration tested (Figure 3). It was determined
that the active constituents of saffron, namely
safranal (8-16 mg/mL) and crocin (64-128
mg/mL),  exhibited antibacterial activity,
particularly against Salmonella [17]. This is a
primary reason why bacteria do not proliferate in
saffron spices. A further study demonstrated the
efficacy of an ethyl acetate extract of saffron
stigma, employing the cup plate diffusion method,
against a range of bacterial (Micrococcus luteus,
Staphylococcus  epidermitis,  Staphylococcus
aureus, and Escherichia coli) and fungal (Candida
albicans, Aspergillus niger, and Cladosporium
sp.) strains. The ethanolic and methanolic extracts
of saffron also demonstrated moderate anti-
Brucella activity using the disc diffusion method
[18, 19].

12,33
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B_4grobacterium radiobacter W Pecfobacterium carofovorum

B Priestia megaterium

B Xanthomonas arboricola

B Pseudomonas syringae

Figure 1. Antimicrobial activity of CSEO with disc diffusion method in mm
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Figure 2. Antimicrobial activity in situ on strawberry in %
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Figure 3. Antimicrobial activity in situ on carrot in %

As illustrated in Table 1, the study examined the
insecticidal efficacy of CSEO against M. dorsalis.
The findings indicated that the highest levels of
insecticidal activity were achieved when 50 % and
100 % of the CSEO solution was applied.
However, concentrations of 6.25 % and 3.125 %
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of CSEO did not demonstrate a significant
repellent effect against M. dorsalis. 1t is worthy of
note that the M. dorsalis population (50 %) was
impacted by a concentration of 12.5 %.
Conversely, 25 % of the insects were effectively
killed by that concentration. The study set out to
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determine the effects of saffron petal extract on 7.
confusum adults. The findings revealed that the
extract caused fumigant toxicity, and that
mortality increased with both increasing
concentration and duration of exposure [19]. Since
repellents are regarded as one of the new methods
of controlling stored-products insect pests, the
repellency of saffron petal extract was evaluated
in T. confusum adults. The study found that the
repellency of saffron petal extract on 7. confusum
adults increased with increased time of exposure.
The chemical compounds of saffron petals have
been shown to confirm the presence of terpenoids,
ethyl acetate, methanol, and an aqueous extract of
saffron petals. The presence of these chemical
compounds has been proven to demonstrate the

antibacterial properties of saffron petal extract
[20]. Essential oils (EOs) have been shown to
possess significant pesticidal properties, including
insecticidal effects. Consequently, they have
become the focus of research in recent decades,
with the aim of identifying EOs that could be used
as active ingredients in botanical insecticides.
While the insecticidal efficacy of numerous EOs is
well documented, there is a paucity of information
regarding the efficacy of their individual major
compounds against different insects. This is
despite the fact that several insects are among the
most common pests of many cultivated crops, and
they are becoming resistant to traditional active
substances such as pyrethroids, neonicotinoids,
and carbamates [21].

Table 1. Insecticidal activity of CSEO against Megabruchidius dorsalis (n=50)

Concentration (%) Nurﬁlb(fil;;zlful;i:ing Number of Dead Individuals Insectici((izl)Activity
100 0 100 100.00 + 0.00

50 10 90 90.00 £ 0.00

25 30 80 80.00 £ 0.00
12.5 70 30 30.00 = 0.00
6.25 100 0 0.00 £ 0.00
3.125 100 0 0.00 £ 0.00
Control group 100 0 0.00+0.00

4. Conclusions

The results of our experiments revealed good
antimicrobial activity of saffron essential oil
against various species of bacteria belonging to
plant pathogens under in vitro and in situ
conditions. The insecticidal effect against M.
dorsalis was also demonstrated. There is
considerable interest in the screening and
development of safer alternatives, with botanicals
being the focus of a significant degree of attention.
It is evident that botanicals pose minimal threat to
both human health and the environment. This can
be ascribed to their low mammalian toxicity and
minimal environmental persistence. Essential oils
can be extracted from various plant parts,
including barks, flowers, buds, leaves, peels and
resins. The extraction process principally involves
the utilization of steam distillation, a method that
has been employed for centuries. These oils are
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recognized for their composition of a diverse array
of monoterpenes, sesquiterpenes, and their
derivatives, numbering in the hundreds. The
biological activities of essential oils have been
demonstrated to extend to a variety of effects,
including alterations to the shelf life of products,
food safety and insecticidal properties.
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