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Abstract: The essential oil of Jasminum grandiflorum has very good biological activity. The present
study aimed to analyze the chemical composition and biological activity of |. grandiflorum. The
main constituents of J. grandiflorum essential oil were benzyl acetate (37%), benzyl benzoate (34.7%)
and linalool (9.6%). The antioxidant activity was 58.47%, which corresponds to 220.93 TEAC. The
antimicrobial activity was weak to moderate, with inhibition zones ranging from 2.33 to 5.33 mm.
The lowest MIC value was against Candida glabrata. The antimicrobial activity of the vapor phase
of the essential oil was significantly stronger than that of the contact application. Biofilm analysis
using a MALDI-TOF MS Biotyper showed changes in the protein profile of Pseudomonas fluorescens
that confirmed the inhibitory effect of J. grandiflorum. The insecticidal potential of the essential oil
against Oxycarenus lavatera and Brassicogethes aeneus was also demonstrated. Due to the properties
of J. grandiflorum essential oil, it could find application as a biofilm control agent for the shelf-life
extension and storage of fruits and vegetables and as a possible insecticidal agent.
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1. Introduction

Essential oils (EOs) are defined as secondary metabolites of plants formed by volatile
compounds that impart a characteristic aroma or flavor, or both, to plants [1]. EOs are
most commonly obtained from plant material by steam distillation, hydrodistillation or the
mechanical cold-pressing of leaves [2]. EOs have been used for centuries in folk medicine
for their antimicrobial effects, but they have also been used for many years in the cosmetic
and fragrance industries, as well as in gastronomy, such as spices [3]. Another area of
interest in EOs is the need for new alternatives to antimicrobials due to the increasing
resistance of microorganisms to currently used drugs [4].

Jasminum grandiflorum, which belongs to the Oleaceae family, is most commonly used
in the fragrance industry due to its aromatic compound content [5]. It is also known for its
therapeutic effects, especially in the treatment of spasmolysis, conjunctivitis and dermatitis
but also for wound care, infections and mental diseases, and for its beneficial effect in the
treatment of cancer [6]. The antioxidant and antimicrobial effects of J. grandiflorum have
also been observed [7].
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In several in vitro studies, liquid EOs have been found to be highly effective against
microorganisms, but higher concentrations are needed to achieve in vitro efficacy. This
affects sensory properties if we want to use EOs as natural preservatives [8]. Vapor-phase
EOs are a possible alternative when used as antimicrobial agents for food storage and
preservation [9].

The present study aimed to analyze the chemical composition of |. grandiflorum essen-
tial oil and to evaluate the biological activity of this essential oil, including its antioxidant,
antimicrobial and antibiofilm activity. Our study was also intended to evaluate the effects
of the essential oil in the vapor phase of . grandiflorum against microorganisms in a food
model and the insecticidal potential of the vapor phase against Brassicogethes aeneus and
Oxycarenus lavaterae.

2. Materials and Methods
2.1. Essential Oil

The essential o0il (EO) was obtained by extracting fresh flowers from the cultivar
J. grandiflorum (Hanus, s.r.0., Nitra, Slovakia). It was stored in the dark at 4 °C.

2.2. Microorganisms

Three Gram-negative bacteria (Escherichia coli CCM 3988, Haemophilus influenzae
CCM 4454 and Yersinia enterocolitica CCM 7204), three Gram-positive bacteria (Streptococ-
cus pneumoniae CCM 4501, Listeria monocytogenes CCM 4699 and Staphylococcus aureus
subsp. aureus CCM 8223), and three yeasts (Candida glabrata CCM 8270, Candida tropi-
calis CCM 8223 and Candida albicans CCM 8261) were obtained from the Czech Collection
of Microorganisms (Brno, Czech Republic). Pseudomonas fluorescens was isolated from
fish samples and used for the analysis of antibiofilm activity.

2.3. Identification of Volatile Constituents by Gas Chromatography (GC) and Gas
Chromatography/Mass Spectrometry (GC/MS)

The GC and GC-MS analyses were performed using an Agilent 7890A GC equipped
with an inert 5975C XL EI/CI MSD and FID detector connected by a 2-way splitter of
capillary flow technology with make-up (to MSD: capillary column 1.44 m x 180 um x 0 um
at 325 °C; to FID: capillary column 0.53 m x 180 mm x 0 mm at 325 °C). An HP-5MS
capillary column (30 m x 0.25 mm x 0.25 um) was used. The temperature of the GC oven
was programmed to increase from 50 °C to 70 °C (increasing rate, 4 °C/min), hold for
2 min at 70 °C, increase from 70 °C to 120 °C (increasing rate, 5 °C/min), hold for 1 min
at 120 °C, and increase from 120 °C to 290 °C (increasing rate, 5 °C/min); the total run
time was 52 min. Helium 5.0 was used as the carrier gas with a flow rate of 1 mL/min.
The injection volume was 1 uL (10% hexane solution), while the split/splitless injector
temperature was set at 280 °C, and the split ratio was set at 40.8:1; the investigated samples
were analyzed in split mode. The temperatures of the MS source, MS quadrupole and MSD
transfer line were set at 230 °C, 150 °C and 280 °C, respectively, and the mass scan range
was 35-550 amu at 70 eV. Data acquisition started after a solvent delay time of 3.20 min for
the oil sample analysis, while in the case of n-alkanes (C7—C30), the solvent delay time was
2.10 min to obtain the retention index for n-heptane (identified at 2.6 min). The components
were identified based on their retention indices and comparison with reference spectra
(Wiley and NIST databases) [10]. Retention indices were experimentally determined using
a standard method that included the retention times of n-alkanes (C7—-C34) injected under
the same chromatographic conditions [11]. The percentages of the identified compounds
(amounts greater than 0.1%) were derived from their peak areas.
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2.4. Antioxidant Activity

The antioxidant activity of |. grandiflorum essential oil was determined using a method-
ology using 2,2-diphenyl-1-picrylhydrazyl (DPPH, Sigma-Aldrich, Schnelldorf, Germany).
The absorbance of the stock solution (DPPH 0.025 g/L dissolved in methanol) had to be
adjusted to 0.8 at 515 nm. Using a pipette, 195 uL of DPPH solution and 5 pL of the essential
oil were added to a 96-well microtiter plate. The microplate was incubated in the dark
for 30 min with shaking at 1000 rpm. The antioxidant activity was recalculated as the
percentage of inhibition of DPPH according to the formula (A0 - AA)/A0 x 100, where AO
is the absorbance of DPPH, and AA is the absorbance of the sample.

Antioxidant activity, i.e., free radical scavenging capacity, was expressed based on the
standard reference substance Trolox (Sigma Aldrich, Schnelldorf, Germany) dissolved in
methanol (Uvasol® for spectroscopy, Merck, Darmstadt, Germany). Concentrations ranged
from 0-100 ug/mL. According to the calibration curve of 1 ug of Trolox per 1 mL of the
essential oil sample (TEAC), the total antioxidant activity was expressed.

2.5. Antimicrobial Activity of J. grandiflorum EO

In our study, we focused on the antimicrobial activity of the EO of |. grandiflorum. We
used two methods to determine the antimicrobial activity of J. grandiflorum essential oil.
One of the methods was the disc diffusion method, and the other was the determination of
the minimum inhibitory concentration (MIC).

2.5.1. Disc Diffusion Method

The disc diffusion method consists of measuring the inhibition zones created by the
EO on selected microorganisms. We prepared suitable media for bacteria (Mueller-Hinton
agar (MHA), Oxoid, Basingstoke, UK) and for yeasts (Sabouraud’s dextrose agar (SDA),
Oxoid, Basingstoke, UK) on Petri dishes. Bacteria and yeasts were prepared; bacteria were
incubated in Mueller-Hinton broth (MHB, Oxoid, Basingstoke, UK) at 37 °C for 24 h, and
yeasts were incubated in Sabouraud’s dextrose broth (SDB, Oxoid, Basingstoke, UK) at
25 °C for 24 h. From the prepared microorganisms, we adjusted the density to the desired
density of 0.5 McFarland, which corresponds to 1.5x10® colonies per milliliter of forming
units (CFU). The Petri dishes were inoculated with 100 uL of prepared microorganisms.
We placed 6 mm Blank discs (Oxoid, Basingstoke, UK) on the inoculated Petri dishes.
We pipetted 10 pL of the EO onto the Blank discs. Subsequently, the Petri dishes were
incubated for 24 h at the selected temperature: 37 °C for bacteria and 25 °C for yeasts.
After 24 h, the radii of the inhibition zones formed by the essential oil were measured. The
samples were analyzed in triplicate, the mean (n = 3) was applied to the results, and the
standard deviation was calculated. Negative and positive controls were also performed.
The positive controls were treated with an antibiotic (cefoxitin for Gram-positive bacteria
and gentamicin for Gram-negative bacteria; Oxoid, Basingstoke, UK) or an antifungal
(fluconazole; Oxoid, Basingstoke, UK) for Gram-negative and Gram-positive bacteria and
yeasts, and the negative control contained only the clear Blank disc without the EO. Based
on the zone of inhibition, the EO was classified as having weak (0-5 mm, *), moderate
(5-8 mm, **) and strong (>8 mm, ***) antimicrobial activity.

2.5.2. Minimum Inhibitory Concentration (MIC)

The minimum inhibitory concentration is the standard method for determining an-
timicrobial activity. This method was performed on a 96-well plate. A spectrophotometer
was used to evaluate the lowest concentration of the EO that can inhibit microorganisms.
First, the selected microorganisms were cultivated. The bacteria used were cultured in
Mueller-Hinton broth (MHB, Oxoid, Basingstoke, UK) at 37 °C, and yeasts were incubated
in Sabouraud’s dextrose broth (SDB, Oxoid, Basingstoke, UK) at 25 °C. Microorganisms
were cultured in the given culture medium for 24 h at an optical density of 0.5 McF, which
is 1.5 x 108 CFU/mL. Using a pipette, broth, EO, and microorganisms were added to a
96-well plate in a ratio of 2:2:1. First, 100 uL of the suitable medium was pipetted into
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wells: MHB for bacteria and SDB for yeasts. Then, 50 uL of the selected microorganism
was pipetted into all wells. Only the first well contained 100 puL of the essential oil, and
the solution in the wells was mixed using a pipette for serial dilution. The EO was added
in concentrations ranging from 0.2 uL/mL to 400 pL/mL per well. Measurements were
taken at the Oth hour using a Glomax spectrophotometer (Promega Inc., Madison, WI,
USA). After 24 h, the 96-well plates were measured again, and the results were statistically
evaluated. The pure microorganism with the medium without the addition of the essential
oil was used as a control.

2.6. Antibiofilm Activity

Variations in P. fluorescens protein spectra over the course of the experiment under the
influence of the application of J. grandiflorum EO were recorded using the MALDI-TOF
MS Biotyper. The experiment was carried out in 50 mL polypropylene tubes. Twenty
milliliters of MHB was used as the culture medium; subsequently, plastic and anticorrosion
model surfaces were added to the tubes. The addition of the EO of J. grandiflorum at a
concentration of 0.1% (w/v) was applied to the experimental groups. The samples were
placed on a shaker with a thermostat at 37 °C and 170 rpm.

Experimental and control groups were analyzed on days 3, 5,7, 9, 12 and 14. Using a
sterile cotton swab, the biofilm was removed from the anticorrosion and plastic surfaces
and smeared onto a MALDI-TOF metal plate by swabbing. The centrifugation of 300 uL of
the culture medium for 1 min at 12,000 rpm yielded plating cells. The pellet of planktonic
cells was washed 3 times with 30 pL of ultrapure water. The resuspended pellet in ultrapure
water was plated on a 1 pL MALDI-TOF metal plate.

After drying, 1 uL of the a-cyano-4-hydroxycinnamic acid matrix (10 mg/mL) was
applied to the samples and allowed to crystallize. Samples were processed using a MALDI-
TOF MicroFlex (Bruker Daltonics) with linear and positive mode settings with an m/z
range of 200-2000. Using automated analysis, the same similarities were used to construct
a standard global spectrum (MSP). Based on the Euclidean distance, 19 speckles were
generated in the MALDI Biotyper 3.0 and subsequently merged into a dendrogram [12].

2.7. In Situ Antimicrobial Activity

Six bacterial strains (Gram-positive bacteria (G*) (S. pneumoniae, L. monocytogenes and
S. aureus) and Gram-negative bacteria (G™) (E. coli, Y. enterocolitica and H. influenzae)), three
yeasts (C. albicans, C. glabrata, and C. tropicalis), and biofilm produced by P. flourescens were
used to estimate the in situ antimicrobial activity of the vapor phase of |. grandiflorum es-
sential oil (EO). As the substrate used for the growth of the microbial species, commercially
consumed food models were used—apples, pears, carrots and white radishes. Warm MHA
and SDA were poured into 60 mm Petri dishes (PDs) and lids. Sliced apples, pears, carrots
and white radishes (0.5 mm) were placed on agar. The inoculum was prepared as previ-
ously described. The inoculum was injected using three punctures with a bacteriological
needle. Concentrations of 62.5 to 500 uL/mL were prepared by diluting the essential oil in
ethyl acetate. The respective concentrations were applied sterilely in a volume of 100 uL
to filter paper placed in the PD lid. After 1 min of evaporation of the remaining ethyl
acetate, the lid was closed. The samples were incubated at 37 °C for 7 days. The experiment
was evaluated using stereological methods in Image] software. The bulk density (vv) of
bacterial colonies was estimated, and grid points that contained colonies (P) and those (p)
that were in the reference space (growth substrate used) were counted. The volume density
of the bacterial colonies was therefore calculated as follows: vv (%) = P/p. The antibacterial
activity of the EO was defined as the percentage of inhibition of bacterial growth (BGI):

BGI = [(C - T)/C] x 100 (1)

where C and T are bacterial growth (expressed as v/v) in the control group and the
treatment group, respectively. Negative results represent growth stimulation.
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2.8. Insecticidal Activity

The insecticidal activity of J. grandiflorum was tested in the model insect species
Brassicogethes aeneus and Oxycarenus lavaterae. Thirty individuals of Brassicogethes aeneus
and Oxycarenus lavaterae were placed in PDs with vents. A circle of filter paper was placed
in the lid of the PD. Dilutions of |. grandiflorum essential oil were made in 0.1% polysorbate
to prepare the tested concentrations (50, 25, 12.5, 6.25 and 3.125%). Then, 100 pL of the
respective concentration of the essential oil was applied to the filter paper placed in the PD
lid. Using parafilm, the PDs were sealed around the perimeter and left at room temperature
for 24 h. At the control temperature, 100 puL of 0.1% polysorbate was applied to the
filter paper. After 24 h, the numbers of alive and dead individuals were evaluated. The
experiment was carried out in three replicates.

2.9. Statistical Data Processing

One-way analysis of variance (ANOVA) was performed using Prism 8.0.1 (GraphPad
Software, San Diego, CA, USA), followed by Tukey’s test at p < 0.05. SAS® software version
8 was used for data processing. The MIC values (concentration that caused 50% and 90%
inhibition of bacterial growth) were determined by logit analysis.

3. Results
3.1. Identification of Volatile Constituents by Gas Chromatography (GC) and Gas
Chromatography/Mass Spectrometry (GC/MS)

The chemical composition of a sample of J. grandiflorum L. produced in Slovakia
(Table 1) was analyzed by GC and GC/MS. The main compounds identified were benzyl
acetate (37%), benzyl benzoate (34.7%), linalool (9.6%), (Z)-jasmone (5%), isophytol (3.3%)
and eugenol (2.1%).

Table 1. Identification of volatile constituents of J. grandiflorum essential oil.

No. Compound % RI (1it.) RI (calc.)
1 (Z)-b-Ocimene 1.1 801 801
2 m-Methylphenol 0.3 855 855
3 (E)-Hexenyl propionate 0.2 902 900
4 Linalool 9.6 960 965
5 Benzyl acetate 37.0 973 976
6 2-Undecanone 0.5 977 978
7 Eugenol 21 979 981
8 (Z)-Jasmone 5.0 985 986
9 (E,E)-a-Farnesene 0.9 988 991
10 Caryophyllenyl alcohol 1.9 991 997
11 (Z)-Methyl jasmonate 0.3 998 1004
12 Benzyl benzoate 34.7 1024 1026
13 (Z,Z)-Farnesyl acetone 0.6 1031 1035
14 Methyl hexadecanoate 0.8 1035 1037
15 Isophytol 3.3 1042 1046
16 (E)-Phytol acetate 1.4 1096 1099

Y 99.7

3.2. Antioxidant Activity

The antioxidant activity of J. grandiflorum measured by the DPPH method was deter-
mined to be 58.47% inhibition, which corresponds to 220.93 TEAC.
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3.3. Disc Diffusion Method

In our study on antimicrobial activity with the disc diffusion method, three Gram-
positive bacteria (G*), three Gram-negative bacteria (G™) and three yeasts, together with
P. aeruginosa biofilm-forming bacteria, were tested. The best antimicrobial activity among
G+, G-, and yeast was found against E. coli (3.67 =+ 1.15 mm), against L. monocytogenes
(5.33 £ 0.58 mm) and against C. glabrata (3.33 £+ 0.58 mm), respectively. The antimicro-
bial activity of |. grandiflorum EO against P. aeruginosa was 3.67 & 0.58 mm. Antibiotics
showed the strongest antimicrobial effect compared to J. grandiflorum EO. The best antibiotic
resistance was found in C. glabrata against fluconazole (32 + 1.50 mm) (Table 2).

Table 2. Antimicrobial activity of J. grandiflorum EO with the disc diffusion method (in mm).

Microorganisms Inhibition Zone (mm) Activity of EO ATB (mm)
Yersinia enterocolitica 3.00 4 0.00 * 26 £ 2.00
Haemophilus influenzae 2.33 £0.58 * 30 £3.00
Escherichia coli 3.67 £1.15 * 27 £0.50
Listeria monocytogenes 5.33 £0.58 ** 24 £1.50
Staphylococcus aureus 3.67 £ 0.58 * 29 £1.00
Streptococcus pneumoniae 2.33 +£0.58 * 27 £2.00
Candida albicans 2.67 £ 0.58 * 24 +2.00
Candida tropicalis 2.33 £0.58 * 30 £ 1.00
Candida glabrata 3.33 £ 0.58 * 32+1.50
Pseudomonas fluorescens biofilm 3.67 + 0.58 * 26 £1.00

Weak (0-5 mm, *) and moderate (5-8 mm, **) antimicrobial activity.

3.4. Minimum Inhibitory Concentration (MIC)

MIC 50 and MIC 90 were determined using the agar microdilution method. Low
MIC 50 values (0.65-3.18 uL./mL) and MIC 90 values (0.97-5.24 ul./mL) were detected
in C. glabrata, C. tropicalis and C. albicans. The mean MIC 50 (6.43 pL/mL) and MIC 90
(8.73 uL/mL) were observed in Y. enterocolitica, E. coli and L. monocytogenes. The highest
values of MIC 50 and MIC 90 were determined for S. aureus, S. pneumoniae and biofilm-
producing P. aeruginosa. Detailed results of the minimum inhibitory concentrations are
given in Table 3.

Table 3. Minimal inhibition concentrations of J. grandiflorum EO (in pL/mL).

Microorganism MIC 50 MIC 90
Yersinia enterocolitica 6.43 8.73
Haemophilus influenzae 11.36 15.26
Escherichia coli 6.43 8.73
Listeria monocytogenes 6.43 8.73
Staphylococcus aureus 11.36 15.26
Streptococcus pneumoniae 11.36 15.26
Candida albicans 3.18 5.24
Candida tropicalis 3.18 524
Candida glabrata 0.65 0.97
Pseudomonas fluorescens biofilm 11.36 15.26

3.5. Antibiofilm Activity

The antibiofilm effect of J. grandiflorum essential oil against the biofilm-producing
bacterium P. fluorescens was evaluated using a MALDI-TOF MS Biotyper mass spectrometer.
The spectra of the control group were obtained from untreated EO samples (planktonic
cells and biofilm obtained from the model surface). The spectra of control planktonic cells
and spectra obtained from model surfaces evolved identically. To compare the molecular
differences in the biofilm with the experimental group, only the control planktonic spectrum
was chosen.
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The mass spectra of the young biofilms on days 3 and 5 (Figure 1A,B) of the culture
evolved similarly to the planktonic spectra, indicating a similarity in protein production
between the control and experimental groups in the young biofilms. By evaluating the
evolution of the spectra, we concluded that there were no significant changes in the protein
profiles of the biofilms. On day 7 of the experiment, there was densification of the peaks in
the experimental groups compared to the planktonic spectra, which highlighted impending
changes in the protein profiles of the experimental groups. On days 9 and 12 (Figure 1D,E),
we observed a pronounced effect of |. grandiflorum on the plastic surface in the experimental
group. A significantly stronger inhibitory effect on the anticorrosive surface was observed
only on day 14 of the experiment (Figure 1F). There were visible changes in the protein
profile of the biofilm treated with . grandiflorum EO. J. grandiflorum EO seems to affect the
homeostasis of the bacterial biofilm, which helps in its inhibition, predominantly on the
plastic surface.

A dendrogram based on MSP distances was constructed to visually display the sim-
ilarities in biofilm structure. Based on the constructed dendrogram (Figure 2), it can be
observed that the early biofilm stages (PFS 3 and PFP 3) had the shortest MSP distances,
along with the control and planktonic spectra. The similarity of the protein profiles in the
control groups is demonstrated by the comparably short MSP distances. The early biofilm
forms of the experimental group on day 3 had comparably short MSP distances to the
controls, which is confirmed by the findings based on the analysis of the mass spectra.
An increase in the MSP distance in the experimental group can be seen over the time
course of the experiment, with a peak recorded on days 12 and 14 of the experiment. These
observations are evidence of the disturbance of P. fluorescens biofilm homeostasis by the
influence of J. grandiflorum essential oil.
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Figure 2. Dendrogram of P. fluorescens generated using MSPs of planktonic cells and the control. PF,
P. fluorescens; C, control; S, stainless steel; P, plastic; and only P, planktonic cells.

3.6. In Situ Antimicrobial Activity

In order to further evaluate the antimicrobial potential of the EO obtained from
J. grandiflorum, we performed an in situ antimicrobial analysis on apples, pears, carrots
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and white radishes as food models, on which we grew the same bacterial strains as those
used in the evaluation of MIC 50 and MIC 90. The results are shown in Table 4. The in
situ evaluation of . grandiflorum EO revealed higher antimicrobial activity when applied
to the growth of E. coli on apples, with the concentration applied (125 uL/L) showing the
strongest inhibitory effect (74.45 & 0.88%). H. influenzae showed probacterial activity at all
concentrations. The highest concentration of the tested EO of J. grandiflorum had moderate
effectiveness in inhibiting the growth of Y. enterocolitica on apples (63.69 + 1.85%). Against
L. monocytogenes, the inhibitory action of ]. grandiflorum EO was observed only at the applied
concentration of 250 uL/L (34.52 + 0.90%), while at other concentrations, probacterial
activity was observed. Among the G- bacterial strains tested, the EO showed moderate
antibacterial activity at the lowest concentration when applied to E. coli (46.62 4= 1.28), and
it showed probacterial activity on S. pneumoniae grown on apples. The highest antimicrobial
activity against Candida yeasts was found against C. albicans at the lowest concentration of
62.5 uL/L (76.96 £ 1.53%). Against C. glabrata and C. tropicalis, the best results in apples
were found with the highest concentration. The EO showed an effect on P. fluorescens
biofilm-producing bacteria on apples at the lowest concentration (56.96 £ 2.29%). The
in situ evaluation of G+ and G- bacteria growing on pears generally showed moderate
inhibitory activity of J. grandiflorum EO. The strongest effectiveness of J. grandiflorum EO in
inhibiting the growth of G~ bacterial strains was observed for Y. enterocolitica growing on
pears in the treatment with the highest concentration applied (96.15 £ 2.31%) and for E. coli
with the lowest concentration applied (87.86 4= 1.30%). The EO had moderate antimicrobial
activity against S. aureus. An increase in bacterial growth was observed for G' S. penumoniae
in the treatment with J. grandiflorum EO at concentrations of 250 uL/L and 500 pL/L.
Against Candida growing on pears, the tested J. grandiflorum EO showed the strongest
inhibitory potential against C. albicans at the highest concentrations applied (96.53 % 3.03%).
When applied to P. flourescens grown on pears, the EO showed a probacterial effect at
the lowest concentration and a moderate inhibitory effect at the highest concentration
(55.81 & 1.05%). The antibacterial activity of the vapor phase of J. grandiflorum EO on
bacteria growing on carrots revealed moderate to high effects. The most sensitive to
treatment with J. grandiflorum EO at the highest concentration applied was G~ E. coli
(92.35 £ 3.57%). For H. influenzae and Y. enterocolitica, the EO had probacterial activity. For
the G+ bacterial strains, the tested J. grandiflorum EO showed low antibacterial effectiveness.
For L. monocytogenes, probacterial growth was observed with the two lowest concentrations
of J. grandiflorum EO. However, treatment with 15.6 uL/L J. grandiflorum EO showed the
strongest inhibition of S. pneumoniae (82.52 £ 1.01%), and at a concentration of 500 uL/L, it
had a notable probacterial effect on S. aureus. For the yeasts, an antimicrobial effect was
observed from the lowest to the highest concentrations. The best inhibitory effect was
found against C. albicans at the highest concentration, with 95.30 £ 2.25%. P. flourescens
biofilm-producing bacteria showed similar results to those found on pears. J. grandiflorum
EO had significant antibacterial activity against G- bacteria on white radishes. E. coli
was inhibited at a concentration of 125 uL/L with an inhibitory effect of 54.88 £ 0.94%,
and the growth of Y. enterocolitica showed the strongest inhibition rate when treated with
62.5 uL/L (76.63 & 2.26%), while H. influenzae was the most effectively inhibited by the
vapor phase of |. grandiflorum EO at 500 uL/L (77.26 £ 1.03%). Of the G+ bacterial strains
that grew on white radish, the most sensitive to treatment with J. grandiflorum EO was
S. pneumoniae, with a growth inhibition rate of 32.63 £ 0.90%. Probacterial effects on the
growth of S. aureus and L. monocytogenes were observed. The best inhibitory effect on white
radishes was found against C. glabrata (93.45 &+ 1.90%). P. flourescens was more sensitive to
higher concentrations.
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Table 4. In situ antibacterial activity of the EO vapor phase of J. grandiflorum against microbial strains

growing on selected food models.

Microbial Growth Inhibition (%)

Food Bacteri
Model acteria Concentration of Leaves EO
62.5 (uL/L) 125 (uL/L) 250 (uL/L) 500 (uL/L)
Apple Gram-negative
E. coli —66.70 + 0.98 2 74.45 + 0.88 b2 54.48 4 (.84 <b2 25.00 + 2.45 dcba
H. influenzae —64.91 +2.40°2 —54.63 + 1.58 b2 —2543 £1.62%P2  _16.06 + 0.26 4eba
Y. enterocolitica 34.37 £0.612 2.96 4 0.62 b2 56.63 + 1.13 “b2 63.69 + 1.85 dcba
Gram-positive
L. monocytogenes —45224+1.822 —23.99 4+ 1.59P2 34,52 4 0.90 <P —66.89 4 1.00 dcb2
S. aureus 46.62 £1.282 35.06 + 1.35 b2 11.71 + 1.06 P2 3.67 £ 0.95 dcba
S. pneumoniae —77.11 £ 1.662 —46.78 + 1.11 b2 —36.30 £ 1.66 P2 —13.00 + 0.59 dcba
Yeasts
C. albicans 76.96 +1.532 7.11 + 0.47 b2 24.81 4+ 0.89 ¢b2 45.84 4+ 0.99 dcba
C. glabrata 13.60 + 1.06 24.66 + 1.00 b2 31.85 4+ 1.42 ¢ba 64.63 4 1.44 dcba
C. tropicalis 7.03 +0.832 —5.48 +1.22ba 43.93 +1.84 “ba 66.32 4 2.30 d.cba
Pseudomonas fluorescens biofilm  56.96 + 2.29 2 —7.77 4 0.94 b2 32.84 + 1.65 “b2 4391 + 1.80 dcba
Pear Gram-negative
E. coli 87.86 +1.30 24.70 £ 2.45 b2 53.20 £ 2.57 eba 24.18 4+ 1.66 92
H. influenzae —77.98 +£1.252 —54.33 £1.11b2 —33.92 4 0.36 %P2 42.70 +0.91 b2
Y. enterocolitica 28.71 +3.47°2 —32.07 + 0.53 b2 72.09 + 3.07 <b2 96.15 + 2.31 dcba
Gram-positive
L. monocytogenes 4242 +1.142 34.58 +0.89 b2 —24.69 +1.10P2 278 4- 0.56 b2
S. aureus 721 +£1.692 12.82 +1.32ba 27.43 + 2.50 “ba 35.04 & 1.41 deba
S. pneumoniae —34.03 £1.102 —16.22 + 0.48 b2 33.27 +1.17 ¢b2 86.32 4 2.10 d.cba
Yeasts
C. albicans 13.08 + 1.96 2 26.57 4 3.90 b2 50.31 4 1.83 ©b2 96.53 + 3.03 dcba
C. glabrata 8.30 + 0.56 2 18.00 & 1.12b2 31.74 + 1.32¢b2 65.04 + 1.54 dcba
C. tropicalis 34.41 +2.092 24.42 + 0.66 P2 16.84 + 0.98 <P 8.88 + 0.58 d.ba
Pseudomonas fluorescens biofilm ~ —66.88 4 0.96 2 —56.70 £123P2 4444 4+ 0.88 b2 55.81 4 1.05 dcba
Carrot Gram-negative
E. coli 12.32 £1.972 24.70 + 2.45ba 53.20 4+ 2.57 ¢ba 92.35 + 3.57 dcba
H. influenzae —78.18 £1.502 —23.56 + 0.62 b2 —63.93 £0.91 P2 4425+ (.99 dcba
Y. enterocolitica 14.88 +£2.292 26.15 + 1.92 b2 —24.36 £2.11%P2 455+ (.88 dcba
Gram-positive
L. monocytogenes —5.03 +0.642 —1.98 +0.29 b2 2.86 + 0.46 “b2 5.43 + (.23 dcba
S. aureus 8.67 +1.092 —46.11 + 1.53 b2 —55.52 +£1.28Pa 6,07 + 0.59 deba
S. pneumoniae —54.41 +2.332 —66.33 +2.01 b2 67.66 + 0.83 b2 82.52 4 1.01 dcba
Yeasts
C. albicans —6.254+0.502 —11.77 £1.05b2 5455 +1.00 “b2 95.30 4 2.25 dcba
C. glabrata 25.03 +1.572 34.00 4 4.66 P2 44.62 4+ 2.01 “b2 68.46 + 0.71 d.oba
C. tropicalis 68.46 4+ 3.132 6.29 =+ 0.44 b2 14.63 £ 0.92 <b2 33.10 + 2.00 dcba
Pseudomonas fluorescens biofilm ~ —5.95 + 0.24 2 7.28 +0.39 b2 4451 4 1.48 ©ba 55.33 & 1.49 dcba
White Gram-negative
radish — p_cop; —35324+1.67%  54.88+£0.94P2 22.59 +0.95 <P 12.93 4 0.57 d<ba
H. influenzae 6.33+0512 16.15 £ 1.11 P2 35.27 + 0.86 ©P 77.26 + 1.03 deba
Y. enterocolitica 76.63 £2.267 54.33 +1.01 P2 33.44 £ 1.12¢ba 15.60 + 1.22 deba

Gram-positive
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Table 4. Cont.

Microbial Growth Inhibition (%)

Food Bacteri
Model acteria Concentration of Leaves EO
62.5 (uL/L) 125 (uL/L) 250 (uL/L) 500 (uL/L)

L. monocytogenes 7.96 4+ 0.69 2 —23.53 +2.16b2 —44.66 +1.00P2 3426 4 0.70 deba
S. aureus 77114+ 1.67 2 21.63 4 1.06 b2 —36.07 + 1.50 %P2 —23.37 + 1.47 dcba
S. pneumoniae 8.19 £ 0.56 2 13.18 + 1.41 b2 21.85 + 1.72 ¢ba 32.63 £ 0.90 deba
Yeasts
C. albicans 5.15+£0.182 15.62 £ 1.06 > 26.43 £ 1.05 %P2 35.65 £ 1.12 deba
C. glabrata 73.99 + 1.422 65.76 + 1.64 P2 84.04 + 1.54 ©ba 93.45 + 1.90 deba
C. tropicalis 56.96 +2.29 2 —7.77 +0.94 b2 32.84 4 1.65 b2 4391 + 1.80 dcba
Pseudomonas fluorescens biofilm  5.54 + 0.90 @ 7.85+0.28b 13.03 + 0.37 b2 88.40 + 1.50 dcba

abed Different letters within the same column denote significant differences (p < 0.05).

3.7. Insecticidal Activity

The insecticidal activity of |. grandiflorum EO was observed against Oxycarenus lavaterae
and Brassicogethes aeneus. The most effective concentration against O. lavatera was found to
range from 12.5 to 100% (Table 5).

Table 5. Insecticidal activity against O. lavaterae.

Concentration (%) Number of Living Number of Dead Insecticidal Activity
Individuals Individuals (%)

100 0 30 100

50 0 30 100

25 0 30 100

12.5 0 30 100

6.25 12 18 60

Control group 30 0 0

Table 6 shows insecticidal activity against B. aeneus. The most effective concentration
was 100%. All tested concentrations showed high or moderate insecticidal activity.

Table 6. Insecticidal activity against B. aeneus.

Concentration (%) Number of Living Number of Dead Insecticidal Activity

Individuals Individuals (%)

100 0 30 100

50 3 27 90

25 9 21 70

12.5 15 15 50

6.25 18 12 40

Control group 30 0 0

4. Discussion

The chemical composition of J. grandiflorum EO varies depending on the season. This
study focused on the effect of daylight duration and temperature on growth and flower-
ing. The content of some fragrant components (linalool, benzyl acetate, benzyl alcohol
and cisjasmone) increases depending on the season, and the content of heavier compo-
nents (isophytol and its ester) decreases with time. The main constituents determined in
J. grandiflorum EO were acetate (37%), benzyl benzoate (34.7%), linalool (9.6%), (Z)-jasmone
(5%), isophytol (3.3%) and eugenol (2.1%). These results correspond to the composition of
J. grandiflorum EO in other studies [13-16]. In one of Jirovetz’s studies [17], the compounds



Horticulturae 2022, 8, 953

13 of 17

identified in the EO of J. grandiforum from India were benzyl acetate (23.7%), benzyl ben-
zoate (20. 7%), phytol (10.9%), linalool (8.2%), isophytol (5.5%), geranyl linalool (3.0%),
methyl linoleate (2.8%) and eugenol (2.5%). Absolute jasmine showed moderate to high
activity against Gram-positive and Gram-negative bacteria, as well as against yeast [18].

J. grandiflorum has received attention in recent years, and its antimicrobial and an-
tioxidant activity has been investigated. It has been found to have anti-inflammatory,
chemopreventive, antispasmodic, antimicrobial, cytoprotective, antiulcerative, antioxidant,
anti-acne, and wound-healing activities, but a number of others have yet to be investi-
gated [6]. J. grandiflorum EO was tested for antioxidant activity, i.e., the ability to scavenge
free radicals, using the DPPH method. The results revealed up to 94.63% antioxidant activ-
ity, which shows different results and different antioxidant activity from those in another
study [19]. In a study by Joy et al. (2008), they reported the result that the J. grandiflorum
extract has better antimicrobial activity compared to other tested extracts and claimed that
it can be used as an antibiotic [20].

Antimicrobial activity was determined using basic methods, namely, the disc diffu-
sion method and minimum inhibitory concentration [17,21-23]. Three G- bacteria (E. coli,
H. influenzae and Y. enterocolitica), three G+ bacteria (S. pneumoniae, L. monocytogenes and
S. aureus), and three yeasts (C. glabrata, C. tropicalis and C. albicans) were used to determine
antimicrobial activity, and P. fluorescens was used for biofilm. Against the G+ bacteria
E. faecalis, jasmine showed moderate to high activity, as was also the case against the
yeast Candida albicans and G- bacteria E. coli, P. aeruginosa, K. pneumoniae and Salmonella
sp. [21]. Different EOs had different antimicrobial activity. Antimicrobial activity is influ-
enced by the solvent used [24]. In the study, the antibacterial activity of the extracts was
tested against twelve Gram-positive and eighteen Gram-negative bacteria at a concentra-
tion of 1000 pg/disc by the disc diffusion method. The methanolic extracts of Jasminum
grandiflorum leaves showed significant antibacterial activity [25]. The chloroform extract
of the leaves had significant inhibitory activity against Bacillus subtilis (25 mm), and the
ethanol extract had the most significant inhibitory activity against E. coli (21 mm). The
diethyl ether extract showed low inhibitory activity with an inhibition zone size of § mm
against Streptococcus sp., as did the ethanolic extract of jasmine against P. aeruginosa and
K. pneumonia [26]. Statistically significant (p < 0.05) antimicrobial activity of the ethanolic
extract of jasmine leaves (10 ug/mL) was observed against S. mutans and L. acidophilus. The
minimum inhibitory concentration values determined were 6.25 ng/mL and 25 ug/mL [27].
Against Xanthomonas campestris and Aeromonas hydrophila, the methanolic extract of jasmine
fruit showed inhibition zones of 18.33 £ 0.47 mm and 13.66 £ 0.47 mm, respectively, at
100 pug/mL [28]. Medium to high antimicrobial activity was reported against Gram-positive
E. faecalis and Gram-negative E. coli, P. aeruginosa, K. pneumoniae and Salmonella species, as
well as against the yeast C. albicans [23]. The jasmine essential oil also showed inhibitory
activity against the mycelial growth of Collectotrichum gloeosporioides [29]. The standard-
ization of active fraction extracts and in vivo toxicity and efficacy studies can contribute
towards the development of better antimicrobial drugs. This can provide nature-friendly
and inexpensive medicines available to all people of the world [30].

Biofilms are highly resistant to antibiotics and other inhibitory agents. The EOs of
J. grandiflorum and other herbs could be used as an alternative to antibiotics [31]. El-
Baz et al. [32] indicated the ability of J. grandiflorum EO to inhibit biofilm formation and
growth. This study confirms our findings. New alternatives that can inhibit the growth and
formation of biofilms need to be sought. Oliveira et al. [33] reported on the use of jasmine
EO. The results of our work, as well as the results of other studies [12,34,35], confirm the
potential ability of the EO to inhibit biofilm formation. Jasmine oil showed the highest
antibiofilm activity, followed by cinnamon, clove and rosemary oils. Analysis showed
reduced adhesion and roughness in the presence of essential oils [32].

EOs are a promising alternative to the substances currently used. Essential oils have the
ability to inhibit the growth of microorganisms even in the vapor phase and could be used
for food protection [36,37]. A study by Tyagi and Malik [38] showed higher antimicrobial
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activity in the vapor phase compared to our results. The extract of ]. grandiflorum was tested
for vapor-phase antimicrobial activity on apples, pears, carrots, and white radishes. Due
to these properties, there is the possibility of using jasmine EOs in the vapor phase for
food preservation [39]. Natural additives are considered to contribute to both quality and
safety in a wide variety of foods [40]. In recent times, there has been a growing interest
in safe, organic and natural products. Due to these demands, preservation techniques
that improve the quality and safety of products without causing nutritional or sensory
losses have started to be explored, and these essential oils are proving to be a suitable
option [41]. Similar to jasmine, in time-to-kill tests, the vapor phase of the essential oil
from M. piperita was found to reduce the viability of C. albicans and B. subtilis by up to
100% within 8 h [42]. Currently, the development of natural crop protection products as
an alternative to synthetic fungicides is a focus [43,44]. Jasmine EO is used in sweets and
candies, biscuits, snacks, chewing gum and food flavoring. It is also used in perfumery and
cosmetics as an additive in lotions, soaps, air fresheners and skin care products [45].

Synthetic insecticidal compounds are used as insecticides [46]. They have relatively
low toxicity to mammals and can rapidly immobilize invertebrates at low levels, making
these synthetic pyrethroid insecticides almost ubiquitous [47,48]. Due to the excessive
and frequent use of synthetic insecticides, new options and new substances of natural
origin that have properties similar to those of synthetic insecticides are needed [47-49].
Therefore, there is greater interest in insecticides made from natural plant extracts that
could be less toxic, such as thyme [50] and citronella [51]. In this study, the EO of J. gran-
diflorum, which showed repellent activity, was tested against O. lavaterae and B. aeneus.
Natural products provide effective and relatively safer protection against insects, although
synthetic repellents are still currently preferred [52,53]. The antibacterial activity of plants
and their essential oils may be due to the presence of different active substances. Further
studies are needed to characterize the isolated bioactive substances in order to develop
new antibacterial drugs [54]. At this time, the use of natural products that have reliable
efficacy and safety and are environmentally friendly is becoming more and more popu-
lar. EOs from various plant species have been tested and monitored for their repellent
properties [53,55-57]. Essential oils and plant extracts are potential alternatives to synthetic
insecticides. Further studies are recommended to test secondary metabolites and their
formulations so that their efficacy can be improved [58-60].

5. Conclusions

The main constituents of J. grandiflorum essential oil were benzyl acetate (37%), benzyl
benzoate (34.7%) and linalool (9.6%). The antioxidant activity of the essential oil was
58.47%, corresponding to 220.93 TEAC. We rate this antioxidant activity as high. The EO
of |. grandiflorum had weak antimicrobial effects, but its antibiofilm effects were strong,
as observed on different surfaces and detected by the MALDI-TOF MS Biotyper. In the
vapor-phase antimicrobial activity test of the essential oil, significantly higher antibacterial
effects were observed on the model foods (apples, pears, carrots and mild radishes). When
evaluating insecticidal activity, we found that J. grandiflorum EO at a concentration of 12.5%
and above was able to inhibit it by more than 50%. Based on our results, we have gained
valuable insight into the efficacy of J. grandiflorum essential oil in the vapor phase, as these
effects have been very little studied to date. The analysis of the antibiofilm activity of the
essential oil by the MALDI-TOF MS Biotyper, which has been addressed by relatively few
authors, is also a contribution of our work. On the basis of our findings, we hypothesize
that J. grandiflorum essential oil could find application in the fight against biofilms in various
industries; it is promising for use in the storage and shelf-life extension of various fruits and
vegetables. The essential oil analyzed by us showed significantly stronger antimicrobial
activity in the vapor phase, which is probably due to the significant proportion of volatile
compounds. The vapor-phase application has a lower impact on the sensory properties
of commodities and thus might be more acceptable to the consumer than the contact
application.
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