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Abstract. Dill (Anethum graveolens L.) fruit is an important raw material in the food industry due to its
aromatic properties and its role as a source of essential oil. The present study examines the composition and
biological properties of a commercially available dill fruit essential oil produced in Bulgaria, with emphasis
on its potential application in food systems. Gas chromatography—mass spectrometry analysis identified
eleven constituents representing 99.93% of the total oil content. The profile was dominated by carvone
(45.91%), followed by limonene (26.56%), a-phellandrene (16.64%), and dill ether (4.38%). The
antimicrobial potential of the oil was evaluated against selected Gram-positive and Gram-negative bacteria.
A concentration-dependent inhibitory effect was observed for Escherichia coli and Salmonella enterica,
with maximum inhibition zones of 35 mm and 23 mm, respectively, at the highest tested concentration (0.10
mL). In contrast, no activity was detected against Listeria monocytogenes and Staphylococcus aureus.
Antioxidant capacity was assessed using DPPH and FRAP assays, yielding values of 485 + 0.04 uM TE/mL
and 787.24 £ 0.05 uM TE/mL, respectively. These results indicate strong reducing ability and radical
scavenging potential. Overall, the investigated dill essential oil demonstrates a well-defined chemical profile
and notable biological activity, suggesting its suitability as a natural ingredient for enhancing food quality,
stability, and safety.

11, 12, 14] and antioxidant effects [11, 15-17], along
1 Introduction with other beneficial properties [10, 11, 13, 14]. These
. . . attributes support its application in pharmaceuticals
Dill (4Anethum graveolens L.) is an aromatic annual [18], cosmetics [4], aromatherapy [4], and the food
plant widely cultivated in different parts of the world, industry [19,20].
particularly in Europe and Asia [1]. In.Bulgaria, it is In phytotherapy, the fruits (Fructus Anethi), whether
commonly grown and represents an important raw whole, crushed, or ground, are typically used in the form
material for both culinary and industrial applications. of infusions to treat various conditions such as liver
The fruits of the plant are especially valued, as they are disorders, hypertension, urinary bladder inflammation,
used for essential oil extraction and as a spice in various hemorrhoids, and flatulence. The fruits are known to

food produpts [‘2].. ) ) ) i possess carminative, spasmolytic, choleretic, digestive-
The essential oil is obtained from dill fruits at specific simulating,  galactagogue,  vasodilatory,  and

stages of development and is stored in specialized anthelmintic properties [4].
secretory structures within the plant tissue. It is typically In the food industry, dill fruits are mainly used in the

characterized by a yellow to brownish color and a canning and liqueur sectors, with more limited use in the
distinctive aroma dominated by fresh, spicy, and slightly meat and dairy industries [19,20].

swe.et n0t§s. Th§se sensory properti.es make. dill oil.a The present study focuses on the analysis of a
desirable ingredient in food processing, particularly in commercially available Bulgarian dill fruit essential oil,
products where flavor enhancement is required [3—-5]. with emphasis on its chemical composition,

The chemical composition of the ’esgentlal oil varies antimicrobial activity, and antioxidant capacity, as well
significantly depending on the fruit’s ripeness, cultivar, as its potential relevance for use in food products.
and the soil and climatic conditions of the cultivation

area. The primary compounds responsible for the oil’s
aroma and flavor are carvone and limonene. The main 2. Materials and methods
components include limonene (9.0-37.0%, occasionally
up to 68.0%), carvone (36.0-67.0%), dihydrocarvone
(up to 7.8% or even 18%), a-phellandrene (up to 3.8%),
carveol and dihydrocarveol (up to 4%), among others
[6-12].

Dill essential oil has demonstrated a wide range of
biological activities [13], including antimicrobial [5, 10,
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Image of dill (Anethum graveolens) fruits

2.1.Essential oil
The study was conducted using a commercially
available dill (Anethum graveolens L.) fruit essential oil
produced in Bulgaria. The oil was obtained from fruits
harvested in 2024 and was used without further
modification.

2.2.Chemicals and reagents
All chemicals and solvents used were of appropriate
analytical grade, including chromatographic methanol
and ethanol (VWR, Austria), while the remaining
reagents required for the analyses were obtained from
Sigma-Aldrich.

2.3.Chemical composition of essential

oils

The essential oil sample was dried, derivatized, and
analyzed by GC-MS under controlled conditions
(Agilent system, HP-5ms column, helium carrier gas),
with compounds identified by retention indices using n-
alkane standards and quantified based on normalized
peak areas. [21]. Quantitative results were expressed as
relative percentages derived from normalized peak areas
(total ion current).

2.4. Antimicrobial activity of essential
oils
The antimicrobial activity of the essential oil was
evaluated using Gram-positive and Gram-negative
bacterial strains through the agar diffusion method
following a previously described protocol [5].

2.5. Antioxidant activity of essential oils
The antioxidant capacity of the essential oil was
evaluated using two complementary assays. Radical
scavenging activity was determined using the DPPH
method according to Misharina [22]. In addition, the
ferric reducing antioxidant power (FRAP) assay was
performed following the procedure described by Benzie
and Strain [23].

2.6. Statistical Analysis
All analyses were performed in triplicate, with results
expressed as mean + SD and statistically evaluated using
one-way ANOVA with Tukey’s test (p < 0.05) in SPSS
(v.19.0).

3. Results and Discussion

The essential oil is a mobile yellow liquid with a
characteristic aroma, consistent with descriptions found
in the literature [3-13].

The chemical composition of dill essential oil is
presented in Table 1 and Figure 1. The data show that
11 components were identified, accounting for 99.93%
of the total composition. Six compounds were present in
amounts greater than 1%, while the remaining five were
below 1%. The major constituents were: carvone
(45.91%), limonene  (26.56%), a-phellandrene
(16.64%), and dill ether (4.38%).

The obtained chemical profile of the analyzed essential
oil is generally consistent with previously published
data. However, minor differences were observed in the
relative proportions of individual constituents. Such
variations are commonly associated with factors
including environmental conditions, geographical
origin, stage of plant development, and differences in
extraction and analytical procedures, as also noted for
other essential oil-producing plants [1, 3, 25].

When compared with earlier studies on Bulgarian dill
essential oils derived from different plant parts, the
commercial fruit oil examined in the present work
exhibits a somewhat different compositional pattern. In
contrast to the findings reported in [7], where carvone
(33.57%), myristicin (24.21%), limonene (15.02%), and
dihydrocarvone (13.13%) were identified as major
constituents, the current sample is characterized by a
higher proportion of carvone and limonene, while
myristicin and carvacrol were not detected.

These discrepancies may be explained by differences in
harvest timing, plant maturity, environmental
influences, and processing conditions. The increased
content of carvone and limonene in the analyzed oil
could also be associated with its enhanced biological
activity, particularly its antioxidant capacity and its
inhibitory effect against Escherichia coli and
Salmonella enterica.

Table 1. Chemical composition of dill essential oil (% of
TIC?)

Peak | RT®, min | RI° Compounds Content
1 9.29 934 a-Pinene 0.99 +0.0
2 10.59 970 Sabinene 0.12 +0.0
3 11.17 986 B-Myrcene 0.13 +0.0

4 11.72 1001 | o-Phellandrene | 16.64 +0.15

5 11.77 1013 a-Terpinene 0.10+0.0
6 12.31 1022 p-Cymene 1.54 £0.01
7 12.50 1025 Limonene 26.56 £0.25
8 17.31 1186 Dill ether 438+0.4
9 | 1768 | 1192 cis- 0.93+0.0
’ Dihydrocarvone ) )
trans-
10 17.87 1200 Dihydrocarvone 2.64£0.0
11 19.15 1243 Carvone 4591 +£0.44

TIC? — total ion current; RT® — retention time, min; RI° —
retention (Kovat’s) index.
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i The diameters of the inhibition zones against the tested
o 7 bacterial strains are presented in Table 2 and Table 3.
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The data indicate that the major groups are oxygenated
monoterpenes (53.89%) and monoterpene hydrocarbons
(45.57%).
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Fig. 2. Distribution of components by chemical group (%):
1 — monoterpene hydrocarbons; 2 — oxygenated
monoterpenes; 3 — aromatic hydrocarbons.
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The classification of the identified constituents into
chemical groups is illustrated in Figure 2. Among these,
oxygenated monoterpenes represent the most
functionally significant fraction, as they are largely
responsible for the characteristic aroma and various
biological effects of essential oils, including
antimicrobial and antioxidant activity [11, 14]. A more
detailed breakdown of these compounds according to
their functional groups is presented in Figure 3.

The results show that ketones constitute the dominant
group, with carvone being the principal representative.
Ethers are the next most abundant class of oxygenated
compounds in the analyzed oil.
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Fig. 3. Distribution of oxygenated compounds, %:
1 — ketones; 2 — ethers.

* no inhibition of microbial activity was observed

Table 3. Inhibition zones of dill fruit essential oil - images
Test
microorganism/
Concentration of
essential oil, mL

Escherichia coli

Salmonella
enterica

Listeria
monocytogenes

Staphylococcus
aureus

The antimicrobial effect of dill fruit essential oil was
evaluated against Escherichia coli, Salmonella enterica,
Listeria monocytogenes, and Staphylococcus aureus
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using an agar diffusion assay. The findings
demonstrated a concentration-related  inhibitory
response, with the highest activity observed at 0.10 mL,
producing inhibition zones of 35 mm for E. coli and 23
mm for S. enterica. A gradual decrease in antimicrobial
effect was noted at lower concentrations, confirming the
dose-dependent behavior.

No inhibitory effect was detected against L.
monocytogenes or S. aureus at any tested concentration,
suggesting strain-specific susceptibility, potentially due
to differences in cell wall structure. The high sensitivity
of E. coli may be related to the oil’s major components
- carvone and limonene, which are known to disrupt
bacterial membranes.

Our results confirm the strong, dose-dependent
antimicrobial activity of Bulgarian dill fruit essential oil
against E£. coli and S. enterica, aligning with previous
studies that reported significant inhibition of these
Gram-negative bacteria. However, the lack of activity
against L. monocytogenes and S. aureus in our study
also reflects findings from several sources, highlighting
the variable sensitivity of different strains [13].
Differences in antimicrobial efficacy across studies are
largely due to variations in chemical composition, plant
part used, extraction methods, and test organisms [22].
These findings support the selective application of
carvone-rich dill essential oil as a natural antimicrobial,
especially effective against E. coli, in food preservation.
The absence of inhibitory activity against Listeria
monocytogenes and Staphylococcus aureus may be
explained by strain-specific structural and physiological
resistance mechanisms. Although Gram-positive
bacteria are often considered more susceptible to
essential oils, both species possess a thick peptidoglycan
layer that limits penetration of hydrophobic compounds.
In addition, S. aureus exhibits effective stress responses
and efflux systems, while L. monocytogenes can modify
its membrane composition under stress, reducing
susceptibility to membrane-active agents. The
antimicrobial activity of dill essential oil is mainly
associated with carvone and limonene, which disrupt
cytoplasmic membranes; however, the absence of
strongly active phenolic compounds such as carvacrol or
thymol in the analyzed oil may account for the lack of
activity against these strains. Differences reported in the
literature are likely due to variations in chemotype,
composition, and methodology, highlighting the
importance of correlating antimicrobial effects with
detailed chemical profiles.

Based on its pronounced activity against Escherichia
coli and Salmonella enterica, the analyzed dill fruit
essential oil shows particular potential for application in
food categories susceptible to contamination by these
pathogens, such as fresh-cut vegetables, minimally
processed salads, and raw or processed meat products,
where it could contribute to improved microbial safety
and extended shelf life.

The antioxidant activity results are presented in Table 4.

Table 4. Antioxidant activity of dill fruit essential oil

Dill
essential
oil 485+ 0.04 ¢ 787,2401 £0.05 2

DPPH, pM FRAP, pM TE/mL
TE/mL

* different letters in the same row indicate significant
differences (p <0.05).

Dill fruit essential oil exhibited significant antioxidant
activity, with values of 485 + 0.04 uM TE/mL (DPPH)
and 787.24 £ 0.05 uM TE/mL (FRAP) (Table 4). The
higher FRAP value (p < 0.05) indicates stronger ferric-
reducing power compared to radical scavenging
capacity. This activity is likely attributed to the presence
of oxygenated monoterpenes such as carvone and
limonene, supporting the oil’s potential as a natural
antioxidant in food and health applications. Our findings
were in agreement with those reported in the literature
[11, 15-17].

4. Conclusion

The analyzed commercial Bulgarian dill (4Anethum
graveolens L.) fruit essential oil was characterized by a
distinct composition, with carvone, limonene, o-
phellandrene, and dill ether as the predominant
constituents, together representing 99.93% of the total
content. The results demonstrate notable antioxidant
capacity along with selective antimicrobial activity,
showing a clear concentration-dependent effect,
especially against Escherichia coli and Salmonella
enterica. These findings suggest that the studied
essential oil may serve as an effective natural alternative
for enhancing oxidative stability and controlling
microbial growth in food systems. Its incorporation into
food products could support improved quality
characteristics and contribute to prolonged shelf life.
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