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Abstract

Fennel and dill are well-known aromatic plants and are widely used commercially. They have also been recognized as
a medicinal herb with numerous pharmacological activities. Thus, the interest in dill and fennel has been growing, and
their industrial use is becoming more important. In this study, seeds of fennel and dill were extracted and analyzed using
nuclear magnetic resonance (NMR) spectroscopy and ultra-performance liquid chromatography coupled to quadrupole
time-of-flight mass spectrometry (UPLC—QTOF/MS)-based metabolomics. Through 1D and 2D NMR analysis, a total
of 34 primary metabolites were identified, and using UPLC-QTOF/MS, different chromatograms of dill and fennel were
obtained in less than 20 min. In the multivariate statistical analysis of data obtained from NMR and MS, it was confirmed
that seeds of dill and fennel discriminated clearly. Sugars and organic acids were identified as the primary metabolites
contributing to significant differentiation of fennel and dill. Also, flavonoids, which were identified as secondary metabo-
lites, significantly differentiated dill and fennel.
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Abbreviations analysis

NMR Nuclear magnetic resonance RMSEE Root mean squared error of
spectroscopy estimation

OPLS-DA Orthogonal partial least squares dis- RMSEP Root meant squared error of
criminant analysis prediction

PCA Principal component analysis RT Retention time

PLS-DA Patrial least squares discriminant UPLC-QTOF/MS  Ultra-performance liquid chromatog-

raphy coupled to quadrupole time-of-
flight mass spectrometry

VIP score Variable importance projection score
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of year (Yoon et al. 2019), geographical origin (Yoon et al.
2022) and species (Eisenmann et al. 2016) have become
possible through metabolomics. Through metabolomics, a
comprehensive qualitative and quantitative description of
metabolites can be achieved.

NMR and MS are the most widely used instruments for
metabolite analysis, and their unique strengths greatly con-
tribute to metabolite analysis. NMR has high reproducibil-
ity and simple sample preparation, making it suitable for
metabolite analysis (Beckonert et al. 2007, 2010). NMR
allows rapid and selective analysis, but has the disadvan-
tages of relatively low sensitivity (Sumner et al. 2003).
Among the MS technology, the advantages of TOF-MS
are high resolution and high mass accuracy, which makes
it possible to simultaneously and identify hundreds of dif-
ferent compounds (Deng et al. 2011). However, this system
has limitations due to its poor reproducibility and sample
destructive nature (Wu et al. 2021). In addition, combined
with separation equipment such as UPLC enable differentia-
tion of isomer, but analysis time is relatively long (Sumner
et al. 2003).

With the development of analytical instruments such as
NMR, MS and GC, research on plant metabolomics has
taken off, but there are limitations in understanding plant
metabolomics in depth using a single instrument. There-
fore, in recent studies, multi-platform metabolomics studies
using two or more instruments, rather than single instrument
analysis, are being conducted, and this approach could be
helpful in identifying and understanding metabolites.

Fennel (Foeniculum vulgare), which belongs to the
Umbelliferae family, and its essential oil has been used
as a remedy for carminative, digestive, lactogogue and
diuretic purposes (Krizman et al. 2007). In many studies,
various pharmacological activities of fennel, including anti-
cancer (Ke et al. 2021), anti-inflammatory (Ozbek 2005),
anticarcinogenic (Zaahkouk Semir et al. 2015), anti-stress
and antioxidant (Koppula and Kumar 2013) and memory-
strengthening effects (Joshi and Parle 2006), have been
reported. Fennel has small, yellow flowers in umbels. The
seeds ripen from September to October. The fruit of fennel
is oval shaped dried see. It has 3 to 5 vertical lines and its
ends are slightly curved and blunt (Anka et al. 2020; Badgu-
jar et al. 2014). Dill (Anethum graveolens) is a plant belong-
ing to the Umbelliferae family as well, and it has a unique
scent. Dill’s unique scent comes from its fruits. The flowers
of dill are yellow, arranged in umbels, and produce dried
ripe fruits. The seeds are brown, flattened and over-shaped,
and three vertical ridges on its back. Also, three dark lines
between them, and two lines on the flat surface (Chahal et
al. 2017). It has been used for centuries as an antimicro-
bial, anticonvulsant and antiemetic treatment (Stanojevic
et al. 2015; Naseri et al. 2012). Dill is also known to have

numerous pharmacological effects such as antimicrobial
(Badar et al. 2008), hyperlipidemic (Sadeghi et al. 2022),
antioxidant (Kazemi 2015) and anti-diabetic activities
(Haidari et al. 2020). In addition, studies have reported that
dill extracts have an effect on the female and male reproduc-
tive systems in rats (Monsefi et al. 2006; Malihezaman and
Sara 2007).

Fennel and dill are widely used as aromatic and medici-
nal herbs to treat or alleviate various ailments, and are also
commonly used in various fields such as the cosmetic, food
and even pharmaceutical industries due to the unique odor
of their essential oils. Fennel and dill are edible plants, and
their various pharmacological activities have been reported,
so they are expected to be developed as promising materials
in terms of industrialization.

For this reason, studies have been reported aimed at
understanding the characteristics of dill and fennel, and in
particular, studies have been conducted to analyze the com-
position of dill and fennel by considering variables such
as their different parts (Hao et al. 2021), cultivation condi-
tions (Orhan et al. 2013) and stage of maturation (Telci et
al. 2009). Although there are studies on chemical analysis
using instruments such as liquid chromatography, NMR and
MS, most studies have been performed using GC or GC—
MS due to the characteristics of the volatile oils known to
be abundant in dill and fennel (Xiao et al. 2017; Stanojevic
et al. 2015; Hao et al. 2021 Diaz-Maroto et al. 2005). Com-
pared to GC analysis, NMR and MS are easier to prepare the
analytical sample, and the high resolution of MS combined
with LC and high reproducibility of NMR have advantages
in metabolomics analysis. Performing multiple metabo-
lite analyses using NMR and MS can help overcome their
respective shortcomings and provide better metabolomics
spectrum.

Dill and fennel are most commonly cultivated spice plants
and belong to the same Umbelliferae family, but they belong
to different species, and this difference may also affect the
production of metabolites. Furthermore, these differences in
metabolites may be related to their biological activities, thus
it is necessary to evaluate the characteristics of metabolites
in dill and fennel. As a result, in order to broaden its utility
and properly utilize it, it is necessary to establish a chemical
basis for distinguishing fennel from dill. Understanding of
the differences between fennel and dill is important for their
proper use and industrial application, but studies on this is
insufficient. Therefore, the main purpose of this study was
to understand their differences through a comprehensive
metabolomics approach.
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Materials and methods
Plant materials

Dried dill and fennel seeds were purchased from the market.
Each seed with a different origin was purchased from differ-
ent suppliers. The origins of the dill were China, France, the
Netherlands, Italy, and Indonesia. The dill from the Nether-
lands was purchased from three different suppliers. Fennel
originated in India, Korea, Italy, and China, and fennel from
Italy was purchased from different suppliers. The seeds used
in the experiment were used as non-disintegrated. All sam-
ples were grounded and homogenized to fine powder before
extraction.

UPLC-QTOF/MS analyses

For the UPLC—QTOF/MS analysis, 100 mg of fine pow-
der of dill and fennel seeds was weighed and suspended
in 1 mL of solvent (70% EtOH) and vortexed at 2000 rpm
for 30 min at room temperature in an Eppendorf thermo-
mixer (Eppendorf, Westbury, NY, USA). A supernatant was
obtained from the samples after centrifugation (13,500% g,
5 min at 4 °C) and diluted 20 times. All diluted samples
were filtered through a syringe filter (PTFE, 0.2 pm). UPLC
analysis performed using a Waters ACQUITY H-CLASS
UPLC (Waters Corp., Milford, MA, USA) with a Acquity
HSS C18 column (2.1 mm % 100 mm; 1.8 um). The mobile
phase was composed with solvent A (water) and solvent
B (acetonitrile). The flow rate was 0.2 mL/min and the
injection volume was 2 pL. The elution conditions were
as follows: 0—3 min, 5-10% of B; 3—6 min, 10-20% of B,
6-9 min, 20-40% of B; 9—12 min, 40-60% of B; 12—15 min,
60—-100% of B; 15-17 min, 100-5% of B. The temperature
of the column oven and sample tray were maintained at 40
and 4 °C, respectively. MS analysis was performed using a
Waters Xevo G2-S QTOF MS (Waters corp.), and analy-
sis was conducted in negative ion mode. Data from mass
spectrometers were acquired in the MSE acquisition mode
performing alternative high- and low-energy scans. The
operating MS parameters were set as follows: Source tem-
perature: 120 °C; desolvation temperature: 550 °C; cone gas
flow: 30 L/h; gas flow: 800 L/h; capillary voltage: 2.2 kV;
cone voltage: 40 V. Leucine encephalin (m/z, 554.262) was
used as an internal reference to obtain accurate mass mea-
surements. Also, MS data were acquired through Masslynx
4.1 software (Waters Corp., Milford, MA, USA).

NMR data acquisition and data processing

For the NMR analysis, polar metabolites in seeds of fen-
nel and dill were extracted using solvent of 50% methanol
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(v/v). Samples were vortexed for 5 min and then extracted
ultrasonically for 30 min. After centrifugation, a supernatant
of the extract was filtered using a 0.22 um PVDF membrane
filter. The solvent of the filtered extract was eliminated using
a Speedvac (EYELA, Tokyo, Japan). After elimination of
the solvent, 560 pL of deuterated sodium phosphate buffer
containing 2 mM of 3-(trimethylsilyl)-propionic-2,2,3,3-
d, (TSP-d,) was added to dissolve the metabolites for the
NMR experiment. TSP-d, was used for calibration of the
chemical shift (5 0.00) and quantification of the metabolites.
For the NMR measurement, samples were transferred to a
5 mm NMR tube. Samples were measured using a Bruker
Avance 700 spectrometer (Bruker Biospin, Rheinstetten,
Germany) with a cryogenic triple-resonance probe at a fre-
quency of 700.40 MHz for 'H and a temperature of 298 K.
One-dimensional (1D) 'H-NMR spectra were recorded with
a pulse sequence of Carr—Purcell-Meiboom-Gill (Bruker;
cpmgprld) for suppression of high molecular weight
metabolites and water signals, 64 scans, relaxation delay
of 2 s, and acquisition time of 1.802 s. The data of two-
dimensional (2D) '"H-'H correlation spectroscopy (COSY)
and 'H-'*C heteronuclear single quantum coherence spec-
troscopy (HSQC-DEPT) were acquired to confirm the iden-
tification of metabolites. The phase and baseline of NMR
spectra were manually corrected with TOPSPIN (4.1.0;
Bruker Biospin, Rheinstetten, Germany). Metabolites were
identified and quantified using Chenomx NMR Suite 8.4
Professional (Chenomx Inc, Canada) with the metabolite
library database and 2D data.

Data analysis and multivariate analysis

For multivariate statistical analysis of the data obtained
through UPLC-QTOF/MS analysis, data peak acquisition
and metabolite alignment were performed using Progen-
esis QI software (Waters Co.). All data collected through
TOF/MS were processed into data including ion intensity,
m/z and retention time through a series of processes: Chro-
matographic peak alignment, peak picking, normalization
and compound identification. All NMR spectra were binned
using Chenomx NMR Suite 8.4 Professional for the multi-
variate statistical analyses. The data obtained through NMR
analysis were processed. The binning area of spectra was
from 0.5 to 10 ppm with a binning size of 0.001 ppm and
normalization was performed to the total area. The binning
data were aligned using an icoshift algorithm of MATLAB
(The MathWorks, Natick, MA, USA). SIMCA 15.0.2 soft-
ware (Umetrics, Umed, Sweden) for the multivariate sta-
tistical analysis of the processed data and binning results.
Principal component analysis (PCA) was conducted to
show the distribution of unsupervised samples. Partial least
squares discriminant analysis (PLS-DA) and orthogonal
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partial least squares discriminant analysis (OPLS-DA) were
performed to show group clustering. Univariate and multi-
variate statistical analyses of metabolites were performed
using MetaboAnalyst 5.0 (https://www.metaboanalyst.ca).

Results
NMR based primary metabolites analysis

In this study, NMR spectroscopy was used to compare the
differences in the primary metabolites of fennel and dill. In
order to identify as many primary metabolites as possible,
two-dimensional 'H-'H correlation spectroscopy (COSY)
'H-'3C heteronuclear single quantum coherence spectros-
copy (HSQC) NMR spectra, as well as one-dimensional
proton NMR spectra, were acquired from fennel and dill
(Fig. S1). A total of 34 primary metabolites obtained using
NMR were identified, including amino and organic acids.
These metabolites are annotated in the NMR spectra of
Fig. 1. In this study, an untargeted metabolomics approach
was performed; however, it is difficult to directly interpret
the results for data acquired in this way. Therefore, multi-
variate analysis was employed to visualize significant infor-
mation from the data.

In the partial least squares discriminant analysis (PLS-
DA), the plots were separated respectively according to their

group (R?X=0.585, RZY=0.965, Q*=0.888) (Fig. 2A). To
verify the over-fitting of the PLS model, 200 permutations
were performed (Fig. 2B). As a result of the permutation
tests, the Q® and R? values of the original model were higher
than all of the permuted models; therefore, it was deter-
mined that the PLS model was valid. The root mean squared
error of estimation (RMSEE) and the root meant squared
error of prediction (RMSEP) were used to assess the per-
formance validation of the PLS model (Fig. 2C, D). In the
Y-prediction plot, the RMSEE and RMSEP were 0.103 and
0.028, respectively. These results indicate significant sta-
tistical differences in the metabolites of fennel and dill. In
order to show the metabolites contributing to the differences
between fennel and dill, the S-line plot of OPLS-DA was
analyzed (Fig. 3).

The fennel extract contained a greater amount of sugars,
including glucose and sucrose, and amino acids, including
valine, isoleucine, threonine and alanine. Meanwhile, the dill
extract contained a greater amount of organic acids, such as
acetate, malate and citrate. In addition, the dill extract also
contained more glycerophosphocholine and betaine. Uni-
variate and multivariate statistical analyses of the quantified
metabolites were also conducted. A variable importance in
projection (VIP) score plot was obtained (Fig. 4). Com-
ponents with a VIP score of 1.5 or higher have important
meaning in variation. In the VIP score plot, citrate, adenos-
ine, betaine, arginine and glycerophosphocholine were the
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Fig. 1 Representative 'H-NMR spectra of (A) fennel and (B) dill with annotation. [Ala: alanine, Arg: argi-nine, Asn: asparagine, GABA: 4-amino-
butyrate, Galac: galactose, Gln: glutamine, Gluc: glucose, Ile: isoleucine, ml: myo-inositol, Sucr: sucrose, Thr: threonine, Val: valine]
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Fig. 2 Multivariate statistical analyses of NMR spectra from fennel and dill. (A) PLS-DA score plot (R>X=0.585, R2Y=0.965, Q*=0.888), (B)
two hundred permutation tests on the PLS model, (C) RMSEE on the PLS model and (D) RMSEP on the PLS model
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sucrose; * unknown]
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best markers to discriminate dill and fennel. As in the S-line
plot, citrate, betaine and glycerophosphocholine were iden-
tified as important metabolites of dill in the VIP score plot,
and sucrose, which was identified to have significant mean-
ing of fennel in the S-line plot, also showed a VIP score of
over 1.2. The VIP score plot indicates that the two compo-
nents showed discrimination potential.

UPLC-QTOF/MS based primary metabolites analysis

UPLC-QTOF/MS analysis was performed to analyze the
secondary metabolites of fennel and dill. The negative ion
mode had a better ionization efficiency that the positive ion
mode, so it was considered suitable for secondary metabo-
lite profiling of dill and fennel seeds. The chromatograms
obtained from negative ion mode are represented in supple-
mentary data (Fig. S2).

The secondary metabolites of fennel and dill were com-
pared by multivariate statistical analysis of chromatograms
obtained by UPLC-QTOF/MS (Fig. 5). In the PCA score
plot, dill and fennel were separated according the group
(RZX=0.823, Q*=0.492). Additionally, in the PLS-DA
score plot, fennel and dill were discriminated without over-
lapping (R?X=0.576, R2Y =0.986, Q*=0.943) (Fig. 5A, B).

The S-plot obtained through the OPLS-DA score plot
(R2X=0.632, R’Y=0.996, Q*=0.959) was analyzed to
identify the metabolites that differentiate fennel from dill
(Fig. 5C). Variables with high p-values (corr) in the S-plot
have significant meaning in distinguishing between two dif-
ferent groups (Fig. 5D). In the S-plot, the metabolites with
RT and m/z values of 6.24 and 563.1410, respectively, were
confirmed as the most significant metabolites in Dill. Mean-
while, the metabolites with RT and m/z values of 9.4 and
680.2053, respectively, were identified as the most signifi-
cant metabolites in fennel. Table 1 shows the RT and m/z
values of the metabolites with significant p-values in the
S-plot, including the most significant in fennel and dill. To
identify the significant secondary metabolites that distin-
guish between dill and fennel more clearly, statistical analy-
sis was performed on 1000 metabolites with high scores in
the PLS-DA-based VIP score plot (Fig. 6). Figure 6A shows
the correlation matrix of these 1000 metabolites. In the cor-
relation analysis, the columns of the heat map represent the
secondary metabolites acquired from fennel and dill, also,
colors ranging from blue to red indicate a concentration of
metabolites; the closer to red, the greater the concentration
of metabolites, indicating a positive correlation, while closer
to blue represents the opposite. Fennel and dill showed dis-
tinct patterns in the metabolite correlation analysis. For the
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Fig. 5 Multivariate statistical analyses of UPLC-QTOF/MS data from fennel and dill. (A) PCA score plot (R*X=0.823, Q°=0.492), (B) PLS-DA
score plot (R?X=0.576, R2Y=0.986, Q*=0.943), (C) OPLS-DA score plot (R2X=0.632, R>Y=0.996, Q*=0.959) and (D) S-line plot

Table 1 Distinguished metabolites of dill and fennel identified by
OPLS-DA based S-line plot, which is result of multivariate statistical
analysis of secondary metabolites obtained though UPLC-QTOF/MS

Component RT

Observed m/z Component RT ~ Observed m/z

Dill 1 6.24 563.1410 m/z Fennel 1 9.94 680.2053n
Dill 2 5.84 461.0727 m/z Fennel2  0.79 342.1164n
Dill 3 6.74 470.1667 m/z Fennel 3 ~ 5.51 477.0677 m/z
Dill 4 6.11 491.0833 m/z Fennel4  9.94 679.2842 m/z
Dill 5 0.77 1008.3372n  Fennel 5  0.79 684.2322n
Dill 6 0.77 504.1696n Fennel 6  8.63 842.2571n

1000 significant metabolites, a VIP score plot was obtained.
The VIP score plot for the top 20 metabolites is displayed in
Fig. 6B. The RT and m/z values of these metabolites are also
displayed. In the VIP score plot, higher values of metabo-
lite in fennel and dill are displayed in red, and vice versa in
blue. Half of the 20 metabolites were identified as signifi-
cant metabolites in dill, whereas the other half showed sig-
nificant meaning in fennel. Among the metabolites shown
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to be significant in dill, the metabolite with RT and m/z val-
ues of 10.85 and 325.0719 showed the highest VIP score.
Meanwhile, the RT and m/z values of the metabolite with
the highest VIP score in fennel were identified as 6.85 and
605.6797, respectively.

In the VIP score plot obtained by sorting 1000 significant
metabolites, the two metabolites with the highest scores in
fennel were observed in previous studies, but the compounds
were confirmed as “unknown.” Meanwhile, the metabolite
that showed the highest VIP score in dill was confirmed to
have the same molecular ion [M-H]- value as hexaoxaico-
sanediol in a previous study (Rashed et al. 2021).
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Fig. 6 Multivariate statistical analyses of 1000 metabolites with high
scores in the PLS-DA-based VIP score plot for secondary metabolites
of fennel and dill acquired by UPLC-QTOF/MS: (A) Correlation anal-
ysis and (B) VIP score plot of the 20 most important secondary metab-

Discussion

In this study, multi-platform metabolomics was conducted
to discriminate fennel and dill using UPLC-QTOF/MS
and NMR spectroscopy. In the NMR analysis, sucrose
and glucose were confirmed to be the significant metabo-
lites in fennel. Moreover, this is consistent with a previous
study reported by Cataldi et al., which reported that the
main sugars in fennel are glucose and fructose (Cataldi et
al. 1998). In plants, sucrose serves as an important energy
source, osmotic solute and signaling molecule. Moreover,
glucose is converted from sucrose. In a previous study on
the nutritional composition of fennel, sugars were identi-
fied as glucose and fructose, and in particular, all parts of
fennel showed high glucose content (Barros et al. 2010).
The utilization of sucrose in plants is very important, and
recent studies have focused on the roles of sugars and sugar
polymers in determining seed vigor (Wang et al. 2018).
Sucrose was identified as a significant primary metabolite in
fennel, and previous studies have also reported that sucrose
has the highest content among the carbohydrates in fennel
(Pencheva et al. 2022).

olites. Each column in (A) indicates an observed secondary metabolite,
color of the cell indicates the significance of correlation and the Y-axis
of (B) represents the measured mass values and retention times of sig-
nificant secondary metabolites

On the contrary, organic and amino acids were confirmed
as the important metabolites of dill. These two ingredients
have a positive association in linking the spicy and bitter
tastes of dill. A study on the nutritional composition of fen-
nel found that the most abundant biochemical composition
in fennel seeds of seven cultivars was sugar (Abdesslem et
al. 2022). In a previous study by Castro-Alves et al., organic
acids are known to significantly contribute to the sensory
properties of dill. In a partial network analysis of the sensory
characteristics of dill, amino acids appeared a positive cor-
relation with the sour taste of dill, and organic acids showed
a positive correlation with amino acids, pungency, and bit-
terness. Also, compared with outdoor grown dill, sensory
quality of greenhouse grown dill was improved when it was
exposed to eustress. The improvement of sensory quality of
dill such as bitterness and pungency was related to the accu-
mulation of organic acids and amino acids (Castro-Alves
et al. 2021). Fennel and dill are considered important crops
due to their unique aroma and taste, and metabolites with
significant meaning in fennel and dill are also expected to
affect sensory properties such as aroma.

In this UPLC-QTOF/MS-based metabolomics study,
the secondary metabolites of fennel and dill also showed
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significant differences. Although they are similar aromatic
plants, it was confirmed that they are distinct due to obvious
differences in metabolomics. In the multivariate statistical
analysis of the data obtained via TOF/MS analysis, the RT
and m/z values of the significant metabolites in fennel and
dill were obtained. Among the significant metabolites of
fennel identified in the S-plot, the metabolite with a molecu-
lar ion [M-H]- at m/z 477.067 was identified as quercetin-
O-glucuronide (Crescenzi et al. 2021, 2022). In addition,
metabolites contributing to distinguishing between dill and
fennel were identified through S-Plot analysis. The metabo-
lites with a molecular ion [M-H]- at m/z 461.0727 and a
molecular ion [M-H]- at m/z 491.0833 were identified as
kaempferol-3-O-glucuronide and iso-rhamnetin-3-O-gluc-
uronide, respectively (El-Zaeddi et al. 2017). These second-
ary metabolites identified in fennel and dill are classified as
flavonoids. Flavonoids are secondary metabolites and they
assist in the transmission of pollen or seeds to plants by giv-
ing them color, flavor and aroma (Kose and Quattrocchio
1994). Flavonoids consist of two phenyl rings connected to
a heterocyclic ring. Quercetin and kaempferol have the same
backbone (3-hydroxy flavone backbone) and the only differ-
ence between quercetin and kaempferol is that quercetin has
an additional hydroxyl group at the C3’ position in ring B
(Kumar and Pandey 2013; Sharma et al. 2018). Quercetin
is synthesized from kaempferol, and this flavonoid hydrox-
ylation step is performed by cytochrome P450 reductase
(CPR) and flavonoid monooxygenase (FMO) (Stahlhut et
al. 2015; Kubina et al. 2021). Quercetin not only promotes
plant physiological processes such as seed germination and
pollen growth, but also induces proper growth of plants. It
also acts as a powerful antioxidant, providing plant toler-
ance against environmental stress by strengthening several
physiological functions (Singh et al. 2021). Additionally, a
previous study showed that quercetin supplementation can
improve seed germination and vigor under osmotic stress
(Yang et al. 2021).

Quercetin, a flavonoid compound, has been confirmed as
a major component of fennel in a previous study, and in the
study, fennel seed extract showed high antioxidant and anti-
microbial activity (Salami et al. 2016). In addition, a previ-
ous study that isolated 12 compounds from fennel waste also
reported that isolation of quercetin-O-glucuronide, which
was identified in this experiment. And these compounds
showed powerful radical scavenging activity (Parejo et al.
2004). According to study by Crescenzi, in terms of COX
enzyme inhibitory activity of the main metabolites of fen-
nel, quercetin has anti-inflammatory activity that can inhibit
COX-2 enzymes more than other metabolites (Crescenzi et
al. 2022). Additionally, a study on the extraction method
of fennel seeds indicated that quercetin glucuronide had a
higher content than other quercetin compounds regardless
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of the extraction method (Malin et al. 2022). These research
results could help interpret the various pharmacological
effects of fennel and indicate its potential as a natural phar-
maceutical ingredient.

In a previous study by Giordano et al. that investigated
the flavonoid content of four types of microgreens, includ-
ing dill, it was confirmed that the content of kaempferol-
3-dihexoside in dill was higher than that of luteoline or
quercetin (Giordano et al. 2022). Also, a previous study
using water and ethanol extracts of dill showed that dill
extract inhibited the interaction between SARS-CoV-2's
S-protein and ACE2 receptor. In that study, among the
10 compounds identified in dill extract, the relative ionic
strength of kaempferol glucuronide had a higher relative
ion intensity, which was compatible with the results of our
study (Choe et al. 2023). Additionally, in a previous study
that confirmed the content of flavonoids and phenolic com-
pounds in dill extract, kaempferol showed higher content
than apigenin and quercetin when acids were excluded, and
showed antimicrobial activity against food-borne microor-
ganisms (Mashraqi 2023). These results seem to be related
to the traditional use of dill.

Dill seed extract has been confirmed to cause infertil-
ity in previous studies using animal models. This appears
to be because kaempferol, the main component of dill, has
phytoestrogenic properties that promote cell growth, dif-
ferentiation, and general homeostasis of reproductive and
other (Monsefi et al. 2014). Kaempferol is also known to act
as a powerful antioxidant in plants by removing the reac-
tive oxygen species generated by biotic and abiotic stresses
(Mierziak et al. 2014). In addition, previous study on inter-
action and stability between dill-derived compounds and
target proteins involved in antimicrobial and antioxidant
activities reported that kaempferol exhibited better bind-
ing energies with the proteins (Hadi et al. 2024). However,
it is known that the kaempferol overaccumulation caused
by flavonoid 3’ hydroxylase tt7 mutants disrupt the outer
integument differentiation of seed coat and diminishes seed
longevity (Ninoles et al. 2022). Therefore, it can be seen
that kaempferol is an important factor in seed longevity and
development.

In our study, kaempferol and quercetin were identified as
important components in dill and fennel, respectively, and
previous studies have reported that they are closely related
to the pharmacological actions of dill and fennel (Crescenzi
et al. 2022; Monsefi et al. 2014; Hadi et al. 2024). Some
studies on the composition and content of dill and fennel
differed from ours (Malin et al. 2022; Choe et al. 2023), but
this appears to be due to differences in methods such as the
variety of ingredients used in the experiment and the extrac-
tion method. As a result, it seems necessary to conduct
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additional studies on the flavonoid compounds, which are
the main components of dill and fennel, identified in our
study.

Conclusion

Fennel and dill, which are representative aromatic herb
belonging to the Umbelliferae family, are thought to have
different chemical compositions because they belong to dif-
ferent gens and species. In this study, we identified differ-
ences in the primary and secondary metabolites of fennel
and dill using NMR and UPLC-QTOF/MS. The differences
in their chemical composition are considered to also affect
their physiological activity results. Therefore, the metabolo-
mics research used in this study is expected to provide new
values about the components of fennel and dill and be help-
ful for their appropriate industrial use.
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