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Abstract: The fragrant shrub Anethum graveolens has long been used as a carminative and antispasmodic.Analysing the chemical
makeup of the essential oils and extracts derived from seeds collected in Errachidia, southern Morocco, is the aim of this research.The
antibacterial and antioxidant qualities of these oils and extracts will also be assessed.The primary constituents of the hydrodistillation-
isolated EO were identified by GC-MS analysis as E-anethole (38.13%), es-tragole (29.52%), fenchone (17.21%), and a-pinene
(7.37%).The techniques of decoction and Soxhlet were used to extract the phenolic components.A. graveolens seeds were found to
contain significant quantities of polyphenols, flavonoids, and condensed tannins, with varying levels depending on the extract
examined, according to the phenolic compounds test.The most significant compounds found in this extract were umbelliferone
(12.35%), 3-hydroxyflavone (11.23%), rosmanol (8.95%), bi-otin (8.36%), emmotin H (4.91%), and coumarin (4.21%), according to
HPLC/UV-ESI-MS analysis done on the decoction.According to three methods (DPPHe, FRAP, and CAT), the antioxidant activity
showed that the essential oils (EOs) and extracts had a strong ability to combat harmful free radicals, regulate the production of
reactive oxygen species, and lessen oxidative damage.Five strains (E. cloacae, K. pneumoniae, E. coli, S. aureus, and S. epidermidis)
and four candidiases (C. albicans, C. dubliniensis, C. tropicalis, and C. parapsilosis) as well as As-pergillus niger were tested for the
antibacterial activity of the extracts in a liquid medium.The findings demonstrated how efficient the EOs were against the majority of
the tested bacteria when compared to aqueous, ethanolic, and decoction extracts.Furthermore, the ethanolic extract exhibited
antifungal activity that set it apart from the other extracts.The three main ingredients of the essential oils under investigation—E-
anethole, estragole, and fenchone—interact synergistically to produce their antibacterial effectiveness.Important interactions and
stability between the chosen bioactive compounds and several target proteins involved in antibacterial and antioxidant activities are
also shown by molecular docking and molecular dynamics simulation findings. Better binding energies with the investigated proteins
were shown by compounds such as 3 - hydroxyflavone, emmotin H, trans-caftaric acid, methylrosmarinate, 1-caffeoyl-beta-D-glucose,
and kaempferol, suggesting their potential as antioxidants and antimicrobials. Lastly, our results highlight the importance of A.
graveolens seeds as a viable source of beneficial health substances that may act as natural alternatives to the currently used artificial
preservatives.
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1. Introduction

Foodborne infections are a major global public health
concern that have a huge socioeconomic effect,
particularly in underdeveloped nations [1]. According to
the World Health Organisation (WHO), antibiotic
resistance led to 4.95 million deaths in 2023 and caused
1.27 million deaths worldwide in 2019. A lot of research
is being done to create novel antibacterial agents and
nutritious food items in response to these concerning
tendencies.

However, because of their toxicity and induction of
DNA damage, the use of synthetic preservatives like
BHA and BHT to prevent food degradation has been
banned [2,3].According to this viewpoint, customers are
worried about their detrimental impacts on human
health. Because of this, businesses and consumers are
now looking for and consuming natural derivatives that
have antibacterial and antioxidant qualities. The

essential oils and extracts from therapeutic plants are
among these natural compounds.These plants are
thought to be a major source of secondary metabolites
that are active and have therapeutic qualities. These
substances are mostly engaged in defence mechanisms
against herbivores, pathogens, and their rivals [4].
Pharmaceuticals, agriculture, cosmetics, and industrial
raw materials are just a few of the areas to which plants
have made remarkable and varied contributions. In fact,
they serve two main purposes: first, they give food a
pleasing flavour; second, they preserve food by delaying
its degradation via their antibacterial and antioxidant
properties. Anethum graveolens is a common plant
utilised in the pharmaceutical and agri-food
industries.referred to as "dill" [5].This plant is the only
member of the Anethum genus and a perennial
herbaceous species in the Apiaceae family. It usually
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grows between 40 and 60 centimetres in height.
The important plant dill is grown in the Mediterranean
and Asiatic regions.For five thousand years, the
Egyptians and Greeks have used its seeds and leaves as a
traditional spice to flavour food [6].Dill is often used in
traditional medicine to relieve newborn colic and young
children's flatulence.Furthermore, its seed is utilised in
decoction or infusion mode to treat gastrointestinal
spasms, diarrhoeal diseases  with  meteorism,
sleeplessness, hyposecretion of milk, and urinary
infections [6,7]. It is often used in the industry as a
natural flavour enhancer in a variety of culinary
products, especially in sauces, salads, soups, seafood,
meats, fries, and pickles.Because of its pleasant scent,
volatile oil extracted from the aboveground section is
used as a flavour enhancer in culinary and beverage
applications. Additionally, essential oils are used as
fragrances to improve the aroma of cosmetics, soaps,
and detergents [8,9].

Numerous earlier investigations have shown the
biological potential of Anethum Graveolens at the
scientific level. These include anti-inflammatory [10],
antidiabetic [11], antimicrobial [12], diuretic [13],
insecticidal [14], hepatoprotective [15], anticancer, and
antioxidant [16].

2. Results& Discussion
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Because of its fascinating traits, this species' economic
importance has significantly increased on a worldwide
scale. This plant has therapeutic, ecological, and
socioeconomic value in Morocco. The chemical makeup
and biological features of the essential oils extracted
from Anethum graveolens, which is native to Morocco,
are, however, little understood. In particular, our
research looked closely at the chemical components
found in the essential oil and extracts of Anethum
Graveolens seeds from the Boulemane region.
Additionally, our research sought to identify naturally
occurring chemical compounds with antioxidant
properties, evaluate the antioxidant, and employing in
vitro research to determine the extracts' and essential
oils' antimicrobial properties.
The chemical makeup of extracts made from Anethum
graveolens seeds has, however, seldom been the subject
of considerable investigation. In order to contribute to
the phytochemical analysis and characterisation of
chemical families identified in Anethum graveolens
seeds harvested from the Boulemane area, this research
was carried out within the designated context.To
discover the essential oils' and extracts' potential as
antioxidants and antimicrobials, it also involves
evaluating their antibacterial and antioxidant qualities
using in vitro and in silico techniques.

QualityControlofPlantMaterial

ThequalitycontrolfindingsoftheexaminedplantmaterialaredisplayedinTablel.
TheseedsofA.graveolenshadamoisturecontentofaround15.80%,whichwaswithinthe
typical range for seeds. The plant extract had a pH that was somewhat acidic, which
aligned with its mineral content of 15.03%. This pH level meets thequality criteria set by

AFNOR (NF ISO 5984).

Tablel.Analysisandqualitycontrolof4.graveolensseeds.

MC(%) pH Ash (%) OrganicMafler(%)
15.03 84.97 15.80 52
Despite their health benefits, medicinal plants are often cadmium (Cd), iron (Fe), antimony (Sb), and titanium
contaminated during cultivation and processing by (Ti)—in order to address this issue.

various agents or toxic substances. Heavy metals are the
most concerning of them since they may interfere with
the healthy functioning of the liver, lungs, heart,
kidneys, brain, and central nervous
system.Hypertension, stomachaches, skin rashes,
intestinal ulcers, and various cancers may all be brought
on by this disturbance.We used atomic absorption
spectroscopy to measure the concentrations of six
distinct heavy metals—chromium (Cr), lead (Pb),

Anethseeds have a high level of iron (Fe) at 0.5858
mg/L, followed by antimony (Sb) at 0.0087 mg/L,
according to the data shown in Table 2.Notably, all of
the other heavy metals found are within the permissible
limit  established by FAO/WHO  regulatory
criteria. Therefore, the plant under study may be used
directly, as a component in food processing, or
repackaged if necessary.



History of Medicine Studies

HMS

ISSN:1300-669
Volume 21 Issue 1]Jan 2025

Table2.Heavymetalconcentration(mg/L)andmaximumlimitFAO/WHO(2009).

Element HeavyMetalContent(mg/L) MaximumLimit
Chromium(Cr) 0.0008 2

Antimony(Sb) 0.0134 1

Lead(Pb) 0.0034 3

Cadmium(Cd) <0.0001 0.3

Iron(Fe) 0.5858 20

Titanium(T1) 0.0082 -

Physical-ChemicalPropertiesandExtractionYieldofEssential Oils

According to the information in Table 3, the essential
oils (EOs) extracted from A. graveolens seeds collected
in the FErrachidia area during full bloom were
distinguished by their fragrant fragrance, yellowish
colour, and 2.73 + 0.12% yield.
This finding was noteworthy since, on the one hand, it
was considerable in comparison to those from other
countries, such as Egypt (1.88%) [17], India (1.5%] [9],
Iran (0.04-1.86%) [18], and also within1.92% in the
same nation [19]. However, it was lower than those
found elsewhere, such as in China (6.7%) [21] and
southern Morocco (3.5%) [20]. Several genetic,
ecological, and environmental factors (plant age,
climatic conditions, soil type, growth stage of the
species, part used, harvest time, drying process, harvest
period and environment, and cultural practices) as well
as the extraction method employed are responsible for
the variation in EQyield, according to the results of this
study and those found in the literature.
Essential oils from the plant under study had a density of
0.9362 £+ 0.0732 g/mL. According to the 2005 AFNOR
standard, essential oils should have a density between
0.906 g/mL, which denotes lower-grade oils, and 0.990
g/mL, which suggests very high-quality oils. According
to the test, our essential oil's density is comfortably
within the permitted range, suggesting a quality that
either meets or surpasses the typical requirements for
essential oil density.This finding implies that the
essential oil that is derived from this plant has a
commendable quality that satisfies  industrial
requirements.



History of Medicine Studies TSSN:1300-669
Volume 21 Issue 1Jan 2025

HMS

Table3.EssentialOil YieldofA.graveolens.

Properties Yield(%) Color Odor Density(g/mL)
Results 2.73+0.12  Yellowish Aromatic 0.9362+ 0.0032

ChemicalCompositionofEO

Thechemicalprofile(SupplementaryFigureS1)revealedthepresenceof29chemical
compoundsforthetotalchemicalcompositionofthisessentialoil. Theseresultsaresum-
marized in Table 4.

Table4.Chemical CompositionofdnethumgraveolensEssential Oil.

N°  Compounds KI* RA% Formula
1 a-Pinene 939 7.37 CioHis
2 Camphene 954 0.08 CioHie
3 Sabinene 975 0.13 CioHis
4 B-Pinene 979 0.35 CioHie
5  Myrcene 990 0.76 CioHie
6 a-Phellandrene 1002 0.17 CioHis
7 a-Terpinene 1017 0.02 CioHie
8 Limonene 1029 1.24 CioHis
9 B-Phellandrene 1029 0.37 CioHie
10  Z-B-Ocimene 1037 0.16 CioHie
11  1,8-Cineole 1031 0.11 CioHi150
12 y-Terpinene 1059 0.66 CioHie
13 Terpinolene 1088 0.05 CioHie
14  Fenchone 1086 17.21 CioHi60
15  Linalool 1096 2.68 CioHi1s0
16  trans-Pinenehydrate 1122 0.03 CioHis0
17  Camphor 1146 0.35 CioHi160
18  Terpinen-4-ol 1177 0.13 CioHi150
19  Estragole 1196 29.32 CioH120
20  Carvone 1243 0.01 CioH140
21  Z-Anethole 1252 0.06 CioH12O
22 p-Anisaldehyde 1250 0.05 CsHsOo
23 E-Anethole 1284 38.13 CioH12O0
24  o-Copaene 1376 0.02 CisHoa
25 Z-Tsoeugenol 1407 0.02 CioH1202
26 Methyleugenol 1403 0.34 CiuH1402
27 GermacreneD 1481 0.09 CisHos
28 d-Cadinene 1523 0.03 CisHaa
29 E-Methylisoeugenol 1492 0.06 CiH140
% HydrogenatedMonoterpenes 11.36
% Oxygenated Monoterpenes 20.57
% Phenylpropanoids 67.93
%HydrogenatedSesquiterpenes 0.14
Total 100
*RA:Relativeabundance(%);KI:Kovats index.
According to the chemical composition analysis, which were split between oxygenated monoterpenes
phenylpropanoids made up the majority of the (20.57%) and hydrogenated monoterpenes (11.36%),
compounds found in the essential oil of Anethum came next. Although they were found in little amounts
graveolens, accounting for 67.93%. Monoterpenes, (0.14%), hydrogenated sesquiterpenes were also
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detected.

Additionally, ethers made up a large portion of the A.
graveolens essential oil's chemical makeup (68.04%),
with ketones coming in second at 17.57%. Additionally,
we observe the presence of alcohol (2.84%) and
hydrocarbons (11.5%).Aldehydes, however, were almost
absent (0.05%) (Figure 1).

11.50
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(E)-anethole (38.13%), estragole (29.32%), fenchone
(17.21%), and a-pinene (7.37%) made up the majority of
the essential oil that was extracted from the seeds of A.
graveolens. Other compounds, such linalool (2.68%) and
limonene (1.24%), were found in trace levels (Table 4
and Supplementary Figure S2).

2.84
17.57

\\,

Non-aromaticalcohols

B Ketones

B Aldehydes M Ethers Hydrocarbons

Figurel.Distributionofthemainchemical groupsintheessentialoilof4. graveolens.

The chemical makeup of our A. graveolens essential oil
varies from that reported in earlier studies of various
sources, according to a study of the data, with both
qualitative and quantitative changes in individual
components detected. In fact, we discovered an
intriguing chemical polymorphism in the plant under
study.

Few research have examined the chemical makeup of
dill essential oil in Morocco. Twelve compounds,
accounting for 98% of the essential oil extracted from
seeds from southern Morocco, were discovered by Znini
et al. [20]. The main constituents were carvone (43.5%),
dillapiole (26.7%), and limonene (15.4%).Additionally,
chromatographic and El-Sayed et al. [17] used
spectrophotometric tests on the essential oil extracted
from Egyptian seeds and found that the main
constituents of dill essential oil were carvotanacetone
(13.03%), D-limonene (19.47%), and dillapiole
(44.01%). Carvone (27%), piperitone (25.7%), limonene
(20.6%), dillapiole (8%), trans-dihydrocarvone (4.9%),
and camphor (4.4%) were reported by Snuossi et al. [22]
in Tunisia.
Limonene  (48.05%), carvone (37.94%), cis-
dihydrocarvone (3.5%), and trans-carvone (1.07%) make
up the majority of French essential oil in Europe. [23].
According to Kosti¢ et al. [24], the composition of
Dillessential oil from Serbia was completely devoid of
phenylpropanoids and dominated by oxygenated
monoterpenes (52.79%).The latter had high levels of
limonene (29.04%), o-phellandrene (13.12%), and

carvone (42.47%).In the meanwhile, Aati et al. [25]
discovered that the essential oil recovered from seeds

using the solid-phase microextraction technique
Headspace was high in monoterpenes (65.1%) in Asia
and Saudi Arabia.

Anethole (33.3%), limonene (30.8%), carvone (17.7%),
and trans-dihydrocarvone (12.2%) were also among its
main  constituents.Linalool  (63.41%), d-terpinene
(4.27%), B-pinene (3.97%), p-cymene (3.35%), geranyl
acetate (3.32%), octyl butyrate (3.3%), and a-pinene
(3.23%) are all found in Iranian dill essential oil,
according to a research. [26]. However, Najafzadehetal
is in the same nation.[14] discovered that the primary
components of this species were para-cymene (5.50%),
o-terpineol (5.58%), limonene (21.47%), carvone
(23.67%), and phellandrene (34.19%). In China, D-
carvone (40.36%), D-limonene (19.31%), apiole
(17.50%), a-pinene (6.43%), 9-octa-decenoic acid
(9.00%), and 9,12-octadecadienoic acid (2.44%) are the
main components of this essential oil under study
[21].Similarly, in India, Kaur et al. [9] reported that the
primary compounds in the essential oil of this species
were carvone (41.15%), limonene (23.11%), camphor
(9.25%), and dihydrocarvone (3.75%), while the minor
compounds were butyl acetate (2.65%), myrcene
(2.365%), an-ethole (1.65%), a-pinene (1.06%), and

aneth ether (1.02%).
The varied plant development phases, the cultivation
area, and the particular plant portion employed all
influence the distinct components reported by various
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research.Screening for phytochemicals
Using particular revealing reagents, phytochemical
assays were performed on a variety of extracts made
from A. graveolens seeds. Table 5 reports the findings of
the phytochemical screening.
In varying amounts, this species was abundant in
proteins, lipids, reducing sugars (glucose and fructose),
polysaccharides, and other primary metabolites.
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the secondary metabolites that were also found to be
present.Alkaloids and saponins, however, were not
present.

Our findings are in line with those of El Mansouri et al.
[27], who found that dill seeds from Southern Morocco
lacked saponins and were rich in flavonoids and
tannins.The  existence of phenolic  substances,
flavonoids, tannins, and terpenoids was also shown by

Flavonoids, tannins, mucilages, leuco-anthocyanins,
oses and holosides, steroids, and triterpenes were among

Kauretal [9].

TableS. Results of phytochemical tests conducted on extracts of4.graveolensseeds.

Chemical Group A.graveolens
Polysaccharide starch
Reducing sugars +
Biuret reaction +
Protein
Xanthoproteinreaction +
Lipids(LiebermanBurchard reaction) ++
Tannins -
Catechictannins +
Gallic tannins ++
Flavonoids ++
Leucoanthocyanins ++
Saponosides -
Alkaloids -
Reducing Compounds ++
Osesandholosides ++
Mucilages ++
Sterolsand triterpenes ++

+++Veryabundant;++:abundant; +weak;-absent.

PhenolicCompoundYieldsofExtracts

We were able to determine the yield of several phenolic compounds found in the
plantunderinvestigationbyextractingthem. Theextractsincludedethanol,aqueous,and
decocted extracts. The yield was calculated as a percentage relative to 30 g of the plant
material that had been dried and powdered. The findings are depicted in Figure 2.
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Figure2.Yields ofextractsobtainedfromA.graveolens.

The findings demonstrated that extraction yields were
influenced by both the extraction technique and the
extraction solvent.In fact, the phenolic compounds'
average extraction yields varied somewhat and were
greater in the aqueous extract (20.52% =+ 0.006) and
decocted extract (23.00% + 0.04) than in the ethanol
extract (11.65% + 0.003).
When compared to ethanol, we found that water had a
tendency to extract more compounds. Water's natural
capacity to remove a wide variety of molecules
selectively due to its high polarity may be the cause of
this phenomena.This comprises a significant amount of
non-phenolic ~ compounds, such proteins and
carbohydrates.Content of Flavonoids, Condensed
Tannins, and Phenolic Compounds The results obtained
from the use of a UV-visible spectrophotometer
regarding the amounts of flavonoids and total phenolic
components in extracts made from A. graveolens seeds
are shown in Figure 3. It seemed from the observed data
that there was a considerable variance in the quantities
of these chemicals among the various extracts. The
greatest levels of phenolic components, flavonoids, and
tannins were obtained in the ethanolic extract at around
52.65+0.22 mgGAE/gofextract and  35.58+2.79
mgQE/gof. The aqueous extract showed values of
39.72+0.00 mgGAE/gofextract,
13.7940.63mgQE/gofextract, and
0.075+0.002mgCE/gofextract, respectively.The lowest
quantities of the studied molecules were obtained by the
decoction process, namely 23.35+0.66
mgGAE/gofextract for phenolic compounds, 9.40+0.51
mgQE/gofextract for flavonoids, and 0.046+0.003
mgCE/gofextract for tannins. Compared to El
Mansourietal's publicised findings, ours are much
better.[27].Comparing the decoction to a prior study, we

found that it had somewhat less tannin but larger
amounts of flavonoids and phenolic
chemicals.According to ElMansouri et al. [27], the
concentrations of polyphenol and tannin in the dill seed
decoction were 6.16 mg GAE/g of extract and 0.21 mg
CE/g of extract, respectively.This disparity highlights
the variation in phytochemical content brought about by
elements including the extraction process, geographic
source, and analytical methodologies.
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Figure 3. Contents of total polyphenols
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and condensed tannins in extracts

fromA.graveolensseeds. Thevaluesaremeans+SD.Resultswithdifferentsuperscriptsaresignifi- cantly different from each

other (p < 0.05).

ChromatographicAnalysisbyHPLC/UV-ESI-MSofthe Extracts

The chromatographic profile, depictedbelow (Supplementary Figure S3), illustrates the peaks of compounds
derived from the decoction of A. graveolens seeds, along with their retention times and relative abundances.
Using analytical and spectral data in negative and positive modes, we identified 38 compounds whose names and

molecular formulas are presented in Table 6.

Table6.ListofcompoundsidentifiedbyHPLC/UV-ESI-MSinthedecoctionE(0)ofA.graveolens

seeds.
N° RT ?:/i ;l Molecules Structure Classes 553;; ts [1(\,{,-/1;)] _[,_M+H] Fragmentlons(m/z)
(m/7)
1 405 1.8 Medioresinol C21H2307  Flavonoid 388 387 207-179
2 423 1.75 Caffeicacid CoHgO4 Phenolicacid 180 181 181-163-145-139-114
3 433 247 Cinnamic acid CoHs0, Phenolicacid 148 147 119-103-93
4 451 1.21 Scopoletin Ci0HsgO4 Coumarin 192 191 176-148-104
5 475 3.58 Pimelicacid C7Hi204  Fattyacid 160 159 115-97
6 534 053 Retusin CiHis07  Flavonoid 358 357 357-342-327-312-297
7 839 0.60  Syringicacid CoH100s  Phenolicacid 198 197 179-135-123
8 853 130  Carnosicacid CxH2704  Diterpene 332 333 333-287
9 8.96 12.35 Umbelliferone CoHsO3 Coumarin 162 161 133-106
109.00 836 Biotin CI0HI6N203
S
Vitamin 244 243 297-228-174-130
119.24 421 Coumarin CoHO> Coumarin 146 147 147-103
129.48 1.34 Kaempferide CisH1206  Flavonoid 300 299 217-149-107
13991 11.23 3-Hydroxyflavone = CisHi00s  Flavonoid 238 237 237-135-101
1410.15 8.95 Rosmanol Ca0H260s  Polyphenol 346 345 243-197-147
1510.78 3.40 Homovanillicacid CoH1004  Other 182 181 137-123-108
1611.08 3.35 kaempferol CisHi0Os  Flavonoid 286 285 %(1)1—165—15 1-
7
1711.37 3.56 Methylrosmarinate ~ CioHisOs  Polyphenol 374 375 375-181-137
1811.55 0.98 Chlorogenicacid CisHisO9  Phenolicacid 354 353 191-179
19 1233 055 Apigeninyrhamno- o b0 plvonoid 416 417 417-271243-
side 229
20 1271 102 QrAICTENO €0, Flavonoid 478 477 431-301-175
2112.99 042 Epicatechingallate ~ C2HisO10  Polyphenol 442 441 289-169-125

8
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2213.72 126 Rhamnetin CiH1207  Flavonoid 316 315 300-179-165-
151
2313.92 042 Riboflavin C1yH20N,4O Vitamin 376 375 375-255-243-
6 241
24 14.11 1.29 Quercetgjc'lg'galac' C2HxOp  Flavonoid 464 465 465-427-303-91
25 14.80 1.29 I?glsﬁi’g‘f“n3'0'rham' CoHnOn  Flavonoid 448 447 301-300-284
261525 1.67 &-tocopherol CyH46O2  Vitamin 402 401 385-135
2715.73 3.85 trans-caftaricacid CisH12O9  Phenolicacid 312 311 249-203-179-
149
2816.10 1.03 3-Feruloylquinicacid Ci7H2009  Phenolicacid 368 367 293-209-193-
173
291660 056 ~ Quereetinddtdi- 5 Flavonoid 330 329 374-301-285-270
methylether
30 17.35 1.62 Rosmarinicacid CisHisOs  Phenolicacid 360 361 181-163-145-135-117
31 19.06 1.23 Apigenin CisHuwOs  Flavonoid 270 269 2514300 1
i
32 20.26 0.78 Apigenin-7-glucoside Ca1H20010 Flavonoid 432 431 17
33 2041 0.80 Folicacid CisHusN7Os  Vitamin 441 371-267-224-1775
35 21.43 491 EmmotinH CisH160s  Sesquiterpenoid 244 243 243-228-200-184
3623.74 047 lfiff:%l‘femloyhaﬂa‘ CysHOun Phenolicacid 488 487 487-443-293
372535 3.37 i(f:ffeoyl'beta'])'glu' CisHisOs Polyphenol 342 341 341-179-135
3825.76 045  Ascorbylpalmitate CpHisO; Other 414 415 415-371-115
The structural variety of the molecules that make up the fragmentation of its  spolyphenolic  structure.

dill extract was revealed by the analysis of the data
acquired from the decoction. In fact, we found a number
of compounds, but the most important ones were two
coumarins, umbelliferone (12.35%) and coumarin
(4.21%), a sesquiterpenoid called emmotin H (4.91%), a
3-hydroxyflavone flavonoid (11.23%), a diterpene called
rosmanol (8.95%), and a vitamin B7 biotin (8.36%).
Electrospray ionization-mass spectrometry, or ESI-MS,
is an essential method for determining a compound's
structure. Each component may be analysed using
fragmentation in both positive and negative ion modes.
The ESI-MS spectra of umbelliferone revealed that this
molecule experienced awentionization, which led to the
loss of a proton (H") and the formation of the [M-
H]—ion, which was discovered in the mass spectrometer
at 8.96 minutes and observed at m/z=161. Additionally,
the main fragments found at m/z 133 and 106,
respectively, characterised the typical fragmentation of
the coumarin structure by separating an acetate
(CH3CO) group and a carbon monoxide (CO) group.
Similarly,  3-hydroxyflavone = (C15H1003,M=238),
which appears at 9.91 minutes and is accompanied by
significant fragments at m/z=237,135, andl101 that
indicate the fragmentation of the flavonoid structure,
including the release of a CO group and a fragment of
C5H402.Additionally, Rosmanol detected a [M-
H] ionatm/z=345 at 10.15 minutes, with the main pieces
at m/z=243 and197, demonstrating the distinctive

Additionally, a [M+H]+ionatm/z=243 was used to
identify biotin. It occurred at 9.00 min and was followed
by fragments at m/z = 297, 228, 174, and 130 that attest
to its specific fragmentation.The loss of a portion of the
biotin's side structure, maybe including the absence of
an available group or a segment of the imidazole, might
cause theionatm/z=297. The loss of a C3H8NS group,
comprising a piece of the nitrogen and the thiol group,
may be the cause of the fragment at m/z = 228.Lastly,
the loss of a C4H6NO2 group, which is probably
connected to a portion of the imidazole or the
valericacid, might cause theionatm/z=174.
The same was true for emmotin H (C15H1603, M =
244), which was detected at 21.43 minutes with a [M-
H]—ion at m/z = 243 and fragments at m/z = 243, 228,
200, and 184 that were indicative of the fragmentation
unique to its sesquiterpenoid structure. In accordance
with negative mass spectrometry procedures, the ion at
m/z = 243 revealed a loss of a proton during ionisation
and matched the parent [M-H]™ ion of the emmotin H
molecule.The dissociation of a CH2(methylene) group, a
common finding in sesquiterpenoids, may be the cause
of the fragmentatm/z=228. A more significant loss in the
carbon chain may also be indicated by the fragment at
m/z=200, which may be connected to the cleavage of an
alkene group or another functional group. Lastly, further
fragmentation of these squiterpenoids' skeleton, most
likely including the loss of a less complicated structure,
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may be the cause of the ion at m/z = 184.
Finally, after 9.24 minutes, coumarin (C9H602, M
=146) displayed a [M+H]+ion atm/z =147 along with a
major fragment atm/z=103, indicating the characteristic
fragmentation of its structure due to the loss of a CO
group.

Our findings are consistent with earlier research
demonstrating the abundance of these compounds in dill
seeds. Umbelliferone, kaempferol, and quercetin were
found in hydromethanolic extracts of dill seeds from
Romania, according to Bota et al. [28].Similarly,
Mashraqi et al. [29] found that Saudi Arabian dill
contained flavonoids and phenolic acids such apigenin,
quercetin, rosmarinic acid, caffeic acid, cinnamic acid,
and chlorogenic acid. Along with these substances,
Erdogan et al. [30] reported the abundance of
rosmarinicacid and the existence of vanillicacid in
Turkish seeds. Additionally, Meena et al.'s bibliographic
study [31] revealed that dill seeds contain vitamins Bl
and B2.
The literature has previously extensively reported the
pharmacological ~ characteristics  of  coumarins,
particularly umbelliferone [32]. This coumarin has anti-

inflammatory, antioxidant, antibacterial,
antihyperglycemic, molluscicidal, and anticancer
properties and is wused as a sunscreen [33].

Because of their strong antioxidant activity, flavonoids
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such as quercetin, kaempferol, and apigenin—which are
renowned for their diverse pharmacological effects—are
utilised as dietary supplements. Their broad variety of
biological actions, including as anti-inflammatory,
antibacterial, anticancer, and cardioprotective effects,
have been shown in several preclinical investigations
[34-37].

Clinical studies have shown that phenolic acids are
useful for a number of serious pathological conditions,
such as viral infections, cancer, heart disease,
hepatotoxicity, and neurotoxicity [38—41].
In addition to explaining the multiple pharmacological
qualities of the dill seed extract that have been shown by
the abovementioned investigations, the chemical
composition of the extract also validates its use in
traditional medicine. Supplementary Figure S4 shows
the chemical structures of the main compounds present
in A. graveolens seeds. Antioxidant Activity of Essential
Oil and ExtractsEssential Oil's Antioxidant Activity with
DPPH The findings revealed a concentration-dependent
variation in the A. graveolens essential oil's suppression
of DPPH* radicals.Butylated hydroxytoluene (BHT) has
a higher standard antioxidant capacity than Dill, based
on the IC50 values collected in Figure 4. In fact, the
latter was thought to be less successful in lowering free
radicals, with an IC50 of 9.02 mg/mL.

N

Figure 4. ICso values of A. graveolens and the standard antioxidant BHT using the DPPH
method. The results with different letters are significantly different from each other (p <

0.001).
This finding has been documented in a number of earlier
studies.In contrast to the typical ascorbic acid (IC50 =
0.04 mg/mL), for example, Kauret al. [9] found using
the DPPH technique that indole essential oil, which is
mostly comprised of carvone (41.15%), limonene
(23.11%), camphor (9.25%), and dihydrocarvone
(3.75%), demonstrates modest antioxidant activity (IC50
= 0.65 mg/mL).These scientists linked the existence of
polar molecules to this antioxidant capacity. Similarly,
using the DPPH technique, Osanloo et al. [42] found that
Iranian dill essential oil has minimal antioxidant activity.

o

Its main ingredients are o-phellandrene (26.75%), p-
cymene (24.81%), carvone (10.77%), dillether (9.78),
and cis-sabinol (3.61%).According to a research done in
Serbia, dillessential oil, which is mostly constituted of
carvone (45.90%) and limonene (45.24%), has more
antiradical action than anise, which is primarily formed
of anethole (96.40%) [43]. Stanojevi¢ et al. [44] found
that at a concentration of 29 mg/mL for 60 minutes, dill
essential oil from Serbia, which is mostly constituted of
carvone (85.9%), limonene (5.1%), and cis-
dihydrocarvone (3.0%), inhibited 79.62% of DPPH
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radicals.

The essential oil's antioxidant activityis established by
the collective interaction of their chemical constituents,
which may function in a synergistic or antagonistic
manner. Because of their increased reactivity with
peroxyl radicals, essential oils that contain volatile
phenolic  components have strong antioxidant
properties.Additionally, phenylpropanoids made up the
majority of the EO of dill that we investigated (67.93%).
Consequently, the antioxidant activity of
phenylpropanoids has been observed in a number of
earlier investigations [45].Furthermore, the investigated
EO, which was made up of fenchone (17.21%), estragole
(29.32%), and trans-anethole (38.13%), shown mild
antioxidant activity.Donatietal has earlier recognised this
poor antioxidant activity.[46].Using the DPPH and
FRAP methodologies, these researchers assessed the
antioxidant activity of trans-anethole and estragole and
discovered that they had a modest amount of antioxidant
capacity. Furthermore, a different investigation by
Senatore et al. [47] revealed that anethole's capacity to
scavenge DPPH free radicals and lower ferric ions is
inferior to that of the Trolox standard.
Furthermore, Luis et al. [48] used the DPPH technique
to investigate the antioxidant activity of I. verum's
essential oil, which is mostly constituted of
phenylpropanoids (92.2%). The scientists discovered
that this EO, richin trans-anethole (88.5%), has an IC50
(3.46%), which is almost 17 times greater than that of
gallic acid (0.20%).As a result, this implies that I. verum
EO's antioxidant capacity is much lower than that of
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regular gallic acid.
Furthermore, DPPH (1,1-diphenyl-2-picrylhydrazyl)
experiments were used to investigate the antioxidant
activity of Indian essential oil. Notably, the findings
have shown modest antioxidant activity, with inhibition
percentages for concentrations ranging from 5 to 25 pL
ranging from 26.1% to 43.62% [49]. Furthermore, using
DPPH and ABTS techniques, Coélho et al. [50] have

shown the antioxidant potential of estragole;
nevertheless, it is still less than that of Trolox.Using the
FRAP technique, El Omarietal's study [51] has

discovered that fenchone has a stronger reducing
capacity than camphor and the essential oil of
Lavandulastoechas.In a similar vein, Singhetal [52] has
emphasised fenchone's antioxidant properties. The
moderate antioxidant activity of the studied dill EO is
also attributed to the minor compounds, which may
either strengthen or weaken its antioxidant activity
through synergistic or antagonistic effects, even though
these earlier studies have shown the antioxidant potential

of trans-anethole, estragole, and fenchone.Extracts'
Antioxidant Activity
The antioxidant properties of extracts from A.

graveolens are shown based on the findings displayed in
Figure 5.The IC50 values for BHA and ascorbic
acidwere much lower than those of the extracts, which
suggests that the standards had a high level of
antioxidant activity. These compounds were employed
as reference compounds by the DPPH and FRAP
techniques.

©
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Figure 5. Antioxidant effects of extracts of A. graveolens by DPPH (A), and FRAP

methods
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CAT(C).Meanvalues+tstandarddeviationsofdeterminationsperformedintriplicatearereport
ed; Means are significantly different (p <0.001).

Furthermore, we can see that the antioxidant activity is
strongly influenced by the kind of extraction solvent
used.Notably, the ethanolic extract has found to be the
most active, with a robust antioxidant potential, in
comparison to the aqueous extract and decoction. It has
demonstrated high concentrations of polyphenols,
flavonoids, and condensed tannins.
Furthermore, every test has enabled us to demonstrate
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that the ethanolic extract has stronger anti-radical ferric
and molybdenumion-reducing properties than the
aqueous extract and decoction. In particular, the extract's
IC50 value is 46.90 £ 0.73 pg/mL according to the
DPPH technique, its EC50 is 161.33 + 6.18 pg/mL
according to the FRAP method, and its total antioxidant
capacity is 7297 + 0.71 mg EAA/g E.
Additionally, DPPH free radicals may be scavenged
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more effectively by the aqueous extract than by the
decoction. This is supported by the fact that the aqueous
extract's IC50 was lower (117.084+0.16 pg/mL) than the
decoction's (IC50 = 558.75+ 4.07 pg/mL).Similarly, the
aqueous extract showed a greater ability to decrease
ferric and molybdenumions than the decoction for the
FRAP and TAC procedures; the EC50 value was

The total antioxidant capacity was 50.98+0.2
mgEAA/gE, and the concentration was
226.60+11.73pg/mL. On the other hand, the decoction's
total antioxidant capacity was 47.88 + 1.73 mg EAA/g
E, and its EC50 was 330.01 = 3.09 pg/mL.
Furthermore, the presence of polyphenols, flavonoids,
and other aromatic components is the main factor
influencing the extracts' variation in antioxidant
activity. We have found that the examined extracts
contain significant amounts of phenolic compounds
based on our examination of the phenolic compound test
findings. The largest concentrations of polyphenols,
flavonoids, and condensed tannins are found in the
ethanolic extract, which surpasses both the aqueous
extract and the often employed decoction in
conventional medicine.
We have also discovered a diverse chemical richness in
the chemical profile of dill seeds, which is reflected by
the presence of several chemical families like
coumarins, flavonoids, phenolic acids, and terpenoids,
thanks to the results of the chromatographic analyses
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performed using HPLC/UV-ESI-MS for the decoction of
dill seeds. Umbelliferone (12.35%), 3-hydroxyflavone
(11.23%), rosmanol (8.95%), vitamin B7 biotin (8.36%),
emmotin H (4.91%), and coumarin (4.21%) are its
primary constituents. Several studies in the literature
have confirmed the antioxidant properties of A.
graveolens seeds.In particular, Basavegowdaetal.Strong
antioxidant properties of the methanolic extract of Indian
dill seeds have been found [53]. Through the three
radical scavenging techniques of DPPH, hydroxyl, and
nitric oxide, they have shown IC50 values of 19+ 0.94,
28+ 0.36, and 36+ 0.64 pg/mL,
respectively.Furthermore, Al-oqailetal. [16] have shown
that the methanolic extract of saudidill seeds has a
significant antioxidant capacity with IC50 values of 225
and 126.3 pg/mL, respectively, using the DPPH and
hydrogen peroxide scavenging techniques. Using the
FRAP approach, these researchers have also discovered
that at a concentration of 1 mg/mL, the extract's
maximum absorbance is 1.387. El Mansouri et al.'s
research [27] also shown the reducing power utilising
FRAP and the antioxidant power of the aqueous extract
of Morocc and ill seeds using the DPPH, ABTS, and
hydroxyl radical scavenging techniques.Phenolic
compound content and extracts' antioxidant activity are
correlated.

All of the above findings demonstrate the connection
between A. graveolens's antioxidant activity and its
phenolic components. The linear correlation coefficients
were computed in light of this (Table 7).

Table 7. Correlation coefficients (R2) between polyphenol (PC),flavonoid (FC), tannin
content (TC) and antioxidant activity of 4. graveolens extract.

PC FC TC DPPH FRAP CAT

PC 1 0.907 0.994 0.970 0.990 0.762

FC 0.907 1 0.856 0.982 0.957 0.964

TC 0.994 0.856 1 0.938 0.969 0.969

DPPH 0.970 0.982 0.938 1 0.995 0.896

FRAP 0.990 0.957 0.969 0.995 1 0.845

CAT 0.762 0.964 0.686 0.896 0.845 1

The coefficients ranged from 0.686 to 0.990.Strong it is not always enough.and When interpreting
correlations were found between the extracts' total antioxidant power, another criteria pertaining to

polyphenol content and the DPPH (R2=0.970), FRAP
(R2=0.990), and CAT (R2=0.762) assays.Similarly, with
Pearson coefficients of R2 = 0.982, R2 = 0.957, and R2
= 0.964, respectively, a favourable association was
found between the flavonoids and the anti-radical
activity, reducing activity, and total antioxidant capacity.
Their abundance of phenolic chemicals is responsible for
the antioxidant action seen in our extracts.The exception
is the condensed tannins, however.In the case of FRAP
(R2=0.969), DPPH (R2= 0.938), and CAT (R2= 0.686),
there was a significant connection even though the
ethanolic, aqueous, and decoction extracts did not have
high amounts. This leads us to conclude that while the
amount of condensed tannins is a significant component,
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condensed tannins—the quality criterion—must be taken
into account.A positive linear connection was also found
between the three assessed antioxidant activities, as
shown by the DPPH test and the CAT test (R2 = 0.896),
the DPPH test and the FRAP test (R2 = 0.995), or the
CAT test and the FRAP test (R2 = 0.845).This discovery
most likely suggests that the main chemicals involved in
the anti-radical activity, reducing activity, and overall

antioxidant capacity of the three extracts are
polyphenols, flavonoids, and condensed
tannins. Antimicrobial Activity The minimum

bactericidal concentrations (MBCs), minimum fun-
gicidal concentrations (MFCs), and minimum inhibitory
concentrations (MICs) expressed in mg/mL for the
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extracts and in uL/mL for the essential oil of Anethum
graveolens against the tested microorganisms are shown
in Tables 8 and 9.
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Table 8. MICs and MBCs (mg/mL) of 4. graveolens EO and extracts (ethanolic,

aqueous, and de- cocted).

E (0) E (1) E (2) EO
Bacterial B
Strains MIC MBC MBIS/M MIC MBC MBIE/M MIC MBC MB;E/M MIC MBCM CI/é\4

E. cloacae 50 50 1 >50 >50 - 50 50 1 25 25 1
K. pneumoniae 50 50 1 50 50 1 50 50 1 25 25 1
E. coli >50 >50 - >50 >50 - >50 >50 - 25 25 1
S. aureus 50 50 1 50 50 1 50 50 1 25 50 2
S. epidermidis >50  >50 - >50 >50 - >50  >50 - 50 50 1

Table9.MICandMFCofA.graveolensEOandextracts(ethanolic,aqueous,and decocted).

E@©) EQ) E (2) EO
Fungal Strains MFC/MI MFC/MI MFC/MI
MFC/MI
MIC MFC C MIC MFC MIC MFC MIC MFC C
C. albicans >50  >50 - 50 50 1 50 50 1 3.125 6.25 2
C. dubliniensis >50  >50 - 625 6.25 1 125 125 1 3.125 3.125 1
C. tropicalis >50  >50 - 125 125 1 25 25 1 6.25 6.25 1
C.parapsilosis >50  >50 - 125 125 1 125 125 1 6.25 6.25 1
A.niger >50  >50 - 0.78 0.78 1 25 25 1 3.125 3.125 1
With the exception of the decoction, which is inert, the The decoction extracts shown Dbactericidal and

data obtained indicate that the essential oil tested against
the four fungus, dill extracts, has a potential antifungal
activity.The MICs and MFCs for the ethanolic and
aqueous extracts varied from 0.78 to 50 mg/mL. With
MICs and MFCs of 0.78 mg/mL, Aspergillus niger was
the most susceptible fungus.The highest MICs and
MFCs measured against Candida albicans were 50
mg/mL. At the same dose of 12.5 mg/mL, the ethanolic
and aqueous extracts demonstrated fungistatic and
fungicidal activities on C. parapsilosis. Furthermore, we
found that the ethanolic extract had a stronger antifungal
effect than the other extracts that were evaluated. Its
higher levels of flavonoids and polyphenols are directly
responsible for this increased activity.
The MICs and MFCs for the essential oil varied from
3.125 to 6.25 pL/mL.Notably, with MICs and MFCs of
3.13 pL/mL, the fungus A. niger and C. dubliniens were
the most sensitive. Candida tropicalis and Candida
parapsilosis had the highest MICs and MFCs of 50
pL/mL.

The dill extracts and sestial oil proved to be sensitive to
different bacterial strains to differing degrees in terms of
their antibacterial activities.In particular, the watery and
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bacteriostatic properties at 50 mg/mLon K. pneumoniae
and S. aureus.Additionally, the ethanolic extract showed
similar effects on all examined bacterial strains, with the
exception of the Enterobacter cloacaestrain, which
showed no effect. Furthermore, none of the three studied
extracts had any effect on S. epidermidis or wild-type E.
coli. On the other hand, at a concentration of 25uL/mL,
the essential oil inhibited and killed wild-type E. coli
bacteria, K. pneumoniae, and E. cloacae.In contrast, S.
aureus and S. epidermidis showed higher MBCs of 50
pL/mL, suggesting that they were less susceptible.
These findings support those of Kaur et al. [54]. With
MICs of 40 and 20 mg/mL, respectively, these authors
have highlighted the antibacterial activity of the aqueous
extract of Indian and dill seeds against E. coli and S.
aureus.The antibacterial efficacy of essential oils derived
from various components, including the leaves, stems,
flowers, and seeds of A. graveolens from Saudi Arabia,
has also been shown by another research.Additionally,
this research showed that the seeds' essential oil, which
is made up of dillapiole (33.3%), limonene (30.8%),
carvone (17.7%), and trans-dihydrocarvone (12.2%), had
a stronger antimicrobial effect than the essential oils
from the other components against S. aureus, C.
albicans, and C. parapsilosis [25].The methanolic extract
of Indian dill seeds has been shown to exhibit
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antibacterial properties against E. coli, K. pneumoniae,
and S. aureus, with MICs of 1250, 833, and 125 pg/mL,
respectively, according to Basavegowda et al. [53]. In
general, the essential oil's chemical makeup is directly
related to its demonstrated antimicrobial activity.
Furthermore, the unique antibacterial properties of the
essential oil of Foeniculum wvulgare seeds have been
ascribed by Mota et al. [55] to the combined action of
the main constituents, which are present in an equal
proportion and are (E)-anethole (37.2%), estragole
(31.1%), and fenchone (28.5%).
Thus, the three primary compounds in our study's
essential oil analysis were (E)-anethole (38.13%),
estragole (29.32%), and fenchone (17.21%), all of which
were present in about equal percentages. As a result, the
antibacterial action may be ascribed to the synergistic
effects of the main components in this complex
combination. Additionally, the presence of ketones
(17.57%) and the richness of the examined essential oil
in ethers (68.04%) might both be linked to the observed
antibacterial capability.Assessment of Potentially Active
Compounds Isolated from the Essential Oil and Aqueous
Extract of A. graveolens Seeds for PASS Activity,
ADME, Toxicity (ProTox 1II), and Efficacy
In addition to its biological attributes, evaluating the
physicochemical characteristics of the candidate
compounds is essential for creating therapeutic agents
and verifying A. graveolens' efficacy as a nutraceutical
preservative agent.To ascertain the pharmacokinetic and
physicochemical properties of the compounds included
in the essential oil and aqueous extract of A. graveolens
seeds, as well as their resemblance to pharmaceuticals,

an analysis was carried out.
ThemaThe aqueous extract (umbelliferone, 3-
hydroxyflavone, rosmanol, biotin, emmotinH, cou-
marin, trans-caftaricacid, pimelicacid,

methylrosmarinate, homovanillicacid, 1-caffeoyl-beta-
D-glucose, and kaempferol) and the EO (E-anethole,
estragole, fenchone, and a-pinene) of A. graveolens
were chosen for PASS and ADMET (absorption,
distribution, metabolism, excretion, and toxicity)
prediction studies.
The SwissADME and pkCSM [58] online tools, the
PASS webprediction tool [57], and the ChemBio-Draw
webtool [56] were used to produce the SMILES
representations of these compounds. Table 10 displays
the results of the PASS and ADMET prediction
experiments.

PASS predictions were used to assess the effectiveness
of the antioxidant and antibacterial qualities of the main
constituents isolated from the EO and aqueous extract of
A. graveolens seeds.
All of the significant compounds exhibited significant
"Pa" values for several activities, including antioxidant
(0.150-0.856), antifungal (0.267-0.717), and
antibacterial potential (0.216—0.587), according to our
estimates (Table 10).Additionally, these substances had
extremely good antioxidant properties, strong antifungal
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effects, and  strong  antibacterial  properties.
The SwissADME and PkCSM websites are helpful for
examining the pharmacokinetic characteristics and how
closely a chemical resembles a medication. All of the
chosen compounds' lipophilicity indices show that they
are very soluble in water (Table 10).
The selected materials exhibit high Caco-2 permeability
values and favourable skin permeability (log Kp) values.
With the exception of trans-caftaric acid, the majority of
the substances under study exhibit good intestinal
absorption (HIA > 30%).
P-glycoprotein, often known as P-gp, is essential for the
distribution and absorption of medications.The primary
components of the essential oil are also not P-gp
substrates, and none of the chemical compounds from
the study behave as inhibitors of P-gpl and P-gpll. By

contrast, we found that molecules such 3-
hydroxyflavone,  rosmanol, methyl rosmarinate,
homovanillic acid, 1-caffeoyl-beta-D-glucose, and

kaempferol may be P-gp substrates in the aqueous
extract. Furthermore, the only substance that could
inhibit P-gp I was rosmanol.
Eight of the sixteen isolated compounds that were
examined had an SNC score higher than -3.0, indicating
that they are likely to pass across the blood-brain barrier
(BBB) with ease. Nevertheless, few exceptions were
observed, especially for 1-caffeoyl-beta-D-glucose,
biotin, emmotin H, coumarin, trans-caftaricacid,
pimelicacid, methylrosmarinate, and homovanillicacid,
which did not meet this threshold. We identified the
chemicals from the examined essential oils and 3-
hydroxyflavone from the watery ex- tract as having
limited penetration into the central nervous system (log
BB > 0.3). From -1.533 L/kg to 1.274 L/kg, their
volume of distribution in tissues (logVDss) varied.
Although the primary components of the essential oil
and the analysed aqueous extract are unlikely to have
adverse effects when taken orally owing to drug
interactions, cytochrome P450 (CYP) enzymes and
molecular interactions are key in the removal of
pharmaceuticals. To forecast the excretion route, the
total clearance of hepatic and renal substrates (CLTOT)
and the retinal organic cation transporters 2 (OCT2)
were expressed in log mL/min/kg. According to the
statistics, every phytochemical component under study
had excellent overall clearance values and was
eliminated.

Several factors, including AMES, hERG channel
inhibition, skin sensitisation, immunotoxicity,
hepatotoxicity, carcinogenicity, mutagenicity, and
cytotoxicity, were investigated in order to assess the
possibly detrimental effects of the essential oil and
aqueous extract of A. graveolens seeds. The primary
phytochemical components were the focus of the study,
as shown in Table 11.With the exception of certain
compounds, the results showed no discernible harmful
consequences.(E)-anethole, estragole, umbelliferone, 3-
hydroxyflavone, and coumarin may have minor
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carcinogenic effects; biotin may have mild liver effects.
Nevertheless, 1-Caffeoyl-beta-D-glucose, methyl
rosmarinate, trans-caftaric acid, and rosmanol may
exhibit immunotoxic effects.Lastly, umbelliferone, often
referred to as 7-hydroxycoumarin, is a naturally
occurring chemical molecule that is widely dispersed
throughout the coumarin family. It is classed in the
anticipated toxicity class 6 and has an LD50 of 10,000
mg/kg. One of the primary components of the aqueous
extract of the A. graveolens seeds under study is this
chemical. These results show that the essential oil and
aqueous extracts made from southern Moroccan A.
graveolens seeds may be regarded as safe for oral use as
nutraceuticals and/or as natural alternatives to artificial
preservatives, provided that the recommended dosages
are adhered to. However, to definitively confirm that
there are no long-term hazards to consumers
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Tablel0.InSilicoAnalysisofPASS,ADMEofCompoundsfromtheEssential Oil,andDecoctionofA.graveolensSeeds.
Prediction Parameters EO 1 EO2 EO3 EO4 D1 D2 D3 D4 D5 D6 D7 D8 D9 D10 D11 D12
PASSPrediction (Pa/Pi)
Antioxidant 0.563/0.00.641/0.00.551/0.00.150/0.10.286/0.00.389/0.00.711/0.00.260/0.00.483/0.00.321/0.00.751/0.00.856/0.00.
1 Antioxidant0'337/0'0 337/0.01
8 05 04 05 26 04 33 20 04 03 8
03 1 07
3
QEQ%IB%MOAZS/O.040.267/0.00.439/0.00.519/0.00.367/0.00.639/0.00.494/0.00.504/0.00.440/0.00.544/0.00.363/0.00.474/0.00.292/0.00.717/0.00.495/0.00
Antimicrobia 5 97 42 27 58 14 32 30 27 24 59 35 84 09 31 5
1
éﬂg&ﬂffﬁlalo .264/0.070.219/0.10.326/0.00.398/0.00.331/0.00.569/0.00.357/0.00.301/0.00.344/0.00.303/0.00.292/0.00.218/0.10.216/0.10.587/0.00.395/0.0
02 51 30 49 11 60 59 63 04 10 31 5
41 5 4 02
ADME Prediction
TPSA(AZ) 9.23 9.23 17.07 0.00 50.44 50.44 86.99 103.73 54.37 30.21 161.59 74.60 133.52 66.76 156.91 111.13
Physiochemical =~ Molar Refrac-
Properties tivit 47.83 47.04 45.64 45.22 4451 69.94 93.99 69.34 70.37 42.48 70.60 39.31 95.72 46.50 79.13 76.01
Bioavailability
. 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.56 0.55 0.55 0.11 0.85 0.55 0.85 0.55 0.55
DrugLikeness Pre- y
diction Synthetic ac-
0 ... 147 1.28 3.22 444 2.56 293 5.07 3.38 3.03 2.74 3.45 1.37 3.52 1.49 447 3.14
cesqQscibgiplity
Watersolubil-_, o3¢ 2874 -3097 -3733 2131 -3.683 -3.606 2 3366 -1517 2541 1088 -317 2453 -1.869  -3.04

Caco2 perme- 4 (g 141 1.501 138 1206 1263 1015 0698 1267 1649 -0.801 0598 -0562  0.265 0.05 0.032

Intestinalab-

sorpgion(hu- 95592 94536 95813 96041 OS5l 94776 93407 7LIS2 9641 97344 9399 72877 64776 86286 50517 7429
Ab P man)
sorptionParame-
e Prodiction | CNHBTSECY 1139 739 1872 <1827 26 2775 2772 2727 293 1921 2735 2735 2735 272 274 2735

P-glycoprotein
No No No No No Yes Yes No No No No No Yes Yes No Yes
substrate
P-glycoprotein 10
I inhibitor No No No No No No Yes No No No No No No No No No
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Fractionun-
bound(hu- 0.266 0.213 0.423 0.425 0.432 0.151 0.109 0.58 0.3 0.367 0.472 0.543 0.229 0.467 0.609 0.178
man)
DistributionParame- BBBpermea-
ters Prediction bility 0.529 0.601 0.624 0.791 -0.278 0.462 -0.581 -0.679 0.291 -0.007 -1.233 -0.21 -1454 -0.312 -1.081 -0.939
CNS -
bifl’iet;mea -1.659  -174 -1988 -2201 -2741 -1733 -2101 -3541 2784 -1926 -393 -3.042 3358 -2723 -3982 -2.208
CYP2D6sub-
Stratesu No No No No No No No No No No No No No No No No
CYP3A4sub-
stra tesu No No No No No Yes No No No No No No Yes No No No
CYP1A2 in-
mn Yes Yes No No Yes Yes No No Yes Yes No No No No No Yes
M t b 1. P _ TITUITT . .
e 01sm. a?ame CYP2C19 in No No No No No Yes No No No No No No No No No No
ters Prediction
T
CYP2C9 inhib- No No No No No No No No No No No No No No No No
CYPYDE in-
No No No No No No No No No No No No No No No No
CYIP3IATO4T -
No No No No No No No No No No No No No No No No
ToldbPA Pear-
0.268 0.332 0.085 0.043 0.706 0.233 0.289 0.368 0.19 0.97 0.449 0.565 0.187 0.246 0.059 0.477
Excretion Rena OCI2
substrate No No No No No No No No No No No No No No No No
hibito
T ance

EO1:E-Anethole;EO2:Estragole;EO3:Fenchone;EO4:a-Pinene;D1:Umbelliferone; D2:3-
hydroxyflavone;D3:Rosmanol;D4:Biotine;D5:EmmotinH;D6: Coumarin; D7: trans-Caftaric acid; DS: pimelic acid; D9: Methyl rosmarinate; D10:
HomovanillicAcid; D11: 1-Caffeoyl-beta-D-glucose; D12: Kaempferol.

18



Pharmaceuticals2024,17,862 190138

Tablel 1.Insilicoanalysisofthepredictivetoxicity(ProToxII)ofCompoundsfromtheEssentialOilandDecoctionofA.graveolensSeeds.

. o . Predicted

Compounds Tﬁfitsy Izﬁggoilxﬁléﬁ)lgsmnigltlis(:::_ 1}&;22‘::; ?n]l)gﬂ/)kg) ;l;(l):siscity HepatotoxicityCarcinogenicitylmmunotoxicityMutagenicity  Cytotoxicity
EO1 No Yes 0.869 150 3 Active(0.57)

EO2 Yes Yes 1.398 1230 4 . Active(0.51 .

EO3 No No Yes 1366 775 4 Inactive ot Inactive

EO4 No No 1.159 3700 5 Inactive

D1 No No 1.714 10,000 6 Inactive Active(0.64) Inactive Inactive

D2 Yes No 1.205 2500 5 Inactive Inactive Inactive Inactive

D3 No Yes 0.285 450 4 Inactive Inactive Active(0.95) Inactive

D4 No No 2.183 4000 5 Active(0.41) Inactive Inactive Inactive

D5 No No 1.329 1600 4 Inactive Inactive Inactive Inactive
D6 No No 1.555 196 3 Inactive  Active(0.83) Inactive ) Active(0.55)
D7 No o No o 3800 5 Inactive  Inactive Active(0.97) Inactive  phactive
D8 No No 2.006 900 4 Inactive Inactive Inactive Inactive
D9 No No 1.92 5000 5 Inactive Inactive Active(0.93) Inactive
D10 No No 2.106 1123 4 Inactive Inactive Inactive Inactive
D11 No No 5.989 5000 5 Inactive Inactive Active(0.95) Inactive
D12 No No 2.885 3919 5 Inactive Inactive Inactive Inactive

EO1:E-Anethole;EO2:Estragole;EO3:Fenchone;EO4:a-Pinene;D1:Umbelliferone; D2:3-
hydroxyflavone;D3:Rosmanol;D4:Biotine;D5:EmmotinH;D6: Coumarin; D7: trans-Caftaric acid; DS: pimelic acid; D9: Methyl rosmarinate; D10:
HomovanillicAcid; D11: 1-Caffeoyl-beta-D-glucose; D12: Kaempferol.
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Molecular Docking

The chemicals identified using GC/MS and HPLC/UV-ESI-
MS were selected for in silico molecular docking
investigations in light of the much higher in vitro
bioactivities shown in the EO and aqueous extract of A.
graveolens in this study.
Molecular docking experiments were used to determine the
compounds' antibacterial, antifungal, and antioxidant
properties as well as their possible mode of action.The
chemical interactions between the compounds and their
respective target proteins (1JZQ, 1KZN, 2CAG, 2VEQG,
27DQ, 3SRW, 3UDI, 4URN, 2CDU, 10GS5, and 3NRZ) at
the atomic level served as the basis for these
conclusions.The majority of the molecular docking research
was focused on evaluating elements like hydrogen bonds,
Van der Waals (VDW) interactions, binding free energy,
and carbon—hydrogen (C—H) bonds. While hydrogen bonds
and VanderWaals (VDW) interactions affect the binding
interactions, C-H bonds and Pi-sigma interactions regulate
the stability of the ligands (selected molecules) and the
docked receptor.The docking energy binding scores for the
binding sites of the target proteins implicated in antioxidant
activities (2CDU, 10GS5, and 3NRZ) and antibacterial
activities (1JZQ, 1KZN, 2CAG, 2VEG, 2ZDQ, 3SRW,
3UDI, and 4URN) are shown in Table 12. The Van der
Waals interactions, hydrogen bonds, and C-H bonds
involving the amino acids present in the binding sites of the
chosen proteins were examined in this work.

;f:‘“dswap 1JZQ 1KZN 2CAG 2VEG 27ZDQ 3SRW 3UDI 4URN 2CDU 10G5 3NRZ
EO1 =1 56 -71 —48 71 58 47 55 56 54 75
EO2 52 56 —67 —45 70 55 —46 53 -55 53 70
EO3 56 —48 65 —46 —66 59 50 —47 53  —60 —62
EO4 55 46 60 —46 —62 56 45 —46 50 -55 5.1
D1 60 —67 -81 —58 —82 64 58 62 64 —63 88
D2 76 17 94 70 -84 81 74 75 15  -79 88
D3 82 80 -72 70 65 86 82 77 13 -89 62
D4 -3 62 -75 53 73 70  —60 —62 -61  -71 —70
D5 75 15 -90 —62 -100 -80 -76 63 -76 80 —62
D6 58 66 -77 -55 19 63 56 58 —64 —66 8.1
D7 68 -73 -89 68 9.1 78 72 —65 719  -73 16
D8 49 52 59 45 58 49  —49 —49 51 54 —66
D9 78 -84 -102 -78 92 -84 83 -73 80 -84 98
D10 55 61 -71 -54 70 60 55 55 61 60 74
D11 76 -76 95 67 98 80 74 70 717 79  -10.0
D12 -8.1 -8.2 -10.0 -6.6 -9.0 -8.5 -8.3 =7.9 -7.7 -8.6 -7.8
Table 12.
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It should be noted that a protein target may experience
substantial conformational changes when interacting
with a pharmacological molecule. A useful technique for
comprehending the internal movements, conformational
changes, and stability of protein—ligand complexes is
molecular dynamics simulation (MDS).By analysing
MDStrajectories for the ten complexes—two in the case
of 3NRZ, four in the case of 2CAG, and four in the case
of 2ZDQ—parameters like root-mean-square deviation
(RMSD), root-mean-square fluctuation (RMSF), radius
of gyration (Rg), number of hydrogen bonds, and
binding free energy can be calculated.These
investigations provide light on the complexes' binding
strengths, mechanisms, and structural stability.3NRZ's
Structural Dynamics
The intricate structural dynamics of protein 3NRZ in
interaction with methyl-rosmarite and 1-caffeoyl-beta-
D-glucose ligands were examined in our work using
molecular dynamics simulations. Our goal was to
comprehend the minute impacts that ligand binding has
on the protein's conformational stability.To understand
the dynamic interaction between the protein and ligands,
we focused on a number of metrics. It is evident from
looking at the RMSD graph in Figure 12 that all of the
protein-ligand entities had less spectrum variation. This
suggests that their structural dynamics were only slightly
disturbed over the full simulation.The RSF analysis
examined the effects of ligand binding on protein
dynamics over 100 ns, finding that protein—ligand
complexes had less flexibility and a reduced capacity for
conformational alterations. This implies that all
complexes, as shown in Figure 12, have little effect on
receptor flexibility. Additionally, analysis of the Radius
of Gyration (RG) profiles showed steady patterns in both
complexes, indicating that a stable configuration was
maintained. The development of numerous hydrogen
bonds in both complexes was shown by hydrogen
bonding analysis, which highlights the crucial role that
these bonds play in maintaining stability even when
ligands dissociate.
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Figurel2.Structuraldynamicsofthe3NRZprotein:(A)RMSDand(B)RMSF.(C)Totalnumber
of intramolecular hydrogen bonds. (D) Radius of gyration.

StructuralDynamicsof2CAG

Using molecular dynamics simulations, we investigated
the structural dynamics of 2CAG in this work,
concentrating on how they interacted with different
ligands (Figure 13).Our investigation revealed the
effects of four distinct ligands on protein conformation
and dynamics: 3-hydroxyflavone, methylrosmarinate, 1-
caffeoyl-B-D-glucose, and  kaempferol.With  the
exception of kaempferol, which showed a noticeably
greater RMSD, we found very identical RMSD patterns
throughout the protein-ligand complexes, suggesting
minor conformational changes following ligand
binding.This implies that whereas 3-hydroxyflavone,
methylrosmarinate, and 1-caffeoyl-B-D-glucose create
small structural changes in the protein backbone,
kaempferol causes more noticeable alterations, which
may indicate a different binding mechanism or
affinity.The = complexes = 2CAG/3-hydroxyflavone,
2CAG/Methylrosmarinate, and 2CAG/1-caffeoyl-p-D-
glucose showed similar dynamics, according to further
examination of RMSF patterns. However, the
2CAG/Kaempferol  complex  showed  increased
flexibility, suggesting that the ligands had varied effects
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on protein flexibility. Using the radius of gyration (Rg)
to examine protein compactness, 3-hydroxyflavone,
methylrosmarinate, and 1-caffeoyl-B-D-glucose were
shown to have greater protein compactness than
Kaempferul, indicating tighter protein structure binding
and corresponding with the RMSD findings.
Furthermore, simulations revealed that 3-
hydroxyflavone, methylrosmarinate, and 1-caffeoyl-B-
D-glucosethe target proteins formed hydrogen bonds
during a 100 ns period, indicating significant molecular
interactions that support sustained binding. Kaempferol,
on the other hand, generated fewer hydrogen bonds,
suggesting less effective or advantageous interactions
with the protein.
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Figurel3.Structuraldynamicsofthe2 CAGprotein:(A)RMSDand(B)RMSF.(C)Totalnumber
of intramolecular hydrogen bonds. (D) Radius of gyration.
Structural Dynamicsof2ZDQ
In this instance, we wused molecular dynamics enhanced flexibility, indicating that the ligands had

simulations to investigate the structural dynamics of
27DQ, concentrating on its interactions with four
different ligands: emmotin H, trans-caftaricacid,
methylrosmarinate, and 1-caffeoyl-B-D-glucose.This
study provides insight into their impact on protein
dynamics and structure.With the exception of emmotin
H, which showed a noticeably greater RMSD, we found
very identical RMSD patterns throughout the protein—
ligand complexes, suggesting minor conformational
changes following ligand binding. This implies that
emmotin H causes more noticeable alterations in the
protein backbone, perhaps indicating a different binding
mechanism or affinity, while trans-caftaric acid, methyl
rosmarinate, and  1-caffeoyl-B-D-glucose  cause
insignificant structural rearrangements. Complexes
produced with trans-caffetaricacid, methylrosmarinate,
or l-caffeoyl-p-D-glucose  exhibited comparable
kinetics, according to further study of RMSF patterns.
Nonetheless, the emmotin H-2ZDQ complex had

A
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varying impacts on the protein's flexibility.We then
investigated the modifications to the protein's structural
compactness brought about by its interactions with these
different substances.We calculated the radius of gyration
(Rg) over time in order to do this (Figure 14). In
accordance with the findings of the protein backbone's
RMSD analysis, the protein compactness analysisTrans-
caffetaric acid, methyl rosmarinate, and 1-caffeoyl-f-D-
glucose were shown to increase protein compactness in
comparison to emmotinH utilising the Rg.Additionally,
simulations demonstrated the formation of hydrogen
bonds between the target protein and trans-
caffetaricacid, methylrosmarinate, or 1-caffeoyl-B-D-
glucose during a 100 ns time span, suggesting significant
molecular interactions favourable for long-term
binding. EmmotinH, on the other hand, formed fewer
hydrogen bonds, indicating that its interactions with the
protein were less beneficial or weaker.
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It is crucial to examine in detail the physico-chemical
characteristics of potential compounds, as well as the
pharmacokinetic and physicochemical properties of the
substances identified in the essential oil (EO) and
aqueous extract (E0) of A. graveolens seeds, comparing
them to drugs, in order to design therapeutic agents and
support the efficacy of the chemical composition of A.
graveolens as a nutraceutical preservative.Significant
results were found for a number of activities, including
antioxidant, antifungal, and antibacterial qualities,
according to the predictive PASS and AD-MET
assessment of the primary components of the EO and
aqueous  extract (AE) of A.  grave-olens.
The antioxidant and antibacterial properties of the
chemicals found in A. graveolens have been confirmed
by earlier research, especially that of Najaranetal [59],
Noumietal [23], and Madhuri [60], indicating their
potential as therapeutic agents for a variety of
illnesses.These results demonstrate the remarkable
properties of the compounds found in the EO and
aqueous extract (E0) of A. graveolens, which show
significant antibacterial, antifungal, and antioxidant
properties.

There are several pharmacological and biological uses
for the primary phenolic, flavonoid, and terpenoid
chemicals that are isolated from A. graveolens seeds. In
preclinical research, these compounds show encouraging
antibacterial, antioxidant, and anticancer qualities. The
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biological action of these compounds, which include
methyl rosmarinate, trans-caftaric acid, 1-caffeoyl-beta-
D-glucose, kaempferol, and 3-hydroxyflavone, is now
being investigated. Methyl rosmarinate is notable for its
antifungal and antioxidative qualities.
It has inhibitory properties against
matrixmetalloproteinase-1 (MMP-1), a-glucosidase, and
tyrosinase [61-64]. In addition to its neuroprotective

properties, trans-caffeic acid has potential as an
antioxidant, anti-inflammatory, antimutagenic,
anticarcinogenic, hepatoprotective, antidiabetic,

antihypertensive, anti-obesity, and metabolic syndrome
[65]. 1. A number of pharmacological actions are shown
by caffeineyl-beta-D-glucose, kaempferol, and 3-
hydroxyflavone, indicating a substantial involvement in
a number of  therapeutic fields [66,67].

Our molecular docking studies show important
interactions between a number of bioactive substances
and different target proteins that have antibacterial and
antioxidant properties. The chemicals that showed the
highest binding energies with the proteins under
investigation were 3-hydroxyflavone, emmotin H, trans-
caftaric acid, methyl rosmarinate, 1-caffeoyl-beta-D-
glucose, and kaempferol. These substances have shown
a high affinity for certain proteins, including 2CAG,
27ZDQ, and 3NRZ, suggesting that they may have
antibacterial and antioxidant properties. Additionally,
the investigation of molecular interactions with certain



catalase residues using 3-hydroxyflavone showed
hydrogen bonds, Pi—alkylbonds, Pi—cation contacts, and
Pi—Pi-shaped interactions. Similarly, trans-caftaricacid
created hydrogen bonds and Pi-Pistacking with the
residues of D-Al-anine Ligase, whereas emmotin formed
hydrogen bonds, Pi-Pistacking, and Pi-alkyl interactions
with the latter residues.
These particular interactions demonstrate the variety of
ways that the bioactive chemicals interact with the target
proteins. Additionally, the existence of hydrogen bonds,
carbon—hydrogen bonds, Pi-Pi stacking contacts, and
Pi—alkyl interactions was discovered by the examination
of  catalytic  residues in interactions  with
methylomarinate.Furthermore, this molecule's
interactions with D-Alanine ligase were described via
Pi—cation interactions, Pi—anion contacts, Pi—Pi stacking
interactions, hydrogen bonds, and carbon—hydrogen
bonds. Hydrogen bonds, carbon-hydrogen bonds, Pi—Pi-
stacked contacts, Pi—Pi-shaped interactions, and Pi—alkyl
interactions were finally seen in interactions with 3NRZ.
Numerous connections, including hydrogen bonds,
carbon-hydrogen bonds, Pi-sigma contacts, Pi-Pi
stacking interactions, and Pi-alkyl interactions, were
linked to 1-Caffeoyl-beta-D-glucose's interactions with
catalase, D-Alanine ligase, and bovinexanthineoxidase.
Additionally, the stability of protein—ligand complexes
and conformational changes were revealed by the
investigation of structural dynamics using molecular
dynamics simulations [68]. These simulations showed
both notable variances and comparable dynamic
behaviours across several complexes, indicating
different interaction modalities and varying implications
on the stability and flexibility of proteins.
These findings open up new avenues for study in the
domains of natural products and pharmaceutical
chemistry by highlighting the variety of molecular
interactions that exist between bioactive substances and
target proteins.
In the end, these chemicals still require FDA clearance
for medical usage despite their great therapeutic
potential. This emphasises the need for further study,
especially clinical trials, to determine their safety and

3. Materialsand Methods

PlantMaterial

effectiveness in treating oxidative stress in patients.By
regulating the production of certain cytokines and
enzymes like SOD, dehydrase, CAT, GST, GSH, GPx,
and GRd, these molecules are being investigated for
their antioxidant capacity and may function as
scavengers of pharmaceuticals, protecting cells from
oxidative stress-induced ageing.
The results of molecular docking studies may help to
clarify the antioxidant activity of A. graveolens essential
oil, which was assessed using the DPPH approach and
valued at an IC50 of 9.02 mg/mL. Therefore, substances
like fenchone and trans-anehole, which have shown
strong interactions with certain proteins linked to
antioxidant processes like catalases or superoxide
dismutases, can be responsible for the observed
antiradical activity in lab settings. These compounds
have excellent structural and electrical properties that
help neutralise free radicals. This is mostly because of
their terpenic or phenolic groups, which have the ability
to effectively eliminate reactive oxygen species.
Minimum inhibitory concentrations (MICs) and
minimum bactericidal concentrations (MBCs) for the
extracts' and essential oils' antifungal and antibacterial
properties ranged from 0.78 to 50 mg/mL and 3.125 to

6.25 pL/mL, respectively. Molecular docking studies
have discovered binding energies and interactions,
including hydrogen bonding and Van der Waals forces,
that are responsible for these activities.The powerful
bond between emmotin H, a phenolic compound present
in the

The proteins 2ZDQ and 2CAG, which are essential
enzymes in bacteria and fungus, and the hydro-ethanolic
extract may be responsible for the extract's strong
antibacterial activity against Aspergillus niger and
Candida albicans.Emmotin and these proteins had
binding energies of -10 and -9.4 kcal/mol,
respectively.Without a doubt, this kind of selective
molecular interaction is likely to disrupt the general
structure and functional stability of these particular
proteins, which  will restrict the growth of
microorganisms and their metabolic activities.

AnethumgraveolensbelongstotheApiaceaefamily,commonlyknownasdill. Thesam-
ple under study was collected from a cultivated population in the Errachidia area. Table
13 provides information on the collection location, the component harvested, and the
origin. This species was identified at the Laboratory of Botany and Plant Ecology of the
Scientific Institute of Rabat, Department of Botany.

25



Tablel3.HarvestingSite,PartsUsed,Habitat,andHarvestingSeasonfor4.graveolens.

Part Harvesting Area
Scientific Name Harves
Collected Region LocationLatitude(x)Longitude (y) Altitude(m) ¢
Period
Anethumgraveolens ~ Seeds Errachidia Annif  31°06'54"N  5°09'38"W 905 June2022

MicrobiologicalMaterials
In this study, the antimicrobial activity of the essential oil (EO) and extracts of 4.
graveolensseedswasevaluatedagainstfivebacterialandfivefungalstrains. Thesemicro-
organisms are pathogens commonly encountered in various human diseases (Table 14).
These strains were isolated from the hospital environment of theMohamed V Provincial
Hospital,Meknes.Allstrainswerestoredina20%glycerolstockat—80°C,rejuvenatedin
Mueller—Hinton and Sabouraud broths, and subcultured before use.

Tablel4.Listoftestedbacterialandfungalstrainsusedforantimicrobial tests.

Strains Abbreviations
Enterobacter cloacae E. cloacae
Gram- . .
g . Klebsiella pneumoniae
b negative K .
z o _pneumonia
9 bacilli
S e
Escherichiacoli E.coli
o . Staphylococcusaureus S. aureus
Gram-positivecocci . . . -
Staphylococcusepidermidis S. epidermidis
Candidaalbicans C. albicans
Yeasts ‘5b Candidadubliniensis C. dubliniensis
= Candidatropicalis C. tropicalis
= Candidaparapsilosis C. parapsilosis
Mold Aspergillusniger A.niger

QualityControlofPlantMaterial

Moisture Content
The approach used to determine the moisture content complied with the AFNOR standard(NF-V03-

4021985)[69].AtotalofSgofplantsamplesweremeasuredusingpre- driedandpre-
weighedcrucibles.Thecrucibles,whichheldtheplantmaterial,werethere- after placed in an oven and exposed to a
temperature ranging from 103 to 105 °C for a

durationof24h.Subsequently,thesamplesweresubjectedtocoolinginadesiccatorand
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subsequently weighed. The moisture content was
calculated using the formula (1). The experiment was
repeated three times.

mQ-mj
MC%-=( )x100
mo

Withmpastheinitialmassoftheplantin(g)andm;asthemassaf
terdryingin(g). The result is expressed as a percentage of
dry matter.

Ash Content

The ash content refers to the amount of mineral
materials that remain after the or- ganic matter was
destroyed by high-temperature incineration in a
furnace. A total of 5 g
ofgroundsampleswereputinamufflefurnaceatatemperatu
reof550°Cuntilallcharred
particlesweredestroyedandwhitishasheswereobtained,w
hichhadaconsistentweight
(accordingtoNFISO5984)[70]. Theorganicmatterconten
twasdeterminedbyemploying the subsequent formula
):
mil—-m2
OM%=(

TE

OM%:Organic Matter

m;: Weightofthecapsuleands
amplebeforecalcination my:

Weight of the capsule and

sample after calcination TE:

Test portion
Theashcontentwascalculatedasfollows(formula3):

Ash %=100—OM%

HeavyMetal Analysis:InductivelyCoupledPlasmaAtomi
cEmissionSpectrometry (ICP-AES)

TheanalysisoftheheavymetalsinA.graveolensseeds
wasconductedusingthetech- nique of Inductively
Coupled Plasma Atomic Emission Spectrometry
according to the standardized mineralization protocol
[71].

This method involved first preparing the sample
for  analysis in liquid form by  mix-
ing0.1gofplantpowderwith3mlofaquaregiapreparedfro
mlmLofnitricacidHNO;  (99%) and 2 mL of
hydrochloric acid HCI (37%), all placed in a reflux
setup at 200 °C for two hours to ensure the complete
dissolution of residual metal particles. Following the
process of chilling and decantation, the liquid
remaining above the sediment was gath- ered. It was
then passed through a filter with a pore size of 0.45 pm
and brought to a volume of 15 mL by adding distilled
water. The concentrations of the heavy metals in-
cluding arsenic (As), cadmium (Cd), chromium (Cr),
iron (Fe), lead (Pb), antimony (Sb),
andtitanium(Ti)werequantifiedusinganInductivelyCoup
ledPlasmaAtomicEmission Spectrometer (Ultima 2
Jobin Yvon) at the laboratory of UATRS (Technical
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Support Unit for Scientific Research) at CNRST in
Rabat.

PhytochemicalScreening

Thisisaqualitativeanalysisﬂlatallowsfortheidentif(i 1 c)
ationofprimaryandsecond-
arymetabolitespresentind. graveolensseeds. Thesetestsw
erebasedonthevisualobser- vation of color changes, and
formation of precipitates and complexes, while other
tests included theexaminationof the samples under
UVlight. The detection of chemical com- pound
groups was carried out according to protocols
described in previous studies [72— 77].
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ExtractionandQualityControlofEssential Oils
ExtractionandDeterminationofEssentialOil Yields

TheextractionofessentialoilsfromA.graveolensseed
swascarriedoutbyhydrodis-
tillation. Atotalof100gofdrieddillseedswereimmersedin
a2l flaskcontainingl Lof ~ water, topped with a
Clevenger apparatus and a ball-type condenser. The
mixture was brought to a boil for 3 h. The oils obtained
were subsequently dehydrated using anhy- drous
sodium sulfate (Na,SO4) and kept in a sealed brown
glass container at a tempera- ture of 4 °C until they
were ready for use. The extraction yield of the
essential oil was quantified as the volume of essential
oil obtained per unit mass of plant material (v/m),
using formula (4) [78].

%Yield=L

mo—(moex%MC)
MC(%):Percentageofmoistureintheplantmater
ial(moisturecontent). mo: Mass of distilled
plant material
V:Volumeofcollectedessentialoil(inmL).

AnalysisandldentificationoftheChemical CompositionofE
ssentialOils

The chromatographic analysis of essential oils
was performed on a gas chromato-
graphoftheThermoElectrontype(TraceGCUltra)coupled
withamassspectrometerof the Thermo Electron Trace
MS system (Thermo Electron: Trace GC Ultra; Polaris
Q MS),
withfragmentationcarriedoutbyelectronimpactata70e Vi
ntensity. Thechromatograph isequippedwithaDB-
Stypecolumn(5%phenyl-methyl-
siloxane)(30mx0.25mmx0.25 pum film thickness) anda

flameionization detector (FID) poweredby
anH2/Airgas mix-
ture. Thecolumntemperaturewasprogrammedtoincrease
by4°C/minfrom50t0200

°C for 5 min. The injection mode was split (leak ratio:
1/70, flow rate mL/min), and the carrier gas used was
nitrogen at a flow rate of 1 mL/min.

The identification of the chemical composition of

essential oils was performed by
comparingtheircalculatedKovatsindices(IK)withthoseo
fAdamsandknownreference
productsintheliterature[ 79—
81].Thiswasaccomplishedbyconductinga comparisonof
the retention indices and mass spectra with those found
in the mass spectral libraries of the National Institute
of Standards and Technologies (NIST). Additionally,
the experi-
mentalretentionindiceswerecomparedwiththoseavailabl
eintheNISTonlinedatacol- lection at
https://webbook.nist.gov/chemistry/name-ser/
(accessed on 10April 2024). The proportions of each
component were automatically determined using the
total ion count observed by the GC-MS and
represented as a percentage composition.
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ExtractionofPhenolicCompounds

To begin with, in order to isolate the phenolic
compounds, two extraction methods were employed:
decoction and solid-liquid extraction using the Soxhlet
apparatus. The decoction procedure consisted of
adding 30 g of the sample to 600 mL of distilled water
and heating and bringing the mixture to a boil for one
hour at 80 °C.After a five-minute decantation, the
mixture was filtered under reduced pressure, and the
decocted extract
wasrecovered. Thisextractwasthendriedinanovenat70°C
andsubsequentlystoredin a glass vial.

As for the solid-liquid extraction, it was carried
out using the Soxhlet apparatus on
twoadditionalsamplesweighing30geach. Twoextraction
solventswereused: purewa-
terandanethan@l{Fegesnusturenaaeidaot70/30. Thee(qya
ctswereconcentratedusing
rotaryevaporatorafterseveralextractioncycles. These
extractswerethenidentified,as indicated in Table 15.



Tablel5.CodingofA.graveolensextracts.

ExtractionMethods Solvents Coding
Decoction Water E (0)
Ethanol/water(70/30;v/v) E (1)
Soxhlet Water EQ)
QuantificationofPhenolicCompounds
methanol at a

The total phenolic content of the different extracts
was determined using the Folin— Ciocalteu method
described by Singleton and Rossi [82]. This method is
based on the re- duction in the basic medium of the
mixture of phosphotungstic acid H3;P(W3010)s and
phosphomolybdicacidH3;PMO1,Osbytheoxidizablegrou
psofphenoliccompoundspre- sent in various A
graveolens extracts. The chemical compounds tungsten
oxide (W3023) andmolybdenumoxide(Mos03),
whichhavea bluetint,wereexaminedusingcolorime-
tryandopticaldensitymeasurement. Theabsorbancemeas
urementwasacquiredusinga uv mini-1240
spectrophotometer configured at a wavelength of 760
nm and then com-
paredtoablanksample,whichconsistedofareactionmixtur
ewithouttheextract. Acal-
ibrationcurvewascreatedinparallel,usingthesameworkin
gconditions,withaconcen- tration range of 0.05 to 50
pg/mL of gallic acid as a positive control. The total
phenolic
contentwasdeterminedbyapplyingthecalibrationcurveeq

uation(Y=0.095X+0.003;R2

= 0.998), and the results were expressed in milligrams
of gallic acid equivalent per gram of extract (mg
GAE/g). The experiment was replicated thrice.

QuantificationofFlavonoids

The method by Djeridane and colleagues was
used to determine the flavonoid con- tent of our
samples using aluminum trichloride as a reagent [83].
The technique is based
ontheoxidationofflavonoidsbythisreagent,leadingtothef
ormationofastableyellow- ishflavonoid—
aluminumcomplex,detectableinthevisiblerangeat433n
m.Theflavonoid
contentinoursampleswasdeterminedfromacalibrationra
ngeestablishedwithincreas- ing concentrations of
quercetin ranging from 5 to 30 ug/mL, with the linear
regression
equationofY=0.073X—0.08 1andadeterminationcoeffici
entR2equalto0.995. Theflavo-
noidcontentwasexpressedinmilligramsofquercetinequiv
alentpergramofextract(img EQ/g). FEach test was
repeated three times.

QuantificationofCondensedTannins
Thevanillinmethodwasemployedtoevaluatethecon

centrationsofcondensedtan- nins [84]. During this

process, a solution containing vanillin dissolved in
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concentrationof4%w/vwascombinedwith20pLportions
oftheextractsorasolutionof (+)-catechin at a
concentration of 2 mg/mL. Subsequently, the mixes
were manually agi- tated. Subsequently,
eachconcentrationwas  transferred toa  testtube
containingl.5 mil- liliters of hydrochloric acid. The
reaction mixture was allowed to stand at ambient tem-
perature for a duration of 20 min. The measurement of
absorbance was conducted at a
wavelengthof499nmusingaUV—
visiblespectrophotometer,withareferencetoablank
sample. Thecontentofcondensedtanninsinthesampleswa
scalculatedfromthecatechin
calibrationcurveusedasastandard(Y=0.7421X+0.0318;

R2=0.998).Thetannincontent ~ was  expressed  in
milligrams of catechin equivalent per gram of extract
(mg EC/g).

HPLC/UVESI-MSAnalysisofA.graveolensSeedExtracts

ThephenoliccomponentsofA.graveolensinthedecoc
tionwereanalyzedusingHigh-
performanceliquidChromatographycombinedwithaQEx
activePlusmassspectrometer
andelectrosprayionizationasthemolecularionizationmet
hod(HPLC/UV-ESI-MS).The analysis was performed
on an UltiMate 3000 HPLC system (Thermo Fisher
Scientific,
Sunnyvale,CA,USA)withanautosamplermaintainedat5°
C.TheHPLCsystem



employedareverse-
phaseC18columnwithacolumntemperatureof40°C(Lich
roCART, Lichrospher, Merck, Darmstadt, Germany,
250 x 4 mm, ID 5 pm). The mobile phase was
composedofsolventA,whichwasamixtureof0.1%formica
cidinwater(v/v),andsolvent
B,whichwasamixtureof0.1%formicacidinacetonitrile(v/
v).Thegaseswereeliminated from the mobile phase
using the process of sonication. The description of the
gradient’s  composition may be found in
Supplementary Table S1. The rate of flow was 1
milliliter per minute, and the amount injected was 20
pL. After negative electrospray ionization, broadband
collision-induced dissociation (bbCID) detection was
carried out using a Maxis Impact HD instrument
(Bruker Daltonik, Bremen, Germany). The UV
detection in
therangeof190to600nmandacquisitionofthreewavelengt
hsfrom280t0320to360nm were performed using a
diode array detector L-2455 (Merck-Hitachi,
Darmstadt, Ger- many). The parameters used were a
capillary voltage of 3000 V, drying gas temperature
0f200°C,drygasflowrateof8L/min,nebulizergaspressure
of2bars,andoffsetvoltage of 500 V. Nitrogen was used
as both the nebulizer and desolvation gas. The m/z
range of the MS data was from 100 to 1500.

AAO/T_he process of gathering and examining data was
=

AA%:Percentageofantioxidantactivity.

A control: Absorbanceofthesolutioncontainingonlythe DPP
Heradicalsolution. A gmple: Absorbance of the test
sample solution in the presence of DPPHe.

The 50% inhibitory concentration of the DPPHe
free radicals (ICsp) for BHT or our extractswas
determinedfromagraph ofantioxidantactivity variation
with concentration.

FerricReducingAntioxidantPower(FRAP)Method

Using the method described by Oyaizu [86], the ability
of the phenolic extracts from A. graveolens to convert
ferric iron (Fe3+) in the potassium ferricyanide complex
to ferrous iron (Fe2+) was evaluated.One millilitre of the
plant extract under investigation was combined with 2.5
millilitres of a phosphate buffer solution (0.2M, pH 6.6)
and 2.5 millilitres of a potassium ferricyanide solution
(K3Fe(CN)6 at a concentration of 1%). The final
combination was incubated for 20 minutes at 50°C in a
water bath of varying temperatures. To stop the
reaction's progression, 2.5 mL of a solution containing
10% trichloroacetic acid was then added.For ten
minutes, the solution was centrifuged at a speed of three
thousand revolutions per minute.Finally, 0.5 mL of a
solution containing 0.1% FeCl3 dissolved in water, 2.5
mL of pure water, and 2.5 mL of the liquid that
remained after centrifugation from each concentration
were mixed together. A UV-Vis spectrophotometer was
used to measure the absorbance of the reaction medium
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conducted using Thermo Scien-
tific’sChromeleon7.2chromatographydatasystem(CDS)
.Theelutedchemicalswerean- alyzed by studying the
mass spectra of the isolated molecules.

AntioxidantActivity
RadicalScavengingActivitybyDPPHeTest

The antioxidant activity of the essential oils (EO)
and extracts of 4. graveolens was assessed using the
2,2-diphenyl-1-picrylhydrazyl (DPPH) radical,
following the proce- dure outlined by [85].A total of
200 pL of 4. graveolens extract or EO was applied to
test tubes containing 100% ethanol. Afterward, 2.8 mL
of a solution of DPPHe in ethanol (24 pg/mL, w/v) was
added tothe mixtureand allowed to incubate for 30 min
in the absence
oflight. Themeasurementofabsorbancewasconductedata

wavelengthof515nmusing a UV-Vis
spectrophotometer. The experiments were replicated
thrice. The reference

standardutilizedwasbutylatedhydroxytoluene(BHT)atv
aryingconcentrations. There- sults were quantified as a
percentage of DPPHe decrease, denoted as AA%

ormula 5):
control“ASample

Acontrol

x 100 (5)

at a wavelength of 700 nm.The same procedure was
used to create a blank sample, except

For calibration purposes, the aqueous extract was
substituted with distilled water. A solution of a common
antioxidant, BHA (Butylated Hydroxyanisole), served as
the positive control, and its absorbance was assessed in
the same way as the samples.Every test was conducted
three times.The concentration that corresponds to an
absorbance of 0.5 (EC50) was determined by graphing
the change in reducing power as a function of BHT
content of our extracts.Total Capacity of Antioxidants

To evaluate the overall antioxidant ability of A.
graveolens extracts, the phosphomolybdenum assay, as
reported by Khiya et al. [87], was used. This test is
based on the fact that when extracts are present,
molybdenum Mo6+(VI) is reduced to molybdenum
Mo5+(V), forming a green complex called
phosphate/Mo5+(V) at an acidic pH with a maximum
absorbance at 695 nm.

Three millilitres of the reactive solution—0.6 M
sulphuric acid, 28 mM sodium phosphate, and 4 mM
ammonium molybdate—were added to a volume of
extract in a test tube. After shaking and 90 minutes at 95
°C in an incubator, the tubes were allowed to return to
room temperature.The absorbance of the solutions was



measured at 695 nm after cooling. The standard utilised
was ascorbic acid. The findings were reported as mg
AAE/g, or milligrammes of ascorbic acid equivalents
per gramme of extract.Antimicrobial  Activity

The lowest concentration of an essential oil extract that
may totally stop a microorganism's development is
known as the Minimum Inhibitory Concentration, or
MIC. Utilising the microdilution technique, the MIC was
determined [88]. Initially, a stock solution of essential
oil made in 10% DMSO was treated to a series of
dilutions to acquire concentrations for the essential oil
ranging from 5 to 0.93x10—2 mg/mL. Regarding the
extracts, a stock solution was made previously and
diluted to reach the required concentrations, which were
stated in pg/mL.A final volume of 100 pL was used for
each concentration of essential oil and extracts, which
were diluted in a Mueller—Hinton broth for bacteria and
a Sabouraud broth for fungi.

The different concentrations of the dilution series were
then supplemented with 100 ul of the microbial
inoculum, which had a final concentration of
106CFU/mL for bacteria and 104CFU/mL for fungus.
10pLofresazurin was added to each well as a method of
measuring bacterial proliferation after a 24-hour
incubation period at 37 °C.Following a second
incubation time at 37°C, a change in colour from violet
to ink showed the existence of microbial growth.The
lowest concentration of a chemical that effectively
prevents the observed colour shift of resazurin is known
as the minimum inhibitory concentration, or MIC. Each
series' growth control and sterility control were assigned
to the eleventh and twelfth wells, respectively. For the
oil and extracts, this method was repeated twice.

10 pL was extracted from each well that showed no
signs of growth and inoculated on Mueller—Hinton agar
(MH) for bacteria or Sabouraud agar for fungi in order
to calculate the Minimum Bactericidal Concentration
(MBC) or Minimum Fungi-cidal Concentration (MFC).
The plates were incubated at 37 °C for 24 hours. As the
lowest concentration of the samples examined, the MBC
and MFC produced a 99.99% decrease in CFU/mL in
comparison to the control.To evaluate the antibacterial
power, the ratio of MBC/MIC or MFC/MIC was
computed. The essential oil had a bactericidal or
fungicidal effect if the ratio was less than 4, and a
bacteriostatic or fungistatic effect if the ratio was larger

Effectiveness of Potentially Active Substances Derived
from A. graveolens Seed Essential Oil and Aqueous
Extract

The primary components of the aqueous extract and
essential oil (EO) extracted from the seeds of A.
graveolens that were analysed were chosen for PASS
prediction tests and ADMET (absorption, distribution,
metabolism, excretion, and toxicity) testing.Using
ChemBioDraw (PerkinElmer Informatics, Waltham,
MA, USA, v13.0) [56], the SMILES format of these
chemicals was selected. The PASS-
Way2DrugOnlinePredictionTool [57], together with the
online tools SwissADME and pkCSM for ADMET
prediction [58], were then used to run simulations. The
PASS acronym was used to identify the likely inactivity
(P1) and possible activity (Pa) of "drug-like" compounds
[89].

To assess toxicity levels and collect pertinent
information on a number of toxicological parameters,
such as LD50 and the toxicity class, ProTox II, a helpful
tool designed especially for this purpose, was used
[90].To evaluate the selected ligands, the ADMET
software—which includes SwissADME, pkCSM, and
ProToxIl—was used.Their physicochemical
characteristics, lipophilicity, water solubility,
pharmacokinetics, drug-likeness, medicinal chemistry,
and toxicological aspects might all be predicted thanks
to this. Reliable observations on the potential therapeutic
applications and adverse effects associated with the main
chemical constituents present in the EO and aqueous
extract of A. graveolens seeds under study were made
feasible by the use of these techniques and analytical
tools.Docking of Molecular Structures

The Protein Data Bank RCSB, which may be accessed at
the URL https://www.rcsb.org/, provided the three-
dimensional structures of the protein targets, as shown in
Table 16. (retrieved April 10, 2024). UCSFChimera was
used to visualise the protein structure.The Autodock
Tools (version 1.5.6, The Scripps Research Institute, La
Jolla, CA, USA) were used to generate the protein
structures as appropriate docking targets. The protein
structures were preprocessed before analysis, which
included removing co-crystallized ligands, water
molecules, heteroatoms (hetatm), and undesired protein
chains. Following the addition of polar hydrogen atoms
and Gesteiger charges, the structures were transformed

than 4.PASS, ADMET, Pro-Tox, and Estimation of the into pdbqt format for further examination.
Tablel6.Proteintargetsandmoleculardockingparameters.
Protein PDB ID GridBoxCenter Coordinates GridBoxSize
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http://www.rcsb.org/

center x=—27.803

size_x= 34

Isoleucyl-tRNAsynthetase 1J2Q center_y=6.619 size y=22
center z=—28.722 size z=21
center x=18.325 size x=23

DNAgyrase 1KZN center_y=30.783 size_y=38
center_z=36.762 size z=38
center_x=60.017 size_x= 28

CatalasecompoundIl 2CAG center y=14.760 size_y=22
center z=15.935 size_z=34
center x=31.404 size x=24

Dihydropteroatesynthase 2VEG center y=48.530 size y=24
center_z=0.204 size z=23
center x=47.378 size x=21

D-Alanineligase 27DQ center y=12.782 size y=26
center _z=5.730 size z=32

Dihydrofolatereductase 3SRW center_x—4.701 size_x= 20
center y=-31.536 size y=26
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ligand topologies. After the fall complexes were
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The sixteen compounds' three-dimensional structures
were obtained from PubChem, represented using their
corresponding structures, and then structural energy
minimisation was used. Following that, the ligands' SDF
files were transformed into pdbqt formats using the
Prescription  Virtual  Screening  Python  script
(AutoDockVinal.2.0).

The scoring function of AutoDockVina was used in the
compound  docking  process.A  gridbox  was
superimposed on the protein structure after the selection
of the protein and ligand molecules for docking in the
Vinacontrol.Before starting the AutoDockVina software
for the docking process, the gridbox size might be
changed depending on the chosen active site
residues.The gridbox, whose size and location were
determined by coordinates exactly aligned with the
active binding site, restricted the search space (Table
16).PyMOL was used to analyse the ligand-protein
binding characteristics after the results for docked
molecules were recorded and represented as free binding
energy values.
We next moved on to redocking, which is a dependable
technique for confirming the molecular docking
procedure. Using this technique, the crystallised ligand
is separated from the protein, and then a fresh docking
analysis is conducted in the same region as the original
ligand. By closely examining the RMSD parameter
value using specialised software like PyMOL 2.5.0, we
can determine whether the docked ligand effectively
overlaps with the crystallised ligand. In conclusion,
redocking provides rigorous validation of the molecular
docking process by confirming the consistency of the
results obtained.Simulation of Molecular Dynamics
The stability of the protein—ligand combination was
assessed using the GROMACS2019.3 program in order
to conduct molecular dynamics simulations [91]. The
all-atom CHARMM36 force field was applied to the
protein, and the CGenFF service was used to create the

that P-values below 0.05 were significant.The Pearson
correlation coefficient was used to evaluate the link
between the phenolic components and antioxidant
activity content.A statistically significant difference was
defined as one where the P-value was less than 0.05.

4. Conclusions

The quantity of phytochemicals in Anethum graveolens
seeds was highlighted in this research. GC-MS analysis
of the essential oil revealed that the most abundant
component was (E)-anethole, which was 38.13%,
followed by estragole, which was 29.32%, fenchone,
which was 17.21%, and o-pinene, which was 7.37%.
Additionally, the seeds included secondary metabolites
such as mucilage, sterols, triterpenes, flavonoids, and
tannins.

Significant levels of polyphenols, flavonoids, and
condensed tannins were found in this quantitative
investigation. 38 important chemicals, including
umbelliferone (12.35%), hydroxyflavone (11.23%),
rosmanol (8.95%), biotin (8.36%), emmotin H (4.91%),
and coumarin (4.21%), were detected and identified by
the application of HPLC/UV-ESI-MS analysis.

The DPPH’, FRAP, and CAT assays demonstrated the
essential oils and extracts' strong antioxidant activity.
They were able to bind metal ions and efficiently
neutralise free radicals. The antimicrobial tests showed
that the essential oil was more effective against most of
the examined microorganisms than the aqueous,
ethanolic, and decoction extracts. The synergistic effects
of its main ingredients are responsible for this increased
efficacy.

Significant relationships and long-lasting stability
between certain bioactive compounds and a variety of
target proteins were confirmed by the docking and
molecular dynamics simulations.
The results show that A. graveolensex has a considerable
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therapeutic potential for a variety of human illnesses and

may be

used as a natural food preservative.

Additional Resources: You can download the supporting
documentation at
https://www.mdpi.com/article/10.3390/ph17070862/s1.
Figure S1. GC-MS chromatogram of the essential oil
from A. graveolens; Figure S2. Structures of the primary
compounds identified in A. graveolensEO; Figure S3.
HPLC chromatogram of compounds from the decocted
extract of A. graveolens; Figure S4. Structure of the
majority of compounds identified in extract E(0) of A.
graveolens; Table S1. Gradient mobile phase elution.
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