
Due to the emergence and spread of multidrug-re-

sistant, extensive drug-resistant, and pan-drug-resis-

tant infectious agents, finding new natural alterna-

tives to antibiotics is an essential objective for current 

biomedical research, with Foeniculum vulgare being 

one of the plants of interest due to its antimicrobial 

activity.

Foeniculum vulgare is a biennial or perennial herb 

disseminated in the Mediterranean and central Euro-

pean regions, belonging to the Apiaceae family. It is 

considered a herbal medicinal plant not only for its 

antibacterial and antifungal properties but also for its 

anti-inflammatory, antithrombotic, antidiabetic, and 

hepatoprotective activities (2, 11, 18, 19, 20).

It should be emphasised that F. vulgare essential 

oil, one of the most excellent antimicrobial agents 

against both Gram-positive and Gram-negative 

strains (10), can be obtained from the different plant 

parts, so it lies in massive production (19). 

Antimicrobial activity varies depending on the part 

of the plant from which the essential oil is produced. 

So he essential oil obtained from the fruits showed , t

antibacterial activity against Escherichia coli, Bacillus 

megaterium, Staphylococcus aureus, and Listeria mo-

nocytogenes (6, 8, 15), while the one extracted from 

the seeds is an antimycobacterial and anticandidal a-

gent (1). 

However, the antimicrobial activity of essential oil 

is influenced by the geographical area and the mi-

croclimate conditions for plant cultivation, as well as 

methods of obtaining the essential oil, which deter-

mine variations in the chemical composition (10). 

In this study, the chemical characterisation, anti-

microbial activity, and MIC determination of Foenicu-

lum vulgare essential oil (FVEO) and the antibacterial 

efficacy of five standard plant compounds (linalool, ci-

neole, caryophyllene, thujone, and eugenol) identified 

in the EO composition were tested against Gram-posi-

tive strains: Streptococcus pyogenes (ATCC 19615), 

Staphylococcus aureus (ATCC 25923), Listeria mono-

cytogenes (ATCC 19114), Bacillus cereus (ATCC 108 

76), and Clostridium perfringens (ATCC 13124).

 The emergence of multi-drug-resistant bacteria is 

a global problem, so recent studies have focused on 

finding natural alternatives with increased efficiency 

without creating resistance. The present study aims to 

describe the chemical composition and antimicrobial 

activity against Gram-positive bacteria ( -Streptoco

ccus pyogenes - ATCC 19615, Staphylococcus aureus 

- ATCC 25923, Listeria monocytogenes - ATCC 19114, 

Bacillus cereus - ATCC 10876 and Clostridium per-

fringens - ATCC 13124) of Foeniculum vulgare essen-

tial oil. The minimum inhibitory concentration was de-

termined both for the essential oil itself and for the five 

standard plant compounds (linalool, cineole, caryo-

phyllene, thujone, and eugenol).
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 Apariția bacteriilor multi-rezistente la antibiotice 

este o problemă la nivel mondial, așa că studiile recen-

te își îndreaptă atenția către găsirea de alternative 

naturale cu eficiență sporită, dar fără a crea rezis-

tență. Prezentul studiu are ca scop descrierea compo-

ziției chimice și activității antimicrobiene împotriva 

bacteriilor Gram-pozitive (Streptococcus pyogenes - 

ATCC 19615, Staphylococcus aureus - ATCC 25923, 

Listeria monocytogenes - ATCC 19114, Bacillus cereus 

-ATCC 10876 și Clostridium perfringens -ATCC 13124) 

a uleiului esențial de Foeniculum vulgare. Concen-

trația minimă inhibitorie a fost determinată atât pen-

tru uleiul esențial în sine, cât și pentru cei cinci com-

puși standard ai plantei. 
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MATERIALS AND METHODS

Samples and chemicals

The Foeniculum vulgare essential oil (FVEO) ana-

lysed is produced and marketed by Oleya, Romania. 

The materials, solvents, and standards were of analy-

tical grade (Sigma Aldrich, Austria).

Gas chromatography-mass 

spectroscopy (GC/MS)

FVEO was analysed by GC-MS using Shimadzu QP 

2010 Plus apparatus (Columbia, SC, USA) equipped 

with an AT WAX 30 m 0.32 mm 1 m capillary column. 

The discharge rate of the carrier gas, helium, was 1 

mL/min, and the temperatures of the injector and ion 

source were 250°C and 220°C, respectively. For 

compound separation, a temperature gradient was 

utilised with an initial oven temperature of 40°C main-

tained for 1 minute, followed by an increase to 210°C 

at a rate of 5°C/min and a subsequent 5-minute hold 

at this temperature. The sample injection volume was 

1 μL of a 2% BEO hexane solution, and a split ratio of 

1:50 was utilised.

The volatile components of the essential oil eva-

luated were identified using the NIST 5 Wiley 275 li-

brary database. The match of detected compounds to 

the database was at least 90%. The results were pre-

sented as percentages from total compounds. LRI was 

calculated using normal alkane RI for the same polar 

column.

The microbiological strains

The reference microbial strains (ATCC) used in this 

study were obtained from the culture collection of the 

Microbiology Laboratory of the Interdisciplinary Re-

search Platform within the "King Michael I of Romania" 

University of Life Sciences in Timisoara. 

FVEO samples were tested on the following refe-

rence strains: Streptococcus pyogenes (ATCC 19615), 

Staphylococcus aureus (ATCC 25923), Listeria mono-

cytogenes (ATCC 19114), Bacillus cereus (ATCC 108 

76), and Clostridium perfringens (ATCC 13124). MIC 

is defined as the lowest tested concentration that 

produces no visible, detectable growth of microorga-

nisms. Our previous research described the method as 

microbial mass loss by measuring OD by spectropho-

tometry according to ISO 20776-1:2019.

Microbiological method

The bacterial strains were revived overnight in the 

Brain Heart Infusion (BHI) broth (Oxoid, CM1135) at 

37 °C and subsequently switched to BHI Agar (Oxoid, 

CM1136) for 24 hours at 37 °C. The cultures were then 

diluted to an optical density (OD) of 0.5 McFarland 
8standard (1.5 × 10 CFU×mL) using BHI broth and 

evaluated with a McFarland densimeter (Grand-Bio, 

England). The dilutions were spotted at a volume of 

100 μL in each well of the 96-well microdilution plate 

using a Calibra 852 digital multichannel pipette. The 

tested FVEO was added in the amount of 2.5 μL, 5 μL, 

7.5 μL, and 10 μL. The standards tested were the main 

compounds identified by GC-MS: alpha-Pinene, D-Li-

monene, and anethole. Plates were covered and left 

for 24 hours at 37 °C. After 24 hours, the DO was 

measured at 540 nm using an ELISA reader (BIORAD 

PR 1100, Hercules, CA, USA). Triplicate tests were 

performed for all samples. Strain suspensions in BHI 

were used as a negative control.

Microdilution in broth is one of the most basic me-

thods of testing antimicrobial susceptibility, being 

used in many studies to highlight the antimicrobial ac-

tivity of various compounds (4, 13, 17). The technique 

involves testing double dilutions of the antimicrobial 

agent analysed in a liquid growth medium distributed 

in microtitre plates with 96 wells. 

MIC is the lowest concentration of an antimicrobial 

agent that inhibits the growth of the body. CLSI has 

standardised the broth microdilution method to test 

aerobically growing bacteria, yeasts, and filamentous 

fungi (7). The EUCAST broth microdilution method is 

similar to that of CLSI, with changes that typically 

refer to some test parameters, such as inoculum pre-

paration, inoculum size, and MIC reading.

The results are presented as bacterial growth rate 

(BGR%) and bacterial inhibition rate (BIR%), calcula-

ted rates using the formulas (1, 2):

BIR% = 100 – BGR (%) 

RESULTS AND DISCUSSIONS

The GC-MS analysis (Fig. 1) identified six chemical 

constituents, of which the main constituents were 

anethole (52.74%), alpha-pinene (18.34%), and D-

Limonene (12.76%). The other identified compounds 

were fenchone, isoanethone, and anisaldehyde. 

The compound of FVEO highlighted by other 

researchers is different from the one obtained in the 

present study (14, 22, 23). The difference can be ex-

plained by climate, harvest season, and part of the 

plant, so various chemotypes of essential oil are ob-

tained. Stefanini et al. (22) reported that the main 

compounds of essential oils from plant parts were: 

trans-anethole in dry seeds in summer (78.25%); li-

monene in steams or leaves in spring (42.30%); fen-

chone in green seeds in autumn (16.98%) and su-

mmer (15.08 %); and methyl-chavicol in green seeds 

in autumn (3.57%) (22). Milenković et al. (2022) de-

monstrated that the most common components from 

fennel stems were E-anethole and methyl chavicol, 
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and from leaves are represented fenchone, α-phellan-

drene, and methyl o-anisate ( . 14)

Without specifying the part of the plant, Hamada et  

al. (12) found eleven compounds in the fennel essen-

tial oil, among which alpha-phellandrene, dill ether, D-

Limonene, and carvone ( .12)  Barrahi et al. (2020) 

showed that the major compound was the trans-ane-

thole (3). Instead, Di Napoli et al. (2022) obtained si-

milar results to the present study, with α-pinene being 

the predominant component. However, even in the 

present study, D-Limonene is the second most abun-

dant compound, Di Napoli et al. (2022) found that 

estragole has a low concentration of D-Limonene (10). 

The antimicrobial efficacy testing revealed the OD 

values in Table 1.

Table 1 presents the OD (optical density) values 

ob-tained, with the red colour indicating the values 

that reached the MIC. As presented, all the strains 

presented sensitivity to the FVEO, starting with the 

lowest concentration tested. Therefore, the 1.25 µL 

value is set as the MIC and subsequently used as a 

concentration to analyse the three main compounds 

identified in the FVEO. 

Figure 2 presents a graphical representation of the 

antibacterial efficacy of FVEO against the S. pyogenes 

ATCC strain expressed as bacterial growth and bac-

terial inhibition. Regarding the inhibitory potential, the 

evolution trend is positive, with a positive correlation 

with the increase in the concentration tested. MIC was 

achieved at the lowest concentration ( ), and all 1.25 µL

the subsequent BIR% values obtained increased a-

longside the increase in concentration, with values 

ranging from 7.21% to 29.59%.

S. aureus proved to be highly sensitive to the acti-

vity of FVEO, as presented in Fig. 3. The BIR% evolu-

tion in correlation to the quantity tested is positive, 

with values ranging from 39.78% at 1.25 µL to 

58.74% at 10 µL.

Concerning the FVEO efficacy against B. cereus, 

we can state that the ATCC strain proved to be more 

resistant, even if the MIC was also reached at 1.25 µL, 

the BIR% values were lower (2.34% – 21.93%).

Similar values were obtained in the case of Cl. per-

fringens, with the MIC being present at 1.25 µL but 

with a small value (0.37) and the highest quantity tes-

ted reaching 25.25%.
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Regarding the BIR% values obtained for L. mono-

cytogenes, the evolution and values obtained are simi-

lar to the ones obtained for B. cereus and Cl. perfrin-

gens. Of all the results obtained, S. aureus proved to 

be the most sensitive to the action of FVEO, followed 

by S. pyogenes, L. monocytogenes, Cl. Perfringens, 

and finally B. cereus.

The antimicrobial activity of FVEO is debatable, 

according to data from the specialised literature. 

De-Montijo-Prieto et al. (9) demonstrated that this 

essential oil had no antimicrobial activity against S. 

aureus and L. monocytogenes, while other resear-

chers highlighted its effectiveness against some of the 

Gram-positive bacteria (9). 

Di Napoli et al. (2022) showed that the MIC values 

for S. aureus and B. cereus were 250 µg/mL (10), 

while Mota et al. (2015) claimed that the MIC varies 

between 250 and 500 µg/mL depending on the che-

motypes of the essential oil (16). 

In contrast, the present study demonstrated that 

the tested FVEO had antimicrobial activity against 

Streptococcus pyogenes (ATCC 19615), Staphyloco-

ccus aureus (ATCC 25923), Listeria monocytogenes 

(ATCC 19114), Bacillus cereus (ATCC 10876), and 

Clostridium perfringens (ATCC 13124) at a concen-

tration of 1.25 µl/mL. Due to the highest BIR% values 

obtained by the essential oil against S. aureus, it can 

be concluded that FVEO had excellent antimicrobial 

activity against this strain.

As a follow-up to the first stages of analysis, the 

main chemical compounds identified through GC-MS 

were tested at MIC concentrations for each strain to 

identify the compound responsible for the antibac-

terial efficacy of FVEO, as presented in Table 2 (BGR% 

of standards) and Table 3 (BIR% of identified FVEO 

compounds).
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Standards tested showed an antibacterial effect in 

the following descending order: alpha-Pinene> ane-

thole D-Limonene> . was by far the best antibacterial 

standard tested, its efficacy proving to be the highest, 

with all the BIR% values obtained being positive ones. 

Those data are similar to those one obtained in the 

literature, which showed that alpha-Pinene had exce-

llent antimicrobial activity, especially for S. aureus (5, 

21). Regarding D-Limonene, the only positive value 

obtained was in the case of Cl. perfringens and L. 

monocytogenes, with the results presenting an anti-

bacterial efficacy mostly on food-related pathogens. 

Anethone demonstrated no inhibitory efficacy against 

any of the ATCC strains tested.

CONCLUSIONS

Chemical analyses of FVEO by GC-MS, revealed six 

chemical constituents, three of  dominant: which were

anethole (52.74%), alpha-pinene (18.34%), and D-

Limonene (12.76%). 

The antimicrobial activity was correlated with the 

chemical composition of the oil, a fact demonstrated 

by the MIC determination of the standards. 

Even though the MIC values for all the Gram-

positive tested strains were 1.25µL/mL, the best ac-

tivity was observed against S. aureus. 

By testing the standards containing in FVEO, the 

antibacterial efficacy was identified in the following 

descending order: alpha-Pinene >  > -anethole D-Limo

nene.
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