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 A B S T R A C T

Nutritional, microbiological and toxicological quality of plants like Pimpinella anisum (anise) and Foeniculum 
vulgare Mill (fennel) are important factors in assuring their beneficial characteristics and usage. Besides defining 
basic nutritional and safety status, understanding the profile of compounds like polyphenols provides insights 
into their potential phytochemical, antioxidant and antimicrobial effects. The aim of this study was to evaluate 
chemical composition and polyphenol profile, mycotoxicological and microbiological quality and assess the 
antimicrobial potential of fennel extracts against bacterial pathogens isolated from cats.

In our study, the proximate chemical compositions of both seeds were in line with previous researches. 
In fennel and anise seeds, the most abundant group of fatty acids were monosaturated fatty acids (82.15%, 
67.16%), followed by polysaturated fatty acids (10.81%, 23.96%) and saturated fatty acids (7.04%, 8.88%). 
Among individual fatty acids, the most abundant were oleic acid (81.02%, 65.05%), followed by linoleic 
acid (10.29%, 23.06%), respectively. Polyphenol profiling of plant extracts showed the highest amounts of 
Hydroxytyrosol (1069.0 mg/kg), Naringenin (420.3 mg/kg) and Epicatechin G (555.4 mg/kg) in fennel, while 
Naringenin (667.3 mg/kg), Apigenin 360.4 mg/kg), Luteolin (360.4 mg/kg), Coutaric Acid (328.9 mg/kg) and 
Caftaric acid (317.7 mg/kg) were detected in anise. Microbiological analysis of both plants showed presence 
of bacteria, fungi, yeasts and tested mycotoxins. Antimicrobial activity of both plants was demonstrated on 
wild bacterial isolates from cats, with noticed differences for tested extraction solvents. The results of our 
study show the promising potential of plant extracts for treatment of infections caused by tested pathogenic 
bacteria.
. Introduction

Herbs in a medicinal context include any part of a plant that 
ontain pharmacologically active substances and thus might, more or 
ess effectively, aid in healing process (or possess health benefits). The 
se of various (medicinal) plants and their extracts for prevention, 

I This article is part of a Special issue entitled: ‘Dr. Salvatore Fanali 75th birthday’ published in Journal of Chromatography Open.
∗ Corresponding author.
E-mail address: samanidu@chem.auth.gr (V.F. Samanidou).

treatment and therapeutic purposes in human and animals is known 
since ancient times. However, implementation of the modern chemical, 
microbiological and molecular methodologies provided in depth knowl-
edge on versatility of these immense compounds. Demand for such 
products is growing rapidly along with a great number of researches 
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on beneficial effects of diverse plants confirming their antioxidant, 
anti-inflammatory, immune-modulating, antimicrobial activity and/or 
unfavourable properties like allergic symptoms or contamination with 
bacteria, fungi and mycotoxins [1,2]. Family Apiaceae (Umbelliferae), 
named after the genus Apium, includes 434 genera and 3780 species 
of which a great number are aromatic flowering plants while some 
of them are poisonous species. Among them, species from the genera
Pimipinella and Foeniculum share similar aromatic properties and are 
commonly used all around the world in the pharmaceutical, food and 
beverage industries, for therapeutic purposes or as repellents. They 
share the same characteristics like hollow stem, small umbrella like 
flower (umbels), specific shape of fruits (or seeds) with oil ducts. 
The seeds of fennel and aniseed are very similar in appearance and 
taste [3,4]. They are native in the Mediterranean region and Southwest 
Asia but can be cultivated all around the world. Their rich flavour, 
aroma and phytochemical composition are probably responsible their 
long traditional (medicinal) use for treatment of various disorders and 
diseases of gastrointestinal, urinary, respiratory, reproductive, immune 
and neural systems, problems with skin, degenerative joint diseases like 
osteoarthritis, pain, and cancer. Emerging interest of various research 
groups is focused on characterization of their secondary metabolites 
(e.g. polyphenols) as well as evaluation and testing of essential oils and 
their valuable fatty acids (e.g. oleic acid, etc.) [5].

Anise (Pimpinella anisum L) and fennel (Foeniculum vulgare Mill) are 
examples of widely studied plants due to their specific composition. 
That is to say, besides their nutritional quality, mineral and vitamin 
contents, these plants contain compounds with promising antioxidant 
and antimicrobial effects. For example, essential oils of anise and fennel 
have shown antibacterial activity against bacteria from the genera
Actinomyces, Bacillus, Escherichia, Enterococcus, Klebsiella, Lactobacillus,
Listeria, Pseudomonas, Salmonella, Staphylococcus, Streptococcus, against 
certain fungal species and parasites [6–11]. Both, aniseeds and fennel 
extracts showed high oxidant activity by use of various antioxidant 
tests [12,13].

Polyphenols are plant-derived compounds of various chemical struc-
tures and biological activity. Classified by their chemical structure, 
biological function, and origin, or as phenolic acids / alcohols or in 
different groups in respect to the strength of their phenolic ring, they 
represent and enormous group of compounds. Their production (and 
presence in the plants) also depends upon various factors including 
biological functions in plants, environment (biotic and abiotic stress), 
etc. [14,15]. The most known are: flavonoids, lignans, stilbenes, pheno-
lic acids, non-phenolic metabolites and other polyphenols. Due to their 
distribution in plants in various forms that are considered important for 
their biological potential, analysis of plants in respect to their profile 
is an important step in further research and testing of beneficial effects 
of plants [16]. Polyphenols (e.g. flavonoids, phenolic acids, coumarin, 
tannins, phenolics, etc.) are found in all of plants of fennel in various 
quantities while a total phenolic content (TPC) in methanolic extract 
is around 1017.3 g GAE/100 g DW. In aniseeds, detected is a great 
number of polyphenols (e.g. anisol, anisalcohol, areluteolin, guaja-
col, isoorientin, isovitinexin, quercetin 3-O glucuronide and vanillin) 
also in diverse concentrations, while TPC of methanolic extracts of 
aniseeds is usually in a range from 17.4 mg to 46.2 mg GAE/g [17–19]. 
However, their (phyto)chemical composition is influenced by various 
factors including genetic background, food availability and diverse 
environmental conditions. Therefore, determination of moisture, ash, 
fibre, fat, protein, sugar and starch provides insights in plant nutritional 
composition and enables comparisons among plants of different origin 
and other plants in general.

An important aspect of plant use is assessment of their safety, i.e. de-
termination of various contaminants. Namely, during their lifetime, 
plants can be contaminated with pesticides, heavy metals, chemicals, 
toxins or by microbial contaminants. Among these, contamination with 
fungi and mycotoxins can often occur, irrespective of the growing 
and production phase, transport or storage phases. For majority of 
2 
plants (mainly plants used as food and feed) pretty scattered data 
from studies in different laboratory settings can be found in scientific 
literature. Certain adverse effects of plants might be due to their specific 
components (allergic reaction) or due to the presence of contaminating 
microorganisms and/or their metabolites [1,2,20]. Therefore, microbi-
ological testing and determination of bacteria, fungi and their toxins 
are of high importance. Summing all said above, if adequately analysed 
and evaluated, fennel and aniseeds are promising candidates in fighting 
the growing worldwide threat of antimicrobial resistance. In a case 
of companion animals, the trend of owner and animal interactions 
besides numerous benefits, also brings a higher risk of transmission of 
potential zoonotic and antimicrobial resistant pathogens. In cats, the 
spread of diseases can occur through bites, scratches, urine, faeces, 
and contact [21–23]. Since a number of antibiotics are currently not 
adequately effective, a lot of efforts are made in a search of alternative 
treatments of such infections. Determination of antimicrobial activity of 
plant-derived compounds against pathogens has been focus of recent 
research efforts and mainly includes effects of their essential oils on 
selected pathogens [24,25]. Since the antimicrobial activity of plants’ 
extracts depends upon their chemical and polyphenol profile, the aim 
of this study was to evaluate chemical and microbiological quality and 
safety of Pimpinella anisum and Foeniculum vulgare and to assess their 
antimicrobial potential against wild resistant Staphylococcus  strains 
isolated from cats.

2. Experimental

2.1. Chemicals, reagents and solvents

If not otherwise stated, all chemicals used in this study were of pro 
analysis grade. Specific chemicals and reagents are mentioned later in 
the text.

2.2. Plant materials

The dried plant products (seeds) of Pimpiella anisum and Foeniculum 
vulgare were purchased from the local store (Šuban d.o.o., Strmec 
Samoborski, Croatia) in a scope of the NextGenerationEU project 
NPOO15: Comprehensive Research on the Impact of Plant Extracts 
against resistant Staphylococcus (CRISP). Upon acquisition, the plant 
samples were homogenized and grinded (ZM200 RETSCH, Germany), 
in the sterile conditions, so that the laboratory sample passed com-
pletely through a sieve with 1 mm apertures. For further analysis, 
samples were weighed on the Laboratory Analytical Balance (Ohaus 
DV215CD, USA). All samples were analysed upon their collection so 
that all procedures were done in such a way that deterioration and 
change in composition were minimized.

2.3. Proximate analysis and mineral content of samples

Determination of chemical composition of plants was carried out 
in the Feed Analysis Laboratory, Branch of Poultry Centre of Croatian 
Veterinary Institute. Chemicals: Acetanilide standard, acetone, am-
monium heptamolybdate solution, ammonium monovadate solution, 
boric acid, calcium carbonate, copper (II) sulphate pentahydrate (cata-
lyst), diatomaceous earth, ethanol, filter aid (Celite 545), hydrochloric 
acid, light petroleum, minerals’ standards, nitric acid, potassium hy-
droxide, potassium sulphate, saccharose, sodium hydroxide, sodium 
sulphate,  tryptophan standard, water (grade 3 according to ISO 3696) 
and zinc acetate solution. Procedures: The Proximate Analysis and 
Mineral Content were determined with validated International Organ-
isation for Standardisation (ISO) methods. Content of moisture, crude 
ash, crude fibre, total fat, starch and crude protein in plant samples 
were determined with ISO 6496:1999, ISO 5984:2022, ISO 6865:2000, 
ISO 6492:1999, ISO 6493:2000 and ISO 5983-1:2005/Cor 1:2008/ISO 
5983-2:2009, respectively. Determinations of moisture, other volatile 
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matter and ash content were made with gravimetric methods using 
microwave furnace (Pyro Ashing System-MLS 1200 Milestone, USA), 
electric muffle-furnace (Nabertherm, Germany) and drying oven (Ele 
International, USA). The moisture and other volatile matter content 
were determined as a mass fraction of substances that is lost during 
drying of the sample at 103 ◦C ± 2 ◦C in a specific time period to 
achieve constant mass. The ash content was calculated from weight 
difference of a test portion after it was carbonized and incinerated at 
550 ◦C ± 20 ◦C and cooled. Determination of fibre content was made 
with automatic system Fibretherm (Gerhardt, Germany) according to 
the manufacturer’s Instructions and adapted to the principle of the 
method specified in the aforementioned ISO standard. For fat analysis,
we have applied the Soxhlet method with a hydrolysis step prior 
to extraction using automated system Soxtherm (Gerhardt, Germany) 
according to the manufacturer’s protocol adapted to corresponding 
standard method. Total protein content was determined according 
to the Kjeldahl method using block digestion on Kjeldatherm (Ger-
hardt, Germany) and steam distillation on Vapodest 500 (Gerhardt, 
Germany). The method follows the Instruction of the manufacturer that 
are adapted to corresponding ISO standard and includes digestion of the 
sample with sulphuric acid, distillation of the digestion solution and 
titration of the distillate. The protein content was calculated from the 
measured nitrogen content using conventional factor. Sugar content 
was determined with the validated colorimetric method according to 
protocols developed by Nelson and Somogyi [26,27]. The method is 
based on estimation of reducing sugar (glucose) and their measurement 
at specified wavelength was made using spectrophotometer Lambda 
25 (Perkin Elmer, USA). The starch content was determined after a 
test portion is decomposed with diluted hydrochloric acid. The sol-
ubilized starch is gelatinized and hydrolysed. The content of starch 
was measured by determination of the total optical rotation of the 
clarified solution using Polarimeter IP20 (Zeiss, Germany). All anal-
yses were made in duplicate and the results were expressed as an 
average percentage ratio in dry feed of samples with corresponding 
standard deviation and standard error. Determination of mineral con-
tents were made after the samples were ashed in microwave oven 
(Milestone, USA) and electric muffle furnace (Nabertherm, Germany) 
at specified temperature. The content of phosphorus was measured 
with spectrophotometer Lambda (Perkin Elmer, USA) according to ISO 
6491:1998, while the other minerals (Ca, Cu, Fe, Na, K, Mg, Mn and 
Zn) were determined according to the ISO 6869:2000 using atomic 
absorption spectrophotometer PinAAcle 800 (Perkin Elmer, USA) using 
appropriate standards for preparation of calibration curve. All analyses 
were made in duplicate and the results were expressed as mg/kg 
ration in dry feed samples with corresponding standard deviation and 
standard error.

2.4. Determination of fatty acid profile of samples

Fatty Acid Profile of Samples (extracted fat during Proximate Anal-
ysis) was carried out in the Laboratory for Analytical Chemistry of 
Croatian Veterinary Institute. Chemicals: Standard solution of fatty 
acid methyl esters (FAME) was prepared by dissolving 100 mg of 
standard SupelcoTM 37 Component FAME Mix (Pennsylvania, USA) 
in 10 mL of hexane. Procedure: Extracted fat was used for fatty acid 
methyl esters preparation according to ISO 12966-4:2015 with certain 
modifications. Briefly, the extracted fat was dissolved in isooctane, and 
methanolic transesterification was performed. Afterwards, saturated 
sodium chloride solution was added. After the separation of layers, the 
upper isooctane layer was transferred into another tube and anhydrous 
sodium hydrogen sulphate was added. The aliquot of each sample 
was filtered through a PTFE filter 0.2 μm pore size into vials. Methyl 
esters of fatty acids were analysed by GC-FID (gas chromatography 
with flame ionization detector) method using the Agilent 7890 A Gas 
Chromatograph (Agilent Technologies, USA) equipped with a DB-23 
capillary column (60 m length, internal capillary diameter 0.25 mm, 
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and stationary phase thickness 0.2 μm (Agilent Technologies, USA). The 
carrier gas was helium. A split/splitless injector was used to inject one 
microlitre of each sample in split ratio of 1:50. FAME identification was 
performed by comparing the sample FAME retention time to standard 
solution mixture FAME. The results were expressed as the percentage 
of a given fatty acid in the total fatty acid share.

2.5. Determination of polyphenol profile of samples

The dried plant samples were ground in a simple mixer, homog-
enized, and five grams of each plant was transferred in the plastic 
Falcon Tube, and refrigerated at −20 ◦C with the closed lid. After 
24 h of refrigerating, the lids of falcon tubes were taken away, the 
tubes were covered with the parafilm and three holes were made 
with a needle. The tubes were transferred in the Lyophilizer Alpha 
1-4 (Christ, Germany) for 24 h. When the process of lyophilization 
was completed, the tubes with the samples were closed, refrigerated 
and transported to the Laboratory of Chemistry of Aristotle Univer-
sity of Thessaloniki for further analysis. From each sample, 20 mg 
of lyophilized material was accurately weighed and transferred into 
Eppendorf-type microtube. Subsequently, 2 mL of extraction solvent 
(methanol/water, 80:20 v/v) was added and the samples were vortexed 
for 1 min. Then, the samples were centrifuged at 8.000 rpm for 10 min. 
The aliquots were collected and filtered through 0.22 microlitre nylon 
syringe filters with pipette (CAPP Aero EcoPipette Single, EU) prior 
to the injection in the chromatographic system. Chemicals and stan-
dards: LC-MS grade methanol, water, and formic acid 98%–100% were 
provided by Merck (Darmstadt, Germany). Apigenin 98%, catechin 
98%, epicatechin 98%, hesperidin 98%, isorhamnetin 98%, luteolin 
98%, myricetin 98%, naringenin 98%, caffeic acid 98%, protocatechuic 
acid 98%, quercetin 98%, rutin 98%, syringaldehyde 98%, taxifolin 
98%, ferulic acid 98%, resveratrol 98%, syringic acid 98%, p-coumaric 
acid 98%, ellagic acid 98%, gallic acid 98%, coutaric acid 98%, hy-
droxytyrosol 98%, epicatechin gallate 98%, and caftaric acid 98% were 
purchased from Sigma-Aldrich (Steinheim, Germany). Stock standard 
solutions of all the aforementioned standard compounds were prepared 
in LC-MS grade methanol at 1000 mg/L and were afterwards stored 
in dark brown glass bottles at −20 ◦C. Instruments: Analytical bal-
ance SCALTEC SBA33, accuracy ± 0.0001 g (Gujarat, India), Small 
vortex mixer, Glass-col (Terre Haute, USA), Mini centrifuge 2507/15 
Nahita (Auxilab S.L., Spain), Adjustable micropipette 20–200 microlitre 
(CAPP Aero EcoPipette Single, EU), Adjustable micropipette 10–1000 
microlitre (MinipipetVar, Servoprax GmbH, Wesel, Germany), 2 mL 
conical microcentrifuge tubes (Eppendorf type), 1 mL microsyringe, 
Braun inject-F (Bad Arolsen, Germany).

LC-QTOF-MS/MS analysis: Analyses were performed using an Ag-
ilent 6530 Quadrupole Time-of-Flight (Q-TOF) Liquid Chromatogra-
phy/Mass Spectrometry (LC/MS) system (Agilent Technologies, Santa 
Clara, CA, USA), equipped with an electrospray ionization (ESI) source 
operating in negative ion mode. The chromatographic separation was 
achieved using an Agilent 1290 Infinity II UHPLC system coupled to 
the Q-TOF mass spectrometer. Chromatographic separation was carried 
out on an XBridge BEH C18 column (2.1 × 100 mm, 2.5 micrometer 
particle size; Waters Corp., Milford, MA, USA), maintained at 40 ◦C. 
The mobile phase consisted of 0.1% formic acid in water (solvent A) 
and 0.1% formic acid in methanol (solvent B), delivered at a flow rate 
of 0.2–0.4 mL/min according to the gradient elution program specified 
in Table  1.

Data acquisition and processing were performed  using Agilent 
MassHunter Workstation software. For the confirmation of the presence 
of the target analytes, the mass accuracies of the precursor ion and the 
qualifiers, the retention times (Rt), and the MS/MS spectra of the real 
samples and standard solutions were compared.
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Table 1
Gradient elution program for LC-QTOF-MS/MS analysis 
of Polyphenols.
 Time (min) A [%] B [%] Flow [mL/min] 
 0 99 1 0.2  
 4 61 39 0.2  
 12 5 95 0.4  
 15 5 95 0.4  
 16 99 1 0.2  
 20 99 1 0.2  
Mobile Phases: A: 0.1% Formic acid in Water, B: 0.1% Formic 
acid in Methanol. The MS detector was operated according to 
the settings listed in Table  2.

Table 2
Tne MS detector settings for LC-QTOF-MS/MS analysis of 
Polyphenols.
 Parameter Value  
 Gas temperature [◦C] 200  
 Drying gas flow [L/min] 10  
 Nebulizer pressure [psi] 40  
 Sheath gas flow [L/min] 12  
 Sheath gas temperature [◦C] 250  
 Ion source ESI (negative mode)  
 Capillary voltage (V) 3500  
 Fragmentor voltage 180  
 Acquisition Mode Full scan and MS/MS 
 Mass range m/z 100–1000  

2.6. Mycotoxin analysis of samples

All procedures were carried out in the Feed Analysis Laboratory, 
Branch of Poultry Centre of Croatian Veterinary Institute. Chemicals: 
deionized water (Milli-Q Integral 5, USA), Methanol and Mycotoxin 
standards were purchased from Sigma Aldrich, USA. Procedure: My-
cotoxicological profile of seven mycotoxins was determined using val-
idated enzyme-linked immunosorbent assays (ELISA) in a quantitative 
form as Agraquant® test kits T-2/HT-2 ELISA test, Zearalenone Plus 
ELISA test, Total Aflatoxin ELISA test, Ochratoxin ELISA test, Deoxyni-
valenol Plus ELISA test and Fumonisin ELISA test (RomerLabs®, USA). 
All procedures were made according to the manufacturer’s instruc-
tions. Diacetoxyscirpenol was analysed by Thin Layer Chromatography 
Method as described earlier [28]. All samples that were positive with 
ELISA tests were confirmed using validated High-Performance Liquid 
Chromatography methods [28,29].

2.7. Microbiological analysis of samples

Isolation, counting and microbiological identification of bacteria 
and fungi were carried out in the Feed Analysis Laboratory, Branch of 
Poultry Centre of Croatian Veterinary Institute. Isolated microorgan-
isms were confirmed by Matrix-Assisted Laser Desorption Ionization-
Time of Flight Mass Spectrometry (MALDI-TOF MS, Bruker, Germany) 
at Ruđer Bošković Institute. All samples were tested for the presence of 
bacteria and fungi using standard ISO methods (ISO 4833-2:2013/ISO 
4833-2:2013/Amd 1:2022, ISO 6579-1:2017, ISO 6579-1:2017/Amd 
1:2020, ISO 15213-1:2023/ISO 15213-2:2023, ISO 16654:2001/ISO 
16654:2001/Amd 1:2017/ISO 16654:2001/Amd 2:2023, ISO 6888-
1:2021/ISO 6888-1:2021/Amd:2023 and ISO 21527-2:2008). Isolated 
bacteria were identified according to colony appearance on selec-
tive agar media, microscopic examination of Gram stains and stan-
dard biochemical tests. Fungal species were confirmed by morpholog-
ical macroscopic and microscopic characteristics using relevant fungal 
keys [30].
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2.8. Antimicrobial potential of plant extracts

All procedures were carried out in the Feed Analysis Laboratory, 
Branch of Poultry Centre of Croatian Veterinary Institute. Antimicro-
bial activity of plant extracts was evaluated using extracts of plants 
prepared with water and different organic solvents.

2.8.1. Plant extracts preparation and TPC content
The Antimicrobial activity of plant extracts was evaluated using 

extracts of plants prepared with water and different organic solvents 
(methanol, water/ethanol (50/50, v/v) and DMSO). In short, extracts of 
plants with deionized water, DMSO, methanol, water/ethanol (50/50, 
v/v) were prepared by sonicating of 2.0 g of homogenized sample with 
40 ml of selected solvent for 30 min in ultrasonic bath, centrifuging 
at 5.000 rpm/10 min and filtering through Whatman filter papers. 
Samples were stored at cold temperature (2–8 ◦C) until further analy-
sis. Total phenolic content (TPC): Folin-Ciocalteu Colorimetric (F-C) 
Assay was performed according to Singleton et al. [31] to evaluate 
extraction efficacy of the tested solvents.  All extraction and dilution 
procedures were protected from light. For F-C Assay, 1 ml of sample, 
blank and reference standard (Gallic acid, GAE) was added to 60 ml 
of de-ionized water in a 100-ml volumetric flask. After adding 5.0 ml 
of Folin Ciocalteu Reagent, the mixture was vortexed for one minute, 
added was 15 ml of 20% sodium carbonate solution and the volume was 
adjusted to 100.0 ml. The samples were kept at 25 ◦C for 120 min for 
development of the blue colour. The results were measured with UV–
VIS spectrophotometer SPECTROstar NANO (BMG Labtech, Germany) 
at 750 nm in a one cm quartz cuvette. All the samples were analysed 
in triplicates and the concentration of total phenolic in samples were 
calculated from the calibration curve and expressed as gallic acid equiv-
alents (mg of GAE per g of sample). Calibration curve was prepared 
with gallic acid standard solutions in the range 50–500 mg/L. The 
linear regression analysis was used to determine the slope, y-intercept 
and the R-squared value (that was accepted if greater than 0.990).

2.8.2. Antimicrobial potential
Evaluation was made according to the Procedure described ear-

lier [32]. In short, all bacterial strains were cultured on Brain Heart 
Infusion liquid medium (Thermo Scientific™, USA) at 37 ◦C ± 1 ◦C 
for six hours. The strains were cultured on the Mueller-Hinton agar 
plates (Thermo Scientific™, USA) at concentration of 106 cells/mL. 
On each agar plate with bacteria, filter paper discs (6 mm diameter) 
inoculated with 50 μl of each extract was placed. After 24 ±1 h 
of incubation at 37 ◦C ± 1 ◦C, the zones were measured. The con-
trols were the pure solvents and commercial antibiotic discs: cefoxitin, 
chloramphenicol, gentamicin and vancomycin that were previously 
tested along with other antimicrobial discs to evaluate antimicrobial 
resistance of standard and isolated strains (data are provided as Sup-
plementary File S1 and S2). The tests were performed on standard 
bacterial strains S. aureus ATCC 6538, 29213, 256923 and E. coli
ATCC 25922. Multi-drug Resistant Wild Strains were isolated from 
swabs originated from cats, sampled in a scope of the NextGenera-
tionEU project NPOO15: Comprehensive Research on the Impact of 
Plant Extracts against resistant Staphylococcus (CRISP). Isolation was 
made according to the protocol for detection of Staphylococcus spp. 
and MRSA Staphylococcus [33,34]. The procedure included: exami-
nation of swabs within 72 h of sampling (maintained at 4–8 ◦C), 
their incubation in Mueller-Hinton broth (Thermo Scientific™, USA) 
containing 6,5% NaCl, incubation at 35-37 ◦C in thermostat (Memmert, 
Germany) for 16–24 h, subsequent inoculation of selective MRSA agar 
(CHROMagar™ MRSA) for 16–24 h. All presumptive colonies were 
sub-cultured on Manitol Salt Agar (Thermo Scientific™, USA), Baird 
Parker Agar (Thermo Scientific™, USA), Columbia Agar (Thermo Sci-
entific™, USA) and Columbia Blood Agar (Thermo Scientific™, USA). 
Each strain was confirmed by characteristic growth on agar plates, 
gram stain, catalase, oxidase and qualitative slide agglutination test 
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Table 3
Results of the Proximate analysis and mineral content of Pimpinella anisum
(Anise) seeds.
 Pimpinella anisum MEAN SD SE  
 Proximate Analysis  
 Moisture (%) 8.54 0.08 0.05  
 Crude Ash (%) 5.90 0.06 0.04  
 Total Fat (%) 27.90 0.29 0.21  
 Crude Fibre (%) 30.61 0.09 0.07  
 Crude Protein (%) 18.40 0.10 0.07  
 Starch (%) 1.43 0.41 0.29  
 Sugar content (%) 4.39 0.05 0.04  
 Macro-minerals (mg/kg)  
 Ca 6,650.00 70.71 50.00  
 K 20,300.00 141.42 100.00 
 Mg 2,720.00 0.00 0.00  
 Na 324.00 84.85 60.00  
 P 4,190.00 42.43 30.00  
 Trace Minerals (mg/kg)  
 Cu 17 0.00 0.00  
 Fe 187.00 1.41 1.00  
 Mn 26.00 0.00 0.00  
 Zn 71.00 7.07 5.00  
SD — standard deviation, SE — standard error.

(Staphylase™ Test, Thermo Scientific™, USA). All positive strains were 
additionally confirmed by MALDI-TOF MS. Antimicrobial resistance of 
strains was determined by disk diffusion method specified in CLSI M100 
standard [35], oxacillin and cefoxitin test and confirmation of me-
thicillin resistance by a multiplex polymerase chain reaction protocol 
for detection of mecA, mecC, spa and PVL genes [36] analysed using 
Thermocycler SimpliAmp (Thermo Fisher Scientific, USA), gel elec-
trophoresis unit PowerPro 300 (Cleaver Scientific, UK) and visualized 
with GelDoc GO Imaging System (BioRad, USA). All strains selected for 
testing were resistant to three or more antibiotic and S. aureus  strains 
were mecC positive with PCR method.

3. Results

3.1. Proximate analysis and mineral content of plants

Chemical composition of Pimpinella anisum and Foeniculum vulgare
seeds are presented in Tables  3. and 4.

3.2. Fatty Acid Methyl Esters (FAME) analysis

The results were expressed as the percentage (%) of a given fatty 
acid in the total fatty acid share. The Results are presented in Table  5.

3.3. Polyphenols

Lyophilization allows water removal without the application of 
high temperatures, thereby minimizing the degradation of thermolabile 
bioactive compounds. It ensures long-term stability of natural products 
and is an internationally accepted preparation method for analytical 
purposes. In our study, Foeniculum vulgare, fructus contained the 
highest amounts of Hydroxytyrosol (1069.0 mg/kg), Naringenin 
(420.3 mg/kg), Epicatechin G (555.4 mg/kg) and Rutin (70.9 mg/kg) 
followed with lower amounts of Syringic Acid (27.4 mg/kg),
p-coumaric acid (26.2 mg/kg), Protocatehuic acid (16.9 mg/kg) 
and caffeic acid (9.4 mg/kg). Pimpinella anisum seeds extracts 
were the most abundant in Naringenin (667.3 mg/kg), Apigenin 
(360.4 mg/kg), Luteolin (360.4 mg/kg), Coutaric Acid (328.9 mg/kg), 
Caftaric (317.7 mg/kg), Hydroxytyrosol (268.7 mg/kg), Epicatechin 
G (154.0 mg/kg), Protocatechuic (123.2 mg/kg), p-coumaric acid 
(83.0 mg/kg) and Rutin (76.3 mg/kg), followed with the lower 
concentrations of Cafeic (32.8 mg/kg), Syringic acid (19.1 mg/kg), 
Quercetin (13.6 mg/kg), and Hesperidin (5.6 mg/kg) (Table  6.)
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Fig. 1. Total Phenolic Content (TPC) of different extracts of Pimpinella Anisum
and Foeniculum vulgare used for determination of antimicrobial activity against 
tested pathogens, expressed as gallic acid equivalents (mg of GAE per g of 
sample) (n = 3).

3.4. Mycotoxins in samples of  Pimpinella anisum (Anise) and Foeniculum 
vulgare (Fennel) seeds

The Results of this study showed presence of potentially pathogenic 
fungi from the genera Aspergillus, Fusarium, Penicillium, Alternaria and 
Yeasts in both plant samples and all samples contained all tested 
mycotoxins in diverse range of concentrations (Table  7.). The myco-
toxicological profiles of tested plants were in accordance with current 
legislation for ochratoxin, the only mycotoxin for which there is a 
Commission Regulation (EU) that propose maximum tolerable levels 
(MTL) for Herbs (EU 2023/915). For other tested mycotoxins: afla-
toxin, diacetoxyscirpenol, deoxynivalenol, fumonisin, zearalenone and 
T-2/HT-2 toxin there are no guidance levels nor proposed tolerable 
limits for this kind of samples.

3.5. Microbiological evaluation of samples of seeds of  Pimpinella anisum
(Anise) and Foeniculum vulgare Mill (Fennel)

The results of microbiological evaluation of samples are presented 
in Table  8. Determined numbers of total bacteria and moulds indicated 
that the samples are microbiologically safe and in line with protocols 
for microbiological quality assessment. Determination of total bacterial 
count, presence of potentially pathogenic bacteria and fungi did not 
result with detection of pathogens, but certain number of bacteria and 
fungi were confirmed. This highlights the importance of evaluation of 
their safety before further use. This is especially important since the 
low numbers of fungi from the genera Aspergillus, Fusarium, Penicillium
and Alternaria as well as yeasts were detected in both samples. In line 
with this are the findings of tested mycotoxins.

3.6. Antimicrobial potential of plant extracts

The total phenolic content (TPC) of plants Pimpinella anisum
and Foeniculum vulgare extracts in water, methanol, water/ethanol and 
DMSO, calculated as gallic acid equivalents (mg of GAE per g of sample) 
are presented in Fig.  1. The highest TPC was achieved with methanolic 
extracts, followed by ethanol/water extracts, while water and DMSO 
showed almost similar TPC content for both plants.

Antimicrobial activity of plant extracts: Antimicrobial activity 
of plants extracts prepared with water and different organic solvents 
(methanol, ethanol and DMSO) showed different activities against 
tested bacterial strains (Table  9.).
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Table 4
Results of the proximate analysis and mineral content of Foeniculum vulgare Mill (Fennel) seeds.
 Foeniculum vulgare MEAN SD SE  
 Proximate Analysis  
 Moisture (%) 9.19 0.06 0.04  
 Crude Ash (%) 7.83 0.21 0.15  
 Total Fat (%) 13.75 0.34 0.24  
 Crude Fibre (%) 25.11 0.13 0.09  
 Crude Protein (%) 16.67 0.11 0.07  
 Starch (%) ND – –  
 Sugar content (%) 4.80 0.11 0.08  
 Macro-minerals (mg/kg)  
 Ca 10,920.00 169.71 120.00 
 K 22,400.00 1,131.37 800.00 
 Mg 4,120.00 0.00 0.00  
 Na 1,173.50 75.66 53.50  
 P 5,035.00 35.36 25.00  
 Trace Minerals (mg/kg)  
 Cu 14.00 0.00 0.00  
 Fe 106.00 2.83 2.00  
 Mn 48.00 0.00 0.00  
 Zn 49.00 4.24 3.00  
SD — standard deviation, SE — standard error, ND — not detected.
 

4. Discussion

Besides research on their efficacy, natural products need to be eval-
uated for their quality and safety. The chemical analysis of plants that 
includes separation and quantification of major components, included 
in proximate analysis, is the first step in evaluation of quality and 
safety of plants. As stated before, chemical and phytochemical compo-
sition of plants depends upon various factors from genetic background, 
the part of the plant, nutrient availability and diverse environmental 
conditions. The place where and when certain plant grows is an im-
portant factor for chemical composition as well as for production of 
biomolecules [37]. Additional information on the essential inorganic 
nutrients like minerals (major or macro-minerals and trace minerals) 
provide valuable information of their faculties. Furthermore, total fat 
content provides information about the amount of lipid or fat in the 
analysed sample. Evaluation of the fatty acid profile of ether extracts 
encompasses greater knowledge on their (biochemical) origin, biolog-
ical role and potential (beneficial) functions and is necessary tool to 
assure their (therapeutic) use [38].

In general, Aniseeds have moisture content around 9%–13%, crude 
ash around 10%, crude fibre from 12%–25%, crude protein around 
18%, starch around 5%, carbohydrates 55%, soluble sugars 5%, 8%–11%
of fixed oil (of which 56% is petroselinic acid) and essential oils 
from 2%–7% [39]. Fennel seeds have moisture 6.3–8.8%, crude ash 
8.2–13.4%, crude fat 14.9%, crude fibre 15.7–28.4%, crude protein 
9.5–15.8%, carbohydrates 36.6–50.1%, soluble sugars around 1.1%, 
1.2 g Ca, 19 mg Fe, 1.0 g K, 385 mg Mg, 88 mg Na, 487 mg P, 28 mg 
Zn, 135 IU of vitamin A, 6 mg of niacin, 0.41 mg of thiamine, 0.35 mg 
of riboflavin, 10–14.4% fixed (mainly petroselenic (70%–80%), oleic 
(around 25%), linoleic (around 15%) and palmitic (around 5%) acids) 
and essential oil (containing anethole, estragol, fenchone, limonene 
and other monoterpenes) [40,41]. In our study, in Foenicullum vulgare,
the most abundant group of fatty acids (FA) were monosaturated fatty 
acids (MUFA) (82.15%) followed by polysaturated fatty acids (PUFA) 
(10.81%) while saturated fatty acids (SFA) (7.04%) were very low. 
If we observe individual fatty acids, it can be noticed that the most 
abundant fatty acid was oleic (MUFA, C18:1n9c, 81.02%), followed 
by essential linoleic acid (PUFA, C18:2n6c, 10.29%) and palmitic acid 
(SFA, C16:0, 4.44%), while there was a very low content of stearic 
acid (SFA, C18:0, 1.78%), cis-vaccenic acid (MUFA, C18:1n7, 0.42%) 
and essential alpha-linolenic acid (PUFA, C18:3n3 (ALA), 0.36%). In
Pimpinella anisum, the pattern on FAs group was similar to Foenicul-
lum vulgare with MUFAs being the most abundant (67.16%) group, 
followed by PUFA (23.96%) and SFA (8.88%). The most abundant FA 
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in Pimpinella anisum was also oleic acid (MUFA, C18:1n9c, 65.05%), 
followed by essential linoleic acid (PUFA, C18:2n6c, 23.06%), palmitic 
acid (SFA, C16:0, 3.79%), lauric acid (SFA, C12:0, 2.94%), stearic acid 
(SFA, C18:0, 1.38%), cis-vaccenic acid (MUFA, C18:1n7, 1.41%), and 
in less than 1% were butyric acid (SFA, C4:0, 0.46%), essential alpha-
linolenic acid (PUFA, C18:3n3, ALA, 0.45%), linolenic acid with a 
trans double bond (PUFA, C18:2n6t, 0.39%) and cis-palmitoleic acid 
(MUFA, C16:1n7c, 0.35%). Knowledge of chemical composition is the 
starting point in evaluation of plants for further research and use since 
it directly relates to nutritional and therapeutic value and this has 
been confirmed in our study. FAs acids are known for their strong 
antimicrobial properties and although the mechanism of action is not 
well described, their application (often in combination with other 
compounds) was effective against different pathogenic bacteria. For 
example, among SFA, lauric acid was effective against gram-positive 
bacteria including wild isolates of S. aureus, while their activity against 
gram-negative bacteria was less pronounced. Similar results were ob-
served for palmitic and stearic acid [42–45]. Acids in MUFA and 
PUFA groups like docosahexanoic acid and eicosapentaenoic acid also 
exhibited antibacterial effects against gram positive bacteria [45,46]. 
In a study made by Butt et al. [47], microemulsions of FAs palmitoleic 
and alfa-linolenic acid showed to be effective against S. aureus. For 
oleic acid, that was the most abundant in our study, an interesting 
research results indicated that synthetized liposomal oleic acid was 
able to restore sensitivity of certain bacteria against known classes 
of antibiotics [48]. Finding the novel drugs in the world of FAs is 
not easy since different bacteria react differently against different 
antibiotic. In addition, the benefit of FAs is probably also in their 
observed synergistic effects with other compounds, including already 
used antibacterial agents. However, presence of these FAs in our study 
in respect to above mentioned studies show their potential synergistic 
effects with other chemical compounds in anise and fennel in reaching 
the antimicrobial activity against multi-drug resistant bacteria.

Polyphenols have also been investigated for their antibacterial 
properties and are considered as a promising natural alterna-
tives to currently used antimicrobials in practice. In our study,
Pimpinella anisum seeds extracts were the most abundant in Naringenin 
(667.3 mg/kg), Apigenin (360.4 mg/kg), Luteolin (360.4 mg/kg), 
Coutaric Acid (328.9 mg/kg), Caftaric (317.7 mg/kg), Hydroxyty-
rosol (268.7 mg/kg), Epicatechin G. (154.0 mg/kg), Protocatechuic 
(123.2 mg/kg), p-coumaric acid (83.0 mg/kg) and Rutin (76.3 mg/kg), 
followed with the lower concentrations of Cafeic (32.8 mg/kg), 
Syringic acid (19.1 mg/kg), Quercetin (13.6 mg/kg), and Hesperidin 
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Table 5
Fatty acid profile of Pimpinella anisum (Anise) and Foeniculum vulgare Mill 
(Fennel) seeds.
 cPlant Pimpinella anisum Foeniculum vulgare Mill 
 FA FA (%) FA (%)  
 C4:0 0.46 < 0.1  
 C6:0 < 0.1 0.04  
 C8:0 < 0.1 < 0.1  
 C10:0 < 0.1 < 0.1  
 C11:0 < 0.1 < 0.1  
 C12:0 2.94 0.11  
 C13:0 < 0.1 0.00  
 C14:0 0.03 0.05  
 C14:1 < 0.1 0.07  
 C15:0 0.05 0.07  
 C15:1 < 0.1 < 0.1  
 C16:0 3.79 4.44  
 C16:1n7t 0.12 0.25  
 C16:1n7c 0.35 0.10  
 C17:0 < 0.1 0.05  
 C17:1 0.06 < 0.1  
 C18:0 1.38 1.78  
 C18:1n9t < 0.1 < 0.1  
 C18:1n9c 65.05 81.02  
 C18:1n7 1.41 0.42  
 C18:2n6t 0.39 0.09  
 C18:2n6c 23.06 10.29  
 C18:3n6 0.06 < 0.1  
 C18:3n3 (ALA) 0.45 0.36  
 C18:4n3 < 0.1 < 0.1  
 C20:0 0.18 0.16  
 C20:1n9 0.10 < 0.1  
 C20:2n6 < 0.1 < 0.1  
 C21:0 < 0.1 < 0.1  
 C20:3n6 < 0.1 < 0.1  
 C20:4n6 < 0.1 < 0.1  
 C20:3n3 < 0.1 < 0.1  
 C20:4n3 < 0.1 < 0.1  
 C20:5n3 (EPA) < 0.1 < 0.1  
 C22:0 0.05 0.06  
 C22:1n11 < 0.1 < 0.1  
 C22:1n9 0.08 0.06  
 C22:2n6 < 0.1 < 0.1  
 C23:0 < 0.1 0.28  
 C22:5n3 (DPA) < 0.1 < 0.1  
 C24:0 < 0.1 < 0.1  
 C22:6n3 (DHA) < 0.1 0.07  
 C24:1n9 < 0.1 0.25  
 SFA 8.88 7.04  
 MUFA 67.16 82.15  
 PUFA 23.96 10.81  
SFA — saturated fatty acids; MUFA — monounsaturated fatty acids; PUFA — polyun-
saturated fatty acids; ALA — alpha linolenic acid; EPA — eicosapentaenoic acid; DPA 
— docosapentaenoic acid; DHA — docosahexaenoic acid; limit of detection (LOD) - 
0.1.

(5.6 mg/kg). Foeniculum vulgare, fructus contained the highest amounts 
of Hydroxytyrosol (1069.0 mg/kg), Naringenin (420.3 mg/kg), Epicat-
echin G. (555.4 mg/kg) and Rutin (70.9 mg/kg) followed with lower 
amounts of Syringic Acid (27.4 mg/kg), p-coumaric acid (26.2 mg/kg), 
Protocatehuic acid (16.9 mg/kg) and caffeic acid (9.4 mg/kg). Abun-
dant quantities of polyphenol compound Hydroxytyrosol, flavonoids 
like Naringenin and Rutin, flavanol Epicatechin and phenolic acids 
(syringic acid, caffeic acid, p-coumaric acid, protocatechuic (dihydrox-
ybenzoic) acid might be responsible for potential beneficial activity of 
these extracts. Antimicrobial activity against S. aureus was confirmed 
for Naringenin, Catechin and Quercetin by alteration of bacterial 
and host cell membranes [49]. Hydroxytyrosol is a simple phenolic 
compound mainly found in fruit and leaf of the olive (Olea europeae
L) in amounts ranging from 2 mg/kg to several hundreds of mg/kg 
as a free form or as complex compounds (acetates, oleuropein and 
oleacein). It gained high attention due to the confirmed ability to 
neutralize harmful free radicals and protect cells from damage. There 
are several applications in a form of food supplements, functional 
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foods as well as in studies that evaluated anti-inflammatory and 
cardiovascular benefits. It has been estimated that daily consumption 
of 5 mg of hydroxytyrosol and its derivatives is necessary for reduction 
of cardiovascular disease risks in humans, while Food and Drug 
Administration (FDA) recommended a daily intake of 23 g [50,51]. 
Therefore, presence of detected polyphenolic compounds might be 
responsible for confirmed antimicrobial activity of tested plant extracts 
in our study.

The developed LC-QTOF-MS/MS conditions allowed for improved 
resolution and sensitivity in the profiling of plant-derived compounds. 
These improvements represent significant contribution from the per-
spective of separation science, supporting the broader aim of determin-
ing bioactive compounds.

Another important aspect is microbiological safety of plants and 
their products. This is confirmed by detection of potentially pathogenic 
fungi from the genera Aspergillus, Fusarium, Penicillium, Alternaria and 
Yeasts in both plant samples in our study. Additionally, all samples 
contained all tested mycotoxin in diverse range of concentrations.

According to current legislation, among all tested mycotoxins only 
Ochratoxins are currently included for Herbs with defined maximum 
tolerable levels (MTL). These levels are defined in Commission Regu-
lation (EU) 2023/915 of 25 April 2023 on maximum levels for certain 
contaminants in food and repealing Regulation (EC) No 1881/2006. Al-
though the quantitative daily intake of potential mycotoxins via plants 
is considered to be rather low in humans, it shall not be underestimated 
since mycotoxins can be easily extracted with different solvents and 
their presence in plants and plant products is inevitable. Therefore, 
the dose of herbal intake depends upon various factors and each 
(medicinal) plant should be individually assessed [52]. Considering 
their potential use in animals as feed additives, acquiring fungi and 
toxin free plants is of high importance. The research of our study 
confirmed importance of toxicological testing of plants and careful 
evaluation of their use in humans and animals.

Companion animal ownership has significantly increased over the 
past decades. It has been estimated that around 166 million European 
households have at least one animal. In the year 2023, the cats were the 
most popular pet and from approximately 129,11 million cats, the num-
ber of household cats was over 79 million [53]. Although the results of 
the studies on positive health effects of cat ownership are not easily 
comparable and often, they are not fortified with high quality data, it 
is considered that cats as companion animals can enhance the physical 
and mental health of their owners and feline therapy is encouraged in 
certain human diseases [54–56]. However, the coin of cats as pets has 
the other side too. Namely, one of the potential problems are zoonotic 
infections [57,58]. To avoid this problem, the plants are considered 
as one of the best sources of effective antimicrobials. It has already 
been shown that plants and their extracts exhibit antimicrobial activity 
against pathogens like bacteria, moulds and viruses. This is especially 
important in a search of natural alternatives to conventional antibi-
otics due to alarming rise of antimicrobial resistance and addressing 
important economic issues 

In plants, this activity is related to their (secondary) metabolites 
that act as a natural defense against pathogens, insects and herbivores. 
These phytochemicals display antimicrobial activity by forming com-
plexes and intercalating into the cell walls, altering the permeability of 
microbial cell membranes, inhibiting DNA, RNA and protein synthesis, 
inactivating bacterial enzymes, interactions with the proteins, induc-
ing substrates deficiency, and hinder the formation of bacterial and 
fungal biofilms. Known plant derived compounds with antimicrobial 
properties are alkaloids, lecitins and polypeptides, phenolics (phenolic 
acids, flavones, flavonoids, flavonols, quinones, tannins, coumarins and 
some simple phenols), polyacetylenes terpenoids and essential oils [59,
60]. Furthermore, a vast literature data describe the antimicrobial 
activity of phenolic compounds that have a C3 side chain at a lower 
level of oxidation and does not contain oxygen, the class of essential 
oils, that in line with consumer safety concerns need to be used at 
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Table 6
Results of polyphenol profile of Pimpinella anisum (Anise) and Foeniculum vulgare Mill (Fennel) seeds.
 Quantification results (mg/kg) Pimpinella anisum, seeds Foeniculum vulgare, fructus 
 Syringic Acid 19.1 27.4  
 Hesperidin 5.6 <LOQ  
 Epicatechin – –  
 Rutin 76.3 70.9  
 Quercetin 13.6 <LOQ  
 Protocatechuic 123.2 16.9  
 Caffeic 32.8 9.4  
 Ferulic 110.1 –  
 P.Coumaric 83.0 26.2  
 Apigenin 360.4 –  
 Hydroxy Tyrosol 268.7 1069  
 Catechin <LOQ <LOQ  
 Myricetin – –  
 Luteolin 360.4 –  
 Ellagic Acid – <LOQ  
 Naringenin 667.3 420.3  
 Coutaric Acid 328.9 –  
 Caftaric 317.7 –  
 Taxifolin – –  
 Epicatechin G. 154 555.4  
 Isorhamnetin <LOQ <LOQ  
Table 7
Determination of mycotoxins in Pimpinella anisum (Anise) and Foeniculum vulgare (Fennel) seeds.
 Mycotoxin (μg/kg) Pimpinella anisum Foeniculum vulgare EU-MTL (μg/kg) 
 Total Aflatoxin 2,00 ± 0.06 3,98 ± 0.06 n/a  
 Deoxynivalenol 294,13 ± 0.11 349,85 ± 0.12 n/a  
 Diacetoxyscirpenol 20,00 ± 0.01 20,00 ± 0.01 n/a  
 Total Fumonisin 2,65 ± 0.27 71,46 ± 0.21 n/a  
 Ochratoxin 3,50 ± 0.15 3,27 ± 0.15 10  
 T2/HT-2 toxin 87,71 ± 0.33 77,02 ± 0.24 n/a  
 Zearalenone 76,62 ± 0.16 19,99 ± 0.09 n/a  
EU-MTL — Maximum tolerable levels of Mycotoxins according to Commission Regulation (EU) 2023/915 of 25 April 
2023 on maximum levels for certain contaminants in food and repealing Regulation (EC) No 1881/2006 (Text with 
EEA relevance). SD — Standard deviation.
Table 8
Microbiological evaluation of samples of seeds of Pimpinella anisum (Anise) and Foeniculum vulgare Mill (Fennel).
 Microorganisms Pimpinella anisum Foenicullum vulgare 
 
Mesophilic aerobic bacteria (cfu/g)

1 20,1 × 106 20,1 × 106  
 2 20,1 × 106 20,1 × 106  
 3 ND ND  
 Other bacteria ND ND  
 
Moulds (cfu/g)

4 20,1 × 103 20,1 × 103  
 5 20,1 × 103 20,1 × 103  
 6 ND ND  
 Yeasts (cfu/g) 20,1 × 103 20,1 × 103  
According to VDLUFA method: 1 — Yellow pigmented bacteria (Erwinia spp.), Pseudomonas/Enterobacteriaceae, saprophytic 
coryneform bacteria; 2 — Indicator microorganisms: Bacillus spp, Staphylococcus spp., Micrococcus spp.; 3 — Indicator 
microorganisms: Streptomycetes; 4 — Saprophytic (field) moulds: Acremonium spp., Aerobasidium spp., Dematinaceae, Fusarium
spp., Verticillium spp.; 5 — Indicator microorganisms (storage) moulds: Aspergillus spp., Scopulariopsis spp., Penicillium spp.,
Wallemias pp.; 6 — Indicator microorganisms: Mucorales like Rhizopus spp., Mucor spp. [30]. Other bacteria — determination 
of the presence of members of the genera: Clostridium, Listeria, Salmonella, Staphylococcus and bacteria E. coli O157.
very low concentrations to avoid adverse effects and organoleptic 
impacts [61]. For example, antimicrobial activity of Foenicullum vulgare
has been described for essential oils against bacterial strains from 
the genera Acinetobacter, Agrobacterium, Bacillus, Clavibacter, Erwinia, 
Escherichia, Klebsiella, Listeria, Micrococcus, Pseudomonas, Salmonella, 
Shigella, Staphylococcus, Streptococcus, Xanthomonas and various fungal 
genera [6,62–67]. In a case of Staphylococcus strains, essential oils 
can suppress the production of exotoxins, enterotoxins (SEs) and toxic 
shock syndrome toxin 1 (TSST-1) by the action of anethole. These 
findings indicate that anethole is a candidate for alternative treatment 
of infections caused by antimicrobial resistant strains of these gen-
era [63,68,69]. Therefore, this compounds should also be analysed in 
future research.
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Likewise, phytochemical profiles and antimicrobial activity of fen-
nel and anise have been investigated by several authors [70–73]. 
For example, AlBalawi et al. [70] confirmed antimicrobial activity of 
methanolic extracts of aniseed against Gram positive and Gram neg-
ative bacterial isolates from humans. However, their polyphenol pro-
filing of aniseed extracts showed different profile. The most abundant 
were Estragole (4422.39 mg/kg), cis-anethole (3150.11 mg/kg) and 
trans-anethole (2312.11 mg/kg), while naringenin (211,23 mg/kg), lu-
teolin (23,65 mg/kg) and apigenin in a form of Apegenin-7-O-glucosed 
(55.62 mg/kg) were detected in significantly lower amounts than in our 
study. Unfortunately, comparison of different studies is still difficult be-
cause of insufficient information about plants (e.g. geographical origin, 
climate conditions during culturing and harvesting, storage, etc.), dif-
ferent types of plant materials (fresh, lyophilized, etc.), and procedures 
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Table 9
Antimicrobial activity of plant extracts prepared from Pimpinella anisum (Anise) and Foeniculum vulgare (Fennel) seeds against 
selected bacterial pathogens.
 Test organism Pimpinella anisum extracts Foenicllum vulgare extracts
 H2O EtOH/ H2O MeOH DMSO H2O EtOH/ H2O MeOH DMSO 
 S. aureus ATCC 6538 S S S S S S S S  
 S. aureus ATCC 29213 S S S S S S S S  
 S. aureus ATCC 256923 S S S S S S S S  
 E. coli ATCC 25922 R R R R R R R R  
 Multidrug Resistant Isolated Wild Strains from Cats
 S. aureus S S S S S S S S  
 S. aureus S S S S S S S S  
 S. aureus S S S S S S S S  
 S. epidermidis S S S S S S S S  
 S. epidermidis S S S S S S S S  
 S. epidermidis S S S S S S S S  
 S. hominis S S S S S S S S  
 S. hominis S S S S S S S S  
 S. hominis S S S S S S S S  
 S. haemolyticus R S S R R S S S  
 S. haemolyticus R S S R R S S S  
 S. saprophyticius R S S S S S S S  
 E. hirae S S S R R S S R  
 E. gallinarum S S S R R S S R  
S — denotes observed zone greater than 7 mm; R — denotes no zone, or zone less than 7 mm.
EtOH/H2O — Ethanol/water extracts, MeOH — methanol extracts, DMSO — imethyl sulfoxide extracts.
All bacterial strains were cultured on Brain Heart Infusion liquid medium at 37 ◦C ± 1 ◦C for six hours. The strains were cultured on the 
Mueller-Hinton agar plantes at concentration of 106cells/mL on which filter paper discs of 6 mm were placed. Different extracts were prepared 
for both plants in Methanol, Ethanol/H2O, DMSO and deionized water) and 50 microlitre of each extract was placed on the filter paper disc. 
After 24 ± 1 h of incubation at 37 ◦C ± 1 ◦C, the zones were measured. The controls were the solvents without plants and commercial antibiotic 
discs: Cefoxitin, chloramphenicol, gentamicin and vancomycin.
that are used for preparation of extracts and their testing (e.g. sam-
ple preparation, solvents, extraction conditions, detection instruments, 
etc.). In the recent research of Boubker et al. [73], antimicrobial 
activity of plant extracts against gram positive Staphylococcus was less 
pronounced for anise extract, than for fennel extracts. Nevertheless, 
these differences highlight the importance of further more-detailed 
research on polyphenol profile and antimicrobial activity of plant 
extracts.

In our study, we have confirmed antimicrobial potential of fennel 
and anise seeds prepared with each of the selected solvents. Additional 
value of these results is in evaluation of their activity on wild isolated 
strains with confirmed multi-drug resistance profile. Considering the 
available data in the literature, such activity of plant extracts prepared 
with water, alcohols, and other solvents is still not comprehensively 
confirmed [74]. Therefore, our results might enhance knowledge in 
this field of research. Since a number of factors affect extraction yield 
and quality, the choice of extracts for further antimicrobial testing 
was made according to the polarity closest to the polarity of the 
biomolecules (i.e. expected polyphenols and other biomolecules), sta-
bility of extracted components, fluidity, toxicity, and ease of use. 
Among commonly used solvents like acetonitrile, dimethyl-formamide, 
dimethyl sulfoxide (DMSO), ethanol, methanol, we have selected water, 
methanol and binary mixtures (50/50, v/v) of water and ethanol 
expecting the highest yield and antimicrobial activity in methanol and 
the lowest in water [75]. According to the presented results, the highest 
antimicrobial effects of both tested plants was achieved with methanol 
and water/ethanol (50/50, v/v) while the results were less pronounced 
when other solvents were used. In line with these are the results of the 
total phenolic content determined with Folin-Ciocalteu assay. Chemical 
composition and phenolic compounds are characteristics of each plant 
species. However, total phenolic content varies with growing conditions 
(plant variety, geographic region, soil, etc.) and other factors (matu-
ration, harvest time, processing, etc.) [76–78]. In our study, the F-C 
Assay was applied to evaluate extraction efficacy of the tested solvents 
prior the use of extract for antimicrobial testing. Thus, the noticed 
difference might be explained with the lower extraction efficiency of 
the phenolic compounds that possess antimicrobial properties when 
different solvents are used.
9 
5. Conclusion

Nutritional, microbiological and toxicological quality of plants like
Pimpinella anisum and Foeniculum vulgare constitute important factors 
in assuring their beneficial characteristics and usage. Understanding 
the profile of compounds like polyphenols provides insights into their 
potential phytochemical, antioxidant and antimicrobial effects. Con-
sidering the evolutionary trend of increasing antimicrobial resistance 
of pathogenic bacteria in multiple environments, exploring novel ap-
proaches and search of alternative treatments in plant world has gained 
increasing attention.

In our study, the proximate chemical compositions of both seeds 
were in line previous researches. In fennel and anise seeds, the most 
abundant group of fatty acids were monosaturated fatty acids followed 
by polysaturated fatty acids. Microbiological analysis of both plants 
showed presence of bacteria, fungi, yeasts and tested mycotoxins. This 
work covers the chromatographic separation of a wide range of pheno-
lic analytes. The chromatographic separation was optimized to achieve 
high resolution and sensitivity for the target analytes. Specifically, the 
mobile phase was adjusted to enhance the separation of structurally 
phenolic acids and flavonoids. The suggested conditions enabled the 
detection of a great number of polyphenolic constituents.  Accord-
ing to the results of this study, evaluation of phytochemical profile, 
toxicological and microbiological quality and confirmed antimicrobial 
activity of Pimpinella anisum and Foeniculum extracts against bacterial 
pathogens isolated from cats it is clear that both plants and their prod-
ucts (extracts) could be considered for treatment of infections caused by 
tested bacteria. Finally, the Nature contains an enormous therapeutic 
potential but it is still not well understood. Our research data highlight 
the importance of further comprehensive interdisciplinary approach in 
this research area. 

CRediT authorship contribution statement

Marijana Sokolovic: Writing – review & editing, Writing – origi-
nal draft, Visualization, Validation, Supervision, Software, Resources, 
Project administration, Methodology, Investigation, Funding acquisi-
tion, Formal analysis, Data curation, Conceptualization. Natasa P. 



M. Sokolovic et al. Journal of Chromatography Open 9 (2026) 100275 
Kalogiouri: Writing – review & editing, Writing – original draft, Vi-
sualization, Supervision, Software, Resources, Project administration, 
Methodology, Investigation, Formal analysis, Data curation, Concep-
tualization. Victoria F. Samanidou: Writing – review & editing, Vi-
sualization, Supervision, Software, Resources, Project administration, 
Methodology, Investigation, Funding acquisition, Formal analysis, Data 
curation, Conceptualization. Camelia Tulcan: Writing – review & edit-
ing, Visualization, Project administration, Methodology, Investigation, 
Formal analysis, Data curation, Conceptualization. Camen Dorin: Writ-
ing – review & editing, Methodology, Investigation, Formal analysis, 
Data curation, Conceptualization. Roberta Tripon: Writing – review 
& editing, Visualization, Software, Methodology, Investigation, Formal 
analysis, Data curation, Conceptualization. Snježana Kazazić: Writ-
ing – review & editing, Visualization, Software, Methodology, Formal 
analysis, Data curation, Conceptualization. Fani Krstulović: Writing 
– review & editing, Investigation, Data curation. Mirta Balenović: 
Writing – review & editing, Investigation, Data curation. Tajana Amšel 
Zelenika: Writing – review & editing, Investigation, Data curation. 
Ana Vulić: Writing – review & editing, Methodology, Investigation, 
Formal analysis, Data curation, Conceptualization. Claudia Daniela 
Serban: Writing – review & editing, Investigation, Formal analysis. 
Marija Berendika: Writing – review & editing, Investigation, Formal 
analysis, Data curation.

Declaration of competing interest

The authors declare that they have no known competing financial 
interests or personal relationships that could have appeared to influ-
ence the work reported in this paper. The author V.F. Samanidou is 
member of the Advisory Editorial Board for Journal of Chromatography 
Open and was not involved in the editorial review or the decision to 
publish this article.

Acknowledgements

This study was funded by the European Union NextGenerationEU 
and supported by the Ministry of Science and Education of the Republic 
of Croatia through the project No. NPOO 15 of Croatian Veterinary In-
stitute titled ‘‘Comprehensive Research on the Impact of Plant Extracts 
against resistant Staphylococcus (CRISP)’’

Appendix A. Supplementary data

Supplementary material related to this article can be found online 
at https://doi.org/10.1016/j.jcoa.2025.100275.

Data availability

Data will be made available on request.

References

[1] F. Rancé, A. Juchet-Gibon, S. Fejji, F. Brémont, G. Dutau, Sensibilisation aux 
épices chez l’enfant, Rev. Fr. D’Allergologie et D’Immunologie Clin. (ISSN: 
03357457) 34 (6) (1994) 475–479, http://dx.doi.org/10.1016/S0335-7457(05)
80391-0.

[2] Katia Gialluisi, Nada El Darra, Maria Giovanna Nicoletti, Michele Solfrizzo, 
Lucia Gambacorta, Natural occurrence of main mycotoxins in herbs and spices 
commercialized in Italy, 2025, http://dx.doi.org/10.3390/foods14111889.

[3] Lars P. Christensen, Kirsten Brandt, Bioactive polyacetylenes in food plants of 
the apiaceae family: Occurrence, bioactivity and analysis, J. Pharm. Biomed. 
Anal. (ISSN: 07317085) 41 (3) (2006) 683–693, http://dx.doi.org/10.1016/j.
jpba.2006.01.057.

[4] Bouchra Sayed-Ahmad, Thierry Talou, Zeinab Saad, Akram Hijazi, Othmane 
Merah, The apiaceae: Ethnomedicinal family as source for industrial uses, Ind. 
Crop. Prod. (ISSN: 09266690) 109 (2017) 661–671, http://dx.doi.org/10.1016/
j.indcrop.2017.09.027.
10 
[5] Tatyana Pavlova, Mikhail Stepanichev, Natalia Gulyaeva, Pentylenetetrazole 
kindling induces neuronal cyclin B1 expression in rat hippocampus, Neurosci. 
Lett. (ISSN: 03043940) 392 (1–2) (2006) 154–158, http://dx.doi.org/10.1016/j.
neulet.2005.09.021.

[6] Muhammad Gulfraz, Sajid Mehmood, Nasir Minhas, Nyla Jabeen, Rehana Kausar, 
Kokab Jabeen, Gulshan Arshad, Composition and antimicrobial properties of 
essential oil of foeniculum vulgare, Afr. J. Biotechnol. (ISSN: 16845315) 7 (24) 
(2008) 4364–4368.

[7] Yong Soo Kwon, Won Gyu Choi, Won Jun Kim, Woo Kyung Kim, Myong Jo 
Kim, Won Hee Kang, Chang Min Kim, Antimicrobial constituents of foeniculum 
vulgare, Arch. Pharmacal Res. (ISSN: 02536269) 25 (2) (2002) 154–157, http:
//dx.doi.org/10.1007/bf02976556.

[8] Chi Hoon Lee, Bo Kyung Sung, Hoi Seon Lee, Acaricidal activity of fennel seed 
oils and their main components against Tyrophagus putrescentiae, a stored-
food mite, J. Stored Prod. Res. (ISSN: 0022474X) 42 (1) (2006) 8–14, http:
//dx.doi.org/10.1016/j.jspr.2004.10.004.

[9] Firas A. Al-Bayati, Synergistic antibacterial activity between Thymus vulgaris 
and pimpinella anisum essential oils and methanol extracts, J. Ethnopharmacol. 
(ISSN: 03788741) 116 (3) (2008) 403–406, http://dx.doi.org/10.1016/j.jep.
2007.12.003.
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and chemical composition of the essential oil of foeniculum vulgare mill, Rev. 
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