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Abstract 
The chemical composition of extract from the fruits of sweet fennel (Foeniculum 
officinale Mill.) by extraction with C2H2F4 (1,1,1,2-tetrafluorethane) was analyzed 
using GC and GC/MS. The main compounds (concentration higher than 3 %) of 
extract were: anethole (68.3) and fenchone (17.7).The studied extract demonstrated 
antimicrobial activity against Gram-positive and Gram-negative bacteria. The extract 
has antioxidant activity against DPPH radical. 
Keywords: fennel, 1,1,2-tetrafluorethane, composition, antimicrobial and antioxidant 
activities. 
 
1. Introduction 

Fennel (Foeniculum officinale All. = F. vulgare Mill. = F. capillaceum Gilib), 
family Apiaceae, originates from the Mediterranean and is cultivated in all 
countries temperate climate.There are two varieties - sweet (var. dulce (Mill) 
Thell.) and bitter (var. vulgare (Mill) Thell), which differs in morphological 
features, content and composition of essential oil [3]. 
In Bulgaria, both varieties are processed. Obtained essential oil (3 to 6%) is used 
in food industry, and to isolate the main component - anethole [4].  
Various biological and technological factors influence on the quantity of 
essential oil content and its main component: stage of harvesting [10], duration 
of storage [8], processed part of the plant [10], digest the fruit [11], processing 
by steam distillation [7] and extraction [7, 9]. 
According to Ehlers et al. [7], extraction is more suitable for processing because 
the extract contains less toxic cis-anethole and p-anisaldehid and content of 
trans-anethole is the same.  
Simandi et al. [17] monitored changes in the composition of oil derived from 
processing of fruit in four ways - steam distillation, extraction with hexane, ethyl 
alcohol and CO2. The authors obtained the lowest yield of oil in the steam 
distillation, the highest in the alcohol extraction and the extraction with hexane 



and CO2 yields were close. Anethole level is lowest in the steam distillation, and 
the highest in CO2. 
In Bulgaria, sweet fennel fruit is mainly processed by steam distillation [4]. 
There are studies for their extraction by liquid CO2 in the following technological 
parameters: temperature 18-22 OC, pressure from 4.8 to 5.4 MPa and duration 
270 min. The yield of extract is 1.4%, the main components are: anethole 
(72.3%), fenchone (11,3%) and estragole (4.3%) [5]. The extract occurs more 
marked antimicrobial activity against tested Gram-positive bacteria than Gram-
negative bacteria and yeasts [6]. 
Perspective liquid gas, allowed to obtain extracts for application in food 
industry, is C2H2F4 (1,1,1,2-tetrafluorethane). 
The aim of the present work was to obtain freon extract from fruits of sweet 
fennel and to determine its antioxidant and antimicrobial activity. 
 

2. Exposition 
2.1. Materials and Methods 

 Plant material.  
The used fruits from sweet fennel (Foeniculum officinale Mill.), harvest 2009 and 
humidity 7% [16]  were purchased from trade market.  

 Obtaining of extract.  
The air-fruits of sweet fennel were ground separately in an attrition mill to a size 
of 0.15 – 0.25 mm and the extract obtained by a 1 dm3 volume C2H2F4 (1,1,1,2-
tetrafluorethane) laboratory-extractor [14] under following conditions 
(continuous flow and evaporation of solvent): pressure 0,5 MPa; temperature  18  
- 20 ОС and time 60 min. 
The physico-chemical properties were measured according to Russian 
Pharmacopoeia [16]. 

 Determination of chemical composition.  
GC analysis was performed using an Agilent 7890A gas chromatograph equipped 
with FID detector and HP-INNOWax Polyethylene Glycol column (60 m x 0,25 
mm; film thickness 0,25 μm); temperature: 70 О - 10 min, 70 - 240 ОC - 5 ОC/min, 
240 ОC – 5 min; 240 - 250 ОC - 10 ОC/min, 250 ОC – 15 min; carrier gas helium, 
1 ml/min constant flow; injector split, 250 ОC, split ratio 50:1. 
Gas Chromatography-Mass Spectrometry Analysis: GC/MS analysis was carried 
out on an Agilent 5975C gas chromatograph, carrier gas helium, column and 
temperature as for GC analysis,  FID, 280 ОC, MSD, 280 ОC, transfer line.  

 Determination of antimicrobial activity. 
Antimicrobial activity of fennel extract was determined against pathogenic and 
spoilage bacteria and yeasts from clinical and food isolates and also against 
reference strains. The used test microorganisms and their origins are listed in 
Table 2. The strains are deposited in the microbial culture collection of 
Department “Biochemistry and microbiology”, “Paisii Hilendarski” University 
of Plovdiv, Bulgaria. Minimal Inhibitory Concentration (MIC) and Minimal 
Bactericidal Concentration (MBC) of fennel extract were determined by serial 
broth dilution method in accordance with CLIS (ex NCCLS) [13]. A stock 
solution to be tested was prepared by diluting the respective fennel extract 
sample in DMSO (Sigma-Aldrich Co.). Antimicrobial activity of the extract was 
determined in concentrations ranging from 0.00025 to 1.6 %.  

 Scavenging effect on 2,2-diphenyl-1-picrylhydrazyl radical (DPPH). 
The radical scavenging capacity was determined according to the method 
described by Mensor et al. [12]. 1.0 ml from 0.3 mM alcohol solution of DDPH 
was added to 2.5 ml from the samples with different concentration of fennel 
extract. The samples were kept at room temperature in the dark and after 30 min 



the optic density was measured at 518 nm. The optic density of the samples, the 
control and the empty samples were measured in comparison with ethanol.  
The IC50 value represented the concentration of the compounds that caused 50 % 
inhibition of radical formation.   
All experiments were done in triplicate and the results were statistically 
evaluated using a level of confidence γ = 0.95. 
 
2.2. Results and discussion  
The produced fennel extract was green liquid with strong characteristic for the 
raw material aroma, which freezes at 4 0C. The yield extract was 3.8 % (v/w). 
The physico-chemical properties are follows: dry substance (105 OC): 8.8%, 
refractive index (20 OC): 1.5249, specific gravity (20 OC): 0,9743, acid number: 
3.9.  
The yield and the physical-chemical properties of the studied fennel extract are 
comparable with the yield and the properties of fennel essential oil [4]. 
The chemical composition of the extract is presented in Table 1. 

 
№ Components RI % 
1. Anethole 1269 68.3 
2. Fenchone 1090 17.7 
3. Estragole 1183 2.8 
4. α-Pinene 939 2.5 
5. Limonene 1026 1.9 
6. Мyrcene 990 1.2 
7. γ-Terpinene 1059 0.7 
8. Camphor 1132 0.5 
9. β- Phellanderne 1031 0.5 
10 α-Phellanderne 1000 0.4 
11. Camphene 940 0.3 
12. β-Pinene 981 0.2 
13. Sabinene 973 0.2 
14. α-Terpinolene 1077 0.1 
15. Menthone 1154 0.1 
16. Sabinene hydrate 1054 0.1 
17. p-Anisaldehyde 1252 0.1 
18. p-Cymene 1020 0.1 

 
Table 1: Chemical composition of fennel extract. 

 
As seen 18 components representing 97.7% of the total content were identified. 
Six of them were in concentrations over 1 % and the rest 12 constituents were in 
concentrations under 1%. The major constituents (over 3 %) were anethole 
(68.3%) and fenchone (17.7%). Estragole (2.8%), α-pinene (2.5%), limonene 
(1.9%) and myrcene (1.2%) were at concentrations over 1 %. According to the 
content of major constituents the produced freon extract of fennel fruits was 
similar to the published in literature [7, 9]. As regards to the rest of the 
constituents the qualitative differences are due to the type of the used solvent and 
the process parameters. 
The classification of the identified compounds, based on functional groups, is 
summarized on Figure 1. The total phenyl propanoids constituted the highest 
percentage among the components of the extract (73.0%). The extract included 
also oxygenated monoterpenes (18.8%), monoterpenes (7.3%) and sesquiterpenes 
(0.9%).  
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Figure 1: Group of components in the fennel extract, %. 
1 - phenyl propanoids, 2 - oxygenated monoterpenes, 3 – monoterpenes, 4 – 
sesquiterpenes 

 
The results of antimicrobial testing are presented in Table 2. As seen the fennel 
extract demonstrated equal antimicrobial activity against Gram-positive and 
Gram-negative bacteria, belonging to species S. epidermidis, S. aureus, E. coli, 
S. abony and the both strains of yeasts belonging to species C. albicans. The 
extract was inactive against both strains of P. aeruginosa, which belong to the 
group of the most resistible bacterial strains. The ability of P. aeruginosa to grow 
in a form of biofilm and the production of extracellular polysaccharide increased 
antimicrobial resistance of these bacteria mainly through permeability barrier. 
These strains also produced two types of soluble pigments, pyoverdin and 
pyocyanin, which probably participate in cell defence against antimicrobials.     

 
№ Test microorganisms Origin MIC,% (w/v) MBC,% (w/v) 
1 Staphylococcus epidermidis Clinical isolate 0.8 0.8 
2 Staphylococcus aureus ATCC 6538 0.8 0.8 
3 Escherichia coli Food isolate  0.8 0.8 
4 Escherichia coli ATCC 8739 0.8 0.8 
5 Salmonella abony Clinical isolate 0.8 0.8 
6 Salmonella abony  ATCC 6017 0.8 0.8 
7 Pseudomonas aeruginosa Food isolate inactive 
8 Pseudomonas aeruginosa ATCC 9627 inactive 
9 Candida albicans Clinical isolate 0.8 0.8 
10 Candida albicans ATCC 10231 0.8 0.8 
 
Тable 2: Аntimicrobial activity of fennel extract. 

The results of antioxidant testing of fennel extract are presented in Figure 2. As 
seen 78.9% inhibition of DPPH radical was reached at concentration 10 mg/ml 
and the IC50 value was 6.03 mg/ml (correlation coefficient R2 = 0.998). In 
comparison with strong antioxidants such as ascorbic acid (4.20 μg/cm3), rutin 
(14.65 μg/cm3), BHT (1.12 μg/cm3) and BHA (4.41 μg/cm3) [1], which are 
traditionally used in cosmetics and food industry, the produced fennel extract 
possessed considerably lower antioxidant activity. In comparison with other 
extracts produced by low temperature extraction with 1,1,1,2-tetrafluorethane, 
the fennel extract demonstrated near antioxidant activity with the extract from 
anise fruits (IC50 е 8.32 mg/ml), the main compound - anethole [1],  higer 
antioxidant activity with the extract from coriander fruits (IC50 е 17.74 mg/ml), 
the main compound - linalool [2] and lower antioxidant activity with the extract 
from cinnamon barks (IC50 0.38 mg/ml), the main compound - cinnamal [15].  
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Figure 2: Effect of the fennel extract in the DPPH assay. 

 
3. Conclusion 

The aroma product with characteristic odour and taste and higher content of 
anethole (68.3%) was produced through low temperature extraction of fruits of 
sweet fennel (Foeniculum officinale Mill.) with 1,1,1,2-tetrafluoroethane. The 
produced extract demonstrated antimicrobial activity against some of the most 
widely spread pathogenic and spoilage bacteria and yeasts and higher 
antioxidant activity in comparison with other extracts produced by low 
temperature extraction. Currently the experiments for application of the 
produced fennel extract in cosmetic and food products are in progress. 
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