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Abstract 

In this research, bear's onion from the area of Majevica was analyzed. The collected plant material was dried, ground and subjected to 
extraction in water, absolute ethanol and ethanol:water (50:50 v/v). Three extraction techniques were used to prepare the extracts: 
maceration at 300 rpm, ultrasonic extraction and Soxhlet extraction. The highest polyphenol content and the highest antioxidant capacity 
were determined for the aqueous extract obtained by maceration at 300 rpm. The aqueous-ethanol extract obtained by maceration, as well 
as the aqueous extract obtained by ultrasonic extraction showed a high polyphenol content and antioxidant activity. In general, the 
weakest effect of extraction of bioactive components from bear onion was found for extracts obtained by Soxhlet extraction. 
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1. Introduction 

Allium ursinum L. known as ramson or wild garlic is a plant which is a typical spring geophyte with a bulb in the form of an 
underground stem [1]. There are two subspecies of Allinum ursinum:  A.ursinum ssp. ursinum and A. ursinum ssp. 
ucrainicum [2]. The classification is based on the smoothness of the petiole. The petiole of A. ssp. ursinum has a rough 
texture with numerous papillae, unlike A. ssp. ucrainicum that has a smooth petiole without papillae [3,4]. Both subspecies 
require the same habitat conditions. Wild garlic usually grows in dense groups forming huge covers in hormbeam, oak and 
beech woods [5, 6]. All parts of the plant are eatable, the leaves and the bulb are most used in medical treatments. In 
traditional medicine Allium ursinum is used for: cardiovascular deseases, detoxication, as a digestive stimulant [7], for 
respiratory problems such as bronchitis and it has shown effectivness in healing wounds [8].  Ramson or bear's garlic is 
recognizable because of his greenish leaves and very specific scent which is caused by the existence of components which 
contain sulphur. Sulphur represents one of the most important components of this plant because it contributes to 
pharmacological importance of Allinum ursinum. The intensive smell that this plant has is a result of presence of alliin and 
γ-glutamylcysteines, representatives of a special class of pharmacologically active organo-sulfuric compounds S-alk(en)yl-l-
cysteine-sulfoxides [9,10]. Besides mentioned compounds, wild garlic is also a source of phenolic compounds especially 
flavonoids and non-flavonoids which is why A. ursinum has a high antibacterial, anti-inflammatory, antialergical impact 
[11]. It's excessive antioxidative effect reflects as a result of enzymes inlcuding catalase, glutathione peroxidase and 
superoxide dismutase. The activity of these enzymes protects the cells and membranes of the protein from oxidative damage 
[12]. A high antifugal and antibacterial impact is manifested in extracts from fresh leaves of A. ursinum due to sulphur 
components, of which alycine stands out the most [13,14]. Organo-sulphuric compounds such as alycine are predominantly 
unstable on room temperature [8]. A study has proved that after 20h on 20 °C alycine is completely  decomposing to di-2-
propenyl disulfide, di-2-propenyl trisulfide, di-2-propenyl sulfide, and sulfur dioxide [15]. To preclude cellular malignancy, 
health organisations are advising the usage of raw ramson in diets [8]. In addition to, reducing the risk of cancer is closely 
related to an increased consumption of plants from the Alliaceae family, especially A. ursinum, in a higher amount in 
everyday diet [16,17]. All mentioned things considered, it is no wonder why wild garlic and it's various preparations are 
widely in use both in traditional medicine and in the form of commercial products, whose usage is rapidly growing. 
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2. Experimental 

All chemical reagents were purchased from Semikem (Bosnia and Herzegovina) and Merck (Germany). Ultrapure water for 
the preparation of extracts and solutions was obtained using a TKA Smart2Pure device. Spectroscopic measurements were 
performed on a Perkin Elmer Lambda 25 spectrophotometer. 

2.1. Preparation of extracts 

Fresh bear onions were harvested in the area of Mount Majevica. The sample was dried in a dark place at room temperature 
for two weeks. The dried sample was then ground in an electric mill to a fine powder and as such used for extraction. Three 
techniques were used to prepare the extracts: maceration (M) with stirring at 300 rpm, Soxhlet (SE) and ultrasonic (UE) 
extraction. Ultrapure water, absolute ethanol and ethanol:water mixture (50:50 v/v) were used for extraction. 1 gram of 
sample was mixed with 50 mL of solvent or solvent mixture and subjected to maceration or ultrasound extraction for 1 hour. 
The mixture was then filtered through a blue strip of filter paper. For Soxhlet extraction, 10 grams of sample and 150 mL of 
solvent were used. The filtered extracts were immediately analyzed. 
 
2.2. Determination of total phenolic content (TPC) 
 
Total phenolic compounds present in the extracts were quantified spectrophotometrically through the Folin-Ciocalteu test 
following the protocol [18], with some modifications. Absorbance was measured after 1 hour of incubation at 765 nm. 
 
2.3. Ferric-reducing antioxidant power (FRAP) Assay 
 
The reducing capacity of extracts, which reflects their antioxidant capacity, was determined according to a method 
published by Benzie et al. [19]. Spectrophotometric measurements were performed at 593 nm after 30 minutes of 
incubation. 
 
2.4. DPPH radical scavenging activity 
 
A DPPH radical inhibition assay was performed according to a published method [20]. Extracts were mixed with absolute 
methanol and then mixed with DPPH radical solution. Absorbance measurements were performed at 517 nm, after which 
DPPH radical inhibition was calculated according to equation: 
 

                                                                                       100x
Ac

AsAcI −
=                                                                                               (1) 

 

where As is the absorbance of the solution containing the sample at 517 nm, and Ac is the absorbance of the DPPH solution. 

2. Results and discussion 

Table 1 shows the results of the analysis of polyphenol content and antioxidant activity of bear onion extracts in vitro. The 
numbers next to the extract label indicate the type of solvent used for extraction, as follows: (1) - aqueous extracts, (2) - 
ethanol extracts and (3) aqueous-ethanol extracts. The color of the extracts varied depending on the solvent used. Extracts 
obtained by extraction in absolute ethanol had an intense green colour due to the high efficiency of lower alcohols to extract 
plant pigments. Aqueous-ethanolic extracts were orange and aqueous extracts were light yellow. 
The results indicate that the efficiency of extraction of bioactive components from bear onions significantly depends on the 
choice of solvent and the temperature used during extraction. Soxhlet extraction has proven to be poorly effective for the 
extraction of biocomponents from bear onions, when water is used as a solvent. It is known that high temperatures can have 
a destructive effect on polyphenolic compounds in certain plant materials, which explains the lower yield of polyphenols 
and poor antioxidant activity in extracts obtained by this technique. This also explains the nutritionist's recommendation that 
bear onions should be consumed fresh and not heat-treated.  
Ultrasonic extraction has generally proven to be the most optimal method for polyphenol extraction using all three solvents. 
It was recorded that aqueous and aqueous-ethanolic extracts contain the most polyphenols when comparing extracts 
obtained by ultrasonic technique. The content of polyphenols in extracts obtained by maceration varies significantly. The 
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highest polyphenol content was found for the aqueous extract, which is also the highest polyphenol content obtained in this 
study. 
 

Table 1: Results of polyphenol content (TPC) and antioxidant activity of bear onion extracts 

Extract TPC [mg GAE/g] FRAP value [μmol/g] Inhibition of DPPH radical [%] 
SE-1 1,63 16,88 13,54 
SE-2 5,22 31,26 17,99 
SE-3 0,85 8,47 8,99 
UE-1 7,29 54,24 43,23 
UE-2 6,44 39,17 18,66 
UE-3 7,21 50,64 43,04 
M-1 10,04 100,77 81,33 
M-2 2,24 26,47 15,18 
M-3 7,43 73,24 67,99 

 
With the exception of Soxhlet extraction, ethanol used in other extraction techniques is proven to be the least efficient 
solvent, while water is the most efficient solvent for the extraction of bioactive components from bear onions, if maceration 
and ultrasonic extraction are used. The content of polyphenols is directly correlated with the reducing capacity of extracts 
and their efficiency in neutralizing DPPH radicals. Figures 1-3 graphically correlate the results of polyphenol content and 
antioxidant activity of prepared bear onion extracts. 
 

  
Fig.1. Comparison of polyphenol content in bear onion extracts Fig. 2. Comparison of the reducing ability of bear onion extracts 

 

 
Fig. 3. Comparison of the effectiveness of bear onion extracts in neutralizing DPPH radicals 

 
In the last ten years, numerous researches of bear onion extracts from various localities outside Bosnia and Herzegovina 
have been conducted. Due to the different expressions of the results, it is not possible to make a comparison with the results 
obtained in this study. Raluca Maria Pop and colleagues [21], among other things, researched aqueous and methanolic 
extracts of commercial bear onions. Analysis of the polyphenol content showed that the methanol extract contained a 
slightly higher content of these compounds compared to the aqueous extracts. Their analysis showed a generally lower 
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polyphenol content (2.46 ± 0.12 mg GAE/g DW for aqueous and 2.70 ± 0.08 mg GAE/g DW for methanol extract) 
compared to the results obtained in our study. 
Sahnoun et al. [22] analyzed aqueous extracts of bulbs and bear onion leaves from the Djerba area (Tunisia). Two 
traditional extraction methods were used: aqueous infusion and aqueous decoction. The analysis showed that the aqueous 
infusion contained 3.07 mg GAE/g fresh plant while the aqueous decoction had a higher polyphenol content than 5.68 mg 
GAE/g fresh plant. These results generally show a lower polyphenol content compared to the results obtained in our study. 
The reasons for the different results can certainly be explained by the geographical origin of the sample, the method of 
storage of the sample, the technique of preparation of the extract, the use of different solvents used in the preparation, etc. 

4. Conclusion 

Analysis of solvent efficiency and extraction technique revealed that ultrasonic extraction was the optimal technique for 
extracting bioactive components from bear onions because the results for extracts prepared by this technique were 
approximately the same. The aqueous extract obtained by maceration showed the highest content of polyphenols and thus 
the highest antioxidant activity, while other extracts obtained by this technique contained significantly lower polyphenol 
content, especially ethanol extract. Absolute ethanol proved to be effective only in the case of Soxhlet extraction while in 
other techniques it did not give the expected result. A mixture of ethanol and water proved to be a much better option for 
extracting bioactive components by ultrasound and maceration. 
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