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Antecedents of the work, set goals 
The role of food in developed countries has considerably changed in recent decades. 

Consumers not only look for tasty nutrients, but also pay more and more attention to the 

health protection and disease prevention effects of foods. Foods often enriched with active 

ingredients having beneficial effect on health are called functional foods. 

My research work aimed at finding valuable, biologically active components in the stinging  

nettle’s leaf and root (Urtica dioica L.), and preparing an extract that, thanks to its 

antimicrobial and reducing effects, could be suitable in the form of tincture (perhaps of 

powder) - even in terms of food safety - for using as functional food, food ingredient, or 

natural additive to products undergone various technological/processing treatments, and could 

also play an important role in microbiological protection in food processing. 

I intended to investigate which solvent among the four known ones would be the most 

suitable for extracting the stinging nettle’s components having antioxidant and antimicrobial 

effect. For how long and at what temperature should this extraction be performed? At what 

time of the year should the plant’s leaves be harvested, or is it worth making an extract from 

nettle root? 

During my experiments, I intended to answer several questions in this connection: 

o How can I reach maximum amount of extract with the help of supercritical, Soxhlet, and 

conventional extraction methods, adjustable operation parameters (pressure, temperature, 

extraction time) and solvents related to various methods (supercritical CO2, ethanol, 

hexane and water)? 

o To what extent is a given solvent favourable for extracting polyphenols and how much 

antioxidant/reducing capacity can I detect in the leaf or root with the help of it? 

o I intended to investigate which phenological phase in the plant’s vegetation period was the 

most suitable for harvesting leaves and roots so that the total polyphenol content (TPC) 

and antioxidant/reducing capacity (FRAP, DPPH) would be the highest. 

o During microbiological experiments, I investigated which method, solvent, setting of 

operation parameters and which concentration of extracts would be suitable for detecting 

antimicrobial activity against microorganisms that are important in respect of food safety 

and medicine. In case of a positive result, I intended to find a connection between the 

antimicrobial effect of extracts and the components most likely responsible for this effect. 

  



Materials and methods 

Materials 

Plant materials 

I used the stinging nettle’s (Urtica Dioica L.) roots and leaves as raw material, the botanical 

identification of which was determined with the help of Dr. Péter Radics, senior lecturer at 

Szent István University, Faculty of Horticultural Science, Department of Medicinal and 

Aromatic Plants. I harvested the plant samples in 4 phenological phases in the robinia forests 

in Vál, Central Hungary. 

Extraction solvents 

Distilled water, ethanol, n-hexane, supercritical CO2 

Standards used for HPLC 

pyrocatechin, quercetin, quercitrin, rutin, catechin, epicatechin, chlorogenic acid, cinnamic 

acid, dihydrobenzoic acid, syringic acid, vanillin acid, ellagic acid 

Microorganisms used during the investigation of antimicrobial effect 

Candida albicans, Candida glabrata, Candida parapsilosis, Saccharomyces cerevisiae,  

Enterococcus faecalis, Escherichia coli, Listeria innocua, Listeria monocytogenes, 

Pseudomonas aeruginosa, Staphylococcus aureus  

Operations and investigations I used during my research work 

Operations: drying, chopping, sieving, vacuum filtration, extraction (conventional, Soxhlet, 

supercritical), distillation - evaporation 

Investigations: determination of dry matter content, particle size, extraction yield. TPC, 

FRAP, DPPH, measurement of polyphenol profile with the help of HPLC method and 

investigation of antimicrobial effect.  

Preparing samples 

Drying: 

The plant’s fresh parts - in the case of root after thorough washing – were dried in a well-

ventilated place protected from light at about 30°C for two to three weeks. 

The extracts were vaporized in a rotary vacuum evaporator, and in a laboratory drying oven at 

80°C for 24 hours to constant mass. 



Chopping 

First I chopped roughly the fresh plant parts with pruning scissors, then continued the cutting 

with a grinder (BOSCH TSM6A013B). I used a knife mill (Retsch GM 200 Grindomix) and a 

mixer mill (MM 400) to chop the dried plant parts. 

Extractions 

 I performed conventional extraction to determine extraction yields and for analytical 

and microbiological measurements. I used duplicator with mixer and Memmert water 

bath as extraction apparatus. 

 I performed Soxhlet extraction with laboratory Soxhlet extractor. 

 I measured supercritical extraction (SFE) with pilot plant equipment. The high-

pressure supercritical carbon dioxide passed through the chopped, dried drug dissolved 

the substances and then by releasing the pressure in the separator, the carbon dioxide 

released from the extract. 

Determination of dry matter content 

The dry matter content in the samples was determined in two ways: in the laboratory drying 

oven at 105 °C for 24 hours to constant mass before supercritical and Soxhlet extraction, and 

with rapid moisture analyser KERN MLS 50-3HA160 before conventional single extratcion. 

Determination of particle size 

The particle size distribution in the chopped samples was determined in two ways: on the one 

hand with laboratory sieve shaker, when I carried out the evaluation with RRSB (Rosin-

Rammler-Sperling-Bennet) method, and determined the characteristic particle size, uniformity 

coefficient and specific surface of the bulk of chopped plants. On the other hand, I determined 

the particle size distribution and measured the above detailed data with laser diffraction 

equipment. 

Determination of yields 

In order to determine extraction yields, I vaporized the obtained extracts in each case, then I 

weighed it. I determined the result in mass percentage with respect to the dry matter content in 

the measured material. 

Methods used during my analytical measurements 

 Determination of total polyphenol content (TPC) 

 Determination of antioxidant/reducing capacity (with the help of FRAP method) 

 Determination of antioxidant/reducing capacity (with the help of DPPH method) 

 Determination of the quantity of rutin and quercetin with the help of HPLC 

measurement 



Methods used during my microbiological investigations 

 determination of antimicrobial effect with agar well diffusion test  

 determination of antimicrobial effect with disc diffusion test 

 

Results 
Determination of dry matter content in leaf and root in percentage of the measured amount of 

drug 

 Leaf Root 

Fresh 18.25±0.84 22.90±0.90 

Dried 90.80±0.02 91.07±0.08 
 

Determination of particle size with sieve analysis 

Based on the results of sieve analysis, the particle distribution in the chopped drug was 

modeled using the particle distribution function developed by Rosin-Rammler-Sperling-

Bennet (RRSB): 

 

    R(x) = 100 exp[-(x/xo)
n
] 

 

where R(x)  - amount retained on sieve, sum (%) 

 x      - particle size (mm) 

 xo     - characteristic particle size (mm) 

 n      - uniformity coefficient (-) 
 

Based on the graphs, I determined the chopped bulk’s average particle size xo (mm), 

uniformity coefficient n (-) and the multiplication of its specific surface with xo  F*xo 

(m
2
/kg)*(mm). My data is presented in the following table: 

 x0 (mm) n Surface (m2/kg) 

Leaf 0.45 1.45±0.01 33.33±0.01 

Root 0.50 1.41±0.10 32.72±4.80 
 

Determination of particle size with laser particle meter 

After having chopped first with laboratory mixer, then with mixer mill, I evaluated the drugs’ 

characteristic particle size (xo) with this equipment, the bulk’s uniformity coefficient (n) and 

specific surface (F) based on the measured data using a computer program (FRITSCH, 

Program "analysette 22"). 

The following table contains my results: 

 x0 (mm) n Surface (m2/kg) 

Leaf 0.150±0.001 1.18±0.02 119.46±0.27 

Root 0.042±0.001 3.05±0.16 359.37±3.42 
 



Results of extraction yields 

I investigated the effect of extraction solvents (water, ethanol, n-hexane, supercritical CO2), 

temperature (simple-single: 60-80-100 
o
C) and pressure (supercritical extraction: 100 to 450 

bar) on the yield in the case of three extraction methods (conventional extraction, Soxhlet and 

supercritical extraction). Based on the results of supercritical extraction completed on nettle 

roots, it was found that the amount of yield can be higher by increasing the pressure from  

100 bar to 450 bar. 

The following table contains the comparisons of extraction yields.  

Solvent 

Drug 

Yield weight % 

Dried  root Dried leaf Fresh leaf 

supercritical CO2 (100 - 450 bar) 0.32 - 0.61 1.11 - 1.52  - 

Soxhlet n-hexane (autumn) 0.67 ± 0.12  -  - 

Soxhlet n-hexane  (spring) 0.77 ± 0.04 1.94 ± 0.07  - 

Soxhlet ethanol 96%  (autumn) 7.78 ± 0.47 21.73 ± 1.47  - 

Soxhlet ethanol 96%  (spring) 8.00 ± 0.48 18.13 ± 1.57  - 

ethanol 20% conventional simple 15.49 ± 0.31 20.45 ± 0.77 33.55 ± 2.28 

ethanol 70% conventional simple 12.87 ± 0.17 21.16 ± 0.27 32.63 ± 0.64 

water scald conventional simple 14.18 ± 0.87 26.69 ± 0.83 42.25 ± 1.19 

water 60°C 3 hour conventional simple 17.04 ± 1.74 33.02 ± 0.30  - 

water 80°C 3 hour conventional simple 19.41 ± 1.35 29.85 ± 0.13  - 

water 100°C 3 hour conventional simple 21.23 ± 0.29 31.13 ± 0.49 48.40 ± 3.20 

ethanol 50% conventional multiple  - 25.46 ± 0.74  - 

water 80°C 3 hour conventional multiple 20.45 ± 0.24  -  - 

 

The yield in dry matter content and expressed in weight percentage may have varied more 

orders of magnitude, depending mainly on the solvent, and to a lesser extent, on the time, 

temperature and pressure of the extraction. 

 

Results of microbiological experiments 

The following three tables contain the results of my microbiological experiments. The first 

two tables show the antimicrobial activity of the extracts of a spring and autumn nettle leaf. 

The third table describes the antimicrobal properties of the nettle root extracts. 



The antimicrobial effect of the mixtures of spring nettle leaves of 100 mg/ml dry matter 

concentraion, based on the diameter (mm) and quality of the self-pruning zone. The diameter 

of agar well was 8 mm. 

 

The antimicrobial effect of the mixtures of autumn nettle leaves of 100 mg/ml dry matter 

concentraion, based on the diameter (mm) and quality of the self-pruning zone. The diameter 

of agar well was 8 mm. 

 

Microorganism 80 °C aqueous extract 100 °C aqueous extract 5% ethanol extract

zone mm

inhibition no no no

zone mm 18.0 ± 2.0 18.0 ± 1.0

inhibition total total no

zone mm

inhibition no no no

zone mm

inhibition no no no

zone mm 14.0 ± 1.0

inhibition no no total

zone mm 13.0 ± 1.5 14.5 ± 3.5 13.0 ± 4.0

inhibition partial partial total

zone mm 10.0 ± 1.0 11.5 ± 0.5

inhibition total no total

zone mm 12.0 ± 0.0

inhibition total no no

zone mm 28.0 ± 0.0 23.0 ± 8.0 10.5 ± 0.5

inhibition total total total

zone mm 20.0 ± 6.5 21.0 ± 4.0 9.5 ± 0.5

inhibition total total total
Staphylococcus aureus

Listeria innocua

Listeria monocytogenes

Pseudomonas aeruginosa

Saccharomyces cerevisiae

Enterococcus faecalis

Escherichia coli

Candida albicans

Candida glabrata

Candida parapsilosis

Microorganism 80 °C aqueous extract 100 °C aqueous extract 5% ethanol extract

zone mm

inhibition no no no

zone mm 17.0 ± 0.5 16.5 ± 0.5

inhibition total total no

zone mm

inhibition no no no

zone mm no 12.5 ± 0.0

inhibition no partial no

zone mm

inhibition no no no

zone mm 13.0 ± 0.0 13.0 ± 0.0

inhibition partial partial no

zone mm 12.0 ± 0.0 12.0 ± 0.0

inhibition partial partial no

zone mm 15.0 ± 0.0 15.0 ± 0.0

inhibition partial partial no

zone mm

inhibition no no no

zone mm 16.0 ± 0.0 15.0 ± 1.0

inhibition partial total no
Staphylococcus aureus

Listeria innocua

Listeria monocytogenes

Pseudomonas aeruginosa

Saccharomyces cerevisiae

Enterococcus faecalis

Escherichia coli

Candida albicans

Candida glabrata

Candida parapsilosis



Antimicrobial effect of spring leaf samples and quercetin, based on the diameter (mm) and 

quality of self-pruning zone, in mixture of 100 mg/ml dry matter concentration. The diameter 

of agar well was 8 mm. 

 

Antimicrobial effect of aqueous extracts was more pronounced against bacteria, than yeasts. 

Growth of Escherichia coli, Pseudomonas aeruginosa, Staphylococcus aureus and Listeria 

monocytogenes was inhibited, while antifungal effect was detected only in case of  Candida 

glabrata. 

In our microbiological experiments we have found that the antimicrobial effect of the nettle 

leaf is much more significant than in the nettle root. 

 

 

 

 

zone mm

inhibition no no no

zone mm

inhibition no no no

zone mm

inhibition no no no

zone mm

inhibition no no no

zone mm 17.0 17.0

inhibition total partial no

zone mm

inhibition no no no

zone mm 18.0

inhibition no total no

zone mm

inhibition no no no

zone mm 18.0

inhibition partial no no

zone mm

inhibition no no no

zone mm 11.0 ± 0.1

inhibition total
Pseudomonas aeruginosa

13.0 ± 1.0

total

Listeria innocua

Listeria monocytogenes

Pseudomonas aeruginosa

Staphylococcus aureus

Quercetin

Mikroorganizmus aqueous solution 80 °C (20 µg/ml) ethanol solution (10 µg/ml)

Candida albicans

Candida glabrata

Candida parapsilosis

Saccharomyces cerevisiae

Enterococcus faecalis

Escherichia coli

Root

Microorganism 80 °C aqueous extract 100 °C aqueous extract 5% ethanol extract



New scientific results - Theses 
 

1. My experiments proved that as a result of the extraction of common nettle’s leaves and 

roots, performed with different methods, the yield in dry matter content and expressed in 

weight percentage may have varied in its range depending mainly on the solvent, and to a 

lesser extent, on the time, temperature and pressure of the extraction. The following table 

contains the yield values. 

 Supercritical  Soxhlet  Soxhlet  
Conventional 

simple  
Conventional 

simple 

 CO2 n-hexan ethanol ethanol water 

Leaf 1.1 – 1.5 1.8 – 1.9 18.1 – 21.7 20.5 – 21.2 26.7 – 31.1 

Root 0.3 – 0.6 0.7 – 0.8 7.8 – 8.0 12.9 – 15.5 14.2 – 21.2 

Comment 100 bar - 450 bar 95% 96% 70% - 20% (tea) 60-80-100 °C 

 

2. I found that the extraction of polyphenols and the resulting antioxidant/reducing capacity 

depended on the solvent, the best of which was water, the second-best is ethanol, then 

hexane and supercritical CO2 the efficiency of which was close to that of hexane. In the 

case of conventional extractions, I expressed the values of total polyphenol content in 

mMGSE/g dry matter unit. I demonstrated the difference in efficiency of water and 

ethanol in case of leaf and root samples resulting from conventional extractions in the 

following two tables. 

Leaf 

Conventional extraction  Conventional extraction  

ethanol water 

 30.1 – 19.1 71.0 – 30.0 

Comment april-oct, 2018. 70% april-okt, 2018. 100 °C 

 

Root 

Conventional extraction Conventional extraction 

ethanol water 

23.9 – 15.4 25.3 – 23.4 

Comment april-okt, 2018. 70% april-okt, 2018. 100 °C 

 

 

 

 



I demonstrated in the following table the difference in total polyphenol content of extracts 

prepared with ethanol, n-hexane and supercritical CO2 obtained from root samples, 

expressed in mMpirogallol equivalent/g dry matter unit, resulting from Soxhlet and 

supercritical extractions. 

 

Root 

Supercritical  Soxhlet  Soxhlet  

CO2 n-hexan ethanol 

0.7 0.7 1.6 

Comment 300 bar 95% 96% 

 

 

3. In the series of experiments I performed throughout the life cycle of the nettle – from 

April to October –, I proved that the total polyphenol content in term of mMGSE/g dry 

matter dimension was the highest in the early spring plant. The polyphenol content of the 

leaves gradually decreased by the end of the vegetation period. This change was less 

perceptible in the root, and in some cases, even a slight increase could be observed during 

the vegetation period, which is presented in the following table. 

 

 
 

Among the extraction conditions, increasing the temperature and duration of the extraction 

resulted in an increase in the total polyphenol content and the related antioxidant capacity. 

The amount of polyphenolic compounds in the leaves was significantly higher than in the 

roots. The antioxidant capacity was also higher in the leaves than in the roots, but it 

decreased in both cases by the end of the vegetation period. 

Therefore, in terms of health protection, spring leaves are best to harvest, use and 

consume. 

 

4. My microbiological experiments proved that the 80°C and 100°C aqueous extracts of the 

common nettle’s leaves equally had antimicrobial effect on the propagation of the 

following microbial strains: Candida glabrata, Escherichia coli, Listeria monocytogenes, 

Listeria innocua, Pseudomonas aeruginosa and Staphylococcus aureus. In order to reach 

tea 60 °C 80 °C 100 °C tea 60 °C 80 °C 100 °C tea 60 °C 80 °C 100 °C tea 60 °C 80 °C 100 °C

Leaf 59.0 65.0 68.0 71.0 52.0 50.0 57.9 60.3 46.1 48.1 51.4 52.6 40.0 39.0 33.8 30.0

Root 20.0 19.8 22.3 24.2 20.0 20.7 24.5 25.3 20.0 22.0 22.2 24.3 20.0 21.0 22.0 23.4

April May June October



positive results, before preparing the extracts, it is necessary to chop the dried drug  to less 

than 0.15 mm particle size. 

I proved that the time of harvesting the plant (April to October), depending on the size and 

quality of the self-pruning zone, significantly influenced the development of the 

antimicrobial effect. Based on the size of the self-pruning zone, I found an average 

antimicrobial activity 20-30% higher in spring leaf samples than in autumn samples. 

Compared to the root, the aqueous extracts of the leaves had stronger inhibitory effect, 

both in spring and in autumn. 

In the case of ethanol extracts, only spring leaf samples showed inhibition. 

Based on literature data, rutin and quercetin are highly responsible for antimicrobial 

activity. Examining the antimicrobial activity of the two substances, I found that no 

inhibitory effect could be measured in case of rutin, while in case of quercetin, only in 

aqueous extracts of 80°C showed such effect, because – according to my measurements – 

heat treatment of 100°C probably inactivated the compound. 

  



Conclusions, suggestions 

My research work aimed at making a product from the stinging nettle’s leaf and root (Urtica 

dioica L.) - with different extraction methods, solvents and setting of parameters - that, thanks 

to its antimicrobial and reducing effects, could be suitable in the form of tincture (perhaps of 

powder) - even in terms of food safety - for using as functional food, food ingredient, or 

natural additive to products undergone various technological/processing treatments, and could 

also play an important role in microbiological protection in food processing. 

Based on my results it was found that water was the best solvent in respect of either making 

nettle extracts or environmental protection, out of which valuable bioactive ingredients/ 

polyphenolic compounds should be obtained by extraction of at least 60 °C and during for at 

least 3 hours, since higher temperatures are favourable for the extraction of these compounds. 

Therefore, if the aim is not making a vitamin-rich fresh drink, but binding free radicals 

harmful to the body during a detox diet, the extraction from the drug should be made as 

described above. 

My experiments also proved that it is worth harvesting and then drying the plant at the 

beginning of vegetation period (April). 

I found that aqueous extractions performed for 3 hours and at high temperature (80 °C and  

100 °C) were also beneficial for antimicrobial compounds, since antimicrobial activity can be 

related to the presence of polyphenols. During my experiments, I managed to develop a 

method available for anyone using a household kettle to make a detoxing/free radical 

scavenging drink at home. 

Nettle extracts can also be vaporized and used as food additive in a solid powder form in food 

technology processes or in packaging materials having preservative effect. Based on best 

practices in Mediterranean countries, I recommend using the fresh leaves of the plant in salads 

or using the dried leaves in spice mixtures. 

During my experiments, I also investigated the antimicrobial activity of rutin and quercetin, 

and the presence of the same components in my extracts. I found that quercetin contributed to 

the inhibitory effect of the solutions, but rutin had no effect on the tested microorganisms. The 

question therefore arises as to which polyphenolic compound or compounds, and in what 

composition, are responsible for the antimicrobial activity at a given phenological phase of 

the plant. It would also be interesting to see how the amount of each component changes 

throughout the entire phenological phase of the plant. 
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