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Summary 
Background. Herbs are used in both the food and pharmaceutical industry. The quality of 
products received from herbal raw materials depends primarily on the microbiological purity of 
herbs. The presence of germs in food products contributes to developing alimentary infections 
and to the contamination of food with mycotoxins. Decontamination with ultraviolet UV-C rays 
is a proven way to enhance the microbiological purity of food products as radiation directly 
affects the structure of the nucleic acid of living organisms and destroys them without selective 
biocidal activity. The aim of the study was to determine the microbiological purity of selected 
species of herbs and assess the possibility of using UV-C radiation to increase it.
Material and methods. The scope of work included the separation of three dimensional 
fractions of dried herbs such as thyme, medical cistus and stinging nettle, and then subjecting 
them to UV-C light and determining the total number of germs in the herbs with respect to the 
control sample, which consisted of untreated herbs.
Results. The tested herbs were characterised by diversified microbiological purity, depending 
on the species and a type of size fraction. Sterilisation of herbs with UV-C radiations allowed 
for increasing their microbiological purity as compared to the control sample, in the case of the 
fraction with the largest particle size by about 37% – thyme, 73% – cistus and 30% – nettle.
Conclusions. The use of UV-C radiation allowed for considerable reduction of the number of 
germs found in the examined herbs.
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Streszczenie
Wprowadzenie. Zioła znajdują zastosowanie zarówno w przemyśle spożywczym jak i farma-
ceutycznym. Jakość produktów otrzymywanych z surowców zielarskich zależy przede wszyst-
kim od czystości mikrobiologicznej ziół. Obecność drobnoustrojów w produktach żywnościo-
wych przyczynia się do powstawania infekcji pokarmowych oraz skażenia mikotoksynami. 
Dekontaminacja przy pomocy promieni ultrafioletowych UV-C stanowi sprawdzony sposób 
zwiększenia czystości mikrobiologicznej produktów spożywczych, gdyż promieniowanie to 
bezpośrednio wpływa na strukturę kwasów nukleinowych organizmów żywych i niszczy je, 
przy czym nie wykazuje wybiórczej aktywności biobójczej. Celem pracy było określenie czy-
stości mikrobiologicznej wybranych gatunków ziół i ocena możliwości wykorzystania promie-
niowania UV-C do jej zwiększenia.
Materiał i metody. Zakres pracy obejmował rozdzielenie na trzy frakcje wymiarowe suszo-
nych ziół takich jak tymianek pospolity, czystek lekarski i pokrzywa zwyczajna, a następnie 
poddanie ich działaniu promieni UV-C i określenie ogólnej liczby drobnoustrojów w ziołach 
w odniesieniu do próby kontrolnej, którą stanowiły zioła nie poddane obróbce.
Wyniki. Badane zioła charakteryzowały się zróżnicowaną czystością mikrobiologiczną zależ-
ną od ich gatunku oraz rodzaju frakcji wymiarowej. Sterylizacja ziół promieniami UV-C umożli-
wiła zwiększenie ich czystości mikrobiologicznej w stosunku do próby kontrolnej, w przypad-
ku frakcji o największym wymiarze cząstek odpowiednio o około 37%- tymianek pospolity, 
73%- czystek lekarski i o 30%- pokrzywa zwyczajna.
Wnioski. Zastosowanie promieniowania UV-C pozwoliło w znaczący sposób zmniejszyć ilość 
drobnoustrojów obecnych w badanych ziołach.

Słowa kluczowe: sterylizacja UV-C, czystość mikrobiologiczna, tymianek pospolity, czystek 
lekarski, pokrzywa zwyczajna
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Introduction

Herbal raw materials are widely used in the food, pharmaceutical and cosmetic industries. Herbs can be 
used in the form of dried, whole or ground/shredded plant parts, their blends, essential oils, herbal extracts, or 
microcapsules. Because of their characteristic aromatic and preservative properties, they are used as natural 
agents for extending the shelf life of food and as spices [1, 2]. Herbs and herbal preparations are used in therapies 
assisting conventional medicine and are also components of food products belonging to the group of functional 
foods. Health-improving properties of herbal raw materials stem from the presence of biologically active 
compounds, including glycosides, flavonoids, alkaloids and essential oils. Herbs can, however, be significantly 
contaminated by diverse microflora [3-5].

Dried herbs have a low water content, which hinders the growth of germs and occurrence of undesirable 
chemical reactions. However, despite the presence of antibiotic substances and moisture content, which is 
unfavourable for most germs, they can be colonised by generically and quantitatively diversified microflora. 
The microbiological quality of herbs mainly depends on the part of the plant which yields raw herbal material, 
because the level of microbiological contamination results from the varying degree of contact between parts 
of the plant and the external environment during cultivation (primary factors), as well as their susceptibility 
to reinfection during further processing, storage or transport (secondary factors) [6-10]. Contamination of 
herbs with microorganisms can cause changes in their sensory characteristics, chemical composition, and also 
pose a danger for the health of consumers, because of the possible occurrence of mycotoxins and pathogens. 
As demonstrated by literature data, the degree of herb infection can be very high and the overall quantity of 
microorganisms in certain types of herbal raw materials can reach 108CFU/g. The recommendations published in 
the Polish quality norms impose increasingly higher restrictions on the degree of microbiological contamination 
in herbs. These requirements include both the recommended and warning indicators pertaining to specific 
groups of microorganisms [8, 10-12].

Microbiological quality of herbal raw materials can be increased by providing adequate hygiene and 
sanitary conditions in the course of drying and grinding or shredding processes, as well as by storing them 
at the appropriate temperature. High microbiological contamination of herbal raw materials necessitates 
their decontamination. In addition to the well-known and long used methods such as e.g.: high temperature or 
chemical agents, a new and rapidly developing method of increasing product safety is provided by sterilization 
with UV-C radiation [13-15].

Sterilisation with ultraviolet UV radiation allows one to quickly and effectively neutralise microorganisms. UV 
radiation occurs naturally in nature as part of the solar light spectrum. The wavelength, intensity of its operation 
and distance from the source affects the properties of ultraviolet radiation. Sterilisation is conducted using high 
- energy UV-C rays and consist in treating microorganism cells with short 210-328 nm wavelength radiation 
which is lethal for microbes. UV-C radiation directly impacts the structure of nucleic acids in microorganisms 
and, as evidenced by tests, the most effective wavelength for inactivating microbes is the radiation band of 
254 nm. UV-C rays tear apart the links of DNA and rNA chains, thus destroying bacteria, fungi, moulds and 
other microorganisms. Moreover, UV-C rays cause denaturation of proteins in living organisms and inhibit the 
formation of suboxides and free radicals, which are also toxic to the cell [16]. 

At the beginning, the UV-C technology was only used in medicine to disinfect surgical instruments, but now 
it is also increasingly often applied in the food industry. It is a good solution in the case of products which 
cannot be treated with high temperatures. UV-C radiation would also work in conditions where humidity is 
increased, which encourages the reproduction of microorganisms in the air, on the machinery and equipment, as 
well as on the processed raw materials. Sterilisation with UV radiation is completely safe for humans. Moreover, 
its use provides additional protection for workers against microorganisms without negative impact on the 
environment. UV-C also allows for the reduction of unpleasant odours and extends the shelf life of food products 
[17, 18].

Appropriate selection of the irradiation dose allows for rapid elimination of more than 99% of harmful 
microorganisms, preventing them from reproducing, while ensuring a high level of safety for people and 
extension of the produced food durability. What is important, UV-C radiation does not show selective biocidal 
activity [16]. 

The aim of the study was to determine the microbiological purity of selected species of herbs and assess the 
possibility of using UV-C radiation to increase its degree. The scope of studies included exposure of dried herbs 
to UV-C rays in the sterilisation chamber for granular or ground/shredded materials (patent No W.125446) and 
quantitative indication of their microbiological purity as compared to the control sample. 

Influence of UV-C radiation on the microbiological...
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Material and methods 

The research material comprised the following three types of dried herbs, sourced from herb processing plants 
located in lublin Voivodeship, such as thyme (Thymus vulgaris), Cistus (Cistus ladaniferus) and stinging nettle (Urtica 
dioica L.). Using a laboratory AS 200 retsch vibratory sieve shaker, raw materials were evaluated for granulometric 
size composition in accordance with the PN-r-64798:2009P norm, which enabled them to determine the average 
particle size and the degree of fragmentation. For this purpose, seven sieves with mesh size of 0.1 mm, 0.2 mm, 0.5 
mm, 1 mm, 2 mm, 3.15 mm, 4 mm were applied. Then, the herbs were separated into three fractions with a particle 
size of <1 mm, 1-2 mm> 2 mm. The moisture content of particular herbs was estimated in accordance with the 
applicable standard (ISO 6496: 2002) [19] with the oven-drying method (t=105°C). 

Dried herbs were sterilised with UV-C radiation in a sterilising chamber for granulated materials. The 
control sample comprised raw materials which had not undergone treatment. The device, in which herbs were 
sterilized has an air-tight housing with internal UV radiators, equipped with a power and control system with 
an irradiation time setting control, as well as a rack for the input material. In order to carry out sterilisation, 
a sample weighing 1 g was sourced and spread in a thin layer in the container for this material and then it was 
exposed to UV-C radiation for 60, 120 and 180 s. The container with the material was located at a distance of 20 
mm from the UV lamp [20]. 

The quantitative determination of the microbiological purity of the dried herb was performed by using the 
plate method in accordance with the standard (BS EN ISO 4833:2004). The measurement was based on weighing 
a sample of 0.5 g and then transferring it to a 50 ml sterile Falcon tube and filling it up with distilled water. 
Then, the sample was inoculated onto a plate with a standardised medium - agar and incubated at 32° C for 48 
hours. After this time had expired the total number of microorganisms was counted [21]. The research was 
conducted at the research Centres (EAT, CBNI) at the Pope John Paul II State School of Higher Education in Biała 
Podlaska. Sterilization and determination of the microbiological purity for each of the examined herb fractions 
was performed in three repetitions. The number of microorganisms was expressed as the colony forming units 
in 1 g of product (CFU g-1) and transposed into a logarithmic form (log CFU g-1). 

Results and discussion

The research was conducted in accordance with the developed methodology. Table 1 shows the results of 
measuring the fragmentation of the dried herbs and in Figure 1 their sieve analysis is shown, which helped in 
determining the average particle size of the tested raw materials.

Table 1. level of dried herbs fragmentation

Raw material type Level of fragmentation

Thymus vulgaris 1.045 ± 0.0133
Cistus 1.876 ± 0.0346
Urtica 0.8915 ± 0.0711

Figure 1. Sieve analysis of dried herbs – percentage participation of fraction on the sieves 

Influence of UV-C radiation on the microbiological...
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Dried herbs were characterised by varying degrees of fragmentation. The stinging nettle was the most 
fragmented, and the cistus had the largest particle size. The sieve analysis showed the common thyme to have 
more than 64% share in the <1 mm fraction, the cistus almost 50% share in the <2 mm fraction and the stinging 
nettle more than 46% share in the <0.5 mm fraction. In the tested herbs, there did not occur fractions with 
a particle size below 0.2 mm. 

The measurement results of the moisture content of dried herbs are presented in Table 2.

Table 2. Moisture content of dried herbs depending on the fraction size

Raw material type Fraction size [mm] Moisture content [%]

Thymus vulgaris
< 1 8.74 ± 0.62

1 – 2 8.40 ± 0.52
> 2 7.96 ± 1.31

Cistus
< 1 10.06 ± 0.27

1 – 2 9.88 ± 0.17
> 2 9.06 ± 1.43

Stinging nettle
< 1 9.44 ± 1.21

1 – 2 9.13 ± 0.70
> 2 9.93 ± 0.26

The tested herbal materials have similar moisture content of less than 14%, which prevents the growth of 
mould [9]. The lowest moisture content is characteristic of thyme, and the highest one of cistus. Herb fractions 
with a particle size > 2 mm have lower moisture content compared to the finer fractions. 

Table 3 shows the results of microbiological purity of the dried herbs, depending on their particle size and 
the duration of sterilization.

Table 3. Microbiological purity of dried herbs depending on the size fraction and the sterilization time

Raw material type Fraction size [mm] Sterilisation time [s]
Total number

of microorganisms
[CFU · g-1]

Thymus vulgaris

< 1

0 UNC
60 490

120 388
180 220

1-2

0 UNC
60 240

120 250
180 200

> 2

0 400
60 350

120 264
180 250

Cistus

< 1

0 UNC
60 150

120 200
180 150

1-2

0 250
60 214

120 210
180 180

> 2

0 300
60 265

120 200
180 80

Influence of UV-C radiation on the microbiological...
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Raw material type Fraction size [mm] Sterilisation time [s]
Total number

of microorganisms
[CFU · g-1]

Urtica dioica

< 1

0 UNC + yeast
60 Npl

120 Npl
180 400

1-2

0 UNC + yeast
60 380

120 350
180 350

> 2

0 UNC
60 400

120 350
180 350

UNC (the uncountable colonies) > 500 CFU

The tested herbs were characterized by varying degrees of contamination, depending on the plant species 
and degree of fragmentation. The greatest number of microorganisms was determined in the smallest fractions 
of herbs – above 500 CFU (> 2.70 log CFU g-1). 

The stinging nettle was characterized by a much higher degree of microbial contamination in comparison 
with other herb genera, which is associated with a different way of harvesting herbal raw materials in each 
case. In addition, research has shown the presence of yeast in stinging nettle fractions, with a particle size of 
<1 and 1-2 mm. The cistus and thyme were harvested on plantations, but the stinging nettle was obtained from 
natural stands, which could cause a reduction in the quality of the material obtained, because it was exposed to 
herbicides or cultivation treatments [22, 23].

The use of UV-C sterilisation allowed for reducing the number of microorganisms and removing the yeast 
present in herbs, when compared with the control sample. Extending the time of UV-C radiation operating on 
the studied herbs resulted in a significant reduction of the number of microorganisms present in all fractions of 
herbal raw materials. For example, in the case of the herbs with the greatest particle size, from 2.60 to 2.40 log 
CFU g-1 for thyme, from 2.48 to 1.90 log CFU g-1 for the cistus and above and 2.70 to 2.54 log CFU g-1 for stinging 
nettle. 

The results of the analyses performed by Wójcik-Stopczyńska et al. (2009) on the evaluation of microbiological 
purity of dried herbs offered on the Polish market by different manufacturers were similar. research has shown 
that the total number of microorganisms in raw herbal material ranged from 1.76 to 6.19 log CFU g-1 depending 
on the species of the raw material [24]. Similar results were obtained by Aguilera et al. (2005), who, while 
studying the dried herb, marked the total micro-organism content from<1.0 to 6.0 log CFU ∙ g-1 [25]. However, 
the studies of other authors indicate that in dried spices and herbs, the total number of bacteria reaches a higher 
level (106-108 CFU ∙ g-1) [12, 26]. 

The comparison of the obtained results of research with the Polish standards (Farmakopea) and the 
guidelines of the International Commission on Microbiological Specifications for Foods (ICMSF) indicates that 
all the herbs investigated in this work are characterised by acceptable microbiological contamination (107CFU∙ 
g-1 or ml) [8, 26].

Conclusions

1. The smallest particle size was found in the stinging nettle, while the cistus had the largest particles.
2. The moisture content of the studied herbal raw materials is below 14%, which protects them from moulds.
3. Dried herbs showed diverse microbiological purity, where the cistus was the least contaminated one and 

the nettle had the finest particle size fraction, which may stem from a different way of harvesting these 
herbs.

4. Sterilisation by irradiation with UV-C for 3 minutes allows for a considerable reduction of the number of 
microorganisms present in herbs, in comparison with the control sample. 

5. The use of a new device for UV-C sterilisation of granulated and finely fragmented materials can increase 
the microbiological purity of herbs, but one must perform further studies with extended duration of their 
sterilisation.

Influence of UV-C radiation on the microbiological...
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