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Sekce 1 Hygiena a technologie potravin

Use of the fluorescent probe 2',7'-dichlorofluorescin diacetate (DCFH-DA)
for the detection of oxidative stress in dried plant matrices

Katerina Kristofova, Matej Pospiech

Faculty of Veterinary Hygiene and Ecology, University of Veterinary Sciences Brno

Summary

The aim of this work was to detect the level of total oxidative stress in dried plant matrices.
Dried leaves of green barley and matcha green tea in powder form were selected for analysis.
The samples, fixed on a slide using glycerol gelatin, were incubated with 2',7'-dichlorofluorescin
diacetate (DCFH-DA) fluorescent probe for 30 min without light access and then analyzed using
Leica DM5500 microscope with Leica K5 fluorescence camera and lex 504 nm; Aem 524 nm
fluorescence cube. The analysis showed significant differences (p<0.05) between the control group of
dried green barley sample and the group of samples treated with the fluorescent probe, a significant
difference (p<0.05) was also observed in the case of barley and matcha tea samples with probe
application. However, in the case of matcha green tea, no significant differences were observed
between

the samples. The 2'7'-dichlorofluorescin diacetate (DCFH-DA) fluorescent probe appears
to be a sensitive method for the determination of total ROS levels in plant samples, also suitable
for dried green barley matrix.

Keywords: oxidative stress; DCFHDA,; fluorescent microscopy; plant matrices

Introduction

Oxidative stress can be defined as an imbalance between reactive oxygen species (ROS)
and the antioxidant defences of the cell. It is a consequence of an excess of ROS (Kotha et al.,
2022). Detection and monitoring of oxidative stress plays a role in the quality control
of plant-derived foods during processing and storage. Oxidative reactions can adversely affect
the nutritional value, sensory properties and shelf life of foods due to damage
to macromolecules such as lipids, proteins and antioxidants (Ehrenbergerova et al., 2009).
Dried plant matrices are particularly susceptible to oxidative damage. During drying, loss
of antioxidant capacity and generation of ROS can occur due to high temperatures and oxygen
exposure. Subsequent storage can also initiate oxidative chain reactions leading to spoilage
and deterioration of nutritional and sensory properties. The use of DCFH-DA probes allows
monitoring these changes and optimizing processing and storage conditions to minimize
oxidative stress (Meitha et al., 2020).

One of the techniques used to detect oxidative stress is the use of the 2',7'-dichlorofluorescin
diacetate (DCFH-DA) fluorescent probe. This molecular probe is non-fluorescent until
it is deacetylated by cellular esterases to a non-fluorescent compound, which is further
oxidized in the presence of reactive oxygen species (ROS) to the highly fluorescent
2', 7'-dichlorofluorescein (DCF). Thus, the increased fluorescence of DCF indicates the
increased presence of ROS, which are important markers of oxidative stress (Kim, 2020). The
DCFH-DA method has a number of advantages such as high sensitivity, ease of use, ability
to detect a wide range of ROS and the ability to perform analyses in the presence of cells or
high spatial resolution in the case of microscopic imaging techniques (Gomes et al., 2005).
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Material and methods

Samples of dried green barley leaf juice and dried matcha green tea leaves in powdered form
were selected for analysis. The samples were fixed on a glass slide using glycerol white in the
amount of 0.3g. A stock solution of 2',7'-dichlorofluorescin diacetate (DCFH-DA) (Sigma-
Aldrich, MO, USA) was dissolved using dimethyl sulfoxide at a concentration of 20 puM.
The samples were washed in phosphate buffered saline (PBS). The DCFH-DA solution was
applied to the samplesin a volume of 0.5 ml. Subsequently, the samples were incubated for 30
min without daylight. The control did not contain DCFHDA solution. The samples thus
prepared were subjected to analysis. Sample preparation and measurements were performed at
room temperature with no light access.

Samples were analyzed using a DM5500 microscope with a Leica K5 fluorescence camera
The microscope was equipped with a Aex 504 nm; Aem 524 nm fluorescence cube. Samples
were imaged through a 40x objective. The images were analyzed using LAS X software
(Leica Microsystems, Germany). Statistical analysis of the results was performed using
Microsoft Office Excel software - XLSTAT (Lumivero, USA), Kruskal-Wallis test. The
significance level was set at 0.05. Results are presented as the mean of 4 measurements.

Results and Discussion

Oxidative stress in dried samples of green barley and matcha green tea was determined using
the DCFH-DA fluorescent probe. The fluorescence intensity of the 2',7'-dichlorofluorescein
(DCF) formed after DCFH oxidation served as an indicator of the presence of reactive oxygen
species (ROS) inducing oxidative damage.

An increase in fluorescence signal intensity of 74.65+8.89% was observed in the group
of green barley samples treated with DCFH-DA (Figure 1) compared to the control. In the
case of matcha green tea samples, an increase of 64.7+5.7% (Figure 2) was observed after
DCFHDA application compared to the control. By applying DCFH-DA solution, significant
differences of p<0.05 were observed between green barley tea sample group and control.
These interactions were recorded 30 minutes after probe application. A statistically significant
difference of p<0.05 was also recorded between green barley and matcha tea samples after
DCFHDA application. The differences between green tea samples showed no statistically
significant difference p>0.05.
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The significantly higher level of DCF fluorescence in the DCFH-DA treated sample
compared to the untreated control indicates the presence of increased oxidative stress
and ROS accumulation in green barley shoots. This finding is in line with expectation
as DCFH-DA acts as a molecular probe specifically reacting with ROS to produce highly
fluorescent DCF. In the case of green barley shoots, their formation could have been
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promoted by metabolic processes during germination and growth (Ehrenbergerova et al.,
2009).

The measured DCF fluorescence values provide an indication of the level of oxidative stress.
A significantly lower level in the control sample without DCFH-DA indicates a natural basal
level of ROS, whereas a significant increase in the treated sample indicates higher oxidative
stress caused by the exogenously added DCFH-DA probe. The results confirm the suitability
of the DCFH-DA probe as an analytical tool for the detection of oxidative stress in plant
matrices.

Conclusion

The aim of this work was to detect the level of oxidative stress using DCFH-DA. Statistically
significant differences were found between the sample groups after DCFH-DA treatment and
the control samples. Thus, the use of the DCFH-DA fluorescent probefor the detection
of oxidative stress in dried plant matrices is a valuable analytical method. This provides
an indicator of the degree of oxidative damage that can adversely affect the nutritional value,
sensory and shelf life of these products.
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Optimizing Insect Analysis with Raman Spectroscopy: Assessing Polar
Solvents Suitability and pH Impact

Jana Caloudova, Matej Pospiech

The Faculty of Veterinary Hygiene and Ecology, The University of Veterinary Sciences Brno

Summary

The main objective of this study was to investigate the suitability of polar solvents and their pH
influence on extracting selected edible insects for their detection by Raman spectroscopy. Dried
specimens of Acheta domesticus (house cricket), Zophobas morio L. (superworm), and Tenebrio
molitor L. (mealworm) were analysed. Extraction utilized four polar solvents at specified pH levels:
distilled water (pH 7.0), PBS (Phosphate Buffered Saline; pH 2.4, 7.4, 9.4), TBS (Tris Buffered Saline;
pH 7.4), and Citrate Buffer (pH 6), in a 1:5 solvent-to-sample ratio. Raman spectroscopy verified the
discernibility of solvents from insect samples, thus validating their appropriateness for detection
purposes. Through the recording of Raman spectra of detected insects and subsequent statistical
analysis, it was determined that PBS at pH 9.4 was the most suitable solvent, characterized by the
highest signal attenuation and optimal peak resolution, even when applied to closely related insect
species.

Keywords: extraction, distilled water;, PBS; TBS; Citrate Buffer, Tenebrio molitor; Zophobas morio,
Acheta domesticus

Introduction

The detection of edible insects in the food industry has garnered significant attention due
to escalating concerns regarding food adulteration. Raman spectroscopy, increasingly
employed in biological research, is a light scattering technique that produces molecular
fingerprints through the distinctive scattering of monochromatic light, typically in the near-
infrared (NIR), visible, or ultraviolet (UV) range, depending on the type of analyser.
This scattering mechanism relies on the vibrational modes of molecules, enabling inference
of the composition and native structure of the samples under investigation (Butler et al., 2016;
Woodrow et al., 2024). The selection of a suitable solvent is crucial for sample preparation in
Raman spectroscopic analysis. Previous research comparing the suitability of polar and non-
polar solvents has indicated that polar solvents are more effective for preparing edible insect
samples for analysis. In this study, we aimed to focus on optimizing insect analysis with
Raman spectroscopy by assessing the suitability of different polar solvents, focusing on the
effect of their pH.

Material and methodology

Samples of dried specimens of Acheta domesticus, Zophobas morio L., and Tenebrio molitor
L. from the commercial market network were analysed. Dried insects were mixed with a hand
mixer (Bosch, Germany) and then extracted using four polar solvents at specified pH
levels: distilled water (pH 7.0), PBS (Phosphate Buffered Saline; pH 2.4, 7.4, 9.4), TBS
(Tris Buffered Saline; pH 7.4), and Citrate Buffer (pH 6), in a 1:5 solvent-to-sample ratio (2 g
mixed insects : 10 ml solvent). Extraction was performed in 15 ml centrifuge tubes placed
in an ultrasonic water bath (Bandelin, Germany) for 15 min. Subsequently, the sample was
centrifuged in a Centric 322A centrifuge (Domel, Slovenia) at 3000 rpm for 30 min, to
separate the solid and fatty components and to recover the pure supernatant. Then, the
supernatant was collected from the centrifuged sample and filtered through a CA 0.45 pm
injection microfilter (Braun, Germany) into 4 ml vials. The sample thus prepared was
subsequently analysed by a Raman spectroscope HR-TEC-X2-785 (StellarNet, USA). Since
the samples lacked detailed Raman characterization prior to this analysis, spectra were

8
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initially collected over the wavenumber range of 100 to 2000 cm '. A laser (Ondax,
Germany) with a wavelength of 785 nm, power of 91 mW and 80 % intensity was used. Each
of the individual samples was scanned, averaging 8 times. Depending on the sample character,
an integration time from 500 to 2000 ms was used. The data were then statistically evaluated
using Microsoft Office Excel and XLSTAT software (Lumivero, USA) using discrimination
analysis (DA).

Results and discussion

Polar solvents with different pH were used in the experiment. Raman spectroscopy provides
results in the form of a spectral curve in the range of the measuring analyser. The method
monitors the shift of the Raman spectroscope response from the reference value, which occurs
due to interactions between the analytes. For each wavenumber, the intensity of the shift
is obtained, which is specific to a certain property of the analytes or their chemical structure.
It has been confirmed that Raman spectroscopy can separate polar solvent peaks from
wavenumbers specific to the insect species detected. It was confirmed that the use of
different pH solvents has an effect on the results obtained. Based on the recording of Raman
spectra of the detected insect species, it was shown that PBS at alkaline pH 9.4 was the most
suitable solvent for insect extraction, as the highest signal attenuation occurred, with the best
peak resolution, even for related ZM and TM species (Figure 1). The suitability of the pH of
the chosen solvent is also highlighted by the study of Ji et al. (2014), for whom a PBS
solution at pH 2.0 was most suitable for the analysis of other animal products (milk powder
and chicken meat) by surface-enhanced Raman spectroscopy.

Observations (axes F1 and F2: 100,00 %)
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Figure 1: Discrimination analysis of insects dissolved PBS at pH 9.4 (TM — Tenebrio molitor
L., ZM — Zophobas morio L., AD — Acheta domesticus)

The results of discrimination analysis for PBS pH 9.4 also showed 100% accuracy for the
training sample, 50% for cross-validation, and 80% for the validation sample, indicating good
performance of the model on the training data but lower performance on new data. The high
accuracy of 100% on the training sample suggests a robust performance of the DA model,
albeit with a decrease in accuracy to 50% on cross-validation and an increase to 80% on the
validation sample, highlighting the need for further refinement or validation of the model. In
contrast, the confusion matrix parameter for the cross-validation results for dissolution in PBS
at pH 7.4 was only 33.3% and for PBS at pH 2.4 was only 16.7%. TBS at pH 7.4 performed
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in DA also well, achieving 100% accuracy for both the training and validation samples.
However, its accuracy dropped significantly to 16.7% when tested on the cross-validation
sample. This indicates that while the TBS solution at pH 7.4 is effective for classifying the
training and validation samples, it may not generalize well to new, unseen data.

The suitability of Raman spectroscopy for the analysis of the presence and structure of insect
proteins is confirmed also in a study by Woodrow et al. (2024). Raman spectroscopy has been
shown to be an effective method for in situ characterization of insect tissues. Raman allowed
the identification of resilin- and cuticle protein-rich tissues based on differences in their
Raman spectra. The study demonstrated that it was possible to identify the Raman spectrum
from the outer cuticle, but also penetrate deeper into the sample to identify the characteristic
spectrum of naphthalene. This provides evidence of Raman's capability to investigate Raman-
active biomolecules within the insect body.

Integrating Raman spectroscopy with other methods, such as fluorescence spectroscopy,
which could enable rapid monitoring of the composition of edible insects, may represent a
powerful approach for assessing the composition and quality of insect-based foods (Rossi et
al., 2021).

Conclusion

In conclusion, it was shown that Raman spectroscopy can be used to discriminate the detected
insect species dissolved in different solvents based on the spectra obtained. The most suitable
polar solvent for this method was PBS at pH 9.4, for which the most pronounced distribution
of signal peaks was observed. The chosen methodology could be useful in the future for the
detection of food adulteration with declared insect content. It is also important to investigate
the effect of measuring the Raman spectrum in different settings. The present study in Raman
spectroscopy optimization for insect detection contributes to the advancement of
methodologies in food safety and quality assurance, with potential implications for broader
contexts such as entomophagy and sustainability. To improve the method, it would be useful
to increase the number of samples with different insect species and to verify the effect of the
matrix of multi-ingredient foods on their detection.
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Production of Soaps of used fried oil and other by-products

Leila Zayed, Dani Dordevic, Bohuslava Tremlova

The Faculty of Veterinary Hygiene and Ecology, The University of Veterinary Sciences Brno

Summary
Frying is a widely practiced culinary method globally, resulting in the annual production of

approximately 200 million tons of frying vegetable oils, a figure that tends to increase. Even a minimal
discharge of waste oil into water can contaminate amounts of freshwater and pose health risks,
including cardiovascular ailments. There is considerable potential to utilize waste frying oil in various
applications, including lubricants, resins, and soaps. Homemade soap production through
saponification offers a promising solution. This study aims to evaluate the potential effects on the
Physicochemical Properties of the Soap by adding other by-products to homemade soaps such as
Orange peels and spent coffee ground. In this study were applied certain methodologies such as the
preparation of samples and assessment of the Physicochemical Properties of the Soap, such as total
fat matter, solubility, and foaming. The results show that soaps with OP and SCG did not differ
statistically from the control samples when it came to TFM, as well as the highest foaming rate was
recorded for the sample with the addition of 1% orange powder OP1%. Solubility was 100% for all
samples, which indicates that the non-soluble waste of cooking oils that were fortified with SCG and
OP was turned into a 100% water-soluble product.

Keywords: Saponification, Byproducts utilization, oil utilization, waste frying oil, soap foaming, soap
TFM

Introduction

The escalating global population is driving an upsurge in waste generation, underscoring the
burgeoning significance of reverse logistics systems (Antonic et al., 2021). Among the waste
streams, used frying oil emerges as a notable byproduct with adverse environmental
implications (Panadare & Rathod, 2015). Frying is a prevalent culinary practice worldwide
(Mannu et al., 2020), and in line with the World Health Organization recommendations of
20-25 kglyear per capita edible oil consumption (Panadare & Rathod, 2015). Even a 1-liter
discharge of waste oil into the water can contaminate up to 500,000 liters of freshwater
(Panadare & Rathod, 2015), (Gokalp & Uz, 2019) and pose health risks, including
cardiovascular ailments for frequent consumers of fried oils (Mannu et al.,2020).

While a considerable portion of industrial and restaurant waste frying oil undergoes collection
and repurposing (Lopes et al., 2019), a significant quantity, particularly from households,
remains inadequately managed. Consequently, a notable fraction of this waste infiltrates
sewage systems, precipitating environmental and economic quandaries. The presence of oil-
laden wastewater engenders substantial environmental hazards, imperiling groundwater
reservoirs, aquatic ecosystems, agricultural practices, potable water access, and ultimately,
human well-being (Ladet al., 2021).

While a considerable portion of industrial and restaurant waste frying oil undergoes collection
and repurposing, a significant quantity, particularly from households, remains inadequately

11
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managed (Shahbandeh, 2024). Consequently, a notable fraction of this waste infiltrates
sewage systems, precipitating environmental and economic quandaries. The presence of oil-
laden wastewater engenders substantial environmental hazards, imperiling groundwater
reservoirs, aquatic ecosystems, agricultural practices, potable water access, and ultimately,
human well-being (Ladet al., 2021).

Today, there exists significant potential for repurposing waste frying oil as an affordable
resource in various applications such as biodiesel, lubricants, resins, and soaps, among others,
including bitumen rejuvenation or as a component in fermentation media (Panadare &
Rathod, 2015), (Gokalp & Uz, 2019). Finding ways to utilize waste frying oils originating
from households is crucial. One viable solution could involve producing homemade soaps,
(Maotsela et al., 2019), which requires minimal energy and generates virtually no byproducts
through the saponification process. Consequently, this approach is hailed as a green
technology with promising prospects (Félix et al., 2017).

Material and methods
-Sample Preparation

The soap samples were crafted through cold saponification, incorporating used/fried

oil and supplemented with orange peel and spent coffee grounds (SCG). The production
methodology adhered to the cold saponification procedure initially outlined by Adigun et al.
(Adigun et al., 2019), with minor adjustments. Specifically, 130 grams of filtered oil were
amalgamated with 66.92 grams of a 26% (w/w) NaOH water solution using a blender for 3 to
5 minutes. Subsequently, the resultant blend was poured into molds and left to mature in
ambient conditions for 24 hours. Following a four-week maturation period, the soap samples
were ready for analysis. Additionally, SCG and orange peels were incorporated into the soap
samples at varying concentrations of 1%, 2.5%, and 5%.

Table 1. The description of the samples

Samples Ingredients

Control 130 g fried oil + NaOH

OP1% 130 g fried oil + NaOH + 1 % range peel

OP2.5% 130 g fried oil + NaOH + 2.5 % range peel

OP5% 130 g fried oil + NaOH + 5 % range peel

SPG1% 130 g fried oil + NaOH + 1 % spent coffee grounds

SPG2.5% 130 g fried oil + NaOH + 2.5 % spent coffee grounds
SPG5% 130 g fried oil + NaOH + 5 % spent coffee grounds

-Physiochemical parameters measurement

The physicochemical parameters studied on soap samples included: total fat matter, foaming,
solubility
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Foam production and stability were evaluated following the methodology described (Antonic
et al., 2021). Specifically, 20 mL of a 0.5% soap solution underwent 30 seconds of
homogenization within a 400 mL low-form glass beaker, using the HG-15A homogenizer
manufactured by Witeg in Wertheim, Germany. The homogenization process occurred at
approximately 13,500 RPM, employing the HT1025 dispersing tool. Foam volume was
measured immediately after mixing and again after 30 minutes. The foaming capacity was
determined using the following formula:

% Foaming capacity = (V(after homogenization) — V(initial solution))/V (initial solution)
x 100 (3)

The foam stability was calculated using the formula:
% Foam stability = V(foam after 30 min)/V(foam after homogenization) x 100

To determine the total fat content, a 10 g sample of soap was dissolved in hot ethanol that had
been neutralized, and then filtered. The residue left on the filter indicated the portion of the
material that was not soluble in alcohol, referred to as Matter Insoluble in Alcohol (MIA).
The MIA value was determined by drying and weighing the filter, and the total fat content
was calculated using a specific formula.

% Total fat matter = (100 — (moisture content + MIA))/1.085

In this scientific investigation, we commenced by procuring three distinct samples, each
containing a 1% soap solution infused with orange peels, all prepared in distilled water.
Specifically, these solutions were derived by dissolving 1 gram of soap in 100 milliliters of
distilled water. Subsequently, we determined the mean value across these samples and
subjected the data to analysis of variance (ANOVA) to compute the standard deviation.
Furthermore, to expand our study, we extended the same procedural approach to formulate
soap solutions containing orange peels at concentrations of 2.5% and 5%. In parallel, an
additional set of soap samples was prepared, this time incorporating coffee grounds into the
soap mixture. The integration of coffee grounds was executed at various concentrations,
leading to the creation of multiple soap samples with coffee grounds. Following this
preparation, three independent samples were drawn for each concentration, and their
respective means were calculated and subsequently subjected to ANOVA analysis to ascertain
the associated standard deviations.

Results
The results for foaming properties, moisture content and solubility are present in Table 3.

Foaming is one of the most important properties involved in the cleaning properties of soap.
These characteristics can be explained by considering the fatty acid compositions of the oils

utilized in soap formulation. For instance, the presence of saturated fatty acids like lauric acid
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and myristic acid is known to produce soap with fluffy lather and high cleansing power
(Awang et al., 2001), (Legesse, 2020). The highest foaming rate was recorded for the sample
with the addition of 1% orange powder OP1% and the lowest after the addition of 1% coffee
grounds SPC1%. Solubility was 100% for all samples, which indicates that the non-soluble
waste of cooking oils that were fortified with SCG and OP was turned into a 100% water-
soluble product (Rahayul et al., 2021).

Table 2. Total fat natter and foaming of soaps produced with the addition of orange peel and
spent coffee ground

Samples Foaming (%) Total Fat Matter
Control 129 + 27 91.17+0.61

OP 1% 148 £ 27.53 91.59 + 0.26°
OP 2.5% 123 +£16.58 91.90 + 0.02°
OP 5% 126 +23.93 91.83 + 0.04%
SPG 1% 125 +9.128 90.61 + 0.16"
SPG 2.5% 105 £+ 16.83 91.55 + 0.06°
SPG 5% 125+ 33.41 91.16 + 0.36

*Different lowercase letters indicate statistically significant differences (p < 0.05) between
rows: (a, b, c, d, e, )

Conclusion

Our results emphasize issues concerning the disposal of used frying oil, spent coffee grounds,
and orange peels, mainly accumulated by culinary preparations in homes and restaurants.
Soap production from used/fried different types of culinary oils represents an alternative,
more ecological treatment of the waste that can be indubitably harmful to the environment.
The study highlighted the different chemical properties of soaps produced from fried oil. No
significant difference was found between the soaps without OP and SCG when it comes to
TFM or Foaming Properties. Further study is needed about further physiochemical

parameters as well as end costumer satisfaction results.
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Vliv difosfore¢nanu tetradraselného na vybrané funkc¢ni vlastnosti taveného
syra

Effect of tetrapotassium diphosphate on selected functional properties of
processed cheese
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Summary

The aim of the study was to evaluate the effect of tetrapotassium diphosphate (K4;P,0; DFD) addition
on the physicochemical, viscoelastic and sensory properties of processed cheese (PC; 40 % w/w dry
matter and 50 % w/w fat). DFD was used in concentrations of 1.5-3.0 % w/w with a concentration
shift of 0.5 % w/w. Sampling was performed on the 30" day of storage (6 + 2 C). The pH values of
the PC increased gradually with increasing amount of emulsifying salt in the sample. All model PC
samples behaved as gels exhibiting a more elastic behavior (G'>G", tan 0<I). It was also found that
the viscoelastic moduli G" and G" increased with the increasing frequency. In addition, no bitterness
was detected in any of the PC samples examined. From the results obtained, it can be concluded that
the functional properties of the tested PC samples were influenced by the tested concentration of DFD.
The 2 % w/w concentration of DFD was found to be the most effective in increasing PC rigidity
without bitterness and off-flavours.

Keywords: processed cheese; potassium diphosphate; emulsifying salts; functional properties

Uvod

Taveny syr (TS) je komplexni viceslozkovy mlécny systém popsany jako stabilni emulze olej
ve vod¢. Zahfevem pfirodniho syru, masla a vody za pfitomnosti tavicich soli, stdlého
michani a ¢astecného vakua ziskame produkt s prodlouZenou trvanlivosti. Pfitomnost tavicich
soli v prubéhu vyroby TS je nezbytna pro zajisténi homogenni a hladké konzistence vyrobku
(Salek et al., 2016; 2017). Pouziti draselnych tavicich soli miZe pozitivné piispét ke sniZeni
sodiku v TS, nebot jeho vysoky pfijem zvySuje riziko vzniku kardiovaskularnich
onemocnéni. V TS je vysoky obsah sodiku (obvykle v mnozstvi > 1 % w/w) ve formé NaCl a
tavicich soli na bazi sodiku (citraty, fosfaty, a polyfosfaty) (Hoffmann et al., 2012; Chavhan
etal., 2015).

Cilem predkladané studie bylo posoudit vliv difosfore¢nanu tetradraselného (DFD)
v koncentracich 1,5-3,0 % w/w s koncentraénim posunem 0,5 % w/w na fyzikalné-chemické,
viskoelastické a senzorické vlastnosti TS (s obsahem suSiny 40 % w/w a obsahem tuku
Vv susingé 50 % w/w).

Material a metodika

Modelové vzorky TS o cilové susiné 40 % w/w a tuku v susiné 50 % w/w byly vyrobeny
pomoci piistroje Niromix (Nirosta s.r.o., Chlumec nad Cidlinou, CR). Nejdiive byl do
pfistroje davkovan pfirodni syr holandského typu (52 % w/w suSiny a 30 % w/w tuku
v suging, zralost 7 tydni; Lacrum s.r.o., Valaiské Mezifi¢i, CR) nakrajeny na kostky (20 x 20
x 20 mm) k dezintegraci (60 s pfi 3000 otacek/min), poté bylo pfidano maslo (85 % w/w

vvvvv

koncentracich (1,5; 2,0; 2,5; 3,0 % w/w) a voda. Tavici proces probihal pfi 901 °C (vydrz 3

16



Sekce 1 Hygiena a technologie potravin

min., 3000 otacek/min). Horka tavenina byla nalita do hlinikovych kelimkt (primér: 75 mm,
vyska: 27 mm, objem: 100 ml) a uzaviena hlinikovymi vicky. Analyzy zékladnich fyzikalné-
chemickych, viskoelastickych a senzorickych vlastnosti byly provadény 30. den skladovani
(6£2 °C), pticemz 1. den byl dnem vyroby.

Obsah susiny byl stanoven podle ISO 5534 (ISO, 2004). Analyza byla pro kazdy vzorek
provedena 6krat (n=6). pH vzorkd byla stanovena pomoci pH-metru Foodcare (HI 99161,
Hanna Instruments, USA) vybaveného sklenénou vpichovou elektrodou. Analyza byla
provedena vpichem do Sesti riznych mist kazdého vzorku (n=18).

Stanoveni viskoelastickych vlastnosti bylo provedeno reometrem Thermo ScientificTM
RheoStress 1 (HAAKE Bremen, Némecko) za pouziti geometriec deska-deska
(d: 35 mm, vyska mezery: 1 mm) pii hodnoté amplitudy smykového napéti 20 Pa. Zvoleny
frekvencni rozsah byl od 0,1 do 100,0 Hz. Mé&feni probihala za teploty 20,0+0,1 °C. Analyza
byla provedena pro kazdy vzorek 3krat (n=3). Byl zaznamendn elasticky (G") a viskozni (G")
modul pruZnosti, z kterych byl nésledn& vypo&ten komplexni modul pruznosti (G*) podle
rovnice: G* = /(G)? + (G")? a tangens fazového tihlu delta (tan 5 = G"/G'). Hodnoty G a
tan 0 byly vyjadirené pro referen¢ni frekvenci 1 Hz.

Senzorické hodnoceni TS probé&hlo v souladu s normou 1SO 8586 (ISO, 2012) a 1ISO 8589
(ISO, 2007). Ptfi hodnoceni byla pouzita pétibodova hedonicka stupnice (1 - vynikajici; 3 -
dobry; 5 - nepfijatelny) pro vzhled a barvu, tvrdost a roztiratelnost, (1 - zanedbatelna; 3 -
sttedni; 5 - nadmérnd) pro hotkost a pfitomnost cizich pachil a pachuti. Celkové hodnoceni
vyrobku bylo provedeno pomoci sedmibodové hédonické stupnice (1 - velmi dobry, 7 - velmi

Spatny).

Ziskané vysledky byly vyjadfeny jako primér + smérodatna odchylka. Statistickd analyza
byla provedena pomoci Kruskal-Wallisova a Wilcoxonova testu s vyuzitim softwaru
Minitab® (Minitab®, Ltd., UK) na hladin€ vyznamnosti a=0,05.

Vysledky a diskuze

Zakladni chemicka analyza

U modelovych vzorka TS s ptfidavkem DFD o riizné koncentraci nebyly pozorovany zadné
vyznamné rozdily v obsahu susiny (P>0,05). Dal$im sledovanym faktorem byla hodnota pH,
ktera se pohybovala v intervalovém rozmezi od 6,03+0,01 do 6,72+0,01. Vyss§i hodnoty pH
byly zjiStény také ve studii Hoffmann et al. (2012), ktefi pouzili pro vyrobu TS smési sodnych
a draselnych tavicich soli, jejichZ nejvyssi naméfena hodnota pH byla 5.86+0.21. Nase studie
se zabyvala vlivem jednodruhovych tavicich soli, nikoli smési. Proto s mensimi odchylkami
od optimalnich hodnot pH (5,5-5,8) je nutno pocitat. Déle bylo zji§téno, Ze s rostoucim
mnozstvim tavici soli ve vzorku TS rostl parametr pH (P<0,05).

Dynamicka oscila¢ni reometrie

Vsechny modelové vzorky TS se chovaly jako gely vykazujici elastické chovani (G™>G", tan
0<1). Z Obr. 1 je patrné, ze parametry G” a G" se zvySovaly s rostouci frekvenci. Na zaklad¢
vysledkli bylo zjiSténo, Ze viskoelastické vlastnosti byly vyznamné ovlivnény pouZitou
koncentraci DFD (P<0,05). S rostouci koncentraci DFD jsme se na pocatku experimentu
domnivali, ze by méla stejné tak rist i tuhost vzorkli TS, ovSem tento trend se nepotvrdil. To
1ze zdivodnit zejména tim, zZe aplikovany druh tavici soli ptisobil na syrovou matrici riznou

intenzitou iontové vymény v prubéhu taviciho procesu. Nebot ¢im intenzivnéjsi iontova
vymeéna ve vzorku probihd, tim lze ocekavat 1 vyssi tuhost findlniho vyrobku TS (Nagyova et
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al., 2014). Vyhodnoceni viskoelastickych vlastnosti bylo také doplnéno o parametry G atan
8. Nejvyssi hodnotu G vykazovaly vzorky s piidavkem DFED o koncentraci 1,5 % (15 977 Pa)
a 2,0 % (12347 Pa). Vyssi hodnoty G si lze vysvétlit intenzivnéjSimi interakcemi ve
vzorcich TS, jako jsou vodikové nebo disulfidické vazby, vapenaté mustky, hydrofobni
interakce nebo elektrostatické interakce. Tyto reakce piispivaji k tvorbé ,hustsi“ finalni
struktury TS (Nagyova et al., 2014; Salek et al., 2016). Ptidavek vysSich koncentraci DFD
nemé¢l vyznamny vliv na konstantni zvySovani G* (DFD o 1,5 %: 15 977 Pa; 2,0 %: 12 347
Pa; 2,5 %: 10 345 Pa; 3,0 %: 12 334 Pa) a snizovani tan & (DFD 0 1,5 %: 0,4905; 2,0 %:
0,5847; 2,5 %: 0,6263; 3,0 %: 0,5868) pti zvolené frekvenci 1 Hz (P>0,05).

Intenzita iontové vymény (IV) se v ptipadé DFD snizovala s rostouci koncentraci tavici soli
ve vzorku TS, proto nejtuzsi konzistenci vykazovaly vzorky TS s pfidavkem 1,5 % w/w a 2,0
% w/w. Tento klesajici trend si lze s nejvétsi pravdépodobnosti vysvélit dvéma moznymi
teoriemi. Zaprvé, tavici sul DFD pravdépodobné disponuje nizs§i schopnosti IV, ktera je
nezbytna pro vznik TS s dobrymi funkénimi vlastnostmi (tj. fyzikaln¢ chemické, reologické a
senzorické). Zadruhé, intenzita IV zavisi dale na pH systému. Pti obousmérném vzdaleni se
od optima pH (5,5-5,8) mizeme ocekavat pokles schopnosti IV, ktera nasledné vede ke
sniZeni intenzity dispergace kaseini zajist'ujici dostate¢nou emulgaci tuku a stabilizaci vody v
matrici TS. To by mohlo mit za nasledek pokles tuhosti u vzorku TS. Tudiz ¢im vyssi je pH
taveniny, tim mekéi konzistenci I1ze ocekéavat (Mizuno & Lucey, 2007; Nagyova et al., 2014).
V nasi studii pH vzorkid TS s ptidavkem DFD rostlo v nasledujicim potadi: 1,5 <2,0 <2,5 <
3,0 % w/w, coz potvrzuje vySe zminénou teorii.
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Obr. 1: Zavislost elastického (G") a ztratového modulu (G”) na frekvenci v rozsahu 0,1 -
100,00 Hz pro TS s pridavkem tavici soli DFD v koncentracich 1,5 — 3,0 % w/w.

Senzoricka analyza

Ptidavek DFD v produktech TS nem¢l vyznamny vliv (P>0,05) na celkovy vzhled, stejné tak
na pfitomnost hotké chuti a pachuti (Tab. 1). Tvrdost TS byla hodnotiteli oznacena jako velmi
dobra az dobra. Z hlediska roztiratelnosti byly vzorky TS hodnoceny také jako dobré. Na
zakladé celkového hodnoceni byl nejlépe hodnocenym produktem TS s mnoZstvim DFD o
koncentraci 2 %.
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Tab. 1: Senzorické vlastnosti (Vzhled2 tvrdostz, roztiratelnostz, hofkostz, pachu‘[’2 a celkové
hodnoceniz) vzorkl tavenych syrt. Hodnoty jsou vyjadieny jako median.?

TS'  Mnoistvi TS Vzhled Tvrdost Roztiratelnost Hofkost Pachuté Celkovy

[%0] dojem
| 1,5 1° 2° 2° 1° 1° 4
| 2,0 1° 3 3 1° 1° 2
DFD | 5% 1? 3 2 22 1? 3°
| 3,0 1° 3° 28 1° 2° 3°

'DFD = difosfore¢nan tetradraselny

2Vzhled, tvrdost, roztiratelnost (1 - vynikajici; 3 - dobry; 5 — nepfijatelny). Hoikost a cizi
pachuté (1 - zanedbatelna; 3 - stfedni; 5 - nadmérnd). Celkovy dojem (1 - velmi dobry; 7 -
velmi Spatny).

*Hodnoty v ramci sloupce (rozdil mezi koncentracemi DFD) nasledované riznymi hornimi
indexy se statisticky 1i8i (P<0,05), vzorky vyrobené s pouzitim riznych koncentraci tavicich
soli byly hodnoceny nezavisle.

Zavér

Ze ziskanych vysledkil 1ze konstatovat, Ze aplikované mnozstvi DFD mélo vliv na fyzikalng-
chemické, viskoelastické a senzorické vlastnosti TS. Hodnoty pH TS pozvolna rostly
S rostoucim mnozsvim tavici soli ve vzorku TS. Vys§§i hodnoty pH naméfené u vzorkid TS

A4 v v

s vyssi koncentraci DFD mély s nejvétsi pravdépodobnosti vliv na nizsi tuhost findlniho
vyrobku TS. VSechny modelové vzorky TS se chovaly jako gely vykazujici elastické chovani.
V této studii byla prokazana moznost vyuziti DFD pro vyrobu TS bez negativniho dopadu
téchto soli na senzorické vlastnosti produktli, zejména vzniku hotkosti. Tavici soli na bazi
drasliku je tak moZzné doporucit k dalSimu vyzkumu jako alternativu k Castéji pouZivanym
sodnym tavicim solim.
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Vliv pridavku citrusové vlakniny na konzistenci termizovanych
tvarohovych syru

The effect of citrus fiber addition on the consistency of cream cheese
products

'Vincova Anna, ‘Santova Kristyna, salek Richardos Nikolaos, *Jasso Miroslav

YUstav technologie potravin FT UTB ve Zliné

Summary

The aim of the work was to evaluate the addition of citrus fiber (1 % w/w) on the physicochemical,
textural and viscoelastic properties of model cream cheese (CC) products with different fat in dry
matter content (FDM; 10, 15 and 20 % w/w). A control sample (CS) without citrus fiber addition was
also produced. In all samples, regardless of the FDM content, a significant increase in the values of
hardness due to the addition of citrus fiber was observed. On the whole, the highest viscoelastic
moduli and hardness values of the CC samples were reported for the sample with the lowest FDM
content. Viscoelastic measurements indicated that the addition of citrus fiber increases the rigidity of
the CC products and it was also detected that CC products with a higher FDM content showed lower
rigidity. Moreover, all samples were characterized as homogenous and no water release and no off-
flavors were detected.

Key words: cream cheese; citrus fiber; consistency; viscoelastic properties

Uvod

Termizovany tvarohovy syr (TTS) je mekky, Cerstvy a snadno roztiratelny mlécny vyrobek s
mirné kyselou chuti, ktery patii mezi nezrajici syry (Brighenti a kol., 2018). TTS ptedstavuji
emulzi typu oleje ve vodé¢, které se vyrabi okyselenim bakteriemi mlééného kvaSeni a
mechanickym namahanim béhem tepelného osetieni (Ningtyas a kol., 2018). TTS se staly byt
oblibenou potravinou nejen pro svou smetanové maslovou chut, krémovou konzistenci, ale
také pro vSestranné pouZiti v potravinaiském pramyslu, jelikoz TTS poskytuji adekvatni
matrici pro pfidani riznych ptichuti, vlakniny, bylin ¢i kofeni (Wolfschoon, 2021). Aplikace
vlakniny se pfi vyrobé potravin provadi pfedev§im z dlivodu zvySeni stability potravin,
schopnosti vadzat vodu, bobtnat a vytvaret gely, ¢imz pozitivné ovliviiuje strukturu a
konzistenci potravin (Mudgil a Barak, 2019). Citrusova vlaknina (CV) je ptirodni potravinova
vlakninova surovina extrahovand z kiry a zbytkl citrusovych plodl, které vznikaji jako
odpadni produkty béhem zpracovani ovoce. CV je bohata na celulozu, hemicelul6zu, lignin,
pektin, malé mnozstvi oligosacharidi, je fazena mezi potravinaiské hydrokoloidy a ma
dobrou schopnost vazat vodu (Huang a kol., 2021). Z divodu nedostate¢nych odbornych
informaci tykajici se vlivu ptidavku CV na konzistenci TTS byla provedena tato studie
s cilem zhodnotit ptidavek CV (1 % w/w) na fyzikalné-chemické, texturni a viskoelastické
vlastnosti TTS s riznym obsahem tuku v susin€ (10, 15 a 20 % w/w).

Material a metody

Studie byla zahajena vyrobou modelovych vzorki TTS s obsahem suSiny 30 % (w/w) a 10, 15
a 20 % (w/w) tuku v suSin€. Surovinova skladba se skladala z tvrdého tvarohu (Chocenska
mlékarna s.r.o. Chocefi, CR, obsah susiny 27 % w/w a obsah tuku v susiné 11 % w/w), z
créme fraiche (Bohemilk, a.s. Opoéno, CR, obsah susiny 36 % w/w a obsah tuku v susing 40
% w/w), déle pak z pitné vody, NaCl a nakonec byla pouzita CV (Herbafood, Némecko).
Vyroba byla uskute¢néna pomoci pfistroje Vorkwerk Thermomix TM (Vorwerk & Co.
Thermomix GmbH, Wuppertal, Némecko). V mixéru Thermomix se nejprve mechanicky
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rozmélnil tvaroh spolu s créme fraiche. Nasledné byly pfidany zbylé suroviny vcetné¢ CV a
pomoci piistroje doSlo k mechanickému namahani pti 3000 ot./min. po dosazeni 80 °C s
dobou vydrze 10 minut. Celkovéa doba vyrobniho procesu pak ¢inila 15 minut. Hotova smés
byla poté plnéna do 100 g hlinikovych kelimkt (Aluflexpack s.r.o., Praha, CR) kulatého tvaru
(pramér 7,5 cm, vyska 2,7 cm) a uzaviena hlinikovymi vicky. Hotové vzorky byly po
vychlazeni na laboratorni teplotu zchlazeny na 6 + 2 °C a uskladnény do nasledujicich analyz.

Stanoveni celkového obsahu susiny a pH

Stanoveni celkového obsahu susiny bylo provedeno gravimetricky na zakladé normy CSN EN
ISO 5534:2005 susenim vzorki pii 102 + 2 °C do konstantni hmotnosti. Stanoveni hodnot pH
bylo méfeno pomoci vpichového pH metru obsahujici sklenénou elektrodu (Foodcare HI
99161, Hanna Instruments, Rhode Island, USA).

Stanoveni tvrdosti

Tvrdost TTS byla méfena pomoci analyzatoru textury TA.XT plus (Stable Micro Systems
Ltd., Godalming, UK). Analyza tvrdosti byla provedena pomoci dvoji penetrace valcovou
sondou o priméru 20 mm piimo do méfeného vzorku s navratovou rychlosti 2 mm/s o
spoustéci sile 5 g a s deformaci 20 % do hloubky 10 mm. V prib&éhu méteni se vytvarel graf,
ptredstavujici zatéZovou kiivku texturniho parametru analyzovaného vzorku TTS.

Stanoveni viskoelastickych vlastnosti

Pti stanoveni viskoelastickych vlastnosti TTS byly sledovany viskoelastické parametry
umoznujici odvodit fyzikalni a viskoelastické vlastnosti produkti. Méfeni bylo analyzovano
pomoci reometru Kinexus Pro+ (Malvern Panalytical, UK) za pouziti geometrie typu
deska — deska s primérem 35 mm a s Sitkou $térbiny 1 mm. Amplituda smykového napéti
byla zvolena v oblasti linearni viskoelasticity na 20 Pa a frekvence byla v rozmezi
0,1 — 100,0 Hz. Dle rovnic (1) a (2) byl vypocitan komplexni modul pruznosti (G*; Pa)
vyjadiujici celkovy odpor analyzovaného vzorku proti deformaci a thel fdzového posunu
(8; °) vyjadiujici miru viskoelasti¢nosti materialu (Cernikova a kol., 2017).

G*=./(6)% + (G)? 1)
J=tan* G"/G' (2)

Statisticka analyza

Ziskané vysledky byly analyzovany pomoci statistického softwaru Unistat® 6.5 (Unistat,
Londyn, UK). K vyhodnoceni vysledkil byly pouzity Kruskal-Wallistiv a Wilcoxoniv test,
kde hladina vyznamnost byla 0,05.

Vysledky a diskuze

Vysledky stanoveni suSiny a pH

Vysledky celkového obsahu suSiny se pohybovaly v rozpéti 30,65 — 31,57 % (wiw)
(P = 0,05). Zvysledkt je patrné, Ze vzorky TTS vykazovaly urcitou stabilitu suSiny a
ptidavek CV nemél na obsah suSiny vliv. Podobnost obsahu susiny mezi vzorky je pomérné
zasadni, protoze muze ovlivnit texturni a reologické vlastnosti TTS (Weiserova a kol., 2011).
Hodnoty pH byly méteny v rozmezi 4,25 — 4,34 (P > 0,05) a ptidavek CV nem¢l na hodnoty
pH zésadni vliv. Vysledné hodnoty pH Ize charakterizovat jako pfijatelné pro TTS.

Vyhodnoceni tvrdosti

Obrazek 1 ukazuje vyvoj tvrdosti vzorki TSS vyrobenych za ptidavku CV. Z grafu lIze
vyhodnotit, Zze ptidavek CV (bez ohledu na mnozstvi tuku v susing€) vyrazné¢ ovlivnil tvrdost
TTS. U vSech vzorka TTS doslo k intenzivnimu nartistu tvrdosti, pficemz nejvyssich hodnot
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dosahl vzorek TTS s obsahem tuku v susing€ 10 %, ¢ili pro svou deformaci vyzadoval nejvetsi
potiebnou silu. Dlvodem nartstu tvrdosti jsou pfedevSim hydrofobni interakce
prostiednictvim vodikovych mistkd a zesiténi struktury citrusového vlakna (Lundberg a kol.,
2014). Z grafu je rovnéz patrné, ze se zvySujicim se mnozstvim tuku v susin¢€ doslo ke snizeni
tvrdosti u vSech vzorkit TTS s pfidavkem CV. Takové tvrzeni je v souladu s literaturou
Ningtyas a kol., (2018), ktera poukazuje na skutecnost, ze textura TTS s vyS§im obsahem tuku
je mekci vlivem rozptylenych tukovych kuli¢ek v proteinové siti.
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Obrazek 1: Vliv ptidavku CV na vyvoj hodnot tvrdosti (N) modelovych vzorkii TTS
s obsahem tuku v susing (10, 15, 20 % w/w) ve srovnani s kontrolnim vzorkem (K)

Vyhodnoceni viskoelastickych vlastnosti

Obrazek 2 uvadi vysledné hodnoty G*, ze kterych jednoznaéné vyplyva, ze pouziti CV
ovlivnilo viskoelastické vlastnosti TTS a doslo oproti kontrolnim vzorkiim ke zvySeni kiivek
G*. Publikace Winter a Chambon (1986) uvadi, Zze v pfipadé rostoucich parametri G*
analyzované vyrobky vykazuji vySsi tuhost. Nejvy$si hodnoty G* byly namétené, stejné jako
u stanoveni tvrdosti, u vzorku TTS s obsahem tuku v susiné 10 % (w/w). Diivodem zvyseni
tuhosti TTS po pfidani CV je absorpce vody pomoci citrusového vladkna, coZ ma za nésledek
bobtndni. VIdkna nasledné po hydrataci vodou tvofi gelovitou sit’ pfispivajici k zadrzovani
vody ve struktufe a tim k rastu tuhosti finalniho produktu (Zhang a kol., 2023).
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Obrazek 2: Vliv pridavku CV na viskoelastické vlastnosti (komplexni modul G*, Pa)
modelovych vzorkii TTS s obsahem tuku v susin¢ (10, 15, 20 % w/w) na frekvenci (f,
v rozsahu 0,1-100 Hz). Sedé symboly - kontrolni vzorky (K), ¢erné symboly — ptidavek CV
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Vlivem vyssiho obsahu tuku v suSiné u vzorka TTS doslo opét ke snizeni hodnot G*, ¢ili
vzorky TTS s vyssim obsahem tuku v susiné vykazovaly niz$i tuhost. Byla potvrzena studie
Ningtytas a kol., 2017, kterd poukazuje na strukturalni zmény vyrobkt v dusledku ptidavku
vys$siho mnozstvi tuku, kdy tuk rozptyleny v proteinové siti narusuje proteinovou matrici a
podili se na sniZzeni pevnosti vyrobkl. Viskoelastické chovani TTS je mozné urcit na zaklade
ptevazujici slozky vytvarejici proteinovou sit'. Fazovy posun piedstavuje fazovy thel (§) mezi
napétim a deformaci. Zejména pokud 6 < 45 ° materidl je elastictéjsi nez viskozni (chovani
podobné tuhému stavu). Naopak, je-1i d > 45 © materidl je vice viskdzni nez elasticky (chovani
podobné kapaling) (Sotowiej a kol., 2014). V ptipad¢ stanoveni 6 u vzorka TTS se vysledné
hodnoty pohybovaly v rozmezi 11,93 — 15,20 ° (P > 0,05). Na zakladé¢ vySe zminéné
publikace lze usoudit, Ze ve zkoumanych vzorcich TTS ptevladla elasticka slozka nad
viskozni, coz naznaGuje piitomnost pevngjsich struktur (Cernikova a kol., 2017).

Zavér

Hlavnim cilem této studie bylo sledovéani vlivu pfidavku citrusové vldkniny (1 % w/w) na
fyzikalné-chemické, texturni a viskoelastické vlastnosti modelovych vzorkid termizovanych
tvarohovych syrd s riznym obsahem tuku v susiné (10, 15 a 20 % w/w). Vzhledem k tomu, Ze
problematika ptidavani citrusové vlakniny pfi vyrob¢ termizovanych tvarohovych syrd neni v
odborn¢ literatufe dostatecné rozsifend, byla provedena tato studie s cilem objasnit, zda
pridavek citrusové vladkniny ovliviiuje findlni vyrobek. Ze ziskanych vysledkl bylo zjisténo,
ze ptidavek citrusové vldkniny vedl k texturnim a viskoelastickym zméndm. Bylo
vyhodnoceno, ze vSechny vzorky za pfidavku citrusové vlakniny vykazovaly jednak vyssi
tvrdost, a také byly oproti kontrolnim vzorkim pevnégjsi. V této studii bylo rovnéz prokazéano,
ze vzorky s vys$s§im obsahem tuku v susSin€ vykazovaly naopak tvrdost a pevnost nizsi.
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Hodnoceni vlivu obsahu §t’avy z ¢erného rybizu a furcellaranu na vybrané
fyzikalné-chemické, reologické a senzorické vlastnosti fermentovanych
syrovatkovych napoji

Evaluation of the effect of blackcurrant juice and furcellaran content on
selected physicochemical, rheological and sensory properties of fermented
whey-based beverages

Rejdlova Anita, Lorencova Eva, Salek Richardos Nikolaos

Fakulta technologicka, Univerzita Tomdse Bati, nam. T. G. Masaryka 5555, 760 01 Zlin

Summary

The aim of the study was to produce and evaluate model fermented whey-based beverages with
different concentrations of blackcurrant juice [0; 10; 20; 100 % (w/w)] and furcellaran [0.25; 0.50 %
(ww)]. The beverages were fermented with a starter culture of water kefir. Physico-chemical,
rheological and sensory analyses were performed. During fermentation (48 h), the pH, density and
total soluble solids values of the model samples decreased. In contrast, the ethanol content increased
during fermentation to a final content ranging from 0.92 to 4.86 % (v/v). All model samples generally
exhibited non-Newtonian pseudoplastic behaviour. The sensory analysis showed that the sample with
a composition of 20 % (w/w) blackcurrant juice and 0.50 % (w/w) furcellaran obtained the highest
scores.

Keywords: fermented whey beverage; water kefir culture; viscosity, furcellaran

Uvod

Syrovétka vznika ve velkém objemu jako vedlejsi produkt v mlékarenském primyslu a diky
svému slozeni je vyuzivana jako surovina pro vyrobu potravin s pfidanou hodnotou. Na
druhou stranu velka ¢ast syrovatky slouzi jako soucéast krmiva pro hospodarska zvitata, nebo
neni dale vyuzita a je nespravné likvidovéana. Z danych divodi se hledaji moznosti dal§iho
vyuziti asnizil se tak dopad na znecisténi Zivotniho prostfedi (Yadav et al. 2015). Zrna
vodniho kefiru tvoti bakterie mlééného a octového kvaSeni a také kvasinky. Jsou vhodna i pro
fermentaci ndpoji obsahujicich syrovatku (Alrosan et al. 2023). Syrovitka se miize
vyznacovat nepiijemnou slanou a/nebo kyselou chuti, proto se pfi vyrobé napoji vyuzivaji
napiiklad ovocné $tavy, které zlepSuji vysledné organoleptické vlastnosti napoji (Barukci¢ et
al. 2008). Nevyhodou vsak muze byt zvySend sedimentace kvili interakci syrovatkovych
proteinli s ovocnou slozkou, z tohoto diivodu mohou byt do napoje ptidavany hydrokoloidy
zabranujici sedimentaci (Ahmed et al. 2023, Koffi et al. 2005).

Metodika

Modelové vzorky byly vyrobeny ze susené syrovatky (Mogador s.r.o., Otrokovice, Ceska
republika), pasterizované cernorybizové $tavy (dm-drogerie markt, GmbH, Karlsruhe,
Némecko) a starterové kultury vodniho kefiru (UNIBIOM s.r.0., Ceska republika). Nejdiive
bylo pfipraveno inokulum rozmichanim 0.50 + 0.03 g lyofilizované kultury v destilované
vodé, fermentace probihala pii 20 = 2 °C po dobu 72 hodin. Nésledné byl ptipraven 5%
roztok syrovatky, ktery byl tepelné oSetfen pii teploté¢ 90 + 1 °C po dobu 10 minut. Byly
pfipraveny dvé sady po Ctyfech vzorcich (n=8) s riiznou koncentraci ¢ernorybizové $tavy [0;
10; 20; 100 % (w/w)] a furcellaranu [0,25 a 0,50 % (w/w)]. Vzorky byly homogenizovany a
nasledné bylo pfidano 10 % aktivniho inokula.
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pH modelovych vzorkii bylo méfeno pomoci kalibrovaného pH-metru (Hanna Instruments
Czech s.ro., Praha, Ceska republika). Obsah refraktometrické susiny (RS) byl stanoven
pomoci digitalniho refraktometru Kern OTSS 45BE (Kern & Sohn GmbH, Balingen,
Némecko). Pomoci alcolyzeru plus Anton Paar a hustoméru DMA 4500 Anton Paar (Anton
Paar GmbH, Graz, Rakousko) byl stanoven obsah ethanol a hustoty. Pfed stanovenim obsahu
ethanolu, hustoty a sedimentu byly vzorky odstfedény (6000 ot./min; 10 min) pomoci
odstredivky EBA 21 (Hettich, Tuttlingen, Némecko). Supernatant byl odstranén a sediment
byl zvazen. Reologickd analyza byla provedena pomoci reometru HAAKE Rheostress 1
(Thermo Fisher Scientific Brno s.ro. Brno, Ceska republika) s geometrii valec—valec
v interval 0-500 s™'. Viechny analyzy byly provedeny tiikrat (n=3). Senzoricka analyza byla
provedena po 48 hodinach fermentace 12 hodnotiteli. Bylo podavano 50 ml vzorku
oznacené¢ho tiimistnym koédem. Parametry vzhledu, chuti a viiné byly hodnoceny pomoci
pctibodové stupnice (1- vynikajici, 3- dobry, 5- nepfijatelny). Celkové hodnoceni bylo
zalozeno na pétibodové stupnici, pficemz 1 znamenala mimoiadn€é dobrou a 5 mimoiadné
Spatnou.

Vysledné hodnoty byly prezentovany jako primér + smérodatnd odchylka a analyzovany
pomoci jednofaktorové ANOVA a Tukeyho post-hoc testu s 95% spolehlivosti. Senzorické
vlastnosti modelovych vzorkii byly vyhodnoceny pomoci Kruskal-Wallisova a Wilcoxova
testu. Testy byly provedeny na hladin€¢ vyznamnosti 0,05. Statistické analyzy byly provedeny
pomoci softwaru Minitab®16 (Minitab®, Ltd., Coventry, Velka Britanie).

Vysledky a diskuze

Vysledky fyzikalné-chemické analyzy prokézaly statisticky vyznamné rozdily (p <0,05) mezi
jednotlivymi vzorky. Obsah ¢ernorybizové stavy mél vliv na hodnotu refraktometrické susiny
(RS) (p <0,05), nicmén€ mezi vzorky s riznou koncentraci furcellaranu nebyly statisticky
vyznamné rozdily (p >0,05). V pribéhu fermentace hodnota pH, RS 1 hustoty klesla u vSech
vzorkd, coz bylo zpiisobeno produkeci metabolitti jako jsou ethanol, CO,, organické kyseliny
a jiné senzoricky aktivni latky. Jako nealkoholické Ize oznacit ndpoje s maximalnim obsahem
ethanolu 0,5 % (v/v). Obsah ethanolu se u vzorkli zvySoval s prodluzujici dobou fermentace,
kdy se kone¢ny obsah pohyboval v rozmezi 0,92—4,86 % (v/v). Tyto vysledky jsou v souladu
se studiemi Randazzo et al. (2016) a Kelanne et al. (2020). Sedimentace mohla byt
pravdépodobné zpusobena reakcemi syrovatkovych bilkovin s ovocnou slozkou (Koffi et al,
2005). Vyssi koncentrace furcellaranu zpuisobila vyss$i obsah sedimentu, soucasné vzorky
F25 10a F50 10 (10 % Cernorybizové §t'avy) vykazovaly po 48hodinové fermentaci nejvyssi
obsah sedimentu s hodnotami 10,99 (rel. %) a 17,98 (rel. %).

Tabulka 1: Vysledky fyzikalné-chemické analyzy.*

pH

vzorek  Cas ) RS hustotg ethanol

(h) (°Bx) (kg-m™) (% viv)
F25 0 6.18+0.03*"  5.13+0.05*"  1.021+0.001 ** 0.06 +0.02
F25 10 3.86+0.02°"  553+0.09°"  1.024+0.001 " 0.02+0.01 """
F25 20 3.41+0.01°*  6.83+0.05°"  1.029+0.002°* 0.03+0.01 "
F25 100 2.77+0.01 % 1543 +0.05%  1.064+0.002%* 0.03+0.01""
F50 0 4 Te14£003%  533:005°% 10210001 0.06%002%"
F50 10 3.85+0.02°"  597+0.05™  1.025+0.002°* 0.01+0.01"°"
F50_20 3.40+0.03°"  6.73+0.05%  1.029+0.001 “* 0.02+0.01 **
F50 100 2.77+0.01 %  1563+0.05™ 1.066+0.002%* 0.04+0.02"°"
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F25 0 3.83+0.02%¢  2.73+0.05*¢  1.014+0.002*¢  0.92+0.02¢
F25 10 408+0.03°  373+£0.09°° 1.015+£0.001°° 1.18+0.01°°
F25 20 335+0.02°®  430+0.14%°  1.017+0.001 ¢ 1.58+0.01°
F25_100 o 2734001 9B 960+0.02% 1.031+0.001 ¢ 486+0.01°
F50 0 3.85+0.01%¢ 2.87+0.05%° 1.014+0.002*® 0.92+0.012
F50 10 4.13+0.02°¢  327+005"  1.015+£0.002°® 1.31+0.02%
F50 20 335+0.01°  3.90+0.08%¢ 1.016+0.001 ¢ 1.71+0.01°°
F50 100 2.75+0.02%  1043+0.05"°  1.029+0.002%¢ 4.59+0.01"

* Primérné hodnoty v rdmci sloupce (rozdil mezi hladinou §tavy z ¢erného rybizu; porovnava
se stejnd doba fermentace) nasledované riiznymi hornimi indexy se statisticky lisi (p < 0,05).
Primérné hodnoty v ramci sloupce (rozdil mezi koncentraci furcelaranu; porovnani stejné
hladiny stavy z ¢erného rybizu) nasledované riznymi velkymi pismeny se lisi (p < 0,05).

Vysledky reologické analyzy jsou uvedeny na obrazku 1. Pro vyhodnoceni reologické analyzy
byl vyuzit Power-Law model. Na zékladé vysledki lze fici, Ze vSechny modelové vzorky
vykazovaly pseudoplastické chovani (n <I) ahodnota n klesala v pribéhu fermentace.
Koncentrace furcellaranu neméla na reologické vlastnosti vzorkt statisticky vyznamny vliv (p
>0,05), kdezto mezi vzorky s riznym obsahem cernorybizové stavy byly pozorovany rozdily
(p <0,05). Na zacatku fermentace (po 4 h fermentace) vykazoval vzorek obsahujici pouze

cvwr

smykové napéti (Pa)

0 50 100 150 200 250 300 350 400 450 500 0 5'0 100 150 :60 250 3('10 350 450 450 500
smykova rychlost (s) smykova rychlost (s1)

a) ) b)

o

smykové napéti (Pa)
smykové napéti (Pa)

14

0 50 100 150 200 250 300 350 400 450 500 0.0

smykova rychlost (s1)

0 50 100 150 200 250 300 350 400 450 500
smykovi rychlost (s1)

c) d)
Obrazek 1: Tokové kiivky; a) vzorky s 0,25 % (w/w) furcellaranu (4 h fermentace); b) vzorky
s 0,50 % (w/w) furcellaranu (4 h fermentace); c) vzorky s 0,25 % (w/w) furcellaranu (48 h
fermentace); d) vzorky s 0,50 % (w/w) furcellaranu (48 h fermentace).

Vysledky senzorické analyzy jsou uvedeny jako median v tabulce 2. Obsah ¢ernorybizové

Stavy 1 furcellaranu ovlivnily vSechny organoleptické vlastnosti. Vzorky byly hodnoceny
negativnimi znadmkami piedevsim kvuli pfili§ kyselé chuti, vyskytovaly se i cizi pfichuté.
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Nejlépe hodnocenym vzorkem byl F50 20 (0,50 % (w/w) furcellaranu, 20 % (w/w)
cernorybizové $tavy).

Tabulka 3: Vysledky senzorické analyzy.*

vzorek vzhled chut’ aroma cizi ptichuté¢  celkovy dojem
F25_0 4 a,A 4 a,A 4 a,A 3 a,A 4 a,A
F25_10 4 a,A 4 a,A 3 bA 3 a,A 4 a,A
F25_20 3 bA 3bA 3bA o bA 3bA
F25_100 2 oA 5 oA 2 oA 104 3bA
F50_0 4 a,A 4 a,A 4 a,A 3 a,A 4 a,A
F50_10 4 a,A 4 a,A 3 b,A 3 a,A 4 a,A
F50_20 2 cB 2 d,B 2 c,B 2 b,A 2 c,B
F50 100 2 oA 4 8¢ 2 oA 2 0B 3bA

*Medianové hodnoty v ramci sloupce (rozdil mezi hladinou §tévy zcerného rybizu;
porovnava se stejna doba fermentace) nasledované riiznymi hornimi indexy se statisticky 1isi
(p < 0,05). Medianové hodnoty v ramci sloupce (rozdil mezi koncentraci furcelaranu;
porovnani stejné hladiny $tavy z ¢erné¢ho rybizu) nasledované riiznymi velkymi pismeny se
lisi (p < 0,05).

Zavér

Na zaklad¢ ziskanych vysledkti bylo potvrzeno, ze kultura vodniho kefiru je schopna
fermentovat kombinaci syrovatka-ovocna S§tdva. Mezi vzorky s riznou koncentraci
¢ernorybizové §tavy se vyskytovaly po celou dobu fermentace statisticky vyznamné rozdily
(p <0,05). U vzorkll s vys§i koncentraci furcellaranu byl namétfen vysSi obsah sedimentu,
nicméné¢ na dal§i fyzikalné-chemické, reologické ani senzorické vlastnosti neméla
koncentrace furcellaranu statisticky vyznamny vliv (p >0,05). Nejlepsi celkovy dojem byl
zaznamenam u vzorku F50 20, ktery obsahoval 20 % (w/w) Cernorybizové §tavy a 0,50 %
(w/w) furcellaranu. Navazujici studie by mohly byt zaméfeny naptiklad na zkoumani
antioxidaéni aktivity modelovych vzorki.
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Do této sekce nebyly prihlaseny zadné piispévky.

31



SEKCE 3

Ochrana zvirat, welfare a etologie

32



Sekce 3 Ochrana zvirat, welfare a etologie

Measurement of temperature of the canine eye in relation to the stress
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Summary

Infrared thermography is used to assess stress in dogs and other animals based on changes in surface
eye temperature. However, there are factors not related to stress that can affect measurement, so it is
necessary to standardize measurement procedure. The aim of this study was to assess the effect of the
measurement location on the value of the detected surface temperature in a dog. Measurement of the
eye surface temperature by using a infrared thermography was carried out in 5 phases (waiting room
after 5 and 10 minutes, examination room before, during and after treatment), the surface temperature
of the lacrimal caruncle and the hottest point of the left and right eye was recorded. The results show
that the average temperatures of the left and right eye were not significantly different (p > 0.05) and
the temperatures of the lacrimal caruncle and the hottest point of both eyes significantly correlated (p
< 0.05). Therefore, it is possible to use both the lacrimal caruncle or the hottest point of the left or
right eye for stress assessment.

Keywords: lacrimal caruncle; temperature; companion animals; examination; welfare

Introduction

A number of studies based on infrared thermography (IRT) have shown that eye temperature
is a good indicator of thermal changes in body temperature due to physiological and
psychological stress (Cook et al., 2001; Pavlidis et al., 2002; Cook et al., 2006; Travain and
Valsecchi, 2021).

Elias et al. (2021) performed IRT measurements at seven different locations on each eye in
racing greyhounds and reported that the lacrimal caruncle of the right eye appeared to be the
most effective for detecting temperature change. Valera et al. (2012) evaluated the stress level
in sport horses using IRT on the left eye, determining the maximum temperature in the area
around the eye including the eyeball, and found that the lacrimal caruncle of left eye is the
hottest point of eye and the most suitable place to detect the change in surface temperature.
Travain et al. (2015) evaluated the possibility of using IRT to stress assessment and measured
the surface temperature in the area of the lacrimal caruncle and the outer corner, as the second
hottest point (lateral canthus) of the left and right eye in dogs, and found that a suitable place
to measure surface temperature is the lacrimal caruncle.

The aim of the study was to verify applicability of infrared thermography to stress assessment
in a veterinary clinic environment in dogs according to surface temperature changes in
different parts of eye and assess the effect of measurement location on the value of detected
surface temperature in dogs.

Material and methods

A total of 45 dogs of different sex, breed and body size, aged from 3 months to 16 years, who
visited veterinary clinic for regular vaccination, were included in the analysis. Measurement
of surface eye temperature of the eye by using an infrared thermography was carried out in 5
phases: waiting room after 5 and 10 minutes, examination room before, during and after
treatment. For each dog in each phase, 2 images were taken, from which the average surface
temperature of lacrimal caruncle and the hottest point of left and right eye were recorded.
Images were captured vertically and in a distance of 1 m from the subject by IRT camera testo
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890-2 (Testo SE & Co. KGaA, Germany) with emissivity set at 0.97 (640x480 pixels,
temperature range -30 to 100 °C, sensitivity < 0.04 °C). During measurements, temperature
and humidity in the room were monitored and the resulting values were analyzed with IRT
analyzer software IRSoft program (Testo SE & Co. KGaA, Germany). Data were statistically
processed in the UNISTAT 6.5 for Excel program (Unistat Ltd., UK). After testing for
normality, a paired t-test was used for the significance of the differences between surface
temperatures in individual phases and individual parts of the eye, and parametric Pearson's
correlation was used to assess the dependence between the observed temperatures - the values
of the correlation coefficients were calculated, including their statistical significance.

Results and discussion

Graph No. 1 shows comparisons of the average values of surface temperature measured in
different places of the left and right eye of dogs in the waiting room and in consulting room
before, during and after treatment.

38.00

ey R
= ~ =
o "5
T 37.50 P
(= e
L H Lefteye Right eye - a9 22 32
] [I=JT-1 b1 g = S O
5 37.00 B8 2R - 0 88 I
© R A | R
A
]
a 36.50 -
g @ g g3
et ) - £ R
w
u 36.00
1]
o
L.
=
a 35.50
35.00
& & & ) % %
& & & S & S S Sy & &
O O o o & & & & S
& <& <& & <& N N s &
o D 1 > @ < Q = &
& & & S & & N & O O
& & & & & o S 9 o O
P 0 \a N <§ L B &L o o
D 5 S & 1 o & &
by ) ) > S & £ & D 8
& & <& & A A A D NN N
& & & = \\)\.f S N ~ S S
& & S & S S & Y & =
& & & & = S = 5 & &
& & P $ & & @ & e .
@ & 5 < 2 % 38 S
\,g\" \,;é \’b%_?, \%{"E o(? QO\(\ O@Q' c‘é’ k\)(\‘u &QO\
< -~ o
& & & & & & & & & &
& & & - & 3£ & S & Ay
N & & & Q& & A 3
2 & > & £ & F
& I & RS N; F

Graph 1: Average temperatures of the left and right eye at different locations

A statistically insignificant difference (p > 0.05) was found in the surface temperature
between the hottest point and the lacrimal caruncle of the right eye and in the surface
temperature between the hottest point and the lacrimal caruncle of the left eye in waiting room
after 5 and 10 minutes, in consulting room before examination and during examination,
whereas a statistically significant difference was found in surface temperatures between the
hottest point and the lacrimal caruncle of the right eye (p = 0.0337) and between the hottest
spot and the lacrimal caruncle of the left eye (p = 0.0289) in post-examination phase. No
statistically significant difference (p > 0.05) was found between the lacrimal caruncle of the
left and right eye or between the hottest point of the left and right eye in any phase of
examination. Correlation analysis showed a significant correlation (p < 0.05; r > 0.8642)
between the temperature measured in the lacrimal caruncle and the hottest point of the eye in
both the right and left eye, and between the lacrimal caruncle of the left and right eye as well
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as the hottest points of the left and right eye (p = 0.0000) during all phases of the examination.
Similarly, Travain et al. (2015) reported that average values of the left and right eye of dogs
were not statistically significantly different, and the temperature values in the lacrimal
caruncle of both eyes were significantly correlated, and therefore it is possible to use the
lacrimal caruncle of the left and right eye for stress assessment. Giannetto et al. (2021) also
found that average left and right eye temperatures showed no statistical differences when
assessing surface temperature in cats. In contrast, Elias et al. (2021) reported that the right eye
showed a higher flux of temperature changes than the left eye after the dog race, but there was
no significant difference between the temperature of the right and left eye before the races,
which is in agreement with the results of our study. Our results also support the findings made
by Elias et al. (2021) that the lacrimal caruncle has the highest sensitivity to changes in
temperature.

Conlusion

In our study, we found that both left and right eye can be used to evaluate changes in surface
temperature, as there is no statistically significant difference between the temperatures of the
two eyes. Furthermore, both lacrimal caruncle and the hottest point can be used as a reference
point, because there is a highly significant correlation between these two points. Our findings
will be applied in our further research focused on the use of infrared thermography in the
stress assessment in dogs.
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Summary

Visual contact plays an important role during stressful situations in social animals such as sheep.
Factors contributing to stress in small ruminants could be linked to improper management practices,
routine veterinary procedures, or handling methods. Nowadays, there's a growing interest in non-
invasive methods to assess acute stress in farm animals. Behavioural analysis, devoid of physical
contact, emerges as a promising avenue for evaluating acute stress in small ruminants. Key
behavioural manifestations of acute stress in sheep encompass immobility, escape tendencies,
heightened vocalization, and avoidance behaviours. This study aimed to assess the significance of
visual contact during routine husbandry practices like wool shearing and hoof trimming in
Wallachian sheep, using behavioural observation.

Keywords: behaviour; farm animals; sheep

Introduction

Social isolation induces fear and stress in social animals such as sheep. Parrott et al. (1994)
observed heightened plasma stress marker concentrations in adult sheep during isolation,
suggestive of psychological stress. Tactile isolation has demonstrable effects on behavioral
and physiological parameters in sheep, including cortisol, prolactin, and leukocyte levels
(Cockram et al., 1994), subsequently impacting immune function (Degabriele and Fell, 2001).
Common husbandry practices, notably wool shearing, can induce stress as evidenced by
increased hematocrit and plasma cortisol levels (Hargreaves and Hutson, 1990). Additionally,
saliva cortisol levels serve as an indicator of acute stress (Fell et al., 1985), with shearing
eliciting heightened heart rates, signifying one of the most stressful husbandry practices
(Hargreaves and Hutson, 1990). Nowadays, significant attention is given to non-invasive
approaches for evaluating acute stress in farm animals. Assessment methodologies include
heart rate monitoring (Bladock and Sibly, 1990) and physiological markers such as salivary
cortisol (Al-Qarawi and Ali, 2005). Behavioural coding and for example, infrared
thermography emerge as a non-invasive, non-contact alternative for stress assessment,
particularly useful for sheep unaccustomed to human interaction (Bartolomé et al., 2019).
Facial expression serves as an additional pain indicator in farmed sheep (McLennan et al.,
2016). Behavioral manifestations indicative of stress in sheep may include vocalizations,
sustained staring, diminished food intake, and rumination. This study aims to evaluate and
assess the significance of visual contact during routine husbandry practices like wool shearing
and hoof trimming in Wallachian sheep, using behavioural observation.

Materials and methods

Twenty (n=20) adult Wallachian sheep were randomly selected from a herd situated in
the Valassko region of Czechia. These sheep were divided into two groups: a group of ten
(n=10) with visual contact maintained with the remainder of the herd during husbandry
procedures, and a second group of ten (n=10) without visual contact during these procedures.
Behavioral data were gathered 45 minutes before, during, and following isolation in each
group. Video recordings were captured using motion cameras Niceboy Vega X Pro
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(NICEBOY s.r.0., Prague, Czech Republic) and analyzed utilizing the Observer XT software
(version 16, Noldus, Wageningen, The Netherlands). Each observed individual was assessed
for the following behaviors: locomotion, rest, comfort behaviour, food consumption, and
rumination. Subsequently, the percentage representation of each behavior during the
observation period was compared between the groups. A focal sampling technique was used
to collect the data. The results were analyzed using the statistical package Unistat 5.6.
(Unistat Ltd., London, England). The normality of data was checked using the Shapiro-Wilk
test. In the statistical analysis of the study, a t-test was used. A value of p<0,05 was
determined as statistically significant in statistical tests.

Results and discussion

Significant differences (p < 0,05) were observed in stationary behaviour across all groups.
Regarding locomotion, a significant difference (p < 0,05) was evident between pre- and post-
manipulation groups, regardless of the manipulation method, with sheep exhibiting increased
movement activity post-manipulation compared to pre-manipulation. However, no significant
difference (p < 0,05) in locomotion was observed between groups post-manipulation. In the
rest category, significant differences (p < 0,05) were found in the percentage of time spent
lying down among all groups. Notably, the group with visual contact post-manipulation
exhibited no instances of lying down throughout the recording period, whereas the group
without visual contact post-manipulation demonstrated reduced lying time compared to pre-
manipulation. While no significant difference (p < 0,05) was detected in comfort behaviour
between groups before and after manipulation, differences were evident between groups post-
manipulation. Manipulation did not yield statistically significant effects on food intake;
rumination was not considered. However, a significant difference was observed in rumination
between the group without visual contact post-manipulation and both groups with visual
contact, which did not differ from each other.

Table 1: Percentage occurrence of behaviour in the observed time (45 min) in a given group
and comparison of groups with each other.

. Before After manipulation, After manipulation,
Behaviour . . . . . .
manipulation | without visual contact | with visual contact

Stationatory behaviour 43,12° 67,87° 85,07°
Locomotion 2,86" 8,43 6,22

Rest / Lying down 45,24° 20,07° 0,00°
Comfort behaviour 1,88%" 4,33 0,39°

Food intake 6,97° 9,87° 6,82°
Rumination 29,53° 57,07 21,84°

a,b,c

values with a different index within one row indicate a statistically significant (p <0.05)
difference.

Parrott et al. (1994) have identified isolation and wool shearing as significant stressors in
sheep husbandry. Romeyer and Bouissou (1992) note behavioral signs of fear and stress in
sheep, including reduced interest in food, fixed gaze, and increased locomotion in attempts to
escape stressors. However, in our study, food intake remained unaffected by the stressor,
and rumination even increased in the group without visual contact post-manipulation
compared to groups with visual contact. Notably, sheep in the visual contact manipulation
group exhibited prolonged standing, potentially driven by a motivation to escape the
environment. Furthermore, breed affiliation may influence stress response, as suggested by
Hawken et al. (2013) and Hutson and Grandin (2014), who highlight breed-specific
differences in response to environmental stress. The same results were described by Cannas et
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al. (2018), who evaluated the Sarda breed. Additionally, Milerski and Konrad (2021)
characterize the Wallachian sheep breed as well-suited for mountain pasture maintenance due
to its walking nature and strong herd instinct.

Conclusion

Our study findings indicate that the sequence of shearing and hoof trimming in sheep
husbandry may impact the level of acute stress response. Furthermore, behavioral assessment
emerges as a viable non-invasive contactless method for evaluating acute stress levels in
sheep. Additionally, our comparison with other studies suggests that breed-specific factors
should be taken into consideration when assessing stress responses in sheep.
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Vyuziti obohaceni prostfedi u morcéat v zaijmovém chovu — pilotni studie

Use of enrichment in pet guinea pigs — pilot study

VacuSkova Zdenka, VacuSka Dominik, Veéerek Vladimir

Fakulta veterinarni hygieny a ekologie, Veterindrni univerzita Brno

Summary

Environmental enrichment in the form of shelters can be an important element of the breeding
environment from an animal welfare point of view. The aim of this study was to assess the usability
of shelters in pet guinea pigs by evaluating guinea pig behaviour. Ethological observations were made
on 4 guinea pigs over three consecutive days. The results indicate that all guinea pigs were
significantly more likely to be inside the provided shelters than outside (p < 0.01). The results also
demonstrated that guinea pigs exhibited a significantly higher (p < 0.01) propensity to utilize the
enriched area for lying-down than the non-enriched area.

Keywords: welfare; environmental enrichment; shelters; behaviour

Uvod

Cilem obohaceni prostfedi je poskytnout zvifeti zdroj, ktery mu chybi a tim zvysit jeho
schopnost vyrovnat se s zivotem v zajeti (Olsson et al., 2003). Dle Haemisch (1990) dochazi
umorcat ke zvySené hladiné stresovych hormont vlivem jejich umisténi do klece
snezndmym a chudym prostfedim. Soucasné¢ se morcata zdrzuji v blizkosti krmnych a
napdjecich mist nebo v rozich klece (White et al., 1989). Dulezitou soucasti obohaceni
prostiedi jsou pristiesky (Gut et al., 2018), které zvifatim nabizi moznost odpocinku a tniku
z otevieného prostoru (Olsson et al., 2003). Piistfesky zaroven nahrazuji prilezy a tunely,
které¢ morcata vyuZzivaji jako Utocisté ve volné ptirodé (Rood, 1972). Dle Lee et al. (2014)
morcata preferuji tmaveé zony a vyhledavani ukrytu je tak jejich pfirozenym chovanim (Gut et
al., 2018). V ptipad¢, kdy tato potfeba neni uspokojena, dochéazi ke stresu (Ohl and van der
Staay, 2012).

Cilem této studie bylo zhodnotit vyuzitelnost obohaceni prostfedi v podobé& pfistreskli u
morc¢at domacich v zajmovém chovu.

Material a metodika

V ramci hodnoceni vyuZiti obohaceni prostfedi neboli enrichmentu u morcat v zdjmovém
chovu byla provedena etologicka pozorovani u 4 samct ve véku tii let v prubehu 3 po sobé
jdoucich dnli metodou snimkovani, a to kazdou jednu minutu po dobu dvanacti hodin — vzdy
v Case 08:00-20:00. Teplota prostiedi v prubéhu pozorovani dosahovala 21°C. Pozorovani
jedinct probihalo v kleci o velikosti 110x70 cm s adlibitnim pfistupem k senu a vodé
a obohacené o zatizeni k Ukrytu. Videomateridly byly potfizeny pomoci videokamery Sony
AX53 a vyhodnoceny pomoci softwaru Observer XT. U vSech jedinct byly zaznamenavany
prvky obecné aktivity (stani, leZeni, pohyb), kterd byla rozd€lena na obecnou aktivitu
projevovanou mimo poskytnuté obohaceni prostiedi (bez enrichmentu) a obecnou aktivitu
projevovanou V misté poskytnuti obohaceni prostiedi (enrichment). Ziskana data byla
nasledné statisticky vyhodnocena v programu Unistat for Excel s vyuzitim X? testu. Hodnota
p > 0,05 byla stanovena jako statisticky nevyznamny rozdil, hodnota p < 0,05 jako statisticky
vyznamny rozdil a hodnota p < 0,01 jako statisticky vysoce vyznamny rozdil.
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Vysledky a diskuze
Zaznamenané Cetnosti obecné aktivity projevované mimo poskytnuté obohaceni prostredi
a v mistech poskytnutého obohaceni prostiedi jsou zobrazeny v grafu 1 a tabulce 1.
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Graf 1: Obecna aktivita morcat bez vyuziti a s vyuzitim enrichmentu

Mezi jedinci A, B, C a D nebyl zaznamenan rozdil (p > 0,05) v Cetnosti obecné aktivity
Vv mistech s poskytnutym enrichmentem ani V Cetnosti obecné aktivity mimo poskytnuty
enrichment. Znamena to, ze u vSech pozorovanych jedinci byl pomér obecné aktivity
s enrichmentem a bez enrichmentu stejny. Na zékladé zaznamenanych Cetnosti bylo zjisténo,
ze vSichni jedinci morcete domaciho se vyskytovali v pribéhu pozorovani vysoce vyznamné
vice (p < 0,01) v mistech s poskytnutym enrichmentem neZ mimo poskytnuty enrichment,
coz muze byt zptisobeno jejich preferenci tmavych mist (Lee et al., 2014). Obdobné i Helbing
et al. (2023) pfi hodnoceni chovani morcat zjistili, Ze vétSinu doby pozorovani morcata travila
V poskytnutém pftistfeSku. Zaznamenané vysledky dokladaji vyznam enrichmentu a jeho
poskytnuti zvifatim chovanym v zajeti.

Tabulka 1: Cetnosti vyskytu jednotlivych prvki obecné aktivity

Jedinec A

Jedinec B

Jedinec C

Jedinec D

Bez
enrichmentu

Enrichment

Bez
enrichmentu

Enrichment

Bez
enrichmentu

Enrichment

Bez
enrichmentu

Enrichment

Stani 690 478 730 444 692 463 691 465
LeZeni 6 960 6 961 9 978 1 985
Pohyb 29 0 22 0 21 0 21 0

Z vysledkt dale vyplyva, ze vSichni pozorovani jedinci vyuZzivali pro lezeni vysoce vyznamné
vice (p < 0,01) poskytnuty pfistieSek nez prostor bez enrichmentu. Tato skute¢nost mtize byt
zpusobena tim, ze ptistfeSek poskytuje zviratim bezpecné utocisté v podobé krytého mista
Vv jinak oteviené kleci (Olsson et al., 2003), a proto vyuzivaji k lezeni a s nim spojenému
odpocinku pravé prostor pod piistfeSkem. Také pfi vyhodnoceni obecné aktivity stani byly
zjistény vysoce vyznamné rozdily (p < 0,01) v Cetnostech tohoto prvku chovéni. Stani se
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ovsem vyskytovalo ve vyS$si mife v prostoru mimo poskytnuté obohaceni prostedi, coz bylo
zpusobeno predevSim navstévami krmnych a napajecich mist. Poté se jedinci ihned vraceli
zpét do dostupného pristfesku. Tato zjisSténi podporuji tvrzeni Gut et al. (2018) o tom,
ze piistiesky jsou diilezitou soucésti obohaceni prostfedi morcat.

Zavér

Vsichni jedinci zafazeni do této studie se v pritbé¢hu pozorovani celkové vice vyskytovali
Vv poskytnutém piistieSku nez mimo tato mista, a to i pfes to, Ze cetnost stdni byla vyssi mimo
poskytované obohaceni prosttedi. Pro lezeni si naopak pozorovani jedinci vybirali pfedevsim
prostor pod pfistteSkem. Vysledky ukazuji, Ze obohaceni prostfedi morcat v podobé ukrytt
1ze povazovat za nezbytny prvek v chovném zatizeni z pohledu zvitat, ktery by morcatiim m¢l
byt poskytnut.
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Soucasna situace v problematice vyuziti enrichmentu v chovech kraliku

Current situation in use of enrichment in rabbit breeding

Lakoma Tereza, Vecerek Vladimir

Ustav ochrany a welfare zviiat a verejného veterindrniho lékarstvi, Fakulta veterindrni hygieny a ekologie,
Veterinarni univerzita Brno

Summary

Rabbits are one of the few species of animals that are bred for economic and pet purposes and are
also used as experimental animals. Each breeding environment creates its own different conditions to
which the animal must adapt, which, particularly in stimulus-poor environments, can result in
behavioural disorders. The use of enrichment in rabbit breeding is an appropriate solution, but it is
necessary that the enrichment is correctly selected and adequately used by the rabbit. The inclusion of
food enrichment, which reflects the natural need for frequent food intake, is appropriate but cannot be
applied in all types of breeding. This review focuses on the use of different types of enrichment in
rabbit breeding.

Keywords: Oryctolagus cuniculus; animal welfare; behavioral needs; environmental enrichment

Uvod

Kralici byvaji, jako zvitata hospodarska, zajmova i laboratorni, ¢asto chovani v klecovych
systémech. Omezeny Zivotni prostor miize mit za nasledek snizeni welfare kraliki. Chovem
v neobohaceném prostiedi mohou vznikat poruchy chovani. Pro zlepSeni kvality zivota takto
chovanych kralikii je vhodné vyuZit environmentdlni enrichment. Enrichment je potieba
kriticky posoudit, zda odpovidd behavioralnim potfebam zvitat. Teprve tehdy bude jeho
zaclenéni do chovného zatizeni Gcelné.

Cilem tohoto ptehledového c¢lanku bylo popsat soucasny stav poznatkl v oblasti vyuziti
rizného typu enrichmentu v chovech kraliki a také jeho vliv na chovani a welfare kraliki.

Environmentalni enrichment v chovech kraliki

Podminky prostiedi ovliviiuji jedince po cely Zivot (Van de Weerd et al., 2002). Obohaceni
prostiedi definujeme jako jakoukoli Upravu zZivotniho prostoru chovanych zvitat, ktera jim
poskytuje podnéty zlepSujici jejich fyzickou a psychickou pohodu (Baumans, 2005). Tim
mohou byt uspokojeny jejich druhové specifické potieby (Vera, 2005). Zivotni prostor by mél
podporovat druhové typické chovéani (Johnson et al., 2003), jako je béh, skdkani, okusovani,
hrabani (Verga et al., 2007).

Obohaceni prostfedi by nemélo byt ndhodné, funkéni enrichment je spravné navrzeny,
kriticky posouzeny a spocivd ve vyuziti pfirozeného chovani zvifat, u kralikli se vyuziva
chovani potravni, socidlni ¢i explora¢ni (Baumans, 2005). Environmentalni enrichment muize
snizit nezadouci tlak prostfedi (zejména v ZivoCiSné vyrob¢), zmirnit projevy abnormalniho
chovani a zvysit pohodu chovanych zvitat (Bozicovich et al., 2016). U kralikti je jednim
Z primarnich vzorct chovani hledani potravy (Young, 2013), projevem abnormalniho chovani
toto nezadouci chovani zmirfiuje vyuziti diivek k okusu (Princz et al., 2007), ktera zvysuji
pohodu kralikt a jejich vyuziti je vhodné i z hlediska jate¢né vytéznosti (Mohammed and
Nasr, 2017). Na téma zvySeni uzitkovosti a kvality findlniho vyrobku upfednostiiovanim
dobrych zivotnich podminek zvifat upozorni El-Sabrout (2024). Vyzkum v oblasti zlepSovani
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podminek ustdjeni kraliki v individudlnich klecich je podporovan 1 mezinarodnimi
asociacemi pro laboratorni zvifata a v narodnich predpisech (Kostomitsopoulos et al., 2017).

Ve studiich se Casto objevoval pouze jeden typ enrichmentu, nebo $lo o srovndvaci analyzu
environmentalniho enrichmentu podobného typu — naptiklad vyuziti vétvi riznych stromt
(Bozicovich et al., 2016; Princz et al., 2007; Mohammed and Nasr, 2017). Piikladem studie,
ktera se zabyvala pouze jednim typem enrichmentu, byla studie Kostomitsopoulos et al.
(2017). Autofi hodnotili moznosti vyuziti komeréné¢ dostupného piistiesku u individualné
ustajenych kralikii. Tito kralici nejvice interagovali s pouzitym enrichmentem v rannich a
odpolednich hodinach, kdy obohaceni vyuzivali riznymi zplsoby: pobyt pod pfistfeskem,
okusovani pristtesku, premistovani pristieSku, hra s pfistieSkem. Tyto poznatky autory vedli
K otazce vhodnosti vyuziti predmétu, kdy nékteré z projevenych interakci s nim mohli
poukazovat nejen na zvédavost a zijem, ale také na frustraci z néj. Typové€ rlznorody
enrichment porovnavala studie Feng et al. (2022), do které byla zafazena gumova hracka,
plechovka naplnéna fazolemi a dievénd ty¢. Kralici, ktefi jako obohaceni dostali plechovku
s fazolemi, travili vice ¢asu hrou s enrichmentem oproti ostatnim skupindm. Nejmén¢ ¢asu se
vénovali enrichmentu kralici ve skupiné€ s dievénou ty¢i. Ve vSech skupinach, ve kterych byl
zatazen enrichment, bylo pozorovano mén¢ abnormalnich projevti chovani oproti kontrolni
skupin€é. Doba odpocinku ve skupinach s obohacenim byla krats§i oproti skupiné, ktera
obohaceni neméla. Komfortni chovani vykazovali castéji kralici ze skupin s obohacenim.
V nékterych studiich byly pouzity pfedméty, které nejsou komeréné dostupné a je obtizné je
ziskat (Silva et al., 2021). Vyuzivalo se laboratornich zvifat (Poggiagliolmi et al., 2011), Casto
samic a mlad’at (Rommers et al., 2014; Bozicovich et al., 2016). Zkoumano bylo vyuziti pater
v chovném zafizeni (Trocino et al., 2019).

Urceni idedlniho environmentalniho enrichmentu se jevi jako obtizné (Feng et al., 2022),
nicméné obecné plati, Ze kréalici preferuji obohaceni prostfedi spojené s moznosti projevit
potravni chovani (Princz et al., 2009). Potravni enrichment u kralikd zvySuje pohybovou
aktivitu a zvifata se k enrichmentu rychleji pfiblizuji, coZ lze povazovat za pozitivni reakci
na zatfazeni nového podnétu do chovného prostoru (Birolo et al., 2022). Obecné déle plati,
ze efekt zatazeni enrichmentu do chovného prostiedi v pribéhu casu klesa. Je tedy potieba
enrichment v klecich obménovat (Johnson et al., 2003).

Zavér

Obohaceni prostiedi je Zadouci ve vSech typech chovl kralikt. Zvoleny enrichment by mél
odrazet ptirozené behavioralni potfeby zvifat a mél by byt asto obménovan, aby si zachoval
svoji efektivitu. Vhodné je zatfazeni potravniho obohaceni chovného prostiedi, které stimuluje
pfirozenou potiebu zvitat hledat a pfijimat potravu.
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Behavioralni projevy psu v priibéhu canisterapeutickych zkousek

Behavior of dogs during canistherapy exams
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Summary

Canistherapy practice may have a stressful potential for dogs. The aim of this study was to evaluate
the behavioural manifestations associated with stress reactions in dogs during canistherapy exam.
Ethological observations were made on 15 dogs during four canistherapy exam disciplines. The result
demonstrate that licking and whale eye were the most frequently used behavioural elements during the
exam (p < 0.01). The frequencies of the analysed behavioural elements were found to be higher during
disciplines involving intensive examiner-dog contact (p = 0.0000). Differences in the frequencies
of specific behavioural elements were then observed during contact disciplines.

Keywords: welfare; calming signals; ethology; animal-assisted therapy; canine

Uvod

Psi jsou diky své relativné snadné cvicitelnosti, pfedvidatelnému chovani a dostupnosti bézné
vyuzivani jako terapeuticka zvitata (Glenk, 2017). Prestoze terapeuticti psi absolvuji specidlni
vycvik a prochéazeji canisterapeutickymi zkouSkami, mohou béhem pracovni smény stale
zazivat stres. Velkd ¢ast dostupnych vyzkumi pozoruje behaviordlni znamky stresu u pst.
Behavioralni znamky stresu u pst zahrnuji zvySenou lokomocni aktivitu, tlekové reakce,
lapani po dechu, roz$ifeni zornic ¢i takzvané velrybi oko, uhybani pohledem, chvéni, kiuceni,
nadmeérné olizovani, zivani, schovavani se, zdvihdni koncetiny a sniZzené drZeni téla (Beerda
et al., 1999; Beerda et al., 2000; Dreschel and Granger, 2005). Zmény v pohybu, postoji téla
¢1 vyrazu tvare jsou citlivymi indikdtory emociondlniho stavu jedince (Hall et al., 2018;
Brembhorst et al., 2019). Psi mohou zazivat stres béhem své pracovni doby asistovani lidem,
bez ohledu na to, zda se jedna o terapeutickou intervenci ¢i jinou interakci (Beerda et al.,
1999; Haubenhofer and Kirchengast, 2006).Vliv na behavioralni projevy stresu u psit ma vék
a zkuSenosti vyuzivanych pst (King et al., 2011; Glenk et al., 2014), nov¢ vzniklé situace a
nové socidlné-ekologické okolnosti, se kterymi se psi vyrovnavaji (Ng et al., 2014;
Haubenhofer et al., 2005) a také denni doba ¢i pocet terapeutickych intervenci za jednotku
¢asu (Haubenhofer and Kirchengast, 2006; Haubenhofer and Kirchengast, 2007). Hladinu
akutniho stresu mlze ovliviiovat 1 uvazani psa na voditku béhem intervence. Pouziti voditka,
tedy metody déavajici psim pfilezitost pfiblizit se ¢i se vyhnout kontaktu s lidmi, ma
vyznamny vliv na hladinu stresového markeru kortizolu ve slinach terapeutickych psii (Glenk
et al., 2013). Otazkou vyzkumu nadale zstdva do jaké miry jsou zminéné behavioralni

projevy znamkou pozitivniho vzruseni ¢i negativniho stresu (Haubenhofer and Kirchengast,
2006).

Material a metodika

K analyze behaviordlnich projevli pst v pribc¢hu canisterapeutickych zkousek bylo
vyuZito 15 ucastnicich se jedinct. Mezi hodnocené behaviordlni projevy pst byly na zdkladé
odborné literatury zatrazeny nasledujici prvky chovani — olizovani, uhybani pohledem, velrybi
oko, hledani vizualniho kontaktu s majitelem, otfepani, snaha odejit a zdvihani koncetiny.
Cetnosti jednotlivych prvki chovani byly hodnoceny s ohledem na jejich frekvenci jak
celkové, tak 1 u konkrétnich zkuSebnich disciplin (navyk na zdravotnické pomiicky, test
reakce na ndhlé podnéty, tedy dvé méné kontaktni discipliny a dvé discipliny kontaktni
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oznacené jako vstup do osobniho prostoru a zvedani psa cizim ¢lovékem), a také s ohledem
na miru kontaktu examindatora a psa v danych disciplinach. Videozaznamy byly pofizeny
paraleln¢ pomoci dvou videokamer Sony AX53 a vyhodnoceny pomoci softwaru Observer
XT. Ziskana data byla nasledné statisticky vyhodnocena v programu Unistat for Excel
S vyuzitim X? testu. Hodnota p > 0,05 byla stanovena jako statisticky nevyznamna. Naopak
hodnota p < 0,05 byla vyhodnocena jako statisticky vyznamna a hodnota p < 0,01 jako
statisticky vysoce vyznamna.

Vysledky a diskuze

Z analyzovanych behavioralnich projevii pstt v pribéhu canisterapeutickych zkousek
hodnoceni jedinci nejvice vykazovali olizovani se a takzvané velrybi oko (p < 0,01). Mezi
cetnostmi vyuzivani téchto projevli chovani nebyl zaznamenan statisticky vyznamny rozdil
(p =0,8163). Zminéné prvky chovani jsou Casto spojovany se stresovou situaci nebo také
s frustraci psi (Beerda et al., 2000; Bremhorst et al., 2019). Nejméné psi v potencidlné
stresovych situacich vyuzivali z analyzovanych prvkl chovani zdvihani koncetiny (p < 0,01).
Vice behavioralnich prvka spojovanych se stresem bylo psy projevovano v prabéhu disciplin,
pfi nichz dochdzelo k intenzivnimu kontaktu examinétora a pst (p = 0,0000). Tento rozdil je
patrné zptisoben nucenym kontaktem a nemoznosti uniku z takové situace. I potencialni
moznost Uniku ma v takovych pfipadech pro psy znaény vyznam (Glenk et al., 2013).
Z popsanych rozdilt je ziejmé, ze psi se s kazdou nove vzniklou situaci vyrovnavaji pomoci
jinych behavioralnich projevi také s ohledem na zkuSenosti ¢i denni dobu (Haubenhofer et
al., 2005; Haubenhofer and Kirchengast, 2006), ptfi¢emz zavisi na mife kontaktu ciziho
¢lovéka se psem (Beerda et al., 1999; Glenk et al., 2014). V prubéhu absolvovani kontaktnich
disciplin byl zaznamenan rozdil ve vyuzivani uréitych prvki chovani. Behaviordlni projev
oznacovan jako hledani majitele vykazovali psi nejvice v priitbéhu absolvovani discipliny
zvedani psa cizim ¢lovékem a to 1 v porovnani s druhou hodnocenou kontaktni disciplinou —
vstup do osobniho prostoru (p = 0,0466). Opacné bylo vtéchto dvou disciplinach psy
vyuzivano konejSeni otfepanim, které psi vykazovali nejvice pravé pifi zkouSce tolerance
examinatora v osobnim prostoru jedince (p = 0,0381).

Zavér

Mezi nejvyuzivanéj$i behaviordlni projevy spojené s akutnim stresem u pst ucastnicich
se canisterapeutickych zkouSek patfilo olizovani se a takzvané velrybi oko. Pomérné hojné
vyuzivani konejSivych signali pravé u nezkusSenych psi v pribéhu zminénych zkousek je
zpiisobeno rovnéz potiebou lehce prekrocit limity pst tak, aby byla co nejlépe prokdzana
jejich pfipravenost pro praxi v potencidlné stresovém prostiedi. Alespont zdanliva mozZnost
uniku se pak u pst projevuje na rozdilech Cetnosti prvki chovani u vice ¢i méné kontaktnich
disciplin canisterapeutickych zkouSek. Z Cetnosti vyuzivani chovani oznaceného jako hledani
chovatele 1ze predpokladat diilezitost vazby psa s chovatelem béhem praxe a podtrhava tak
dulezitost sehranosti canisterapeutické¢ho tymu pes — chovatel.
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VLIV GABAPENTINU NA RANA VYVOJOVA STADIA KAPRA
OBECNEHO (CYPRINUS CARPIO)

EFFECT OF GABAPENTIN ON EARLY DEVELOPMENTAL STAGES
OF COMMON CARP (CYPRINUS CARPIO)
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2 Dipartimento di Scienze Chimiche, Biologiche, Farmaceutiche, ed Ambientali — Universita di Messina, Italia

Summary

Recently, there has been a sharp increase in the consumption of drugs, in particular gabapentin
(GBP), which is widely used to treat epilepsy and neuropathic pain and also off-label for bipolar
disorder, migraine and restless legs syndrome. GBP, like other drugs, leaches into water bodies since
wastewater treatment plants have proven to be ineffective in removing them from wastewater. The aim
of our study was to assess the effect of GBP on fish in early life stages. Using OECD 210
methodology, 31days long toxicity test with GBP was performed. After the test, samples were taken
and analysed for oxidative stress indicators and subjected to histopathological examination. The
findings revealed remarkable changes in fish exposed to higher doses of GBP, manifested by increases
in weight and length, together with effects on antioxidant enzymes and oxidative damage to tissues,
proteins, and DNA. These results underline the potential toxicological threat to aquatic organisms.

Keywords: antiepileptics, drugs; embryo; embryo-larval stages; fish; toxicity

Uvod

Gabapentin (GBP) je vyuzivan k 1écbé epilepsie, neuropatické bolesti, a mimo schvaleného
pouziti také k 1é€bé bipolarni poruchy a prevence migrény a syndromu neklidnych nohou
(Abou-Khalil 2019). Jeho pouziti se rozsifilo i do veterinarni mediciny, kde se vyuziva
zejména pro 1é€bu chronické a neuropatické bolesti u psii, kocek a koni a posledni dobé¢ i jako
1é¢ivo pti separacnich uzkostech kocek a pst. U GBP navic nedochazi k metabolizaci
v lidském, a mimo pst, ani zvifecim organismu, a proto je rychlost vyluovani clovékem
velmi vysokd (Di Cesare et al. 2023). GBP se tak dostavd do odpadnich vod a Cistirny
odpadnich vod ho nasledné nedokazi G¢inn€, coz vede k jeho detekci ve vodnim prostiedi
(Ferencik et al. 2022).

Cilem nasi prace bylo posoudit subchronickou toxicitu GBP na rané vyvojova stadia kapra
obecného (Cyprinus carpio), konkrétné jeho vliv na vyvoj a potencial vyvolat oxida¢ni stres v
organismu a nasledn¢ oxidacni poSkozeni lipidi, proteinii a DNA.

Material a metody

Test subchronické toxicity s lé€ivem GBP na kapru obecném (Cyprinus carpio) byl proveden
podle metodiky OECD ¢. 210 semistatickou metodou s pravidelnou vyménou lazn€ po 12
hodinach. Na zacatku experimentu byly oplozené jikry vizudlné vyselektovany a
zkontrolovany pod stereomikroskopem a nasledné umistény do krystaliza¢nich misek po 100
jedincich. Kazd4a testovand skupina byla nasazena v triplikatu ¢ili kazda koncentrace byla
testovana celkem na 300 oplozenych jikrach. GBP byl testovan celkem v péti koncentracich 1;
enviromentalni koncentraci. Testovand latka byla aplikovana do vody, pfi¢emz testované
roztoky byly dvakrat denné pfipravovany cerstvé. Ryby byly krmeny 2x denné cerstvé
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vylihlymi Artemia salina a zéroven byly v testovacich nadobach dvakrat denné kontrolovany
indikatory kvality vody (pH, koncentrace kysliku, teplota, dusi¢nany, dusitany a celkovy
amoniak). Trvani experimentu bylo stanoveno na dobu larvalniho vyvoje (tj. 28 dni od
vylihnuti). Experiment byl ukoncen eutanazii larvalnich stadii ryb pomoci anestetika tricain
methanosulfonatu (MS 222). Po skonceni testu byly odebrany vzorky larev pro méieni délky
a hmotnosti a jednotlivé analyzy. Pro vyhodnoceni G¢inkli na biomarkery oxida¢niho stresu
byly stanoveny aktivity antioxida¢nich enzymt, lipoperoxidacni poskozeni tkani, poskozeni
proteini a DNA, a byly posouzeny piipadné histopatologické zmény. Zjisténé vysledky byly
v zaveéru statisticky vyhodnoceny pomoci softwaru Unistat 6.5 pro Excel.

Vysledky a diskuse

Po statistickém vyhodnoceni nebyly prokazan vyznamny vliv gabapentinu na mortalitu a miru
a rychlost lihnuti u kapra obecného v porovnani s kontrolni skupinou, byl v§ak zaznamenéan
statisticky vyznamny vliv (p < 0,05) na zvySenou délku a vahu larev ve skuping s testovanou
koncentraci 10 000 pg/L (tab. 1). Li et. al (2018) naopak zaznamenali redukci délky u dénii
pruhovanych (Danio rerio) a zadny vliv na jejich hmotnost.

Tabulka 1: Vliv gabapentinu na délku a hmotnost larev kapra obecného

Délka mm

GBP (testované skupiny) Délka v mm Viha v mg
kontrola 11.03 +£0.22 14.50 + 0.90
1 ng/L 11.56 £ 0.27 16.55+1.52
10 png/L 11.88 £0.32 17.25+2.32
100 pg/L 11.04 +0.38 14.85+1.92
1 000 pg/L 11.27+0.23 14.60 £ 0.74
10 000 pg/L 12.18 + 0.26* 20.75 £ 1.46*

Hodnoty uvedené v tabulce jsou medidn + smérodatnd chyba; * p<0.05, ** p<0.01

V ramci vyhodnoceni biomarkerti oxida¢niho stresu bylo zaznamenano staticky vysoce
vyznamné (p < 0,01) sniZeni aktivity superoxiddismutazy (SOD) ve skupinach 10;100 a 1 000
pg/L, zaroven byla zaznamenano vyznamné (p < 0,05) a vysoce vyznamné (p < 0,01) snizeni
aktivity glutationperoxidazy (GPx) ve skupindch 100; 1000 a 10000 pg/L a vysoce
vyznamné sniZeni (p < 0,01) aktivity katalazy (CAT) v nejvyssi testované skupiné. Navic ale
doslo také k vyznamnému sniZeni (p < 0,05) aktivity detoxika¢niho enzymu glutathion-S-
transferdzy (GST) ve skupiné exponované 10 pg/L GBP. Ve studii provedené Li et. al. (2018)
byla u dénia pruhovaného (Danio rerio) zaznamenana naopak zvysSena aktivita vSech vyse
zminénych enzymd, z ¢ehoZ se jako nejcitlivéjsi na ptisobeni GBP ukézala CAT. Zaroven byla
pro hodnoceni toxicity sledovana aktivita laktdtdehydrogenazy (LDH), u které taktéz doSlo
k vysoce vyznamnému zvyseni.

Lipoperoxidacni poskozeni tkani bylo prokazano u skupin vystavenych koncentracim 100;
1 000 a 10 000 pg/L GBP a zvySenim hladiny reaktivnich latek s kyselinou thiobarbiturovou
(TBARS). Zvysend koncentrace karbonylovych proteini (CP) ve vSech testovanych
skupinach sveéd¢i o oxidaénim poskozenim proteint po expozici GBP. He et. al. (2019), ktefi
sledovali mechanismus toxicity GBP u déanii pruhovanych v enviromentalnich koncentracich
zjistili, Ze acetylcholinesterdza, lysozym a hladina C-reaktivniho proteinu byly na konci
expozice snizeny. Tyto snizené hladiny biomarkerti by tedy mohly signalizovat poruchy nebo
oslabeni nervového, imunitniho a zanétlivého systému, coz mize mit Sir§i dopady na celkové
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zdravi a funkci sledovaného organismu. V ramci oxida¢niho poskozeni DNA byla zjiSténo
vyznamné (p < 0,05) a vysoce vyznamné (p < 0,01) sniZeni hladiny oxidacniho derivéatu
guanosinu (8-OHdG) ve skupinach 100; 1 000 a 10 000 pg/L. V ramci histopatologie nebyly
pozorovany zadné zmény v porovnani s kontrolni skupinou.

Zavér

GBP je Siroce vyuzivan nejen k 1écbé epilepsie a neuropatické bolesti, ale také mimo
schvaleného pouziti jako terapie bipolarni poruchy nebo prevence migrény a syndromu
neklidnych nohou. Hlavnim rizikem nadmérného uzivéani tohoto léku je jeho nezménéné
vylucovani do odpadnich vod a nedostatecna ¢istici kapacita Cistiren odpadnich vod. Prestoze
je akutni toxicita GBP ve vodnim prostfedi nizka, bylo prokazano, Ze ma negativni vliv na
necilové vodni organismy. Je tedy klicové monitorovat jeho dlouhodobé uc¢inky ve vodnim
prostiedi. Ve védecké literatufe je vSak dosud malo informaci popisujicich G€inky GBP na
vodni organismy. Nase studie poukazuje na potencidlni environmentalni rizika spojend s
nadmérnym uZzivdnim GBP v humanni a veterindrni praxi. Vysledky naseho experimentu
ukazuji, ze GBP ma vliv na délku a hmotnost ranych vyvojovych stadii kapra obecného a
zaroven ovliviluje aktivitu oxidaénich enzymil, muize vést k poskozeni proteinti a
k lipoperoxidacnimu poskozeni tkani a tim tak predstavovat vyznamnou hrozbu pro vodni
prostfedi a jeho organismy. Pro dosazeni udrzitelnéj$i budoucnosti a zachovani rovnovahy
vodnich ekosystémtl pro dalSi generace je nutné aktivné teSit otazky udrzitelnych metod
likvidace 1é€iv a kontroly jejich vyuZiti.

Podékovani
Studie byla finanéné podpotena projektem IGA 219/2023/FVHE.
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Vliv pohlavi na chovani kfizencii masného skotu na zimovisti

The influence of sex on the behavior of crossbred beef cattle on the
wintering grounds
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Summary

The aim of the ethological observations was to find out the differences in the behavior of males and
females of young cattle of the same breed on the wintering grounds. For observations, 24 crossbreeds
of suckler cows, crossbreeds of the Wagyu, Galloway and Limousine breeds were selected. During the
ethological observations, which took place on 2 dates in November 2022, the activities of lying down,
feed intake, water intake, movement, social behavior, ruminating while lying down, ruminating while
standing up, reproductive and comfort behavior were monitored. Data were recorded from sunrise to
nightfall at ten-minute intervals. Differences in the duration of the monitored activities were found
between the sexes of all investigated breeds. The longest reported activity for all breeds of both sexes
was feed intake. Females spent more time on this activity than males of the same breed. Compared to
females, males, on the other hand, showed a longer time spent lying down and showed more frequent
manifestations of reproductive and social behavior compared to females of the same breed.

Keywords: animal behavior; ethology; cattle

Uvod

Welfare zvifat je stav poskytnuti vhodnych podminek chovanym zvifatim tak, aby bylo
zajiSténo zakladnich Zivotnich podminek, zdravi a ochrany pifed straddnim jak materialnim,
tak psychickym (Dolezal et al. 2004). Zakladnim prvkem posouzeni pohodli zvifat je
pozorovani chovani zvifat (Kokocinska and Kaleta, 2016). Etologicka pozorovani zkoumayji
denni rezim zvifat a zjiStuji typické prvky chovani pro urCity druh ¢i plemeno zvifat
(Hauptman et al. 1972).

Material a metody

Vlastni etologické pozorovani bylo provedeno ve staji K108 spole¢nosti VUCHS Rapotin
s.r.0. Pro pokus bylo vybrano 24 kiiZzencu plemen skotu bez trzni produkce mléka, z toho 4
ktizenky plemene Wagyu procentudlni zastoupeni plemene 50-88 % ve veéku 10-23 mésict, 4
kiiZzenky plemene Galloway procentudlni zastoupeni plemene 97-100 % ve véku 10-15
mésict, 4 kiizenky plemene Limousine procentudlni zastoupeni plemene 50—-75 % ve veku
10-18 mésicu, 4 kiizenci plemene Wagyu procentualni zastoupeni plemene 75-100 % ve
veéku 11 mésici, 4 ktizenci plemene Galloway procentudlni zastoupeni plemene 97-100 % ve
veku 13—14 mésict, 4 kiizenci plemene Limousine procentualni zastoupeni plemene 50—69 %
ve véku 10-14 mésicl. Zvirata byla rozdé€lena do 2 stejné velkych kotcli o rozmérech 15 650
x 9 650 mm, v jednom samice, v druhém samci.

Zvitata byla krmena jednou denné ad-libitni krmnou davkou sloZenou z 37 % travni senaze,
59 % kukufic¢né silaZze a 4 % Srotu s pfidavkem minerdlni smési. Krmivo bylo béhem dne
piihrnuto. V kazdém kotci byly 2 automatické nezamrzajici napdjeCky umisténé mezi krmnou
chodbou a leharnou. V kazdém kotci byl umistén solny liz. Ustijeni bylo provaddéno na
hluboké podestylce se sldmou s pravidelnym vyhrnovanim v mési¢nich intervalech a
pristylanim slamou v jednom az dvou intervalech tydné. Krmna chodba byla vyhrnovéana
trikrat tydné.
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Vlastni pokus byl provadén ve 2 terminech v mésici listopadu roku 2022. U pozorovanych
zvifat byla sledovdna a zaznamenavana celodenni aktivita. Etologickd pozorovani byla
provadéna vzdy od rozednéni do soumraku v desetiminutovych intervalech (dle Kovalc¢ikové
a Kovalcika, 1984). Byly hodnoceny parametry lezeni, pfijem krmiva, pfijem vody, pohyb,
socialni chovani, ptrezvykovani v leze, pfezvykovani ve stoje, reprodukéni a komfortni
chovani.

Vysledky a diskuze

Vsichni pozorovani jedinci travili nejvice ¢asu piijmem krmiva. Samice travily touto ¢innosti
béhem dne vice casu nez samci stejného plemene. Stejna situace byla i u aktivity piijem vody.
Samice plemene Wagyu travily pfijmem krmiva pramémé 61,57 % z fondu casu (tedy
ptiblizn¢ 14:46:36) a pramérné 2,47 % z fondu Casu (tedy pfiblizné 0:35:34) pfijmem vody
oproti samciim, ktefi ptijmem krmiva travili 54,34 % z fondu ¢asu (pfiblizné tedy 13:02:30) a
pramérné 1,24 % z fondu cCasu (tedy ptiblizn€¢ 0:17:51) pfijmem vody. Samice plemene
Galloway travily pfijmem krmiva primérné 64,03 % z fondu ¢asu (tedy pfiblizné 15:22:02) a
pramérné 2,2 % z fondu casu (tedy pfiblizné 0:31:41) piijmem vody oproti samctim, ktefi
pfijmem krmiva travili 50,89 % z fondu Casu (pfiblizné tedy 12:12:49) a pramérmné 1,35 %
z fondu Casu (tedy pfiblizné 0:19:26) pfijmem vody. Samice plemene Limousine travily
pfijmem krmiva primérné 62,17 % z fondu Casu (tedy pfiblizn€ 14:55:15) a primérné 2,24 %
z fondu casu (tedy pfiblizn€ 0:32:15) pfijmem vody oproti samclim, ktefi pfijmem krmiva
travili 53,32 % z fondu Casu (pfiblizné tedy 12:47:48) a primérné 1,53 % z fondu casu (tedy
priblizné 0:22:02) ptijmem vody.

Samci oproti samicim travili béhem dne vice Casu aktivitou lezeni a projevy socidlniho
chovani. U samct vSech plemen se vyskytovaly projevy reprodukéniho chovani, zatimco u
zadné ze sledovanych samic v pozorovaném obdobi znaky reprodukéniho chovani
zaznamenany nebyly. Samci plemene Wagyu vykazovali primémé 9,46 % z fondu casu
strdven¢ho lezenim (piiblizné tedy 2:16:13), socidlni chovani vykazovali primémé 9,15 %
z fondu casu (pfiblizné tedy 2:11:46) a reprodukénim chovanim se projevovali primérné 1,98
% z fondu cCasu (ptiblizn¢ tedy 0:28:31) oproti samicim stejného plemene, které travily
lezenim primémé 5,53 % zfondu casu (piiblizné tedy 1:19:38) a socidlnim chovanim
prumémé 4,28 % z fondu cCasu (pfiblizné tedy 1:01:38). Samci plemene Galloway travili
leZenim primémé 9,23 % z fondu ¢asu (pfiblizné tedy 2:12:55), socidlni chovani vykazovali
prumémé 6,69 % z fondu Casu (pfiblizné tedy 1:36:20) a reprodukéni chovani projevovali
primémé 0,23 % z fondu Casu (pfiblizné tedy 0:03:19) oproti samicim stejného plemene,
které travily leZenim primérné 6,42 % z fondu Casu (pifiblizné tedy 1:32:27) a socidlnim
chovanim primémé 1,58 % zfondu casu (pfiblizné¢ tedy 00:22:45). Samci plemene
Limousine travili lezenim primérmé 4,34 % z fondu Casu (ptiblizné tedy 1:02:30), socialnim
chovanim primeérmé 8,95 % z fondu casu (ptiblizn¢ tedy 2:08:53) a projevy reprodukéniho
chovani u nich nebylo zaznamenéano, oproti samicim stejného plemene, které travily leZzenim
primémé 3,45 % z fondu Casu (ptiblizné tedy 0:49:41) a sociadlnim chovanim pramérné 1,35
% z fondu ¢asu (pfiblizné tedy 0:19:26).

Chovani zvifat a denni cyklus skotu na zimoviiti je jen zfidka opublikovan. Rada autori se
zabyva posuzovani chovani zvifat a dennimi zvyklostmi zvifat na pastvé. I zde je mozné
sledovat rozdily v chovani jak mezi druhy, tak i mezi plemeny, jak ve svych studiich uvadé;i
naptiklad Londono-Paéz et al. (2022) nebo Schanz et al. (2022).

Zavér
Cilem studie bylo zaznamenat rozdily v chovani u samcli a samic mladého skotu stejné
plemenné piislusnosti ustdjené na zimovisti. Béhem sledovani bylo zjisténo, Ze aktivita
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nejvice zastoupena béhem dne byla pfijem krmiva. Samice touto ¢innosti travily vice ¢asu nez
samci stejného plemene. Samci oproti samicim naopak vykazovali béhem dne vétsi useky
stravené aktivitou lezeni a Castéji se u nich vyskytovaly projevy socialniho chovani. U samcu
byly pozorovany prvky reprodukéniho chovani, které u samic zaznamenany nebyly.
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Vyskyt glyfosatu a jeho hlavniho metabolitu AMPA v fece Labi v obdobi let
2009-2019

The occurrence of glyphosate and its main metabolite AMPA in the Elbe
River during the period of 2009-2019

'Ekaterina Koriakina,'Jana Blahovz’t,lZdeﬁka Svobodova

YFakulta veterindrni hygieny a ekologie, Veterindrni univerzita Brno

Summary

The monitoring of certain pesticides in the waters of the Czech Republic is carried out by the Czech
Hydrometeorological Institute. Between 2009 and 2022, the development of glyphosate and its
metabolite AMPA occurrence was monitored at 24 different sampling sites along the Elbe River,
providing a comprehensive view of the distribution of these substances in the given area. These sites
include a range of locations from smaller settlements to larger cities, allowing for a representative
sample of data on river contamination. The monitored locations include Némcice, Debrné, Opatovice,
Valy, Obristvi, Horenice, Hradec Kralové, Veletov, Nymburk, Schmilka, Verdek, Lysd nad Labem,
Décin, Kolin, Kldsterska Lhota, Velké Biezno, Stiekov, Libéchov, Loubi, Stéti, Litomérice, Pod
Lovosicemi, Jifice, and Décin. The highest recorded concentration of glyphosate reached 790 ug L™ in
2015 at the Décin site. Similarly, the highest concentration of the metabolite AMPA was recorded in
2013 in Libéchov, reaching 777 ug L™

Keywords: glyphosate; AMPA; aquatic pollution; fungicides

Uvod

Pesticidy, pouzivané v zemédé€lstvi k ochrané rostlin, pfedstavuji vyznamné zatiZzeni pro
vodni ekosystémy a mohou piedstavovat potencidlni riziko pro vodni organismy. Proto je
sledovani téchto chemickych latek v rdmci monitoringu kontaminace vodnich zdrojd,
provadéného Ceskym hydrometeorologickym tstavem (CHMU) v Ceské republice, zdsadnim
prvkem ochrany Zivotniho prostfedi. Herbicid glyfosat, zafazeny do tiidy organofosfati,
pusobi inhibici enzymu 5-enolpyruvyl-shikimat-3-fosfat-syntazy, ktery ma klicovou ulohu v
biosyntéze tryptofanu, fenylalaninu a tyrosinu u rostlin (Fiorino et al., 2018). V roce 2022 byl
glyfosat jednim z nejéastéji pouzivanych pesticidii v Ceské republice, s celkovym pouzitym
mnozstvim 476 057,43 kg (UKZUZ, 2022). Aminomethylfosfonova kyselina (AMPA) je
hlavnim produktem degradace glyfosatu nalezenym v rostlinach, vodé a pudé¢ (Stempvoort et
al., 2014). Monitorovani glyfosatu a AMPA je zasadni, protoze tyto chemické latky mohou
vykazovat genotoxicky ucinek, histopatologické poskozeni a imunotoxické ucinky, stejné
jako kardiotoxické ucinky u necilovych organismii (Rodrigues et al., 2019); (Ma et al., 2019);
(Gaur et al., 2019).

Material a metodika

Cesky hydrometeorologicky tstav (CHMU) provadi dlouhodoby monitoring pesticidii ve
vodach Ceské republiky. V této studii byla analyzovana data z monitoringu glyfosatu a
AMPA na 24 raznych odbérovych mistech podél toku feky Labe, konkrétné v lokalitach
Némcice, Debrné, Opatovice, Valy, Obftistvi, Hofenice, Hradec Kralové, Veletov, Nymburk,
Schmilka, Verdek, Lysa nad Labem, Dé&cin, Kolin, Klasterska Lhota, Velké Bfezno, Stiekov,
Libéchov, Loubi, Stéti, Litoméfice, Pod Lovosicemi, Jifice a D&in. Odbér povrchovych vod
probiha priabézné kazdy mésic béhem roku, pfi¢emz vybrané polutanty jsou stanoveny podle
schvaleného planu monitoringu pro dany rok. Cetnosti stanoveni téchto pesticidi na
sledovanych lokalitach jsou prezentovany v tabulce ¢islo 1.
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Tabulka 1: Cetnost odbérti povrchovych vod na sledovanych lokalitach na fece Labi

Lokalita na Labi Kod Pocet odbéri vzorkii na stanoveni
lokality koncentrace azoli ve vodé
Hofenice PLA_1001 123
Veletov PLA 17 123
Kolin pod PLA_343 123
Debrné PLA 1042 177
Hradec Kralové PLA 7 177
Nymburk PLA 47 135
Némcice PLA 1043 177
Stéti PLA 32 129
Litom¢tice PLA 33 135
Stiekov PLA_35 129
Libéchov PLA 31 176
Loubi PLA_ 51 177
Jitice PLA 29 129
Pod Lovosicemi PLA 341 135
Lysa nad Labem PLA_ 1005 175
Valy PLA_1004 175
Schmilka — pravy bich PLA_246 174
Schmilka — levy bich PLA_248 105
Décin PLA 242 175
Obfistvi PLA_1044 175
Klasterska Lhota PLA 1 90
Opatovice PLA 11 84
Velké Biezno PLA_ 342 131
Verdek PLA 3 72
Herlikovice PLA 101 9
Spindleriv Mlyn — Divéi PLA 321 12
lavky
Celkem odbér 3422

Statistické hodnoceni koncentraci glyfosatu a AMPA bylo provedeno v programu Unistat for
Excel 6.5. Pro zjisténi rozdili v datech koncentraci glyfositu a AMPA na jednotlivych
lokalitach byl pouzit Shapiro-Wilkliv test. Normalita dat nebyla prokdzéana, proto bylo pro
porovnani koncentraci glyfosatu a AMPA na lokalité¢ v pribéhu let pouZito mnohondsobné
porovnani (Kruskal-Walis ANOVA). Pro porovnani koncentrace glyfosatu a AMPA na jedné
lokalit¢ v rtiznych letech byl pouzit Mann-Whitneyho test. Testovani bylo provedeno na
hladiné vyznamnosti 0,01.

Vysledky a diskuse

Béhem pribshu sledovani polutantd Ceského hydrometeorologického tstavu (CHMU)
systematicky monitoroval 24 lokalit pod¢l feky Labe. Odbér vzorkti vody a nasledné testovani
na piislusna rezidua pesticidi byly provadény v souladu s peclivé stanovenym planem
monitoringu pro kazdy rok. Ve studii byly zaznamendny nejvyssi praimeérné koncentrace
glyfosatu a AMPA v letech 2013 a 2015 na lokalitdich D&Cin, Schmilka, Lysa nad Labem,
Loubi a Libéchov. Na téchto mistech bylo pozorovano vyznamné snizeni koncentrace od roku
2013 az do roku 2019. Nejvyssi koncentrace glyfosatu ve vod¢ byla zaznamenana v lokalité
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Dé&Cin, dosahujici hodnoty 790 pg L*v cervnu 2015. K listopadu 2015 doslo k poklesu
koncentrace na 216 pg L*a tento trend pokracoval az do konce roku 2019, kdy primérna
koncentrace dosahla 30 pg L.

Nejvyssi koncentrace AMPA, dosahujici hodnoty 777 pg L+, byla zaznamenana v lokalité
Libéchov v dubnu 2013. Zde byla také zjisténa druha nejvyssi koncentrace glyfosatu v
hodnoté 638 pg L+. V srpnu 2013 doslo ke snizeni koncentrace AMPA na 54 pg L+, avSak do
listopadu se koncentrace zvysila na 83 pg pg L. Na nékterych lokalitdich nebyla prokazana
ptitomnost sledovanych latek ve vzorcich vod z feky Labe, zatimco na jinych lokalitdch byla
zjisténa koncentrace pod mezi detekce. Jednalo se o lokality Stiekov, Stéti, Verdek,
Opatovice. Na nekterych lokalitach byla zjisténa koncentrace pod mezi detekce, jednalo se o
lokality Herlikovice, Spindlertiv mlyn, Pod Lovosicemi a Hofenice.

Zavér

Monitoring povrchovych vod ptredstavuje kli¢ovy nastroj pro posouzeni vyskytu polutanti ve
vodnich zdrojich. Koncentrace glyfosatu a AMPA na odbérovych mistech feky Labe vykazuji
proménlivost a jejich obsah se v pribéhu let vyznamné snizil. Nejvyssi koncentrace byly
zaznamenany v lokalitich Dé&Cin a Libéchov, pficemz na nékterych lokalitach doslo
K vyznamnému snizeni koncentrace téchto latek od roku 2013 az do roku 2019.
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Xenoestrogenni vliv bisfenolu A a jeho analogu bisfenolu F na koncentraci
vitellogeninu u pstruha duhového (Onchorhynchus mykiss)

Effect of bisphenol A and its analogue bisphenol F on vitellogenin in
rainbow trout (Onchorhynchus mykiss)
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Summary

Our study aimed to assess the xenoestrogenic effect of bisphenol A and bisphenol F on rainbow trout
(Oncorhynchus mykiss) by verifying the sex of individuals histologically and determining vitellogenin
levels in males. For six weeks, trout were fed diets with two concentrations of bisphenols and a
combination of bisphenol A and bisphenol F at a lower concentration. At the end of the experiment,
the fish were sacrificed and their reproductive organs were removed for sex confirmation and blood
was collected for determination of vitellogenin concentration. It was found that bisphenol F at a
concentration of 1000 ug/kg statistically highly significantly increased vitellogenin concentration in
males (p < 0.01), while the combination of both bisphenols A and F at an environmental concentration
of 10 ug/kg also showed a statistically significant increase compared to the control group (p < 0.05).

Keywords: fish; endocrine disruption; microplastics; BPA; BPF;

Uvod

Castice plasti mensi nez Smm jsou oznadovany jako mikroplasty. Ty se snadno dostavaji do
prostfedi, kde mohou mit nezddouci Uc¢inky na necilové organismy, véetné ryb i ¢loveéka.
(Lim, 2021). Obsahuji také latky, které se do plastl piidavaji z divodu zlepSeni jejich
vlastnosti. Castymi aditivy byvaji také bisfenoly, zejména ¢asto vyuzivany bisfenol A (BPA,
(2,2-bis(4-hydroxyphenyl) propan)), ktery je postupné nahrazovan i dal§imi ze skupiny
bisfenoli, napfiklad bisfenolem F (BPF; 4,4’-dihydroxydiphenylmethan), bisfenolem S
(bis(4-hydroxyfenyl)sulfon), bisfenolem AF (2,2-Bis(4-hydroxyfenyl)hexafluoropropan) a
dal§imi, o jejichz toxicité je naneStésti mnoZstvi informaci stale malo podrobné a komplexni.
ZlepsSuji sice pruhlednost materialu, tepelnou odolnost i rezistenci viuc¢i narazu, avsak dle
studii maji také velké mnozstvi nezddoucich ucinkli na ¢lovéka i1 dalsi organismy (Wen et al.,
2018, Cantonwine et al., 2010, Lang et al., 2008, Wang et al., 2012). Vitelogenin je kli¢ovym
proteinem v reprodukci u ryb. Koncentrace tohoto v jatrech syntetizovaného proteinu vzrista
pod vlivem estrogenu, pfedevSsim estradiolu. Po syntéze je vitelogenin transportovan do
vajeCnikll, kde slouzi jako zasobnik Zivin pro vyvoj vajicek a piipravu na tfeni. U mnoha
druhti ryb se hladina vitelogeninu v téle zvySuje pfed tfenim a mize slouzit jako indikator
reprodukéni aktivity. Analyza hladiny vitelogeninu v téle ryb je kliCova pro posouzeni
enviromentalniho dopadu latek s xenoestrogenni aktivitou na reproduk¢ni zdravi ryb a je tedy
vyuzivan jako ukazatel endokrinni disrupce. (Mills et al., 2003). Bisfenoly jsou jiz potvrzené
endokrinni disruptory, podle dosavadnich studii naruSuji 1 muZskou plodnost — dochazi ke
snizeni kvality spermatu, fragmentaci DNA spermii ¢i zméné genu pro tvorbu GnRH
(gonadotropin releasing hormon) (Mubarak et al., 2022).

Material a metody

Test byl proveden v souladu s metodikou OECD 215 pro testovani chemikalii (Fish, Juvenile
Growth Test). Celkem 144 juvenilnich pstruhtt duhovych (Oncorhynchus mykiss) bylo
zatfazeno do experimentu a umisténo do 12 akvarii o objemu 200 litrti. Po ¢trnéctidenni
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aklimatizaci nasledoval Sestitydenni experiment. Cely pokus probihal na Mendelove
univerzité v Brné na Ustavu zoologie, rybaistvi, hydrobiologie a véelafstvi. Do experimentu
bylo zatazeno Sest duplicitnich skupin: kontrolni skupina, skupiny exponované bisfenolu A v
davkach 10 pg/kg (BPA low) a 1 000 pg/kg (BPA high), skupiny exponované bisfenolu F v
davkach 10 pg/kg (BPF low) a 1 000 pg/kg (BPF high), a skupina, ktera dostavala kombinaci
bisfenolu A a bisfenolu F v koncentracich 10 pg/kg (BPA+BPF low). Rybam bylo podavano
krmivo obsahujici bisfenoly tfikrat denné. Po 14 dnech bylo provedeno kontrolni vazeni
auprava krmné davky na 1,5 % aktualni hmotnosti. Jednou denné byly monitorovany
zékladni fyzikélné-chemické parametry jako je pH, teplota, obsah kysliku a koncentrace
dusitand, dusi¢nand a amoniaku. Na konci expozice byly vSechny ryby usmrceny tupym
uderem do hlavy a byl proveden odbér krve z ocasni cévy. Odbér krve byl proveden do
Eppendorf zkumavek obsahujicich heparin. Po odbéru byly heparinizované vzorky krve
zpracovany k zisk&ni krevni plazmy, kterd byla nasledné skladovana pii -80 °C do doby
analyzy. Statistické vyhodnoceni ziskanych dat bylo provedeno v programu Unistat 6.5 for
Excel. V prvni fazi testovani bylo provedeno zhodnoceni normality dat (Shapiro-Wilklv test)
a homogenity rozptylu (Levenuv test). Podminka normality splnéna nebyla, proto byl vyuzit
neparametricky vicevybérovy medidnovy test. Testovani bylo provedeno na hladiné
vyznamnosti p < 0,05.

Vysledky a diskuse

Zmény chovani ani mortalita nebyly v zddnych ze skupin pozorovany. U jedinct, kteti byli
histologicky potvrzeni jako samci, byl analyzovdna koncentrace vitelogeninu. Vysledky
obsahu vitelogeninu jsou zndzornény v Tabulce 1. Bylo zjisténo, Ze bisfenol F pii koncentraci
1 000 ng/kg statisticky vysoce vyznamné zvysil koncentraci vitelogeninu u samct (p < 0.01),
zatimco kombinace bisfenolli A a F pfi environmentalni koncentraci 10 pg/kg prokazala také
statisticky vyznamny nértst ve srovnani s kontrolni skupinou (p < 0.05). Vyznamné rozdily
(p < 0.05) mezi skupinami jsou oznaceny abecednimi hornimi indexy. Zmény ve srovnani
s kontrolou jsou doplnény Sipkou oznacujici smér regulace.

Tabulka 1: Vysledky koncentrace hladiny vitelogeninu u samct pstruha duhového.

Vitellogen Control BPALOW BPAH[GH BPF LOW BPFHIGH BPALOW +

in [ng/ml] BPFLow
Average  112.6 146.4 478.1 62.5+0.0* 1308.9 1138.5

+50.1° +83.9° +£255.2% +581.2°7  +658.9"7
Median  62.5 62.5 62.5 62.5 324.5 2232
Maximum 363.3 482.0 2490.5 62.5 6975.5 7310.4
Minimum  62.5 62.5 62.5 62.5 62.5 62.5
Z.avér

Z naSich zjisténi vyplyva, ze bisfenol F ma schopnost ptlisobit jako xenoestrogen na pstruha
duhového. Tento Ucinek je patrny 1 pii kombinaci obou bisfenold, a to dokonce v bézné se
vyskytujicich environmentalnich koncentracich. Na zaklad¢ t€chto poznatkl neni nahrazovéani
bisfenolu A jeho analogem F vhodnym feSenim s ohledem na jeho schopnost naruSovat
endokrinni systém.

Podékovani
Studie byla finan¢né podpotena internim projektem IGA VETUNI — 207/2023/FVHE.
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Vliv tebukonazolu na vyvoj kapra obecného (Cyprinus carpio)

Effect of tebuconazole on the development of common carp (Cyprinus
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Summary

The aim of this study was to assess the subchronic toxicity of azole fungicide tebuconazole on the early
developmental stages of common carp (Cyprinus carpio). The test was carried out according to OECD
Method 210 with freshly fertilised eggs of C. carpio. The eggs were placed 1 litre crystallization
dishes. Tebuconazole was tested at concentrations of 0.05, 0.5, 5, 50 and 500 ug/L. The results
indicated increased mortality at the highest concentration tested. At lower concentrations, delayed
hatching of exposed individuals was observed compared to the control. The specimen exposed to
concentration of 5 ug/l showed higher weight compared to the control. Histology showed several
pathological changes on the skin and intestines. The results of the subchronic toxicity test showed that
tebuconazole is highly toxic, causing high mortality rates, delayed hatching, increased weight,
histopathological tissue changes, and oxidative stress.

Keywords: azole pesticides; toxicity; subchronic test

Uvod

O zlepSovani svych Zivotnich podminek a zajiSténi dostatku potravy se lidé snazili uz od
pocatku samotné civilizace. Plodiny, které slouzily pro hospodaiské ucely, byly casto
napadany sktidci, jez zplsobovali ztraty vynosu a hladomory. Tyto udalosti proto pfispély k
vyvoji pesticidi (Cremlyn, 1985). Triazolové fungicidy jsou jednou z hlavnich tfid ptipravka
na ochranu rostlin a zemé&délskych plodin, které se Siroce pouzivaji naptiklad k oSetfeni a
ochrané kukutice, ovoce a dalSich rostlin. Tyto latky se mohou nasledné¢ dostat do vodniho
prostiedi, a to naptiklad uletem postfiku ¢i splachnutim ze zemé&délské pudy po desti (Mu et
al, 2016). Tyto latky mohou byt akutné toxické ¢i vykazovat dlouhodobé nepiiznivé
u¢inky na vodni organismy (Perez-Rodriguez et al, 2019). Cilem této studie bylo uréit
vyvojovou a subchronickou toxicitu tebukonazolu pro kapra obecného (Cyprinus carpio)
pozorovanim ftady endpointli, jako je mortalita, doba lihnuti, délka tél a hmotnost ci
pfitomnost histopatologickych zmén a zmén indikator oxida¢niho stresu.

Material a metody

Test subchronické toxicity byl proveden podle metodiky OECD ¢. 210 s Cerstvé oplozenymi
jikrami kapra obecného (C. carpio). Cerstvé oplodnéné jikry C. carpio byly umistény do
krystaliza¢nich misek o objemu 1L, pficemZz v kazdé misce bylo 100 jiker. Pokus byl
proveden ve tfech opakovénich, to znamend, ze kazd4 testovana skupina byla tvofena 3
miskami (celkem tedy 300 vajicek). Tebukonazol (TEB) byl testovan v koncentracich 0,05;
0,5; 5; 50 a 500 pg/l. Kontrolni skupina byla vystavena fedici vod¢. Vzhledem k omezené
rozpustnosti TEB ve vodé, bylo do testovacich roztokd pfidano rozpoustédlo DMSO
Vv mnozstvi nepiesahujicim 0.01 %. Za uc¢elem vylouceni toxického efektu rozpoustédla byla
téz zalozena kontrolni skupina sptidavkem DMSO ve stejné koncentraci, jako
v experimentalnich skupinach. Kazdych 12 hodin byly testovaci roztoky ve vSech miskach
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vyménény, aby byla zachovéna poZadovana koncentrace testované latky. V pritbéhu testu byla
kontrolovana kvalita vody (pH, teplota, rozpustény kyslik, dusi¢nany, dusitany, celkovy
amoniak) a zaznamendna mortalita a lihnuti. Po spotfebovani Zloutkového vacku byly larvy
dvakrat denné krmeny ad libitum cerstvé vylihlou Artemia salina. Pokus byl ukonéen 31 dni
po oplozeni (dpf). Ryby byly usmrceny pfedavkovanim anestetikem trikain metansulfondtem
(MS 222). V nasi studii jsme analyzovali nékolik ukazatelli oxida¢niho stresu a oxidac¢niho
poskozeni organismu. Byla méfena délka a hmotnost ndhodné vybranych deseti jedinci a
odebrany vzorky na histopatologické vySetieni a stanoveni urovné oxidacniho stresu a
oxidacniho poskozeni. Konkrétné byla stanovena aktivita enzyml superoxid dismutazy
(SOD), katalazy (CAT), glutathion s-transferazy (GST), glutathion peroxidazy (GPx) a
glutathion reduktazy (GR) a troven oxida¢niho poskozeni lipidii za pomoci produktii latek
reaktivnich s kyselinou thiobarbiturovou (metodou TBARS), oxida¢niho poskozeni proteint
karbonylované proteiny (CP) a poskozeni DNA (pfes stanoveni 8-hydroxy-2' -
deoxyguanosinu (8-OHdG)).

Vysledky a diskuse

Mortalita, lihnuti, délka tél a vaha

Béhem experimentu byla zaznamendna vysoka mortalita ve vSech testovanych skupinach.
PrestoZze nejniz§i koncentrace (0,05 pg/l) simulujici  béZnou expozici TEB
V environmentalnim prostfedi nepfinesla statisticky vyznamné vys$si mortalitu ve srovnani s
kontrolni skupinou, dosédhla mortalita v této skupiné 37 %. V nejvyssi testované koncentraci
(500 pg/l) byla pozorovana vyznamné vyssi mortalita 79,33 % (p <0,001) oproti kontrole.
koncentracich (0,05 a 0,5 pg/l) bylo lihnuti opozdéné ve srovnani s kontrolnimi skupinami. U
nejvyssi koncentrace 500 pg/l nebyl zjistén statisticky vyznamny rozdil v rychlosti lihnuti.
Délka tél embryi nebyla ovlivnéna TEB v zadné z testovanych skupin, ale koncentrace 5 pug/l
vykazovala vyS§$i primérnou hmotnost jedincii ve srovnani s kontrolou. Primérnd hmotnost v
kontrolni skupin¢ byla 14,51 mg oproti oSetfené skupiné s primérnou hmotnosti 20,56 mg.
Rovnéz Vieira et al. (2022) ve své studii nezaznamenali statisticky vyznamné rozdily v
délkach tél Danio rerio v koncentracich 0,05; 0,5; 5 pug/l TEB ve srovnani s kontrolou.

Histopatologie
Histopatologické vySetieni prokazalo né€kolik zmén na kuzi a ve stievech C. carpio. Ve
skupiné exponované koncentracich 5 png/l TEB byla pozorovana epidermalni hypertrofie.

500 pg/l TEB (B)
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Dale byla pozorovéana hyperplazie hlenovych bun¢k ve stfevnim epitelu, a to v testovanych
koncentracich 0,5; 5; 50 a 500 g/l (Obr. 1). Wang et al. (2022) analyzovali vliv
difenokonazolu na srdce kapra obecného, kdy vysledek ukézal, ze ve skupiné exponované
nizké koncentraci (0,488 mg/l) byly builkky myokardu mirné zdufelé¢ a zvysil se pocet
zanétlivych bunék. Ve skupiné s vysokou koncentraci (1,953 mg/l) byla vlakna myokardu
zdutela a zanétlivych bunék ptibylo.

Oxidativni stres

Aktivita CAT byla statisticky vyznamné snizena (p <0,001) v koncentracich 0,05; 0,5; 5 a 50
ng/l. Aktivita GR byla snizena v koncentracich 0,05; 5 a 50 pg/l. Aktivita enzymti SOD, GPx
a GST nevykazovaly zadny vyznamny statisticky rozdil v porovnani s kontrolni skupinou.
Koncentrace karbonylovych proteini (CP) byla statisticky vyznamné¢ zvySena (p <0,01) u 0,5
png/l a (p <0,05) u 5 a 50 pg/l. Lipoperoxidace (stanovena metodou TBARS) byla taktéz
statisticky vyznamné zvysena (p <0,05) po expozici 0,05; 0,5 a 5 pg/l TEB. Piekvapive,
koncentrace 8-OHdG se u C. carpio vystaveného koncentracim 0,5; 5 a 50 pg/l TEB po
31denni expozici snizila. Perez-Rodriguez et al. (2019) ve své studii potvrzuji lipoperoxidaci
u jedincu C. carpio vystavenych ptusobeni TEB a snizenou enzymatickou a neenzymatickou
antioxidaéni funkci ve vSech testovanych koncentracich (0,59; 1,19; 1,78; 2,37 mg/1).

Zavér

Cilem na8i studie bylo posoudit subchronickou toxicitu fungicidu tebukonazolu na rana
vyvojova stadia C. carpio pomoci Siroké Skaly letalnich a subletalnich endpointd. Vysledky
testu ukazaly, Ze tebukonazol mé potencidl ovlivnit jiz v pomérn€ nizkych koncentracich
vyvoj organismu, zpusobit patologické zmény na kiizi a stievech a oxidacni stres. Tato prace
poskytuje informace o posouzeni toxicity tebukonazolu na vodni organismy a poukazuje na
to, ze lidé by méli vénovat vice pozornosti nepiiznivym ucinkitim rezidui pesticidl v zivotnim
prostfedi na necilové organismy.

Podékovani
Studie byla finan¢né podpotena projektem IGA 219/2023/FVHE.
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Summary

Migrating birds play an important role in dispersing resistant bacteria all over the globe. They are in
contact with many environments including the anthropogenically influenced ones such as landfills
where they can obtain resistant strains while feeding. These strains can then exchange plasmids which
have a crucial part in the spread of resistance between bacteria. We analysed the dynamics of
cephalosporin-resistant Escherichia coli and diffusion of plasmids encoding cephalosporinases in the
population of Caspian gulls nesting at the water reservoir Nové Mlyny. During our experiment, five
non-flying gull nestlings were placed together into an aviary for 12 weeks. Every two weeks, cloacal
swabs were obtained and selective cultivation on media with cefotaxime was performed.
Representative resistant isolates were subjected to whole genome sequencing. Data showed changes
in the prevalence of particular strains including their transmission between individual birds. At the
beginning of the experiment, all the gulls except for one were colonized by a strain of E. coli with an
F-type plasmid carrying blacyy., gene. During the second sampling, all the gulls already carried an E.
coli with different plasmid Incll with blacrx-.m gene, which was originally present only in one bird. At
the end of the experiment, the colonization of the birds started to recede but did not disappear
completely. This displays that resistant bacteria can persist in birds for a sufficiently long period to be
further disseminated.

Keywords: Escherichia coli; antibiotic resistance; migratory gulls; plasmids, cephalosporins

Introduction

Antibiotic resistance is a global problem influencing both human and veterinary medicine as
well as wild animals and environment. The most common agents of such infections are Gram-
negative bacteria including Escherichia coli which are often disseminated into the
environment from anthropogenic sources. This spread has been recently more associated with
wild animals, especially birds, who often drink from water sources possibly contaminated
with wastewater which further serves as a source of resistant bacteria [1]. Moreover, gulls are
known to feed on landfills, which is why they often carry human pathogens. Due to their
migratory nature, they are then capable of transmitting resistant bacteria for long distances
and into originally non-contaminated localities [2]. Birds are thus not only victims of ever-
growing resistance, but they can also serve as its secondary source for other wildlife. Studies
also show that the amount of gull-carried resistant bacteria reflects the antibiotic resistance
rate in the environment [3].

Material and methods

The project characterises and compares bacteria resistant to clinically important antibiotics.
The collection is composed of cloacal swabs of Caspian gulls (Larus cachinnans) nesting at
the water reservoir Nové Mlyny. Swabs were obtained during year 2018. Five non-flying
chicks were sampled at their nesting site and then transferred into captivity for 10 weeks
where they were held together till the end of the experiment. The sampling was performed
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periodically every two weeks. Selective cultivation was conducted on media with cefotaxime
and maximum of five colonies were taken from each plate resulting in a collection of 94
resistant isolates. Isolates were subjected to PCR screening for the presence of genes
conferring resistance to beta-lactams and fluoroquinolones. Based on these results,
representative isolates were sequenced via whole-genome sequencing (Illumina, MinlON) to
obtain their genomic profiles and complete plasmid sequences. Plasmid identification was
done through the PlasmidFinder software and resistance and virulence genes were detected
using ResFinder and VirulenceFinder algorithms, respectively. More analysis were conducted
regarding the persistence of specific sequence types (STs) and plasmids. Relative fitness
measurements were done on Synergy HTX reader in order to compare the fitness between
bacterial STs with different dynamics. Experiment on conjugation frequencies of plasmids
was performed to compare the conjugation rate of plasmids between various strains. In the
end, these same strains were subjected to the testing of colicin production, which is
potentially toxic to other bacterial strains, thus reducing competition and serving as an
advantageous factor for ST survival [4].

Results

Resistant bacteria were found in the gastrointestinal tract of gulls more than two months after
removing the potential influence of the environment. The data showed significant changes in
the presence of various sequence types over time and their transmission between birds. At the
first sampling, three birds were colonized by E. coli ST11893 with blacmy-» gene. This
resistance gene was carried by a conjugative F34:A:-B:- plasmid where it was inserted into
cba gene associated with colicin production (Fig. 1).

20.000 22,000 24.000 26.000
— —
cma chi  cha  ISEc9 Transposase blacyy.» blc cba

Figure 1. Insertion of blacmy-> within cba gene on F plasmid in ST11893

Only one gull carried CTX-M-1-producing E. coli at the beginning of the experiment. The
blactx-m-1 gene was carried by a conjugative multi-drug resistance Incl1/ST3 plasmid. In next
samplings, the original E. coli carrying F type plasmid disappeared and IncI1/ST3 plasmid
started to diffuse in various E. coli genotypes in all birds with a single ST11138
predominating over time. The carriage of cephalosporin-resistant isolates decreased two
months after the beginning of the experiment (Fig. 2).
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Figure 2. Persistence of sequence types and plasmid dissemination over time. Various STs
stand for another six STs which did not form the majority of the sequence types
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The differences between sequence types might have been caused by different fitness, plasmid
conjugation frequencies or colicin production. After testing for relative fitness and for
conjugation rate of different plasmids, these two hypotheses had been rejected. Phenotypical
testing of colicin production, however, suggests that this is possibly the reason for the
differences in survival of selected ST11138, which seems to produce more colicin types than
the rest of the STs.

Discussion

Our results point out that gulls can carry cephalosporin-resistant bacteria in their gut for over
a month which possibly leads to further dissemination of antimicrobial resistance into new
environments during their migration routes. We observed the birds also exchanging bacteria
among each other resulting in the emergence of new and possibly more successful STs. Both
of these findings correspond with results obtained previously during similar studies [5,6].
During such exchange, we can also see the plasmid dissemination between various STs which
seems to contribute to the strain survival. The persistence of particular STs is connected to the
colicin production which is associated with certain antibiotic resistance plasmids. Resistance
gene blacmy-, carried by less successful F-type plasmid disrupts the colicin encoding gene
while the gene blacrx-m carried by the persisting IncI1/ST3 plasmid does not. All these factors
led to a creation of successful ST11138 which disseminated over all the gulls and also
persisted in their gut up until the end of the experiment.

Conclusion

Our data show the importance of longitudinal studies, thanks to which we can observe the
existing dynamic changes in the gut resistome of gulls over time. Drawing from our results,
we can conclude that due to the long-time persistence and shedding of resistant bacteria in
their gut, gulls can serve as a secondary source of antibiotic resistance for other individuals,
wildlife, and the environment as well. This leads to dissemination of such bacteria all over the
world during gulls’ migration and to contamination of previously pristine environments.
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Summary

The pathogenicity of blood parasites and their effect on the health status of their ectothermic host is a
little explored. In our research, we focused on the impact of parasite Hemolivia mauritanica on the
differential count of five types of leucocytes (lymphocytes, heterophils, azurophils, eosinophils and
basophils). The blood samples originated from two species of tortoises, Testudo graeca and Testudo
marginata. We have analyzed 206 blood smears overall, 25 samples originated from T. marginata and
181 originated from T graeca. In these samples, we looked for positive individuals using light
microscopy, calculated the differential leukocyte count and parasitemia. To determine whether
infection itself has an influence on differential leucocyte count, we statistically evaluated leukocyte
representation in infected and uninfected individuals. We also compared the impact of parasites on
differential count of leucocytes with other categories, such as species of turtle, intensity of
parasitemia, sex and age of the host, month and year of blood collection. Results of Wilcoxon rank-
sum tests showed us that in T. graeca, parasitemia and age had statistically significant influence on
differential counts of leucocytes. In the turtle T. marginata, parasitemia had statistically significant
influence on differential counts of basophils. After analyzing linear models to determine the effect of
parasitemia on differential leukocyte count, we found statistically significant difference in counts of
azurophils.

Key words: Hemolivia mauritanica, Testudo, parasitemia, differential leucocyte count, parasites

Introduction

Major part of reptile species is facing various types of pathogens like different viruses,
bacteria, protozoa, helminths and other ectoparasites like leeches and mites (Cavalcante et al.
2024). Our model species of tortoises Testudo graeca and T. marginata, were infected by the
one species of hemogregarine from the genus Hemolivia. Hemolivia mauritanica is an
intracellular apicomplexan parasite with heteroxenous lifecycle, where tortoises from the
genus Testudo are intermediate hosts and Hyalomma aegyptium ticks as their definitive hosts
(Siroky et al. 2005).

Parasites are a global issue, but relatively few studies have focused on the effects of blood
parasites in wild populations of reptiles. The primary focus of research on hemoparasite
infections has been to describe the diversity of these parasites, yet their clinical effects remain
undetermined (Apache et al. 2023). Assessing the importance of a parasites can pose
challenges. While there are reports indicating that elevated parasitemia levels can lead to
anemia, the potential influence of these parasites on host physiology remains poorly
understood. Hematological and biochemical analyses serve as important tools for assessing
the health status of individuals, offering insights into the functionality of inner organs
(Apache et al. 2023).

Regardless of other studies on hemoparasites of chelonians, the relationships between health
condition of hosts and blood parasite infection rates are not very well studied. The
investigations of these relationships are still in early stages compared to parasite-host
relationships in endothermic wildlife animals (Cavalcante et al. 2024). The aim of this study
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is to determine if the parasitemia of blood parasite infection have impact of differential
leucocyte count.

Materials and methods

Samples used in this study were collected from free-living tortoises of two species: a
marginated tortoise (7estudo marginata) — 25 samples, and spur-thighed tortoise (7. graeca) —
181 samples. Samples originated from four countries: Iran (34 samples), Turkey (58 samples),
Greece (25 samples) and Syria (89 samples). Sampling was carried out during years 2004,
2007, 2011 and 2012. Blood from tortoises was collected by puncturing coccygeal dorsal vein
using syringes with needles. Part of collected blood was used for blood smears and the rest
was stored in 97% ethanol for further molecular analysis.

Blood smears were air dried, fixed in absolute methanol for 10 min, and then stained later in
lab. All smears were stained with Giemsa according to Siroky et al. 2007, and then examined
with light microscope Olympus BXS53 using 100x magnification lens. The slides were
checked for parasites. The intensity of parasitemia in positive blood smears was measured as
percentage of infected erythrocytes found in 10* cells (Siroky et al. 2007). We counted the
differential white blood cell count using immersion oil under 100x magnification lens. It was
assessed by counting and identifying of 100 leucocytes in each smear and then recorded as
percentage (Eatwell et al. 2014).

To determine whether infection itself has an influence on leukocyte types, we compared the
representation of individual leukocytes between infected and uninfected individuals, sexes
and juveniles and adults using the Wilcoxon rank-sum tests. For leukocyte percentage, where
a statistically significant difference was found between infected and uninfected individuals,
we performed linear models in RStudio to determine whether parasitemia influenced the
percentage of a given leukocyte type in infected tortoises.

Results and Discussion

Among the 206 examined samples, 146 were identified as positive for parasites, indicating
prevalence of 70,9%. Specifically, 7. graeca have prevalence 69,1% (125 out of 181 samples
positive) and from 7. marginata there was 21 out of 25 positive (84% prevalence). To
compare the percentages of differential leucocyte counts in 7 graeca and T. marginata with
infection status, sex and age, we used Wilcoxon rank-sum test (Table 1.). This analysis
revealed statistically significant differences within both tortoise species. In T marginata,
statistically significant differences were observed only in the percentages of basophils
between infected and non-infected samples. We were not able to assess the effect of age in 7.
marginata as we obtained only one sample from a juvenile. Within 7. graeca samples,
differences between adults and juveniles were observed in almost all types of leucocytes,
except for azurophils. Furthermore, statistically significant differences in counts of
lymphocytes, eosinophils and basophils were observed between infected and non-infected 7.
graeca tortoises. Results of linear models created in RStudio program showed us correlation
between parasitemia and differential count of azurophils in 7. graeca. These findings can
emphasize the intricate interplay between parasitic infection and the leukocyte profile within
tortoise populations.

Conclusion
The differential counts of individual types of leukocytes are relatively stable regardless of the
intensity of parasitemia. Meaning that blood cells are of little use as a proxy for inferring the
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health status of the studied species. This observation may suggest that over a long period of
co-evolution, a dynamic relationship has developed between these parasites and their hosts,
wherein tortoises have evolved mechanisms to tolerate the parasites without being affected in
any way. Thus, our conclusion is that Hemolivia is not very pathogenic to its tortoise hosts.

Table 1. Results of Wilcoxon rank-sum tests. Numbers of individuals are presented in
brackets. Values are presented as mean =+ standard deviation. Statistically significant variables

are in bold.

Species Variable Status : Sex : Age
Noninf. Inf. w p ! Female Male w p i Juvenile Adult w p
T. graeca (56) (125) (90) (74) (19) (162)
(181) Ly % 1 70:166 645+17.3 4238 002 : 652+17.9 646172 3389 085 : 77.4+75 648+17.6 852  0.00
 He % ! 15+156 1684129 2978 011 : 153+119 1901+164 2936 0.19 : 87+6.0 17.1+142 2144 0.00
{ E0% i 51+50  56+44 4187 003 52+42 60+52 3796 012 | 48=34  55+47 945 0.0
' Ba% ! 59+80 102+105 2388 000 11.0+11.6 75+81 3835 010 | 3.7+27 95+103 2110 0.01
LAZ% | 40+33 29426 3128 025 3.3+26 27+26 3090 043 . 52+4.1 30426 1619 071
T. marginata 4 (19) ' (8) (15) !
(25) Ly % P 573£172 6424120 270 039 663+142 613+123 700 053 !
i He % 1295£165 25.1+11.5 455 057 :228+11.6 27.5+125 465 040 !
{E0% i 7.0£58 75+53 370 096 66+64  78+47 500 053 |
: Ba% | 3.8+33 05+1.0 620 003: 14+28 09+15 600 091 :
L AZ% L 25+2.1 24+1.8 400 022 3.0+12 2.1+2.1 790 092
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Summary:

African catfish (Clarias gariepinus) is an important species as an aquaculture commodity in Africa
and Southeast Asia. Currently, the popularity of African catfish breeding is increasing also in Europe
thanks to its rapid growth, undemanding breeding, and boneless meat. In fish farms with high stocking
densities, there is an increased risk of disease outbreaks. African catfish diseases are mainly caused by
the bacteria Aeromonas hydrophila and Edwardsiella tarda, which are both pathogens detected also in
our waters. Parasites of skin and gills, such as those from the class Monogenea, are common as well.
In order to reduce potential threats in the breeding facilities, it is necessary to reveal initially which
are the most important health issues within the Central European farms raising the African catfish and
clarify the pathological processes of the diseases in this fish species. In our project, we took samples of
African catfish from three farms (two from the Czech Republic and one from Slovakia) and performed
parasitological and microbiological examinations.

Keywords: Clarias gariepinus; health issues; RAS

Introduction

African catfish (Clarias gariepinus) is an important species as an aquaculture commodity in
Africa and Southeast Asia (Dauda et al. 2018; Rohmana et al. 2015; Wachirachaikarn et al.
2009). In fish farms with high stocking densities, there is an increased risk of disease
outbreaks. African catfish diseases are mainly caused by the bacteria Aeromonas hydrophila
and Edwardsiella tarda (Butar-Butar et al. 2020; Sellegounder et al. 2018; Wamala et al. 2018).
Parasites found in African catfish are monogeneans, e.g. Gyrodactylus spp (Mohamed et al.,
2010; Oscar et al. 2015). Bacterial infections in African catfish can cause various pathological
changes such as dermal ulceration and lesions, fin and skin haemorrhages, septicaemia,
ascites, deep ulcers with underlying muscles exposed, kidney enlargement and pale liver
(Lath and Najiah 2015).

Materials and methods

The African catfish were sampled in two farms in the Czech Republic and one in Slovakia.
All three farms use recirculating aquaculture systems (RAS). Farm A is a huge indoor RAS,
this farm has its own hatchery. Farm B is a small indoor RAS without own hatchery. Farm C
is anew farm, they breed catfish in a RAS without a hatchery. A pathological-anatomical
dissection and bacteriological cultivation of the head kidney and gills were performed. Organs
(gills, liver, kidneys, and spleen) were collected for histological examination.

Table 1: Dates, numbers (n) and weight range of sampled fish

Sampling/Date n Weight range of fish

9 60 — 250 g (juveniles)

Farm A February 1, 2022 2 850 1 200 g (adults)
Farm B June 24, 2022 10 820—-1200¢g
Farm C April 27, 2022 22 520-1400 g
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: 5 G -
Figure 1: Adhesions of organs and fluid in the body cavity (on the left). Skin lesion exposing
muscles and head kidney (on the right).

Results and discussion

Farm A

A high concentration of Aeromonas hydrophila was detected in one sample of head kidney
and a high concentration of 4eromonas veronii was detected in another one. No bacteria were
revealed in other samples. Necropsy showed enlarged head kidneys in 8 fish, skin
haemorrhages, skin lesions and fluid in the body cavity of 7 fish. Fluid, decomposing organs
and adhesions between them were found in the body cavity of one fish (Figure 1). Monogenea
of the genus Quadricanthus sp. were revealed on the gills in the range of 34 to 396 pcs in the
entire scraping from two gill arches.

Farm B

No bacteria were cultivated from the kidneys, while a mixture of common microflora
(Aderomonas caviae, Aeromonas veronii, Shewanella putrefaciens, Shewanella profunda,
Citrobacter freundii, Hydrogenophaga pseudoflava, Proteus sp.) was isolated from the gills.
No pathological changes were discovered by necropsy.

Farm C

Bacteriological examination were similar to Farm B, i.e. no bacteria detected in the head
kidney and a mixture of common microflora revealed on the gills (Acinetobacter junii,
Arthrobacter sp., Xanthomonas sp., Flavobacterium hibernum, Flavobacterium flevense,
Aeromonas hydrophila, Pseudomonas spp., Sphingomonas sp., Chryseobacterium sp.,
Sphingomonas sp.). Necropsy showed marbling of the liver in three fish. There was a
hematoma in the liver of one fish and a nodular structure of the head kidney of another fish.

Conclusion

The worst health status of examined African catfish was found in farm A, where the necropsy
revealed serious pathology. The presence of A. hydrophila and A. veronii in the head kidney
was identified microbiologically and species specific monogenea on the gills were revealed
parasitologically.
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Summary

Genus Dactylosoma is a intracellular hemoparasites of the phylum Apicomplexa described by Labbé
in 1894, which undergoes schizogony without producing pigment in red blood cells of amphibians and
fish. The genus Dactylosoma has only five recognized species in anurans. Only one of these species —
Dactylosoma ranarum — was found parasitising European anurans. Dactylosoma ranarum (Kruse,
1890) was the first described species of the genus.

Keywords: Dactylosoma; Amphibia; Pelophylax

Introduction

Members of the genus Dactylosoma have been recorded only from organisms tied to water —
fish or amphibian hosts (Netherlands et al. 2020). In anurans, the genus Dactylosoma has only
five recognized species Dactylosoma ranarum (Kruse, 1890), in Pelophylax kl. esculentus
(Linnaeus, 1758), Dactylosoma sylvatica described in Rana sylvatica (LeConte, 1825) of
Quebec, Canada; Dactylosoma taiwanensis (Manwell, 1964) described in Fejervarya
limnocharis (Gravenhorst, 1829) of Taiwan; Dactylosoma kermiti Netherlands, Cook and
Smit, 2020, described in Ptychadena anchietae (Bocage, 1868) and Sclerophrys gutturalis
Power, 1927, from South Africa and in Brazil, Dactylosoma piperis Ungari, Netherlands,
Silva & O’Dwyer, 2020 described in Leptodactylus pentadactylus (Laurenti, 1768). Only one
of these species — D. ranarum — was found parasitising European anurans namely Pelophylax
kl. esculentus in Slovakia and on Corsica, P. lessonae in Slovakia, and P. ridibundus in
Albania, Hungary, Slovakia, and Russia.

Genus Dactylosoma is characterised by two morphologically distinct merogonic cycles in the
erythrocytes of the vertebrate host. During primary merogony, a large multinucleate meront
produces up to 16 merozoites by simultaneous peripheral budding. The budding occurs along
one side of the meront in a characteristic hand-like appearance for which the genus was
named. The merozoites then separate, invade other erythrocytes and either repeat primary
merogony or initiate secondary merogony. In secondary merogony, significantly smaller
meronts produce up to eight merozoites that either repeat this part of the cycle or mature into
gamonts (Barta 1991; Netherlands et al. 2020).

The Pelophylax esculentus complex refers to a group of hybridizing frogs that includes the
Pelophylax esculentus and its parental species, P. lessonae and P. ridibundus. These three
species can interbreed and produce viable offspring, leading to a complex network of hybrid
populations throughout most of Europe (Berger, 1973).

Material and Methods

In the current study, a total of anurans, comprising 3 species, were collected from Slovakia,
and their blood screened for the presence of genus Dactylosoma. The frogs were collected
between 2013 and 2017 years. Altogether 364 samples of water frogs of the genus Pelophylax
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were sampled belonging to three taxa P. lessonae — 31, P. ridibundus - 144 and P. esculentus —
189.

Blood collection was performed from the vena facialis. Air-dried blood smears were fixed
with absolute methanol and stained with Giemsa stain. Smears were examined and
photographed using an Olympus BX53 light microscope. Then the parasitemia was estimated
as the number of parasites on 10* cells, for intracellular parasites.

Results and Discussion

Dactylosoma ranarum was found in P. lessonae (6/31, 19.35 %), in P. ridibundus 8.33 %
(12/144) and P. esculentus 8.99 % (17/189). Genus Dactylosoma have generally been found at
low prevalences within their vertebrate hosts. The highest recorded prevalence is 63.6 % in P.
esculentus on the island of Corsica (Barta. 1989).

Detected parasitaemia was 0.05 % in P. lessonea, 0.87 % in P. ridibundus and 1.05 % P.
esculentus. Parasitaemia of representatives of genera such as Dactylosoma maybe maintained
or even potentially increase within the host without re infection (Netherlands et al. 2020).

Conclusion
The results provide an overview of the low prevalence of Dactylosoma ranarum in
Pelophylax esculentus complex from Slovakia
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Summary

Citrobacter spp. is a common environmental bacterium and opportunistic pathogen in humans and
animals, whose diversity and antimicrobial potential is largely understudied. Wastewaters represents
one of the main hotspots for spread of antibiotic resistant bacteria. The aim of these study was to
characterize antibiotic resistant Citrobacter spp. in wastewater, treated water and receiving river
using whole genome sequencing (WGS). Five types of treated and untreated water were sampled in
three cities in Czechia. A total of 75 Citrobacter spp. were selected for whole-genome sequencing
based on PCR screening of beta-lactamase genes. Seven different species with the most prevalent C.
freundii and58 sequence types (ST) including 17 new STs were detected. In total, 104 variants of
antibiotic resistance genes were identified. Sixteen isolates, even from the treated water, carried
plasmid-encoded carbapenemase genes blacggs.s, blanpyrs, blaypr1, blayne., and blagyy..s. The presence
of carbapenem-resistant Citrobacter spp. in WWTP effluent poses a risk to the environment and
emphasizes the importance of environmental surveillance.

Keywords: Citrobacter freundii; wastewater treatment plant; whole genome sequencing;
carbapenemase genes; plasmids

Introduction

Antimicrobial resistance is a growing global issue impacting health of humans, animals and
the quality of the environment. Gram-negative bacteria are considered to be an important
sources of clinically relevant antibiotic resistance genes and the genus Citrobacter can
represent one of these reservoirs'. Citrobacter spp. is facultatively anaerobic bacteria of the
Enterobacteriacea family. It occurs naturally in the environment, often found in water, soil or
food and is also a commensal in the gut of animals and humans. As a pathogen is mainly
associated with diarrheal diseases, but can causes urinary or respiratory infections, meningitis
or other neurological infections. Treatment of these infections is challenging because
Citrobacter spp. is naturally resistant to most penicillins, first-generation cephalosporins and
beta-lactamase inhibitors. Furthermore, they are a frequent carrier of plasmid-encoded AmpC
or broad-spectrum beta-lactamase, and increasingly, carbapenem-resistant Citrobacter are also
emerging. The occurrence of multidrug-resistant strains is associated with higher rates of in-
hospital mortalityl’z. Wastewater treatment plants (WWTPs) are not sufficient in removing
resistant bacteria, antibiotic residues and resistance genes. Conditions inside WWTPs provide
an ideal environment for horizontal transfer of resistance genes across different bacterial
species’. Treated water is usually released into surface waters, where transmission of resistant
bacteria to wildlife and the environment can occur”.

Material and Methods

Water sampling was carried out in three cities in the Czech Republic in spring 2021. Five
different types of water were sampled including raw hospital sewage, inflow, and outflow
from municipal WWTP, river upstream and downstream municipal WWTP. Water samples
were collected in sterile glass bottles, kept on 4°C during transport to laboratory and
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immediately processed. Concentrated water samples were cultivated on selective agar for
Enterobacteriacea supplemented with cefotaxime (2mg/l) or meropenem (0.125mg/l) to
obtain presumptively resistant colonies. Isolates identified by MALDI-TOF mass
spectrometry as the genus Citrobacter, were subjected to PCR screening for selected beta-
lactamase genes (blaCTx.M, blaOXA, blaTEM, blaSHv, blaMox, blaCMy, blaDHA, blaAcc, blaACT,
blaFox, blaGEs, blaKpC, blalMR blaNDM, blavM blaIML blaOXA-4g). Using pulsed-ﬁeld gel
electrophoresis (PFGE) the clonality of the isolates was determined and selection for WGS
was made. Minimal inhibitory concentration (MIC) to 24 antimicrobials was determined
using commercial sets (Erba Lachema) and production of beta-lactamases or carbapenemases
was tested by AmpC, ESBL & Carbapenemase Set (Mast). Selected isolates were subjected to
WGS using NextSeq platform (Illumina) to analyze their genetic content. The obtained
sequences were assembled using the SPAdes program. For species identification in silico
DNA-DNA hybridization was used, with tools 16s Based ID (https://www.ezbiocloud.net),
Genome to Genome Distance Server (https://ggdc.dsmz.de/ggdc.php), Type Strain Genome
Server  (https://tygs.dsmz.de/) and  Average Nucleotide Identity  (http://enve-
omics.ce.gatech.edu/g). To identify sequence types (ST), resistance genes, plasmid replicons
and virulence factors, web-based tools MLST, ResFinder, PlasmidFinder and VirulenceFinder
were used (https://www.genomicepidemiology.org). To obtain whole sequences of plasmids
carrying carbapenemase genes MinlON (Oxford Nanopore Technology) was used.

Results

A total of 154 Citrobacter spp. were collected from five water types and three locations, from
which 75 isolates were selected for WGS based on PCR and PFGE. The strains originated
from hospital sewage (n=28), inflow (n=23) and outflow (n=14) of the mWWTP and river
upstream (n=5) and downstream (n=5) the mWWTP. Seven species of Citrobacter were
detected: C. freundii (n=42), C. portucalensis (n=14), C. braakii (n=11), C. youngae (n=3), C.
gilenii (n=2), C. pasteuri (n=1) and C. europaeus (n=1). Isolates were assigned to 58 different
STs, of which 17 were new. Testing of MIC showed that 54% of isolates exhibit multidrug
resistant profile. All isolates were resistant to beta-lactams, due to selective cultivation,
moreover 56% of them were AmpC beta-lactamase producers. This resistance was encoded
mostly by blacmy genes, of which 25 different variants were identified. Resistance to
carbapenems showed 46% of isolates, encoded by five genes blaggs.s (n=10), blaxpm-4 (n=2),
blayp-1 (n=2), blayps-4 (n=1) and blapxa-as (n=1). These genes were present also in isolates
originating from treated water. High level of resistance to quinolones was observed (56%),
encoded mostly by 15 variants of gnrB gene. Although based on MIC values resistance to
colistin was not detected, one isolate carried the mcr-10 gene for transferable colistin
resistance. Using long-read sequencing, genomic analysis of plasmids carrying the
carbapenem resistance gene was performed and revealed that carbapenemase genes blaggs-s
were localized on either IncQ2 or ColE2-like plasmid. Carbapenemase NDM-4 was
associated with IncX3, VIM-4 with IncN3 and OXA-48 with IncL plasmid. The gene blaggs-s
on ColE2-like plasmid was localized inside class 1 integron carrying aacA4’, aadAl5 or
aadA10 gene cassettes (Figure 1). Comparison with blaggs.s-harbouring plasmids from
previous years from the Czech Republic showed high similarity which indicates the
persistence of these plasmids in the environment.
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Discussion

The aquatic environment provides a suitable environment for interaction of different bacteria
species, where transfer of resistance genes can occur'. In this study, 75 isolates of seven
Citrobacter species obtained from five type of wastewater and river water were described.
High level of resistance was confirmed in most isolates and gene blacyy was detected in
almost all isolates as described in previous studies'. Of concern is detection of isolates
carrying plasmid mediated carbapenem resistance in treated water, that is released into surface
waters. In addition, when comparing the plasmids with previous studies, it was found that
they can persist in the environment for years.

Conclusion

The presence of carbapenem-resistant Citrobacter spp. was confirmed also in the treated
water from WWTP flowing directly into the river. In addition, carbapenem resistance-
encoding genes were present on plasmids, allowing their further spread into the environment.
This study confirms the importance of monitoring antibiotic resistant bacteria and genes in
wastewater and treated water.
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Summary

Plasmids are major players in the transmission of antibiotic resistance. Our study focused on changes
in the plasmidome and resistome over time from chicken feces. We obtained samples from 3 separate
chicken farms. In two of the chicken houses, the chickens were healthy and had young parents.
However, in the third house, there was a higher mortality of chickens that had older parents and were
treated with antibiotics, specifically enrofloxacin and metronidazole. Four samples were collected
from each house at one-week intervals. Plasmid DNA was recovered from 7 samples and these samples
were further sequenced using P2Solo. Various antibiotic resistance genes and mobile genetic elements
were found on the plasmids. Differences in resistance genes were observed over time and between
poultry houses. Administered antibiotics, enrofloxacin and metronidazole, did not correlate with the
highest abundance of resistance genes. Fluoroquinolone resistance gene increase may be attributed to
small plasmid-borne resistance genes, which remained stable during isolation and amplification via
phi29.

Keywords: Antibiotic resistance; plasmidome; resistome; chicken gut; long-read sequencing

Uvod

kvili rozvoji rezistence u bakterii. Nyni vstupujeme do éry antibiotické krize, kdy mnoho
bakteridlnich infekci jiz nelze 1é¢it dostupnymi antibiotiky. Sifeni antibiotické rezistence
vyrazn¢ pomohlo nadbyte¢né uzivani antibiotik v Zivoc€iSné vyrob&[1]. Zasadni roli v Sifeni
antibiotické rezistence hraji mobilni genetické elementy (MGE), které se mohou horizontalné
Sifit a pfendSet na klinicky vyznamné patogeny. Klicovou roli mezi MGE sehravaji plazmidy,
které si bakterie preddvaji pomoci konjugace. Stfeva kufat pfedstavuji neprozkoumany
rezervoar genu antibiotické rezistence a nabizeji idealni prostfedi pro prenos téchto genti[2].
Studium mikrobiomu traviciho traktu je vSak pomérné obtizné a vétSina soucasnych metod
vyzaduje kultivaci. Kultivace mikrobiomu snizuje UspéSnost zachyceni obtizné
kultivovatelnych ¢i anaerobnich bakterii, proto byla zvolena cesta metagenomické izolace a
pfimého sekvenovani. V tomto projektu jsme se zaméfili na kuteci farmu v Ceské republice a
pouzili jsme sekvenovani s dlouhymi ¢tenimi k analyze plazmidomu a jeho souvislosti s
rezistenci k antibiotikiim ve stfevnim mikrobiomu kutat béhem prvnich Ctyf tydnt jejich
Zivota.
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Material a metody

Z farmy driibeze Lukov v Ceské republice bylo odebrano celkem 12 vzorkd trusu. Tyto
vzorky byly sbirany z tii riznych hal a z kazdé haly byly ziskany vzorky ve ¢tyfech ¢asovych
bodech vyvoje dritbeze (7. den, 14. den, 21. den, 28. den zivota). Kufata ze dvou chovi byla
zdravd a méla mladé rodice, zatimco kufata ve tfetim chovu méla starsi rodice, vykazovala
vy$$i imrtnost a byla 1é¢ena enrofloxacinem a metronidazolem. V rdmci tohoto projektu byl
pouzit sekvenacni pfistup bez kultivace pro stanoveni celkového obrazu obsahu plazmidii a
rezistomu. Ziskané vzorky trusu byly podrobeny extrakci celkové plazmidové DNA pomoci
QIAGEN Plasmid Midi Kit pro plazmidy o velikosti desitky az stovky kilobazi a QIAGEN
Plasmid Mini Kit pro plazmidy o velikosti jednotek kilobazi podle pokyni vyrobce se
specifickymi Upravami. Pfed izolaci byl kazdy vzorek podroben piilhodinové inkubaci v
roztoku obsahujicim 1,5 ml dodecylsiranu sodného (SDS). VSechny objemy pufri byly
upraveny podle hmotnosti vzorku. Pro lepsi rozpusténi bunécné stény bylo ke kazdému
vzorku v pufru P1 pfidano 200 pl fosfatového pufru (PBS) obsahujiciho lysozym ze slepic¢iho
vejce. Srazeni bilkovin smési pufru P3 se inkubovalo 20 min na ledu, elu¢ni pufr QF a pufr
EB se ptfed pouzitim ptedehialy na 65 °C a po vysrazeni izopropanolem se provedl krok
promyvani pelet DNA pomoci ledové studen¢ho 70 % ethanolu. Pelet DNA plazmidu byl
rozpustén ve 30 ul pufru EB pro soupravu Mini a 200 pl pro soupravu Midi. Vzorky byly
inkubovéany s Plasmid-Safe ATP-Dependent DNase (Biosearch Technologies) pro odstranéni
kontaminantll a bakteridlni chromozomalni DNA. Nasledné byla DNA kruhovych plazmidi
amplifikovana pomoci NxGen phi29 DNA Polymerase (Biosearch Technologies). Upravena
DNA zjednoho vzorku byla néasledné smichdna pro snizeni nakladi na sekvenovani. Z
plazmidové DNA byla pfipravena DNA knihovna s ligacnim kitem SQK-LSK114 (Oxford
Nanopore Technologies, ONT) a podrobena dlouhym c¢tenim na platformé P2Solo (ONT) s
filtraci kvality (Q > 9).

Surova data z dlouhého c¢teni byla vycisténa od adaptérti pomoci nastroje Porechop (ONT).
Zpracované sekvence byly mapovany na geny rezistence, mobilni genetické elementy a
plazmidy z vefejnych databazi (napf. ResFinder, CARD, MGE finder, PLSDB) pomoci
nastroje KMA. Relativni abundance jednotlivych genli a plazmidovych replikonii byla
vypoctena pomoci hodnoty RPKM (Reads Per Kilobase Million), ktera zohledniuje pocet ¢teni
namapovanych na dany gen, délku genu a celkové mnozstvi sekvenovanych dat. Ziskané
analyzy byly vizualizovany pomoci knihovny Matplotlib v jazyce Python.

Vysledky

Byly optimalizovany jednotlivé kroky izolace. Plazmidovd DNA byla prozatim uspéSné
ziskana ze 7 vzorkid. Ty byly upraveny enzymy a sekvenovany. Sekvenovanim s dlouhymi
¢tenimi jsme ziskali v praiméru 990,26 Mb na vzorek v rozmezi od 301,79 Mb do 3,54 Gb. Po
sestaveni byly pfitomny i chromozomalni sekvence, proporcionalné v rozmezi od 17 % do 64
% genomového obsahu. Na plazmidech ze 7 vzorkli byly nalezeny riizné geny antibiotické
rezistence a mobilni genetické elementy. Pozorovali jsme rozdily v genech antibiotické
rezistence v prib¢hu Casu a v riznych halach (Obr. 1)
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Obrazek 1. Relativni abundance skupin gena rezistence v jednotlivych halach v riiznych
casovych bodech. Na kazdém grafu je ¢ernou barvou zvyraznény nartst genl rezistence proti
fluorochinolonim. Prvni graf pfedstavuje halu 1 s c¢asovymi body 2 a 3, druhy halu 2
s Casovymi body 2, 3 a 4 a tieti graf halu 3 s Casovymi body 2 a 4. V nelécenych halach 1 a 2
muzeme vidét znacny ndrlst skupiny gent rezistence proti fluorochinolonim. Hodnota
relativni abundance vyjadiena v RPKM (reads per kilobase per million) se mezi grafy lisi.
V hale 2 je maximalni hodnota RPKM 45, v hale 1 je to 600 a v hale 3 je maximum 4000.

Diskuze

Dosavadni vysledky ndm umoznily pozorovat zastoupeni genti rezistence v riznych ¢asovych
bodech ve tfech chovnych halach. V hale dvé byly podany antibiotika enrofloxacin a
metronidazol. V rozporu s na$i pivodni hypotézou nevykazovala oSetfena hala nejvyssi
mnozstvi genli antibiotické rezistence. Nartist gend rezistence k fluorochinolonim by mohl
stabilngj$i oproti velkym plazmidim, které se mohly fragmentovat pii izolaci na linedrni
useky, které enzym DNaza zlikvidoval pfed amplifikaci. V poslednim kroku amplifikace
pomoci phi29 mohou byt malé plazmidy amplifikovany efektivnéji nez vétsi plazmidy, coz
muze také ovlivnit kone¢ny pocet kopii [3].

Zavér

Byla optimalizovana metoda nezavisla na kultivaci k popisu plazmidomu a rezistomu
traviciho traktu dribeZe. Byla sledovéna dynamika obsahu plazmidi nesouci geny rezistence
k antibiotikim v bakteriadlni populaci stfeva dribeze béhem jejich vykrmu ve tfech halach
konvenéniho chovu. N&§ projekt ukézal, Ze chovy kurat jsou rezervoarem genli antibiotické
rezistence, které se mohou potencialné $ifit pomoci plazmidi. Metagenomicky pfistup k
analyze plazmidii pomoci sekvenovani s dlouhymi ¢tenimi ukézal dynamickou povahu
plazmidl ve stfevech zvifat.
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Summary

Migration is a complex phenomenon influenced by several factors, including environmental conditions
and individual preferences. We investigated the unique loop migration of Central European Red Kites
(Milvus milvus) to and from their wintering grounds in Italy. Utilizing telemetry data from nineteen
tagged birds, we analysed migration routes, wind conditions, and route consistency. Our results
revealed distinct patterns between autumn and spring migrations. During autumn, most birds chose a
shorter route over the Adriatic Sea, facilitated by the katabatic Bora wind, while in spring, the
majority chose a continental route along the east coast of Italy. Route choice showed high consistency,
suggesting a fixed strategy influenced by experience and individual preference. Wind conditions
played a crucial role, with the Bora wind facilitating autumn migrations but hindering spring
crossings. Our findings underscore the ecological importance of coastal stopovers and over-sea
passages for Red Kites and potentially other soaring raptors.

Keywords: Milvus milvus, Migration, Telemetry, Bio-tracking, Raptors

Uvod

Migrace je slozity jev pozorovany u mnoha druhli ptakii, charakterizovany sezonnimi pohyby
na dlouhé vzdélenosti (Nourani et al., 2021). Evolu¢né byla migra¢ni chovani formovana
fadou faktorti vcetné¢ klimatickych zmén, pfirozené selekce a dostupnosti potravnich a
hnizdnich zdrojii (Sergio et al., 2022). Tyto adaptace vedly k vyvoji riznorodych migrac¢nich
tras a strategii, které ptdkim umoziuji vyuzivat pfiznivé environmentalni podminky a
minimalizovat rizika béhem migrace (Nourani et al., 2016; Literdk et al., 2022). Vybér
migra¢nich tras ovliviluji slozité interakce vnéjSich a vnitinich faktort. Mezi vnéjsi faktory
patii pocasi, geografické prvky a dostupnost potravy (Vansteelant et al., 2023). Pod vnitfnimi
vnitini faktory si mizeme piedstavit vék, pohlavi, morfologie a reprodukéni stav (Panuccio et
al., 2017). Povétrnostni podminky jsou kritické pro tvarovani migracnich tras, zvlasté¢ maji-li
v cesté ptirodni bariéry jako oteviené mote nebo vysoké hory (Panuccio et al., 2017). Mnohé
druhy ptdkl vyuzivaji podpirné vétry k usnadnéni pohybu a snizeni energetickych nakladd,
zatimco se vyhybaji ¢elnim vétram, které by mohly jejich migraci ztizit (Nourani et al., 2016).
Tato studie se zaméfuje na specifickou subpopulaci lunakt ¢ervenych (Milvus milvus), kterd
provadi jedine¢nou migracni smycku mezi stfedni Evropou a Italii (Literak et al., 2022). Ptaci
z této Casti populace prekondvaji riskantni motské pfechody na podzim a na jafe voli méné

4

riskantni trasu podél vychodniho pobtezi Italie.

Material a Metody

V této studii jsme zkoumali migrani chovéani devatenacti lunaki cervenych z hnizdni
populace ve stiedni Evropé na trojmezi Rakouska, Ceska a Slovenska. Mlad’ata byla ozna¢ena
v letech 2015 az 2022 v Rakousku (6) a v Ceské republice (13) telemetrickymi loggery se
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solarnimi panely (Ecotone, Polsko a Ornitela, Litva). Loggery byly umistény na zada ptaka
pomoci teflonového pasku. Data byla ziskdvana pomoci syst¢tmu GPS/GSM s rlznymi
casovymi intervaly od 15 minut do 6 hodin, kterd byla pro analyzu sjednocena na interval 1
fix za hodinu. Pozice ptakli byly analyzovany v programu ArcGIS Pro. Data o vétru nad
Jaderskym motfem byla ziskana z databdze ECMWEF ERAS, s hodinovym rozliSenim a
prostorovym rozliSenim 0,25°, pro obdobi zafi az listopad a tnor az kvéten. Z U a V slozek
vétru byla vypoctena rychlost a smér vétru. V ramci statistické analyzy byl provadén Mann-
Whitney U test k vyhodnoceni rozdilti mezi jarni migraci pres pevninu a podzimni migraci
ptes mote. Konzistence vybéru trasy jednotlivymi ptaky byla hodnocena pomoci balicku rptR,
pricemz byli do analyzy zahrnuti pouze ptaci, kteti migrovali do Italie a zpét alespon dvakrat.

Vysledky

Celkem jsme zaznamenali 51 podzimnich migraci (4 po zemi a 47 pies mote) a 42 jarnich
migraci (35 po zemi a 7 pfes mote). Béhem podzimni migrace vétSina ptaki preletéla pies
moie, pouze tfi zvolili kontinentdlni trasu. Na jafe se vzor migrace lisil, tii ptaci provedli
sedm migraci pfes mofie, z nichZ jeden konzistentné migroval vyhradné pies mote po dobu tii
let. Nebyly nalezeny statisticky vyznamné rozdily v trvéni, rychlosti nebo poctu zastavek
mezi jarni a podzimni migraci, avSak podzimni trasa byla piiblizn¢ o 200 km kratsi a obvykle
rychlejsi o jeden den. Vétry nad Jaderskym moiem se mirné li§ily mezi sezénami; na podzim
pfevazné vanuly z jihozdpadu, zatimco na jafe z jihozdpadu a jihovychodu, coz vytvarelo
nepiiznivé podminky pro ptaky migrujici na sever. Ptaci, ktefi se rozhodli pro jarni ptechod
mote, si vybrali dny s pfiznivymi povétrnostnimi podminkami. Konsistence ve vybéru trasy
byla vysoka, s opakovatelnosti R = 0.89 £+ 0.12 pro podzim a R = 0.90 + 0.22 pro jaro (p <
0.05).

Tabulka ¢. 1 Charakteristika podzimni a jarni migrace lunaka v dobé od 2015 do 2022.

Podzim Jaro
Migra¢ni komponent N* Primér+SD N* Primér+SD U P
Datum odletu” 47 (20) 275+25 38(18) 77+34
Datum piiletu® 47(20) 290+19 38(18) 90+ 34
Aktivni rychlost (km/dny 47 (20) 38 (18)
aktivni migrace) 171 £48 174 £47 832 0.40
Doba trvani (dny) 47(20) 10.7+5.5 38(18)  12+8 804  0.64
Dny aktivni migrace 47(20) 7+3 38(18) 9+6 770 0.59
Zastavky (dny) 47(20) 3+4 38(18) 3+3 764 029
Délka (km) 47(20) 1148+252  38(18) 13724448 631 0.01

aPocet migracnich epizod (pocet oznacenych jedinci). bJulianské datum (1=1. ledna). Rozdily byly testovany
Mann-Whitney U testem pro neparametricka data a vyznamné vysledky jsou zvyraznény tu¢né.

Diskuse a Zavér

Nase zjisténi poskytuji vhledy do slozitého propojeni mezi environmentalnimi podminkami a
vybérem migracnich tras dravcl. Pozorovali jsme odliSné vzory migracnich tras mezi
podzimem a jarem; vétSina podzimnich migraci mela krat$i trasu pres Jaderské mote, zatimco
na jafe vétSina ptaka zvolila trasu pies Italii. Zajimavé je, ze tfi ptaci se rozhodli pro pielet
mofe na jafe. Piedpokladame, ze v jednom ptipadé¢ to mohlo byt diky zkuSenostem ziskanym
v piedchozich letech (Sergio et al., 2022). I pfesto, Ze jsme nezaznamenali rozdil v trvani
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migrace, podzimni migrace byla obvykle rychlejsi o jeden den diky ¢ekani na podptirné vétry
podél chorvatského pobiezi. Bora, katabaticky vitr vanouci nad Jaderskym motem, hraje
dilezitou roli pfi tvarovani migracni smycky, jelikoz poskytuje ptiznivou podporu pii pieletu
a snizuje energetickou naroc¢nost aktivniho letu. Nase pozorovani ukazala, ze ptaci zahajili
podzimni pielet mote prave pii prevladajicich Bora vétrech, zatimco na jafe zvolili trasu ptes
pevninu. Tato pozorovani jsou v souladu s pfedchozimi studiemi, které oznacily podptrné
vétry jako vyznamny faktor ovliviiujici rozhodovani o preletu pres bariery a vybéru trasy
(Nourani et al., 2016). Nasi ptaci projevovali vysokou konzistenci ve vybéru trasy béhem
obou migraci. Zavérem, naSe vysledky naznacuji, Ze vybér migracni trasy lunakl cervenych
zéavisi na mistnich meteorologickych podminkach a individualnich preferencich. Katabaticky
vitr Bora, ktery periodicky vane nad Jaderskym mofem, je hlavnim faktorem za vznikem
migracni smycky. Tento vitr vytvaii vyhodnou trasu pro dravce béhem podzimni migrace, ale
na jafe zpusobuje nepiiznivé vétrné blokady, coz vede k obletu podél vychodniho pobiezi
Italie. Vysokd konzistence ve vybéru trasy zdiraziiuje ekologicky vyznam pobieznich
zastavek a moftskych preletu pro stiedoevropské lunaky cervené.
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Molekularni a sérologicka detekce Borrelia burgdorferi sensu lato u
drobnych volné Zijicich savcii
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Summary

Free-living mammals serve as reservoir animals for the spirochetes Borrelia burgdorferi s.I. from
which the infection can be transmitted through blood-sucking insects to other hosts, in which a disease
called Lyme disease can occur. The presence of B. burgdorferi s.I. was determined in 170 small
mammals caught in the wild according to the approved experimental project. During the autopsy,
tissue samples (heart rinses and kidneys) were taken for antibody detection by the ELISA method and
for direct detection of B. burgdorferi s.I. by PCR. The species of the animal was determined by using a
morphological key, if there was doubt about the distinction between Apodemus flavicollis and
Apodemus sylvaticus, AP-PCR was used. The prevalence of antibodies against B. burgdorferi s.I. was
10.5% (18/170) for IgM and 10% (17/170) for 1gG without statistically significant difference (p>0.05)
between the species, age, sex of animals and year season. The presence of B. burgdorferi s.l. was
detected by PCR in 14.7% (25/170) of animals. No statistical significance was found in species, age
and sex (p>0.05). The positivity statistically significantly differed in the seasons (p=0.021) with the
highest positivity in spring and lowest positivity in autumn. We expected both antibody and Bbsl
prevalence results around the landfill to be higher than in other areas due to the high presence of
rodents in a small area, but the results are consistent with findings from other areas, so landfills are
not more dangerous and there is no higher risk of Bbsl spreading. than in, for example, a forest park.

Keywords: Tick-borne diseases; zoonosis; reservoir animals; ELISA, PCR

Uvod

Drobni volné Zijici savci jsou Casta rezervoarova zvifata pro fadu infekénich onemocnéni se
zoonotickym potencidlem. Hlodavci se fadi mezi r-stratégy, tzn. maji mnoho Zivotaschopnych
potomki a jejich pfezivani zavisi na dostupnosti potravy a mnozstvi tkrytl pred predatory.
Skladky komunalniho odpadu mohou hlodavctim poskytnout dostatek ukrytt pred predatory a
pfisunu potravy, coZ ma za nasledek velké mnozZstvi jedinci na malém Uzemi, ¢imz se vytvari
idealni podminky pro udrzovani a §ifeni nemoci. Spirochety Borrelia burgdorferi s.I. (Bbsl.)
jsou pivodci onemocnéni Lymskd borelidza, jejichz vyznamnymi rezervodry jsou pravé
hlodavci. Vektorem Bbsl. jsou krev sajici Clenovci, napt. klistata, komaii nebo ovadi. Lymska
borelidza se mize §ifit pomoci krevsajicich vektort 1 na domaci mazli¢ky a z nich na jejich
majitele (Islam et al., 2021). Nelécena nebo chybné diagnostikovana borelioza mize mit za
nasledek vazné zdravotni problémy i n€kolik let po infikovani jedince. Bakterie Bbsl. vytvari
v téle cysty, znichZz dochazi k postupnému uvoliiovani bakterii do organismu bcéhem
imunosuprese nebo V pribéhu jiné infekce, coz je doprovazené projevy jako pii prvotni
infekci (Kalish et al., 2001). Cilem prace je zjisténi prevalence Bbsl. u drobnych volné
zijicich savcl v okoli skladky komundlniho odpadu a zjisténi rizikovych faktort, které mohou
ovliviiovat prevalenci infekce. Dil¢im cilem prace je zavedeni a optimalizace molekularni
metody AP-PCR k rozliseni morfologicky podobnych druhti mysic Apodemus sylvaticus a A.
flavicolis.
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Material a metody

Od roku 2020 se provadi od jara do podzimu odchyt volné zijicich drobnych savci na skladce
komunélniho odpadu v Zabéicich dle schvaleného projektu pokusi. Odchyt hlodavel se
provadi pomoci sklapovacich pasti s navnadou (latkové knoty obalené v sadle) s kontrolou
pasti v nasledujicim dni. Odchyty hlodavct pokracuji i v letoSnim roce, kdy bude projekt
ukon¢en. Doposud bylo odchyceno 170 drobnych savci zahrnujici  druhy
Apodemus sylvaticus (n=31), Apodemus uralensis (n=20), Crocidura suaveolens (n=1),
Microtus arvalis (n=95) a Sorex araneus (n=23). Jedinci byli druhové urfeni pomoci
urcovacich kli¢t. Aby bylo mozné rozlisit A. sylvaticus a A. flavicollis byla na pracovisti
zavedena a optimalizovana metoda nahodné PCR (arbitrarily primed polymerase chain
reaction, AP-PCR) (Bugarski-Stanojevic et al., 2013) s primerem ES8S. Protilatky proti B.
burgdorferi s.I. byly detekovany ve vyplachu srdce pomoci enzyme-linked immunosorbent
assay (ELISA) a vysledky byly vyhodnoceny s vyuzitim ELISA readeru. Ledviny hlodavci
byly pouzity k izolaci DNA s vyuzitim izola¢ni soupravy Dneasy Blood & Tissue Kit a
k nasledné piimé detekci B. burgdorferi s.I pomoci PCR s vyuzitim primert amplifikujici hbb
gen (Portnoi et al., 2006). Soubory dat byly porovnany dle druhu, pohlavi, véku hlodavcu a
ro¢niho obdobi ve statistickém programu STATISTICA 12.

Vysledky

Celkova prevalence protilatek proti Bbsl. byla 18,1 % (31/170), s tim Ze protilatky proti IgM
byly detekovany u 10,5 % (18/170) hlodavci a protilatky proti IgG u 10 % (17/170)
hlodavcii. Soubézné byly protilatky IgM a IgG detekovany u 2,3 % (4/170) hlodavct. Nejvice
infikovany byl druh A. sylvaticus (29 %, 9/31), naopak nejméné Sorex araneus (8,7 %, 2/23).
Nicmén¢ mezi sledovanymi charakteristikami (druh, vék, pohlavi zvitat a ro¢ni obdobi) nebyl
zjistén statisticky vyznamny rozdil v seroprevalenci (p>0.05). Pomoci PCR byla Bbsl. zjisténa
u 14,7 % (25/170) jedinct, a to 22,6 % (7/31) pro A. sylvaticus a 17,9 % (17/95) pro M.
arvalis, ale bez statisticky vyznamného rozdilu (p>0.05). Druh A. uralensis byl negativni
(0/20). Vék a pohlavi hlodavci nemél vliv na pozitivitu (p>0.05). Statisticky vyznamny rozdil
byl zjistén v pozitivité¢ hlodaveil v rdmei ro¢nich obdobi (p=0.021), s nejvyssi pozitivitou na
jate (27 %, 10/37) a nejnizsi pozitivitou v 1été¢ (8,5 %, 8/94). U 7 (4,1 %) jedinci byly
detekovany protilatky a zaroven byla zjiSténa pfitomnost DNA bakterie. PCR pozitivni
vzorky budou odeslany na sekvenovani.

Diskuze

Protilatky proti Bbsl. byly zjistény u 18,1 % vySetfovanych hlodavci, coz je srovnatelné
s 12 % prevalenci, ktera byla zjisténa na jinych Gizemich jizni Moravy v letech 2010 a 2014
(Kucerova et al., 2019), ale 2x nizsi nez 43,7 % prevalence, ktera byla zjisténa u hlodavct
rovnéz na Moravé (Vostal a Zakovska, 2003). V nasi praci a podobné i v praci Vostala a
Zakovské (2003) byl nejvyssi seroprevalence zjisténa u A. sylvaticus, coz odpovida
predpokladu, Ze mySice se fadi mezi vyznamné rezervodrové Zivocichy pro Bbsl.. Pomoci
PCR byla Bbsl. detekovana u 14,7 % vySetfovanych jedincii, coZ je témét polovicni oproti
31.2 % pozitivité zjisténé u drobnych savcl v Némecku. V praci Obiegala et al. (2017) byla
zjisténa nejvyss$i pozitivita u druhu M. glareolus (32.9 %) a A. flavicollis (25,4 %).
V Rakousku byla pfitomnost Bbsl. zjisténa pomoci PCR u 24 % odchycenych jedinct
snejvyssi pozitivitou u A. flavicolis (Khanakah et al., 2006). Nami zjisténé vysledky i
vysledky z jinych podobné zaméfenych praci potvrzuji fakt, ze mysice rodu Apodemus hraji
vyznamnou roli pii udrZzovani Bbsl. v pfirodé¢.
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Zavér

Pfi monitoringu infek¢nich agens v prostiedi se vyuziva pfimy priukaz ptivodce pomoci PCR,
nebo Ize detekovat ptitomnost protilatek, které nas informuji o tom, jestli se jedna o akutni
nebo chronickou fazi infekce. Kazda metoda mé své vyhody a nevyhody, a proto je vhodné
ob¢ metody kombinovat, pokud chceme mit komplexni pfehled o vyskytu daného patogenu
na konkrétnim tizemi. Vysledna prevalence Bbsl. zjisténa u hlodavcl na skladce komunalniho
odpadu v Zabgicich je nizsi, nez bychom olekavali vzhledem k mnoZstvi potencialnich
rezervoarovych zvifat na malém uzemi. Nicméné niz$i prevalenci Bbsl. 1ze vysvétlit tim, ze
podminky na skladce neodpovidaji pfirozenému prostedi pro vyskyt klistat, které sehravaji
roli hlavniho vektora Bbsl.. Jelikoz nebyl zatim prokazan vertikalni pienos Bbsl. u
rezervoarovych zvifat, tak bez ptitomnosti vektora je Sifeni infekce na dalSi zvifata obtizné.
Riziko mozné infekce pracovniki skladky nebo zvifat v jejim okoli neni zanedbatelné, ale
neni ani vyrazné vyssi nez v jinych oblastech jizni Moravy. Skladku komunalniho odpadu lze
tedy povazovat za srovnatelny zdroj Bbsl. infekce, jako v jinych lokalitach.
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