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PIGLETS’ FEED FORMULATIONS FOR POST-WEANING DIARRHOEA CONTROL
BY REPLACING ZNO WITH ALTERNATIVE BIOACTIVE LIPID SUPPLEMENTS

Asta Racevicitité-Stupeliené?, Monika Nutautaité?, Paulius Matusevicius?, Virginijus Slausgalvis3,
Arlnas Kurklietis®, Milena Sevastiyanova3, Vilma Viliené?*

! Institute of Animal Rearing Technologies, Veterinary Academy, Lithuanian University of Health Sciences, Kaunas, Lithuania
2 Department of Animal Nutrition Veterinary Academy, Lithuanian University of Health Sciences, Kaunas, Lithuania
3 INNOV AD NV/SA, Belgium

Due to new evidence that current levels of zinc oxide (ZnO) pose an unacceptable environmental dan-
ger, the European Union recently banned its usage in piglet diets. Therefore, to control and prevent
piglet diarrhoea, researchers are seeking innovative alternatives to ZnO [1-3]. Bioactive lipid supple-
ments are one of the alternative and high-potential control strategies. So, the aim of this study was to
analyse the influence of different feed formulas containing bioactive lipid supplements on controlling
postweaning piglet diarrhoea. The experiment started with 48 weaned piglets (16 piglets/pen; 28 days
of age), which were hybrids with similar weights in all groups (7.12—7.29 kg). Throughout the exper-
imental period (28-60 days of age), weaned piglets were fed ad libitum and drinking water was sup-
plied from automatic drinking troughs. Control group weaned piglets (n = 16 piglets/group) were fed
standard compound feed (SCF) supplemented with ZnO (pre-starter period: 28-42 days of age) and
only SCF at the starter period (42—-60 days of age). There were two experimental groups supplemented
with bioactive lipids: the | experimental group (pre-starter period: SCF + 2 kg/t medium-chain fatty
acids (MCFA) and short-chain fatty acids (SCFA); starter period: SCF + 1 kg/t MCFA + SCFA); and the Il
experimental group (pre-starter period: SCF + 3 kg/t MCFA + SCFA; starter period: SCF + 2 kg/t MCFA +
SCFA). During the test, the following parameters were assessed: daily faecal pen score, individual body
weight at 28, 42, and 60 days, average weight gain per day (ADG), feed consumption ratio (FCR) to gain
1 kg of weight at 28-42, 42-60, and 28-60 feeding periods, and blood sample assay. When compared
to the experimental groups, the control group had higher faecal pen scores (the higher the score, the
more fluid and less firm the faeces). No significant differences were observed when comparing live
piglets’ weights and FCR during all weighting periods (p > 0.05). Significantly higher daily weight gain
was observed in the Il experimental group on 42—60 days of age, by 0.087 and 0.046 kg, respectively,
compared to the control and | experimental groups (p < 0.05). After blood analysis, the highest glucose
content (9.65 mmol/l) was determined in Il experimental compared to remaining groups; the highest
alkaline phosphatase content (1046.60 U/I) in control compared to | experimental; higher creatinine
(92.12 umol/1) and urea (5.58 mmol/l) levels in Il experimental compared to control; higher concentra-
tion of Ca, P, Mg, and Fe in Il experimental groups piglets’ blood than in remaining groups (p < 0.05). To
conclude, the research results showed that bioactive lipid supplementation in feed and weaned piglet
diets resulted in improved piglet productivity parameters and a general physiological state.
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EVALUATION OF THE SUITABILITY OF A FULL FAT OR DEFATTED
BLACK SOLDIER FLY (HERMETIA ILLUCENS L.) LARVAE MEAL AS INGREDIENT
FOR BROILER CHICKEN DIETS
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Introduction: With the increase in the world’s human population, the shortage of protein feed used
in animal nutrition is becoming a growing problem. Black soldier fly (Hermetia illucens L.), and espe-
cially its larvae, are rich in nutrients such as fat, protein and high-quality amino acids, which makes
them a very good source of protein. However, the use of black soldier fly larvae in animal feed poses
some challenges in terms of cost, availability and consumer acceptance. The aim of the study was to
determine the effect of partial substitution of soy protein in the diet of broiler chickens with insect
protein on selected traits of carcass value.

Material and methods: The experiment was run on a total of 288 1-day-old female Ross 308 broilers.
The chickens were randomly assigned to 8 dietary treatments (6 replications per treatment). The
diets were formulated by including, on as-fed basis, increasing levels of full-fat (HMF) or defatted
(HMD) larvae meal (5%, 10% and 15%; HMF5, HMF10, HMF15, HMD5, HMD10 and HMD15, respec-
tively, HM1- control, HM2S control+ 60 ppm salinomycyn). The birds were raised to 35 d of age and
fed ad libitum (starter, grower, finisher). At 35 d of age, two birds per pen were selected in each
feeding group based on the average final BW (+ 15%), and slaughtered. Carcasses were eviscerated,
chilled at 4°C for around 24 h. The carcasses were subjected to simplified dissection. The results are
presented as means and the standard error of the mean (+ SEM) The significance of differences in
mean values between age groups was determined by Duncan’s test. Significance was set at P < 0.05.

Results: Substitution of soy protein with insect protein in the diet of broiler chickens, in the form of re-
spectively defatted (HMD) or full-fat (HMF) insect meal, significantly affected both the final body BW of
birds (P <0.001) and carcass weight (P < 0.001), meat (P < 0.001). Data analysis showed significant differ-
ences in the values of the analyzed features between the individual nutritional groups. The highest BW
was found in chickens from the H2S (1947.4 g, P <0.05). In the case of BW chickens fed a 15% soy protein
substitution diet with both HMD and HMF meal, the results were worsened. BW in the HMD15 (1352.1
g) and HMF15 (1555.1 g) was significantly lower compared to the body weight of birds from the other
feeding groups (P < 0.05). As in the case of BW, the highest carcass weight was characteristic of birds
from the HM2S (1319.2 g, P < 0.05), and the lowest from the HMD15 (884.9 g) and HMF15 (1061.8 g, P
> 0.05). In the other groups, carcass weight was similar (P > 0.05). The weight of meat (breast muscles
+ leg meat) in the carcasses of birds from HMF10 (775.9 g) and HMS2 (716.3 g) was similar, but higher
compared to the weight of meat in the other groups (P > 0.05). The tendency in differentiating the val-
ue of breast muscle mass was similar to the total meat mass. The highest values, 497.3 g and 438.2 g,
respectively, were found in birds from the HMF10 and HS2 (P < 0.05), and the lowest (242.6 g and 309.0
g) in the HMD15 and HMF15 (P > 0.05). In the case of leg muscle mass, the value of the trait was similar
in HMS2 (308.8 g), HMD10 (306.8 g), HMD5 (296.9 g) and HMF (293.2 g) and was higher compared to
the value of the trait in HMF15 (281.5 g ) and HMF10 (271.5 g, P > 0.05).
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Conclusion: The replacement of soybean protein to full-fat (5-10%) or defatted (5-10%) HM-PAP
in the chicken’s diet did not deteriorate the final BW and the basic characteristics of the slaughter
value.

Funding: This work was supported by the National Science Centre, grant: ,Development of a strat-
egy for the use of alternative protein sources in animal nutrition enabling the development of its
production on the territory of the Republic of Poland”, no. Gospostrateg 1/385141/16/NCBR/2018.
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THE FERMENTATION PARAMETERS AND MICROBIOME OF LUCERNE SILAGE OF
DIFFERENT LEVELS WILTING AND ADDITION OF DRY ICE

Marta Borsuk-Stanulewicz?, Cezary Purwin?, Paulina Pogorzelska-Przybytek?,
Magdalena Mazur-Kusnirek!
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Lucerne (Medicago sativa L.) is the most cultivated legume plant worldwide, that is considered to
provide high-quality forage to ruminants. The lucerne ensiling is attaining high popularity in recent
years. However, the low water soluble carbohydrate content, associated with the high buffering ca-
pacity are factors that often hamper lucerne fermentation [1]. According to the current knowledge,
the hypothesis assumes that the addition of dry ice as a sources of carbon dioxide and wilting will be
modifying fermentation process and silage microbiota.

Lucerne was harvested at the beginning of bud formation stage, at a height of 5 cm, with a disc mow-
er (12:00-1:00 p.m.). It was cut to a particle (25 mm), the first part was ensiled as fresh (0Oh wilting),
the second part was allowed to wilt for 12 hours and the third part for 24 hours. Lucerne was ensiled
in micro-silo (1 dm?) with the addition of 0 g, 1 g, 2 g dry ice (DI). After 50% of the micro-silo volume
was filled, DI was added as granules (16 mm of diameter) and densifying was continued. It was en-
siled in triplicates for 90 days. The proximate chemical composition, fermentation parameters were
performed according to standard methods. The microbiota was analysed using the qPCR. The results
were statistically processed by performing an analysis of variance (ANOVA), at a significance level of
0.05, using the XLSTAT package.

The results indicate the correct lactic fermentation, characteristic for specific dry matter (DM) con-
tent. The addition of 2 g DI improved the pH value in the Oh wilting group (P < 0.05). The concen-
tration of lactic acid (LA) was in line with the values suggested by Kung et al. [2], and the highest
results (87-96 g-kg* DM) were recorded for the Oh wilting group. In each group, LA accounted for
77-94% of total acids. The highest number of Lactobacillus spp. (Lac) was obtained in the 12 h and
24 h wilting groups, but the addition of 1 g Dl increased their number regardless of wilting. Low con-
centration of acetic acid (AA) resulted in an increase in the number of Yeast, especially in the groups
with the addition of 2 g DI.

The addition of 2 g DI reduced the number of Clostridium spp. (Clost) (P < 0.05), but their activity
was not completely reduced. The BA accounted did not exceed 1% in total acids in the 0 h and 24 h
wilting groups. The microbiological quality of silage was characterized by the increasing presence of
Fungi with the increase in DM content, which was reduced only by the addition of 2 g Dl in the 12 h
wilting group. The N-NH, values did not exceed 13% of total N, which the addition of 2 g DI reduced
inthe 0 h and 12 h wilting groups.

Wilting is a well-known treatment used in lucerne silage. The addition of DI can also improve the
fermentation and microbiological parameters. The addition of 2 g DI lowered the pH, N-NH, and AA
concentration (P £0.05), reducing the abundance of Clost and Fungi. Both the level of wilting and the
addition of DI had a significant effect on lucerne silage microbiome (P < 0.001), without the Yeast.

This research was funded in whole or in part by the National Science Centre, Poland grant no.
2021/41/N/NZ9/01881. For the purpose of Open Access, the author has applied a CC-BY public
copyright licence to any Author Accepted Manuscript (AAM) version arising from this submission.
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IN SEARCH FOR EPIDIDYMAL FLUID PROTEIN MARKERS OF CANINE
(CANIS LUPUS FAMILIARIS) EPIDIDYMAL SPERM MOTILITY
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Introduction: The role of epididymis in male fertility is essential, as the place where sperm obtain
full capacity for fertilization. Epididymal fluid (EF) is rich in numerous proteins which may interact
with the sperm in specific manner and influence sperm motility. The aim of the study was to investi-
gate correlations between cauda EF proteins and selected epididymal sperm (ES) motion parameters
in search for protein markers of the ES motility.

Materials and methods: Twenty-three mixed-breed dogs aged from 1 to 11 years old were used in the
study. Epididymis were cut with scalpel and an automatic pipette was used to aspirate the effluent of
the epididymal semen. A computer-assisted semen analysis (CASA) was used to assess the ES motion
parameters. The ES samples were divided into two experimental groups: good sperm motility (GSM)
with progressive motility (PMOT) = 55 % and poor sperm motility (PSM) with PMOT < 55%. The semen
samples were centrifuged at 800 x g for 10 min at 4 °C to separate EF apart from the ES. EF proteins were
extracted and trypsin digested to be used for nano-liquid chromatography coupled to quadrupole time of
flight mass spectrometry (NanoUPLC-Q-TOF/MS). Bioinformatic and statistical analyses were provided.

Results: Total motility (TMQOT, %) and PMOT (%) differed significantly between GSM group and PSM
group (p < 0.031; p < 0.001 respectively). Semi-quantitative analysis of protein abundance, based on
MS intensity measurement, was provided. When comparing the MS intensity of proteins common for
both studied groups (GSM and PSM), statistically significant differences (p < 0.05) were found for four
proteins. Their MS intensities were higher in the GSM group (ALB: 7314 + 1518 x 10% CRISP2: 2235 +
882.9 x 10% LCNL1 3270 + 1268 x 10% PTGDS: 4646 + 904.7 x 10* mean * SEM) when compared with
PSM group (ALB: 3030 + 1594 x 10% CRISP2: 628 + 202.6 x 10% LCNL1: 260.8 + 60.65 x 10% PTGDS:
2323 +280.9 x 10% mean = SEM). The following correlations were found i) in group of protein present
in both GSM and PSM a positive correlation between AFP content and the percentage of Slow motion
parameter (r = 0.57; p £0.05); ii) in group of unique proteins (UPs) for GSM, a positive correlations be-
tween CARD6 and VAP (r = 0.83; p < 0.05), but also with a Slow motion parameter (r =0.77; p < 0.05)
and between OLFM4 content and ALH (r = 0.82; p < 0.05). Whereas negative correlations were found
between ALPL and STR (r =-0.72; p £0.05), and OLFM4 and STR (r =-0.77; p £ 0.05) and LIN (r =-0.85;
p <0.05); iii) in group of UPs for PSM negative correlations were observed between BOLL and ALH (r =
-0.76; p £0.05), and LOC607874 and VAP (r =-0.74; p £ 0.05) and VSL (r =-0.71; p < 0.05).

Conclusion: The canine EF proteins content in semen samples differing in motility and proteins content
correlations with the ES motility were analyzed using NanoUPLC-Q-TOF/MS and bioinformatic tools
for the first time. Unique proteins were identified for both GSM and PSM groups. Eleven differentially
abundant proteins were found as common for both GSM and PSM group, four of which (ALB, CRISP2,
LCNL1, PTGDS) showed significantly higher abundance in EF surrounding sperm with good motility.
Proteomic study revealed that some EF proteins, with high probability are important for good quality
of ES motility parameters and might be used in future for commercial tests construction suitable for
epididymal semen quality assessment.
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BIOCHEMICAL PARAMETERS OF BLOOD OF FARMED SIKA DEER
(CERVUS NIPPON)

Jagoda Czajkowska?, Pawet Bogdaszewski?, Pawet Janiszewski?

! Department of Fur-bearing Animal Breeding and Game Management, University of Warmia and Mazury in Olsztyn, Poland
Z|nstitute of Parasitology of the Polish Academy of Sciences, Research Station in Kosewo Gdérne, Poland

Introduction: The blood analysis can be the basis for the diagnosis of livestock. Some changes in
morphological and biochemical parameters may be related to race, sex, age, physiological condition
or pathological factors. Due to the fact that deer farming in Poland is poorly developed, after the
recognition of red deer, sika deer and fallow deer as livestock, there is a great need to better diag-
nostics/control of the health status of these species.

Material and methods: Therefore, the aim of the study was to determine the basic biochemical
parameters of sika deer blood. Blood samples were collected from 21 stags aged 3-5 years. The ani-
mals were kept at the deer farm of the Research Station of the Institute of Parasitology of the Polish
Academy of Sciences in Kosewo Gdrne. The blood samples were collected in April 2019, out of the
rut season, which takes place in October and November, and may affect the physiological changes
of males.

The following parameters were analyzed in the blood plasma: glucose, total protein, cholesterol,
ALT, phosphorus and calcium. They were determined using a semi-automatic analyzer (Riele Pho-
tometer 4040 V5+) using the spectrophotometric method, in accordance with the procedures of the
manufacturers of the chemical reagents used (Alpha Diagnostics, Poland). The obtained results were
statistically analyzed.

Results: The average glucose level was determined to be 104.90 + 41.70 mg/dl, with a maximum
value of 185.00 mg/dl, and a minimum of 43.00 mg/dl. The total protein content in the blood of sika
deer stags was 7.65 + 1.38 g/dl, and the cholesterol content was 71.90 + 26.26 mg/dl. The mean ALT
level was determined to be 56.29 + 15.71 U/I. Phosphorus (P) and calcium (Ca) in the tested samples
amounted to 4.80 + 1.43 mg/dl and 8.37 + 1.79 mg/dl, respectively, which depends on the phase of
the antler growth cycle.

It can be assumed that the results of own research may be related to the specificity of the analyzed
species and, e.g. living conditions on the farm, nutrition and age.

Conclusion: The presented results may help to determine blood reference parameters, which in the
future will enable better determination of the health status of farmed sika deer.
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APPLICATION OF FATTY ACID ANALYSIS IN AQUATIC ECOLOGY:
TROPHIC TRACERS AND ESSENTIAL NUTRIENTS
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Chemical trophic tracers (fatty acids, stable isotopes etc.) are readily used in aquatic ecology to de-
scribe the structure of ecosystems and to better understand trophic interactions within food webs.
Scientists reach for these tools to explore spatial and temporal trends in both species and trophic
level interactions. From small streams to large lakes and oceans, trophic tracers allow ecologists to
decipher resource partitioning and energy flow.

Application of fatty acid signature (FAS) analysis in food web ecology can provide additional insights
because some fatty acids are known to be essential nutrients that can affect the physiological state
of animals. Therefore quality rather than quantity of available food often becomes the limiting factor
in trophic coupling as nutritional value of food can affect various physiological functions and contrib-
ute to reproductive success or cause suboptimal reproductive outcomes.

Within the Great Lakes, fish assemblages vary substantially as each ecosystem constitutes an in-
imitable community and has management strategies adapted to the particulars of its fisheries and
conservation needs. Within each lake there are also considerable temporal fluctuations in the prey
assemblage as native and nonnative species undergo sizable abundance oscillations. As a result, the
nutrients available to top predators utilizing such a dynamic prey base should vary spatiotemporally
and could affect their reproductive success.

The utility of FAS as trophic tracers in aquatic food webs and the attribute of some fatty acids as
essential nutrients and their links to fish reproduction and fitness is an important aspect of environ-
mental research.
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AN INTEGRATION OF ZOOTECHNICS AND TRANSCRIPTOMICS AS A JOURNEY
TO UNDERSTAND FACTORS AFFECTING LARVAE QUALITY IN FISH
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Introduction: The life cycle of most teleost fishes embraces a crucial phase known as larval period,
during which larvae undergo many evolutionary events that chiefly affect their morphological, behav-
ioral and physiological status [6]. Those changes appear to have a different impact on the performance
(often referred to as quality) of fish larvae. Growth-related traits have been used as parameters to as-
sess larval quality and they seem to vary between the specimens even of the same cohort [3]. Despite
that, mechanisms leading to different performances during the early life history of fish are largely un-
known. Therefore, we investigated the relation between zootechnical and transcriptomic profile of Eur-
asian perch (Perca fluviatilis) larvae to deepen the developmental processes influencing larval quality.

Material and methods: Sixteen unique families of Eurasian perch were created by controlled re-
production. Eggs were fertilized in vitro using cryopreserved semen [2]. The hatched larvae were
reared in a recirculating aquaculture system (RAS) following a standardized procedure [5] and during
the larvicultural period several zootechnical data were collected. Moreover, larvae at mouth open-
ing stage were sampled for transcriptomic analysis. Obtained RNA-sequencing data were processed
with Weighted Gene Coexpression Network Analysis (WGCNA) using a R package [4]. Gene ontology
(GO) enrichment analysis was carried out using ShinyGO [1].

Results: The analysis revealed statistically significant differences (p < 0.05) between families for length
and weight at hatching and throughout the rearing, cannibalism rate, mortality and specific growth
rate (SGR). WGCNA showed interactions between genes and the zootechnical data. There were signif-
icant modules mostly related to length at mouth opening. We found that in positively length-related
modules, ribosome biogenesis, translation processes, rRNA processing were most enriched biological
processes. However, in modules negatively correlated, the most enriched processes included neuro-
genesis, neuron projection development, cell-cell signalling and cytoskeleton organization.

Conclusion: WGCNA highlighted the importance of length data at hatching. Ribosomal proteins (RP),
such as rps19 and rps6, being positively correlated with the length, are suggested as potential biomark-
ers in controlling larval development. Furthermore, the analysis outlines a negative link between genes
related to cytoskeleton, nervous system and the length trait. In fact, larvae are still evolving and genes
involved in the formation of the cytoskeleton and axon growth could play a crucial role in larval per-
formance. The study provides new insights into the processes involved in the determination of larval
quality and propose WGCNA as a robust approach to investigate the transcriptomic profile of Eurasian
perch larvae.
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ARTIFICIAL INTELLIGENT TECHNOLOGIES IN ANIMAL HUSBANDRY
AND THEIR IMPACT ON FOOD SYSTEMS
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The 4th Industrial Revolution is increasingly influencing the activities and technology used in society,
including agriculture. This phenomenon is described as “Agriculture 4.0” or “Smart Agriculture”. The
dynamic industrialization process (1.0) started by introducing the use of steam and waterpower to
increase the efficiency of energy utilization in agriculture during the First Industrial Revolution. The
Second Industrial Revolution introduced the development of electrical power for mass production
in assembly lines, and the Third Industrial Revolution introduced the concepts and practice of auto-
mation, programmable logic controllers (PLC), IT systems and robotics into agricultural production
systems and value chains.

With the arrival of the so-called Fourth Industrial Revolution, the introduction of artificial intelli-
gence and machine learning, new technologies such as cloud computing, location detection and
spatial engineering, augmented reality, various smart sensors, and the generation of huge volumes
of data became essential technologies in the management and improvement of agricultural produc-
tion systems and value chains. This led to the introduction of the current era of Big Data Analytics,
which is increasingly becoming essential technology in these fields.

In crop production, drones, supported by satellite technology, are used for automated fertilization
and plant protection practices, supported by a variety of other technology using similar types of
technology and applying the principles of artificial intelligence to complete essential production
management practices and processes. Similar advances and innovative use of Agriculture 4.0 tech-
nology and systems make it possible to effectively manage animal populations to improve husband-
ry and harvesting processes, e.g., in the management of wildlife and other extensive animal produc-
tion systems.

In more intensive “smart” animal production systems (like dairy and intensive pork and poultry pro-
duction systems) digital and Al monitored and driven automated milking and feeding systems, estrus
detection “smart” equipment, animal behaviour monitors, etc., are used to evaluate the behavior
and vital activities of animals to increase production efficiency and improve animal welfare. “Smart”
technology and equipment are also used to control environmental conditions, e.g., to control venti-
lation, including temperature, humidity, and lighting conditions.

It is abundantly clear that these “smart” control mechanisms, are important in controlling and main-
taining manageable optimal and limiting production conditions. For example, it is now important
management information to understand that cattle spend 4 to 6 hours per day moving around, 7-10
hours of rumination and overall, 12-14 hours of resting behavior (lying down), while completing
2500-3000 steps per day. Any significant deviations from these “normal activities”, systems inter-
pret as “alarms” and warning signals are sent to the production or farm manager.
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EARLY DEVELOPMENT OF 2N/3N MOSAIC STERLET ACIPENSER RUTHENUS
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Sturgeons (Acipenseridae) are a very ancient group of fish that have experienced multiple rounds of
whole-genome duplication [4]. Acipenseridae have been classified into three ploidy groups: Group
A — species with approximately 120 chromosomes (sterlet Acipenser ruthenus, beluga Huso huso),
Group B — species with approximately 245 chromosomes (Siberian sturgeon Acipenser baerii, Rus-
sian sturgeon Acipenser gueldenstaedtii), and Group C — with approximately 368 chromosomes
(shortnose sturgeon Acipenser brevirostrum) [3].

During the induction of polyploid sturgeons, mosaic fish with additional chromosomes were ob-
served [1]. Recently, Fopp-Bayat et al. [2] applied cold-shock triploidisation of sterlet and observed
2n/3n mosaic offspring. Mosaic sturgeons were also observed in aquaculture conditions, but knowl-
edge about early development, and growth performance of such specimens are scarce. Therefore,
the main objective of the present research was the induction of mosaic 2n/3n in sterlet and monitor-
ing of their early development (embryonic and larval) and growth performance during the rearing
experiment.

We monitored the early development of the embryo at every 24-hour interval. Then, the body
weight and the body length of fish in experimental groups were analyzed during the 110 days of the
rearing experiment. Fulton’s condition coefficient, length-weight parameters, and Specific Growth
Rate coefficient were identified. During the experiment, higher mortality was observed in 2n/3 mo-
saic groups compared to the control diploid groups. Parameters of body weight and body length
of 2n/3n mosaic sterlets were slightly lower in comparison to the control diploid sterlet. Fulton’s
condition coefficient analysis revealed a similar growth performance of the specimens in the 2n/3n
mosaic group and in the control group.

The present studies show that the mosaic sterlet can exist, develop, consume food, and grow. Thus,
our finding opens a new window for innovative research, for example, related to the development
of the reproductive system and the possibility of reproduction of mosaic sterlets.
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THE INFLUENCE OF ENVIRONMENTAL PROBIOTIC BACTERIA
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The aim of the study was to determine the environmental impact of the probiotic isolate Carnobacte-
rium maltaromaticum, used as an additive to feed fed to rainbow trout fry, on changes in the quantita-
tive composition of bacteria potentially pathogenic to fish (Pseudomonas fluorescens and Aeromonas
hydrophila) during rearing of rainbow trout fry (Oncorhynchus mykiss) in closed circuits (RAS).

During the 8-week experiments, fry divided into control and study groups were reared in separate re-
circulation systems. The control groups of rainbow trout were fed commercial feed Aller Gold, and the
research groups — feed with 0.1% of the environmental probiotic C. maltaromaticum isolate. Microbi-
ological tests covered water from breeding pools, skin and the contents of the digestive tract of fish. In
the tested samples, the number of bacteria Pseudomonas fluorescens and Aeromonas hydrophila was
determined by the hybridization in situ FISH method with the use of specific oligonucleotide probes.
P. fluorescens was identified with the Pseudo120 probe [1], A. hydrophila — with the KO 229 probe [2].

The results of the study showed a significant effect of C. maltaromaticum, introduced with feed for
aquaculture, on the reduction of the number of P. fluorescens and A. hydrophila in samples of pool
water, skin and contents of digestive tract of fry. This was evidenced by statistically significant nega-
tive (p £ 0.05) correlations between the numbers of the probiotic isolate and the concentrations of
the majority of potentially pathogenic microorganisms in RAS water and fish. Statistically significant
(p < 0.05) differentiation in the number of determined potentially pathogenic bacteria between
water and fish samples of experimental and control brooding was found, resulting from feeding fish
with feed supplemented with probiotic C. maltaromaticum strain.

Our study demonstrated that the C. maltaromaticum environmental probiotic strain enhances the
microbial safety of juvenile rainbow trout in RAS. During a rearing experiment, the Aller Gold feed
supplemented with 0.1% of that isolate significantly reduced (p < 0.05) the counts of potentially
pathogenic P. fluorescens and A. hydrophila bacteria in the water of RAS, in the digestive tract con-
tents and the skin of fish..

Project financially supported by Minister of Education and Science in the range of the program en-
titled “Regional Initiative of Excellence” for the years 2019-2023, project no. 010/RID/2018/19,
amount of funding 12,000.000 PLN.

References

[1] Saha R.S., Donofrio D., Goeres M., Bagley S.T. 2012. Rapid detection of rRNA group | pseudomonads in contaminated
metalworking fluids and biofilm formation by fluorescent in situ hybridization. Applied Microbiology and Biotechnology,
94:799-808.

[2] Franke-Whittle I., Klammer S., Insam H. 2005. Design and application of an oligonucleotide microarray for the inves-
tigation of compost microbial communities. Journal of Microbiological Methods, 62: 37-56.

18



Innovative Food of High Quality for Human Health and Sustainability — an integrated program of innovation and research
development in agricultural sciences, Olsztyn, 7-8 September 2023, Poland | Animal Science and Fisheries

FROM TRACKING TO KNOWLEDGE: SURVIVAL AND DOWNSTREAM
MIGRATION OF JUVENILE BALTIC STURGEON (ACIPENSER OXYRINCHUS)
IN RIVERS WITH DAMS

Andrzej Kapusta?!, Rafat Bernas?, Elzbieta Bogacka-Kapusta?®, Piotr Debowski*

! National Inland Fisheries Research Institute, Department of Ichthyology, Hydrobiology and Aquatic Ecology, Olsztyn,
Poland

2National Inland Fisheries Research Institute, Department of Migratory Fish, Rutki, Poland

3National Inland Fisheries Research Institute, Department of Lake Fisheries, Olsztyn, Poland

4National Marine Fisheries Research Institute, Department of Logistics and Monitoring, Gdynia, Poland

The Baltic sturgeon Acipenser oxyrinchus populations have dramatically decreased during the last
centuries [2]. Subsequently, the species became extinct in the Baltic range states during second
half of the 20" century. Population restoration using hatchery-reared A. oxyrinchus is one action of
recovery efforts for this species in the Baltic Sea drainage [1]. The aim of our study was to assess
the impacts of hydroelectric plants on survival and downstream migration hatchery-reared juvenile
A. oxyrinchus. The fate of juvenile Baltic sturgeon was investigated in the Narew and Vistula rivers
during 2 years. Individually identifiable Vemco V9 and V7 acoustic tags were surgically implanted
into the abdominal cavities. Out of the total of 46 juvenile sturgeon, only six in the first year of study
and only one in second year were recorded to leave the Wioctawek hydroelectric power plant and
enter the Vistula River estuary. Juvenile sturgeon had a 3-25% migration success along the entire
440 km long rivers reach. The present results suggest that mortalities of stocked juvenile sturgeon
through these hydroelectric power plant and reservoirs are of such a magnitude, that stocking of
juveniles in the river upstream is futile. Obviously the efforts put into establishing a self-reproducing
sturgeon population in Vistula River drainage is wasted if more than 75% of the stoked juveniles are
lost in these two hydroelectric power plants. This mortality, combined with river, estuary and marine
mortalities, means that even intensive stockings of juveniles upstream Wtoctawek Reservoir, will fail
to produce sufficient number of returning spawners.

This research was supported by the statutory project no. Z-003 and Z-001 of the National Inland
Fisheries Research Institute, Poland.
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In the Czech Republic, there are two production systems of cattle husbandry, dairy and beef. Dairy
cattle husbandry is the most important sector of animal production in the Czech Republic. It ac-
counts for 55% of gross value of livestock production and 18% of total agricultural GDP. There are
360,000 dairy cows in the Czech Republic, 60% of milking cattle are the Holstein breed and 37% are
the dual-purpose Czech Fleckvieh breed. This is intensive milk production, mostly on large farms
with an average size of 330 cows. The average milk yield per lactation is 9,443 kg of milk, which ranks
the Czech Republicin 11th place in the world in this parameter. The average daily milk yield is almost
26 liters. The age at first calving is between 24 and 26 months. Average milk fat content 3.91% and
protein content 3.42%. More than 95% of the herds use artificial insemination and about 96% of the
cows are involved in milk performance control.

Beef cattle husbandry (without market milk production) is less important from the point of view
of cattle production, it is a case of smaller extensive farms, often in an ecological mode of farm-
ing, based on pasture (mountain and foothill areas). More than 25 breeds are used in beef cattle
production system, the most common breeds are Charolais, Aberdeen Angus, Limousine and Beef
Simmental. There are approximately 230,000 cows of beef breeds in the Czech Republic. Seasonal
calving is carried out (40% of births in February and March) with pasture-raised calves, and natural
mating prevails. Using intensive fattening of the main beef breeds of cattle, average daily gain of 1.45
to 1.6 kg is achieved. Beef meat production from this system is rather supplementary. The greater
part of beef meat production is realized as a by-product of dairy cattle breeding, especially the Czech
Fleckvieh breed.
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It is well stablished that weaning is by means one of the major challenges in pigs’ life, concurring
several stressors at the same time, such as the sudden dietary change from liquid to solid feed, the
separation from their mothers, the mixing with new counterparts and a new environment [1]. On
top of that, weaning weight is a non-negligible factor, as it is positively related with post-weaning
growth lasting up to slaughter [2]. Low feed intake after weaning can lead to villous atrophy, which is
related to adverse gut morphological and functional changes, consequently increasing mortality and
morbidity. These problems are more exacerbated with the use of hyper-prolific sows, increasing the
proportion of less mature light weight piglets. For all aforementioned, pig industry is forced to im-
plement strategies to improve piglets’ performance shortly after weaning. Regarding the nutritional
strategies, first it should be guaranteed that the feed is consumed in sufficient quantities, otherwise
their expected impact on performance is limited. Therefore, palatability, understood as the relation-
ship between the sensory attributes of feed (taste, smell, texture) and the animals’ post-ingestive
experience with the feed, matters. Consequently, it has been stablished that increased feed intake
would indicate that the feed is palatable. Thus, the use of sensory additives, which can be defined
as volatiles and/or non-volatile compounds whose addition to the diet improves or alters its organo-
leptic properties, is wide used in animal production to modulate the feeding pattern and encourage
feed intake. The exact composition will depend on the target animal and final application. The aroma
(volatile fraction) of the diet becomes the initial stimulus that drives the animal to start eating, and
the non-volatile part informs about the taste of the feed. As an example, the use of volatiles in prac-
tices of perinatal conditioning, might have a positive effect on reducing neophobia of piglets from
birth to fattening, facilitating the recognition of certain sensory cues in the feed. There is scientific
evidence that these practices help in boosting feed intake after weaning [4]. It is also important to
know which volatiles are innately preferred by piglets. Consequently, running palatability tests (as
double choice tests) are an objective way to measure which volatile compounds are significantly
preferred (Lucta S.A., internal studies). Volatiles are used for the familiarization and standardization
of the diets from a sensory point of view and to mask certain unpalatable ingredients. Non-vola-
tiles compounds (taste fraction) are also used within these sensory additive strategies. Sweet and
umami tastes are the most preferred by pigs and help them to identify energy and protein sources,
respectively. Contrary, the bitter taste informs about potential toxic substances, and promotes an
aversive response in the animal. Taste receptors in the gastrointestinal tract can mediate a variety of
physiological responses with potential impact in gut function (gut chemosensing). In this sense, the
umami taste receptor is an amino acid sensor which stimulation triggers a physiological response
linked to intestinal maturation processes, especially relevant in light weight piglets where may re-
duce the difference in body weight compared with their heavier counterparts [3]. Moreover, it was
also demonstrated that umami sensing may improve the nutrient digestibility of amino acids and
the absorption of nutrients. Overall, the utilization of sensory additives, helps to improve feed intake
(especially in the most demanding phases), and can also intervene in gut physiology supporting a
better use of nutrients.
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Introduction: Poultry and swine nutrition have long relied on soybean meal as a primary protein source.
However, concerns about price variability and environmental impact have led researchers and farmers
alike to explore alternative feed sources [1]. Sida Hermaphrodita (L.) (SH), also known as Virginia fanpet-
als, is a perennial plant species that has gained attention as a potential feed ingredient in poultry nutri-
tion. The plant is native to North America and has been cultivated for use in bioenergy. SH meal may be
a promising alternative to soybean meal in poultry diets, due to its high protein content and amino acid
profile [2]. Furthermore, it contains a high concentration of biologically active compounds (polyphenols,
tocopherols) with antibacterial, anti-inflammatory, hepatoprotective, and antioxidant properties [3, 4].
The aim of the study was to determine the effect of feed mixtures containing dried SH on the growth
performance, slaughter value, chemical composition of the breast muscles and functional status of the
gastrointestinal tract of broiler chickens.

Material and methods: A 42-day experiment was conducted with 120 male Ross 308 broilers to determine
the effect of SH meal on the growth performance of birds, carcass quality, and the structure and function
of the gastrointestinal tract (pH, volatile fatty acids- VFA). The birds received a basal diet without SH meal,
or diets supplemented with SH meal at 1%, 2%, 3% and 4 % (5 treatments, 12 replicates, and 2 birds per
replicate). One-way analysis of variance (ANOVA) was performed (Duncan test).

Results: The applied SH meal had no effect on the body weight, body weight gain and feed conversion ratio
of chickens. After 42 days of the experiment, the birds fed diets supplemented with 4% SH meal were char-
acterised by lower feed intake (p < 0.01) compared with the chickens receiving dried SH in amount 2% or
3%. Partial replacement of soybean meal with dried SH in feed mixtures for broiler chickens did not reduce
the slaughter efficiency of birds, the percentage of pectoral muscles, organs in the carcass and chemical
composition of the breast muscles. Supplementing the feed mixture to 4% with SH meal did not adversely
affect the indicators characterizing the digestive tract of the birds. Although there was no evidence of the
supplemented ingredient affecting the total amount of VFA. However a decrease in the concentration of
isobutyric acid in the cecum of broiler chickens supplemented with dried SH was observed.

Conclusion: SH meal may, in a small amount (to 4%), be a substitute for soybean meal in compound
feed for broiler chickens.

Funding: This study was carried out as part of a research project under the BIOSTRATEG program
funded by the National Centre for Research and Development, no. 1/270745/2/NCBR/2015 “Dietary,
power, and economic potential of Sida hermaphrodita cultivation on fallow land.” Acronym SIDA
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Introduction: Preservation of semen has been shown to induce structural and functional changes in
the sperm structures, resulting in reduced sperm fertilizing ability. This study aimed to apply genom-
ic, proteomic and fluorescence analyses to evaluate epididymal and ejaculated spermatozoa, which
could tolerate the treatment conditions during different preservation processes. Mass spectrometry
analysis was used to study the proteome of stallion and dog spermatozoa.

Materials and methods: Boar ejaculates were classified according to post-thaw sperm motility
(CASA), and were considered as having good and poor semen freezability (GSF and PSF, respective-
ly). Relative expression of TXNRD1, HSPA4L and ATP1B1 genes was performed by RT-gPCR analysis.
Bioinformatic analysis of canine epididymal sperm proteins was performed, using mass spectrom-
etry (NanoUPLC-Q-TOF/MS). Proteomics tools were used to isolate and characterize epididymal
phosphoproteome and zinc-binding proteins from stallion semen. Different commercial extenders
were used for liquid storage of European red deer epididymal spermatozoa. The effects of zinc and
manganese nanoparticles on turkey sperm functions were evaluated following liquid storage.

Results: Expression levels of TXNRD1, HSPA4L, and ATP1B1 mRNA differed significantly between
boar semen before and after cryopreservation. Such phenomenon was more pronounced in sperm
samples the of PSF group. Moreover, the expression of ATP1B1 mRNA in fresh semen was signifi-
cantly higher in the GSF group. Cryopreservation had varying effects on the expression of TXNRD1,
HSPAA4L and ATP1B1 proteins, particularly in the PSF group.

Phosphorylation/dephosphorylation process of epididymal semen proteins showed different in-
tensities in the individual segments of the stallion epididymis. During the non-breeding season, an
intensification of protein phosphorylation was observed in the epididymal fluid, while during the
breeding season an intensified phosphorylation affected mainly the epididymal spermatozoa. In the
stallion epididymal semen phosphoproteome, the presence of regulatory, transport, chaperone,
antioxidant, ubiquitination, enzymatic, and proteins associated with motility and apoptosis of the
epididymal spermatozoa was found. Proteomic analysis of the stallion seminal plasma revealed that
zinc-binding proteins (ZnBPs) consisted mainly of clusterin, F1 serine protease inhibitor, actin, cyto-
plasmic 1, nucleobindin 2 and polymeric immunoglobulin receptor.

It was found a relationship between the functional quality and the proteome of the epididymal sper-
matozoa of dogs of different ages. Semen quality parameters were lower in the older dogs. Seven
proteins were detected in all the age groups, in which four of them showed significant differences in
their epididymal sperm content among the analyzed age groups. Potential marker proteins of aging
processes were found in the epididymal spermatozoa.
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It was shown that storage of epididymal spermatozoa of the European red deer in a yolk extend-
er (Bovidyl) provided better sperm quality compared with extenders containing plant proteins and
glycerol (BoviFree and BioXcell). Bovidyl-extended semen provided better protection to the sperm
cell structures and reduced the processes associated with apoptosis and necrosis.

Supplementation of zinc (ZnNPs) or manganese (MnNPs) nanoparticles to turkey semen had varying
effects on the sperm vitality following liquid storage. It was found that the addition of ZnNPs affected
the sperm plasmalemma integrity, whereas MnNPs supplementation improved sperm motility and
mitochondria function following liquid semen storage.

Conclusion: The study shows that laboratory methods on semen analysis provide the opportunity to
select epididymal and ejaculated spermatozoa, which could better tolerate the different preserva-
tion processes. Mass spectrometry analysis of the proteome of stallion and dog spermatozoa identi-
fied several proteins, which are implicated in the regulation of sperm functions. Laboratory methods
on semen analysis might have relevance in animal breeding technologies.
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Introduction: The elimination of day-old cockerels of layer and dual-purpose breeds poses still a problem
for the poultry industry [1]. In Poland, poultry producers show limited interest in raising male chicks of
dual-purpose breeds for meat but dual-purpose chickens could be used for capon production. In Europe,
the meat of capons is appreciated by consumers for its tenderness and flavor, and it is more expensive
than meat from broiler chickens and organic chickens [2]. The aim of this study was to determine the ef-
fect of surgical caponization on the selected growth parameters of dual-purpose Rhode Island Red bred.

Materials and methods: The experimental materials comprised 200 Rhode Island Red (RIR) chickens.
The birds were raised to 28 wk of age, and were fed commercial diets ad libitum. At 8 wk of age, 100
birds were surgically castrated by a qualified veterinarian in accordance with Commission Regulation
(EC) no. 543/2008. The procedure was approved by the Local Ethics Committee in Olsztyn, Poland.
From 12 wk of age, at 4-wk intervals, 8 intact cockerels and 8 capons were selected randomly and
slaughtered. The obtained figures were subjected to statistical analysis.

Results: Cockerels had higher BW than capons in wk 12 (1378.0 g vs. 1219.9 g, P < 0.05) and in wk 16
(2132.4 g vs. 1651.7 g, P < 0.05). The final body weights of cockerels and capons were comparable at
2927.1 gin cockerels and 3038.1 g in capons. Caponization had no effect on the total lean meat content
of the carcass (P = 0.686). Abdominal fat weight was affected by caponization (P = 0.038) and age (P
=0.000). In wk 12 and 28, abdominal fat weight was higher in capons than in cockerels (by 17.5 g and
48.6 g, respectively, P <0.05). In the analyzed period, abdominal fat weight increased from 4.9 g to 39.8
g in cockerels, and from 3.93 gto 119.2 g in capons (P < 0.05). Between wk 12 and 28, the percentage
of skin with subcutaneous fat in the total BW of cockerels remained at a similar level (approx. 12.9 to
13.8). In capons, the percentage of skin with subcutaneous fat in BW increased from 12.6% to 19.0%,
(P <0.05), and was higher in capons than in cockerels from wk 20 (P < 0.05).

Conclusion: In the present study, caponization had no effect on the BW or total lean meat content of
the carcass. The percentage of skin with subcutaneous fat in BW was somewhat higher in capons than
in cockerels. Due to their carcass tissue composition, RIR capons should be raised for at least 20 wk.
Consumers may develop interest in capon meat, but future demand is difficult to estimate.
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Abstract: The aim of the study was a comparative assessment of the biological properties of Europe-
an red deer (Cervus elaphus elaphus) sperm stored in the epididymis and in the liquid state. The an-
alyzes of sperm biological properties concerned the assessment of their motility and functionality of
various cell structures (using appropriate fluorochromes). The obtained results indicate that sperm
can be stored in the epididymis at a temperature of 5°C for up to 96 h. Storage of epididymal sperm
in a liquid state compared to their storage in the epididymis has a better effect on preserving their
functionality, regardless of the storage time.

Introduction: Semen conservation allows for the preservation of genetic material for a longer period
of time, as well as its use in Assisted Reproductive Techniques (ART). A variety of methods are used
to preserve deer sperm, including cryopreservation, liquid sperm storage, and even epididymal stor-
age [1-2]. The use of cryopreservation, however, is associated with certain technical and economic
limitations. Therefore, other methods of sperm storage can be very useful to protect genetic mate-
rial for reproductive purposes, especially from free-living animals, from which sperm is most easily
obtained post mortem.

Materials and methods: In the first storage variant, spermatozoa were collected directly from ep-
ididymis obtained post mortem and diluted in two extenders (Bovidyl® and Salomon’s), and then
stored at 5°C for up to 144 hours. In the second variant, the sperm were stored in the epididymis at
5°C for up to 144 hours and then diluted in the same extenders. Analyzes of sperm biological prop-
erties were carried out during 0, 48, 96 and 144 h of storage and included the assessment of sperm
motility (CASA system), plasma membrane integrity (SYBR-14/Pl), acrosome status (FITC-PNA/PI),
mitochondrial activity (JC-1/Pl), analysis of apoptotic changes (YO-PRO-1/Pl) and DNA integrity (us-
ing orange acridine).

Results: Storage in the epididymis compared to the liquid state resulted in a much earlier decrease
in the values of all analyzed variables. Significant (P < 0.05) differences between the two storage
variants were demonstrated at 48 h storage in motility, plasma membrane integrity and acrosome
status. During this storage time, for the first variant, the percentage of progressively motile sperm
(PMOQT), the integrity of plasma membranes (%) and the status of acrosomes (%) were 22 + 2.14, 78
+2.67,63.3 £2.70, while for the liquid state, PMOT values were extender-dependent and amounted
to 44.5 £ 6.71 and 27.4% £ 2.79 (for Bovidyl® and Salomon’s, respectively), membrane integrity and
acrosome status were above 87% and 69% and were independent of the extender. Significant differ-
ences in DNA integrity between the two storage variants were demonstrated only at 96 h of storage.
In turn, in the analysis of mitochondrial activity and apoptotic changes in spermatozoa, significant (P
< 0.05) differences between storage in the epididymis and storage in the liquid state were noted at
144 h of storage. The percentage of sperm with active mitochondria for the first variant was about
48%, while for the second variant it was over 74%. Storage in the epididymis for 144 h resulted in a
significant increase in early apoptotic changes (above 18%) compared to liquid storage (approx. 8%).
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Conclusion: The results of the conducted research indicate that storage of epididymal sperm of
European red deer in a liquid state, compared to storage in the epididymis, has a more favorable
effect on preserving their biological properties, which may also indicate their better suitability for
reproductive purposes. Sperm storage in the epididymis can be used for a short period of time (up
to 96 h).
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EVALUATION OF RABBIT GROWTH AND SLAUGHTER PERFORMANCE WHEN
THEIR FEED WAS ENRICHED WITH ALTERNATIVE FRESHWATER CLADOPHORA
GLOMERATA BIOMASS COLLECTED FROM THE LITHUANIAN RIVER

Monika Nutautaité?, Asta Racevicitté-Stupeliené?, Vilma Viliené?

Hnstitute of Animal Rearing Technologies, Veterinary Academy, Lithuanian University of Health Sciences, Kaunas, Lithuania

One of the biggest challenges in the livestock sector is to replace at least part of the traditional feed
materials with alternative ones. Cladophora glomerata (C. glomerata) is a common species of macroal-
gae that generates an extensive amount of biomass in a short amount of time [1] and thrives in nutri-
ent-rich bodies of water, especially slow-flowing rivers [2]. As a result, such biomass is removed from
bodies of water as waste but given current trends in the implementation of more sustainable farming,
one alternative for its utilisation could be feed enrichment. So, the aim of this study was to evaluate
rabbit growth and slaughter performance when their feed was enriched with freshwater C. glomer-
ata macroalgal biomass. The feeding trial contained twenty weaned (52 days of age) male Califor-
nian breed rabbits that were randomly assigned to two dietary treatments (n = 10 rabbits/treatment).
Throughout the feeding trial, rabbits were provided with unlimited access to the feed in the form of
pellets and were fed twice a day with a standard compound diet (SCD) and a SCD supplemented with
8% C. glomerata biomass (CG8). The biomass used in feed production was collected from Lithuania’s
Sventoji River. Individual rabbit weights were recorded at the start of the trial (52 days of age) and the
end of the trial (122 days of age), as well as at different trial periods every two weeks (52-66; 66—80;
80-94; 94-108; 108—122 days of age). The average daily weight gain (ADG), daily feed intake (DFI),
and feed conversion ratio (FCR) were calculated at different points across the feeding trial. Following
the feeding trial, 12 rabbits (n = 6 rabbits/diet) were chosen at random, weighed, starved overnight,
and euthanized in accordance with conventional farming standards. The carcasses were prepped and
chilled in a ventilated room at 4°C for 24 hours. The warm and cold carcass dissection procedures ad-
hered to WRSA standards [4]. After evaluating the growth performance of the rabbits, we observed
that they grew evenly; the growth rates of both treatment rabbits remained similar (respectively, 1.46
in SCD and 1.50 in CG8). Considering the weights throughout all trial periods, CG8-treated rabbits were
71-179 g lighter during each weighting period compared to SCD, but no significant differences were
found (p > 0.05). During the test, C. glomerata dosage of 8% reduced FCR in the following periods:
66—80, 94-108, 108-122, and 52—-122 days of age; it also reduced DFl in almost all periods except 108-
122 days of age. Only at 66—-80 and 80-94 days of age was a higher ADG observed in CG8 compared
to SCD. However, FCR, ADG, and DFI results were statistically insignificant (p > 0.05). Moreover, feed
supplemented with C. glomerata biomass during our study did not affect the slaughter performance
of rabbits, as no significant differences were observed between SCD and CG8 treatments (p > 0.05).
To summarize, despite the lack of significant differences between treatments, we can conclude that
C. glomerata from the Lithuanian river Sventoji can successfully replace a portion of traditional feed
materials while having no negative effects on rabbit growth and slaughter performance.
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Introduction: Silybum marianum L., commonly called milk thistle, is currently one of the most im-
portant species of medicinal plants grown on herbal plantations [1]. Milk thistle-based supplements
are more and more popular around the world, which is mostly a result of research focused around
the hepatoprotective activities of silymarin [2, 3]. Studies on the nutritional properties and health-re-
lated effects of milk thistle seeds and their oil are relatively scarce. Thus, the aim of this study was to
compare the effects of dietary supplementation with milk thistle seeds and milk thistle seed oil on
the development of metabolic disorders in genetically obese Zucker rats.

Materials and methods: Lean and obese male Zucker rats were allocated to 4 groups: the lean (LC)
and obese control (OC) groups fed a standard diet and the other 2 obese groups fed a diet supple-
mented with milk thistle seed oil (O + MTO) or milk thistle seeds (O + MTS).

Results: After 5 weeks of feeding, the cecal SCFA pool was slightly and significantly lower in OC and
O + MTO compared with LC and O + MTS. The liver fat content was greater in OC, O + MTO and
O + MTS compared with LC; however, it was significantly lower in O + MTS than in OC and O + MTO.
The plasma cholesterol was greater in OC compared with LC, O + MTO and O + MTS; however, it was
significantly greater in O + MTO and O + MTS compared with LC. The plasma bilirubin was detected
in OC and O + MTO, whereas it was not present in LC and O + MTS.

Conclusion: Milk thistle seeds can improve fermentation events in the distal intestine and reduce
other disorders specific to genetically obese rats, and the seed PUFAs are responsible for that to a
lesser extent.
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Introduction: Sperm cryopreservation is one of the leading, yet sophisticated techniques employed
for research purposes and aquaculture production. Wang et al. [7] reported that sperm cryopreser-
vation may affect the transcriptomic profile of the progeny. Cryopreservation may possibly modify
paternal effects like cell physiology and/or affect structure of the cells retaining fertilizing capacity,
which are poorly explored in Teleosts [6]. Such strategy may be used by aquaculturists to fine-tune
selective breeding operations.

This study aims to explore the transcriptomic and phenotypic consequences of progeny in Eurasian
perch (Perca fluviatilis), obtained after fertilization with cryopreserved and fresh semen. This species
has unexplored paretnal-effect genes and wide commercial interests.

Materials and methods: The semen from wild males (n = 6) were stripped, checked for their motility
and concentration; ~1.5 ml cryopreserved [4], and another ~1.5 ml of fresh semen were used. For
each female (n = 3), fertilizations were done with equal portions of eggs for cryopreserved (group C)
and fresh semen (group F) from the same male. Advanced larviculture with zootechnical parameters
was carried out till 16 days post-hatching (dph).

RNA Sequencing of larvae from both groups at MO were compared using DESeq2 package [5] of
Rstudio (version 4.1.3). Differences were considered significant when corrected p-values were in-
ferior to a=0.05. Quantitative real-time PCRs (qRT-PCR) were performed for differentially expressed
genes (DEGs), normalized using 5 housekeeping genes, to verify expression levels at MO and wean-
ing stages.

Results: Transcriptomic analysis revealed 11 DEGs, out of which pde6g, opnliw1 and rbpl4 were suc-
cessfully validated by qRT-PCR [Figure 1]. Interestingly, these genes are responsible for development
of eye, and had higher expression at MO stage for Group C. At weaning stage, the expression levels
were similar for both groups.
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Figure 1. Relative expression levels of qPCR-validated genes at MO stage and their relative expression
at weaning. * — p < 0.05; ** —p < 0.01; ns — non significant.

Conclusion: We checked the effect of sperm cryopreservation on progeny quality as a condition to
reveal paternal-effect genes. pde6g expressed in rod photoreceptors, functions in the phototrans-
duction signaling cascade [3]; opnliw1 in cone cells code for red opsins [2]; and rbp4l for retina de-
velopment and retinoid signalling [1]. Thus, we may conclude that the development and functioning
of an eye, and potentially other sensory capabilities, during the first days post-hatching is under
paternal-effect, probably via the methylome status of the sperm.

Funding: This work was funded by National Science Center of Poland (SONATA BIS project no. UMO-
2020/38/E/NZ9/00394).
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DIFFERENT VARIETIES OF FESTULOLIUM IN LAMBS’ NUTRITION -
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The type of silage can have a significant effect on the meat performance of lambs [2—-3]. Their nu-
tritional value is usually conditioned by many factors, the most important of which are species and
variety. In ruminant nutrition, the most valued species of forage grass are Lolium (ryegrass) and
Festuca (fescue), and in recent years also their hybrids, grasses of the Festulolium genus [1]. Domi-
nation of Festulolium comes from combination of the best features of the parent species, high yield
(Lolium) and resistance (Festuca).

The effect of feeding Berrichon du Cher lambs with silage from three varieties of Festulolium: Becva,
Felopa, Paulita and a hybrid ryegrass of the Bakus variety on the content of intramuscular fat (IMF)
and the fatty acid profile of Longissimus lumborum muscle was analysed. For this purpose, 20 rams,
100 days old, were divided into 4 feeding groups, 5 animals in each. After a 10-day adaptation peri-
od, the animals were fed individually and ad libitum with TMR rations (crushed barley grain — 36%,
post-extraction soybean meal — 4%, grass silage — 60%, premix — 20 g), differing in silage, for the
experimental period of 50 days. Lambs were slaughtered and after 24-hour carcass cooling at 4°C,
saddle (Longissimus lumborum) samples were taken. Fat from saddle was extracted by the Soxhlet
method. Separation and determination of fatty acids was carried out by gas chromatography using a
Varian CP-3800 (Varian Inc, Palo Alto, CA, USA).

The analysis of IMF content showed its higher share (1.39%) in the muscles of lambs fed silage with
Festulolium cv. Felopa compared with cv. Paulita (P < 0.05). The content of IMF in the saddle of
lambs fed with silage from ryegrass and Festulolium Becva was similar, 4.09 and 4.03, respectively.
Among the determined fatty acids, the difference in content was confirmed only for arachidic acid
(C20:0), between the group of rams fed with Bakus ryegrass (0.19%) and lambs fed with Festulolium
varieties Becva and Paulita (0.16%, P < 0.05). The analysis of monounsaturated fatty acids (MUFA)
showed that in all food groups the highest share was characterized by oleic acid (C18:1), 36.83%
and 37.85-40.37%, respectively. The content of polyunsaturated fatty acids (PUFA) in any group
did not exceed the value of 5 g/100 g of fatty acids. Conjugated linoleic acid (CLA) was in the range
of 0.16—0.22 g/100 g fatty acids. The analysis of fatty acid groups in the IMF and their proportions
confirmed over 50% share of saturated fatty acids (SFA) in each feeding group. A higher share of SFA
was found in the fat of lambs from the group fed with the Felopa variety compared to lambs fed
with the Becva variety (P < 0.05). The opposite tendency was noted for unsaturated fatty acids (P <
0.05). Analysis of the atherogenic (Al) and thrombogenic (TI) indexes showed that the value of the
thrombotic index differed between the Festulolium Becva (1.91) and Felopa (2.13) feeding groups (P
<0.05). The lowering of Tl could be influenced by the low content of stearic acid (C18:0) in the group
fed silage from the Becva variety. The levels of hypocholesterolemic (DFA) and hypercholesterolemic
(OFA) fatty acids did not differ significantly between the feeding groups of lambs.

The positive effect of Festulolium of Felopa variety silage on the IMF content in the saddle of Berri-
chon du Cher lambs was confirmed. The observed relationships, mainly with regard to the share and
proportions of SFA and UFA, are the basis for defending the thesis on the effect of fed silage from

34



Innovative Food of High Quality for Human Health and Sustainability — an integrated program of innovation and research
development in agricultural sciences, Olsztyn, 7-8 September 2023, Poland | Animal Science and Fisheries

the presented grass varieties on the IMF’s fatty acid profile of the Longissimus lumborum muscle of
Berrichon du Cher lambs. Feeding with silage of Becva variety Festulolium was more beneficial in
terms of UFA content.
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Introduction: In Poland, 00-rapeseed meal, faba beans (Vicia faba L.) of new low-tannin varieties,
yellow lupine (Lupinus luteus L.) seeds of new low-alkaloid varieties, and corn distillers dried grains
with solubles (DDGS) can be valuable local vegetable protein sources in diets for growing-finishing
pigs. The aim of this study was to determine the effect of partial and complete replacement of
protein from genetically modified soybean meal (GM-SBM) with protein from 00-rapeseed meal
(00-RSM) combined with protein from low-tannin faba beans (FB), low-alkaloid yellow lupine seeds
(YL) or corn DGGS in grower and finisher diets on nitrogen (N) metabolism and the fattening perfor-
mance of pigs.

Material and methods: Two digestibility-balance trials and one feeding trial were performed during
two-phase fattening on male hybrid Danbred growing-finishing pigs divided into four groups. The
pigs were fed grower diets where 50% of GM-SBM protein (diet S-c) was replaced with 00-RSM and
FB protein (diet R+FB), 00-RSM and YL protein (diet R+YL), and 00-RSM and corn DGGS protein (diet
R+D), and finisher diets where 100% of GM-SBM protein (diet S-c) was totally replaced with 00-RSM
protein combined with FB protein (diet R+FB), YL protein (diet R+YL) and corn DGGS protein (diet
R+D). Protein digestibility, N retention and utilization, and the fattening performance of pigs were
evaluated.

Results: It was found that partial (50% in grower diets) and total (100% in finisher diets) replacement
of GM-SBM protein with 00-RSM protein combined with FB or YL protein induced a non-significant
decrease in protein and energy digestibility, and a non-significant increase in N retention, and it im-
proved N utilization relative to both N intake and N digested. In turn, 00-RSM protein combined with
corn DGGS led to a further decrease in protein and energy digestibility in pigs fed grower and finisher
diets, and it induced a non-significant decrease in N retention and utilization efficiency. The analyzed
diets had no negative effect on serum carbohydrate and protein metabolism or the biochemical
parameters of liver and kidney function. Protein from 00-RSM (6%) combined with protein from FB
(10/12%) or corn DDGS (10/12%) contributed to high daily gains and high feed conversion efficiency.
Average daily gain over the entire fattening period was 983-986 g, and feed intake per kg of body
weight gain reached 2.74-2.73 kg. Protein from 00-RSM (6%) and YL seeds (6/7%) in grower/finisher
diets led to a further improvement in fattening performance. Average daily gain increased signifi-
cantly to 1027 g, and feed intake per kg of body weight gain decreased significantly to 2.58 kg. The
evaluated local vegetable protein sources had no negative influence on carcass quality parameters..

Conclusion: The results of this study indicate that 00-RSM protein combined with protein from
low-tannin FB, low-alkaloid YL seeds or corn DDGS can be valuable high-protein feed ingredients
alternative to GM-SBM in diets for growing-finishing pigs.
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Introduction: Marking fish with fluorochrome dyes is a widespread technique used in different as-
pects of fish ecology, including the investigation of life-history population, and movement patterns,
as well as determining restocking effectiveness [2]. The main fluorochrome markers used on fishes
are alizarin red S (ARS), alizarin complexone, calcein and various forms of tetracycline [3, 4]. Amongst
them, ARS has been found to be the most effective [1]. The aim of present study was to evaluate the
effectivenessof the use of ARS for mass-marking of glass eels and to assess the durability of tags in
older fish stocked in natural lake.

Materials and methods: The glass eels with an average weight of 1.5 (0.7-2.7) g originated from Fish
Farm in Ruciane Nida. Commercial feed Perla Eel Proactive 0.5 (SKRETTING Ltd.) was mixed with aliz-
arin red S at a concentration of 40 g of fluorochrome per 1 kg of feed. Fish were fed by hand twice a
day during 7 consecutive days and daily feed ratio was 4% of the stock biomass. Eels were reared in
water temperature 22°C and exposed on 12L:12D photoperiod. After the experiment, 30 fish were
euthanized by overdosed of MS-222 (Argent Chemical Lab. Ltd. USA) and preserved in 70% ethanol.
Then, otoliths were dissected from each fish, embedded in Entellan (Sigma-Aldrich Ltd.), polished
and analysed under a NIKON Eclipse 90i fluorescence microscope, equipped with a UV lamp mod-
el Lumen 200 (Prior Scientific), to identify possible fluorescent marks. Moreover, 200 marked eels
were stocked into Kaletnik Lake (NE Poland). During the next two years, otoliths from 29 individuals
caught by electrofishing were extracted and viewed to identify possible fluorescent marks.

Results: After experimental rearing, 100% of individuals otoliths marked by fed feed containing 40 g
of ARS had clear visible tags. Moreover, feeding eels with feed supplemented by ARS did not generate
higher mortality relative to unmarked fish from the control group. Among eels sampled from Kaletnik
Lake ranged in total body length from 23 to 75 cm and body weight from 20 to 690 g, only three of them
had ARS tags identified on otoliths [Photo 1A]. The remaining older eels were not marked [Photo 1B].

Photo 1. Polished otoliths of eels originated from Kaletnik Lake under UV light: (A) visible ARS tag
in a fish 23 cm of total length; (B) unmarked fish of total length 36 cm
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Conclusions: Feeding fish by commercial feed supplemented ARS at dose of 40 g per kg of feed for
7 days has proven to be an effective way of mass-marking European eel fry, therefore this method
could be recommended for use in fisheries practice.
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Dairy cows’ mastitis is still a very common disease worldwide. It is possible that milk from healthy
quarters adjacent to infected ones (AH) from cows untreated with antibiotics is going to the market.
We hypothesized that it contains elevated pro-inflammatory agents due to inflammatory processes
in the infected quarter(s) as some researchers supposed that the partition between the quarters may
show leakiness [1], although the udder quarters are considered as separate glands [2]. Moreover, in
milk from AH adjacent to quarters infected with coagulase-positive staphylococci (CoPS) we found an
increased SCC compared to milk from quarters from the whole healthy udders (H), which may indicate
the influence of inflammatory processes in CoPS on AH [3]. The study aims to determine the CXCL5,
IL12a and IL126 gene expressions, producing two pro-inflammatory cytokines (CXCL5, 1I-12) [4], in AH.

The study was conducted on 50 Polish H-F cows which were between their 1st and 4th lactation. They
were slaughtered in the end of lactation (ca. 280 days, + 25). Foremilk samples were taken manually and
aseptically two days before slaughter and microbiologically examined. The udder quarter parenchyma
samples were divided into 3 groups: from AH (N = 10), coagulase-positive staphylococci infected quar-
ters (CoPS, N = 10) and from H (control, N = 10). CoPS showed subclinical chronic mastitis. The mRNA
levels were established using RT-gPCR method. Variance analysis was used to evaluate gene expressions
with the model involving a random animal effect, and health state and parity fixed effects using a MIXED
procedure (SAS Software) after transformation of relative mRNA levels into a natural logarithm scale.

We found lower pro-inflammatory cytokine gene expressions in AH than in CoPS. Expressions in the
H samples were intermediate. The same effect we found for TNFa, IL1a, IL18 genes which are also
pro-inflammatory cytokines [3—4].
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Figure 1. Expression of selected genes
Ln — natural logarithm; a, b — significant difference at the level of p < 0,05.
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We supposed that the studied gene expressions were lower in AH than in CoPS because the animal’s
organism limits their production in AH due to its intensive effort to increase the cytokines’ produc-
tion in CoPS. The difference between CoPS and AH may, however, indicate that udder quarters are
indeed separate glands and probably there is no leakage between them — at least it seems that cy-
tokines do not pass through the udder inside walls.

However, in order to draw correct conclusions, it is necessary to analyse the expression of many
immune system genes and the concentration of their protein products.

The study was financed by NSC, project no. 2020/39/0/NZ9/02519.
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Introduction: Pike Esox lucius L. is a freshwater fish species common in the reservoirs of central Eu-
rope. It could be found in different habitats e.g., streams, large rivers, ponds, large lakes and brackish
coastal waters [2]. It is among the most popular caught and consumed predatory fish. The goal of the
study was to determine the intensity and feeding efficiency of pike from Lake Dgal Wielki (NE Poland).

Material and methods: The food composition and food selectivity of pike, filling index (If), food pas-
sage period, daily (RdB), monthly and annual food rations, as well as annual growth of body weight
and feed conversion ratio were determined using two standard methods according to Bajkov [1] and
Winberg [3].

Results: Eight fish-prey species (roach, perch, bleak, pike, rudd, tench, ruffe, bream), invertebrates
(dragonfly larvae, spiny-cheek crayfish) and occasionally amphibians were found in the diet of pike.
Only one prey was found in the stomachs of most of the pike tested (78%). The filling index of the
stomachs varied ranging from 7.90%o to 40.30%.. The lowest filling rates were found in the spring,
during the spawning season, while the highest were found after the breeding period. Filling indices
showed a weak but statistically significant correlation with pike body weight. There was no statis-
tically significant correlation between the filling index and water temperature. The food passage
period ranged from 36 hours at a water temperature of 24.0°C, to 169 hours at 6.8°C, and was statis-
tically significantly correlated. Daily rations, calculated using the Bajkov method, ranged from 1.40%o
to 17.76%o0 of wet pike body weight. The combined analysis of the variability of daily food ration,
water temperature and filling index concerned a highly statistically significant correlation between
the variables, described by the equation [Figure 1].

20

In(Rd) = - 1.74 + 1.14*In(If) + 0.09*T — 0.46*In(T)
15 | R?=89.4%, SE = 0.26 P = 0.0000

daily food ration (RdB)
[%o of fish wet weight]

*
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filling index (If) [%o of fish wet weight]

Figure 1. Correlation between daily food ration, filling index of pike and water temperature
The daily food ratio calculated using Winberg’s method, oscillated in the range of 0.19%0—32.94%o.,
with the highest value of its daily ration found at the highest water temperature. The pike’s annual

food ration calculated from the daily rations by the Bajkov method was 1123 g, which accounted
for 2188%o of the pike’s wet weight. The annual food ration, calculated from daily rations calculated
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from the empirical formula, was similar and amounted to 1115 g (2168%o. of pike wet weight). The
annual food ration calculated using Winberg’s method was almost twice as high and amounted to
1861 g (4275%0 wet weight of pike bodies). The food coefficient, calculated as the quotient of the av-
erage annual food ration and the weighted average of body weight of pike, was 3.9, while obtained
on the basis of food rations calculated by Winberg’s method, was 6.5.

Conclusions: The intensity of pike feeding correlated seasonally positively with water temperature.
The higher rations of pike correspond to body weight of fish, but the food coefficient is a relatively
constant value.
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According to the United Nations (UN), the global population is projected to reach 8.5 billion by 2030
and 9.7 billion by 2050 [2]. Animal-based proteins for food are of particular concern as it is expect-
ed that the global demand for these proteins will need to increase by 76%, yet the expansion of
their production is restricted by limitations in the earth’s natural resources, such as land and water
[1]. The increasing demand for animal protein is focusing attention on the finding of novel sources
of feed protein and their suitability, quality, and safety for future supply.

The eligible solution could be the use of edible insects as animal feed. In comparison to livestock for
human consumption, insects are more efficient in converting feed into biomass; they can be reared
on smaller surfaces resulting in a higher yield per hectare than common crops such as soybeans, and
have an emission of greenhouse gasses and ammonia per kg meat that is lower than for pigs or cattle
[3]. Additionally, insects are excellent source of fatty and amino acids, as well as micronutrients. The
currents production of the edible insects in the frame of European Union (EU) could be summarize
as to insects intended for animal feed have the legal status of “farmed animal”. EU authorized the
use of insects products in many areas which is clearly illustrated on the figure 1. designed from
“IPIFF” (International Platform of Insects for Food and Feed, Brussels, Belgium). Currently, there
are significant knowledge gaps about the possible risks of the routine use of insects as animal feed.
Although the rearing of insects for use in animal feed is believed to be promising, companies and
policy makers are wary of feed safety hazards associated with broader use of insects. Several studies
and reviews referred to the possible microbiological and chemical risks, immunological reactions in
animals, or problems of the digestibility and palatability. Because, the majority of them are not yet
well understood or fully manageable.

Also, the breeding and rearing of insects might also impact on the biodiversity considering the pos-
sibility of accidental release of non-native species [3]. The mass production of insects as feed for all
animals species in the EU is currently limited because of the major knowledge gaps relating to po-
tential pathogen contamination acquired from the environment, and whether these pathogens pose
a risk to the animals and, consequently, to human consumers of the farmed animals.
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Figure 1. EU Regulatory possibilities for insects’ use in animal feed. Source: IPIFF 2023, https://ipiff.org/wp-content/
uploads/2019/12/IPIFF-Guide-on-Good-Hygiene-Practices.pdf (Available via license: CC BY 4.0)

As can be seen from the above legislative regulations in European Union (EU), there is the insect
production regulated in many areas. This refers to the aspect of the functioning, establishment, and
management of insects production facilities. Contrary, the specific and precise regulations for each
country individually, this does not exist in many EU and non EU members.
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Aquaculture is one of the fastest-growing food sectors worldwide. Between 2000 and 2019, world
aquaculture production increased from 43.0 to 120.1 million metric ton (Mt), an increase of close
to 180% [2]. However, fishery and aquaculture are met with the challenging task of expanding pro-
duction while making sure that environmental, social, and economical sustainability is achieved. In
spring 2021 The European Commission designed a Strategic guideline for a more sustainable and
competitive EU aquaculture for the period 2021 to 2030 and emphasized the following priorities:
The European Green Deal and the Farm to Fork Strategy underline the potential of farmed seafood
as a source of protein for food and feed with a low-carbon footprint which has an important role to
play in helping to build a sustainable food system.

Unfortunately, the increase in investment and use of modern technology globally has not been fol-
lowed by a sufficient increase in the education of the next generation of fishery and aquaculture
specialists. The lack of competent personnel has been pointed out in several forums and it is cur-
rently one of the most important challenges fish production is facing. Overall, the data analyzed of
Nicheva at all. [1] demonstrates that 39% of people employed in the EU aquaculture sector only had
a low level of education, followed by 35%, which had a medium level of education. Only 9% had a
higher-level education and 17% of the education level was reported as unknown. All this information
suggests the urgent need for appropriate education for students about all aspects of aquaculture
incl. parts of Aquatic animal health and Processing technology.

“CEEPUS” is the short form for Central European Exchange Program for University Studies (www.
ceepus.info) and is a multilateral University exchange program in the extended Danube region based
on an international Agreement. There are 15 member states who joined the current CEEPUS Il
agreement. The main activity of CEEPUS are networks of eligible universities of the CEEPUS member
states operating joint programs. Within these networks, CEEPUS covers mobility grants for students
and teachers of those eligible universities. CEEPUS is based on lean management. The highest-rank-
ing decision making CEEPUS body is the Joint Committee of Ministers that meets once a year and
takes all strategic decisions.

The main reason for establish network “Sustainable fishery and AQUAculture in the 21st century —
AQUA-21" is because there wasn’t a “CEEPUS” network, which is primarily focused on the education
area of Fishery/ Aquaculture (among many others in agriculture education on the CEEPUS portal).
Currently, this network consists of the 17 partners (16 Universities) from 12 countries.

The work of the network will be mainly oriented on the improvement of above mentioned three
areas (Aquaculture production; Aquatic animal health; Processing technology) of aquaculture ed-
ucation of all stakeholders (Universities) through the mobility of teachers and students as well as
organizing of summer school.
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The objectives of this CEEPUS network are to establish and maintain an effective mobility system
for students and professors in the CEE region. Additionally, to enable students of all study levels to
take complementary courses at partner institutions and obtain the ECTS, and to perform a part of
research at partner institutions. There belongs also the transfer of state-of-the-art knowledge to
students of partner Universities, based on the current industrial, research, and innovation results.

We can conclude that network “AQUA-21" is a good example for collaboration in education and re-
search area of aquaculture generally with additional aim to establish future bilateral or multilateral
projects between CEEPUS member countries. Also, there is great potential for improving education
in aquaculture among partners in European Union (EU) and non EU countries. Consequently, it is
expected appropriate achievement in the production of aquatic organisms in the Central and South
East Europe region.
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Introduction: Skin of mammals is built up of three layers: epidermis, dermis and subcutaneous
white adipose tissue. Recent studies recognized the population of fat cells within dermis defined as
intradermal adipocytes forming dermal white adipose tissue (dWAT). Both dermal fibroblasts (DFs)
and dWAT show a significant degree of plasticity in response to age and diet. Aging and obesogenic
environment modulate thickness of fibroblasts-rich dermis/dWAT and affect transcriptomic charac-
teristics of DFs and dWAT. Our recent data emphasize that age and diet display modulatory effect
on skin adiposity. Despite growing evidence that dWAT has a major impact in skin homeostasis,
limited studies have attempted to investigate the molecular regulation of dWAT lipid metabolism.
Therefore, we explored the cumulative interactions among age, sex and diet on lipid mobilization in
dWAT and examined the impact of DFs, which acquire disparate properties during aging or dietary
regimen, on adipogenic differentiation of 3T3-L1 preadipocytes.

Material and methods: Experiments were performed on young (2—3 months) and old (18-19 months)
female and male C57BL/6J (B6) mice fed for 8 weeks with standard chow diet (LFD) or high-fat diet
(HFD). Skin samples were collected at the end of study using biopsy punches from the back of ani-
mals. Gene expression was analysed using gRT-PCR method, and the mRNA levels of the following
genes were determined: (a) lipogenesis markers - Chrebp, Glutl, Glut4; (b) lipid droplet formation
— Cidea, Cidec, Plin1; and (c) lipolysis markers — Mgl, Abhd5. DFs isolated from young B6 mice fed
LFD or HFD were cultured in culture inserts. 3T3-L1 cells (established preadipocyte cell line) were
seeded in the bottom of 6-well plate. At confluence, DFs and 3T3-L1 were set up as a co-culture
model where 3T3-L1 cells were stimulated with adipogenic medium for 10 days. As a control group,
3T3-L1 were seeded in a 6-well plate and differentiated in a monolayer (no inserts/DFs). To visualize
intracellular lipid accumulation, differentiated 3T3-L1 cells were stained with Oil Red O. Differences
in lipid accumulation related to co-culture conditions (origin of DFs: young LFD vs. HFD) and poten-
tial differential lipid storage capacity were measured using Oil Red O extraction.

Results: Gene expression of lipid metabolism markers in the skin revealed the effect of age, diet and
sex. Gene expression of glucose metabolism markers was particularly impacted by the interaction
of age/sex and age/diet. Young male mice had a higher level of Chrebp expression compared to fe-
male mice of the same age. The highest expression of Glut1 was observed in old male mice. In old
mice, statistically significant differences in Glut4 expression levels were observed as a function of
diet, with the highest expression in the group of male mice fed LFD. Analysis of Plin1 revealed high
levels of mMRNA expression exclusively in HFD-fed male mice. Although, no significant differences in
expression of Cidea or Cidec were observed, linear regression modelling revealed that expression
levels of these genes were significantly affected by sex. Abhd5 and Mgl showed highest mRNA levels
in the skin of young male mice. The most striking finding was that the adipogenic process of 3T3-L1
varies depending on the culture setting (monolayer vs. co-culture model). Qil Red O labelling of lip-
id droplets revealed a higher degree of adipogenic differentiation of 3T3-L1 cells under monolayer
conditions when compared to co-culture model. We also found slightly higher lipid accumulation in
the co-culture model based on inserts with DFs isolated from young HFD-fed mice.
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Conclusions: The results indicate that (1) age, sex and/or diet modulate lipid mobilization in the skin;
(2) all three biological variables affect expression of markers of glucose metabolism and lipolysis; (3)
adipogenic process of 3T3-L1 varies depending on culture conditions; (4) co-culture conditions with
DFs of different origin modify 3T3-L1 cell differentiation.

Funding: This research was funded by National Science Centre, Poland (2022/44/C/NZ5/00129).
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Introduction: It is important to properly manage young goats during the weaning period to mini-
mize stress and reduce the negative impacts of separation [1, 4]. Efforts are being made to develop
effective technological solutions in this regard. One of them could be the supplementation of young
animal’s diets with effective stimulants such as B-hydroxy-B-methylbutyric acid (HMB) [5].

Material and methods: The experiment was performed on 20 male Alpine goat kids that were
weaned at 30 * 3 days of age, and were divided into a control group (C, n = 10) and an experimental
group (E, n = 10). During a 60-day rearing period, all animals were fed identical diets composed of
milk replacer, supplementary feed mix and haylage. The diet for group E was supplemented with
B-hydroxy-B-methylbutyrate (HMB) in the amount of 50 mg/kg body weight. The kids were slaugh-
tered at 90 + 3 days of age. Carcass quality was evaluated, and the chemical composition, physico-
chemical parameters, and sensory attributes of the quadriceps femoris muscle were determined.

Results: It was found that group E animals were characterized by higher (p < 0.05) values of live
weight at slaughter, hot carcass weight, cold half-carcass weight, weights of the neck, middle neck,
and flank with ribs, as well as higher (p < 0.05) values of leg length, loin eye height and area. An
analysis of meat quality revealed that meat from kids administered HMB was characterized by lower
(p < 0.05) water-holding capacity, and lower (p < 0.05) juiciness and tenderness, as confirmed by
shear force values. In comparison with group C, the intramuscular fat of group E kids had a lower (p
< 0.05) content of linolenic acid and a higher (p < 0.05) content of eicosapentaenoic acid. In a study
by Zheng et al. [5], where Bama Xiang mini-pigs were fed diets with three different levels of HMB
(0.13%, 0.64% and 1.38%), the loin eye area was highest in the 0.13% HMB group, and lowest in the
0.64% HMB group (p < 0.05). Nissen and Abumrad [2] were the first to discover that feeding HMB
to broiler chickens increased their growth rate, decreased mortality, and accelerated the growth of
muscle tissue. The animal studies of other authors have demonstrated that HMB supplementation
can improve bone and tooth development, enhance immune function and promote health, as well
as affect productivity, e.g., by increasing milk fat content in lactating animals [2-3].

Conclusion: The results of this study indicate that dietary supplementation with HMB may contrib-
ute to increasing the body weight and carcass weight of goat kids, and improving carcass quality. The
HMB-supplemented diet had no significant effect on the chemical composition or pH of muscle tissue.

References

[1] Hogberg M., Winblad von Walter L., Hydbring-Sandberg E., Forkman B., Dahlborn K. 2021. Growth rate and behaviour
in separated, partially separated or non-separated kids and the corresponding milk production of their mothers. Jour-
nal of Dairy Research, 88: 381-387.

50



Innovative Food of High Quality for Human Health and Sustainability — an integrated program of innovation and research
development in agricultural sciences, Olsztyn, 7-8 September 2023, Poland | Animal Science and Fisheries

[2] Nissen S.L., Abumrad N.N. 1997. Nutritional Role of The Leucine Metabolite B-Hydroxy B-Methylbutyrate (HMB).
Journal of Nutritional Biochemistry, 8(300-331): 301.

[3] Tatara M.R., Sliwa E., Krupski W. 2007. Prenatal programming of skeletal development in the offspring: effects of
maternal treatment with B-hydroxy-B-methylbutyrate (HMB) on femur properties in pigs at slaughter age. Bone, 40:
1615-1622.

[4] Vickery H.M., Neal R.A., Meagher R.K. 2022. Rearing goat kids away from their dams 1. A survey to understand rear-
ing methods. Animal, 16(6): 100547.

[5] Zheng C., Zhang S., Duan Y., Li F,, Song B., Guo Q., Zheng J., Zhang L., Lian G., Duan G. 2022. Dietary beta-hydroxy-be-
ta-methyl butyrate supplementation improves meat quality of Bama Xiang mini-pigs through manipulation of muscle
fiber characteristics. Journal of Functional Foods, 88: 1-10.

51



Environmental Engineering,
Mining and Energy



Innovative Food of High Quality for Human Health and Sustainability — an integrated program of innovation and research
development in agricultural sciences, Olsztyn, 7-8 September 2023, Poland | Environmental Engineering, Mining and Energy

PHOSPHORUS COMPOUNDS IN WATER-SEDIMENT INTERFACE
OF KARCZEMNE LAKE IN KARTUZY (KASHUBIAN LAKE DISTRICT)
RESTORED BY SEDIMENT DREDGING

Renata Augustyniak-Tunowska?, Rafat Karczmarczyk'?, Jolanta Grochowska?, Michat topata?,
Renata Tandyrak?, Anna Ptachta®?

! Department of Water Protection Engineering and Environmental Microbiology, Institute of Environmental Engineering
and Protection, Faculty of Geoengineering, University of Warmia and Mazury in Olsztyn, Poland
2 Ecological Scientific Student Group, Faculty of Geoengineering, University of Warmia and Mazury in Olsztyn, Poland

Lake restoration methods are the only way for improving water quality of heavily degraded water
bodies, in which phosphorus internal loading (the P pool loaded from bottom sediment) is active
enough to maintain high primary production after minimizing nutrients’ loads. Karczemne Lake (area
40.4 ha, max depth 3.2 m before sediment dredging), located in Kartuzy city (northern Poland) is
polymictic lake, which was the recipient of untreated domestic and industrial wastewater for pe-
riod of several decades. It led to extremum lake ecosystem degradation and very high phosphorus
deposition in the bottom sediment (even up to 30 mg P/g DW). In such massive pollution conditions
the only way for rescuing Karczemne Lake was at first thorough diagnosis of the pollution sources,
drastic limitation of external loads of pollutants, as well as designing a proper restoration procedure.
A sediment dredging and sequential phosphorus inactivation together with biomanipulation were
designed for Karczemne Lake. In 2020 sediment dredging begun and it was finished in the first half
of 2023.

The undisturbed sediment cores (10 cm thick) from the deepest point of lake were taken using Ka-
jak’s bottom sampler together with near-bottom water. After sampling near-bottom water layer (10
cm thick) was immediately decanted, and cores were divided into equal layers (5 cm thick). After
transporting to laboratory, pore water was separated from sediment by centrifugation (3000 rpm,
t = 20 min). Phosphorus forms (Pmin, Porg, TP) were analyzed in the water, and P fractions were
analyzed in sediment.

Before restoration the amounts of P compounds in near-bottom and pore water were high, ex-
ceeding 8 mg TP/L (sediment layer 0-5 cm in spring 2019). During sediment dredging phosphorus
amounts in water medium did not change substantially. The amounts of total phosphorus in the
bottom sediments of Lake Karczemne during the research carried out in 2019-2021 ranged from
10.296 mg P/g DW (spring 2021, 5-10 cm layer) up to 16.953 mg P/g DW (summer 2019, layer 5-10
cm). However, in the summer of 2022, after removing sediment in the deepest part of the lake, the
amount of total phosphorus decreased to the level of 5.363 mg P/g DW. in the surface sediment lay-
er (0-5 cm) and 6.796 mg P/g DW (in a layer of 5-10 cm), which is more than half. In the examined
sediments, this element was associated mainly with calcium (hardly bioavailable HCI-P fraction).
After dredging, this fraction of phosphorus still dominated quantitatively, ranging from about 25% of
TP (deeper layer) to about 36% of TP (layer 0-5 cm). In 2019, the NaOH-nrP fraction — phosphorus
associated with organic matter — had a larger share in total phosphorus (from over 17% to 24% of
TP). However, in 2020 and 2021, the share of the fraction related to aluminum and iron oxides and
hydroxides (NaOH-rP) increased from approx. 14%TP in summer 2019 to over 30%TP in summer
2021. In the sediment layer exposed after dredging, the share of the NaOH-rP fraction was 23-24%
of TP), while the content of the fraction of phosphorus associated with organic matter (NaOH-nrP)
significantly decreased in the surface layer of sediments (0—5 cm) to 8% TP. The most easily mobile
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fractions (phosphorus sensitive to redox potential changes BD-P and labile phosphorus NH,CI-P)
were present in the lowest amounts in the examined sediments. The percentage share of labile
phosphorus oscillated around the value of approx. 1% TP in all years before the removal of the up-
per layer of sediments, and in the case of the BD-P fraction it ranged from approx. 2% TP to approx.
8% TP (spring 2021). However, after silting, the amounts of both fractions were at a similar level as
before, but their percentage share increased (approx. 3% TP for labile phosphorus and to approx. 9%
TP for the BD-P fraction.
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Currently, there are many methods of lake reclamation on the market. Their effectiveness depends
on many factors, and above all on the type of lake, its condition and catchment development. We
distinguish mechanical, chemical and biological methods that are dedicated to water reservoirs
struggling with progressive eutrophication. In this type of reservoirs, the negative impact of bottom
sediments on water quality is significant. Especially in the summer, when the lakes are supplied
with nutrients internally. One of the methods of improving the condition of silts is the method of
phosphorus inactivation in bottom sediments, the purpose of which is to limit the intensity of phos-
phorus release from bottom sediments. The poster presents the effects of using this method on four
polymictic lakes: Jelonek, Winiary in Gniezno, Wolsztynskie in Wolsztyn, Raczynskie in Zaniemysl.
The reclamation was carried out using the patented PROTEUS floating unit, which enables intensive
but controlled re-suspension of sludge, which enables the precise application of air and chemicals
directly to the sludge. In each of the cases, the effectiveness of the conducted works was noticeable,
especially in terms of increasing water transparency measured by the Secchi disc and lower intensity
of phytoplankton blooms. However, the durability of the achieved effects may deteriorate. This is
determined by many factors that are difficult to recognize or eliminate before the implementation
of reclamation projects [1-2].
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Anaerobic digestion is a process that can be disrupted by various factors. Disturbances in biogas
production can occur due to insufficient substrate composition, improper operating conditions, and
particularly overloading of fermentation chambers. Simulation methods play a crucial role in this
scenario, as their development relies on well-constructed models.

The utilisation of the ADM1 model for agricultural biogas plant design and control remains uncom-
mon, mainly due to the complexity involved and the absence of a suitable database that encom-
passes the necessary substrate characteristics. Additionally, the sensitivity of model parameters in
relation to specific substrates and their response to changes in operational conditions further con-
tributes to the limited adoption.

The objective of the study was to simulate biogas production from maize silage. Maize silage is a
highly efficient plant for anaerobic digestion, as it has a high energy potential. Due to the variable
stability of the process of anaerobic digestion of plant silages, an ADM1 model was modified to
simulate biogas production. The chemical composition of maize silage, including the type and con-
centration of organic fractions of undissolved substances (composite), the type and concentration
of dissolved substances and the preparation of a balance of cations and anions were determined.
The laboratory experiments including the anaerobic digestion in quasi-flow conditions, enabling the
acquisition of data for the identification of model parameters were conducted.

To assess the match between laboratory measurements and simulation result the Nash-Sutcliffe
coefficient (NSC) was used. Analysing the relationship of the disintegration process (kdis) and hy-
drolysis of carbohydrates (khyd_ch) the NSC coefficient reached the highest values for kdis in the
range from 0.18 to 0.21 d*. Below the lower value, a collapse of the response surface was observed,
informing about the decrease of the NSC coefficient to a value below zero. In the range of khyd_Ch
from 0.87 to 2.00 d?, the NSC coefficient changed to a small extent. The best fit of the model to the
experimental results was obtained for k, , ,0.191 d!and Kiya o 1-624 d
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Introduction: In the last decade, poultry meat consumption in the European Union increased from
20.6 kg per capita/year in 2010 to 23.5 kg per capita/year per person in 2021 [1]. This increase is
chiefly reflected in a growing number of producers as well as the increased amount of raw material
processed and loads of post-slaughter waste and highly polluted sewage generated [2]. Due to the
potential adverse impact on the natural environment, susceptibility to putrefaction, and sanitary risk,
their handling is strictly regulated by law [3]. They can be a substrate featuring a vast potential for use
in utilization biogas plants. So far, little attention has been paid to the possibility of using ultrasounds
(UD) in the combined process of ultrasonic disintegration and hydrothermal depolymerization.

The aim was to determine whether the applied technological solution would have a direct impact
on the volume of biogas produced and the methane content. Based on data obtained, the energy
balance and energy efficiency of the tested solution were also determined and compared to these
of conventional heating. The main objective of this research was to determine the effect of applying
UD in the thermal pre-treatment of H-LSPW on the efficiency and energy balance of the anaerobic
digestion process compared to conventional heating.

Methods: The study was divided into 4 stages (S) differing in the methods of pre-treatment of high-
load slaughter poultry wastewater (H-LSPW) prior to anaerobic digestion (AD). Initially homogenized
H-LSPW was either not subjected to thermal pre-treatment (EO) or subjected to conventional ther-
mal pre-treatment (CTP) under conditions as follows: S1-60 min CTP (70°C), S2—60 min CTP (90°C);
or, subjected to ultrasound thermal pre-treatment (UTP) under conditions as follows: S3—60 min
UTP (70°C) and S4—60 min UTP (90°C). Each of the stages was divided into 3 variants (V) differing in
the initial organic load rate (OLR) of the anaerobic respirometers: V1-2.0 gCOD/dm?3, V2—4.0 gCOD/
dm3, and V3-6.0 gCOD/dm?. The AD process was conducted at a temperature of 42°C.

Results: The highest efficiency of anaerobic digestion was obtained for the ultrasound thermal
pre-treatment (60 min, 90°C, OLR = 2.0 gCOD/dm?3). In this experimental variant, the biogas pro-
duction rate reached 9.0 + 0.2 cm3/gCOD-h, biogas yield was 492 + 10 cm?®/gCOD, and the biogas
produced contained 69.8 + 1.4% CH,. Given the incurred energy outputs, the highest net energetic
efficiencies, i.e., 5.92 £ 0.43 Wh and 5.80 + 0.42 Wh, were obtained in the variants with the conven-
tional thermal pre-treatment (60 min, 70°C, OLR = 6.0 gCOD/dm?) and ultrasound thermal pre-treat-
ment (60 min, 70°C, OLR = 6.0 gCOD/dm?3), respectively.

Conclusions: The analysis of changes in the concentrations of organic compounds in the dissolved
phase enables us to conclude that the pre-treatment efficiency was affected by the method of
H-LSPW heating and by the heating temperatures tested. The use of the combined process of heat-
ing and ultrasonic disintegration (UTP) allowed for a significant increase in the content of organic
matter in the dissolved phase compared to conventional heating (CTP).
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The highest AD technological effects related to the volume of biogas produced, methane content
and process kinetics were obtained for the H-LSPW pre-treated with ultrasounds (UTP). The as-
sessed indicators of methane fermentation were also significantly affected by the initial OLR ap-
plied. It was proved that the biogas yield and the methane content per unit mass of COD feedstock
decreased along with OLR increase. A higher total production of gaseous metabolites of anaerobic
bacteria was obtained as well.

The higher technological effects of AD of wastewater subjected to UTP were not reflected in the
net energy production, mainly because UTP is more energy-intensive and, hence, the higher gross
energy production in CH, was offset by a higher energy consumption in the thermal pre-treatment.

References

[1] Trajer M., Mieczkowski M. 2018. Trends in poultry consumption after Poland’s accession to the European union. In
Proceedings of the International Scientific Conference “Economic Sciences for Agribusiness and Rural Economy”, War-
saw, Poland, 7-8 June 2018.

[2] Cybulska K., Kotosowska I., Kramkowski K., Karpiiska M., Roszkowicz-Ostrowska K., Kowalczyk P. 2021. Improvement
of Biogas Yield by Pre-Treating Poultry Waste with Bacterial Strains. Energies, 14: 5601.

[3] Mesinger D., Ocieczek A. 2021. Risk Assessment of Wild Game Meat Intake in the Context of the Prospective Devel-
opment of the Venison Market in Poland. Polish Journal of Environmental, 30: 1307-1315.

58



Innovative Food of High Quality for Human Health and Sustainability — an integrated program of innovation and research
development in agricultural sciences, Olsztyn, 7-8 September 2023, Poland | Environmental Engineering, Mining and Energy

INNOVATIVE ANTI-EROSION STRUCTURES TO MAINTAIN SOIL FERTILITY
AND PREDICT LAND RECLAMATION RISKS, BY TAKING THE CLIMATE
CHANGE INTO ACCOUNT
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Abstract: The article, by considering physical and mechanical properties of soils, meteorological
conditions, erosion factors and climate change, estimates the risks preventing the cultivation of
agricultural products in Georgia, taking into account the factors of water and wind erosion processes
of agricultural plots of field. The article, on the basis of the analysis of the obtained results, describes
the innovative designs of soil erosion control structures, with the priorities of their scientific novelty
protected by appropriate patent certificates.

The present research paper was prepared according to the agreement signed with the National
Association of Local Authorities of Georgia, using the materials of the project “Institutionalization of
Climate Change Adaptation and Mitigation in Georgian Regions” (financed by USAID).

The current climate change in Georgia was assessed based on observation data of 33 stations of
hydrometeorological network of Georgia in 1961-2010. The data of the Climate Map of Georgia of
2015 were also used for this purpose. As for the forecast scenarios for 2021-2050 and 2071-2100,
they were developed using regional climate model RegCM454.

The average annual air temperature showed an increasing trend on the whole territory of Georgia for
the latest 50 years (1961-2010) and its maximum increase is registered in Dedoplistskaro (+0.7°C) in
Eastern Georgia, and in Poti (+0.6°C), in Western Georgia.

According to the future forecast, by 2050, compared to 1986-2010, the greatest warming is expected
in Ajara coastal zone and mountainous regions (1.6 + 1.7°C), and by 2100 the greatest temperature
increase (+4.2°C) is expected in Batumi.

Water erosion is caused by the washing away of the soil surface as crops are irrigated. One type of
water erosion is linear erosion, which is the processes of gully-formation and dissection of an area
into separate linear forms under the influence of water streams formed in the area. Runoff during
rainfall occurs when its intensity exceeds the intensity of water absorption by the soil. There is less
erosion on permeable soils. The more humus in the soil and the lighter the soil is, the higher the
water permeability is.

At the Institute of Water Management of Georgian Technical University, academician Tsotne
Mirtskhulava, based on 50 years of scientific research, developed a method of calculation of limit
acceptable soil losses during erosion, the functional dependence of which is as follows:

G=f(R,S,1,Q,M,7Y) [1]

where R is the index of rainfall and rain intensity; S is the index of physical and mechanical properties
of soil; I'is the index of slope and shape of soil surface; Q is the share of surface area covered by
vegetation; M is the irrigation rate (to calculate irrigation erosion), and Y'is the index of eroded area.
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The amount of soil carried by wind erosion is a multifactorial function:
G:f(GL9GS7G[’GP9GM7Yw)’ [2]

where: G, is the characteristic of distance between windbreaks; G, is the characteristic of mechanical
composition of soil; G, is the characteristic of slope of soil surface; G, is the characteristic of influence

of vegetation cover on soil surface; G, is the characteristic of climatic factor; Y, is the characteristic
of the area eroded by wind erosion.

To combat water erosion, Professor Givi Gavardashvili at the Water Management Institute has
developed a number of new resource-saving erosion control structures, with the priorities of whose
scientific and technical novelty have been confirmed by Georgian and foreign patent certificates.

Conclusion: The article presents the results of the analysis of the field scientific and theoretical
studies to assess the risks to the agricultural lands in Georgia, taking into account the water and wind
erosion processes in the projected periods: 2021-2050 and 2071-2100, by considering the climate
change. The article presents innovative devices for regulating erosion processes, the priorities of
scientific and technological innovation of which are confirmed by relevant patent certificates.
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OF RIVER CATCHMENT

Anna Maria Gozdziejewska?, Katarzyna Glinska-Lewczuk?, Ireneusz Cymes?

1 Department of Tourism, Recreation and Ecology, Faculty of Geoengineering, University of Warmia and Mazury in Olsz-
tyn, Poland

2 Department of Water Management and Climatology, Faculty of Agriculture and Forestry, University of Warmia and
Mazury in Olsztyn, Poland

Zooplankton sensitively indicate changes in aquatic ecosystem, such as temperature, trophy, pollu-
tion. Water flow and the nature of catchment are the strongest environmental factors determining
the composition of river biocoenoses, including zooplankton. The aim of the study was to analyze
the variability of the zooplankton communities of the tyna River (Northern Poland), under the influ-
ence of a diverse catchment. The impact of the natural catchment (forest and lake) and man-used
catchment (urbanized and agricultural areas) was compared on an approximately 200-kilometre riv-
er section, at 18 sites. The characteristics of zooplankton communities were determined on the basis
of density, biomass, number of species, Shannon’s diversity, Margalef’s richness and the Pielou’s
species eveness. Assemblages of species that best characterize individual types of sites were de-
termined, and the indicator power of the species was measured using the randomization method,
based on relative abundance and relative frequency of occurrence.

The highest abundance, biomass and number of zooplankton species was in the area of influence
of the natural catchment of the tyna River. This section abounded in a rich community of Crustacea
and Rotifera species with highly significant indicative values of the impact of the lake basin. Urban-
ized areas contributed to the increase in the concentration of ammonium nitrogen in the water, the
increase in the importance of small phytophilic rotifers and protozoa, as well as the general decrease
in zooplankton species diversity. The agricultural catchment on the heavy soils of the lower section
of the tyna resulted in an increase in salinity, turbidity, nitrate concentration and primary production
(chlorophyll a) of water, and impoverished the taxonomic structure of zooplankton, with an increase
in the importance indicator of Protozoa.
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HYDROCHEMICAL CONDITIONS OF LAKE KLASZTORNE DUZE
AFTER RESTORATION TREATMENTS BY SEQUENTIAL APPLICATION
OF IRON AND ALUMINUM COAGULANTS
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Introduction: Human activities in the lakes catchment area (intensive development of industry, ur-
banisation, agricultural lands, fertilization of fields and discharge of untreated sewage) caused accel-
eration of eutrophication process. Symptoms of lakes degradation, among others, blooms of phy-
toplankton and cyanobacteria, lowered transparency of the water, reduced biodiversity, increased
amounts of bottom sediments, deoxygenation of near bottom water, internal loading. Quickly, the
progressive degradation of the water became so burdensome that people began looking for ways to
limit this process and its unfavourable consequences. First, the implementation of various protective
solutions was started, the goal of which is to completely cut off, or at least radically reduce, the load
of pollutants flowing in from the catchment area. The next step is a restoration of the water body.
n Poland and the world, many different restoration treatments (technical or biological) have been
applied to permanently immobilize nutrients in bottom sediments or remove them from the lake
entirely. Known methods of restoration include selective removal of bottom waters, dilution of lakes,
artificial aeration, removal of bottom sediments, isolation of bottom sediments, biomanipulation,
and phosphate inactivation with iron, aluminium, calcium, and even magnesium salts.

Material and methods: Lake Klasztorne Duze is located in the basin of Klasztorna Struga. Lake Klasz-
torne Duze is a stratified, dimictic water body with high water dynamics, which is related to its small
depth (8.5 m) with an area of 60 ha. The lake, as a eutrophic water body, is characterized by slightly
better oxygen conditions. Complete deoxygenation of the bottom waters occurs in the summer.

The research on Lake Klasztorne Duze was carried out in 2022 after the restoration by the phospho-
rus inactivation method. Samples were taken once a month, using a Ruttner sampler, at the points
situated above the deepest part of the lake. Chemical analysis of water samples was made according
to Standard

Results: In the water of the lake P_ . ranged from 0.000 to 0.029 mg P/L. After application of coag-
ulants, a clear decrease in P__. phosphate concentrations in the entire volume of water was noted.
For the first months of the year, the content of P__ . in surface and near-bottom waters was similar.
Along with the formation of thermal stratification and the intensification of the photosynthesis pro-
cess, a decrease in the amount of phosphates at the surface and an increase in the bottom water
parts were observed. TP in the lake ranged from 0.017 to 0.388 mg P/L. These values are much lower
than in 2021. This situation is the result of improved water quality after restoration. TN concentra-
tions varied from 0.93 to 5.80 mg N/L. The P inactivation method mainly affects the P content in
water, however, after restoration, a two-fold decrease in the concentrations of all forms of N was
noted. The water of the lake are moderately buffered, as evidenced by their alkalinity varying from
1.5 to 2.5 mval/L. In the studied lake, the Ca content ranged from 29.6 to 45.9 mg Ca/L. During the
growing season, its concentrations decreased, which was caused by increased primary production
and the related process of biological water decalcification. The values of general hardness in LKD
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ranged from 1.92 to 2.82 mval/L, which allows to define its water as not very hard. The content of Cl
in the water of the studied reservoir ranged from 56 to 128 mg Cl/L and exceeded the given range
throughout the research period, which is related to the urban nature of the lake. The conductivity of
water was high and ranged from 342 to 490 uS/cm.

The productivity of the lake in 2022 reached its maximum in November (autumn algae bloom), which
was confirmed by the chlorophyll a values of 58.27 pg/L. In the remaining period, concentrations of
this dye varied from 5.35 to 40.1 ug/L. Water transparency improved and varied from 1.25 to 3.0 m.

Conclusion: The method of restoration of the lake resulted in a significant improvement of water
quality.
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(POLAND) AS ADSORBENTS FOR HEAVY METALS
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Poland is currently the second largest lignite producer in the European Union [2], and the extraction
of lignite from the Sieniawa mine was about 360 thousand tonnes in 2021 (www.geoportal.pgi.gov.
pl/surowce). Lignite is mainly used as a fuel in power plants, but it can also be used in a more envi-
ronmentally-friendly manner as a fertiliser in agriculture and horticulture or as an additive in envi-
ronmental remediation to reduce soil and water pollution. The removal of heavy metals from water
and wastewater is a particular concern today. Although there is evidence that lignite is an environ-
mentally friendly adsorbent for heavy metals, further studies are needed because its properties can
vary greatly depending on the original feedstock and environmental and geological factors [3].

The aim of this study was to compare the efficiencies of removal of Cd, Cu, Pb, and Zn from aque-
ous solutions with lignite (LIG) and lignite-derived humic acids (LIG-HA) as a function of adsorbent
dosage and initial metal concentration. The optimum adsorbent dosage and maximum adsorption
capacity (q__) were determined using the Langmuir equation for single metals and quaternary mix-
tures. For each adsorbent, the distribution of the adsorbed metal was determined based on the
strength of its binding to four fractions: water-soluble (F1), weakly adsorbed (F2), strongly adsorbed
(F3), and very strongly adsorbed (F4) [4]. For quaternary mixtures, competitive adsorption was eval-
uated by quantifying adsorption inhibition [3].

Batch adsorption experiments were performed with different LIG and LIG-HA dosages: 1.25, 2.5,
3.75, 5, 10, and 20 g d.w./L (solution pH 5.0, concentration of each metal 50 mg/L, adsorption time
24h). Based on these experiments, a dosage of 10 g d.w./L was selected, and then different initial
metal concentrations (25; 50; 100; 200 and 400 mg/L) were tested (solution pH 5.0, adsorption time
24 h). Equilibrium metal concentrations were analysed in 0.45 um filtered supernatants using a
flame atomic absorption spectrometer (AA280FS Varian). The adsorbent residues from metal sorp-
tion at a concentration of 400 mg/L were dried at 50°C and then used for metal fractionation.

LIG and LIG-HA had acidic pH (5.01 and 2.97, respectively), high cation exchange capacities (127.4
cmol/kg and 260.0 cmol/kg, respectively), and low BET surface area (2.56 m?/g and 0.19 m?/g, re-
spectively). The FTIR spectra indicated that LIG contained OH, CH,, NH, and CH groups, and that LIG-
HA additionally contained C=0 groups. For metal removal, the optimum dosage of LIG and LIG-HA
was 10 g d.w./L. The values of q__ were highest for Pb: 35 mg/g d.w. (single metal) and 27 mg/g d.w.
(quaternary mixture). These values were also relatively high for Cu: 19 mg/g d.w. (single metal) and
15 mg/g d.w. (quaternary mixture). In contrast, q__ was lowest for Cd and Zn in the quaternary mix-
ture (4.7 mg/g d.w. and 5.6 mg/g d.w., respectively) because their adsorption was strongly inhibited
by coexisting metals (by 75% for Cd and by 60% for Zn). Most metals were strongly and very strongly
bound to the surfaces of LIG and LIG-HA. The average share of the metals in stable fractions changed
in the following order: 8% (Cd) < 28% (Zn) < 66% (Cu) < 93% (Pb) in the single-metal system and 19%
(Cd) <35% (Pb) < 51% (Zn) < 72% (Cu) in the quaternary system.
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In conclusion, the maximum adsorption capacities and the stability of the adsorbed heavy metals
indicate that LIG and LIG-HA from Sieniawa mine are effective adsorbents for removing heavy metals
from water, especially Pb and Cu.

The research was conducted under an agreement between the Sieniawa Lignite Mine (Poland) and
the University of Warmia and Mazury in Olsztyn (Poland) in 2022.
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Hospital wastewater (HWW), discharged from operating rooms, laboratories, and infectious wards
contains pathogenic microorganisms, toxic organic pollutants, and pharmaceutical compounds such
as antimicrobials and psychiatric drugs. The presence of numerous pathogenic bacteria in HWW
highlights the potential threat to public health posed by HWW discharge to municipal sewer systems
followed by wastewater treatment plants and receiving water. To reduce that risk, HWW is often
treated in local disinfection stations. Chlorine-based wastewater disinfection is widely used around
the world.

The aim of this study was to analyze changes in the HWW microbiome caused by the process of
chemical disinfection based on chlorine compounds. The nanopore method was used to sequence
the metagenome DNA of HWW samples collected before and after the disinfection process in four
research seasons.

The research object and the sampling procedure were previously described in detail in the prelimi-
nary studies [1]. In short, the study was conducted in a hospital that treats patients with respiratory
diseases in north-eastern Poland. Wastewater is disinfected by an automated electrolytic sodium
hypochlorite (NaClO) generation system. Samples of wastewater before disinfection and samples of
disinfected wastewater were analyzed.

Depending on the sample, 172,532-865,879 reads were analyzed, of which 37.28 to 94.86% of reads
were successfully taxonomically classified. The vast majority of them (94.65-97.94%) were classified
to Bacteria domain, and the others to Eukaryota (1.68-4.24%), Viruses (0.12-1.02%) and Archaea
(0.01- 0.09%) domains, respectively. A total of 37 types, 74 classes, 167 orders, 387 families and
1,442 genera were detected in hospital wastewater samples. In the samples of hospital wastewater,
the dominance of 4 phyla was observed: Proteobacteria, Bacteroidetes, Cyanobacteria and Firmic-
utes, whose representatives represented 97.87% and 99.28% of the entire bacterial population in
the wastewater before and after disinfection, respectively. In the HWW samples, bacteria from the
Proteobacteria group dominated at both sites. This cluster increased its frequency in disinfected
wastewater samples (on average by 5.64%, from 53.27 to 59.91%). An increase was also observed
for Cyanobacteria (by 15.66%, from 0.06% to 15.72%). Representatives of Bacteroidetes and Fir-
micutes clusters decreased their share in the bacterial population in the samples after disinfection
(Bacteroides decrease by 17.30%, from 31.86 to 14.56%; Firmicutes decrease by 2.60%, from 12.68
to 10.08%). However, no significant differences were observed in the total composition of bacterial
populations at the assigned sites at the cluster level (adonis R2 = 0.2, p = 0.24).

Discriminant analysis indicated the class Clostrida with the order Eubacteriales as the most strong-
ly associated with the sewage before disinfection, and the family Enterobacteriaceae as the most
closely associated with the site of disinfected sewage.
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The research provides new insights into the changes in the population of bacteria present in HWW.
The results suggest that disinfection with chlorine compounds significantly modifies the bacterial
community mainly by the increase of Enterobacteriaceae frequency in HWW after disinfection. Con-
sequently, despite the use chlorine-based disinfection, HWW may pose a risk to the environment
and public health.

This research was funded by grant from the National Science Center (Poland) no. 2021/41/N/
NZ9/03292.
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The adverse effects of microplastic exposure on biota have significant attention over the past de-
cade, emphasising the urgency for effective strategies to mitigate microplastic pollution. However,
despite extensive research, a comprehensive understanding of microplastic toxicity in freshwater
environments remains elusive, further complicated by the rapid pace of scientific advancements in
the field.

To address this challenge, the Toxicity of Microplastics Explorer (TOMEx) database has emerged as
an indispensable tool for assessing microplastics’ toxicity effects on water organisms. By leverag-
ing TOMEX, researchers can efficiently upload, search, visualise, and analyse microplastic toxicity
data, facilitating a deeper understanding of the microplastics impacts on aquatic life. However, the
utilisation of TOMEx has also revealed gaps and challenges in microplastic research. These include
the need for standardised reporting of microplastic concentrations and the characterisation of their
diverse physical and chemical attributes. Furthermore, the database has highlighted the scarcity of
high-quality toxicity tests and the need for an improved understanding of the mechanisms linking
microplastics to adverse effects. Nonetheless, TOMEx’s accessible and collaborative nature makes
it as an invaluable resource for researchers and policymakers worldwide, fostering knowledge ex-
change and supporting evidence-based decision-making [1].

This review underscores the significance of collaborative efforts, data sharing, and multidisciplinary
approaches in addressing the gaps and challenges identified through ToMEx, thus advancing micro-
plastic research and the implementation of global risk management strategies.
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In recent years, an increasing number of lakes, especially those in urban areas, have been under-
going eutrophication due to the influx of pollutants from the urban environment into the water. A
natural method of lake purification involves the accumulation of biogenic elements in plant tissues.
Through this process, pollutants can be sequestered in plants and subsequently removed from the
water body using technical solutions [1].

Efforts focused on Lake Dtfugie in Olsztyn have been aimed at extracting biomass using specially de-
signed “water pushers”. This innovative method enables the removal of 1 to 2 tons of plant biomass
within an hour of operation. These devices are based on boats equipped with a mesh grate. During
the operation, the grate moves through the vegetation, detaching it from the lakebed, and then lifts
and floats to the lake’s shore. There, the plants are excavated using an excavator and transported to
properly prepared drainage fields [2, 1].

These innovative solutions allow for the effective removal of plant biomass from lakes, contributing
to the improvement of water quality and the protection of the aquatic ecosystem.
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Introduction: In developed countries waste of food products has become a common phenomenon.
Food and Agriculture Organisation of the United Nations (FAO) states that one third of food produc-
tion is wasted during its way from field to plate [1]. Losses of food products in Europe and North
America are estimated at ca. 95-115 kg per person yearly [2]. Wasting food is connected with losses
in energy, water, fertilisers or plant protection products connected with its production, transport
and storage. These processes constitute third largest source emitting greenhouse gases into the
atmosphere after building and transport. There is a necessity to seek and implement methods al-
lowing to limit food losses or to use food waste products in an ecologically and economically justified
manner. This corresponds to the principles of circular economy, i.e. a concept aimed among others
to limit negative impact of the products on the environment [3].

The aim was to optimize the biogas and methane production from food waste products depending
on various feedstock composition and different operating parameters of anaerobic digestion. During
the study, a selection of the feedstock components as well as technological parameters was made in
order to check their impact on the biogas and methane productivities.

Methods: The study was divided into two stages. Stage 1 was conducted in the respirometric re-
actors. The impact of proportions and the characteristics of used mixtures of food waste products
were determined, along with the influence of temperature on methane fermentation. In the stage
2, the study was carried out in reactors operating continuously to determine the impact of OLRs on
biogas production and composition. Stage 1 was divided into 2 series, whose separability criterion
was temperature. Mesophilic conditions (37°C) were tested in series 1 and thermophilic conditions
(55°C) —in series 2. Series were divided into 13 variants whose separability criterion was substrates
mixture. In stage 2, 7 series were distinguished, depending on the applied OLR whose value was in
the range from 2.0 to 8.0 g ODM-dm™3-d™. The start-up of anaerobic reactor was performed at OLR of
1.0 g ODM-dm=3-d*and lasted for 30 days.

Results: The highest biogas yield was obtained in mesophilic digestion of the substrates mixture
containing 50% of meat, 40% dairy products, 10% fruit and vegetables. It amounted to 740.4 + 19.9
cm3-g ODM™ of biogas with 68.6 + 1.8% of methane. Biogas potential in thermophilic digestion was
from 2.1 to 2.8 times lower for analogical feedstock. It was caused by high concentration of volatile
fatty acids (VFAs) in the reactor chamber. The ratio of VFAs to alkalinity was on the level from 0.5+ 0.1
t0 0.8 £ 0.1. In continuous experiments, the average biogas production rate was from 2646.9 + 117.3
cm?3-d*for OLR of 2 g ODM-dm™3-d* to 9893.4 + 362.0 cm3-d* for OLR amounting to 8 g ODM-dm=3-d.
Methane content in biogas was between 65.6 + 2.5 and 65.5 £ 1.9%, respectively. It was confirmed
that applying OLR above 6 g ODM-dm=-d! causes inhibition of methane fermentation.

Conclusions: The study allowed to verify the assumption of developing the optimization models for the
precise estimation of biogas productivity and its composition on the basis of most important indicators
characterizing food waste products. Significant relationship was also found between the amount of
biogas and methane production and technological parameters such as temperature and OLR.
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The study showed that the efficiency of methane production can be estimated on the basis of the
substrate mixture characteristic: lipids content, dry organic matter concentration and C/N ratio. The
efficiency of biogas production in mesophilic digestion was from 2.1 to 2.8 times higher than in
thermophilic one due to the high concentration of volatile fatty acids (VFAs) in bioreactors operated
at 552C. The methane content in biogas was also significantly higher in mesophilic conditions (from
66.6 +2.5% CH, to 68.6 + 1.8% CH,) than in thermophilic (from 59.5 + 2.1 to 61.4 £ 1.7% CH,).

In continuous experiments, significant influence of organic loading rate (OLR) on methane fermen-
tation efficiency was noted. It was found that OLR above 6 g ODM/dm?3-d completely inhibited the
process. Confirmation of this phenomenon was the low biogas production and significant reduction
of methane content in biogas.
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Rosa canina L. fruits were dried by convective, microwave and sublimation methods to det. their
effect on the total content of ascorbic acid (AA), polyphenols (TPC) and flavonoids, as well as on the
antioxidant activity. The AA content in dried fruits was lower than in the fresh ones. The sublimation
gave the highest AA content (242 mg/100 g). The increasing the microwave power from 100 to 200
W resulted in an accelerated loss of moisture and flavonoids during drying. The increasing the temp.
of the freezedrying from 60 to 70°C resulted in a drastic decrease in AA content. The increase in
temp. from 60 to 70°C during convection drying resulted in a significant increase inthe polyphenol
content. Regardless of the drying method flavonoids were more stable during the drying. The anti-
oxidant activity depended on the drying method and polyphenol content.
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Introduction: Antibiotics are growing environmental contaminants leading to public health concern
due to enhancing the occurrence of antibiotic resistance genes (ARGs) including genes that encode
resistance to older antibiotics as well as last resort antimicrobials [1]. In the world, antibiotics are
frequently used as the growth promoters and commonly as the therapeutic agents in poultry/bo-
vine feed. Unfortunately, they are not completely metabolized in the body of chicken/cattle and
ultimately excreted as poultry/bovine droppings. Therefore, usage of droppings as manure in ag-
riculture may result in the promotion of co-occurrence of ARGs in the soil and ultimately leads to
their transfer to crops and surface water via groundwater [2, 3]. The aim of the present study was to
perform a metagenomic analysis of manure to estimate the risk of transmission of ARGs to fertilized
soil. In addition, this study investigated multidrug resistance (MDR) genes that are of particular clin-
ical significance due to the growing number of reports on multi-drug resistance among pathogenic
microorganisms.

Materials and methods: In the present study metagenomes of poultry and bovine manure, soil and
groundwater samples were analysed for ARGs and especially MDR genes presence using deep se-
guencing method. A total of 32 metagenomic samples were deposited in the ENA database under
accession no. PRJEB48283. The present experiment was conducted on 12 plots with an area of 4 m?
each. Selected plots were supplemented with one type of manure (poultry — 1.5 kg/m? or bovine — 4
kg/m?) and selected antibiotics at a concentration of 50 mg of each antibiotic per 1 kg of manure.
The soil was sampled at four stages: before the manure application and one day, two weeks and
after 20 weeks of manure application.

Results and discussion: Metagenomic analysis indicated that MDR genes were the most abundant (up
to 102.24 ppm) in resistome of all analysed samples: manure, soil, groundwater. The significant preva-
lence of vancomycin (up to 22.31 and 21.98 ppm in bovine and poultry manure-fertilised soil samples,
respectively), tetracycline (up to 3.68 and 21.78 ppm, respectively), macrolide-lincosamide-strepto-
gramin (up to 8.02 and 11.90 ppm, respectively), bacitracin (up to 3.61 and 7.49 ppm, respectively),
aminoglycoside (up to 2.15 and 8.08 ppm, respectively) and sulfonamide (up to 0.78 and 6.79, respec-
tively) resistance genes was also detected in both bovine as well as poultry manure-fertilised soil sam-
ples. The obtained data confirm the transfer of ARGs from manure to bovine/poultry manure-fertilised
soil samples. The manure applicated soil was completely dominated by representatives of the phylum
Proteobacteria which can play a significant role in transferring of MDR genes.

Conclusions: The application of manure with and without the addition of antibiotics directly af-
fected the abundance of MDR and the diversity of ARG types in soil samples. Manure modified the
structure of ARGs, and these changes persisted in the soil environment for up to several months.
Poultry and bovine manure induced a similar increase in ARGs diversity in soil, but the concentration
of ARGs were higher in soil fertilized with poultry manure. Bacteria of the phylum Proteobacteria
appear to be highly involved in the spread of MDR in soil fertilized of manure.
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Since the 17th century it’s estimated that invasive alien species have contributed to the extinction
of almost 40% of animal species. This problem is getting worse and it concerns not only on fauna
spieces. The reasons are many: it’s mainly the result of the development of global transport, trade
and tourism. These species include plants, animals, pathogens and other organisms that negatively
affect native biodiversity, economy and even human health. On the example of these countries: US,
Brazil, UK, South Africa, Australia and India has been calculated that $100 billion worth of annual en-
vironmental damage it’s just because of invasive alien spieces. Therefore, it is urgent to address this
problem as it generates irreversible changes in the environment as well as large financial losses. It is
similar in the case of invasive alien species of aquatic plants, which can cause changes in the physical
and chemical properties of water, constitute serious competition for native species and hinder nav-
igation by overgrowing channels and other water infrastructure. The poster presents the developed
rules for the control and combating of invasive alien species of aquatic plants and the most eco-
logically and economically effective methods of their control. Three species of aquatic plants were
studied: Cabomba caroliniana, Azolla filiculoides and Elodea nuttallii. Diving techniques were used,
plants were removed manually and mechanically, and their development was limited with benthic
mats [1-3].
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Eutrophication —the over-enrichment of surface waters with nutrients —is the most important water
quality issue worldwide. It may lead to harmful algal blooms in lakes, ponds, reservoirs, and im-
pairment of ecosystem services. Consequently, there is a dire need for water authorities to control
eutrophication and restore waterbodies. We advocate that the first step in restoration should be a
system analysis, a diagnosis that not only identifies the severity of the problem but also deciphers
water- and nutrient fluxes, the biology of the system and its functions, which is a prerequisite for
each lake restoration project as each lake is unique. Such analysis will identify the most effective
actions to take to maximize the chances of success based on the desired outcome.

We will provide a few restoration case studies from the Netherlands, underpinning the importance
of a system analysis and the subsequent implementation of a package of mitigating measures. Nu-
trients may come from external sources and may have accumulated over time in the system, while
the system may also have changed under progressing eutrophication, e.g., nutrient-rich sediment
accumulation, turbid water, loss of macrophytes, altered fish community, and so on, which demands
multiple in-lake interventions to speed up recovery. The measures implemented should be effective
and post-intervention monitoring is required not only to evaluate the efficacy of the intervention
but also to indicate when maintenance is required. The latter is crucial in regions where at the
catchment scale, a relatively large diffuse nutrient pollution has been generated, and consequently,
receiving surface water will experience ongoing gradual nutrient loading for decades to come. We
will demonstrate that in countries like the Netherlands, where eutrophication is a prominent water
quality issue, primarily caused by point-source pollution in the past but now also by diffuse pollu-
tion, successful restoration requires: 1) system analysis, 2) a tailor-made package of measures, 3)
adequate monitoring, and 4) a maintenance plan.
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The phenomenon of nitrogen and phosphorus accumulation in living tissues of vascular plants and
bottom sediment is one of the basic mechanisms of lake self-cleaning [1]. The elimination of excess
nutrients from the water column, achieved in this way, limits the expansion of planktonic algae and
persistent water blooms. The control of algae growth is the main desired effect of lake restoration [2].

The aim of the work was to investigate the chemical composition of selected species of aquatic veg-
etation, assess the amount of their presence in situ and estimate the possible amount of biogenic
substances to be withdrawn from the ecosystem during biological restoration. Vegetation was col-
lected from two dimictic, moderately eutrophied lakes: Lake Dtugie in Olsztyn and Lake Klasztorne
Duze in Kartuzy (Northern Poland).

The main species in Lake Dtugie was elodea nuttallii, and in Lake Klasztorne Duze, myriophylium
spicatum. The content of nitrogen and phosphorus in the tissues of these plants was respectively:
2.28 and 0.34 as well as 2.66 and 0.36 mg/g of dry plant matter. In this study, a quantitative analysis
of the biogenic matter possible to be removed together with the removed biomass was carried out.
The degree of nutrient accumulation per 1 hectare of underwater meadows was determined and it
was shown that the removal of excess plant biomass in the biomanipulation process will significantly
improve the nutrient balance for lakes. Successive, controlled removal of appropriate fragments of
aquatic vegetation can be a way to reduce the eutrophication of lakes overgrown with submerged
macrophytes.
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STORY OF A LAKE PROVIDING WELL-BEING AND SUSTAINABILITY
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Water is an essential feature of landscapes in Finland. The number of lakes is 187,888, although a
vast majority of them have an area of less than one hectare. However, there are 47 lakes with an
area of more than one hundred square kilometres.

Lake Vesijarvi is 44 largest lake in Finland with its surface area of 109 km?. This lake is very important
for the people living in the Lahti region by giving many kinds of benefits and joy for the local resi-
dence. However, that hasn’t always been the case and that is something, which cannot be taken as
granted. Lake Vesijarvi has needed a lot of water management efforts during the last five decades
but as a result, it is one of the most successful lake restoration cases in the whole world.

The southern shores of the lake Vesijarvi have been inhabited since prehistoric times. The lake was
rich in fish and provided an important part of daily food. Industrial awakening from 1870’s required
labor and Lahti began to grow hand in hand with the industry. Lahti got township in 1878 and be-
came as an independent city in 1905. Population grew fast and sewage systems were not able to
fulfill the requirements of enlarging industry and city. Waste waters were discharged to the lake as
very poorly treated if treated at all. The idea of dumping waste to the lake was like — not in your eyes,
not in your mind.

Researchers found clear signs of cultural eutrophication already in 1920’s and according to the bio-
logical and chemical observations Lake Vesijarvi deteriorated substantially during the period 1925—-
1960. Eutrophication proceeded fast and during 1970’s Lake Vesijarvi was the most eutrofied large
lake in Finland. A very first step to save the lake was, when a modern treatment plant was built 1975
and sewage loading from the city to Lake Vesijarvi ended in April 1976. It helped the lake but was
not enough.

The research community found out that one of the main reasons for still existing cyanobacteria
problems was number of small fish in a lake and suggested a wide biomanipulation activities. The
mass removal of planktivorous and benthivorous fish was performed in 1989-1993. Fish removal
meant a 90% decrease in planktivorous roach and smelt and led to a reduction in chlorophyll con-
centration [1]. From 1994 management fishing has been carried out almost annually by using differ-
ent methods.

The 1990s were a fairly good time for water quality, but at the turn of the millennium the situation
deteriorated again. The need to secure long-term funding for research, maintenance, and manage-
ment focusing on Lake Vesijarvi and its catchment area, prompted the municipalities and private
sector actors in the Lahti region to establish Lake Vesijarvi Foundation in 2007. The foundation is a
unique Finnish initiative that combines public and private resources to promote all efforts to improve
water quality and to enhance public awareness and participation into water management processes.

Having more partners means having more resources. The wider governance approach the Lake
Vesijarvi Foundation has implemented, has made it possible to maintain management fishing, and
in addition to fishing, to take many other measures both in the lake and in its catchment area. In ad-
dition to the actual water management measures, the management programme includes research
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activities to provide guidelines for further actions, monitoring of the lake’s condition and nutrient
loads and extensive communication efforts such as exhibitions, newsletters, and extension of edu-
cation and information efforts to children and teenagers.

As a result of long-term management activities, the previously heavily eutrophicated lake has be-
come a key resource for the region and a source of recreation and pride for local people.
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Introduction: The poultry industry has become one of the world’s leading industries due to the high
demand for poultry meat, eggs and their products [1]. Such a high demand for poultry products is
related to the excessive use of antibiotics in the breeding and treatment of these animals and pro-
ducing of the large amount of waste such as manure. Poultry manure, in addition to its beneficial
properties for the soil and the plants growing on it, carries the risk of introducing into the envi-
ronment partially unmetabolized antibiotics used in animal husbandry. In addition, microorganisms
such as Pseudomonas sp. which may possess antibiotic resistance genes (ARGs) are introduced into
the soil along with manure, and this, in turn, may result in the formation of new ARB in the envi-
ronment [2, 3]we targeted 26 family livestock farms to assess the occurrence characteristics of an-
tibiotic resistance genes (ARGs. The purpose of this study was to conduct a metagenomics analysis
of microorganisms inhabitant of manure and soil supplemented with manure to assess the risk of
spreading ARGs to fertilized soils, with a focus on multidrug resistance (MDR) genes, which are be-
coming increasingly prevalent in microorganisms.

Methodology: As part of the metagenomics analyses, samples of poultry manure, soil and soil after
manure supplementation were tested to assess the presence of ARGs, particularly MDR genes, using
next-generation sequencing (NGS) technology. The samples were deposited in the ENA database un-
der accession number PRJEB48283. The entire study was conducted in nine plots of 4 m? each. The
selected plots were supplemented with poultry manure at a rate of 1.5 kg m* and selected antibiot-
ics at a concentration of 50 mg of each antibiotic per kg of manure. Soil sampling was carried out in
four stages: before manure introduction, one day after introduction, two weeks after introduction,
and after 19 weeks of manure application.

Results: The tested poultry manure had trace amounts of antibiotics from the doxycycline group
(3.30 x 10°ng g, _*) and ciprofloxacin (3.00 x 10* ng g, ). Among the types of antibiotic resistance
tested, MDR and bacitracin resistance were predominant. The genus Pseudomonas sp. showed ex-
tensive resistance to bacitracin, phosphomycin, multidrug, polymyxin and quinolone antibiotics, and
the number of ARGs gene copies was at the top among the bacterial groups studied. The data ob-
tained confirm the transfer of ARGs from manure to soil samples that were fertilized with poultry
manure. In the case of manure-fertilized soil, the persistence of the Pseudomonas genus was ob-
served 2 weeks after supplementation, which was associated with the presence of resistance genes.
However, 19 weeks after supplementation, the soil returned to its pre-experiment state, suggesting
a reduction in the presence of ARGs and restoration of the original state of the soil.

Conclusions: The overuse of antibiotics in the field of animal husbandry and veterinary medicine is
associated with the threat of increasing antibiotic resistance in the environment. The use of manure
as a fertilizer, helps manage waste resulting from animal husbandry, but carries the risk of spreading
antibiotic resistance due to the presence of ARB such as Pseudomonas sp. carrying ARGs and MDR
genes.
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Introduction: Cultivation of plants on an inert substrate, such as mineral wool or coconut fiber, en-
tails excess use of the nutrient medium compared to the actual demand of plants for nutrients and
water. This is to provide the plants with the right amount of minerals, prevent the substrate from
salinizing, and thus to avoid plant growth suppression or inhibition. In the soilless cultivation of to-
matoes in greenhouses, the volume of overflow ranges from 25 to 50% of their water demand [1].
Consequently, from 4.5 to 12.6 L of highly concentrated wastewater drains daily from one square
meter [2].

The use of closed drainage water circuits can reduce the consumption of both freshwater and min-
erals used to prepare the nutrient medium. At the same time, it can reduce production costs and
increase the competitiveness of this type of cultivation compared to open systems or traditional
field crops. However, the reuse of drainage waters has specific bottlenecks. Uneven uptake of nutri-
ents by plants disturbs their ratios and impairs solution re-balancing. At the same time, the nutrient
medium must be free of pathogens that can reduce crop yields or destroy entire crops. For these
reasons, direct recirculation of the nutrient medium is difficult in practice.

Due to greenhouse wastewater composition (high concentrations of nitrogen and phosphorus com-
pounds, low concentrations of organic compounds), its treatment by means of conventional biolog-
ical methods based on activated sludge is extremely difficult. For this reason, alternative treatment
methods are sought [3].

Methods: The experiment was conducted in reactors included in the laboratory installation for drain-
age treatment operating based on biomass attached to the filling (biofilm). The biological treatment
processes were supported by an external carbon source. The C:N ratio used was 2, which provid-
ed suitable conditions for the development of heterotrophic microorganisms. 4 hydraulic retention
times were tested: 24, 48, 72, 96h. The study was conducted with wastewater derived from a facility
for soilless tomato cultivation in greenhouses with mineral wool used as a substrate.

Results: The conducted research showed high efficiency of the use of the organic substrate and
denitrification. The highest nitrogen removal efficiency was recorded for HRT = 96h and amounted
to 97.8%. The efficiency of using the organic substrate was 89.2%. This corresponded to the con-
centration of total nitrogen and total organic carbon in the treated wastewater of 14.2 mgN/L and
121.4 mgC/L, respectively. Due to the organic acid substrate used, the pH ranged from 2.8 to 8.7.
The electrolytic conductivity ranged from 8.6 to 4.8 mS cm™?, which indicates a significant removal of
dissolved impurities.

Conclusion: The conducted research allows to conclude that wastewater from soilless cultivation
of tomatoes can be subjected to biological treatment processes supported by an external source of
carbon. The C:N = 2.0 ratio ensures high efficiency of denitrification, but it requires a long retention
time.
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Anthropogenic stressors pose a threat to fauna in aquatic systems [1]. Thermal perturbations in
aquatic ecosystems are usually related to heated water discharge from installations to rivers, lakes,
estuaries, or seas. Thermal pollution leads to a short-term heat shock that affects aquatic organ-
isms. Planktonic crustaceans are an essential element of aquatic ecosystems. Tiny organisms, such
as planktonic crustaceans, cannot actively avoid thermal stress because they cannot move effective-
ly from the polluted zone. The difference between the intake and discharge water temperature is
usually between 4 and 15°C [2, 3].

The aim of the experiment was to show how different thermal stress variants can have different im-
pact on the crustaceans species . To assess the effect of thermal shock, we conducted experiments
on crustaceans at 25°C, 30°C, 35°C, and 40°C (in relation to 20°C) in a different exposure time of the
stressor (10, 30, and 60 min).

The results showed that short-term heat shock increases mortality and reduces the fertility of the
studied planktonic crustaceans. Knowledge about thresholds of thermal stressors for specific species
can help to understand the ecological processes occurring due to anthropogenic thermal pollution.
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Introduction: Factors modifying the amount of dissolved organic carbon fraction (DOC) in surface
water include, among others, hydrological conditions, season, as well as the surroundings and the
purpose of the immediate catchment. The same factors also modify this fraction in terms of quality
[1]. It seems that anthropogenic transformations of the catchment may significantly determine the
supply of DOC with specific optical properties, different from those of natural organic matter. The
change in the amount of surface runoff as a result of the transformation of catchment management
is one such factor. It may be related with changes in the vegetation cover, drainage works, deforesta-
tion, the emergence of new point sources of pollution in the form of water discharge from treatment
plants with different sewage treatment methods [2, 3].

Material and methods: The aim of the study was the qualitative assessment of organic matter in the
waters flowing to Lake tajskie (North-Eastern Poland). The research was supposed to determine the
quality parameters of the dissolved organic carbon fraction (DOC) in terms of the diversification of
the reservoir catchment development and to assess its impact on the water quality of Lake tajskie.

Water collected points located in variously developed areas were selected and tests were carried
along with the changes of hydrological conditions (through two years), because these two factors af-
fect the quality differentiation of DOC in water. The following research stands have been designated:
1) stand 1: outflow from Lake tajskie; 2) stand 2: tributary to the lake in tajs; 3) stand 3, 4, 5, 6: in the
hydrological axis of the tributary from Batdy; 4) stand 7, 8, 9: on the tributary from Nowa Wies. The
absorption ratios for different wavelength were determined: A250/A365 and also A254/A203 [4] and
statistical analysis were conducted.

Results: On the basis of the average, standard deviation, Kruskal-Wallis test and Fisher test, it was
proved that the nature of the catchment area affects the balance in a specific environment. The
urbanized and agricultural catchment is the main source of high-molecular and aromatic DOC com-
pounds supplied to the lake. It was proved with the Kruskal-Wallis test that the season of the year
has a large influence on the value of the A250/A365 ratio of the DOC compounds. Its significant
increase was noticed in the summer.

Conclusion: It was noticed that the qualitative parameters of DOC fraction were closely related to its
origin, which resulted from the way the catchment was developed. The waters flowing to the Lake
tajskie were mainly characterized by the structure of aromatic hydrophobic material. Due to the
role played by the dissolved organic matter introduced into the water body, monitoring its quality is
extremely important. This is especially important in the case of trophy assessment in terms of the
planned restoration of the reservaoir.

Funding: Project funded under the programme of the Minister of Education and Science called “Regional
Initiative of Excellence” in 2019—-2023, project no. 010/RID/2018/19, funding amount 12,000,000 PLN.
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METALS IN THE BOTTOM SEDIMENTS: A CASE STUDY OF EUTROPHIC
BUKWALD LAKE LOCATED IN AN AGRICULTURAL CATCHMENT
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Introduction: The climate is the most important natural factor influencing the development of sedi-
ment deposition processes in lakes. The functioning of the lake ecosystem itself, the use of the lake
basin and the functioning of terrestrial ecosystems developing in the lake basin depend on it. The
accumulation of trace metals in bottom sediments is a constant threat to the elements of the natural
environment. Trace metals released from bottom sediments can pose a threat to plant and animal
organisms in water, and in the case of the use of water contaminated with trace metals for irrigation,
also to agricultural crops [1, 2]. The aim of the study was to analyse: a) the assessment of the potential
ecological risk and contamination with heavy metals (Cd, Cu, Pb, Ni, Cr, Zn) in the bottom sediments
and b) the spatial variability of heavy metal concentrations in the bottom sediments of Bukwatd Lake.

Material and methods: Lake Bukwatd, located in northern Poland in the area of the Olsztyn Lake-
land, was selected for the research. Sludge samples for physical and chemical analyses were taken
from 5 transects, in which 3 sludge collection stations were designated. The bottom sediment parti-
cle size was measured by wet laser diffraction using a Mastersizer 3000 particle analyser. The bottom
sediment samples were mineralized in a Multivave 3000 microwave oven (Anton Paar, Austria). The
content of elements (Cd, Cu, Pb, Ni, Cr, Zn) was determined by induced plasma atomic emission
spectrometry (ICP-OES iCAP-PRO, Thermo Fisher Scientific, USA). The potential ecological risk index
(PER) was used to assess the environmental impact of pollutants accumulated in bottom sediments.
In addition to the potential ecological risk index (PER), the geochemical index (lgeo) of sediment
samples and the pollution load index (PLI) were also calculated.

Results: The spatial concentration of trace metals in the bottom sediments of Lake Bukwatd was
characterized by small differences. The results obtained indicate that agricultural activity has a deci-
sive influence on the quality of the bottom sediments of the reservoir and the spatial content of trace
metals in them. The average content of the analysed heavy metals in Lake Bukwatd was Cd — 1.64
mg/kg DM, Pb —33.17 mg/kg DM, Cr — 21.36.5 mg/kg DM, Ni—21.71 mg/kg DM, Zn — 91.09 mg/kg
DM and Cu —7.42 mg/kg DM. The content of the tested heavy metals in the bottom sediments of the
lake decreased in the following series: Zn> Pb> Ni> Cr> Cu> Cd. The calculated potential ecological
risk index (PER) was 153.3, representing a moderate risk of ecological risk. The geochemical index
(Igeo) of bottom sediments ranged from class 0 for Cu, through class | (Zn) to class Il for other metals.

Conclusion: The use of the lake basin was found to have a decisive influence on the concentration
of trace elements in the bottom sediments of the lake. The highest concentrations of trace metals
were found in sediments taken from the side of the catchment area used for agriculture. Potential
ecological risk index (Er) was low for most elements and represented a low risk. Only in the case of
Cd was the value of the Er index higher and represented a significant risk. Potential ecological risk
index (RI) for the trace metals accumulated in the bottom sediments was 153.3 and represented a
moderate risk of ecological threat. Analysis of the extent of contamination of the bottom sediments
using the geochemical index (Igeo) showed that the bottom sediments from Lake Bukwatd belong to
the Il class in terms of the content of most of the trace metals tested. The contaminant load index
(PLI) in the sediments of Lake Bukwatd was 2.49.

87



Innovative Food of High Quality for Human Health and Sustainability — an integrated program of innovation and research
development in agricultural sciences, Olsztyn, 7-8 September 2023, Poland | Environmental Engineering, Mining and Energy

References

[1] Gownarisab N.J., Rountosab K.J., Kaufmancd L., Koldinge J., Lwizaa K.M.M., Pikitchab E.K. 2018. Water level fluctua-
tions and the ecosystem functioning of lakes. Journal of Great Lakes Research, 44: 1154-1163.

[2] Vincon-Leitea B., Casenave C. 2019. Modelling eutrophication in lake ecosystems: a review. Science of the Total
Environment, 651(2): 2985-3001.

88



Innovative Food of High Quality for Human Health and Sustainability — an integrated program of innovation and research
development in agricultural sciences, Olsztyn, 7-8 September 2023, Poland | Environmental Engineering, Mining and Energy
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SEQUESTRATION INLAND SITES
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Increasing the possibilities for carbon accumulation in the bottom sediments of water bodies can
potentially be treated as carbon dioxide removal (CDR), a geoengineering method. Carbon can be
sequestered in semi-natural conditions or artificially designed systems that are capable of perma-
nently removing carbon from the fast carbon cycle [4]. Effective solutions for removing significant
quantities of carbon from the atmosphere have not been developed to date [3]. One of the existing
methods involves the establishment of carbon reservoirs by creating favourable conditions for car-
bon sequestration. This goal can be achieved through afforestation, but the existing solutions are
not effective enough to even slow the increase in the concentration of atmospheric CO, [1]. Thus, in
addition to forests, soils and wetlands, water bodies, too, are potent storage reservoirs of carbon.
In highly fertile and degraded water bodies, high levels of biological productivity are associated with
a poor ecological status. However, the accumulation of organic matter in such water bodies is en-
hanced, and organic matter is permanently deposited in bottom sediments [2]. This process occurs
in both natural water bodies and anthropogenically modified reservoirs.

The aim of this study was to determine the quantity of carbon accumulated in shallow fertile water
bodies that were restored after a long period of drainage [5]. The study was conducted on eight wa-
ter bodies located on Olsztyn Lakeland (north-eastern Poland), that have been naturally or artificially
restored to their original condition in the last 13 to 47 years. The bottom sediments that had accu-
mulated over this period were analyzed. The sediments were sampled by the scatter points method
within the open water area of each lake. Carbon sequestration in bottom sediments was quantified
based on the results of analyses and morphometric data, and the accumulation rate of organic mat-
ter in bottom sediments was determined separately for each water body. Additionally, the trophic
status of the water bodies was classified, based on probability diagrams according to the method
proposed by Vollenweider and Kerekes [6].

The evaluated water bodies were characterized by high productivity, and they were classified as
moderately eutrophic to extremely hypertrophic. The results of carbon accumulation indicate that
the restoration of drained lakes and, by analogy, the creation of new water bodies can be effective in
carbon sequestration. An analysis of eight lakes revealed that, after restoration, they can accumulate
275.5 g Cm? a™* on average, which is equivalent to 10.1 Mg ha* a* of CO, removed from the atmo-
sphere. The study showed that the restored water bodies will accumulate more carbon in the initial
period soon after filling up than in the later period after their condition stabilises.

The example of the analysed lakes indicates that carbon sinks can easily be created in areas with suf-
ficient water to fill up drained depressions and maintain stable water levels. Lake restoration seems
a cost-effective method for: 1) carbon capturing, as an alternative to technical CDR methods, and
2) supporting sustainable use of agricultural areas. However, the second goal may be limited by the
poor ecological status of such facilities.
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This paper presents some of the results of a study carried out in 2017-2018 in the Dojca river sys-
tem. Dojca is a right-bank tributary of the North Obra Canal, into which it flows at 125.6 km. The
total length of the watercourse, including meanders, is 39.97 km. The Dojca river network system is
dendritic and markedly asymmetrical in an easterly direction, with a lack of supply from the west.
The total catchment area is 268.63 km? and is made up of 8 elemental catchments with varying
shares of the total catchment area (ranging from 1.35 to 33.58%) with a predominance of agricul-
turally used land and scattered development (numerous farms, fishponds, villages and small towns),
accompanied by a small share of forests. This indicates a major source of pollution in the river,
whose water status is highly altered due to the scale and nature of the hydromorphological changes.

The aim of study was to investigate the impact of the Dojca river on Lake Wolsztynskie in the context
of potential protection measures carried out in the catchment. The river is the main supplier of wa-
ter to the urban Lake Wolsztynskie, so test sites were located on all its tributaries and on the inflow
and outflow from the lake. Field and laboratory surveys were conducted on an annual basis, from
October 2017 to 2018, on average once a month. Water velocity in the watercourses was measured
using a VALEPORT electromagnetic flow meter (model 801). Instantaneous flow was calculated using
Harlacher’s method [1]. Hydrochemical analyses were carried out according to APHA guidelines [2].

The presented results on macronutrient cycling (chloride, calcium, magnesium, iron, manganese)
complement the results on nutrient cycling and are relevant for the assessment of the physicochem-
ical interactions occurring in the mixing waters. The concentrations recorded varied over a wide
range (Cl: 20-200 mg/L; Ca: 37.8-149.9 mg/L; Fe: 0.01-3.56 mg/L; Mn: 0.01-3.30 mg/L), affecting
electrolytic conductivity (EC: 436—2759 uS/cm), indicating a high variability of runoff from individual
elemental catchments, depending on their use.
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Composting is considered by many to be an attractive and economically feasible method of utili-
zation of selectively collected municipal organic waste (biowaste), helping to achieve the recycling
target set out in the EU Waste Framework Directive [1]. The characteristics of biowaste and its high
humidity favour the dynamic growth of moulds and other fungi, which are known to be the essential
element for the biodegradation of the composted material. However, the decaying kitchen waste
can also be considered a potential source of harmful fungal metabolites — mycotoxins. Although
many genera of toxicogenic moulds have been identified in composted substrate and composting
facilities [2], little information is available on the occurrence of mycotoxins in compost [3, 4].

The aim of this study was to investigate whether mycotoxins can be produced during the composting
of selectively collected organic municipal waste (i.e. kitchen waste). The study was carried out on a
semi-technical scale in a 550 L reactor with passive aeration. To adjust the moisture and porosity of
the kitchen waste as a composting substrate, leaves (31.7% w/w) and wood chips (12.2% w/w) were
used as structural material. The composted substrate was sampled every five days and the samples
were analysed for basic physicochemical changes (fraction, moisture, loss of ignition) and respiro-
metric activity (AT4). The process was carried out until the AT4 value dropped below 10 g O,/kg dry
matter. The collected substrate and leachate samples were then analysed for the content of selected
mycotoxins (deoxynivalenol, fumonisins, nivalenol, ochratoxin, T-2 toxin, zearalenone) by extraction
with affinity columns and HPLC. In addition, several samples of commercial compost were analysed
for mycotoxin content.

The composting process lasted 45 days. Thermophilic conditions were reached in the reactor within
two days (the highest temperature recorded reached 62.6 °C). The final result was a mass reduc-
tion of 78.2 kg (40.4%) and a loss of dry organic matter of 18.17 kg (26.9%). The final AT4 value was
9.82 g 0,/kg dry matter. Finally, the percentage of the smallest substate fraction (< 10 and 10— 40
mm) increased noticeably at the end of the process. The observed changes in the indicators con-
firm the successful stabilisation of the composted substrate. Although the substrate was intensively
colonised with various mould species at a very early stage, none of the mycotoxins examined were
found above the detection limit of the method in any of the samples (compost, leachate). The ab-
sence of mycotoxins in the composted material could possibly be due to the fact that no toxicogenic
mould species grow on the substrate or that there are no favourable conditions for the mycotoxin
production. Interestingly however, traces of zearalenone were found in the commercially available
compost samples.

No mycotoxins were found in the composted substrate during the 45 days of the experiment, sug-
gesting that compost from kitchen or garden waste should not be considered as a significant source
of mycotoxins. However, the traces of zearalenone found in commercial compost necessitate closer
examination/screening of compost samples from large-scale composting plants.
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Bio-based and biodegradable polymers, commonly referred to as bioplastics, have emerged as
promising alternatives to petroleum-based plastics [1]. Among them, cellulose (Cel) and polybuty-
lene succinate (PBS) based materials have attracted attention due to their similar properties to con-
ventional plastics. As they are labeled as biodegradable and compostable, composting is considered
the preferred end-of-life scenario for these materials. For effective waste management, it is import-
ant to determine polymers’ biodegradability under aerobic conditions. This may help to understand
their fate in the environment and develop sustainable solutions for their disposal.

Two types of commercially available bio-based and compostable materials were used: Cel and PBS.
The materials (2.5% (w/w)) were shredded to a particle size of 10 mm x 10 mm and mixed with ma-
ture compost (C) from biowaste. The biodegradability of bioplastics based on oxygen consumption
(OC) (OxiTop® Control System) at 58°C. The OC for bioplastics followed pseudo 1% order kinetics.
The values of kinetic coefficients (C_, k) were obtained by nonlinear regression analysis (Statistica
software, version 13.3 (StatSoft, Tulsa, OK, USA)). The biodegradability of the bioplastics was also
determined based on the microscopic changes on the surfaces (binocular microscope, 1.5%). The
microscopic images were taken until the bioplastic samples were too brittle for analysis. Based on
the elemental composition of the bioplastics, and assuming that they were completely converted to
CO, and H,0, the theoretical amounts of oxygen consumed (Th-O,, g O,/kg VS) were determined [2].

The OC was measured in C+Cel, C+PBS and in C alone. The measurement is based on the principle
that OC by microorganisms during the biodegradation process leads to a decrease in pressure (hPa)
inside a bioreactor which is detected and recorded by the pressure sensor at a predetermined time.
The pressure changes for the bioplastics were calculated as the difference between the pressure
changes for C with bioplastic and C alone [Figure 1].

Regarding Cel, although the pieces of the material were visible in the compost only for the first
2 days, the oxygen was consumed intensely within 12 days of the test. Maximal OC was found to be
ca. 943.0g 0,/kg VS. In contrast, the oxygen was consumed by PBS for 60 days of the measurements,
and the material remained visible in compost for 16 days. Maximal OC was ca. 1211.0 g O,/kg VS.
The initial rate of OC (as the product of C _and k) by Cel-based material was 3.5 times higher than
with PBS-based material (169.7 vs 48.4 g O,/(kg VS d)). Th-O, were 1143 and 1894 g O_,/kg VS for
Cel and PBS, respectively. This means that experimentally determined OC accounted for 83 and 63%
of Th-0,.

Both Cel- and PBS-based foils were biodegradable under aerobic conditions at a constant tempera-
ture of 58°C. However, the results indicated that the Cel-based material is more susceptible to bio-
degradation than PBS, as the oxygen was consumed faster for Cel biodegradation and the Cel pieces
were visible in the compost within a shorter time than for PBS.
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Figure 1. Pressure changes measured in C+Cel, C+PBS and in C alone and these calculated as the difference
between the pressure changes for C with bioplastic and C alone during Cel and PBS biodegradation under
aerobic thermophilic conditions
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Figure 2. OC for Cel and PBS biodegradation under aerobic thermophilic conditions; the values of Th-O,
and kinetic model were given
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! Department of Environmental Biotechnology, Faculty of Geoengineering, University of Warmia and Mazury in Olsztyn,
Poland

Recently, bioplastics made from renewable resources have gained popularity as a sustainable and
environmentally friendly alternative to conventional petroleum-based plastics. However, under-
standing the biodegradability of these materials is crucial for assessing their actual impact on the
environment. One of the innovative approach for assessing biodegradability is to combine micro-
scopic observations with the evaluation of changes in mechanical properties during biodegradation
to obtain a comprehensive understanding of the process. Microscopic observations allow the exam-
ination of the surface of bioplastics and the observation of visible changes (presence of cracks or
crevices) caused by degradation. Assessing changes in the mechanical properties (tensile strength or
elongation at break) of bioplastics can be another valuable indicator of their biodegradation. These
observations provide valuable insights into the progress of biodegradation.

This study investigated the biodegradability of commercial bioplastics (foils based on polylactic acid
(PLA) and starch (S)) during composting at 58°C with mature compost from biowaste as the inocu-
lum. Bioplastics constituted ca. 2% of compost. The biodegradability of the bioplastics was deter-
mined by the microscopic changes on their surface (binocular microscope at 1.5x magnification) and
the changes in mechanical properties (static tensile test with a TA.HD.Plus) during composting.

The PLA-based material was visible in compost for 20 days of biodegradation. From the 8th day
onwards, the material started to tear strongly and by the 20th day only small pieces were visible in
the compost. The material lost its mechanical properties within 8 days. During this time, the tensile
strength and elongation at break decreased from 21 MPa to 13 MPa and from 210% to 20%, re-
spectively. In contrast, S already broke on contact on 2 day of degradation. However, the pieces of
material were visible within 12 days. Determination of the mechanical properties was only possible
for 1 day, when the tensile strength and elongation at break decreased from 19 MPa to 7 MPa and
from 120% to 11%, respectively.

Both PLA- and S-based bioplastics biodegraded under composting conditions at 58°C. However, the
results showed that the PLA-based material was less susceptible to biodegradation than S, as the
pieces of PLA were longer visible in the compost and lost their mechanical properties in a longer
period of time than S (20 days and 8 days vs 12 days and 1 day).
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INFLUENCE OF MICROWAVE RADIATION ON ANAEROBIC TREATMENT
OF THE HIGH-LOAD POULTRY WASTEWATER

Marcin Zielinski', Marcin Debowski!, Paulina Rusanowska?, Joanna Kazimierowicz?

1Department of Environment Engineering, Faculty of Geoengineering, University of Warmia and Mazury in Olsztyn, Poland
2Department of Water Supply and Sewage Systems, Faculty of Civil Engineering and Environmental Sciences, Biatystok
University of Technology, Poland

Introduction: Increased demand for poultry preparations and meat around the world has triggered
a rise in meat processing facilities [1]. This directly affects the volume of processed meat and the
generation of waste — including high-OLR (organic load rate), high-nutrient sewage [2]. This type of
effluent poses a substantial environmental hazard, necessitating methods for its treatment, effective
neutralization, and safe discharge to surface water [3]. The hazard relates to sanitary risk, malodor-
ous emissions, and potential contribution to eutrophication and degradation of natural water bodies
[4]. One of the preferred methods of treating industry effluent —shown to be effective both in exper-
imental studies and in large-scale facilities — is anaerobic digestion (AD) [5]. The aim of this study was
to assess the influence of electromagnetic microwave radiation used as a heat source on impacts
to anaerobic processing of high-load poultry wastewater, and to compare the performance of the
MW-heated system against a conventionally heated one. The investigation also includes studying
the bacterial communities with PCR-DGGE.

Methods: High-load poultry wastewater (H-LPW) served as the test material. The study was conduct-
ed in dynamic conditions using model anaerobic continuous stirred-tank reactors (ACSTR) running in
semicontinuous mode. The experiment was divided into two stages (S) with different methods used
to raise the temperature inside the ACSTR. For stage 1 (S2), the reactors were conventionally heated
(C) with electric heaters, whereas for stage 2 (S2), microwave heating (MW) was used instead. The
experimental works were also divided into two series (SER), depending on the temperature of the
anaerobic digestion (AD) process — mesophilic digestion (35°C) in series 1 (SER1) and thermophilic
digestion (55°C) in series 2 (SER2). Each experimental series was further subdivided into 6 process
variants (V) with different OLR. Shorter hydraulic retention times (HRT) resulted in higher OLRs.

Results: Microwave heating (MWH) was found to boost the CH, fraction in the biogas under mesophilic
conditions (35°C) as long as the organic load rate (OLR) was maintained within 1.0 kgCOD/dm?3-d to
4.0 kgCOD/dm?3-d. The best performing variant — EPM heating (55 °C), OLR = 3.0 kgCOD/dm3-d, HRT
= 5 days — produced 70.4 + 2.7% CH,. High COD and TOC removal, as well as the highest biogas
yields, were achieved for loadings of 1.0 gCOD/dm?3.d to 4.0 gCOD/dm3-d. Effluent from the EMR-
heated reactors (1.0 gCOD/dm?-d) contained, on average, 0.30 + 0.07 gO,/dm?® at 55°C and 0.38 +
0.10 g0O,/dm? at 35°C. The corresponding COD removal rates were 97.8 + 0.6% and 98.1 + 0.4%,
respectively. The 5.0 gCOD/dm?3-d and 6.0 gCOD/dm?3-d OLR variants showed incremental decreases
in performance. Based on the polymerase chain reaction results of 16S rDNA analysis, diversity of
bacterial communities were mostly determined by OLR, not way of heating.

Conclusions: The present study has shown that MW reactor heating has a positive effect on H-LP-
SW anaerobic digestion performance. MW heating produced a significant benefit by increasing the
CH, fraction under mesophilic conditions (35°C) as long as the OLR was maintained within 1.0 kgCOD/
dm3.d to 4.0 kgCOD/dm3-d. MW did not prove to have a significant effect on the other performance
indicators monitored concerning H-LPSW treatment and anaerobic digestion. Under thermophilic
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conditions (55°C), the conventionally heated and MW-heated reactors performed similarly. On the
other hand, the present study did show that the thermophilic process (55°C) performed significantly
better than the process at 35°C. Nevertheless, the OLR was found to be the primary determinant of
performance.

Regarding the type of heating for the fermentation process, there was no significant effect on the
evolution of the anaerobic bacterial community in bioreactors. Based on the polymerase chain re-
action followed by denaturing gradient gel electrophoresis (PCR-DGGE) results of 16S rDNA analysis,
diversity of bacterial communities was mostly determined by OLR.
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FROM WASTEWATER TO FOOD AND BACK — CIRCULAR ECONOMY
IN WASTEWATER TREATMENT PLANT

Aleksandra Ziembinska-Buczynska?, Grzegorz Cema?, Mohamed Saad Hellal®,
Kishore Kumar Kadimpati?, Filip Gamon?, Magdalena Cwiertniewicz-Wojciechowska?,
Jolanta Turek-Szytow?, Justyna Michalska?, Agnieszka Dudto?, Joanna Surmacz-Goérska'

! Environmental Biotechnology Department, Faculty of Power and Environmental Engineering, Silesian University of
Technology, Gliwice, Poland

Wastewater is not nice, it does not smell nice and it does not look nice. We don’t like wastewater
and we would like to get rid of is as fast as possible. Nonetheless, modern world suffer from omni-
present excess. To protect environment, zero waste idea should be implemented also in wastewater
treatment plants. Does it link anyhow with food and its production? It appears that circular economy
concept links strongly wastewater treatment plant with food production. Even more interesting is
that it links these issues both way: from food to food via wastewater. How does it work? Feel very
welcome to join this lecture for this phenomenon explanation.

Funding: The first author is supported by Polish Ministry of Science and Higher Education for statu-
tory activity of the Faculty of Power and Environmental Engineering SUT, 2021 (BK-253/RIE7/2023).
The research presented in this work is financed with Polish-Norwegian Research Programme oper-
ated by the National Centre for Research and Development under POLNOR 2019 (NOR/POLNOR/
WASTEVALUE/0002/2019-00) and (NOR/POLNOR/SIREN/0069/2019-00).
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TREATMENT OF OLIVE MILL WASTEWATER FOR UTILIZATION
IN FERMENTATION PROCESS
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Olive oil is an economically valuable product, especially for the countries around the Mediterranean.
The extraction of olive oil consists of releasing of oil from olive by crushing and oil separation by using a
three phase or two phase centrifugation systems. The three-phase system produces olive mill wastewa-
ter (OMW) derived from the additional water used in oil extraction and soft tissues of the olive, while
the two-phase system forms a solid fractions comprising of a mixture of pomace and wastewater [1].
OMMW has high organic carbon, suspended solids, high chemical oxygen and biological oxygen demands
and for that it is regarded as an environmental hazard when not properly treated, as it contains high
concentrations of organic and inorganic substances and also phenolic compounds [1, 2]. The treatment
of OMW could be achieved by utilizing physical, chemical, physicochemical methods and bioremedi-
ation. Adsorption, a chemical method, is one of the appropriate, cost efficient, and commonly used
method for the removal of the phenolic compounds from OMW by using several adsorbents including
mainly activated carbon [3, 4]. The both treated and untreated (might be only diluted) OMW can be
valorised as substrates for processes of some industrial bioproducts such as biogas, biofuel, bioplastic,
biopolymers, enzymes, organic acids and, sugar alcohols [5, 6]. In our study, OMW provided from the
three-phase system was treated by using activated carbon for removal of its total phenolic compound.
Effects of the treatment conditions (temperature, amount of activated carbon, contact time and shak-
ing rate) on the amount of total phenolic compound were investigated and modelling was performed
by response surface methodology. Optimum treatment conditions were determined as; 42.01°C tem-
perature, 6.99 g/100mL amount of activated carbon, 128.55 minutes contact time and 193.99 rpm
shaking rate. By treatment at these conditions, 97% phenolic compound and 50% COD reduction were
achieved. OMW treated at optimum conditions was evaluated as a potential fermentation medium.
Growth of the yeast Yarrowia lipolytica was investigated in both treated and untreated OMW. Yeast
growth was not observed in untreated OMW and it was very low even after glucose supplementa-
tion. 1.5 and 3 logarithmic unit increase in yeast growth was obtained in treated OMW before and
after glucose supplementation, respectively. Yeast specific growth rate also increased by the treatment
process. This study revealed that OMW treated with activated carbon could be used in fermentation
process for production of some bioproducts.
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CHALLENGES OF THE CHEESE PRODUCTION SECTOR IN THE FACE
OF NEW ECOLOGICAL STRATEGIES AND SUSTAINABLE DEVELOPMENT

Justyna Borawska-Dziadkiewicz!
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The observed climate changes, the consequences of the COVID-19 pandemic and the war in Ukraine
force a new, more ecological and sustainable view at food production. Food systems which today ac-
count for nearly one-third of global greenhouse gases emissions, consume large amounts of natural
resources, result in biodiversity loss and negative health impacts (due to both under- and over-nutri-
tion) and do not provide fair economic returns for primary food producers, especially farmers. The
answer to this is, among others, ‘The Farm to Fork Strategy’. This is the strategy proposed by the
European Commission as the heart of the European Green Deal “aiming to make food systems fair,
healthy and environmentally-friendly”.

According to EU Commission documents “The Farm to Fork Strategy” aims to “accelerate our tran-
sition to a sustainable food system that should: have a neutral or positive environmental impact;
help to mitigate climate change and adapt to its impacts; reverse the loss of biodiversity; ensure
food security, nutrition and public health, making sure that everyone has access to sufficient, safe,
nutritious, sustainable food; preserve affordability of food while generating fairer economic returns,
fostering competitiveness of the EU supply sector and promoting fair trade”.

The entire food production sector is facing such challenges, including the dairy sector and cheese
production. Answers are sought to calls for limiting the consumption of energy and water, reducing
the production of waste, and preferably their use. The search for new, more ecological and sustain-
able sources of protein in the diet is also a challenge. What is more, scientists and manufacturers are
trying to design new products with additional health-promoting properties or targeted at appropri-
ate groups of consumers (children, the elderly, etc.).

The presentation will provide the examples of pro-ecological and sustainable solutions in the dairy
industry for instance the cheese production.
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UNKNOWN ASPECTS OF CHLOROPHYLLS AND THEIR
PURIFICATION PROCESSES
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Food colorants are widely used for protecting, enhancing or modifying the desired color and stan-
dardizing their appearance by controlling color change or deterioration. They can be classified into
two groups as natural and artificial colorants. Ponceau 4R (E 124), indigotin (E 132) and tartrazine
(E 102) are some examples of artificial colorants. Even though artificial colorants are preferred due
to some technical and economic reasons, their use is sometimes restricted by legislation because of
their potential health hazards. On the other hand, natural food colorants such as curcumin (E 100),
lycopene (E 160d), and chlorophyll (E 140) have recently draw attention not only for their attractive
coloring properties but also for their potential benefits on health.

Chlorophylls are the green colored pigments abundantly found in nature. Although they have many
types, only two of them, namely chlorophyll a and chlorophyll b are the main components of pho-
tosystems in photosynthetic organisms. Recent studies have revealed that chlorophylls have numer-
ous beneficial effects on human health. For instance, they strengthen the immune system, detoxify
the blood and the organism, eliminate the foul mouth and body odor, protect against diseases like
cancer, etc. Thus, they have become very popular in food, cosmetic, nutraceutical and pharmaceuti-
cal applications, with an increasing market size of around $300 million.

Chlorophylls are soluble in organic solvents like ethanol, methanol, hexane, acetone, petroleum
ether, etc. and can be extracted by various techniques such as liquid-liquid extraction, solid phase
extraction, ultrasonic-assisted extraction, microwave-assisted extraction, etc. After extraction, they
can be purified using various chromatographic techniques such as column chromatography, thin
layer chromatography, liquid chromatography, etc. There is no doubt that the higher the purity of
the product, the higher the added value it provides. Products with a purity over 90—95% can be used
as standard compounds in analytical and toxicological studies. In this study, the general properties
and health benefits of chlorophylls are explained, their extraction and purification techniques are
discussed and most recent applications are provided.
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TARHANA AS A SOURCE OF BIOACTIVE PEPTIDES -
A PRELIMINARY STUDY
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Tarhana is a dried, fermented mixture of yogurt and cracked wheat or wheat flour consumed widely
in Turkiye. It possesses good nutritional qualities and extended storage stability [1].

Regional variations may be present in tarhana production techniques. For example, in Kahraman-
maras province, tarhana dough is generally prepared by mixing yogurt and cooked wheat. The mix-
ture is then dried by laying it in a thin layer to get the final product in the form of chips. Kahraman-
maras tarhana is usually consumed as a snack in the form of chips. In Denizli province, additional
ingredients like onions, peppers and tomatoes are also used. Moreover, the dried tarhana is ground
into granules approximately one millimeter-wide diameter. The tarhana granules are mainly used to
make a thick and creamy soup. The soup has a strong flavor and can be easily digested [2].

The aim of the work is a comparative analysis of several types of tarhana from different regions of
Turkiye.

The experiment included in silico and in vitro analyses. In silico (bioinformatic) analysis covered the
selection of milk and wheat proteins, the calculation of the profile of potential biological activity
of milk and wheat proteins and computation of quantitative parameters. All definitions of the pa-
rameters applied are available in the BIOPEP-UWM database [3]. The sequences of milk and wheat
proteins were downloaded from the UniProt database [4]. In vitro analysis included the extraction
and identification of bioactive peptides derived from several types of tarhana with the use of chro-
matographic and mass spectrometry analysis.

These studies will help to determine if the method of preparation (technological process) could af-
fect the bioactivity and release of bioactive peptides.

Funding: Project financially supported by Minister of Education and Science in the range of the
program entitled “Regional Initiative of Excellence” for the years 2019-2023, project no. 010/
RID/2018/19, amount of funding 12.000.000 PLN.
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OPTIMIZATION OF FOOD COMPOSITION IN TERMS OF IMPROVING
THE HEALTH AND QUALITY OF CONSUMERS’ LIFE
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Information on the food product composition and nutritional value as well as the impact of food
processing methods, is extremely valuable for both producers and consumers as it leads to the opti-
mization of food composition thanks to which its beneficial effect on human health increases.

The aim of our research was to improve the state of knowledge on:

% the impact of traditional and unconventional food processing methods on the content of
health-promoting ingredients, including vitamins, minerals, phenolic compounds and essential
fatty acids;

the content of bioactive ingredients in traditional and new food, e.g., enriched with natural in-
gredients of plant origin or probiotic bacteria;

the impact of the method of obtaining raw materials on the level of bioactive ingredients and
their possible use in the pharmaceutical industry;

s the content of harmful compounds such as carcinogenic Maillard reaction compounds or oxalic
acid contributing to mineral deficiencies.

o
2

¢

o
2

X/
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The analysis within the research were conducted using advanced techniques of instrumental analy-
sis and developed sensory analysis methods.

An extremely important area of the team’s research was the assessment of nutrients which defi-
ciencies in the diet are common, such as vitamins, minerals, plant polyphenols, as well as the search
for solutions that could contribute to increasing the share of these deficit nutrients in the diet of
the modern population. In the era of highly processed food consumption and the dynamic increase
in civilization diseases such data is extremely valuable. The team’s research work contributed to a
significant increase in basic knowledge about the impact of food processing, including innovative
methods, on the losses of vitamins, phenolic compounds and minerals in various groups of food
products. New knowledge was provided on the possibility of increasing the content of natural fo-
lates, B vitamins, in food products after fermentation (probiotic bacteria) or biofortification (enrich-
ment of bread with fresh spinach and kale). The market of dietary supplements and food fortified
with folic acid was also analyzed pointing to the need to increase control in terms of possible adul-
teration of these products. It was determined how to cultivate and harvest plant raw materials and
what parameters of unit operations in food processing are conducive to the highest possible content
of phenolic compounds in final products. Their possible use as a component that increases the sta-
bility of nano emulsions was also shown. Moreover, it was indicated under what conditions phenolic
compounds should be extracted from raw materials so that their extracts can be used in pharmacy
in medicinal preparations [1-9].

Our approach was the response to the new challenges that appear on the food market, both domes-
tic and foreign, as evidenced by the cooperation with international centers within the completed
research.
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EFFECTS OF AUTOIMMUNE PROTOCOL DIET (AIP) ON CHANGES IN THYROID
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Introduction: Hashimoto’s disease (HT) is one of the most prevalent autoimmune endocrine disor-
ders causing thyroiditis and hypothyroidism. There is a need for insight into the heterogeneity of
Hashimoto’s patients’ dietary patterns to improve dietary therapy of the condition. The standard
treatment of thyroid dysfunction is the substitution of thyroid hormones, usually without interfering
with the patients’ nutrition, because there are no uniform and detailed recommendations in this re-
gard. However, they could also be insufficient due to the individual approach in the group of patients
internally differentiated in the nutrition model. The aim of the study were: (stage 1) to analyze the
dietary patterns followed by patients with Hashimoto’s disease; (stage 2) to determine whether the
nutritional management with the use of the dietary autoimmune protocol (AIP) can improve the val-
ue of biochemical indicators and improve the subjectively assessed mental and physical condition.

Material and methods: The first stage of the study was performed online using a food frequency
guestionnaire KomPAN®, which studies dietary habits and nutrition beliefs. The frequency of con-
sumption of 34 food products was assessed in 406 patients. In the second stage, the effectiveness
of the AIP diet was tested in 28 patients based on the values of anthropometric parameters (body
weight and height, body fat and muscle mass), biochemical indices (TSH, fT3, fT4, aTPO, aTG) and
ultrasound images of the thyroid gland, before and after 12-week diet implementation. Factor anal-
ysis (PCA), the k-means method, the c2 test of independence, the t-test for paired samples, multiple
regression models were used for statistical analysis of the results (SAS 9.4 statistics package at the
level of significance a = 0.05).

Results: In the group of 382 people (94.1% women; 24, 5.9% men, and women to men ratio 15.9;
an average age of 35.6 years), 4 dietary patterns were distinguished: Convenient/modern, Nonmeat,
Pro-healthy, Carnivores. The patterns were differentiated, among others, by the type of work, eco-
nomic factors, reasons for using the diet and its duration, well-being, type of ailments. The study of
the effectiveness of the AIP diet after 12 weeks of implementation showed no differences in energy
intake, but an increase in energy from protein at the expense of that from fat; increasing the intake
of beta-carotene, dietary fibre, minerals and vitamins. There was a statistically significant decrease in
body weight by 4.8%, BMI by 5 units, muscle tissue content by 4.4% and fat by 9.9% in the subjects.
The main thyroid function parameters TSH, fT3 and fT4 were within the normal range, although the
AIP diet lowered their values, and for fT3 and fT4 the decreases were statistically significant, by 13%
and 12%, respectively. In addition, an increase in aTPO by 40% and a decrease in thyroid volume by
5.3-6.2% were observed. The effect of the AIP diet was a reduction in the number of people who
previously reported fatigue, sleepiness, poor concentration and dry skin. Thanks to multiple regres-
sion models, the influence of certain nutrients on changes in thyroid parameters was also identified.

Conclusions: Hashimoto’s patients differed in their food products choices, food choices motives,
dieting experience, nutritional knowledge, smoking habits, food alergies and intolerances, lipid dis-
orders, and thus represent different eating patterns. However, these patterns were not determined
by comorbidities or majority of ailments. The AIP diet over 12 weeks did not cause a radical decrease
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in the value of key indicators, i.e. aTPO titre and thyroid volume reduction. However, the AIP diet
has many advantages, but it should be used in consultation with a dietician and doctor in order to
determine the appropriate composition of the diet and monitor its physiological effects. The use of
a personalized AIP protocol can lead to an improvement in the quality of life, a positive change in
mental state, stress reduction, greater ease of coping with the daily effects of the diet, and above all,
to alleviating the adverse ailments associated with Hashimoto’s disease.
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The biodiversity and quantity of microorganisms in honey are variable and unique to the honey sam-
ple analysed. They are dependent on honey quality (properties of honey), which is determined by a
variety of factors during honey production and treatment.

The aim of the work was to determine the percentage of water content, water activity, quantitative
representation of total plate count of microorganisms, coliform bacteria, yeasts and filamentous
microscopic fungi in ten types of honey from Slovakia. To test the antibacterial activity against four
species of bacteria: Escherichia coli CCM 4225, Pseudomonas fluorescens CCM 1969, Enterococcus
faecalis CCM 1875 and Staphylococcus aureus CCM 299, in five selected honey samples. The honeys
were obtained from domestic beekeepers and purchased in the summer of June-August 2021 from
the Spis region which is surrounded by four national parks: the Tatra National Park, the Pieniny Na-
tional Park, the Slovak Paradise National Park and the Low Tatras National Park. Water content was
determined by refractometer, water activity by LabMaster, quantitative abundances of microorgan-
isms by plate dilution method and antimicrobial activity by well diffusion method using undiluted
and diluted honeys with concentrations of 50%, 25% and 12.5%, respectively.

In terms of physicochemical properties, the water content ranged from 18.5% to 22%, and the water
activity ranged from 0.472 to0 0.517, the honeys contained very little water usable for microorganisms.
Fromthemicrobiologicalanalyses, thetotal plate countof microorganismsrangedfrom<1.10'KTJ.g*to
3.6.10% KTJ.g* of honey, coliform bacteria were not present at all in the samples, yeasts and mi-
croscopic filamentous fungi were also not present in the seven honeys, the maximum number of
yeasts was low at 3.6.10'KTJ).g?, and the maximum number of filamentous microscopic fungi in the
remaining three honey samples was <4.10* KTJ.g*. All honey samples showed excellent antibacterial
activity, especially against Staphylococcus aureus which was the best inhibited among the bacterial
species studied. The second most inhibited species was Pseudomonas fluorescens, followed by Esch-
erichia coli and for Enterococcus faecalis we observed the smallest zones of inhibition. The highest
inhibitory effect was obtained at the highest honey concentrations and decreased proportionally
with decreasing concentration.

The resulting microbiological quality and antibacterial effect of honeys from the Spis region was
very good. It should be added, however, that these properties can vary considerably between honey
types according to geographical and botanical origin, bee genetics and the microorganism on which
they are intended to have an effect.

Funding: This work was supported by project VEGA 1/0517/21.
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Currently, consumer interest in products enriched with edible insects is growing. Insects are attrac-
tive mainly from the point of view of their protein content with a favourable content of essential
amino acids, as well as their content of mineral compounds, especially calcium and iron.

The aim of the study was to determine the total dry matter, crude protein, fat, and ash content; an-
tioxidant activity (by the DPPH method), total polyphenols, mineral compounds composition (AAS),
caloric value and sensory profile (colour, aroma, taste, aftertaste, fragility, crumbliness, overall ac-
ceptability) of durable pastry — crackers enriched with 5% addition of edible insects (cricket, meal-
worm, grasshopper; insects were added in the form of powder). To compare the results, a control
sample without addition was prepared.

The dry matter content observed samples was in line ~ 91%,; fat content ~ 33%, crude protein con-
tent ranged from 15.16% (variant with grasshopper) to 15.96 % (variant with cricket). The highest
ash content was found in the sample with the addition of cricket (1.56%). The control sample showed
the lowest antioxidant activity, as well as the content of total polyphenols (1.99 mg TEAC/g; 0.51 mg
GAE/g; TEAC — Trolox equivalent antioxidant capacity, GAE — gallic acid equivalent). The highest anti-
oxidant activity was found in the sample with the addition of cricket powder — 2.52 mg TEAC/g. The
highest value of total polyphenols — 0.77 mg GAE/g) was determined in the sample with addition of
grasshopper. The addition of insects positively affected the content of mineral substances, especially
zinc — control sample 11.69 mg/kg, while the value in sample with addition of cricket powder was
13.95 mg/kg. Higher amounts of manganese and iron were also detected in all enriched samples.
The presence of risk elements from the group of heavy metals, especially lead and cadmium, was
not detected in the samples. The caloric value in the analysed samples varied from 570.05 kcal/100
g (control) to 584.07 kcal/100 g (crackers with the addition of grasshopper). From the sensory point
of view, crackers with the addition of grasshopper were evaluated as the best from all enriched vari-
ants, but the control sample was rated the best overall, which indicates that Slovak consumers still
have certain prejudices and reservations about edible insects.

The results of this study showed that edible insects are an attractive raw material, which can in fu-
ture expanded the assortment of products on Slovak market and increase the nutritional benefits of
enriched products. However, there is a need for constant education and information of consumers
to can take an objective position without prejudice.

Funding: This work was supported by project 06-GASPU-2021 and by project NITT SK Il Narodnd
infrastruktdra pre podporu transferu technolégii na Slovensku.
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Tea is a well-known and eagerly bought product all over the world. The high nutritional value of its
infusions results primarily from the presence of a large amount of phenolic compounds and their
strong antioxidant activity. A good source of these ingredients is also buckwheat husk, which is treat-
ed primarily as a by-product obtained in large quantities during the processing of buckwheat seeds
into groats. Buckwheat hull is mainly used for non-food purposes, and due to its health-promoting
potential, it is worth conducting research on its use in the food industry [1-5].

The aim of this study was to determine the effect of buckwheat hull’s addition on the nutritional
value of tea infusions measured by the level of phenolic compounds.

The research material was green leaf tea without additives purchased in 2019 in one of Olsztyn’s
(north-eastern Poland) supermarkets and ground buckwheat hull purchased at the same time in one
of Olsztyn’s health food stores. Tea infusions (treated as control samples) were prepared by pouring
2 g of dry tea leaves with 100 ml of boiling deionized water, and infusions with hull were prepared by
replacing 30 and 60% of tea leaves with buckwheat hulls. Infusions obtained from buckwheat hulls
(2 g) flooded with boiling deionized water (100 ml) were also analyzed. All water infusions were pre-
pared for 3, 7, 11 and 15 minutes, and after it they were filtered. In the obtained filtrates, the total
content of phenolic compounds was determined using the colorimetric method with the Folin-Ci-
ocalteu reagent [6—7]. The content of phenolic compounds was expressed as gallic acid equivalent
using the regression equation y = 0.009x—0.0004.

On the basis of the obtained results, it can be stated that buckwheat husk affects the nutritional value
of green tea infusions measured by the level of phenolic compounds. It is most beneficial to replace
30% of tea leaves with husk, because it increases the level of these compounds in infusions prepared
for 3 and 7 minutes. The same amount of buckwheat hulls added to tea leaves extracted over a longer
period of time did not increase the content of polyphenols, which is probably caused by relatively slow
release of these compounds from tea leaves in the first minutes of infusion preparation and the more
noticeable role of the husk as a source of these ingredients at the beginning of extraction. From the
11th minute of infusion preparation, the highest content of polyphenols was found in tea without the
addition of hull, which proves that the most effective transfer of phenolic compounds to tea infusions
takes longer than 7 minutes, which is confirmed by our previous research [2—-4].

The conclusion of the conducted research is the statement that it is ineffective to replace tea leaves
with buckwheat hulls at a level higher than 30%, because then the share of polyphenol-rich tea
leaves is significantly reduced and the nutritional value of its infusions decreases. It is worth empha-
sizing that the type of phenolic compounds present in tea leaves and buckwheat hulls is different,
therefore even a small addition of husk significantly increases the diversity of these compounds in
tea infusions, which affects a wider range of their health-promoting effects. Further research should
aim at determining the most favorable proportion of buckwheat hulls added to tea leaves, taking
into account not only the level of phenolic compound, but also the sensory characteristics of the
obtained infusions.
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Sous vide cooking has been known in catering services since 1970s but only recently, with a develop-
ment of more accessible and less expensive cooking equipment, it has become a popular technique
in gastronomy and home cooking. This technique ensures a good preservation of nutrients in food
as well as its desirable sensory quality, both due to the heat treatment of vacuum prepackaged food
at a precisely controlled low temperature. Especially in meat cooking an appropriate combination of
temperature and time of heat treatment is of importance as it determines a texture, juiciness and
flavour of final product, i.e. features which are crucial for meat dish acceptance by the consumers.
The temperatures used for meat sous vide cooking and reported in the literature are between 45
and 80°C, while cooking times are between 45min and 32h depending on the aim of study [1-3].
Such wide ranges of investigated cooking parameters make the use of this technique quite difficult
in practice.

The aim of the present study was to assess the effect of sous vide heat treatment on the selected
quality attributes of pork loin using various, relatively low temperature-time combinations.

Pork loins of 5-6 month old female pigs were purchased 24h after slaughter from a local meat sup-
plier and after storage at 4°C for 4 days each muscle was trimmed and cut into 2.5cm thick slices.
The slices were individually weighted and packed using vacuum sealer (Edesa VAC-20 DT, Barcelona,
Spain). Then the slices were cooked in water bath equipped with immersion circulator (Diamond Z,
Julabo GmbH, Seelbach, Germany) with temperature sensor, using temperatures of 57°C to 63°C for
3 to 5.5 hours. Meat was analysed in terms of cooking loss, water, protein and fat content, water
activity, pH value and oxidative changes. Instrumental measurements of colour and texture as well
as sensory evaluation of the tested material were carried out.

The study showed the increasing cooking losses with increasing temperature and extending the
time of cooking. The oxidative changes were significantly affected by the temperature and time
of cooking as well. All samples were characterized by the similar pH and water activity values.
A significant effect of temperature on the colour redness (a*) was noted, while the heating time had
no significant effect. Texture profile analysis showed the lowest hardness of samples cooked at 59°C
for 4.5 hours and at 60°C for 4 hours and 5 hours. The lowest chewiness values were recorded for
samples heated at 59°C for 4.5 hours and 5 hours. Sensory analysis showed that cooking the pork
loin at 59°C for 4.5 hours provided the most acceptable sensory characteristics of the tested samples
in terms of tenderness, juiciness, meat flavour intensity as well as overall acceptability.

The conducted research is one of the few that provide combined data on the effect of temperature
and time of sous vide heating on the physicochemical and organoleptic characteristics of pork, which
may have a practical importance in catering services. Future studies may include a different type of
meat, comparing sous vide cooking to other cooking methods, and/or further modifying time and
temperature parameters.
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Background: Men, in comparison to women, have a lower life expectancy as well as a higher prev-
alence of fatal chronic conditions and heart disease at a younger age, with premature mortality
due to non-communicable diseases being one of the leading public health challenges [1]. Effective,
feasible and sustainable dietary interventions are needed to help treatment and management of
cardiometabolic abnormalities and delay (or prevent) the need for pharmacological treatment. In
human pilot studies, it has been shown that time-restricted eating can reduce the risks of metabolic
diseases in overweight and obese healthy individuals [2], but data on lean subjects is scarce. Simulta-
neously, a new approach of flexitarian diet (predominantly plant-based diet) is gaining more interest
and is gradually being reflected in national dietary recommendations, confirming its beneficial effect
on cardiovascular health [3]. At present, there is a research gap on how to manage cardiometabolic
conditions in lean individuals with metabolic health problems, who do not require body weight re-
duction. Using the two latest approaches in dietary research related to WHEN and WHAT to eat the
aim of the study is two-fold: i) to investigate whether time-restricted eating (TRE) or flexitarian diet
(FD) can improve cardiometabolic health markers in normal weight, non-diabetic young men with
metabolic abnormalities; ii) to determine whether this effect will be stronger with the simultaneous
use of both treatments (TRE+FD).

Methods: A sample of n = 96 (24 in each of the four study arms) normal-weight, young men (<40
years old) will be recruited in 2023 (pending), with at least one metabolic abnormality: elevated fasting
blood glucose, or elevated blood lipids or raised blood pressure (BP). The sample size is based on sam-
ple size calculation, acknowledging the risk of potential drop-outs. Participants will be recruited from
the principal investigator’s (Pl) doctoral project sample, with additional online recruitment if required.
The study is planned as a 2x2 factorial randomised controlled trial (fRCT), hence participants will be
randomly assigned to one of four treatments: arm A (TRE), arm B (FD), arm AB (TRE+FD) and arm C
(control). Study protocol. Study visits will be carried at the Gastronomy, Dietetic and Food Bioassess-
ment Centre, which is unit of the Human Nutrition Department, Food Science Faculty, University of
Warmia and Mazury in Olsztyn. Participants will attend the centre on four occasions: pre-intervention
meeting, baseline data collection, end of the intervention data collection (after 8 weeks from baseline)
and data follow-up (20 weeks from the baseline). The three data collection time points will include the
assessment of: i) primary outcome — changes in fasting blood glucose; 2) secondary outcomes - chang-
es in other metabolic, inflammation and nutritional markers (insulin, HbAlc, TC, HDL, LDL, TG CRP,
Interleukin 6, homocysteine, vitamin B12), blood pressure (BP), body weight and composition (body
weight, BMI, WC, % body fat, VAS), endurance performance, sleep length and quality, general wellbe-
ing and satisfaction with treatment. Description of the intervention. Participants from the flexitarian
arm will be provided with dietary recommendations and meal suggestions. The control group will be
asked to maintain their habitual food intake. The diets will be designed as follows: arm A (TRE) with
6-hour eating window; arm B (FD) will be based on planetary diet recommendations; arm AB: treat-
ment TRE and FD combined; arm C: control treatment (habitual intake and unrestricted eating time).
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Project’s impact: The pathophysiology of metabolic abnormalities in lean adults is still not fully un-
derstood. The currently ongoing study can test a potentially effective nutritional intervention which
is feasible to adopt and sustainable (in line with recent planetary diet recommendations). Investi-
gating its effectiveness can provide a new approach to the prevention and treatment of metabolic
syndrome in young adults.
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The Directive (EU) 2019/904 has set new goals to reduce the impact of certain plastic products on
the environment. Recent changes in the legal regulations in the European Union regarding the use of
plastic have resulted in an increase in pro-ecological activities among food processors. The willingness
to change the food packaging system also results from changes in consumer awareness. The above
mentioned factors has led to an extensive research on packaging materials used in the food industry.

The aim of this study was to evaluate the influence of different packaging materials (standard foil:
BOPP (biaxially oriented polypropylene)/PET (polyester)/PE (polyethylene) for upper layer and APET
(polyethylene terephthalate)/PE (polyethylene) for bottom layer; foil 1 upper layer: PP (polypropyl-
ene)/PET (polyester)/PE/EVOH (ethylene-vinyl alcohol copolymer)/PE and bottom layer: PP/PE/EVOH/
PE, foil 2 upper layer: PP/PET/PE/EVOH/PE and PA (polyamide)/EVOH/PE, foil 3 upper layer: PP/PET/
PE and bottom layer: PA/EVOH/PE, foil 4 upper layer: PP/PET/PE and bottom layer: PA/PE, foil 5 upper
layer: PP and bottom layer: PP/PP) on the quality of three different ripening rennet cheeses packed
under different modified atmosphere (MAP) conditions in particular physicochemical, microbiological
and sensorial changes. The changes were monitored during a period of 90 days of storage at 2°C or 8°C.
For Gouda cheese, CO, content of the headspace of the packages was in the range 35-45%, whereas
for Maasdamer and Sielski Klasyczny cheese it was 55—65%. The following tests were used to verify
statistical hypotheses: repeated measures analysis of variance and multivariate analysis of variance.

Three-way ANOVA showed that the foil type influenced the moisture content of Gouda cheese stored
for a 90-day period at 2°C and for Sielski Klasyczny cheese at 8°C (P < 0.05), whereas the moisture
content was not dependent (P 2 0.05) on MAP conditions during storage. Moreover, the foil type
had a significant impact (P < 0.05) on free fatty acids (FFA) changes for Gouda and Sielski Klasyczny
cheeses stored at 2°C for 90 days. Sensory attributes changed significantly over storage time at 2°C
for all studied cheeses as affected by foil type (P < 0.05), while there was no effect of MAP conditions
(P>0.05). In general, the cheeses packed in standard foil and foil 4 were characterized by the highest
values of mean sensory attributes. Time was the most significant (P < 0.05) factor influencing most
changes in physicochemical and sensory attributes of cheeses stored at 2°C and 8°C. The storage
temperature did not affect (P > 0.05) the moisture of the samples during storage. In general, there
was an increase in the pH value during storage regardless of storage temperature.

It was possible to decrease the thickness of the packaging material from initial 103/250 um (standard foil),
lid and bottom respectively, to 98/100 um (foil 4) without affecting sensory attributes of the product.

This work was supported by the National Centre for Research and Development within Smart Growth
Operational Programme 2014-2020, Fast Track; Priority axis: Support for conducting R&D works by
enterprises; Action: R&D projects of enterprises; Subactivity: Industrial research and development
work carried out by enterprises (grant no. POIR.01.01.01-00-0759/18).
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In this work, based on a literature review and preliminary research experiments, we present the pos-
sibilities of using sorghum grain as a raw material for the production of plant milk analogues and as
a potential additive (flour replacement) in the production of special wheat bread. Sorghum occupies
the fifth place, after maize, wheat, rice and barley, in world cereal production. The largest producers
of sorghum in the world include India, the USA and Mexico, and France among European countries.
Currently, around 40% of the sorghum harvest in the world is used for consumption purposes, the
rest for fodder and other purposes (including production of biomass, bioethanol and biogas). In
Poland, sugar sorghum (Sorghum saccharatum) and Sudanese sorghum (Sorghum sudanese) are
cultivated for silage fodder. However, there are many reasons for expanding its domestic cultivation,
especially Sorghum bicolor (with white and red kernels), for food purposes. Sorghum grain has a
high nutritional value and its chemical composition is similar to corn grain. Particularly noteworthy
is the high concentration of various phytochemicals in this grain (including tannins, phenolic acids,
anthocyanins, phytosterols, flavonoids, carotenoids), with strong antioxidant properties.

Sorghum as a consumption grain (but not for bread) can be used for the production of functional
food, including gluten-free food. Sorghum grain is processed into flour and groats. Extruded and
expanded products, starch, spirit, beer and other alcoholic beverages, vinegar and molasses are
produced from it. Sorghum flour is used to make, among others, pasta, pies, pancakes, dumplings,
but rather based on its mixes with corn flour, wheat flour or bean flour. For culinary purposes, white
kernel sorghum varieties are usually used. Flour from sorghum (especially from white grain) can
be used as a substitute for bread flour for the production of wheat bread. However, its maximum
addition, for technological reasons, should not exceed 30%. Since there is no gluten in sorghum grain,
sorghum flour alone cannot be used to prepare a good bread dough. However, subjecting sorghum
flour to sour fermentation makes it possible to obtain good quality bread. As the authors’ own research
has shown so far, red and white sorghum meal can also be successfully used for the production of
plant drinks, which are substitutes for cow’s milk. The produced drinks differed in the addition of sor-
ghum meal (10%, 12%, 14%) in the recipe of the base variants. Variants of sorghum-based drinks were
also prepared with fruit flavorings (mango juice: addition of 2%, 4%, 6%, 8%; cherry juice: addition of
2%, 4%, 6%) in the recipe. The obtained plant drinks were characterized by favorable physicochemi-
cal properties (e.g. density, color parameters) and organoleptic properties. The highest marks in the
five-point organoleptic assessment were obtained by a drink based on white sorghum (14%) with the
addition of mango juice (8%).

The above indicates the desirability of increasing the use of sorghum grain and its products in human
nutrition, including the production of special bread and plant milk analogues, and also - continuing
research related to the assessment of the quality (including nutritional value, content of bioactive
components) of manufactured products.
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RECENT DEVELOPMENTS IN EXTRUSION COOKING TECHNOLOGY
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Extrusion cooking is a multi-step, multi-function baro-thermal process used worldwide to develop
novel food products. Over the last two decades, it has gained popularity in the food industry be-
cause it allows producing a wide range of products by changing the feeding ingredients and extru-
sion system parameters. These include soup and sauce mixes, pasta and noodles, third-generation
snack products, pretzel, meat analogues, croton, breading, cookies and crackers, corn chips and tor-
tillas, confectionery and other chocolate products, baby foods, texturized snack products, especially
expanded snack products, textured vegetable proteins and co-extruded filled products.

The widespread use of twin screw extruders in the food industry has made it possible to develop
high-quality and wide-range products. Despite the increased use of extrusion processing, it is still
a complicated process yet to be mastered. Exposure of the raw material processed during the ex-
trusion process to intense mechanical shearing as well as heat treatment significantly varies the
functional and nutritional properties of food components. Dependent on the extrusion operating
conditions, it allows starch gelatinization, protein denaturation, reduction of microbial load, enzyme
inactivation and colour changes. Therefore, slight variations in processing conditions affect process
variables and product quality. Product quality can change considerably depending on the extruder
type, screw configuration, raw material feed rate and feed moisture content, the temperature pro-
file in the barrel, screw speed, and die geometry.

The most important advantage of extrusion cooking technology is that the energy consumed per pro-
duction unit and the product cost are lower than other industrial cooking methods. It is also a versa-
tile and environmentally-friendly processing technique to manufacture cereal and pulse-based novel
foods (e.g., meat analogues, third-generation snacks, and breakfast cereals) with consumer appeal.

Recent studies in extrusion cooking technology revealed that to reduce thermal process contami-
nants (such as acrylamide) with the CO, injection method [1], to manufacture puffed snacks with
added value from some food industry by-products (e.g. bread crumbs, lentil bran) [2-4], to produce
relatively high-level of resistant starch [1], to prevent the effect of the high-temperature application
on the heat-labile nutrients (such as vitamins, antioxidants, and polyphenolics) [5, 1], to develop
third-generation high-protein content pulse-based snack foods [7]. The aim of this presentation is
to assess the recent development in extrusion cooking technology, along with the relation between
extrudate quality and extrusion system parameters. Moreover, outstanding features of the extrusion
processes with the greatest potential in producing novel food products were also considered.
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THE OLDEST WRITTEN DOCUMENTS OF GRAIN IN ANATOLIA:
KULTEPE TABLETS
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The use of script in Anatolia begins about 4000 years ago as a result of the trade with Northern Mes-
opotamia. The starting point of the written history of Anatolia is Kiiltepe, the Anatolian center of this
period, which is called the “Assyrian Colony Period”.

Kiltepe is at the center of the plain formed at the foot of Mount Erciyes, the highest mountain in the
Central Anatolian plateau. The longest river in Anatolia, the Kizilirmak, emerges from its source in Sivas
and passes through the mountainous region to the north of Kiiltepe. The plain where Kiiltepe is located
is enriched by the alluvial fill formed by a branch of the Kizilirmak. Kiiltepe has been at the center of
trade routes due to its location on the roads opening to Eastern Anatolia and the Mediterranean.

Kiltepe, which was inhabited about a thousand years before the Assyrian Colony period, gained its
real importance in this period. More than 23,500 cuneiform documents, mostly commercial ones,
found in the excavations light on the history of the Near East. Grains, one of the most important
materials in the history of world trade, are frequently included in these documents.

According to Kiiltepe tablets, wheat and barley are the leading agricultural products cultivated in
Central Anatolia also they were the most commonly used commercial items for borrowing, and
the interest on the loans was paid with grains. In Kiltepe texts, arsatum corresponds to wheat and
se>um to barley. The uttatum in the texts is a general name given to grains. In Kiiltepe texts, besides
cereals, bread, bulgur and beer produced from them are frequently mentioned. In addition, Ancient
Anatolian communities have shaped their commercial calendars according to the periods of agricul-
tural activities, and the payment dates of debts are determined according to these actions.

In addition to the written documents, archaeobotanical analyzes of the grain remains found in the
Kiltepe excavations are also carried out and it is known that they are the main food items in the
kitchen of the ancient Kiiltepe inhabitants [1-10].
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REPOSITORY OF AMINO ACIDS AND MODIFICATIONS -
A TOOL FOR ENLARGING SPACE OF FOOD PEPTIDES ANNOTATED
IN THE BIOPEP-UWM DATABASE
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Peptides belong to the most extensively studied biologically active compounds of food origin. They
are analyzed using in silico, in vitro and in vivo strategies. The first one includes e.g. annotation of
bioactive compounds in computer databases. Among them BIOPEP-UWM [1] has become standard
tool in peptide research.

Apart from 20 proteinogenic amino acids, bioactive peptides (e.g. originating from foods) may contain
non-amino acid moieties or residues subjected to various enzymatic or chemical modifications such
as phosphorylation, oxidation, hydroxylation, acylation etc. Even if there is no protocol for isolation or
synthesis of such peptide, its biological activity may be predicted in silico and annotated for instance in
the BIOPEP-UWM Virtual database [2]. In the case of peptides with modifications simulations may be
performed using compound representations expressed by chemical codes (e.g. SMILES).

The aim of the study was to equip the BIOPEP-UWM database with tool enabling annotation and
processing peptide or protein sequences containing residues enzymatically or chemically modified
amino acids as well as non-amino acid residues.

The newly launched part of BIOPEP-UWM, repository of amino acids, includes the following informa-
tion: compound ID, name, symbol in biological code developed on the basis of our earlier proposal
[3], InChlKey identifier, SMILES representation, number in the PubChem database, formula and infor-
mation about annotation in other databases. The search options include ID in the repository, name,
symbol in biological code, INChIKey, PubChem compound identifier (CID) and chemical formula.

Peptide or protein sequences annotated using symbols of modified amino acids or other components
are utilized by all applications available in the BIOPEP-UWM database [1, 2]: profiles of potential activ-
ity of protein fragments, calculation of quantitative parameters characterizing proteins as precursors
of bioactive peptides, proteolysis simulation or translation of amino acid sequences into SMILES code.

To date, BIOPEP-UWM database processed only sequences composed of proteinogenic amino acids
or their D-enantiomers. Recently the set of monomers being peptide components is significantly
enlarged. The database meets contemporary trends involving modifications in bioinformatic analysis
of peptides and proteins.

Funding: The project was financially supported from the funds of the University of Warmia and
Mazury in Olsztyn (project no. 17.610.014-110) and by the Minister of Education and Science within
the program entitled “Regional Initiative of Excellence” for the years 2019-2023, project no. 010/
RID/2018/19, in the amount of 12.000.000 PLN.
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SPACE FOOD: HISTORY AND FUTURE CHALLENGE
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Throughout human history, exploration of new lands was dependent on food and nutrition. The Na-
tional Aeronautics and Space Administration (NASA) is planning to send back humans on the Moon
and then to realize a mission of the first manned flight on Mars. Especially the second task is difficult,
as no resupply is feasible. All food must be taken from the Earth (or Moon) and also cultivated on Mars.

The biggest differences between food consumed on the Earth and in the Space are in the design and
packaging. The first Space flights lasted just a few minutes, so nothing was eaten by the astronauts.
The first man eating anything in the Space was in 1962 American astronaut John Glen. He consumed
semi-liquids that were squeezed straight from tubes and sucked up through straws. Solid food was eat-
en in the form of bite-sized cubes of freeze-dried and compressed foods. Now space food resembles
one consumed on the Earth, but it must be compacted so it doesn’t float around in the microgravity
environment. Any small pieces or drops of food can create serious problems to astronauts and the
spaceship. Liquid food must be prepared in special stations in which it is rehydrated and heated.

Food prepared for Marsian mission needs to have a shelf life of at least one year and the preparation
methods must be carefully developed. Food must contain all the necessary nutrients, help protect
the body from radiation, and be tasty and earth-like enough to provide psychological comfort. Right
now NASA created special programs to encourage different companies to have their input into new
ideas of space food.

Another challenge is growing food on Mars. Research on hydroponic systems has been conducted
for many years already. Probably artificial light must be used, as without the protective layer of a
thick atmosphere, the radiation from the Sun would potentially mutate and damage the crops. Be-
sides, growing crops on Mars surface is right now impossible as it does not have any soil with organic
matter. Mars regolith contains silicon dioxide and ferric oxide, with a fair amount of aluminum oxide,
calcium oxide, and sulfur oxide.
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The presence of N-glycans with N-glycolylneuraminic acid (Neu5Gc) residues in food products has
gained significant attention due to their potential health implications [1]. Humans lack the ability to
synthesize Neu5Gc, and its ingestion through food, especially meat and dairy products, leads to its
absorption into the bloodstream. The immune system recognizes Neu5Gc as a foreign substance,
triggering the production of anti-Neu5Gc antibodies. However, the mechanisms of Neu5Gc absorp-
tion and related questions require further investigation [2].

This study aimed to analyze the N-glycan composition of four distinct cheese samples obtained from
local markets and student dining establishments in Lubbock, TX, USA. The cheese samples were ini-
tially dissolved in Ammonium Bicarbonate Buffer containing Sodium Dodecyl Sulfate (SDC). Protein
concentration was determined using the Bovine Serum Albumin (BSA) protein assay, followed by
denaturation of the protein solution to facilitate enzymatic digestion. The digestion was performed
using PNGase at a ratio of 1:5 (enzyme to protein). Ethanol precipitation was employed to remove
residual proteins, and the resulting solution was subjected to overnight dialysis for desalting.

For N-glycan analysis, the glycans in the cheese samples were reduced using an ammonia borate
solution and subsequently permethylated with iodomethane. The permethylated N-glycans were
analyzed using a ThermoScientific Lumos nanoHPLC-ESI-MS/MS instrument. The acquired MS/MS
data were processed using Multiglycan software, which enabled the identification and structural
characterization of the N-glycans present in the cheese samples.

A total of 192 distinct N-glycan structures were identified across the four different cheese types
analyzed. Among these structures, only 22 exhibited the potential presence of at least one Neu5Gc
residue. The observed variations in N-glycan profiles among the analyzed cheeses suggest that the
manufacturing process and/or the source of milk may significantly influence the composition of gly-
cans in the final product. Further research is warranted to delve deeper into this matter.

The observed variations in N-glycan profiles among the different cheese types highlight the potential
influence of the manufacturing process and/or the source of milk on the final composition of glycans
in cheese. Factors such as the specific microbial cultures used during cheese production, the enzy-
matic activities involved, the aging process, and even the diet and breed of the animals supplying the
milk could contribute to the diversity of N-glycan structures.

This comprehensive N-glycan analysis approach allowed for the identification and characterization of
N-glycans containing N-glycolylneuraminic acid residues in the examined cheese samples. By lever-
aging advanced analytical techniques and bioinformatic resources, this study contributes to a better
understanding of the N-glycan composition of cheese and its potential implications for human health.

In conclusion, the presence of N-glycans with Neu5Gc residues in cheese raises concerns regarding
their impact on human health. This study provides insights into the N-glycan composition of cheese
samples and highlights the influence of manufacturing processes and milk sources on the glycans’
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diversity. Further research is needed to fully elucidate the implications of Neu5Gc-containing N-gly-
cans in food products and their potential health effects.
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Introduction: The high moisture content of freshly harvested medicinal and aromatic plants pre-
vents them from being stored safely for long periods of time. Removal of water with the help of heat,
extends the shelf life of plants, slowing the growth of microorganisms, inhibiting chemical and enzy-
matic reactions responsible for the decline in quality. Drying can cause changes in internal structure,
deterioration of organoleptic and sensory properties and changes in chemical composition. For this
reason, drying temperature and time are most relevant and most often optimized. Therefore, the
purpose of this study was to evaluate the effect of temperature during the drying process of Mentha
crispa L. herb on the content of phytochemicals and essential oil, which are determinants of raw
material quality.

Material and methods: The research material consisted of Mentha crispa L. herb obtained from
the experimental plots of the Department of Vegetable and Herbal Cops in 2022. The plant material
was fixed in a convection dryer at 302C, 402C and 502C, a drying medium flow rate of 1.2 m/s and a
drying layer thickness of 2.5 kg/m?). The temperature-dependent drying time was 82 hours at 302C,
65 hours at 402C and 53 hours at 502C. Immediately after fixation, essential oil (EO) content was
determined in the raw material by hydrodistillation [1] and analyzed by GC-MS systems [2]. In addi-
tion, the content of flavonoids, phenolic acids and tannins was determined [3], as well as antioxidant
activity using the DPPH assay [4].

Results: Increasing the temperature of the drying medium reduced the moisture content and short-
ened the drying time. The temperature during the drying process modified the essential oil content
of the tested raw materials. The most OE was obtained from the herb dried at 402C 1.95% least at
502C 1.05%. and in fresh mint herb 0.90%. The main components of the oil from the herb dried at
302C were piperitenone oxide (48.3%), terpinen-4-ol (4.5%), B-myrcene (3.3%), D-limonene (3.2%),
germacrene-D (2.9%), thymol (2.6%), while in OE from raw material dried at 402C the main com-
ponents were piperitenone oxide (56.1%), terpinen-4-ol (9.5%), and B-myrcene (6.2%), while in OE
from herb dried at 502C piperitenone oxide (34.5%) and germacrene-D (3.2%).

Polyphenols are the largest group among natural antioxidants, whose presence in herbal raw ma-
terials significantly affects their antioxidant properties. In the fresh herb, the flavonoid content was
428.6 mg RE-100 g* d.m. With increasing drying temperature, a decrease in flavonoid content was
observed from 474.9 mg RE-100 g* d.m. in the raw material stabilized at 302C, to 208.3 mg RE-100
g' d.m. in the herb dried at 502C. The content of phenolic acids depending on the drying tempera-
ture (302C, 40 °C and 509C) ranged from 87.0 mg CA-g* d.m, 52.5 mg CA-g* d.m to 39.5 mg CA-g?
d.m. The raw materials stabilized at 30 2C and fresh contained the highest amounts of tannins (1.2%
and 0.9% pyrogallol), the least 0.5% dried at 502C, respectively. The highest ability to reduce the
free radical DPPH-. was obtained for extracts from raw material dried at 302C (73.3 umol Trolox-g?),
the weakest results of this test 21.4 umol Trolox- g* were obtained for extracts from raw material
stabilized at 50°C.
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Conclusion: Drying techniques affect yield, essential oil composition and phytochemical content.
In the case of medicinal and aromatic plants that are sensitive to the drying process, optimization
of the drying process is required to obtain a quality product, as some bioactive compounds change
during the drying process. Therefore, optimizing quality requires studying each specific pre-drying
and drying method and temperature for each type of herb.
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THE INFLUENCE OF RED KALE (BRASSICA OLERACEA L. SSP. ACEPHALA
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Introduction: Cancer ranks as the second leading cause of global mortality, surpassed only by cardio-
vascular disease. Among all types of cancer, colorectal cancer (CRC) holds the third position in terms
of worldwide incidence. The etiology of CRC is influenced by genetic mutations, environmental or
lifestyle factors, and suboptimal dietary habits [1]. Recent scientific studies have shown that cer-
tain plant-derived compounds inhibit and regulate signalling processes associated with cancer cell
growth and proliferation [2]. The Brassicaceae family comprises a diverse group of plants belonging
to vegetables and herbs characterised by significant nutritional value and health benefits. These
plants are rich sources of bioactive constituents such as vitamins, polyphenols and glucosinolates,
which contribute to their beneficial health-promoting effects, including anticancer, antioxidant, an-
ti-inflammatory and cardioprotective properties [3]. This study aimed to investigate the influence of
red kale extracts (Brassica oleracea L. ssp. acephala L. var. sabellica) on the gene expression of the
p53 pathway in an in vitro model of CRC.

Materials and methods: The red curly kale leaves used in this study were harvested from our own
cultivation in southeastern Poland. Samples of red kale were subjected to in vitro gastrointestinal
digestion and then lysophilised. The anticancer potential of the tested extracts against human colon
adenocarcinoma cells (HT-29) was investigated using comparative mRNA expression analysis. HT-29
cells were cultured and treated with red kale extract in concentration of 100 pg/mL. RNA was isolat-
ed from HT-29 line cells cultured with and without the addition of the test extract and further used
for cDNA synthesis. The expression levels of genes associated with the p53 pathway were evaluated
using real-time quantitative PCR.

Results: The analysis of mRNA expression levels in HT-29 cells treated with red kale (100ug/mL)
revealed significant changes in the expression of selected genes associated with the p53 pathway.
Compared to the control sample, the expression of casp9, mapk10, mapkl1, fas, kat2b and ubd
genes showed a substantial increase. Conversely, there was a notable decrease in the expression
levels of genes such as bax, ubb, tp53, ccnd1 as well as genes encoding proteasome 20S and 26S sub-
units, Ser/Thr protein kinases, ubiquitin ligase, and ubiquitin ubb, histone deacetylases and sirtuin.

Conclusion: Our findings suggest that red kale treatment may have a significant impact on the regu-
lation of genes within the p53 pathway, potentially influencing cellular processes such as apoptosis
and cell cycle control in HT-29 cells. Further investigation is required to elucidate the precise mo-
lecular mechanisms underlying these gene expression changes and their implications in colorectal
cancer-related processes.

Funding: Project financed under the program of the Minister of Science and Higher Education under
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THE EFFECTS OF THE ACORN FLOUR ON QUALITY CHARACTERISTICS
OF THE CHICKEN PATTY
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Acorn flour is rich in protein, unsaturated fatty acids, vitamin E, phenolic acids, and antioxidant ac-
tivity; however, no study has been carried out to assess its potential in meat products. The objective
of the research was to characterize acorn flour and investigate its effect on the quality of chicken
patties. Four treatments were performed: without the acorn flour as control samples, with three
levels (3,6, and 9%) of the acorn flour. The chicken patties were cooked at 180°C for 20 minutes us-
ing an oven and were analyzed for instrumental color measurement (CIE L*, a* and b*), pH value,
TBARS value, and proximate composition (moisture, protein, fat, ash, and carbohydrate content).
The results showed that with the addition of the acorn flour to the chicken patties, the L* values of
the raw and cooked samples were slightly decreased, that is the color became mildly darker, while
the a* and b* values of the raw patties were statistically increased (P < 0.05). In terms of the pH
value, there were no significant differences among both raw and cooked chicken patties (P > 0.05).
No differences were recorded in the TBARS value of the chicken patties (P > 0.05) although the con-
trol samples for raw (0.20 mg malonaldehyde/kg product) and cooked (0.23 mg malonaldehyde/kg
product) were higher in the other patties regardless of the acorn flour levels and increased levels of
the acorn flour led to lower TBARS value. No significant differences were found in the cooking yield
of the chicken patties added with the acorn flour (P > 0.05). The raw and cooked chicken patties
containing 0% of acorn flour showed the highest values for moisture and ash content compared to
other samples. The fat content in cooked patties decreased with the increasing levels of the acorn
flour; however, there were observed no significant differences between containing 6, and 9% levels
of the acorn flour (P > 0.05). Protein content was higher in both raw and cooked control samples,
compared to formulated acorn flour samples.
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INVESTIGATION OF ANTITUMOR ACTIVITY AND CYTOTOXICITY
OF FUNGAL LYOPHILISATES UNDER IN VITRO CONDITIONS
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Introduction: Mushrooms are of particular importance in the traditional Polish diet. Because of their
easy availability and the possibility of long storage and a variety of processing (drying, pickling, mar-
inating), they have been used in the kitchen for centuries, and due to their nutrient content and
bioactive compounds, they are in undiminished interest. It was revealed that edible mushrooms are
a source of high-quality proteins, unsaturated fatty acids, carbohydrates and minerals [1]. One of
the advantages of fungus is that their metabolites have been used in medical applications, however,
not all fungi can provide those benefits. As a result of the presence of bioactive substances, fungi
exhibit a number of biological activities, including antioxidant, antiviral, immunomodulatory and
anticancer properties [2]. Cancer is regarded as a serious global problem since, after cardiovascular
disease, it is one of the major factors contributing to mortality. Cancer is treated with a variety of
chemotherapies, but just a few have produced satisfactory outcomes. For this reason, new sources
of compounds with such activity are still being sought. A promising source of such compounds are
fungi. Among the fungi-derived substances with anticancerous effects are lectins, lowastatin, ergos-
terol, lentinan, ergothioneine, irofulven, and taxol [3]. In the present study, the effects of lyophiliza-
tes from shiitake (Lentinula edodes (Berk.) Pegler and double-spore mushroom (Agaricus bisporus
(J.E. Lange) Imbach) on the proliferation and viability of colon cancer cells and normal colon cells
were determined under in vitro conditions.

Materials and methods: Samples of L. edodes and A. bisporus were fermented or blanched, subjected
to simulated in vitro digestion in an artificial digestive tract and then lyophilized. The cytotoxicity of
lyophilized fungal samples against human normal (CCD841 CoTr) and colon cancer (Caco-2) cell lines
was determined using LDH and MTT assays. The LDH assay was used to determine the enzymatic
activity of lactate dehydrogenase in the culture medium, the presence of which indicates cell mem-
brane damage and corresponds with the number of lysed cells. The MTT assay, with 3-(4,5-dimeth-
ylthiazol-2-yl)2,5-diphenyltetrazolium bromide, determined the activity of succinate dehydrogenase,
a mitochondrial enzyme present in living cells, allowing to indirectly determine the number of viable
cells [4]. May-Griinwald-Giemsa staining was used to visualize the changes in cell morphology (Caco-2
and CCD 841 CoTr lines) under the effect of the lyophilizates tested at different concentrations.

Results: Analysis of the biological activity of freeze-dried fermented and blanched L. edodes and
A. bisporus subjected to in vitro digestion revealed that the compounds contained in both of the
fungi affect the viability and proliferation of colon cancer cells as well as normal colon cells. Both
pickled and blanched freeze-dried shiitake showed cytotoxicity against normal and cancer cells and
significantly reduced the viability of healthy colon cells. At higher concentrations of the lyophilizate,
changes were also observed in the morphology of cells treated with the L. edodes lyophilizate solu-
tion. The lyophilizate of A. bisporus showed no significant cytotoxicity.

Conclusion: Among the tested fungi, shiitake contained bioactive compounds showing significant cy-
totoxicity against normal and cancerous colon cells. Identification of these compounds and their more
detailed analysis could potentially allow for their future use, such as in targeted therapy for cancer.
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A NEW PRODUCT PRODUCED FROM FIG (FICUS CARICA L.):
FIG SEED OIL AND ITS HEALTH BENEFITS
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Fig (Ficus carica L.) is a typical fruit of the Mediterranean area. Turkey, Italy, Spain, Greece, Egypt
and the USA are the main countries produce figs and fig products commercially. Turkey is the leader
producer and exporter country in the world. Approximately 50% of the global export was made by
Turkey in 2021 [1]. Figs are used as dried fruits and as an ingredient of cakes, sweets, jams, biscuits,
sugary products, fruit mixtures and molasses. It can be also used in the production of wine and ethyl
alcohol. Apart from these products, the use of fig seed oil has recently become popular.

Fig seeds have different sizes depending on the variety. A fig contains nearly 30-1600 seeds. It is re-
ported that fig seeds contain approximately 6% moisture, 3% ash, 15% protein, 54% carbohydrates,
and various minerals (Mg, Mn, Zn, Fe, Ca, Cu, Na, K, and P) [2]. Although the oil rate in the fig seed
varies according to the fig variety, studies have shown that it is in the range of 20.54-30.0% [3, 4].
The fig seed oil contains mostly palmitic acid, stearic acid, oleic acid, linoleic acid, and alpha-linolenic
acid (w-3) [4]. In addition, it is also known that fig seed oil contains high amounts of alpha, delta, and
gamma tocopherols.

The positive effects of fig fruit on health have been known for years. However, scientific studies
examining the effects of fig seed oil on health are limited because its industrial production is quite
new. Studies conducted with rats have shown that fig seed oil has positive effects on reducing kidney
damage [5]. Fig seed oil is also important since it is a herbal source containing high amounts of w-3.
As a matter of fact that, w-3 fatty acids have cardiovascular, anti-inflammatory effects, and thera-
peutic properties [6, 7, 8]. However, to define fig seed oil as a functional food, its effects on health
need to be thoroughly investigated. In this study, production, quality parameters and health effects
of fig oil are discussed.
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ADHERENCE TO WCRF/AICR RECOMMENDATIONS IN A QUALITATIVE
ADAPTATION AND THE RISK OF BREAST CANCER: A CASE-CONTROL STUDY
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Introduction: Studies regarding the current recommendations of the World Cancer Research Fund
(WCRF) and the American Institute of Cancer Research (AICR) in the context of breast cancer in wom-
en are limited [1, 2]. The aim of the study was: 1) the qualitative adaptation of the 2018 WCRF/AICR
score (QAd-WCRF/AICR), and 2) the assessment of the association between the level of adherence to
the WCRF/AICR recommendations and the risk of breast cancer in peri- and postmenopausal women.

Materials and methods: This case-control study (2014-2017) involved 420 women aged 40-79 years
from north-eastern Poland, including 190 newly diagnosed breast cancer cases. Data related to the
WCRF/AICR recommendations were collected in face-to-face interviews with 409 women, including
179 women with breast cancer. The food frequency consumption data were collected using the FFQ-
6® and KomPAN® gquestionnaires. Body weight and height, and waist circumference were measured.
The QAd-WCRF/AICR score (range: 0-8 points) was calculated on the basis of 8 components, includ-
ing 2 components according to the WCRF/AICR recommendations: 1) body mass index (BMI) and
2) waist circumference and 6 components expressed qualitatively: 3) physical activity determined
on the basis of physical activity during work and leisure time, and the frequency of consumption of
4) wholegrain cereals/vegetables/fruits/legumes, 5) highly processed/fast foods, 6) red/processed
meat, 7) sweetened/energy drinks, and 8) alcohol. Logistic regression analysis was performed to
assess the risk of breast cancer.

Results: The moderate (4-5 points) and high (>5 points) adherence with the WRCF/AICR recommen-
dations in qualitative adaptation reduced the risk of breast cancer by 54% and 72%, respectively,
compared to low adherence (<3 points). A lower risk of breast cancer was associated with moderate
or high physical activity, consumption of a minimum of 4 times/day of wholegrain cereals/vegeta-
bles/fruits/legumes, and limiting the consumption of highly processed food/fast foods or red/pro-
cessed meat to a maximum of 1-3 times/month. A higher risk of breast cancer was associated with
a higher waist circumference and alcohol abstinence.

Conclusions: The obtained results confirmed the benefits of the following recommendations of the
WCRF/AICR in reducing the risk of breast cancer in peri- and postmenopausal women, which indicates
the possibility of using the WCRF/AICR score in qualitative adaptation in the prevention of cancer.
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PLANT PROTEIN HYDROLYSATES AS A POTENTIAL SOURCE
OF IMMUNOPEPTIDES
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Immunostimulatory compounds are used in the strategy of combating diseases (e.g. obesity) whose
development depends to a large extent on the decrease in the activity of the human immune system.
The human immune response can be modulated by some biopeptides, by activating macrophages,
stimulating phagocytosis, increasing the number of leukocytes, immune modulators (e.g. cytokines,
nitric oxide, immunoglobulins), or intensifying the stimulation of splenocytes, CD4+, CD8+, CD11b+,
and CD56+ cells [1]. The aim of the work was to determine the immunological potential of plant
proteins and enzyme hydrolysates obtained from them as a result of monocatalytic simulations of
hydrolysis with the use of ficin, stem bromelain or pepsin pH >2.

The work were used sequences of monomeric plant proteins, specificities of selected proteolytic en-
zymes and programs for conducting simulated hydrolysis of peptide bonds in proteins. To that end,
the resources of the database of amino acid sequences of proteins and biologically active peptides
(BIOPEP-UWM) [2] and bioinformatic tools available in it were used [2, 3]. The profiles of selected
bioactivities (including immunomodulatory, immunostimulatory, antibacterial, antiviral, antifungal
and anticarcinogenic) of proteins before and after hydrolysis were determined, and the frequencies
of bioactive fragments in protein sequences (A parameters), the frequencies (and relative frequen-
cies) of released selected biopeptides (A, W parameters) and theoretical degree of hydrolysis (DH,)
were calculated [2, 3].

In the sequences of analysed plant proteins (wheat, rice, barley, oat, garden pea, rye, buckwheat)
there were sequence motifs (written in the form of a single-letter amino acid code) with immuno-
modulatory activity YG, YGG, IKPR, GLF, RKP, KRP, KPR, TPRK, GRKP, GYPMYPLPR, KPTPK. In oat and
rye proteins, there were not any structural motifs with such biological and immunostimulatory ac-
tivity. Immunomodulatory motifs were the most frequent in garden pea (A range = 0.0022—-0.0201),
and immunostimulatory motifs GFL, EAE, GVM in buckwheat (A range = 0.0033-0.0103). Immuno-
stimulatory fragments with the same amino acid sequence and other sequences such as LGY, LLY,
EAK were also present in rice proteins. LGY were found also in wheat, barley proteins, and GVM - in
wheat, barley, garden pea, buckwheat proteins. The BIOPEP-UWM database tools found fragments
of the LLEY sequence with antiviral activity only in garden pea proteins, while VVV fragments with
anticancer activity were not present in oat proteins. The largest number of immunopeptides con-
sisting of tyrosine (Y) and glycine (G), was released by stem bromelain, as a result of simulated hy-
drolysis of rice proteins (A, = 0.0020-0.0820, W = 0.3350-1.000). Such dipeptides were also found
among the products of wheat, rye, barley protein hydrolysis. However, most of the peptide bonds
in rice proteins were hydrolysed by stem bromelain (DH, range = 45-82%), while ficin released IAK
antibacterial peptides from monomers of rice, oat, garden pea and DH, (for these proteins) was in
the range of 41-45%. Among the analysed proteins (wheat, rice, barley, oat, garden pea, rye, buck-
wheat), the best precursors of immunopeptides with immunomodulatory activity (YG, GLF, YGG,
KPTPK, TPRK), and immunostimulatory activity (GFL, EAE, GVM) were in garden pea and buckwheat,
respectively. However, only from monomers of rice proteins and only stem bromelain released the
most YG immunopeptides, and ficin — IAK antibacterial peptides. These biopeptides from plant pro-
teins are potential immunomodulators, nutraceuticals and components of functional food which
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can modulate the activity of the human immune system. However, stem bromelain and ficin are also
active ingredients which can release peptide immunomodulators from plant food proteins.

Funding: Project financially supported by Minister of Education and Science in the range of the
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Introduction: Unsustainable production and consumption inevitably lead to food waste. Food waste
is a global issue for all countries in all stages of the food chain. Wasted food is food produced for
human consumption that has not been consumed. Food waste is related to the final consumption
phase (household, restaurants, retail and transport) and is a consequence of consumer behaviour.
At the EU level, the total food waste measured in 2020 nearly reached 57 million tonnes. House-
hold food waste represented more than 31 million tonnes of fresh mass, with a 55% share of the
total. The remaining shares of total food waste were from the processing and manufacturing stages
(18%), primary production sector (11%), restaurants and food services (9%) and retail and other dis-
tribution of food sectors (7%). In 2020 in the EU, around 127 kg of food per inhabitant was wasted.
Households generated about 70 kg per inhabitant/per year.

The aim of the study was to assess the behaviour and attitudes of the Polish students related to food
waste and to determine the amount and type of food waste, as well as to indicate the causes of this
phenomenon.

Material methods: The survey was conducted from February to June 2022 at two Polish universities.
Respondents were asked to complete a questionnaire about their food waste for 14 days. A total of
136 questionnaires were obtained.

The questionnaire consisted of two sections. The first part contained eight questions, which the re-
spondents answered every day. A catalogue of answers was provided for each question. The second
section of the questionnaire contained questions concerning the respondents’ sociodemographic
information.

Results: Food was thrown away on average four times per week. The largest number of respon-
dents declared that they waste food on Tuesdays (57%) and Wednesdays (58%), and least frequently
on Saturdays (48%) and Sundays (42%). The most frequently discarded products were bread (63%
of responses), vegetables (58.7%), cheese and cottage cheese (44.6%), fruit (43.5%) and cold cuts
(43.5%). In quantitative terms, vegetables (16.3%), bread (12.8%) and fruits (9.9%) were thrown
away the most. It could be stated that 80% of wasted food were products from 11 groups. The vast
majority of these products belong to so-called perishable food. Most of these products are tempera-
ture sensitive and must be kept refrigerated. During two weeks measurement period 254 kg of food
by 92 respondents were wasted. On this basis, the amount of food wasted per year by a student
household was calculated. A year has been assumed to have 52 weeks. It has been estimated that on
average 72 kg of food is thrown away by student household per year. Based on the interviews, it was
found that Polish students are aware of the problems related to food waste. However, they do not
realize how much they themselves contribute to this. Three clusters defining the attitudes of Polish
students were [1] “aware students”, [2] “disengaged students” and [3] “aware but disengaged”. The
largest number of respondents were classified into cluster 2.
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Conclusion: The products thrown away, both most often and in the largest quantities were bread,
vegetables and fruits. Apart from awareness, improving consumers’ knowledge and skills is of key
importance to efficiently reduce food waste. However, limiting food losses only at the household
level is not sufficient to effectively prevent this phenomenon. Apart from consumer behaviours,
food business stakeholders can play a huge role in reducing food waste. Unfortunately, the aware-
ness of food waste problems does not go hand in hand with students behaviour and attitudes.

References

[1] taba S., Bilska B., Tomaszewska M., Szczepanski K., Tul-Krzyszczuk A., Kosicka-Gebska M., Kotozyn-Krajewska D. 2020.
Préba oszacowania strat i marnotrawstwa zywnosci w Polsce. Przemyst Spozywczy, 74: 10-18.

[2] Arsand M., Parry A. 2015. Helping Consumers Reduce Food Waste-Retail Survey, https://wrap.org.uk/sites/default/
files/2020-08/WRAPRetail_Survey 2015_Summary_Report_0.pdf.

[3] EUROSTAT. 2022. Food Waste and Food Waste Prevention-Estimates, https://ec.europa.eu/eurostat/statisticsexplained/
index.php?title=Food_waste_and_food_waste_prevention_-_estimates#Amounts_of _food_waste_at_EU_level.

141



Innovative Food of High Quality for Human Health and Sustainability — an integrated program of innovation and research
development in agricultural sciences, Olsztyn, 7-8 September 2023, Poland | Nutrition and Food Technology

MIXED GELS OF PUMPKIN SEED PROTEIN AND EGG WHITE PROTEIN
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Introduction: Plant-based proteins have been present in food scientists and food technologists in-
terest for many years. Lately they are treated as future of food market as a potential solution to
increasing world population nutritional needs. From technological point of view plant proteins in
comparison to animal proteins have much poorer functional properties such as: low solubility, poor
emulsifying, foaming, gelling and extrusion properties. Their nutritional value is much lower, along
with poorer amino-acid composition, low bioactivity and digestibility. The aim of this research is to
investigate gelation process of mixed pumpkin seed protein/egg white gels.

Material and methods: Pumpkin seed protein concentrate was obtained from Medicaline (Os-
tréwiec, Poland). The protein content was 60.2%. Egg white albumen “low mineral, high gel type”
(88.1% protein) was a gift from Kewpie Corporation (Tokyo, Japan). Mixed dispersions of pump-
kin seed protein concentrate/egg white isolate protein (12/0%, 10/2%, 8/4%, 6/6%, 4/8%, 2/10%,
0/12%) were obtained in 0.2 M NaCl. Dispersions were heated in water bath for 30 min. at 80°C.
After heating the samples were cooled down under tap water and stored at 7°C for 24 hours.

Results: Substitution of pumpkin seed protein with egg white protein caused improvement of rheo-
logical properties of obtained gels (higher storage modulus, lower tangent delta, higher ultrasound
viscosity and hardness). Gels were more elastic and more resistant to breaking structure. Higher
concentration of pumpkin seed protein changed gel microstructure on rougher and more particu-
late. The microstructure was less homogenous with a tendency to break at pumpkin/egg white pro-
tein gel interface. A decrease in intensity of amide Il band with increased concentration of pumpkin
seed protein shows that this protein secondary structure is evolving more toward a linear chain of
amino acids in comparison to egg white protein, what could have an impact on the microstructure.
Supplementation of pumpkin seed protein with egg white protein caused a decrease of water activi-
ty from 0.985 to 0.928. Strong correlations were found between water activity and rheological prop-
erties of obtained gels. Improvement of rheological properties resulted in lowering of water activity.

Conclusion: Substitution of plant protein with egg white protein is necessary to increase nutritional
value of the product, enriching it in essential amino acids. In gels it caused improvement of rheolog-
ical properties. Gels were more elastic and more resistant to breaking structure. Increased concen-
tration of egg white protein caused a decrease of water activity to a level which can have an impact
on microbiological stability of obtained gels. Supplementation of pumpkin seed protein with egg
white protein resulted in more homogenous gels with stronger microstructure and better bounding
of water. Mixed plant protein/animal protein gels are attractive proposition to food industry to ob-
tain new products with novel texture, good nutritional value and microbiological stability.
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ALLERGY RISK FROM ALTERNATIVE PROTEINS
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The observed global population has grown from 2.5 billion in 1950 to 8 billion now. By 2050, is pro-
jected to reach just 9.7 billion due to slowing population growth, because of falling birth rates and
aging populations. However, to meet the nutritional needs of the human population, food produc-
tion should double by 2030. A problem hindering the increase of traditional food production is the
decreasing area of agricultural land and water resources. Therefore, scientific efforts are directed
to develop novel sources of protein, including edible insects, microalgae, bacteria, macroalgae, sea-
weeds, edible jellyfish, and fungi which are high-protein content alternatives to animal proteins. For
much of the developed world, some sources of proteins are considered novel food types, but they
have been part of the traditional diet in many cultures. Processing novel food sources at an industrial
scale needs scaling of production technologies and the development of their safety standards, iden-
tification of anti-nutrient properties, toxicity, heavy metals present, and allergenicity.

Allergen proteins commonly present in food are consumed by most of the general population with-
out any adverse effects. It is estimated that almost 220 million people suffer from food allergy world-
wide. Up to 3% of the adult population and up to 10% of the pediatric population are allergic as
children although they often grow out their allergies. Allergens can occur in food products as part
of the ingredients or through unintended cross-contamination. Most reported and confirmed food
allergies are categorized as IgE-mediated as they trigger the body’s immune system to produce Im-
munoglobulin E (IgE) antibodies.

Reaction to allergens can depend on dietary habits, food preparation, and age of first exposure, as
well as ethnicity, meaning that consumption in Western markets may create new allergen issues as
wider dissemination occurs. For example, chitin contamination in insect protein products can affect
the cross-reactivity with house dust mite or shellfish allergens; although rare at present, this may
become more common when more chitin is consumed regularly. The protein of the mealworm may
cause adverse reactions in patients with shrimp allergies. People who are allergic to arthropods, spe-
cifically crustaceans, should not consume mealworm (Tenebrio molitor) because of the risk of cross
allergy. Products with fungal mycoproteins, such as Quorn, can also cause gastrointestinal reactions
and sometimes life-threatening allergies.

Microorganisms have the potential to deliver proteins that are biologically and nutritionally identi-
cal to existing animal proteins such as dairy and egg proteins. However, their use generally requires
significant processing. Furthermore, their nutritional value when digested may differ from that of
proteins from traditional sources, which are usually complex mixtures of proteins (e.g., milk or yo-
gurt). Further research is needed to better understand this emerging technology and its implications
for nutrition and its long-term impact on human health [1-3].

According to EU Regulation (2015/2283), edible insects are considered a novel food as “a food that
was not used for human consumption to a significant degree within the European Union (EU) before
15 May 1997”. The regulation EU and UK legislation already authorises the use of proteins from
seven insect species — Black Soldier Fly, Common Housefly, Yellow Mealworm, Lesser Mealworm,
House Cricket, Banded Cricket, and Field Cricket — and the allowed substrates to rear insects for
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feed for aquaculture animals. As of May 2021, EU regulators have approved mealworms for human
consumption. Regulation is anticipated to play an important role in addressing public concerns over
health and safety and increasing consumer acceptance.

For jellyfish and macroalgae, new legislation may be required to support the development of the
sector and control operations in marine environments, specifically to control potential pollution
and contamination in marine waters. FSA will also need to look at the inclusion of these alternative
proteins as functional ingredients in processed foods as well as related labeling issues, and, as with
plant-based proteins, possible regulation around health and sustainability claims.
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PLANT BASED PROTEINS, FUNCTIONAL PROPERTIES AND THEIR EFFECTS
ON FOOD PRODUCTS
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The global population is increasing and the food security and safety must be provided in order to
continue the sustainable food practises and healthier diets. It is estimated that by 2050, 70% more
food must be produced for feeding 9.1 billion people. Thus, the farming and global food processing
should be reconsidered. The high amount of animal protein consumption in diet also causes severe
damage in environment and physiological health. Plant proteins are one of the health supporting
and environmentally friendly ingredients. The global demand for plant-based proteins is growing
rapidly. The demand is based on some factors such as vegan/vegetarian diet, sustainable nutrition,
carbon emissions, lactose intolerance, allergenicity etc. Besides, an innovative and sustainable pro-
tein material is needed by the food industry [1, 2, 3, 4]. The principal plant protein sources can be
classified as cereal-based proteins such as wheat, rice, oat, barley, corn; legume-based proteins such
as soybean, pea, chickpea, faba bean, mung bean, cowpea, peanut, lupin; oil-seed-based proteins
such as canola, sesame, flaxseed, hemp, sunflower, safflower; nut-based proteins such as almond,
walnut, cashew, hazelnut; pseudocereal-based proteins such as buckwheat, quinoa, amaranth; root/
tuber-based proteins such as potato, sweet potato, cassava, yams, taro; fruit by-products-based pro-
teins such as date seeds, grape seeds, tomato seeds, papaya, mango and apricot kernels; green leaf-
based proteins such as alfalfa, duckweed, leaves of by-products [4, 5, 6]. The structural and func-
tional properties of proteins are critical for the increased utilization of plant proteins in processed
foods. Foods are multiphasic and multicomponent systems composed of proteins, polysaccharides,
fats, water, and other minor nutrients and additives. Functional properties of proteins are those
physicochemical properties of proteins which affect behaviour of proteins in food systems during
preparation, processing, storage, and consumption, and contribute to the quality and sensory at-
tributes of foods [7, 8]. Plant proteins display functional properties such as solubility, emulsifying,
foaming, gelling, water holding, oil absorbing, viscosity, flavour binding. The functional properties of
proteins are influenced by the raw material, methods of extraction and isolation, protein configura-
tion, amino acid composition and sequence, molecular size, surface hydrophobicity, protein concen-
tration, solvent type, temperature, pH and ionic condition of the medium [7, 8, 9]. The extraction
of plant proteins is carried out with different methods such as an acidic and alkaline pH extraction,
alcohol-water extraction, water extraction, salt extraction, ultrafiltration and then isoelectric, al-
cohol, cryo- or salt precipitations applied [3, 5, 9]. Plant proteins are applied for plant-based meat
alternatives, plant-based milk products and egg alternative. The main plant-based proteins used in
meat analogues formulations are soy proteins followed by wheat protein concentrate and gluten,
pea proteins, rice protein and vegetable proteins. However, the most plant proteins are globular in
shape, while meat muscle proteins are long fibres in structure. To form a meat-like product in tex-
ture, low or high moisture extrusion is one of the techniques performed popularly [2, 3].
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THE IMPACT OF TARHANA FERMENTATION ON THE RELEASE
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Tarhana is a dried, fermented mixture of yoghurt and cracked wheat or wheat flour consumed wide-
ly in TUrkiye as it possesses good nutritional qualities and extended storage stability [1]. During the
tarhana production process, lactic acid bacteria and yeast fermentations both occur simultaneously.
In the course of fermentation, the proteolytic activity of microorganisms combines with the en-
hanced enzyme activity of cereals under acidic conditions [2]. As a result, a variety of biologically
active peptides, so-called bioactive peptides, such as angiotensin I-converting enzyme inhibitory
peptides and DPP-1V inhibitory peptides, are liberated from their precursor molecules or subse-
quently biosynthesized during fermentation [3]. This study was intended to investigate and compare
the bioactive peptides in tarhanas produced by two different techniques.

BIOPEP-UWM was utilized to assess the release of potentially bioactive peptide fragments in select-
ed yogurt and wheat proteins [4]. Water/salt-soluble extracts of control and tarhana samples were
prepared according to a method described earlier [5]. C18 solid-phase extraction columns were used
for desalting and concentration of peptides [6]. Peptide profiles of the samples were analyzed using
RP-HPLC and the samples were subjected to Q-TOF-LC-MS in order to identify peptide sequences be-
low 3 kDa [7]. Mass spectrometry data was analyzed using PEAKS Studio (version 8.5) software and
the physiological activities of the peptides were investigated in the BIOPEP-UWM peptide database.

The traditional tarhana hydrolyzates and the direct fermented tarhana hydrolyzates included 34
and 50 distinct peptides below 3 kDa, respectively. Among them, 8 are registered as ACE inhibitors,
3 as antioxidants, 1 as antibacterial, 4 as DPP-1V inhibitors and 1 as renin inhibitory peptides in the
BIOPEP-UWM database. In yogurt and cooked wheat samples, which were control samples of tar-
hana, 19 and 23 peptides below 3 kDa were detected, respectively. As a result, a greater number of
peptides were detected in the directly fermented tarhana sample. In addition, the number and di-
versity of peptides in tarhana samples were found to be higher than in control samples. The fermen-
tation process is therefore understood to be an important step for the release of bioactive peptides
from their precursor protein structures.
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DEVELOPMENT OF AN INNOVATIVE TECHNOLOGY FOR SLICING AND
PACKAGING, IN THIN FOILS AND/OR RECYCLABLE, OF CHEESES, INCLUDING
RIPENED FOR MORE THAN 12 MONTHS, IN DEDICATED ATMOSPHERES
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The aim of this study was to evaluate the possibility of thinner foils application for packaging of dif-
ferent sliced cheeses. The following foils were applied: PET/PE PEEL (foil A); OPP/ALOX/PE PEEL (foil
B); PP/PP PEEL (foil C); PET 12 /PE 50 PEEL (EVOH) (foil D). The tested cheeses were: Gouda (Dutch-
type), Bursztyn ripening for 6- and 12-month (6M and 12M, respectively), Radamer (Swiss-type). The
following MAP conditions (NZ:COZ) were tested 35:65; 40:60; 45:55; 50:50; 55-45; 60:40; 65:35 for
Gouda and 6M and 12M Bursztyn, whereas for Radamer: 20:80; 25:75; 30:70; 35:65; 40:60; 45:55.

As a result of the project, the following goals were achieved:

1) Long-maturing cheese (over 12 months) offered in the form of slices — Product innovation on a
national scale — Thanks to the development and implementation of a proprietary cheese pro-
duction technology, Spomlek offers Bursztyn Cheese ripening for 12 months in the form of slices
packed in foil PET 12 /PE 50 PEEL (EVOH) under MAP conditions 35:65 N2:CO?2.

2) Long-maturing cheese (over 12 months) cut from a wheel, and not from the Euroblock as be-
fore - Product innovation on a national scale — Thanks to the development and implementation
of a proprietary cheese production technology, Spomlek offers Bursztyn Cheese ripened for 12
months, cut from a wheel in the form of slices packed in PET 12/PE 50 PEEL (EVOH) foil in MAP
35:65 N2:CO2 conditions.

3) Reduction of the amount of foil necessary to pack packaged cheese, offered in slices (before the
introduction of proprietary solutions: 48.38 kg of packaging foil; thanks to the development and
implementation of proprietary technology: no more than 41.12 kg).

4) Reduction of the average amount of excess weight in unit packages per 1 ton of sliced products.
The average amount of excess weight in unit packaging per 1 ton of sliced products in 2019 was
12 kg. Thanks to the introduction of proprietary solutions, the amount of excess weight in unit
packaging per 1 ton of sliced products was no more than 4 kg.

This work was supported by the National Centre for Research and Development within Smart Growth
Operational Programme 2014-2020, Fast Track; Priority axis: Support for conducting R&D works by
enterprises; Action: R&D projects of enterprises; Subactivity: Industrial research and development
work carried out by enterprises (grant no. POIR.01.01.01-00-0001/20).
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ANTIMICROBIAL RESISTANCE OF YERSINIA ENTEROCOLITICA STRAINS
ISOLATED FROM POLISH CATTLE AND THEIR CARCASSES
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Introduction: Yersinia (Y.) enterocolitica is a pathogen of growing epidemiological significance, and
yersiniosis — disease caused by these bacteria, is fourth most frequently reported zoonosis in hu-
mans [1]. There is evidence that various animal species, including farm animals, can be a significant
reservoir of Y. enterocolitica [2]. There are also reports that strains of Y. enterocolitica isolated from
animals are increasingly characterized by multidrug resistance [3]. This issue has not been thor-
oughly analyzed in Poland, and beef and bovine carcasses contaminated with Y. enterocolitica pose
a potential threat to consumer health. Therefore, the aim of the study was to assess antimicrobial
susceptibility of Y. enterocolitica strains isolated from cattle and their carcasses.

Material and methods: The antimicrobial susceptibility of Y. enterocolitica strains isolated from cat-
tle and their carcasses was determined by the standardized disc diffusion method on Mueller-Hinton
agar (Oxoid, Thermo Scientific) after 24 hours of incubation at a temperature of 30°C, according to
the guidelines of the Clinical and Laboratory Standards Institute (CLSI) [4]. Thirteen different discs
were used in the analysis (Oxoid, Thermo Scientific): amoxicillin + clavulanic acid (30 pg), ampicillin
(10 pg), cefotaxime (30 pg), ceftazidime (30 pg), cephalexin (30 ug), ciprofloxacin (5 pg), chloram-
phenicol (30 pg), gentamycin (10 pg), kanamycin (30 pg), nalidixic acid (30 pg), streptomycin (10 ug),
sulfamethoxazole/trimethoprim 19:1, and tetracycline (30 pg).

Results: All strains were resistant to ampicillin and cefalexin. The majority of the examined strains were
also resistant to amoxicillin with clavulanic acid, and only four strains were moderately susceptible
to this antibiotic. All strains were susceptible to ciprofloxacin and tetracycline, and most strains were
also susceptible to ceftazidime (two moderately susceptible strains), sulfamethoxazole/trimethoprim
(two moderately susceptible strains) and gentamycin (one resistant strain). No significant differences
in antimicrobial susceptibility were observed between Y. enterocolitica strains isolated from live cattle
and carcasses. It should also be noted that the vast majority of strains (76.74%) were resistant to three
antimicrobials, six strains (13.95%) were resistant to four antimicrobials, and four strains (9.31%) were
resistant to two antimicrobials. It means that 100% strains were resistant to more than one antimicro-
bial agent, and 39 (90.69%) displayed resistance to tree or more antimicrobials.

Conclusion: The results of this study indicate that the vast majority of Y. enterocolitica strains isolat-
ed from cattle and their carcasses was resistant to multiple antimicrobials.
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Introduction: Diabetic gastroenteropathy is a common complication, which develops in patients with
long-term diabetes. The pituitary adenylate cyclase-activating polypeptide (PACAP) is a neuropep-
tide known for its cytoprotective properties and plays an important role in neuronal development,
neuromodulation and neuroprotection. The present study was designed to elucidate, for the first
time, the impact of prolonged hyperglycaemia conditions on a population of PACAP-immunoreactive
(IR) neurons in the porcine small intestine.

Material and methods: The study was performed on 10 gilts at the age of 8 weeks. The animals
were randomly divided into 2 groups (control and experimental). Pigs from the experimental group
received streptozotocin solution (150 mg/animal), administrated via an intravenous needle inserted
into an ear with continuous infusion. The experiment lasted 6 weeks, then pigs were euthanized. Af-
ter fixation and freezing section of the collected material double immunofluorescence staining was
performed. Primary antibodies against the Hu C/D and PACAP as well as the secondary antibodies
Alexa Fluor 488 and Alexa Fluor 546 were used in the study. Stained 12 um sections were examined
using Olympus BX51 fluorescence microscope equipped with a XM 10 monochrome camera.

Results: In the small intestine, PACAP-positive neurons were observed in all of the studied enteric
plexuses and parts of the intestine. In the duodenum, the most numerous population of PACAP-IR
neurons was noted in the OSP (10.50 + 0.88%), with slightly smaller populations in the ISP (9.60 *
0.46%) and the MP (9.35 + 1.18%). In the jejunum, a higher number of PACAP-positive cell bodies
were detected in the MP (11.29 + 2.02%) and slightly fewer were detected in the OSP (9.25 + 0.70%)
and the ISP (6.36 £ 1.89%). In turn, in the ileum, PACAP-IR neurons accounted for 10.96 + 0.98 % neu-
rons in the MP, 8.50 + 0.64% in the ISP and 7.32 + 1.21% in the OSP, respectively. Streptozotocin-in-
duced diabetes evoked alterations in the number of PACAP-IR intramural neurons in the porcine
small intestine. The severity of the changes depended on the type of plexus examined and its loca-
tion. In the duodenum, a large increase in the population of PACAP-IR neurons was observed in the
MP (to 18.39 + 2.10%) and a slightly smaller population was observed in the ISP (to 11.25 + 0.45%).
In the jejunum, an increase was detected in the MP (to 15.64 + 0.20%) as well as in the OSP (to 12.05
+ 0.74). In the ileum, the increase was statistically significant in all types of intramural plexuses (to
19.10 £ 0.98%) in the MP, to 11.98 + 0.93% in the OSP and to 11.60 + 1.02% in the ISP, respectively.

Conclusions: Streptozotocin-induced hyperglycaemia caused a significant increase in the popula-
tion of PACAP-containing enteric neurons in the porcine small intestines. The recorded changes may
result from the direct toxic effect of hyperglycaemia on the ENS neurons, oxidative stress or inflam-
matory conditions accompanying hyperglycaemia and suggest that PACAP is involved in regulatory
processes of the GIT function in the course of diabetes.
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Introduction: Diabetes is one of the most frequently diagnosed endocrinopathies worldwide. Long-
term episodes of hyperglycaemia often occur during course of diabetes. As a consequence of poor-
ly-controlled glucose serum level, numerous tissue and organ dysfunctions can occur. The central,
peripheral and autonomic neurons are particularly vulnerable to carboxylic stress, which is a con-
sequence of hyperglycaemia. One of the many consequences of autonomic system damage are nu-
merous disorders in the gastrointestinal tract. In this condition, the enteric nervous system (ENS)
regulates the function of the gastrointestinal tract. ENS (called the “enteric brain”) is independent
of the central nervous system control. This unique arrangement of neurons is organized in the mus-
cular and submucosal plexuses and can control secretion processes, resorption and gastrointestinal
motility. Galanin (GAL) can play both inhibitory and excitatory functions, depending on the digestive
tract region, as well as the animal species. The present study aims to establish the effect of hypergly-
caemia on the number of GAL-immunoreactive (IR) neurons in the porcine small intestine.

Material and methods: Ten female pigs were used. The mean weight was 18.0 kg. The pigs were
randomly divided into two groups: diabetic (D group, n = 5) and control (C group, n = 5). Pigs consti-
tuting the experimental group were given streptozotocin intravenously (150 mg/kg of body weight).
The plasma glucose level was measured prior to the experiment initiation in both control and ex-
perimental groups. The next measurement was made 48 hours after the induction of diabetes. All
animals were euthanized six weeks after the induction of diabetes. The samples of the stomach
(antrum, corpus, pylorus) were collected from animals of both groups. The cryostat sections were
processed for double immunofluorescence staining using primary antisera directed towards Hu C/D
proteins and GAL.

Results: In the myenteric ganglia (MG) in the area of corpus and pylorus, a comparable number of
GAL-positive neurons were observed (17.73 £ 1.12% in the corpus and 16.32 + 0.43% in the pylorus,
respectively). The highest population of GAL-positive perykaria was noted in the submucosal ganglia
(SG) in the corpus (41.42 + 0.88%). In the diabetic group, statistically significant changes were noted
only in the MG in the antrum and pylorus, where we observed an increase in GAL-IR neurons (from
26.53+1.52%t0 36.67 £ 1.02 in the antrum and from 17.73 + 1.12%t0 17.99 £ 0.38% in the pylorus).
However, in the corpus in both MG and SG, the population of GAL-IR neurons changed in a statisti-
cally insignificant manner compared to the control group.
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Table 1. The average percentage of neurons immunoreactive to GAL

Stomach Control Group Experimental Group
part Antrum Corpus Pylorus Antrum Corpus Pylorus
GAL GAL
Myenteric 26,53 17,73 16,32 36,67* 16,51 17,99*
ganglia +1,52 +1,12 +0,43 +1,02 +0,92 +0,38
Submucosal 41,42 40,49
gangla - +088 - +063 -

Relative frequency of particular neuronal subclasses is presented as percent (mean+SEM) of all neu-
rons counted within the ganglia stained for Hu C/D proteins. Statistically significant data (P < 0.05) in
particular animal group are marked by*.

Conclusion: Our results strongly support the hypothesis that in the course of diabetes, long term
episodes of high glucose serum level may influence the chemical phenotyping of enteric neurons,
which may cause gastrointestinal complications.
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Introduction: The tripletail Lobotes surinamensis inhabits tropical and subtropical oceans, includ-
ing the South Atlantic, where information about its reproductive biology is scarce. Studying native
species in their natural environments helps to understand more about the seasoning effect on re-
production, influencing the development and reproduction dynamics. Also, studies that use mor-
phology and physiology as monitoring tools can give more data to manage natural resources. So, we
combined physiological and morphological tools to study the reproductive cycle of L. surinamensis
in the western South Atlantic.

Material and methods: Adult females and males were sampled in Paraty Bay (Rio de Janeiro, south-
eastern Brazil) for 2 years, and the animals were grouped into three seasons: spring, summer, and
autumn/winter (because there were not sufficient adult animals in the bay to analyze statically, so
we merged the animals in autumn and winter). Gonadal morphology was analyzed histologically and
plasma levels of gonadal steroids, 17B-estradiol (E2), 11-ketotestosterone (11-KT), and 17a-hydroxy-
progesterone (17a-OHP) were quantified in females, and testosterone (T) and 11-KT were quantified
in males all by ELISA kit. The gene expression of the B subunit of pituitary gonadotropins, luteinizing
hormone (LH), and follicle-stimulating hormone (FSH) were evaluated in all seasons by RT-qPCR.

Results: The histological analysis of the gonads showed that L. surinamensis is a multiple spawner
with an asynchronous oocyte development. The gene expression of fsh3 did not change throughout
the reproductive cycle in males and females, while the gene expression of /h8 in males was higher
in the summer compared to the autumn/winter periods. Plasma E2 was higher in females and 11-
KT in males during spring. Gonadal development, plasma level of E2 (females), and 11-KT (males)
are indicators that L. surinamensis reproduce during the spring and summer in Paraty Bay, while the
gene expression levels of gonadotropins in females and fshB8 in males were not useful physiological
tools to establish the reproductive season.

Conclusion: The data presented here suggest that L. surinamensis is a multiple-spawning species
with an asynchronous oocyte development. The development of ovarian and testes, in addition to
plasma levels of E2 (females) and 11-KT (males), are indicators that the reproductive season occurs
during the spring and summer (from September to March) in the western South Atlantic. Neverthe-
less, the gene expression levels of gonadotropins (FSH and LH) in females and FSH in males are not
useful as physiological tools to define the reproductive season. These results defined the reproduc-
tion cycle of L. surinamensis in natural environment and gave evidences that warmer seasons (spring
and summer) are definitely the most reproductively active (gamete development and spawning)
compared to colder seasons (autumn and winter). The colder seasons are more related to initial ga-
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metogenesis and recovering of ovaries and testis after spawning, but still they are very important to
start new reproductive cycle. So, knowning the biology of commercial and non-commercial species
are useful to manage the natural resources and leading to more sustainable activities.
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The construction and functioning of the brain depend on a constant and sufficient supply of nutri-
ents necessary for its permanent structural reconstruction, coverage of energy needs and oxygen
supply for metabolic processes. Numerous studies prove that because the food consumed is the
only source of building and energy substances for the brain, the composition of the diet directly
affects its vital functions. In an adult human, the mass of the brain constitutes only 2% of the body
weight, but it uses as much as 20% of the body’s metabolic energy. In relatively carnivorous dogs and
carnivorous cats, these proportions are similar. The huge demand for oxygen, building and energy
components resulting from the intensive metabolism put the brain among the body organs most
sensitive to hypoxia and nutritional deficiencies. It is not surprising, therefore, that the opinion gain-
ing more and more scientific justification, says that deficient diets, such as vegetarian and especially
vegan diets, may not provide the brain with all the nutrients necessary for the proper functioning of
this organ. The available scientific literature shows that the use of these restrictive diets can result
in nutritional deficiencies of vitamin B12, iron, creatine, iodine, omega-3 polyunsaturated fatty acids
(EPA and DHA), vitamin D, calcium, zinc and other essential nutrients. Pregnant women, breastfed
and adolescent children are most at risk. Current research indicates that in humans, deficiencies of
these key nutrients can result in impaired cognition, working memory, fluid intelligence and, as a
result, a 10—15 point lower IQ. They are also associated with impaired mental health by increasing
the risk of developing depression, ADHD, autism and dyspraxia (disordered child syndrome).

Research indicates that the popularization of vegetarianism and veganism among people is a grow-
ing threat to companion animals of dogs and cats. Analysis of the survey by Wanda McCormick, a
physiologist at the University of Northampton in the UK, showed that 1% of vegetarians feed their
dogs a vegetarian diet, but as many as 1/3 of vegans feed them a vegan diet. Other studies have
shown that some vegans feed their cats a vegan diet. The recently observed implementation of re-
strictive vegetarian and vegan diets on these companion animals may expose them to serious health
problems similar to those observed in humans. Doubts are raised about the use of these diets, es-
pecially in pregnant females, during lactation and in the phase of rapid growth of young offspring.
What is more, they should not be used in cats at all because cats are obligate carnivorous species.
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Bisphenol A (BPA) is widely used in the chemical industry for the production of polycarbonate plastics
and epoxy resins contained in commonly used objects (e.g. beverage bottles, food can linings, thermal
paper). Countless scientific papers show that BPA can be harmful to live organisms since it possesses
an estrogen-like structure and may function as an endocrine disruptor. Bisphenol S (BPS) is a common
BPA substitute in goods intended for children’s use, as it was supposed to be safe. The gastrointestinal
(Gl) tract is the main entrance route of bisphenols into the human body. Besides the Gl tract’s rele-
vance in the absorption and distribution of BPA and BPS throughout the body, there are still gaps in
our knowledge concerning the impact of these toxins on the chemical coding and functioning of the
enteric nervous system (ENS, considered by many as the “second brain”). Experimental data from our
group show that both BPA and BPS (0.03-300 uM) concentration dependently decreased the release
of [*H]ACh from stimulated longitudinal muscle-myenteric plexus (LM-MP) of the colon of CD1 mice,
though BPA was 10-fold more potent than BPS. Both BPA and BPS failed to change carbachol (musca-
rinic)-induced myogenic contractions, thus indicating that these compounds act predominantly at a
pre-junctional level in the colonic myenteric synapse. The inhibitory effects of BPA (30 uM) and BPS
(300 uM) were prevented (P < 0.05) by blocking the activity of Interstitial Cells of Cajal (ICCs) with the
T-type Ca?* channel inhibitor NNC-55-936 (10 uM). Yet, the same did not occur when fluoroacetate (5
mM, an enteric glial metabolic uncoupler) and apamin (0.3 uM, a selective KCa2/SK inhibitor of fibro-
blast-like cells) were used instead of NNC-55-936 (10 uM). Data suggest that crosstalk between ICCs
and cholinergic nerve terminals mediates the neuro-inhibitory effect of BPA and BPS at the tripartite
colonic myenteric synapse. This conclusion is strengthened by the fact that both BPA and BPS signifi-
cantly (P < 0.05) reduced adenosine outflow from ICCs, without affecting the release of ATP from enter-
ic glial cells. These findings consubstantiate the pathophysiological role of ATP and adenosine release
uncoupling in the control of cholinergic neurotransmission at the tripartite myenteric synapse [1, 2].

Funding: The work performed at ICBAS-UP was supported by FCT (FEDER funding, projects
UIDB/04308/2020 and UIDP/04308/2020). This project was also supported by the Polish Minister of
Education and Science within the frame of the program “Regional Initiative of Excellence” (2019-2023,
project 010/RID/2018/19). DS receives a PhD fellowship from FCT (2020.09545.BD). YA was a student
of the Erasmus Mundus Joint Master Degree in Environmental Contamination and Toxicology.
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Diabetic kidney disease (DKD) is the second most common and widespread complication of diabetes
mellitus (DM) and a major cause of end-stage renal disease. The interplay of multiple factors and
metabolic pathways is involved in the pathogenesis of DKD, such as abnormal renal hemodynamics,
metabolic abnormalities caused by hyperglycemia, oxidative stress due to increased formation of
advanced glycation end products, genetic factors, apoptosis, and inflammation. These changes lead
to glomerular hyperfiltration, glomerular hypertension, and renal hypertrophy, which manifest clin-
ically as hypertension and albuminuria [1, 2].

The role of n-6 and n-3 polyunsaturated fatty acids (PUFA) in the kidney and their influence on
inflammatory effects have been investigated in numerous clinical studies. In the Western diet, the
ratio of n-6 to n-3 PUFA is estimated to be between 10 and 20:1, and increased intakes of long-chain
n-3 PUFA and fish have been shown to reduce the prevalence of chronic kidney disease. n-3 PUFA
have been studied for their anti-inflammatory effects in inflammation-related diseases. On the other
hand, n-6 PUFA can be converted to arachidonic acid and converted to the omega-6 eicosanoids,
which have pro-inflammatory effects. In addition to regulating inflammation, the beneficial effects
of n-3 PUFA include regulation of dyslipidemic signaling in the kidney.

In our recent studies in a rat model of diabetes mellitus, we found that PUFA supplementation in
diet resulted in a significant change in the fatty acid composition of renal phospholipids, which we
had previously found to be substantially disrupted at DM. N-3 PUFA supplementation resulted in
partial protection against distal tubule cell and glomerular damage and alteration in the expression
of SATB1, pannexin 1, and various connexins. In addition, we also found an effect of PUFA supple-
mentation on autophagy markers in diabetic animals. Overall, we hypothesize that these effects also
mediate the beneficial effects of n-3 PUFA in DKD.
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Introduction: The gastrointestinal tract is considered to be one of the main routes of entry of various
pathogens and xenobiotics into the organisms of animals and humans. Microplastic — plastic parti-
cles smaller than 5 mm [1], are commonly found in food products such as beverages or salt [2]. The
enteric nervous system is known as the “second brain”. Due to its structure, it creates a complicated
network of neurons which regulate its work through various neuroactive substances [3]. One of
these substances is galanin (Gal), which is responsible for intestinal motility, participates in inflam-
matory processes and regulates secretory activity [4].

Material and methods: The study was performed on 15 gilts (approximately 20 kg of body weight,
about 8 weeks old) divided into 3 groups: C group — the animals were administered empty gelatine
capsules; LD group —the animals were administrated of MP-PET capsules (0.1 g/day/animal) and HD
group —the animals were administrated of MP-PET (1 g/day/animal) for 28 days. After supplementa-
tion period all animals were euthanized and fragments of duodenum were collected and fixed. The
frozen collected intestines samples were then processed with the double immunofluorescent stain-
ing method using protein gene product 9.5 (used here as a pan neuronal marker) and Gal antibody
as well as appropriate secondary antibody (Alexa Fluor 488 and 546). Stained sections were analyzed
under a Zeiss Axio Imager.M2 fluorescence microscope equipped with the appropriate set of filters.
To determine the percentage of neurons Gal-immunoreactive, at least 500 PGP 9.5 positive neurons
(with a clearly visible nucleus) were counted in each duodenal plexus, which were counted as 100%
of the population. To avoid double counting of the same neurons where a mixture of the same anti-
bodies was used, the distance between the sections was at least 200 um.

Results: Oral MP-PET supplementation increased the population of GAL-positive neurons in the my-
enteric plexus (MP), outer submucous plexus (OSP) and inner submucous plexus (ISP) only in the HD
group, with no change in the number of GAL-positive neurons in the LD group. Statistically signifi-
cant differences were noted at P < 0.001 (***).
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Conclusion: The conducted research suggests that MP-PET at a dose of 1g/day/animal presence in
the gastrointestinal tract may affect the enteric nervous system by modulating GAL-immunoreactive
neurons in the porcine duodenum, as opposed to a dose ten times lower. The observed alterations
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may be associated with adaptive and neuroprotective changes of the enteric neurons in response to
the neurotoxic effect of MP-PET or may result from the inflammatory conditions that may accompa-
ny MP-PET supplementation.

Funding: This study was supported by the National Science Centre, Poland Preludium-19 grant no.
2020/37/N/NZ7/01383 “Evaluation of the effect of low and high doses of microplastic on the mor-
phology, innervation and immune system of the porcine small intestine”.
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Insects in human and animal nutrition have been recognized as one of the most innovative food
substrates in recent years [1]. In addition, edible insects are described as a milestone in the diversifi-
cation of protein sources and a safeguard for the global food chain [2]. Currently, many scientific and
commercial initiatives have been launched in Europe, developing the idea of “six-legged livestock”.
On the basis of available studies and analyses, the possibility of safe admission of insect protein to
human nutrition was positively assessed. The current agricultural policy of the EU, taking into ac-
count legislation, investments and directions of development, already partially recognizes insects as
the next link in the food chain. Some consumers may find it difficult to accept insect-based foods.
The risk of neophobia and negative attitudes towards entomophagy are regarded as moderately
high. According to EU regulations, Processed Animal Protein (PAP) from insects can be used to pro-
duce feed for companion animals, aquaculture, poultry and pigs. The impact of insect-based foods
on the gut microbiome, immunological system and the histological structure of the digestive tract in
companion animals remains unknown. The health implications of insect protein should be analyzed
in clinical trials, and the results can be used to formulate safe and effective dog food. Insect-based
pet food is also likely to attract the interest of veterinary practitioners whose opinions on innovative
nutritional solutions tend to be disregarded. Veterinarians could have an interest in the results of re-
search evaluating the therapeutic efficacy of insect-based food and the implementation of pet food
formulas addressed specifically to companion animals. For this reason, pet food formulas containing
insects should be thoroughly analyzed to determine their efficacy and safety.

The aim of this research is to present the preliminary results of nutritional tests of insect-based pet foods.

The conducted clinical, microbiological, immunological, histological and behavioral tests confirmed
the beneficial effect on the animal organism.

Insects are highly suitable for dog nutrition on account of their high digestibility, high protein and fat
content, low pH of the canine stomach, the length and function of the canine gastrointestinal tract
which has evolved to digest meat, the absence of a direct connection between the cecum and the
ileum, and high protein requirements of dogs. However, insect-based diets could also have certain
disadvantages. Above all, dogs lack enzymes that digest chitin. Carnivore parasites can use insects as
intermediate hosts. Edible insects are also a potential source of antinutritional factors. Insect-based
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foods that are currently available on the market have not been scientifically evaluated. Although
the insect production sector is a young branch of European agriculture, it intends to remain an “en-
gaged partner” to achieve the goals outlined in the F2F strategy. Therefore, it is necessary to ensure
that the use of insect-based pet foods does not have a negative impact on the animal’s organism.
The positive effect on the digestive tract, clinical status, hypoallergenicity, or the health-promoting
aspect will be a significant added value. It is essential that research on the use of edible insects in
animals is based on evidence-based medicine.

Funding: This study received support within the framework of the Lider Xl project entitled “De-
velopment of an insect protein food for companion animals with diet-dependent enteropathies”,
financed by the National Center for Research and Development (NCBiR) (LIDER/5/0029/L-12/20/
NCBR/2021).
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Introduction: Bisphenol A (BPA) is used to production of plastics and it is present in various everyday
objects [1]. It penetrates to the organisms and shows multidirectional adverse influence on many
internal organs [1]. Therefore, BPA is often replaced in plastic production by other substances. One
of them is bisphenol S (BPS). Until recently, BPS has been regarded as being completely harmless for
the living organisms, but recent studies indicate that BPS also shows endocrine disrupting properties
and affects living organisms similarly to BPA [2].

However, many aspects of BPS influence of the organism still remain unclear. One of them are BPS-in-
duced changes in the enteric nervous system (ENS) — located in the wall of the gastrointestinal (Gl)
tract [3]. Therefore, the aim of the present study was to compare the influence of BPA and BPS on
the enteric neurons containing cocaine- and amphetamine-regulated transcript (CART) peptide—a
factor taking part in food intake and regulation of energy homeostasis [4].

Material and methods: The experiment was carried out using 35 CD1 strain mice. All experimental
activities were approved by the Local Ethical Committee in Olsztyn (decision no. 46/2019). The mice
were divided into five groups: control group; BPA 1 group (BPA — 5 mg/kg body weight [b.w.]/day
was given); BPA2 group (BPA — 50 mg/kg b.w./day); BPS 1 (BPS — 5 mg/kg b.w./day) and BPS2 group
(BPS — 50 mg/kg b.w./day).

After 3 months mouse were euthanized and sections of the digestive tract were subjected to stan-
dard double immunofluorescence using mouse anti - protein gene product 9.5 (PGP 9.5) antibody
(Biogenesis Ltd., Poole, UK, working dilution 1:1000) and rabbit anti — CART antibody (Phoenix,
Aachen, Germany, working dilution 1:8000) and appropriate fluorochromes.

Labeled tissue fragments were analyzed under BX51 microscope. The percentage of neuronal cells
containing CART were determined by the evaluation of at least 300 cells immunopositive to PGP 9.5
for the presence of CART.

Results: In control animals the percentage of CART+ neurons fluctuated from 16,01 + 0,95% in the
submucous ganglia (SG) of the colon to 38,79 + 1,62% in the myenteric ganglia (MG) in the same
segment of the Gl tract. Generally, BPA and BPS caused the increase in the percentage of CART+
neurons, and severity of changes depends on the type of the enteric ganglia, segment of the gastro-
intestinal tract and dose of bisphenols. The most visible changes were noted in the colon under the
impact of higher doses of bisphenols. The percentage of CART-positive neurons in this segment of
the digestive tract amounted to 63,81 + 2,05% in the MG and 30,15 + 2,34% in the SG in BPA2 group
of animals and to 67,82 + 1,75% in the MG and 38,78 + 1,94% in the SG in BPS2 group of animals. In
the colon, contrary to other segments of the digestive tract, changes observed under the influence
of BPS are even more visible than those observed after administration of BPA.
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Conclusion: The present study has indicate that both bisphenols affects the number of enteric neu-
ronal cells containing CART, what clearly demonstrates that BPS is not neutral for the enteric neu-
rons and shows similar effects to those noted under the impact of BPA. The exact mechanisms of
observed changes are difficult to explain due to the multidirectional harmful effects of bisphenols
and the not quite clear functions of CART in the ENS.
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Tracheal stents in dogs are most commonly implanted because of tracheal collapse due to degen-
eration of the tracheal cartilage. Tracheal collapse causes significant respiratory dysfunction and
can even be the cause of the patient’s death. The method of therapy of choice is tracheal stent
implantation. The purpose of this study was to determine the effectiveness of therapy and the rate
of complications after tracheal stent implantation procedures in dogs. The study included 31 dogs
of different breeds, 80% of which were predominantly Yorkshire terrier dogs, of various ages from
3 to 14.5 years (mean 10), of different sexes (9 females, 22 males), with body weights from 2 to 7.8
kg (mean 4 kg). All dogs showed clinical signs of respiratory failure among which cough, dyspnea,
tracheal wheezing and rales predominated. Inflammation was present in one-third of the patients.
Endoscopic examination showed grade IV collapse in 97% of patients and 50% of patients had col-
lapse involving the entire length of the trachea. Implantation was performed under endoscopic guid-
ance. In 90% of patients, the stent was placed with a single approach while in 10% of patients the
implantation required a repeat procedure. Complications after stent placement were observed in 17
(45.2%) patients. A second stent had to be placed in eight dogs and a third stent in two dogs. Three
patients were euthanized.

Tracheal stent implantation in dogs due to tracheal collapse is fraught with a high number of compli-
cations and needs improvement.
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The physiological diastolic function of the left ventricle (LV) is a complex, active, energy-intensive
process that requires the integration of left ventricular structure, ejection and relaxation [2]. Left
ventricular diastolic dysfunction, now more commonly referred to as heart failure with preserved
ejection fraction (HFpEF), is defined as the inability of the ventricle to fill to its normal end-diastolic
volume, both during exercise and at rest [1]. LV diastolic function is impaired by all common patho-
logical processes (e.g., hypertension, ischemia, myocarditis, infiltrative cardiomyopathies, toxins, di-
abetes) that affect LV function, leading to LV hypertrophy or fibrosis [2].

The aim of the study was to compare the results of various methods of echocardiographic assess-
ment of diastolic function in healthy dogs and dogs with heart failure caused by degenerative mitral
valve disease (MVD).

XX echocardiographic studies were retrospectively analysed. 405 Healthy dogs (199 male, 206 Fe-
male), 378 MVD (233 male, 145 female) were enrolled, divided into four stages according to the
ACVIM classification. Transmitral flow velocity obtained from parasternal left apical view using spec-
tral Doppler (E flow, A flow, E/A flow), anterior mitral valve leaflet movement obtained from right
lateral short axis view using M mode (E, A, E/A), basal segment of left ventricle motion measured
by Tissue Doppler (TDI) in the right parasternal short axis view (Em short, Am short, E/A short) and
longitudinal motion of the lateral mitral annulus of the left ventricle were obtained from the apical
view (Em long, Am long, E/A long).

The results showed significant changes in parameter A. A flow and A were positively correlated with
age in the MVD group. Am long was related to age in healthy dogs. Healthy whippets had lower A
flow than other dogs breeds. A flow and Am long were positively correlated with ACVIM class. The
measurement obtained from the short axis view using TDI showed no differences or correlations.

Conclusions: The most sensitive instrument reflecting diastolic dysfunction in dogs with MVD was
Am long. Am short seem to be the most resistant to all influences.
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Canine proliferative nasal changes (lymphoplasmacytic rhinitis- LPR, polyps, neoplasms) are charac-
terised by non-specific clinical signs, including nasal discharge, breathing problems. It proves to be
diagnostic and therapeutic challenge for clinicians. The development of novel diagnostic techniques
for this type of nasal lesions would significantly limit the existing difficulties e.g. due to the idiopathic
nature of the disease (LPR), time and labour consumption and economic costs. The study was to eval-
uate the utility of immunohistochemical markers (Ki-67 and COX-2) in diagnosis and classification of
the proliferative changes (lymphoplasmacytic rhinitis, polyps, neoplasms) in the canine nasal mucosa.

The study was performed on 103 dogs which where admitted to the Veterinary Clinic of the Faculty
of Veterinary Medicine at the University of Warmia and Mazury in Olsztyn in 2016 — 2020. The diag-
nosis of LPR, polyps or neoplasia, was based on the clinical, radiological, endoscopic and histopatho-
logical examination and exclusion of other possible causes of nasal chronic disease (foreign bodies,
trauma, mycoses), and confirmation of the presence of neoplastic cells (in the case of neoplasms)
or infiltrating lymphocytes and plasmocytes (in the case of LPR) in a histopathological examination.
The expression of the COX-2 and the Ki-67 was determined in the collected biopsies of the nasal mu-
cosa as a part of known methods of immunohistochemical analysis. Statistical analysis was carried
out with Statistica 10.0. Results were evaluated with Kruskal Wallis test, Spearman rank correlation
analysis and logistic regression. For all tests p < 0,05 were considered significant.

The results of the immunohistochemical analysis showed the expression of COX-2 and Ki-67 in the
vast majority of the examined lesions in dogs and also showed a diagnostic and differentiating value.
The expression of the COX-2 turned out to be statistically significant in dogs between LPR and polyps,
and between LPR and neoplasia and the control group. The expression of Ki-67 turned out to be sta-
tistically significant between neoplasia, LPR, polyps and the control group. The performed statistical
analysis also showed the prognostic and predictive value of selected indicators in individual types
and degrees of advancement of changes.

Published data indicate the expression of COX-2 in canine nasal neoplasms [1-5] and in LPR [4].
However, there are no reports to indicate the expression of COX-2 in canine nasal polyps and the
utility of COX-2 and Ki-67 as a diagnostic and prognostic markers.

The obtained results indicate that markers COX-2 and Ki-67 may be useful in evaluating the intensity
of lesions and their differentiation. Immunohistochemical evaluation of COX-2 i Ki-67 may indicate
diagnostic, predictive and prognostic value of selected lesions of the nasal mucosa in dogs.
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Introduction: Glyphosate-based herbicides have been one of the most intensively used pollutants
worldwide and food products containing glyphosate are an essential component of human and ani-
mal diets. Glyphosate inhibits the activity of 5-enolpyruvylshikimate-3-phosphate synthase (EPSPS)
— a key enzyme of the shikimate pathway found in plant organisms, fungi and microorganisms. As
the shikimic acid pathway does not exist in animals, glyphosate was considered non-toxic to animals
and humans for many years [1]. However, numerous toxicological studies have shown its neurotoxic,
teratogenic and carcinogenic effects in many living organisms [2]. Despite numerous studies, the
effect of glyphosate on the gastrointestinal tract of mammals, especially the enteric nervous system
(ENS), has not yet been fully assessed. The aim of the present study was determine the influence of
glyphosate intoxication on the population of nitrergic neurons in the porcine small intestine.

Material and methods: Fifteen sexually immature gilts divided into 3 groups were used: control —
animals receiving empty gelatine capsules; G1 — animals receiving a low dose of glyphosate - corre-
sponding to the theoretical maximum daily intake (TMDI) — 0.05 mg/kg bw/day; G2 — animals receiv-
ing a higher dose of glyphosate — corresponding to the acceptable daily intake (ADI) — 0.5 mg/kg/
day) in gelatine capsules orally for 28 days. After this time, the animals were euthanized and small
intestine samples were collected. Frozen sections were then subjected to the procedure of double
immunofluorescent staining.

Results: Glyphosate supplementation increased the number of nNOS- like immunoreactive (LI) neu-
rons in the intramural neurons of the porcine small intestine [Table 1]. In the duodenum, lower dose
of glyphosate increased the population of nNOS-LI neurons only in the outer submucous plexus
(OSP), while higher dose evoked significant changes in all types of intestinal plexuses (myenteric
plexus (MP), inner submucous plexus (ISP) and OSP). In the jejunum, both doses of glyphosate in-
creased the number of nNOS-LI neurons only in the MP, whereas in the OSP and ISP an increase was
noted only in the G2 group. In the ileum, changes was observed in both experimental groups in the
MP and ISP, whereas in the OSP only in the G2 group.
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Table 1. The percentage of nNOS-LI enteric nervous system neurons in the porcine small intestine in the physiological

state and after glyphosate intoxication

Myenteric plexus Outer submucous plexus Inner submucous plexus
C group G1group | G2 group C group G1group | G2 group C group G1group | G2 group

Duodenum 28.38+ 29.50+ 41.84+ 8.15 14.90+ 28.56+ 7.94 13.66% 23.03+
2.46 1.70 1.16 + 1.88 2.42 + 1.65 2.95

Jejunum 38.93+ 46.80% 53.27+ 22.53+ 23.41+ 44.05% 31.37+ 36.42+ 52.80+
1.04 1.30 2.12 1.82 1.77 1.44 1.90 2.97 1.16

lleum 29.96% 37.57% 49.92x 19.53+ 21.26% 27.69% 12.64% 19.76% 27.92+
2.40 1.17 1.73 1.29 2.51 1.29 1.10 1.34 1.26
(*) (***) (*) (**) (***)

Three thresholds (*P < 0.05, **P < 0.01, and ***P < 0.001) were used to indicate statistically significant differences.

Conclusion: Observed changes may result from neurotoxic effect of glyphosate on the ENS neurons
and be part of adaptive processes of these neurons to intestine dysfunction. nNOS may play an
important role in the protection of enteric nervous system neurons against the harmful effects of
glyphosate.
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For many years, soybean meal (SBM) was the main protein source for poultry feed. However, the
continuous growth of human population contributes to the reduction of cultivated land and the
increase in food consumption. In addition, several countries are planning to restrict the use of ge-
netically modified organisms and thus SBM production. Therefore, the search for alternative protein
sources in animal nutrition has led to the increased interest in insects as a feed component for
poultry. Insect production is sustainable because it has little impact on the environment. Insects can
be used as a source of protein, essential amino acids, fat, carbohydrates, vitamins, and minerals.
Among various insect species used in animal nutrition, the black soldier fly (Hermetia illucens L, HI)
and the mealworm (Tenebrio molitor L, TM) are the most promising. This study is the first to describe
the effects of feeding high doses of insect proteins on the liver ultrastructure of broiler chickens.

Two independent experiments were performed on broiler chickens. Throughout the period of chick-
en rearing, SBM was partially or completely replaced by full-fat HI larvae meal (experiment I) and
TM larvae meal (experiment Il) at doses of 50%, 75%, and 100% (groups labeled HI50, HI75, HI100,
and TM50, TM75, TM100). The birds that received a standard complete feed mixture without Hl and
TM formed the control groups (HIO and TMO, respectively). Chickens were raised for 42 days, liver
samples were collected immediately after exsanguination and prepared for the electron microscopy.

The ultrastructure of livers of control chickens was normal for the species. Hepatocytes, with polyg-
onal or rectangular cross-sections, contained round, euchromatin-rich nucleus with prominent nu-
cleolus. Mitochondria with fine cristae and matrix of moderate electron density were numerous and
evenly distributed. The cytoplasm contained abundant polyribosomes and a well-developed rough
endoplasmic reticulum (RER) composed mainly of cisternae located around mitochondria. Some of
the RER cisternae were slightly dilated and contained fine material of moderate electron density.
The smooth endoplasmic reticulum had a form of branched tubules and vesicles dispersed between
other cytoplasmic structures. Lysosomes were numerous. Glycogen particles were frequently noted
and formed small accumulations. Lipid droplets were sparse and usually small. The bile and vascular
domain surfaces of hepatocytes were covered by numerous microvilli. Hepatocytes of chicken from
the H100 group were characterized by the prominently dilated RER cisternae containing flocculent
material of moderate electron density and by the presence of large vacuoles with the similar ma-
terial. Evidence of release of the contents of the RER cisternae into the vacuoles was observed. In
addition, hepatocytes contained numerous lipid droplets of various sizes, but were almost com-
pletely devoid of glycogen particles. No changes were observed in the nucleus or mitochondria. The
ultrastructure of hepatocytes from chickens of the H75 group was mostly similar to that of the H100
group, but the dilatation of RER cisternae was less frequent. The presence of lipid droplets differed
markedly between parenchymal cells. Some hepatocytes had large lipid droplets, whereas in other
cells no droplets were visible on the sections. Glycogen particles were absent. Hepatocytes from
group H50 chickens exhibited only a few dilated cisternae and small vesicles with flocculent materi-
al. Glycogen particles were common in these cells.
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The changes described above have were not observed in the livers of chickens receiving TM larvae
meal. The hepatocytes of birds from the TM100 and TM75 groups were characterized by the presence
of numerous glycogen particles and sporadically observed swollen mitochondria. No changes were
observed in the hepatocytes of birds from the TM50 group compared with the control group (TMO).

The results indicate that the effects of insect larvae meal on hepatocyte ultrastructure depend on
the type of meal and dose. Replacing soybean meal with full-fat HI larvae meal in a proportion great-
er than 50% has negative effects on chicken liver.
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The absorption and transport of iron is not fully understood, although iron is one of the most
important micronutrients in the body. Research results indicate that transport mechanisms differ
in health and disease and are even different in the different disease states of humans and animals.

The aim of the analysis was to summarize the current knowledge of iron transport in the bodies of
domestic animals and humans in health and disease states.

Iron is a micronutrient that plays an important role in biology, because it is a carrier of oxygen in
hemoglobin and myoglobin molecules, it is present in many enzymes responsible for cell respiration,
oxidation and reduction. The unique biological properties of iron result from the high variability of
the Fe?*/ Fe3* redox potential, so that sites associated with iron can have different redox potentials
covering virtually the entire biologically relevant range. To meet these requirements, protein
ligands adjust these potentials accordingly. The sources of iron for animals and humans are dietary
components, primarily liver, red meat, beans, nuts and green leafy vegetables. The extent to which
iron is absorbed from the diet and used to be incorporated into the enzymes hemoglobin, myoglobin,
ferritin, and iron is called bioavailability. It can be very diverse because it is influenced by many
factors, including diet composition and health. Iron absorption is a complex process requiring the
interaction of many transmembrane transporters and is tightly regulated. This is due to the dangers
of excess iron: the formation of very harmful free radicals that can damage lipid membranes, DNA
and various cell organelles. Fe overload consequences including cirrhosis, diabetes, and cancer
among others [1-3]. It is extremely interesting that despite the extraordinary importance of this
element for the body and unlike other minerals, it does not have a regulated excretion pathway.

Conclusion: To date, we have little information about iron homeostasis in domestic animals.
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Endocrine disruptors are chemical substances widely distributed in the environment: air, soil, water
and food.

These include bisphenols, parabens and perfluoroalkyl substances (PFAS). The most known bisphe-
nol is bisphenol A (BPA), commonly used in the production of plastics. In a living organism, BPA
affects, among others, the endocrine, reproductive and circulatory systems, and also contributes to
the occurrence of metabolic disorders. Parabens, on the other hand, are esters of parahydroxyben-
zoic acid, which are widely used in the food, cosmetic and pharmaceutical industries. Due to their
estrogenic effect, parabens are endocrine disruptors and may have adverse effects on living organ-
isms, affecting the endocrine, immune and reproductive systems. Another threat are perfluoroalkyl
substances (PFAS). This is a large group of chemical compounds commonly used in various industries
that may adversely affect living organisms.

In the present studies, the levels of the above-mentioned toxic substances were determined by lig-
uid chromatography with tandem mass spectrometry (LC-MS/MS) in the fur of dogs. So far, the main
matrices for toxicological tests have been blood and urine, however, fur analysis is becoming more
and more important due to the low invasiveness of collection and the ease of storage and transport
of samples. This study is the first assay to show a relationship between diet and levels of BPA, par-
abens and PFAS in dog fur samples. The research was carried out in international cooperation with
the Universidad de Sevilla (Spain).

The obtained results have shown that the levels of studied environmental toxins in the dogs fur
differs depending on the animals diet. In case of BPA and PFAS observed changes were statistically
significant.

This allows to draw conclusions that in dogs the exposure for above-mentioned chemical compounds
may be connected with the type of animals diet. Such conclusions are also supported by the fact that
there are no restrictions related to the level of tested toxins in the production of food packaging for
animals.

Moreover, because the levels of studied toxins were relatively high, it is possible that those endocrine
disruptors play an important role in veterinary toxicology as factors contributing to the development of
various types of health disorders. In addition, studies have shown that fur analysis can replace “classic”
samples for toxicology tests, such as blood or urine, in assessing dogs’ exposure to toxic compounds.

Funding: Department of Clinical Diagnostics, Faculty of Veterinary Medicine, University of Warmia
and Mazury in Olsztyn, no. 15.610.019-110 and from the project financed under the program of the
Minister of Education and Science under the name “Regional Initiative of Excellence” in the years
2019-2023, project no. 010/RID/2018/19, financing amount PLN 12,000,000.
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Introduction: Microplastic (MP) are plastic particles with a diameter between 5mm and 100 nm. It
occurs in the environment as primary microplastic - produced specifically for use in, for example, the
cosmetics industry, and secondary, i.e., formed as a result of the degradation of larger plastic elements.
The annual production of plasticis currently estimated at approx. 300 million tonnes, which, combined
with inefficient recycling, results in an increasing amount of MP in the environment. The Great Pacific
Garbage Patch alone, with a size of 1.6 million km?, consists of 1.8 trillion plastic particles, 94% of which
are MP. An important problem in this case is the size of these particles because they are ingested by
oceanic plankton and through the trophic chain, they reach its higher links. Moreover, oceanic MP is
released into the atmosphere and into an animal feed and food products of all origins.

More and more studies show the toxic effect of MP on living organisms. Due to the constantly in-
creasing number of MP particles in the human environment (packaging, water bottles, food) and the
continued lack of assessment of MP toxicity in relation to the human body, there is a visible need to
conduct research on this subject. Therefore, this experiment was carried out on the domestic pig,
recognized as a model species for human digestive trackt in biomedical research. The study was de-
signed to assess the effect of MP on populations of myenteric and submucosal neurons in descend-
ing colon, that secrete the chosen neurotransmitters: vasoactive intestinal peptide (VIP), galanin
(GAL), substance P (SP) and vesicular acetylcholine transporter (VAChT).

Material and methods: Fifteen sexually immature gilts were divided into 3 groups of 5 individuals:
Control — receiving no MP; LD (Low Dose) — receiving 0.1 g of mixed gradation MP, and HD (High
Dose) —receiving a dose of 1 g of MP to reproduce accumulative effect, in gelatine capsules orally for
28 days. After this time, the animals were sacrificed, and tissue samples were collected for staining
protocol. Frozen 10 um sections were then subjected to the procedure of double immunofluores-
cent staining.

Results: MP supplementation increased the number of VIP-positive neurons in porcine descend-
ing colon in low dose and high dose groups, with only high dose being statistically significant. The
SP-positive neurons were more abundant in OSP and ISP high dose, but not in MP high dose group.
We observed a decreased number of GAL- and VAChT-positive neurons in high dose group, but not
in low dose group [Table 1, P < 0.05].

176



Innovative Food of High Quality for Human Health and Sustainability — an integrated program of innovation and research
development in agricultural sciences, Olsztyn, 7-8 September 2023, Poland | Veterinary Science

Table 1. The percentage of immunopositive ENS neurons in the porcine descending colon in the physiological state (C),

under the influence of a low dose (LD) and high dose (HD) with SEM values

VIP C SEM LD SEM HD SEM
MP 5.44 0.84 7.02 0.70 9.56 0.83
OospP 5.20 0.71 6.38 0.52 9.26 1.08
ISP 10.16 0.68 12.76 1.17 14.60 0.88
GAL
MP 7.24 1.22 6.52 0.62 4.72 0.46
(0N 7.80 1.05 6.28 0.82 5.24 0.38
ISP 10.64 0.81 8.04 0.70 6.24 0.18
SP
MP 9.28 1.40 9.80 0.76 10.68 0.45
OsP 10.68 1.49 13.00 1.18 15.52 0.43
ISP 14.80 1.09 14.60 0.94 19.40 0.57
VAChT
MP 20.68 0.42 19.40 0.94 15.72 0.30
(O8] 23.36 0.57 21.08 0.75 17.48 1.02
ISP 19.56 0.48 19.28 0.81 13.88 0.74

Conclusion: Changes in chemical coding of ENS neurons in the porcine descending colon may be an
expression of the organism’s local adaptive response to the presence of a noxious stimulus (micro-
plastic). They are distinct in high dose group which leads to conclusion, that the most harmful effect
of MP stems from its ability to accumulate in the organism.
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Introduction: Food safety has become a priority for highly developed societies. Glyphosate is an active in-
gredient of the most widely used herbicide formulations in protecting agricultural and horticultural crops
[1]. Glyphosate has been shown to be teratogenic and carcinogenic. It disrupts the functioning of the liver
and kidneys and leads to endocrine disorders and metabolic changes. Glyphosate also has a neurotoxic
effect depending on the dose and time of exposure [2]. It was also confirmed that glyphosate has the neg-
ative influence on the morphology of small intestine, impairs gastrointestinal motility and gut microbial
composition [3]. The present study was created to establish the effect of glyphosate supplementation on
population of galanin- like immunoreactive (GAL-LI) intramural neurons in the porcine small intestine.

Material and methods: Fifteen sexually immature gilts divided into 3 groups were used: control (C)
— animals receiving empty gelatin capsules; G1 — animals receiving a low dose of glyphosate - cor-
responding to the theoretical maximum daily intake (TMDI) — 0.05 mg/kg of b.w./day; G2 — animals
receiving a higher dose of glyphosate - corresponding to the acceptable daily intake (ADI) — 0.5 mg/kg
of b.w./day) in gelatin capsules with morning feeding. After 4 weeks period of glyphosate supplemen-
tation, all pigs were euthanized and small intestine samples were collected for further examination. 12
um-thick frozen intestinal sections were then double-stained by incubating with primary (anti-HuC/D
—used as a pan neuronal marker and anti-GAL) as well as secondary (Alexa Fluor 488 and 546) antisera.

Results: Glyphosate supplementation increased the number of GAL-LI neurons in the wall of the small in-
testine. The most remarkable changes were observed in the ileum, where an increase was noted in both
experimental groups and all types of intramural plexuses: in the myenteric plexus (MP) from 5.06 + 0.56%
t0 9.23 + 0.40% in the G1 group and to 15.88 + 1.01% in the G2 group; in the outer submucous plexus
(OSP) from 38.46 + 1.36% to 43.33 + 1.38% and 53.54 + 1.18%; in the inner submucous plexus (ISP): from
48.14 + 1.77% to 55.09 + 0.80% and to 67.41 + 1.09%. In the jejunum, only in the OSP an increase was
noted in both experimental groups (from 36.56 + 1.62% to 43.57 + 2.13% in the G1 group and to 45.20
+ 1.06% in the G2 group). Whereas, in the MP and ISP only in the G2 group changes were statistically
significant (from 6.88 + 0.41% to 16.51 + 1.39% and from 48.56 + 1.52% to 61.06 + 1.04%, respectively).
Similarly in the duodenum, the higher dose of glyphosate increased the number of GAL-LI neurons in all
type of plexus (in the MP: from 3.65 + 0.46% to 7.86 + 0.39%; in the OSP: from 35.68 + 1.35% to 47.71 +
0.87%; inthe ISP: from 41.48 + 1.59% to 64.81 + 1.58%). Whereas in the G1 group changes were observed
only in the ISP (from 41.48 + 1.59% to 47.87 + 1.53%).

Conclusion: The obtained results suggest that GAL may play an important role in the protection of enteric
nervous system neurons against the harmful effects of glyphosate.
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Introduction: Porcine respiratory disease complex (PRDC) is chronic respiratory diseases affecting
mainly growing and finishing pigs, causing major economic losses in the pig industry worldwide
[1]. Cranioventral pulmonary consolidation is one of the main pulmonary lesions found in pigs on
abattoir inspection also known as enzootic pneumonia-like lesions (EP-like lesions) [2]. In addition
to having a negative effect on pig health, in animal with PRDC, when EP-lesions affecting more than
10% of the lung area, a reduction of growth rate of slaughter animals and, consequently, extension
of fattening period were noted [3]. Only few studies have investigated the relationship between re-
spiratory disease and carcass and meat quality [4].

The general aim of the study was to investigate the association between the respiratory health of
slaughter pigs on carcass quality. More precisely, associations were investigated between the preva-
lence and severity of EP-like lesions in Polish slaughter pigs on selected carcass characteristics.

Material and methods: The study population consisted of 280 pigs form three batches from the
same farm, which have been slaughtered in the same slaughterhouse in Poland. A mean number of
93 lungs per batch were examined and individual macroscopic evaluation of EP-like lesions according
to Madec and Kobisch [5] methodology was performed to obtain a reliable and accurate estimation
of the prevalence and severity of lesions. According to lung scoring results, four groups were distin-
guished: without lesions, with mild, moderate and severe EP-like lesions, with the lung score 0, 1-9,
10-19 and 20-28, respectively. The slaughterhouse provided the author with data containing the
weight and meatiness of those carcasses from which lungs were assessed. The analysis of variance
(ANOVA) and multiple comparison tests were used to compare the differences between mean val-
ues of carcass weight and severity of lesions on the animal level. The correlation between variables
as meatiness were verified using the Pearson’s r correlation test. The level of statistical significance
was assumed to a = 0.05. The results were considered statistically significant if a <0.05.

Results: The percent of affected lung with EP- like lesions in examined population was 95%. The av-
erage lung score was 12.2 (SD 7.94). The prevalence of lungs with mild, moderate and severe lesions
was 24%, 55% and 16%, respectively. The mean carcass weight for each group with lesions was:
98.99 kg, 96.94 kg and 96.51 kg, respectively.

Statistical analysis ANOVA showed the existence of a statistically significant difference between the
mean carcass weight depending on the extent of the EP-lung lesions (p = 0.040). The post-hoc test
showed a statistical difference between the average carcass weight and the extent of changes in
the case of with moderate and mild lesions (p = 0.022). Statistical analysis of correlation between
meatiness and severity of lung lesions based on Pearson’s r correlation test showed low correlation
between those data (r = -0.255) but statistically significant (p = 0.000).

Conclusion: Preliminary study confirmed the potential influence of lesions on selected carcass char-
acteristics, however further, more detailed investigation on larger population should be proceeded
to estimate the influence of respiratory disease on pork.

179



Innovative Food of High Quality for Human Health and Sustainability — an integrated program of innovation and research
development in agricultural sciences, Olsztyn, 7-8 September 2023, Poland | Veterinary Science

References

[1] Ferraz M.E.S., Almeida H.M.S., Storino G.Y., Sondlio K., Souza M.R., Moura C.A.A., Costa W.M.T., Lunardi L., Linhares
D.C.L., de Oliveira L.G. 2020. Consolidation Caused by Mycoplasma Hyopneumoniae Has a Negative Effect on Productive
Performance and Economic Revenue in Finishing Pigs. Preventive Veterinary Medicine, 182: 105091.

[2] Sibila M., Pieters M., Molitor T., Maes D., Haesebrouck F., Segalés J. 2009. Current Perspectives on the Diagnosis and
Epidemiology of Mycoplasma Hyopneumoniae Infection. Veterinary Journal, 181(3): 221-231.

[3] Fraile L., Alegre A., Lépez-Jiménez R., Nofrarias M., Segalés J. 2010. Risk Factors Associated with Pleuritis and Cra-
nio-Ventral Pulmonary Consolidation in Slaughter-Aged Pig. Veterinary Journal, 184(3): 326—-333.

[4] Cobanovié N., Stajkovi¢ S., Kureljugié¢ J., Zuti¢ J., Kureljusi¢ B., Stankovi¢ S.D., Karabasil N. 2021. Biochemical, Carcass

and Meat Quality Alterations Associated with Different Degree of Lung Lesions in Slaughtered Pigs. Preventive Veterinary
Medicine, 188: 105269.

[5] Madec F., Kobisch M. 1982. Bilan Lésionnel Des Poumons de Porcs Charcutiers a I'abattoir. Journées Recherche Por-
cine En France, 14: 405-412.

180



Innovative Food of High Quality for Human Health and Sustainability — an integrated program of innovation and research
development in agricultural sciences, Olsztyn, 7-8 September 2023, Poland | Veterinary Science

DEVELOPMENT OF INNERVATION OF THE GASTRIC GROOVE
IN DOMESTIC CATTLE (BOS TAURUS)

Waldemar Sienkiewicz!, Magdalena Marszatek?, Zenon Pidsudko?, Jerzy Kaleczyc!

1 Department of Animal Anatomy, Faculty of Veterinary Medicine, University of Warmia and Mazury in Olsztyn, Poland

Digestion in young ruminants is similar to that in monogastric animals. A very specific part of the
fore-stomach is responsible for this fact — the gastric groove. It is a structure made of two lips and
the floor. It extends from the orifice of cardia until the pylorus, and it is divided into three segments:
reticular, omasal and abomasal groove. When sucking milk, the contraction of the gastric groove is
activated forming a hollow structure — a duct along the wall of the reticulum, which connects the
oesophagus to the reticulo-omasal orifice, as a result, food goes directly to the abomasum. With
the introduction of larger amounts of roughage and the simultaneous growth of the forestomachs,
the reflex of contraction of the gastric groove weakens. Innervation of this structure plays essential
role in regulation of its activity, thus taking under consideration changes in its activity, we decided to
study development of its innervation.

The studies were carried out on animals from six age groups (n = 5). All material was collected
at the slaughterhouse immediately after slaughter. The three groups of foetuses covered the first,
second and third trimesters of pregnancy. Next groups included 6-week-old calves, 2-year-old and
4-year-old cows. Tissues were cut using freeze microtome, and obtained sections were stained us-
ing anti-acetyl tubulin, PGP-9.5 and Hu antisera. Best results were obtained with antibodies against
acetylated tubulin.

The obtained sections were analysed using a confocal microscope. It has been shown that during
foetal life, the number of nerve cells increases, reaching the highest number in the oldest foetuses.
Subsequently, the number of nerve cells present in gastric groove gradually decreases, and it is the
lowest in the oldest animals studied.

The observed decrease in the number of neurons may be the direct cause of the motor activity re-
duction of the gastric groove.

Funding: Project financially supported by the Minister of Education and Science under the program
entitled “Regional Initiative of Excellence” for the years 2019-2022, project no. 010/RID/2018/19,
amount of funding 12.000.000 PLN.
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Introduction: Bovine colostrum is an important source of nutrients and immune factors for neona-
tal calves. However, colostrum may also be the factor of earliest dairy calves exposure to infectious
agents. The pathogenic bacteria present in colostrum may cause diarrheal or septicaemia or may
interfere with the absorption of immunoglobulin [1]. One of the pathogenic bacterial that may occur
in milk is Listeria spp.

Bacteria of the genus Listeria are responsible for occasional but serious infections, both in humans
and animals, causing a disease called listeriosis. The most susceptible to severe disease are the elder-
ly, pregnant women and newborns and immunosuppressed individuals i.e. people from the high-risk
group of the so-called YOPI (Young, Old, Pregnant, Immunocompromised) [2, 3]. Unlike other food-
borne illnesses, which rarely result in fatalities, the mortality rate of listeriosis is approximately 30% [4].

The present study was created to establish the prevalence Listeria spp in bovine colostrum and defi-
nition antimicrobial susceptibility isolated strains.

Material and methods: Bovine colostrum samples were obtained from dairy farms located in Po-
land. Chronic mastitis, requiring frequent and long-term use of antibiotics has been documented
in these herds. The 400 samples of bovine colostrum were examined for Listeria spp. 25 ml bovine
colostrum samples was tested according to PN-EN SO 11290-1:2017-07: Microbiology of the food
chain. Horizontal method for the detection and enumeration of Listeria monocytogenes and other
Listeria spp. Part 1: Detection method.

Antibiotic resistance testing was performed by the disc diffusion method according to the Europe-
an Committee on Antimicrobial Susceptibility Testing (EUCAST) recommendations and used discs
soaked with an antibiotic in given concentrations: erythromycin (15 pg), ampicillin (2 pug), meropen-
em (10 ug), trimethoprim-sulfamethoxazole (1.25-23.75 pg), ciprofloxacin (5 ug), tetracycline (30
ug), gentamicin (10 pg).

Results: In the present study, out of 400 samples of bovine colostrum, 11 were positive for Listeria
spp. ldentification of Listeria strains on basis MicrobactListerial2L reagent and molecular PCR reac-
tion showed that 5 strains (5/11, 45,5%) belonged to L. monocytogenes species and 6 strains (6/11,
54,5%) belonged to L. innocua species. The overall prevalence rate of Listeria spp. was estimated at
the level of 2,75%.

In this study, all isolates of L. monocytogenes and L. innocua were resistant to ampicillin, erythro-
mycin, ciprofloxacin and trimethoprim/sulfamethoxazole. Moreover in our studies the extremely
high resistance was observed against meropenem (7/11, 63,6%) and gentamicin (7/11, 63,6%). Two
strains have been documented as multidrug-resistant with E_MEM_SXT_AM_CIP_TET_CN resis-
tance pattern (resistance to all tested antibiotics) — one L. monocytogenes and one L. innocua. In our
study, sensitivity to tetracycline was found among 8 out of 11 Listeria strains (72,7%), respectively in
three L. monocytogenes strain and in five L. innocua strains.
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Conclusion: The studies undertaken revealed, that bovine colostrum can pose a risk for public health
due to prevalence of pathogenic Listeria strains among which multidrug resistant strains are present.

Relatively high resistance to tested antibiotics observed in our studies may be a results of long-term
antibiotic therapy of herds of dairy cows, which in the case of infection of calves may have serious
health consequences.
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GLIOPLASTIC AND NEUROPROTECTIVE EFFECTS OF THE L-GLUTAMINE
SUPPLEMENTATION ON THE ENTERIC NERVOUS SYSTEM OF WALKER-256
TUMOR-BEARING RATS

Sara Raquel Garcia de Souza?, Jacqueline Nelisis Zanonit!

1 Universidade Estadual de Maringa, Brasil

Cancer cachexia is characterized by systemic inflammation and insufficient energy status, often
affecting the cellular components of the Enteric Nervous System, leading to neuropathy due to
heightened oxidative stress. This study aimed to assess the impacts of 2% L-glutamine supplemen-
tation on neurons and glial cells in the myenteric plexus in rats bearing the Walker-256 tumor. For-
ty-eight male Wistar rats (Rattus norvegicus), 55 days old, were used and divided into four groups:
control (C), control supplemented with 2% L-glutamine (G), Walker-256 tumor (T), and Walker-256
tumor supplemented with 2% L-glutamine (TG). L-glutamine was added to the feed at aratioof 2 g
per 100 g. After the 14-day experimental period, the jejunum was collected and subjected to im-
munohistochemical techniques and Western blot analysis. Cachectic rats displayed a decline in the
general population of neurons and glial cells. These factors led to adaptive morphometric chang-
es and neuroplastic phenomena, resulting in pronounced gliopathy, particularly evident through
GFAP analysis. In control animals receiving supplementation, toxicity was observed. However,
L-glutamine supplementation in tumor-bearing animals prevented the loss of neurons and glial
cells, promoted beneficial morphometric adaptations, and led to GFAP-associated glioplasticity. As
a result, L-glutamine supplementation exhibited neuroprotective effects against cancer cachexia,
potentially attributed to reduced oxidative stress.
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Introduction: During the recent years, an immense increase in the number of food-borne diseases
in human caused by Campylobacter spp. has occurred. After poultry, raw milk acts as a second main
source of Campylobacter. It is assumed that Campylobacter spp. in raw milk derive most commonly
from secondary fecal contamination during the milking process [1]. Poor pretreatment of the teats
with disinfectant or contact of the milking cluster with the parlor floor may result in higher levels
of fecal Campylobacter contamination [2]. Since Campylobacter, unlike Salmonella, cannot grow in
milk, the occurrence of cases suggests a very low infective dose indeed, and the unpasteurized milk
and milk products are the major vehicles of transmission that has been identified in human out-
breaks of Campylobacter infection [3]. Taking into consideration the public health, important is not
only to determine the possible source of zoonotic agents, but also monitoring for the occurrence of
antimicrobial resistant strains. The significant public health issue is combined resistance to critically
important antimicrobials, as multidrug resistance (MDR) constitutes a major obstacle to effective
therapeutic uses.

Material and methods: The study was performed on two farms with free-stall housing system where
animals were kept on deep litter (farm A and D) and two with tie-stall housing system without straw
bedding (farm B and C). From each individual cow, both lactating and dried ones, the rectal swabs
and polled teat swabs were taken. Simultaneously the polled teat cups swabs, floor swabs before
and after milking process, and bulk tank milk samples were collected. To determine the transmission
routes of isolates obtained from various sources the DNA sequence of the flaA short variable region
(SVR) was used. Moreover the antimicrobial resistance was examined by the Minimal Inhibitory Con-
centration (MIC) method, using the agar dilution method.

Results: From 59 positive samples, 32 strains assigned to 16 flaA allele types were recovered. In
majority of positive rectal swabs and pooled teat swabs only one strain was determined, apart from
three samples from teat swab (one on farm A and two on farm D) and one sample from rectal swab
(on farm A) which were contaminated with two distinguish Campylobacter strains. Simultaneously
among positive floor swabs and bulk tank milk samples two or three strains were found. Only 4 out
of 16 flaA allele types were distributed among different farms, but only one allele 572 covering 5
isolates was present on three out of four tested farms (farm A, C and D). Furthermore the remain
alleles were found only in one farm and majority of them (7/12) were detected only in one isolate.
On each of the tested farms in floor samples after milking process and in bulk tank milk recovered
Campylobacter isolates were previously found in rectal swabs and/or teat swabs. Over 60% of Cam-
pylobacter fecal shedding dairy cows showed the microbial contamination of teats skin. Only single
negative-culture cow showed the prevalence of Campylobacter on a cow’s teats.

The highest resistance rate was observed to ciprofloxacin (74.2%), while none of Campylobacter
strains was resistant to gentamicin. Only 4 out of 31 isolates recovered were susceptible to all tested
antimicrobial agents. The prevailing resistance patterns were TET_CIP (29%) followed by CIP (25.8%).
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The multidrug resistance determined as resistance to at least three different classes on antimicrobi-
als was detected in single isolate to AMP_TET_CIP. Altogether almost 50% of recovered strains were
resistant to two classes of antimicrobials.

Conclusion: The consumption of raw milk from dairy cows may cause food-borne outbreaks of cam-
pylobacteriosis. Cross-contamination of raw milk through faeces is an important vehicle for trans-
mission of Campylobacter to consumers.
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Introduction: Tachykinins, a large family of neuropeptides encoded by Tacl and Tac3 genes, are
widely engaged in many physiological and pathological processes. Substance P (SP), encoded by
Tacl gene, is known to be directly engaged in the regulation of gastrointestinal contractility, se-
cretion and inflammatory reactions. Our previous experiments undoubtedly confirmed that gastric
ulceration, a disorder widely occurring in humans and other mammals, strongly affects stomach
intramural neurons. We observed that enteric nerves change the pattern of chemical coding - the
number of SP-immunoreactive neurons and Tacl gene expression were hugely affected by ulcers
in the stomach tissue. Importantly, the stomach function is also precisely regulated by extrinsic au-
tonomic reflexes, and inferior (nodose) vagal ganglion neurons play a crucial role in the autonomic
afferent innervation of internal organs, including the stomach. Impaired gastric function in peptic
ulcer disease suggests changes in autonomic nerve reflexes regulating the stomach function. There-
fore, we decided to verify changes in Tacl gene expression and Substance P immunoreactivity in the
vagal nodose perikarya as a reaction to gastric antral ulcerations. The experiment was performed on
a pig - the omnivorous animal of a great economic value, which, due to its many similarities to the
human body, is a species particularly valuable for biomedical research.

Material methods: Experiment was performed on a group of experimental pigs (n = 12), in which gas-
tric ulcerations were induced by submucosal injections of 40% acetic acid solution into stomach sub-
mucosa, and control animals. Bilateral inferior (nodose) vagal ganglia were collected from all animals
studied after one week of ulceration. Using double immunofluorescence, confocal laser microscopy
and software picture analysis the percentage of SP-immunoreactive perikarya in the representative
cross-sectional planes of each ganglion were counted in both animal groups. Q-PCR was applied on
ganglion tissues to verify the relative expression (glyceraldehyde-3-phosphate dehydrogenase (GAP-
DH) as a housekeeping gene) of mRNA encoding Tacl gene in both groups of animals. Results obtained
from the control and experimental animals were statistically tested for their significance (p-value).

Results: Statistical analysis of the results obtained by double immunofluorescence and confocal la-
ser microscopy revealed that the percentage of SP-immunoreactive perikarya was not significantly
changed between the control and experimental animals. The analysis of results obtained with Q-PCR
indicated the 1.33-fold decrease of Tacl gene expression in the nodose ganglia of ulcer animals in
relation to controls.

Conclusion: Present experiment revealed for the first time that gastric ulcer reduced the expression
of Tacl gene in the vagal nodose ganglia, but not affected the number of therein located SP-im-
munoreactive perikarya. Such results suggest that other neuropeptides encoded by Tacl gene (as
neurokinin A, neuropeptide K and neuropeptide gamma) may be engaged in the regulation of vagal
nodose perikarya reaction to gastric ulcer. Therefore, further studies need to be performed. More-
over, results obtained by both techniques (immunohistochemistry and Q-PCR) may suggest that
translational and post-transcriptional regulation play an important role in controlling the Substance
P protein abundance in the nodose ganglia under gastric ulcerations.
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Electron microscopy is so far the only technique that allows imaging the structure of organs, tissues,
cells, organelles and microorganisms with a very high resolution, exceeding the barrier of 0.1 uM.
Ultrastructural studies are very important in investigating physiology and pathology of the gastro-
intestinal tract, including those related to the influence of food compounds and pathogens. Among
ultrastructural techniques used in morphological studies, transmission electron microscopy (TEM) is
the most common. Due to collection of small sizes of ultrathin sections in TEM, the overall area of
tissue/organ analysis is very limited in this technique. Because of the need to choose a limited area
of the tissue block for ultrastructural study, semithin sections are first prepared and then analysed in
light microscope. Based on these observations, the block is trimmed to a size that enables the prepa-
ration of ultrathin sections, which are placed on mesh grids. Consequently, the investigated area has
largely reduced overall dimensions and is divided into separate parts by grid bars, which additionally
cover some portion of the sample area. Because of this separation, it is difficult to recognize the
histological context on electronograms. This is an issue in the studies of samples with complex archi-
tecture, like the intestine. The development of highly sensitive detectors of backscattered electrons
(BSE), working in field-emission scanning electron microscope enables TEM-like imaging of large
tissue sections mounted on the solid substrates.

The aim of this study was to evaluate the ultrastructure of the whole sections through the intestine
wall using a high-end BSE detector.

The samples of mammalian and avian intestines were immersion-fixed in a mixture of 1% paraformal-
dehyde and 2.5% glutaraldehyde in 0.2 M cacodylate buffer (pH 7.4) for 2 h at 4°C. Next, samples were
processed according to two different methods: standard procedure (SP) for TEM with a single treat-
ment with osmium tetroxide and special procedure with intensive heavy metal infiltration (HMI) for
imaging by BSE detection. In HMI method, the fixed samples were washed in the buffer and post-fixed
in a solution containing 2% aqueous osmium tetroxide and 1.5% potassium ferrocyanide in 0.15 M cac-
odylate buffer with 2 mM calcium chloride for 1 hour, washed in water and placed in freshly prepared,
filtered 1% thiocarbohydrazide solution for 20 min. Then, the samples were rinsed in water, incubated
in 2% osmium tetroxide for 30 minutes, rinsed again in water and placed in 1% aqueous uranyl acetate
for overnight incubation at 4°C. On the following day, the samples were en-bloc stained according to
Walton’s lead aspartate method for 30 minutes, washed in water, dehydrated and embedded in Epon
812. The ultrathin sections were cut from the block prepared according these two methods using PT3D
PowerTome ultramicrotome with ASH2 (Boeckeler Instruments, Inc., Tucson, AR, USA) and placed on
silicon wafers. Some sections were additionally contrasted with uranyl acetate and lead citrate. The
sections were imaged using a Sense BSD backscatter electrons detector in SEM Gemini 450 at 1.4 kV
controlled by Atlas 5 software (Carl Zeiss, Oberkochen Germany). The imaging was performed in a hier-
archical mode: from overview and low-resolution (200 nm/pixel) images of the entire sample through
middle resolution (5-10 nm/pixel) images of selected structures to high-resolution (1-3 nm/pixel) im-
ages of small groups of cells or a single cells.
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The sections prepared with HMI were characterised by high signal to noise ratio, therefore they
could be imaged with short dwell times (1.5—-3 ms). They provided high quality and contrast imag-
es, however differing from classical TEM images by appearance of chromatin and ribosomes. The
sections prepared with SP could be imaged only after additional contrasting. They required longer
dwell times (4-6 ms) to obtain images with acceptable noise level and quality. The appearance of
structures was similar to that in TEM.

The obtained method showed that the field-emission scanning electron microscope with highly sen-
sitive BSD detector enables efficient, high quality imaging of large-size samples, covering the whole
wall of intestine. The fixation with intensive HMI is highly recommend, but the samples prepared
with classical method for TEM can be also imaged, with acceptable acquisition times and quality.
Further studies are needed to develop an optimal sample preparation method of the gastrointesti-
nal tract samples.
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ENHANCEMENT OF TIGECYCLINE ABSORPTION FROM GASTROINTESTINAL
TRACT IN MICE — PRELIMINARY STUDY

Hubert Zidtkowski', Paulina Markowska-Bunka?, Jerzy Jaroszewski!, Tomasz Maslanka?

! Department of Pharmacology and Toxicology, Faculty of Veterinary Medicine, University of Warmia and Mazury in
Olsztyn, Poland

Tetracyclines (TCs) are one of the most commonly used antimicrobial chemotherapists in veteri-
nary medicine. In human medicine they are invaluable drugs used in cases of infection caused by
atypical microorganisms. This fact results from a broad spectrum of action, high efficacy, easy and
inexpensive synthesis on an industrial scale. TCs within the group are characterized by a very similar
chemical structure, however, in terms of pharmacokinetics they differ substantially. One of the most
important pharmacokinetic difference is their variability in absorption from the gastrointestinal tract
(GIT) from < 1% to almost 100%. For example, tigecycline as the one of the latest synthesized TCs, is
poorly absorbed from GIT and this absorption reaches 1-5%. Our recent study has suggested that
one of the cause of these differences in oral bioavailability may be active efflux of TCs from entero-
cytes. Out of all known “efflux pump” proteins, p-glycoprotein (P-gp) and breast cancer resistance
protein (BCRP) make the largest contribution to the active removal of xenobiotics from cells. The
concentration of these transmembrane proteins is very high in epithelial cells (e.g. enterocytes),
which are the compounds of all kinds of biological barriers, including those present in intestines.
Therefore, the aim of this study was to determine whether blocking one or more mechanisms of
active efflux of the drug out of enterocytes may be responsible for limiting/regulating bioavailability
of tigecycline in GIT.

To test the effects of the efflux pumps blocker on absorption of tigecycline from the GIT, mice (n =4
per each time point/per group) were used as an animal model. Tigecycline (10 mg/kg body weight)
was administered intraperitoneally, orally, and orally with elacridar (100 mg/kg body weight) —
blocker of P-gp and BCRP. Plasma samples were collected after drugs administration. To measure
tigecycline concentrations, high-performance liquid chromatography coupled with tandem mass
spectrometry was used. Non-compartmental analysis was used for pharmacokinetic calculations of
mean plasma concentrations versus time.

After oral administration of the tigecycline, elacridar administration (oral) significantly (P < 0.05) in-
creased the plasma concentrations, the bioavailability, the maximum plasma concentration, and the
area under the curve. These parameters were approximately tripled, with 95% confidence intervals
(95% Cls) for the difference that included only increases of 1.5-fold or higher. Additionally elacridar
increased mean residence time and half-life in elimination phase of tigecycline.

Due the fact that elacridar inhibits two major efflux pumps and its administration increases the
plasma concentrations of orally administered tigecycline, these results strongly suggest that efflux
pumps in the intestinal epithelium and/or in liver are involved in the regulation of tigecycline ab-
sorption from the GIT.
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RAPESEED (BRASSICA NAPUS L.) BREEDING FOR OIL QUALITY AND PROTEIN
USE FOR FEED AND FOOD

Iwona Bartkowiak-Broda*

1 Plant Breeding and Acclimatization Institute National Research Institute in Radzikow, Btonie, Poland; Department of
Qilseed Crops in Poznan, Poland

Rapeseed (Brassica napus L. var. oleifera) also known as oilseed rape or canola is an important oil
crop worldwide with a wide range applications in food, feed and industrial sectors. It is the most
important oil crop in Europe. Poland is the third producer of winter rapeseed in Europe after Ger-
many and France with a cultivated area of over 1 million ha and seed production of approx.by
3.5 million tons. The mature seeds of winter rapeseed cultivars contain 45-50% of oil and 20-24%
of high quality protein. Rapeseed oil also includes bioactive compounds and antioxidants. This oil
has an universal nature and is recognized as one of the healthiest vegetable oils due to its attractive
composition of fatty acids.

Post-extraction rapeseed meal contains approximately 38—44% of high quality protein. It is mainly
suitable for livestock such as cattle, pigs and to lesser extent poultry, since the fodder value of rape-
seed meal is lower, compared to soybean meal. Rapeseed meal is considered as the second source
of protein, after the soybean meal. Therefore, rapeseed breeders are working intensively to increase
the quality of post-extraction rapeseed meal especially by reducing the antinutritional factors [1, 2].

The worldwide increasing demand of proteins for food purposes leads to a growing interest in nov-
el protein sources. The rapeseed meal is suitable and sustainable candidate for development into
a plant-based protein for human consumption and therefore multi-faceted research is carried out.
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REPRODUCTIVE CAPACITY AND YIELD OF BEAR GARLIC BULBS
IN FIELD CULTIVATION

Marzena Btazewicz-Wozniak?!
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The taste and health-promoting qualities of bear garlic (Allium ursinum L.) have been known since
antiquity. Garlic herbs and their bulbs are widely used in folk medicine. It has antibacterial, bacte-
riostatic and anthelmintic properties. It is characterised by its unique taste and aroma. It can be
used as a spice and ingredient in many dishes [7, 2]. Its leaves, flowers and bulbs are a source of
health-promoting compounds and can be used as functional food ingredients, dietary supplements
and additives [5]. For several years, there has been a significant increase in interest in cultivating this
plant, so it is vital to develop options for growing bear garlic in the field due to its narrow range of
ecological tolerance [6]. Allium ursinum is a typical spring geophyte that grows best in shaded areas
with a stable soil water supply [3]. The harvesting of garlic from natural sites in Poland is limited
because it has been under partial species protection since 2004 [“Journal of Laws” 2004, no. 168,
item 1764]. Studies on the cultivation of bear garlic in Poland undertaken up-to-date have primarily
used shade and irrigation, which increases cultivation costs [1, 4]. This study aimed to assess the
possibility of growing bear garlic under field conditions significantly different from those required by
this plant using pro-ecological and unconventional treatments. To improve soil conditions, a phacelia
intercrop was used, the biomass of which was mixed into the soil, shadbush was replaced by a shade
crop, and biopreparations (Bio-Algeen S90 and Kelpak SL) were applied to increase garlic’s resistance
to drought. This study aims to evaluate the effects of selected agrotechnical treatments on bulbs’
yield and the reproductive capacity of bear garlic grown in the field.

The field experiment was conducted between 2017 and 2020 at the Felin Experimental Station of
the University of Life Sciences in Lublin. Before the establishment of the experiment, the soil in the
0-20 cm layer contained on average 1.04-1.11% humus, 69 mg N, 27 mg P, 84 mg K, 563.5 mg Ca and
66 mg Mg/dm?3 of soil at a pH in KCl of 5.96-6.12. After presowing cultivation, phacelia (intercrop) was
sown in half of the field, the biomass of which was mixed with the soil on September 4. Fertilisation
with P (superphosphate) and K (K,SO,) was applied in autumn, while N (ammonium nitrate) was ap-
plied in spring, supplementing the nutrients to the level (mg/dm?): 120 N (NH, + NO,), 70 P, 200 K [4].
The experiment was set up using the completely randomised block method in 3 replicates. The bulbs
were planted into the ground on September 13, 2017, at a spacing of 30 x 30 cm, and the whole was
covered with a layer of pine bark. The following factors were considered in the experimental design:
I. Intercrop: a) no intercrop, b) phacelia intercrop (Phacelia tanacetifolia Benth.); 1l. Shade crop:
a) no crop, b) winter turnip (Brassica campestris ssp. oleifera f. biennis); |ll. Biopreparations: 1. con-
trol (no treatment); 2. Bio-Algeen S90 (spraying), 3. Kelpak SL (spraying), 4. Kelpak SL (soaking before
planting at a concentration of 0.3% for 5 minutes + spraying). Spraying with the preparations was
applied three times at an interval of 7 days, starting at the stage of formation of 2 leaves. Bio-Algeen
was applied at a rate of 2 I/ha, while Kelpak was applied with a first spray of 3 I/ha and the others
at 2 I/ha. No chemical protection was applied, and weeds were removed by hand. In the following
three years of the study, the weight and number of bulbs produced per bulb planted in 2017 were
determined, as well as the weight of a single bulb, the weight of the roots and their proportion.

On average, one bulb planted in autumn 2017 yielded 1.34, 2.91 and 9.06 bulbs in the following crop
years, irrespective of the experimental factors. The ploughing of phacelia biomass had a favourable
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effect on garlic bulb weight and root weight in the first year of cultivation and the follow-up treat-
ment. Turnips applied as a shade crop caused a slight increase in the unit weight of bulbs and their
roots in the first and second years of cultivation and the number of progeny bulbs in the second and
third years of cultivation. The applied biopreparations had a positive effect on the studied bulb yield
traits compared to the control object. The use of biopreparations is promising, given the increasing
incidence of drought and offers a reliable alternative to crop irrigation.
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THE INFLUENCE OF HARVEST METHOD ON THE ENERGY POTENTIAL
OF JERUSALEM ARTICHOKE
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1 Department of Agrotechnology and Agribusiness, University of Warmia and Mazury in Olsztyn, Poland

Jerusalem artichoke (Helianthus tuberosus L. — JA) is a plant species that can be used as a source
of energy. It has numerous industrial applications due to its high yield potential and relatively low
environmental and agronomic requirements.

This study was undertaken to determine the impact of different harvest methods on the energy
potential of JA biomass, which was harvested once (August) or twice (June and October) during the
growing season. The yield and energy efficiency (EE) ratio of JA biomass were evaluated in a three-
year field experiment established in north-eastern Poland. The energy inputs (El) in JA production
reached 23.0-23.5 GJ hat in the year of plantation establishment, and 12.1-14.6 GJ ha* y!in the
second and third year, and they were 11-12% higher when JA biomass was harvested twice. The
highest dry matter yield (DMY) was noted in the second year of the study (28.1 Mg ha-1), and its
values were 32% and 58% lower in the first and third year, respectively. This parameter was higher
when JA biomass was harvested once. The energy gain (EG) and the EE ratio in JA biomass produc-
tion ranged from 144 (year 3) to 346 GJ ha™ y* (year 2), and from 11.3 and 12.3 (years 1 and 3) to
26.1 (year 2), respectively. Both parameters were significantly higher (by 67% and 63% on average,
respectively) when JA biomass was harvested once. These findings indicate that optimal harvest
strategies can contribute to improving productivity and increasing the volume of energy accumulat-
ed in JA biomass [1-11].

Comments: The results of this study were published in an article entitled: “The effect of harvest
strategy on the energy potential of Jerusalem artichoke” Bozena Bogucka, Krzysztof Jézef Jankowski,
Industrial Crops & Products 2022, 177, 114473, DOI: 10.1016/j.indcrop.2021.114473.
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DEVELOPMENT OF RENEWABLE ENERGY SOURCES MARKET
AND BIOFUELS IN THE EUROPEAN UNION
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Renewable energy market development with particular regard paid to biofuels in the EU was pre-
sented. The analysis included data on the share of renewables in Gross Island energy consumption,
changes of renewable energy in the years 2004—-2016 and the amount of liquid biofuels. The authors
of the paper used descriptive and statistical methods to describe the changes in bioenergy develop-
ment in the European Union (EU). The biggest share of biofuels and renewable waste can be seen in
Latvia (31.2%), Finland (26.7%) and Sweden (24.8%). The highest percentage of wind energy in 2015
was found in: Denmark (7.2%), Portugal (4.3%), Ireland (4.0%) and Spain (3.5%). The highest share
of solar energy in 2015 was found in Cyprus (3.5%), Spain (2.6%) and Greece (2.2%). The highest
contribution of geothermal energy was found in 2015 in Italy (3.5%), Portugal (0.8%) and Slovenia
(0,7%). Hydropower was the biggest in 2015 in Sweden (14.2%), Austria (9.6%) and Slovenia (5.0%).
The highest coefficients of variation of the share of electricity from renewable energy sources were
found in the years 2004—-2017 in Malta (140.3%), Cyprus (101.1%) and United Kingdom (71.9%). In
addition, the highest coefficients of variation of share of renewable energy sources in heating and
cooling in the years 2004-2017 were found in Malta (72.4%), United Kingdom (69.81%) and Hungary
(44.91%). Moreover, the highest coefficients of variation of share of renewable energy sources in
transport in the years 2004-2017 were found in Finland (113.78%), Malta (115.52%) and Belgium
(96.53%). The biggest producers of ethanol and biodiesel in EU were Germany, France and Poland.
Cluster analysis data show that Germany and France are of key importance in the production of
biodiesel and ethanol. The biodiesel production increased in the years 2003—2017 from 719,32 mil-
lion liters to 13323 million liters (increase 1852.2%). However, in the years 2014—2017 a stagnation
in biofuel production was observed from 13673 million liters to 13323 million liters (2,56%). The
situation on the market and the increasing demand for green energy suggest that the production of
ethanol and esters of vegetable oils will increase by 2030, which will contribute to the development
of this sector.

197



Innovative Food of High Quality for Human Health and Sustainability — an integrated program of innovation and research
development in agricultural sciences, Olsztyn, 7-8 September 2023, Poland | Agriculture and Horticulture

CHANGES IN THE BIOLOGICAL PROPERTIES OF SOILS INDUCED
BY ENVIRONMENTAL STRESS
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Introduction: There are over 10 million contaminated sites worldwide, covering more than 20 mil-
lion hectares [1]. Areas polluted with mineral and organic compounds pose a significant threat to
the environment and ecological safety of society [2, 3]. These pollutants disrupt the microbial and
biochemical balance of the soil and reduce soil productivity. Therefore, achieving better plant yield
and consequently higher biomass, even in unfavourable environmental conditions, is one of the
main challenges in modern agriculture [4]. The aim of this study was to determine changes in the
soil microbiome under the pressure of mineral and organic compounds. The susceptibility of plants
from the Poaceae family to stress induced by heavy metals, petroleum derivatives, and pesticides
was also assessed.

Material and methods: In order to determine the impact of factors influencing the biological activity
of soils, three independent vegetative experiments were conducted to test the effects of heavy met-
als [5], petroleum derivatives [6], and insecticides [7] on microbial diversity and enzyme activity. The
suitability of grass compost and humic acids in remediating soils contaminated with these pollutants
was also tested. All experiments were conducted under strictly controlled conditions, with in four
replicates. The microbiological analysis included the examination of bacteria and fungi using both
traditional cultivation methods and next-generation sequencing (NGS). The activity of enzymes from
the oxidoreductase and hydrolase classes was also determined. All results were statistically analyzed
using Statistica 13.3, STAMP 2.1.3 software, InteractiVenn, RStudio R v1.2.5033 with Rv3.6.2 and the
gplots library.

Results: It was found that Cr(VI) had an adverse effect on the growth of bacteria from the genera
Cellulosimicrobium, Kaistobacter, Rhodanobacter, Rhodoplanes and Nocardioides, as well as fungi
from the genera Chaetomium and Humicola. In soil contaminated with petroleum derivatives, the
dominance of the genus HB2-32-21 was observed. Permethrin and cypermethrin were well tolerat-
ed by bacteria from the genera Sphingomonas and Bacillus, as well as by fungi from the genera Pen-
icillium and Trichocladium. Cr(VI) significantly disrupted the growth and development of Zea mays,
while humic acids completely neutralized its toxic effect on the plant. Diesel oil had a stronger toxic
impact on the growth and development of Elymus elongatus than gasoline. However, more polycy-
clic aromatic hydrocarbons (PAHs) were degraded in soil contaminated with gasoline compared to
diesel oil. On the other hand, permethrin and cypermethrin disrupted the growth and yield of Zea
mays, resulting in reduced crop yield and leaf greenness index (SPAD).

Conclusion: The research results recommend the use of grass compost, humic acids, and the cultiva-
tion of plants from the Poaceae family in the bioremediation of soils contaminated with petroleum
derivatives, heavy metals, and insecticides. Additionally, they indicate the usefulness of so-called
core bacteria in the bioaugmentation of soils polluted with these compounds.
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INDUCTION OF HAPLOIDS IN RYE (SECALE CEREALE L.)
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Inbred lines production in rye (Secale cereale L.) with the classical breeding procedure is a difficult
and time consuming task. With the use of in vitro culture techniques for obtaining doubled haploid
plants of rye it can be done in a shorter time. In cereals, for haploid induction androgenesis (anther
culture and microspores) and elimination of chromosomes are widely used. The most important
factors influencing the ability to androgenesis are: physiological condition of donor plant material,
genotype, initial treatment of spikes and anthers, the stage of microspores development, composi-
tion of medium and culture conditions. Rye is a species in which induction of haploids in in vitro an-
ther cultures causes many problems like: low percentage of regenerated plants and high frequency
of albino plants [1, 2].
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USING GROUNDWATER FOR IRRIGATION OF AGRICULTURAL CROPS
IN THE CONTEXT OF CLIMATE CHANGE
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Introduction: Extreme weather events are increasingly observed in many parts of the world due
to climate change, the main cause of which is an increase in temperature. The rise in temperature
is expected to continue its trend in the coming decades as the accumulation of greenhouse gases,
mainly from human activities, increases. There are also increasingly more changes in the distribution
of atmospheric precipitation: the intensity of rainfalls increases, which makes their use by plants less
effective. The increasing air temperature, combined with the limited availability of water during the
growing season, leads to an imbalance between rainfall and water needs of plants. This situation has
an impact on the yield and quality of agricultural products, and consequently on global food securi-
ty. The study analysed the structure of water shortages in plant crops and the available resources of
groundwater that can be used to satisfy these needs.

Material and methods: The research was carried out in Braniewo poviat in Warminsko-Mazurskie
Voivodeship (N Poland), considered as a representative of the conditions of Central and Eastern
Europe. The area of crops at risk of water shortages (with the probability of shortages of 20% and
50%) was determined on the basis of the Atlas of water shortages in arable crops and grasslands in
Poland. Available groundwater resources were estimated on the basis of the Hydrogeological Map of
Poland (Polish Geological Institute). Efficiency of a potential wells was categorised in terms of the
amount of resources that can be used as a source of irrigation water in the study area. The compar-
ison of the spatial structure of the occurrence of water shortages of plants and available groundwa-
ter resources was carried out using the QGIS 3.4 software.

Results: The analysis of the thermal conditions in the years 1981-2020 showed a clear upward trend
in the value of the average annual air temperature, which in this period increased by 1.4 °C. A clear
upward trend in the temperature value impacted the intensity of the evapotranspiration process,
which resulted in the limited water resources and water availability for plants.

The largest part of agricultural crops in Braniewo poviat is located in areas with an average abun-
dance of available groundwater. Water shortages with a probability of 20%, reaching up to 160 mm,
are related to the cultivation of sugar beet and late potatoes. About 11% of rye and late potatoes,
or about 21-25% of wheat, spring barley, sugar beet or winter rape may be cultivated in areas with
a capacity below the main usable groundwater level.

Root crops, such as late potato (430-480 mm) and sugar beet (500-550 mm), are characterized by the
highest water needs. The high sensitivity of e.g. potato crops to water shortages is due to the shallow
and inefficient root system and the low regenerative capacity after stress. Every second year, aver-
age water shortages may appear in the case of late potato cultivation in the amount of 40-120 mm.
However, every five years there may be an average water shortage in these crops in the amount
from 120 mm to 160 mm, covering 89.4% of the crops. They occur mainly on lessive soils made of
light loams (45.4%) and on brown soils made of light loams (44%).
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Conclusions: The presence of significant water shortages, especially in the cultivation of root crops,
such as, for example, late potato or sugar beet justifies the need to irrigate these plants. Due to the
unevenly distributed surface water resources, groundwater is used as a source of irrigation. It was
found that in the case of many crops, the areas with the greatest water shortages are those with
average or high abundance in available groundwater.

When indicating the possibility of abstracting large amounts of groundwater for use in plant produc-
tion in Braniewo poviat, one should take into account the fact that in the long term, their exploita-
tion may cause negative environmental effects.

Funding: The results presented in this paper were obtained as part of a comprehensive study fi-
nanced by the University of Warmia and Mazury in Olsztyn, Faculty of Agriculture and Forestry,
Department of Water Management and Climatology (grant no. 30.610.008—-110). Project financially
supported by Minister of Education and Science in the range of the program entitled “Regional
Initiative of Excellence” for the years 2019-2022, project no. 010/RID/2018/19, amount of funding
12.000.000 PLN.
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IMPACT OF SOIL BIOSTIMULATION ON THE CHANGE OF ENERGY
INTENSITY IN TILLAGE
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2 Institute of Design and Engineering Technologies, Faculty of Engineering, Slovak University of Agriculture in Nitra, Slovak
Republic

Agricultural soils in Slovakia are 30% threatened by erosion. Another problem is degraded soils with
minimal organic matter and high soil bulk density. They are characterised by high soil resistance to
cultivation by agricultural machinery. The biological solution is the use of soil biostimulation. Our
experiment was established in 2014 and is ongoing until now, where we apply biostimulation in
combination with different tillage technologies (conventional with PRP sol biostimulation at a dose
of 200 kg/ha, soil conservation with PRP sol biostimulation at a dose of 150 kg/ha, and conventional
without biostimulation-control). Based on the results, it can be concluded that the biostimulation
resulted in a 15% reduction in tensile resistance and a slight increase in yield.

203



Innovative Food of High Quality for Human Health and Sustainability — an integrated program of innovation and research
development in agricultural sciences, Olsztyn, 7-8 September 2023, Poland | Agriculture and Horticulture

EFFECT OF GENOTYPE-ENVIRONMENT RESPONSE ON PROTEIN CONTENT
OF SOYBEAN SEEDS GROWN IN NORTHERN POLAND
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The selection of cultivars is one of the important elements of proper cultivation, affecting not only
the yield, but also the quality of the food produced, the environment, biodiversity or economic
costs. Soybean is a key component of the global food chain, particularly as a source of feed protein
for animal production. The protein content of soybean seeds is genetically determined and formed
by the effect of moisture and thermal conditions, as well as the soil and agrotechnical factors. The
aim of the study was to find out the suitability of environmental conditions in northern Poland for
the cultivation of soybean cultivars taking into account protein content in seeds.

In years 2017-2019, field experiments with 13 soybean cultivars (Abelina, Alligator, Brunensis, Eri-
ca, GL Melanie, Kofu, Merlin, Moravians, Naya, Petrina, SG Anser, Sirelia and Sultana) were carried
out under conditions in northern Poland, at 10 locations belonging to Research Centre for Cultivar
Testing (COBORU): Biatogard, Chrzgstowo, Gtebokie, Karzniczka, Krzyzewo, Marianowo, Nowa Wie$
Ujska, Radostowo, Swiebodzin and Wrécikowo.

In soybean seeds, dry matter was determined using the gravimetric method and total protein using
the modified Kjeldahl method (factor of 6.25).

An AMMI (Additive Main-effects and Multiplicative Interaction) analysis was carried out for total
protein content on the basis of a two-way classification in the form of cultivar x environment, which
was defined as a combination of location x growing year, which determines the natural growing
conditions of the crop as a result of the agroecosystem and the weather course during the growing
season.

The protein content ranged from 275 g kg™ to 441 g kg™. On average for the years, the highest pro-
tein content was stated in the 2017, when the total precipitation in northern Poland during soybeans
vegetation period was 50% higher than the multi-year average. In 2019, the deficit in precipitation
during the growing season was 18%, compared to the multi-year average, with the average air tem-
perature 0.7°C higher than the multi-year average. This resulted in a decrease of 6.7 g kg™ in seed
protein content, compared to 2017.

The averages for seed protein content for the environments (locations x years) differed significantly,
with the main effects of the environments explaining 86.8% of the total sum of squares and the most
significantly affected the variability in seed protein content.

The percentage of total variation explained by main effects for the cultivars was lower than the per-
centage of variation explained by interaction effects. This suggests that the cultivars tested showed
different patterns of adaptive response to the environments studied. Therefore, among the cultivars
analysed, there may be both, with broad as well as with narrow adaptation to conditions typical for
tested environments.
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The Sultana cv. had the highest average protein content (380 g kg!), and then successively lower,
as follows: Erica and Kofu. In most environments Erica, Moravians and Sultana were in the top four
cultivars, while Abelina, Alligator, Naya and SG Anser were in the top four in just few environments
tested, which may indicate their narrow adaptation.

A comparison of the WAAS (Wide Area Augmentation System) stability measure values for the culti-
vars showed that the lowest WAAS value was obtained for Petrina (0.28), which was the most stable,
due to its protein content (356 g kg!). The next cultivars in terms of stability for this trait were Aliga-
tor (0.39) and Sultana (0.41). The highest value of the stability measure was obtained for the Erica
cv. what means that Erica was the least stable.

The lowest selection index value for the cultivars was obtained for Sultana and next for Moravians,
meaning that they had the highest protein content and were also the most stable of the genotypes
tested.
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THE EFFECT OF MINERAL FERTILIZERS ON THE ENERGY EFFICIENCY
OF CRAMBE BIOMASS PRODUCTION IN POLAND
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Crambe (Crambe abyssinica Hochst. ex R.E. Fries) is an oilseed crop in the family Brassicaceae, con-
sidered one of the main sources of erucic acid. A field experiment was conducted in Batcyny (NE
Poland) in 2017-2019 to determine the influence of nitrogen (N) and sulfur (S) fertilization on the
energy efficiency (EE) in crambe production, including hulled seeds and total biomass (seeds and
straw). The experimental factors were the rates of N fertilizer (0, 30, 60, 90, and 120 kg ha'?) and
S fertilizer (0, 15, and 30 kg ha™?). The energy input (El) in the production technology without N and
S fertilizers was 5.52 GJ ha ™. The highest N (120 kg ha!) and S (30 kg ha™) rates induced a 2.7-fold
increase in El. In NE Poland, the yields of crambe seeds and straw ranged from 1.14 to 1.78, and
from 1.70 to 2.53 Mg ha™ DM, respectively. The energy output (EO) in crambe production reached
26.13-40.56 (seeds only) and 56.06—77.64 GJ ha (seeds and straw). The energy gain (EG) peaked
in response to 60 kg N ha'and 30 kg S ha'(25.57 GJ ha, seeds), and 90 kg N ha*and 30 kg S ha
(50.25 GJ ha?, total biomass). The EE ratio of seeds and total biomass was highest (4.74—4.96 and
9.54-9.85, respectively) in the production technology without N fertilizer. Nitrogen (120 kg ha?) led
to a nearly 2-fold decrease in the EE ratio of crambe seeds and total biomass. Sulfur had a beneficial
influence on the EO (increase of 3—20%), EG (increase of 3—31%) and the EE ratio (increase of 3—17%)
in crambe production. Sulfur incorporated into the N fertilization regime alleviated the decrease in
the EE ratio of crambe production caused by increasing N fertilizer rates [1-9].

Comments: The results of this study were published in an article entitled Crambe — Energy efficien-
cy of biomass production and mineral fertilization. A case study in Poland Krzysztof J. Jankowski,
Mateusz Sokdlski, Artur Szatkowski, Marcin Kozak, in the “Industrial Crops & Products” 2022, 182,
114918, DOI: 10.1016/j.indcrop.2022.11.
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FERMENTED FIREWEED LEAVES — INNOVATIVE FOOD
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More and more people around the world are interested in food and medicinal plants. One of such
plants that has a wide range of uses is the fireweed (Chamerion angustifolium (L.) Holub). This useful
plant has not yet been sufficiently studied and evaluated, although it is widespread in Lithuania and
around the world. Scientists are studying this plant because of its abundance of biologically active
substances. The focus is on polyphenolic compounds: flavonoids, phenolic acids, tannin oenothein
B. Carotenoids, chlorophylls a and b and other biologically active substances are also identified in
this plant.

Recently, there is a special interest in the world in how to increase the number of biologically active
substances in plant raw materials by using various technological processes. One of such methods is
solid-phase fermentation, where no additional water is used in the process. During this process, bio-
chemical reactions take place, during which macromolecular compounds decompose into simpler
ones, resulting in the formation of new biologically valuable substances. With the growing global
demand for fireweeds, many research is being done, but little is known about how the process of
solid-phase fermentation changes biologically active substances and antioxidant activity. This study
aimed to investigate the influence of technological parameters of solid-phase fermentation on the
change of flavonoids, phenolic acids, tannins, carotenoids, chlorophylls and antioxidant activity.

The raw material for the experiment was collected from a naturally growing fireweeds habitat,
located in Giedres Nacevicienes ecological farm (no. SER-T-19-00910), which is in Safarka village
(55°00'22" N; 24°12'22" E), Jonava district (Lithuania) in 2019-2021. Polyphenolic compounds, ca-
rotenoids and chlorophylls were quantitatively and qualitatively evaluated by high- performance
liquid chromatography (HPLC). The ABTS radical-cation coupling method was used to evaluate the
tendency of the antioxidant activity of the biologically active substances present in the leaves of fire-
weeds. All data were statistically processed using analysis of variance (ANOVA) from the STATISTICS
software package (Statistica 10; StatSoft, Inc., Tulsa, OK, USA). The principal components analysis
(PCA) and the hierarchical cluster analysis (HCA) were performed to evaluate the relationship be-
tween different technological parameters of solid-phase fermentation (aerobic and anaerobic en-
vironment, duration) and antioxidant activity, flavonoids, tannins, phenolic acids, carotenoids and
chlorophylls content in fireweeds leaves.

The flavonoids quercetin-3-O-rutinoside, myricetin, and quercetin-3-O-glucoside predominated in
the leaves of fireweeds throughout the study year. An increase, in the effect of anaerobic fermen-
tation, on phenolic acids, carotenoids and chlorophylls was found: the highest levels of gallic acid
were found after 72 hours duration in all study years. Substantially maximum levels of ellagic acid
were determined after 24 hours aerobic solid-phase fermentation duration in 2019 in the leaves of
fireweeds, and in the unfermented — 2020-2021. Maximum oenothein B content was determined
using aerobic solid-phase fermentation technology: after 24 hours duration in 2019 in the leaves
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of fireweeds, and after 48 hours duration — 2020-2021. The highest antioxidant activity was found
after 24 hours aerobic solid-phase fermentation duration in 2019 in the leaves of fireweeds, and in
unfermented —in 2020-2021.

The results of the study showed that solid-phase fermentation have a significant effect on the quan-
titative composition of biologically active substances in the leaves of the fireweeds. Thus, after mod-
elling the technological parameters of solid-phase fermentation, it is possible to propose to the food
and pharmaceutical industry the production of health products from the leaves of the fireweeds.

The study was funded by the Ekhagastiftelsen for application “Studies of the variability of biologi-
cally active and anticancer compounds in organically and biodynamically grown and fermented fire-
weed leaves” (no. 2021-67).
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ACTIVE SUBSTANCES IN MEDICINAL PLANTS
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Introduction: Changes in the content of active substances present in herbal plants are a common
phenomenon that everyone knows about, although not everyone is aware of how important it is
from the point of view of pharmacy. When the content of active substances falls below a certain
minimum, the plant raw material becomes worthless for medicine. Therefore, it is extremely import-
ant, not only from a scientific point of view, but also for practice, to determine the factors influencing
the accumulation of active substances and to determine the extent of their impact. On the basis of
this type of research, on the one hand, it is possible to select or obtain new varieties of herbaceous
plants, characterized by the chemical composition and biological activity expected by the industry,
and on the other hand, by skillful control of environmental factors, to obtain high quality of harvest-
ed raw materials [1-5].

Material and methods: In several field experiments, the influence of cultivation factors (e. g. date
and method of planting plantations, fertilization, irrigation, selected cultivation procedures) on
yielding and accumulation of biologically active substances of several herbaceous plants (American
ginseng, roseroot, Greekoregano, gypsum and others) was investigated [1-5]. The biological activity
of the thus obtained raw material was also investigated.

Results and conclusions: Metabolic processes resulting in the formation and accumulation of specif-
ic substances are linked to processes of assimilation, respiration, absorption and assimilation of min-
erals from the environment. The intensity of biosynthesis processes is determined by both internal
characteristics of plants and factors independent of them. Therefore, two groups of factors should
be considered as the main sources of variability and variation in active substance content: plant
genetic characteristics and external factors. What is more, the accumulation of active substances
and the weight gain of plants do not take place in parallel, but have their own rhythm and dynamics
[2, 5]. An important agrotechnical factor directly affecting the accumulation of active substances is
the adequate supply of plants with water (irrigation of plantations) as well as access to sunlight, which
is regulated to some extent by appropriate spacing and arrangement of rows. The role of fertiliza-
tion, both mineral and foliar, cannot be overestimated. In the experiment on the use of herbal plants,
changes in the content of e.g. glycosides in roseroot roots, ginsenosides in American ginseng and other
plants were noted with increasing levels of mineral fertilization [1-4]. The soil material used also influ-
enced the accumulation of active substances. In addition to environmental factors, which often have
no influence on, the content of active substances also depends on the diligence and timeliness of cer-
tain agrotechnical treatments. One of them is the date of sowing, which directly affects the quality of
the obtained raw material. What is more, the method of drying and its proper storage are also of great
importance for the quality of the raw material used in medicine. Drying parameters should be carefully
selected for individual groups of raw materials so as not to reduce their quality.
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Millet, Panicum miliaceum L., is the sixth most important cereal grain in the world and is the main
source of energy and protein for millions of people in India, Africa and China, and especially for peo-
ple living in arid and semi-arid regions. The main producers of millet are Africa and Asia, the latter
producing 48% of the world’s millet grain. The European share in the production of millet is 3%.

In recent years, the world acreage of millet cultivation amounts to about 35 million hectares, which
is about 5% of the area of cereal crops. Despite the popularity of millet as a grain plant in the world,
information on pests that feed on this grain, both in the field and in storage, is scarce. One of the
potential pests of millet grain is the confused flour beetle Tribolium confusum Duv. (Coleoptera:
Tenebrionidae), which is one of the leading species of beetles that feed on stored grains or food
products. T. confusum is a secondary pest, since it prefers damaged kernels rather than intact seed
and seed coat.

The aim of this study was to assess the development of T. confusum on different products of millet
deriving from different farming systems. The development of the confused flour beetle on millet
was observed on grains and their products of the ‘Jagna’ cultivar, with kernels derived from two
farming systems, conventional and organic. The research material was: threshed grain, millet groats,
millet flakes and millet flour. The experiment was carried out in laboratory conditions under con-
stant temperature and humidity conditions (30°C, 75% RH). The material prepared for the tests was
conditioned for 7 days, afterwards 20 g were placed in ventilated vinidur containers (10 cm diame-
ter) into which 10 adults of the confused flour beetle were introduced. Adults were removed after
23 days. Emerging adult progeny were counted and removed from the 30th day of the experiment
and every 7 days, until all developing progeny were obtained. The evaluation of the development
of T. confusum on millet kernels and their products was made on the number of individuals in the
descendant generation, the mass of dust formed after feeding, and the loss of kernel mass and the
tested products.

According to the size of the descendant generation the best habitat for the development of T. con-
fusum was millet flour, where the greatest number of progeny developed. In grains, millet groat and
millet flakes, the development of T. confusum was significantly limited, therefore, it does not pose a
threat to these products during storage. It should be noted that these beetles preferred flour made
of grains from conventional than from organic crops.

Funding: Project financially supported by the Minister of Education and Science of Poland, under
the program entitled “Regional Initiative of Excellence” for the years 2019-2022, project no. 010/
RID/2018/19, amount of funding 12.000.000 PLN.
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Polycyclic aromatic hydrocarbons (PAHs) are mainly accumulated in soil. Plants secrete enzymes
that transform or biodegrade PAHs in soil. Some plant species are more effective in stimulating
the biodegradation of these pollutants than other species. This study was undertaken to evaluate
the influence of crop rotation on PAH concentrations in soil. Four crops were grown in rotation:
sugar beets, spring barley, maize, and spring wheat. Soil samples for the study were obtained from
a long-term field experiment established in 1986 in Batcyny, Poland. The concentrations of PAHs
were analyzed in soil samples gathered over a period of 12 years (1998-2009). An attempt was made
to evaluate the effect of crop rotation (sugar beets, spring barley, maize, and spring wheat) on PAH
concentrations in soil. The content of PAHSs in soil samples was measured by gas chromatography
with flame ionization detection. Data were processed statistically by repeated measures ANOVA.
The concentrations of >16 PAHs were lowest in soil after sugar beet cultivation, and highest in soil
after maize cultivation. It can be concluded that maize was the plant with the greatest adverse effect
on the content of heavy PAH in the soil, a completely different effect can be attributed to spring
wheat, which has always been shown to reduce the content of heavy PAH in the soil. Weather con-
ditions affected PAHs levels in soil, and PAH content was highest in soil samples collected in a year
with the driest growing season. This arrangement suggests a greater influence of weather conditions
than of the cultivated plant [1].
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ENVIRONMENTAL CONDITIONS OF AGRICULTURAL PRODUCTION
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Agriculture and rural areas are an open system consisting of three interdependent and interpene-
trating subsystems: social, economic and environmental. The basic relationship occurring between
agriculture and the natural environment is a two-way relationship based on feedback agriculture
influences the natural environment, but also itself depends on its quality. However, from the point
of view of natural resource conservation, this relationship can be considered in three ways. Firstly,
agriculture is a human activity that causes pollution and destruction of the natural environment.
Secondly, as an activity that depends on the natural environment, agriculture also acts as a victim
of pollution. Thirdly, agriculture also plays the role of a factor protecting and conserving the natural
environment. The current direction of agricultural development, based on models emphasising only
the maximisation of economic benefits, has been criticised. In addition to the positive productive
and economic effects, the intensification of agricultural production has resulted in many adverse
changes, particularly to the natural environment. The primacy of profit maximisation over the ratio-
nality of society as a whole, occurring for years, has resulted in the development of agriculture at the
expense of the natural environment and its non-renewable resources. In addition, the current model
of agriculture and rural areas leads to their social and cultural marginalisation, resulting in a decline
in the vitality of the countryside. The above processes have led to a new perception of the functions
of agriculture and rural areas and the creation of new development models for the sector based on
the principles of sustainable and multifunctional development [1].

It should be noted that Polish agriculture is characterised by significant regional diversification, re-
sulting both from natural, economic and organisational, infrastructural, socio-cultural conditions
and also from historical conditions. The level and structure of factor resources in the region deter-
mine and condition the specificity of agricultural production. The main environmental elements
determining the conditions for agricultural production include the quality of agricultural production
space and agroclimate.

There is no doubt that the basic paradigm of EU development is based on the principles of sustain-
ability. The realization of this direction will involve, inter alia, the implementation of the 17 Sustain-
able Development Goals (SDGs) contained in the UN resolution Transforming our World: Agenda for
Sustainable Development — 2030 [2]. In the light of the above resolution, resource depletion and
environmental deterioration, which translates into desertification, drought, reduced soil production
potential, reduced biodiversity and freshwater scarcity, are identified as the main threats to world
development. Equally important in this context is climate change and the temperature rise it causes,
the rise in water levels, the acidification of the oceans, etc. These facts justify a further reorientation
of EU policy towards greater care for the natural environment and climate. The agricultural sector
can make a direct contribution to the UN resolution’s goal of eradicating hunger in the world. Ef-
ficient and rational agricultural production can also reduce poverty, improve people’s health and
quality of life, improve water quality, increase the production of energy from renewable sources,
accelerate economic development, improve working conditions, intensify climate action, implement
innovation, as well as create the right conditions for the maintenance and development of life on
earth and on land.
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The above conditions and intentions translate into a further strengthening of the concept of devel-
oping sustainable agriculture. This is reflected in the EC’s presentation of the idea of a European
Green Deal to transform the European economy. The new strategy is intended as a response to
pressing environmental and social challenges. The European Green Deal is a strategy for growth that
aims to transform the EU into a fair and prosperous society living in a modern, resource-efficient and
competitive economy that achieves zero net greenhouse gas emissions in 2050 and where economic
growth is decoupled from the use of natural resources. The strategy also aims to protect, preserve
and enhance the EU’s natural capital and protect the health and well-being of citizens from environ-
mental risks and negative impacts. It is assumed that this transformation will take place in a fair and
inclusive manner. Central to this concept is the thesis that, by acting together, the EU is able to shift
its economy and society onto new tracks towards greater sustainability.

The assumptions of the European Green Deal were partly reflected in the Strategic Plan for the CAP
2023-2027. The main changes were a strengthening of environmental ambition, resulting in an in-
crease in conditionality requirements (GAEC). Within conditionality, peatlands and wetlands were
protected, minimum soil cover requirements were increased at the most sensitive times and new
crop rotation requirements were introduced on arable land.

A new element introduced in the 2023-2027 CAP programming perspective is ecoschemes: 1) areas
with honey-producing plants; 2) carbon farming and nutrient management; 30 water retention in
permanent grassland; 4) animal welfare; 5) conducting crop production under the system of Inte-
grated Plant Production; 6) biological crop protection (SP for the CAP 2023-2027).

It should be stressed that in the NP for the CAP 2023-2027, support for production-related income
was maintained. On the other hand, in Pillar Il a number of investments are planned, including sec-
toral investments, a broad catalogue of pro-environmental measures (e.g. LFAs, organic farming, and
interventions-agricultural-environment-climate) and those serving rural development.
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Introduction: Cereal crops are exposed to various types of environmental stress, as well as bacterial
and fungal infections [1]. Winter wheat is susceptible to many diseases that can decrease yields [2].
Fusarium head blight (FHB) caused by fungi of the genus Fusarium is one of the most dangerous
crop diseases. In Poland, the predominant Fusarium pathogens of cereals, including winter wheat,
include F. avenaceum, F. crookwellense, F. culmorum, F. equiseti, F. graminearum, F. langsethiae, F.
sporotrichioides, F. oxysporum, F. poae and F. tricinctum [3]. Fungi that cause FHB produce toxic me-
tabolites that directly damage kernels and can be accumulated in stored grains [4].

The aim of this study was to determine the prevalence of DON-producing Fusarium fungi and the
concentration of DON in wheat grains grown in different climatic regions of Poland.

Material and methods: The study involved field experiments that were carried out between 2014
and 2016 in the Experimental Stations for the Evaluation of Crop Varieties (SDOO) in different climat-
ic regions in Poland, consistent with the European climate zones: Biatogard, Bezek, Koscielna Wies,
Ruska Wies, Sulejéw, Tomaszéw Bolestawiecki and Pawtowice. The grains of winter wheat var. Artist
and Kilimanjaro were randomly sampled. The taxonomic composition of fungal communities colo-
nizing wheat grains was determined in the first stage of the study. Extraction and quantification of
genomic DNA from Fusarium fungi colonizing winter wheat grain. A quantitative gPCR method was
used to assess the presence of DNA from the selected fungal species was conducted in the ABI 7500
FAST system. Detection and quantification of DON was carried out using HPLC analyses. Data were
processed statistically in Dell Statistica v. 13.

Results: The species, A. alternata and E. nigrum, accounted for 69.77% and 17.02% of all the iso-
lates, respectively. Fusarium fungi accounted for 6.07% and were represented by eight taxa (F. av-
enaceum, F. culmorum, F. equiseti, F. graminearum, F. oxysporum F. poae, F. sporotrichioides and F.
tricinctum), as well as individual isolates Fusarium spp. The study demonstrated that grain samples
from warmer regions of Poland, including Sulejéw and Tomaszéw Bolestawicki were colonized main-
ly by F. graminearum and were most highly contaminated with deoxynivalenol (DON). Samples from
Northeastern Poland, i.e., Ruska Wies, which is located in a cooler region, were characterized by a
predominance typical of the cold climate, i.e., £ poae and Penicillium verrucosum. A Spearman’s
rank correlation analysis revealed that the severity of grain infection with F. avenaceum/F. tricinctum
was affected by the mean daily temperature and high humidity in May. A positive correlation was
observed between the presence of F. culmorum and F. graminearum DNA and DON contamination
of winter wheat grains [5].

Conclusion: Weather conditions during the growing season of winter wheat affected the incidence
of pathogens. Fusarium avenaceum and F. graminearum were the predominant fungal species in the
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winter wheat grains cultivated in most of the analyzed locations in Poland. A positive correlation was
observed between the presence of F. culmorum and F. graminearum DNA and DON contamination
of winter wheat grains.
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Abstract: In this study, the date from field experiments from Vytautas Magnus University, Agricul-
ture Academy, Lithuania are presented. The thematics of experiments cover the investigations of
different tillage systems and seedbed formation methods in sugar beet crop, the application of sugar
beet fertilization and crop protection methods, the bio-diversification of sugar beet crop by intro-
duction of living mulches.

Introduction: By changing the parameters of agrosystems, we simultaneously change not only the
properties of the soil, but also the conditions for the development of crops, and at the same time
their productivity and quality. It should also be mentioned that plant diseases, pests and weeds
also have a significant impact on crops in agrosystems. A considerable part of agrotechnologies is
created on the basis of their control. However, the control of crop biodiversity has a negative side,
as it destroys the natural basis of agrosystems and reduces soil bioactivity. Agrosystems with high
level of biodiversity are currently spreading around the world, solving the issues of balance between
environmental protection and the quantity and quality of production.

Material and methods: The largest part of investigations were carried out at Vytautas Magnus Univer-
sity, Agriculture Academy (before Lithuanian University of Agriculture, later Aleksandras Stulginskis
University) Experimental Station, Kaunas district, Lithuania since 1995. The soil of experiments is
silty loam (on average 46% sand, 42% silt, 12% clay) Planosol (Endohypogleyic-Eutric — Ple-gIn-w).

Results: During the period of 1995-2006, plenty our experiments on soil tillage optimization for
sugar beet were performed. According to the results of investigations, reduced primary soil tillage
from deep ploughing to shallow loosening and no-tillage had not significant influence on sugar beet
productivity and quality. Similarly, reduction of pre-sowing soil tillage by rototilling increased density
of crop but had no significant influence on sugar beet productivity and quality. However, sugar beet
seed-bed compacting by spur roller after sowing had positive effect on productivity and quality of
root-crop [4]. Through these experiments, it was established that the sugar content (percentage)
of root-crops mostly depended on crop density (r = 0.656, variation 71-92 thousand plants per
ha). The amount of L-amino nitrogen (percent) — on crop density (r = -0.568, variation 71-92 thou-
sand plants per ha), root-crop productivity (r = -0.568, variation 69—-82 t ha) and sucrose content
(r = -0.831, variation 16.2-17.4%). In 2004—-2005, the influence of soil tillage intensity, living and
straw mulch on sugar beet yield and quality were established. The allopathic properties of annual
ryegrass decreased sugar beet crop yield, sucrose content and increased the amount of sodium in
the root-crops [1]. Experiment was continued in 2015-2018. Sugar beet intercropping significantly
decreased the yields of root-crop, but was mainly neutral in quality terms [5, 6]. In 2011-2012, dif-
ferent doses and application time of bio-organic nano fertilizer were investigated. There was con-
cluded that single application of the bio-organic nano fertilizer at BBCH 18 growth stage increased
the content of sucrose in the root-crops [3]. In 2012-2013 at Rumokai Experimental Station, Lithu-
anian Research Centre for Agriculture and Forestry, application timing and doses of fungicides were
tested. Application of various active ingredients of fungicides had insignificant effect on sugar beet
yield and sucrose content in the roots [2].
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Conclusion. Agrotechnology slightly initiate the variation of sugar beet quality, however variation of
meteorological conditions has the highest impact.
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The aim of the study was to determine the effect of the intensity of nitrogen fertilization, forecrops
and tillage systems on the baking value of wheat flour. The research was conducted in 2018-2019;
they included a static field experiment initiated in 2012 at the Brody Branch of the Experimental and
Research Station of the Poznan University of Life Sciences, located 50 km west of Poznan (52°43’
N; 16°30’ E). The work began with obtaining flours from wheat cultivated under the conditions of
a strict field experiment, and then tests were carried out to determine their chemical characteristics
and baking value by indirect methods. The obtained wheat grain came from cultivation after five
forecrops (winter wheat, field bean, soybean, white lupine, pea), which received one of the four dos-
es of nitrogen (0; 60; 120; 180 kgN/ha) during the experiment. Wheat was cultivated in the plowing
system (traditional) and simplified (cultivating unit). The following parameters were analyzed in the
tests: the Hagberg-Perten falling number, total ash content, protein content by the Kjeldahl method,
rheological properties of the dough by farinographic analysis, and the Kieffer extensibility test was
performed. Determination of protein content, ash and flour moisture was also performed using the
NIR MPA method [1].

The obtained research results showed that forecrops and appropriately determined agrotechnical
treatments, especially nitrogen fertilization, have a significant impact on the baking value of wheat
flour, and when properly selected, they can improve the quality and properties of bread obtained
from such a raw material. In the farinographic evaluation, the quality number for the traditional
method started at 14.00 FU for wheat, the upper limit reached 43.00 FU for peas. Lupine as a fore-
crop obtained the highest average for all averages.
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Soybean is characterised by the high nutritional value of the seed due not only to its significant pro-
tein content, but also to its fat content. The fat content of soybean is genetically determined, but the
expression of this trait is highly dependent on weather and soil conditions. An important element of
sustainable development is the adaptation of cultivars for different conditions, which is character-
ised by a specific genetic-environmental potential. Regions predisposed for soybean to accumulate
a higher fat content should be characterised by high humidity, high rainfall and mild temperatures,
i.e., areas in northern Poland. The aim of this study was to find out the suitability of environmental
conditions in northern Poland for the cultivation of soybean cultivars taking into account fat content
in seeds.

In years 2017-2019, field experiments with 13 soybean cultivars (Abelina, Alligator, Brunensis,
Erica, GL Melanie, Kofu, Merlin, Moravians, Naya, Petrina, SG Anser, Sirelia and Sultana) were carried
out under conditions in northern Poland, at 10 locations belonging to Research Centre for Cultivar
Testing (COBORU): Biatogard, Chrzgstowo, Gtebokie, Karzniczka, Krzyzewo, Marianowo, Nowa Wie$
Ujska, Radostowo, Swiebodzin and Wrécikowo.

In soybean seeds, dry matter was determined using the gravimetric method and crude fat using
Soxhlet method.

An AMMI (Additive Main-effects and Multiplicative Interaction) analysis was carried out for crude fat
content on the basis of a two-way classification in the form of cultivar x environment, which was de-
fined as a combination of location x growing year, which determines the natural growing conditions
of the crop as a result of the agroecosystem and the weather course during the growing season.

The fat content ranged from 197 to 274 g kg*. On average for the years, the highest seed fat content
was found in the moderately dry years 2018 and 2019, when total precipitation in northern Poland in
the soybean vegetation period was 22 and 18% lower than the multi-year average, respectively. The
average temperature in growing season in 2018 and 2019 was 1.7 and 0.3°C higher than the multi-
year average, respectively. This resulted in an increase in seed fat content, by an average of 20 g kg™,
compared to cool season 2017.

The average fat content for the analysed environments (locations x years) differed significantly, with
the main effects of the environments explaining 61.4% of the total sum of squares.

The percentage of total variation explained by main effects for the cultivars was lower than the per-
centage of variation explained by interaction effects. The cultivars studied showed different patterns
of adaptation to the environments analysed. Among the analysed genotypes, there could be forms
with a high degree of broad adaptation as well as narrow adaptation to the conditions of northern
Poland environments.
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Abelina and Merlin cultivars were in the top four genotypes in most environments, indicating their
high adaptability, while Aligator, Erica, Kofu, Moravians, Naya, Petrina, SG Anser, Sirelia and Sultana
were in the top four varieties in only a few selected environments, indicating their narrow adapta-
tion ability.

The Merlin cultivar had the highest average fat content (244 g kg?), next lower Abelina and then
Brunensis cultivar the lowest. The lowest value of the WAAS (Wide Area Augmentation System)
measure of cultivar stability was obtained for Petrina (0.12), which means that it was the most stable
in terms of fat content, slightly higher values had Brunensis (0.13) and Sirelia (0.20), and the highest
Erica, which was the least stable.

The lowest value of the selection index for the cultivars was obtained for Petrina, Sirelia and Merlin,
which means that they had the highest fat content and, at the same time, among the genotypes
tested, were the most stable in terms of this trait.
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The research was carried out in 2018-2021 at the Agricultural Experimental Station belonging to the
University of Natural Sciences and Humanities in Siedlce, in north-eastern Poland. The experiment
was carried out in three repetitions in a split-plot system. The factors of the experiment were three
morphotypes of winter oilseed rape: population morphotype, long-stemmed morphotype, semi-
dwarf morphotype. The second factor of the experiment were three ways of using the preparations:
1. Control variant, 2. Organic preparation (Ugmax) 3. Biostimulator containing 13.0% of P,0s and
5.0% of KO, 4. Biostimulator containing silicon. The aim of the research was to determine the effect
of preparations containing microorganisms as well as micro and macro elements, phosphorus, potas-
sium and silicon on the quality of seeds, i.e.: total protein, crude fat and crude fibre of three different
morphotypes of winter oilseed rape. The research showed that the highest concentration of total
protein and crude fat was found in the semi-dwarf heterosis morphotype, while the population form
had the highest content of crude fibre. In all tested cultivars, after the application of preparations
containing potassium and phosphorus and on objects where silicon was used, there was a significant
decrease in protein concentration, while the differences between these objects were statistically in-
significant. The research showed that the highest amount of crude fibre and crude fat was recorded
in objects where phosphorus and potassium were used. However, in the case of the traditional vari-
ety and the long-stemmed hybrid, the differences in fat content were statistically insignificant in all
objects with bio-stimulating preparations, while in the case of the semi-dwarf hybrid, this tendency
was demonstrated only in the objects with the organic and silicon-containing preparations. All of the
tested cultivars were distinguished by the highest concentration of total protein, fat and crude fibre
as well as fibre in the season with the lowest annual rainfall.
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Introduction: Miscanthus x giganteus Greef et Deu (M x g), a sterile, triploid is considered as one
of the most promising warm season perennial C4 grass for biomass production in marginal and
contaminated land. It exibit high high potential as non- food energy crop for conversion to biofuels
and bio-based products [1, 2, 3]. It is important to look into how soil quality is impacted by using
agronomic practices and soil amendments due to their potential to increase crop productivity of
M x g production on marginal land. This can be done by assessment of the soil nematode commu-
nities structure and diversity. These organisms, are responsive to environmental changes and serve
as useful bioindicators for determining the health of the soil [4].

The long-term study of M x g cultivation in various gepgraphical areas at magrinal and contaminated
land was initiated in 2016 and focused on: 1) to determine how soil type and age of plantation effect
plant parasitic nematode (PPNs) composition and can indicate plantation growth and development
(Poland in Ukraine, agricultural, marginal land); 2) to investigate how agronomic practices (soil tilage
and biosolid utilisation) effect diversity of nematode community (USA, Pb aged contamnated land);
3) to evaluate the short-term (one vegetation season) effect of organic soil amendments ( Biochar in
one doze ( BD 1) and two dowble doze (BD 2), Suwage sludge (SS), Biogas digistate (D) and Hemicellu-
lose waste) (HW) on the composition and divercity of the nematode community (Czech, marginal land).

Material and methods: Rapid centrifugation—flotation method was used for nemtode isolation. Nem-
atodes were identified morphometrically [5, 6]. PPNs — to species level, Bacterivore, Fungivore, Om-
nivore, and Predator till genus using the illustrated key [7]. To calculate biodiversity indices, soil nema-
todes were assigned to 5 trophic groups with calculation of nemetode nematode biodivercity indexes.

The general linear models, correspondence analysis and clustering were applied for the statistical
evaluation of data.

Results:

1. The population density of PPNs in several locations exceeded existed currently estimated dam-
age threshold values. This is an important finding in the understanding that during upscaling
cultivation, the crop might harbour PPNs that able to inflict crop damage. Three groups of PPNs
were proposed as indicators for assessing the state of M x g plantations with different years of
cultivation [8, 9].

2. Analysis of abundance, diversity, and community functional status indicators showed differen-
tial sensitivity of nematode taxa to agronomic treatments. Significant transformations in the
nematode trophic group structure occurred under Miscanthus cultivation compared with the
undisturbed mixed plant cover. Agronomic practices led to increasing nematode community
maturity, but those effects varied between spring and fall seasons. Increasing herbivores
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and omnivore-predators were the primary drivers of the observed changes in the nematode
community due to planting Miscanthus [10].

3. The key nematode taxa were sensative to the sampling time and amendments. The incorpo-
ration of organic amendments affected nematode food web and resulted in suppression of
plant-parasitic nematodes (PPNs). It was revealed that community structure was more mature
for SS, less stable for D and had inconclusive effects for BD1, BD2, and HW. Using amendments
ensured pest control benefits which is important given concern that PPNs can inflict crop dam-
age during increased cultivation of M x g [11].

Conclusions:

1. The obtained results provided a basis for improvement of different technologies of M x g bio-
mass production to eliminate or to reduce the risk possessed by PPNs in temporal regions of the
Eastern and Central Europe

2. Among different agronomic practices utilized for crop establishment of M x g on Pb-contami-
nated aged land, Till and Till+biosolids affected the nematode community. The overall finding
confirmed that soil nematode community structure could be used as a sensitive indicator of
ecological processes in the soil during Miscanthus cultivation.

3. Organic amendments can be considered as a potential tool for effective regulation of PPNs
during long-term M x g. cultivation. Using amendments ensured pest control benefits which
is important given concern that PPNs can inflict crop damage during increased cultivation of M x g.
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MULTI-DIRECTIONAL USE OF BIOMASS OF PERENNIAL INDUSTRIAL CROPS
AND ENERGY, ECONOMIC AND ENVIRONMENTAL ASSESSMENT
OF LOGISTIC CHAINS
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Perennial industrial crops (PIC) are an important group of plants that are a source of lignocellulosic
biomass. There are three groups of crops among the PIC: 1) fast-growing shrubs and trees;
2) herbaceous crops and 3) grasses. Until now, the main direction of PIC biomass utilisation were
energy purposes and transport biofuels. On the other hand, in line with the idea of bioeconomy,
opportunities for multi-directional use of biomass should be sought, including the production of
various renewable food and non-food bioproducts as well as energy, environmental and social
services.

The cascade method of using PIC gives greater benefits, because in the first place, substances of
higher value are obtained from lignocellulosic biomass, which can be used in the chemical, cosmetic,
pharmaceutical, feed and even food industries, and only post-production residues or post-extraction
biomass are used for energy goals. It is emphasized that the cultivation and use of PIC brings economic,
social and environmental benefits, especially when plantations are located on marginal land, which
are of little or no use for growing food or fodder plants. Thanks to this approach, it is possible to at
least partially reduce the competition between food crops and energy and industrial crops. Although
PIC plantations are recommended to be established on marginal land, efforts should be made to
obtain high yields of biomass, which results in the effectiveness of this type of production.

In connection with the above, the research conducted by our team has been looking for the
possibility of PIC production and the cascading and sustainable use of biomass. In the first place,
lignocellulosic biomass should be used for high-value bioproducts, e.g. in the pharmaceutical,
cosmetic, chemical, and even food and feed industries, and then the post-extraction biomass can be
a substrate for further applications, including, for example, energy. The conducted research showed
and confirmed that it is possible to produce PIC in the conditions of north-eastern Poland and the
quality of the obtained lignocellulosic biomass enables its cascade use in the direction of obtaining
extracts, including bioactive substances, and the use of residues for energy purposes and in some
cases for insects rearing. It was also found that from the point of view of energy, economic and
environmental efficiency, the production and use of lignocellulosic PIC biomass is fully justified and
brings measurable benefits.
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THE ROLE OF AGRICULTURE IN BIOECONOMY DEVELOPMENT
AND SUPPORTING ENERGY SECURITY

Mariusz J. Stolarski?
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Due to the current complicated political and economic situation, rapid fluctuations of fossil fuel
prices and limitations of their availability as well as environmental issues, renewable energy sources
(RES) will play a strategic role in energy supply. Biomass is the main type of RES in Poland and in the
European Union. Biomass used for energy generation is derived mainly from forests, wood industry,
agriculture and agro-industrial by-products. Moreover, perennial industrial crops are an important
source of this energy feedstock.

The production of industrial and bioenergy crops has been the subject of scientific research for many
years, however the implementation of previously proposed solutions for commercial production is
still at an early stage. It should be emphasized that when developing the production of industrial and
bioenergy crops on agricultural lands, it is important to avoid land-use competition with the produc-
tion of food and feed. It is well justified, for initiating the sustainable production of industrial and
bioenergy crops, to promote efficient species for growing on marginal lands, which are unsuitable or
less suitable for food or feed production. Another possibility is restoring fallowed land for agricultur-
al production, including the production of biomass for non-agricultural purposes. Therefore a new
concept for management of these land is to producing biomass for the bioeconomy purposes. Due
to the geographical and economic conditions Poland is especially predisposed to biomass produc-
tion and bioeconomy and bioenergy development [1-8].
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THE EFFECT OF PLANT EXTRACTS ON THE SYNTHESIS OF BIOLOGICALLY
ACTIVE COMPOUNDS IN GERMINATED SEEDS
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Germinated seeds may be used for the development of innovative products. Edible seeds and
sprouts are a good source of antioxidants, such as phenolic acids, flavonoids, trace elements and
vitamins [1].

Bioactive compounds are essential compounds or not which are naturally present in foods and
which have several beneficial properties for health, mainly related to their antioxidant power [2].
Polyphenols display important functions, like inhibition of pathogens and decay microorganisms,
anti-deposition of triglycerides, anti-inflammatory and anti-allergic effect through processes
involving reactive oxygen species [3].

The aim of this study was to evaluate the impact of aqueous extracts of field horsetail (Equisetum
arvens L.) and stinging nettle (Urtica dioica L.) plants on the synthesis of compounds with antioxidant
properties in germinating seeds. The seeds of adzuki bean (Vigna angularis), alfalfa (Medicago
sativa L.), white clover (Trifolium repens L.) were germinated for 72 hours. Germinating seeds were
imbibed and daily soaked in aqueous field horsetail and stinging nettle plant extracts.

We studied the influence of elicitation on the amount of dry matter, total polyphenols, vitamin C and
total phenolic acids in germinated seeds.

During germination, more intense synthesis of polyphenols occurred in all seeds treated with field
horsetail 1% extract solutions compared with those treated with water only. The highest content of
total polyphenols was found in the alfalfa seeds (91.19 mg 100g?) treated with the field horsetail
extracts. Under the influence of extracts, the content of vitamin C significantly increased, but
more affected by stinging nettle extract (alfalfa and white clover seed; 8.64 and 7.88 mg 100g?,
respectively). When plant extracts were used, there was a tendency for biologically active substances
to increase in all variants of the experiment.

References

[1] Pasko P., Barton H., Zagrodzki P., Gorinstein S., Fotta M., Zachwieja Z. 2009. Anthocyanins, total polyphenols and
antioxidant activity in amaranth and quinoa seeds and sprouts during their growth. Food Chemistry, 115(3): 994-998.

[2] Silva E.T., Silva E., Asquieri E., Vieira E., Silva F., Damiani C. 2018. Physicochemical characterization and behaviour of
biocompounds of caja-manga fruit (Spondias mombin L.). Food Science and Technology, 38(3): 399-406.

[3] Graf B.A., Milbury P.E., Blumberg J.B. 2005. Flavonols, flavones, flavanones, and human health: epidemiological evidence.
Journal of Medicinal Food, 8(3): 281-290.

228



Innovative Food of High Quality for Human Health and Sustainability — an integrated program of innovation and research
development in agricultural sciences, Olsztyn, 7-8 September 2023, Poland | Agriculture and Horticulture

ENVIRONMENTAL APPLICATION OF ASH FROM INCINERATED BIOMASS
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The purpose of this study was to evaluate the effect of ash from combustion of plant biomass of
energy willow and Pennsylvania fanpetals on yields of willow grown as an energy crop and on soil
properties. A three-year pot experiment was carried out on substrates with a loamy sand texture.
Ash application rates were based on the potassium fertilisation demand. An incubation experiment
was carried out to determine the effect of biomass-based ash on soil properties. Three soils with tex-
tural categories were incubated for 3 months with the ashes, the doses of which were determined
on the basis of the hydrolytic acidity of soils (1.4; 1.2 and 1.0 Hh). It was found that ashes generated
from burning willow or Pennsylvania fanpetals can be applied instead of phosphorus, potassium and
magnesium fertilisers in the cultivation of energy willow. The plant uptake of P, K and Mg from the
ashes did not diverge from their absorption by plants when supplied with mineral salts. The appli-
cation of these alkaline ashes will increase the soil content of phytoavailable forms of phosphorus,
potassium and magnesium. The examined ashes enriched the soil with micronutrients.
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NITROGEN FRACTIONS IN SOIL FERTILIZED WITH WASTE ORGANIC MATERIALS
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The aim of the study was to determine the effect of sewage sludge and composts produced from
sewage sludge and municipal waste on the content of various forms of nitrogen in soil. The field
experiment was carried out in 2004—2015. It included three crop rotations of the following plants:
potato, spring barley, winter oilseed rape and winter wheat. The experiment consisted of the fol-
lowing treatments: control (without fertilization), NPK, manure (FYM), compost from municipal sew-
age sludge and straw (CSSS), composted sewage sludge (CSS), dried and granulated sewage sludge
(DGSS), “Dano” compost produced from unsorted municipal waste (CUMW) and compost from mu-
nicipal green waste (CMGW). Manure, composts and sewage sludge were applied once (10 t ha™ of
d.m.) or twice (5 t ha™* of d.m.) in a crop rotation. It was significantly shown that the highest N-total
content was in the soil fertilized with CUMW (compost produced from unsorted municipal waste).
The soil fertilized with manure (FYM) contained the highest quantity of N-min. The prevalent pool of
nitrogen (82.65-86.52%) consisted of N compounds not undergoing acid hydrolysis, and their small-
est share was determined in the soil fertilized with NPK alone.
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EFFECT OF CROP ROTATION AND FERTILISATION ON WINTER WHEAT YIELDS
AND YIELD STABILITY IN A LONG-TERM EXPERIMENTS
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Introduction: In response to ongoing climate change and in order to ensure global food security, the
potential impact of cropping systems on the productivity and stability of yields is the key agronomic
issue [1]. Long-term experiments (LTEs) are an important source of data including differentiated agri-
cultural practices [2]. In long-term crop rotation experiments set up in 1990 the effects of two crop
sequences and four fertilisation treatments were studied on the yields of winter wheat (Triticum aesti-
vum L.) and on yield stability. The aim of our study is to find long-term yield response of winter wheat
on fertilization and crop rotation, taking into account the course of weather and changes in soil proper-
ties over 30 years.

Material and methods: The experiment is located in Chylice, near Warsaw (52°06’ N, 20°33’ E), Po-
land. The soil has been defined as the black soil classified as Endogleyic Phaeozem according to the
World Reference Base for Soil Resources (WRB) with the granulometric composition of sandy loam.
The experimental site is characterized by early spring, a vegetation period lasting about 190-200
days, a relatively long period without winter — about 250 days and a short snow cover — 36—65 days.
These experiments are univariate, set up using the randomized block method in four replications.
Each plot measured 12,5 x4 m and included a harvested plot area measuring 50 square meters. The
experiments include 4 fertilizer objects: mineral fertilization (NPK); farm-yard manure (FM); mixed
mineral and organic fertilization (2 NPK + % FM) and control without any fertilization (O). Manure is
plowed in autumn. Mineral fertilizers are used in the form of ammonium nitrate, granulated super-
phosphate (18-19% of available phosphorus) and potassium salt (60%). Over the years, the sequen-
ce of plants in crop rotations has changed. Fertilization has been used in the following crop rotations:
(A) Norfolk rotation: sugar beet-spring barley with undersown red clover-red clover-winter wheat;
(B) without legumes crops: sugar beet-spring barley-winter rape-winter wheat. The yield stability for
combination between study factor was evalueted use Shukla stability variance parameter. The aim
of our study is to find long-term yield response of winter wheat on fertilization and crop rotation.

Results: The most unstable yields were observed when wheat was grown in crop rotation without
legumes crops and without any fertilization. Our study’s results showed that added to crop rotations
legume crops influence positively on yield stability of winter wheat. We investigated that organic
carbon content and nitrogen content affected on winter wheat yield stability more than content of
nutrients such as phosphorus and potassium. Additionally, fertilizer objects with a high content of
organic matter due to organic fertilization showed less sensitivity to the sum of precipitation in May.

Conclusions: The role of organic matter in shaping the soil properties is crucial for water retention,
and showed that good quality soil, rich in organic matter, gives stable crops regardless of rainfall. We
deduced from our findings that well-design crop rotations and fertilization management can signi-
ficantly affect on yield stability.
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Introduction: Due to the climate warming, the cultivation zone for thermophilic plants, including
soybean (Glycine max (L.) Merrill), is expanding. Soybean cultivars adapted to cooler climates be-
come more easily available in Europe. The introduction of soybean as an atmospheric nitrogen bind-
er to crop rotation is a successful alternative, with simultaneous reduction of the environmental
costs of cultivation. In this regard, improving all elements of agrotechnology in soybean cultivation
is key to increasing the acreage under soybean cultivation. Additionally, better understanding of the
effect of long-term tillage management on soil properties and yield is essential for sustainable food
production [2]. Soil tillage plays a crucial role, as it determines both the productivity of the cropping
system in terms of yield and its environmental impacts, such as soil erosion or carbon sequestration
[3]. Many authors indicate the effects of soybean tillage systems on seed yield and quality, but the
vast majority of papers are focused on GMO-cultivars cultivated in warmer conditions [1], whereas
the problem of Non-GMO soybean cultivars grown in temperate climate is still unresolved.

Material and methods: A field experiment was carried out in 2022 in the 10-year continuous exper-
iments at the Experimental Station belonging to the Institute of Agriculture WULS in Skierniewice.
The experiment was conducted in integrated system, divided into 3 tillage systems fields. The same
3 Non-GMO varieties of soybean (Erica (E), Aurelina (A), Sussex (S)) selected in pilot studies was
sown. The experiment was established with using a split-block design in three replications in 3 till-
age systems — plough tillage (PT), strip-till (ST), ploughless (PL). Plant height (cm), the lowest pod
height (cm) was assessed in 15 plants randomly selected from each plot at the harvesting time. Seed
yield data per plot will be measured from 3 linear meters from each plots and was converted to m?.
Data on 1000-seed weight (g), the number of pods per plants and number of seeds per pod will be
obtained after harvesting. Core samples of depth 5-10 cm and 10-15 cm were taken from soil by a
steel core sampler of a 100 cm3 volume, with three replications, for dry bulk density and field water
capacity. The water content of soil samples at field capacity was determined using the pressure
plate apparatus of Soil Moisture Equipment (Santa Barbara, USA) at -0.025 MPa.

Results: Tillage system had a significant effect on all the traits studied. Cultivar had a significant
effect on the lowest pod height, the number of pods per plant, the number of seeds per pod, and
seed yield. The cultivar x tillage system interaction affected plant density, average plant height, and
number of pods per plant, 1000-seed weight and seed yield. On average, the highest yields were
obtained in the plough system. The lowest yield of varieties were in the ploughless tillage. The Erica
yielded noticeably lower in the ploughless tillage, while it stood out for its high yield in the strip-till
system. The Sussex proved to be a versatile variety, adapting well to the conditions of each system
and obtaining the highest yield on average through the systems. The Aurelina had a high seed yield
only in the plough system; in the strip-till and plough systems it yielded the least. In simplified sys-
tems, the Aurelina achieved a significantly lower 1000-seed weight, compared to other varieties.
The ploughless tillage and strip-till had more favourable effect on field water capacity in comparison
with the plough system.
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Conclusions: All effects (cultivar, tillage system, interaction cultivar x tillage system) affected yield and
yield components. The tillage system most conducive to growing soybeans is the plough system, where
the soil is best prepared for sowing. Varieties responded differently to the tillage system used. The Sus-
sex proved to be the most versatile, while the Aurelina variety yielded high only in the plough system.
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Introduction: For centuries, human activity has been causing changes in the environment, modi-
fying its natural characteristics and polluting it with hazardous and toxic substances [1]. Petroleum
compounds are among the xenobiotics that most often contaminate the natural environment. This
type of a contaminant reduces or completely destroys the fertility of soil, changes the elemental
composition of soil and its enzymatic properties, and reduces yields of agricultural crops [2]. There-
fore, a study was undertaken to 1. assess the effect of soil contamination with diesel oil on the
content of trace elements in soil and 2. determine the suitability of different neutralising materials
(compost, bentonite and calcium oxide) for the in situ stabilisation of soil contaminated with this
petroleum derivative.

Material and methods: The research was based on a pot experiment carried out in a greenhouse. It
was a two-factorial experiment, where the first order factor consisted of increasing doses of petrol:
0, 2.5, 5and 10 cm? kg™ of soil. The second order factor was the application of compost (3%), bentonite
(2% relative to the soil mass), and calcium oxide (50% CaO) to soil in amounts corresponding to one full
hydrolytic acidity. Maize (Zea mays L.) of the cultivar Scandia was the tested crop. Maize was harvested
at the tasseling stage, which is when aerial parts (leaves and stems) plant and soil samples for labora-
tory analyses were taken. The results of the research were published in papers [3, 4].

Results: The content of all heavy metals, except copper, in the aerial biomass of maize was positively
correlated, but biomass yield was negatively correlated, with the increasing doses of petrol. The
highest increase in heavy metals content was noted for chromium and manganese. Increasing doses
of petrol contributed to a decrease in the content of chromium, zinc, and cobalt and an increase in
the content of cadmium, lead, nickel, and copper in the soil.

All materials added to soil had a significant and differential effect on the content of heavy metals
and biomass yield of maize. They contributed to an increased accumulation of cadmium, chromium,
copper and cobalt in the aerial biomass of maize. The reducing effect of most of these materials was
detected only in the case of manganese. Compared to the control series (without neutralising mate-
rials), the application of calcium oxide proved to be most effective. It had the most significant effect
on the chemical composition of maize, limiting the accumulation of lead, zinc, manganese, and iron,
and increasing the biomass yield. A limiting effect of most of tested materials in soil was observed
for cadmium, chromium, nickel and cobalt. The effect of compost, although generally positive, was
weaker than that of bentonite or calcium oxide.

Conclusion: The application of material amendments can be a good and effective method for the
reclamation of soils contaminated with low levels of petrol.

Funding: Project was financially supported by the Minister of Education and Science in the range of
the program entitled “Regional Initiative of Excellence” for the years 2019-2023, project no. 010/
RID/2018/19, amount of funding 12,000,000 PLN.
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REACTION OF THE SOIL MICROBIOME TO BISPHENOLS

Magdalena Zaborowska?, Jadwiga Wyszkowska?, Agata Borowik?, Jan Kucharski!

! Department of Soil Science and Microbiology, Faculty of Agriculture and Forestry University of Warmia and Mazury in
Olsztyn, Poland

Introduction: The bisphenol group consists of chemical compounds that contain two hydroxyphenyl
functional groups in their molecular structure. The most famous is BPA (BPA), which is a synthetic
chemical compound with wide commercial use around the world [1]. Sixteen BPA analogues have
already been used in the chemical industry, the main substitutes of which are bisphenol S (BPS) and
bisphenol F (BPF) [2]. The consequence of the production, processing and hydrolysis of bisphenol
polymers is the release of their monomers into ecosystems and food. In turn, the concentration,
mobility and toxicity of bisphenols in the environment is controlled by their sorption in the soil, de-
termined by the presence of organic matter (OM), soil moisture, which affects the solubility and thus
the availability of phenolic compounds, and soil reaction [3]. Taking into account both their toxicity
and frequency of occurrence in the environment, bisphenols are referred to as “priority substances”
[4]. Therefore, a study was conducted to determine the potentially negative impact of BPA, BPF and
BPS on the biochemical and microbiological properties of soil. The study also evaluated the effec-
tiveness of biostimulation and bioaugmentation in eliminating potential soil homeostasis disorders
caused by bisphenols.

Material and methods: The choice of the research target was also dictated by the lack of precise
data on the potential toxicity of BPA, BPF and BPS on the abundance and biodiversity of the soil
microbiome and biochemical activity. Therefore, laboratory and pot tests were carried out, in which
the soil was contaminated with bisphenols and sown with selected species of crops. The composi-
tion of the soil microbiome was determined by incubation and next-generation sequencing (NGS)
methods. The activity of seven soil enzymes was also determined [5]. An attempt was also made to
restore the homeostasis of soils degraded by organic pollutants. For this purpose, soil biostimulation
of Chlorella sp. and rhamnolipid 90 was used [6], as well as soil bioaugmentation by a consortium of
bacteria and a consortium of mold fungi [7].

Results: It was found that BPS and BPF had a more toxic effect on the number of cellulolytic bacteria,
Arthrobacter sp. and the abundance of OTU Proteobacteria and Acidobacteria than BPA. Neverthe-
less, unique types of bacteria have been identified for individual bisphenols. For BPA they were: Ly-
sobacter, Steroidobacter, Variovorax, Mycoplana, for BPF: Caldilinea, Arthrobacter, Cellulosimicrobi-
um and Promicromonospora, and for BPS: Dactylosporangium, Geodermatophilus and Sphingopyxis.
The scale of the negative impact of the bisphenols used on the enzymatic activity was highlighted
by the reaction of urease and arylsulfatase. Dehydrogenases turned out to be the least sensitive to
xenobiotics. The growth and development of spring rape (Brassica napus) under the pressure of
bisphenols was inhibited more than spring barley (Hordeum vulgare L.). A greater biostimulation
potential was found in the case of Chlorella sp. than rhamnolipid 90, and bioaugmentation potential
in the case of a consortium of bacteria than a consortium of fungi.

Conclusions: BPA, BPF and BPS interfered significantly in the soil microbiome, thereby disrupting
soil homeostasis. However, BPF was considered as the most toxic, followed by BPS and BPA for this
parameter. Considering the strength of a negative impact of bisphenols on the soil biochemical ac-
tivity, they can be arranged as follows: BPS > BPF > BPA. Soil biostimulation with Chlorella sp. and
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bioaugmentation of the bacterial consortium have been found to be effective ways to rebalance
soil exposed to bisphenols. Dicotyledonous plants are more sensitive to the tested xenobiotics than
monocotyledonous plants.
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Introduction: Potato, or as it is called the “bread of the poor”, is a traditional product and the fourth
world’s largest consumption culture after rice, wheat, and maize. Compared to other food crops,
potatoes have many advantages: easy to store, high yield, low soil requirements, broad adaptability
and wide cultivation range, and above all, high nutritional value. In addition, the potato is considered
a crop with a high potential for food security [1, 2]. The quality of potato tubers for direct consump-
tion is determined by: external characteristics defined as morphological (tuber size, tuber shape
and regularity of shape, depth of eyes, appearance and skin defects) and internal, including flesh
characteristics, i.e. culinary characteristics (mealiness, flesh color, darkening of the flesh of raw and
cooked tubers) and nutritional value (chemical composition) and low content of harmful substances
[3, 4]. Studies on the morphological traits of potato tubers are few, and studies the effect of growth
regulators are sporadic. Hence, the aim of this study was to evaluate the effect of biostimulants on
selected morphological traits of edible potato.

Material and methods: Research results were obtained in a three-year (2018—2020) field experi-
ment carried out in central-eastern Poland. The experiment was set up as a split-plot arrangement
with three replicates. The factors were as follows: factor | — two medium-early of edible potato cul-
tivars — Oberon and Malaga, factor Il — five methods of application of herbicide and biostimulants:
1. Control — without herbicide and biostimulants, 2. Herbicide Avatar 293 ZC 1,5 dm?3-ha*, 3. Avatar
293 ZC 1,5 dm3-ha? + biostimulant PlonoStart 2,0 dm3*-ha?, 4. Avatar 293 ZC 1,5 dm3-ha? + bio-
stimulant Aminoplant 1,5 dm3ha®, 5. Avatar 293 ZC 1,5 dm3-ha? + biostimulant Agro-Sorb Folium
4,0 dm3-ha™. The following morphological features of tubers were determined: size of tubers, shape
and regularity of tubers, depth of eyes, skin appearance — on a scale of 1-9.

Results: The morphological traits determined depended significantly on the cultivars cultivated, ap-
plication of herbicide and biostimulants and weather conditions in the years of the study. Malaga
cultivar was characterized by better traits than Oberon. The applied biostimulants improved the
values of the studied morphological traits compared to the control object.

Conclusion

1. The cultivated cultivars differed significantly in the morphological characteristics of the tuber
discussed.

2. Of the applied biostimulants, the most favorable effect on tuber size, depth of eyes and skin
appearance was shown by Agro-Sorb Folium, and on tuber shape and shape regularity by the
biostimulant PlonoStart.

3. The most favorable values of morphological characteristics were presented by tubers harvested
in the relatively dry year (2020) than in the other seasons, which were dry and very dry.
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