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PREFACE

Dear Reader,

The Department of Farm Animal Nutrition at the Hungarian University of Agriculture and
Life Sciences has organized the International Symposium on Animal Nutrition for the 21st
time this year. The symposium was initiated to enable Hungarian specialists to familiarize
themselves with the latest research findings from both domestic and international
sources, facilitating their practical application. Equally important is providing a platform
for experts from Hungary and abroad — including researchers, academics, and industry
professionals — to regularly convene, exchange knowledge, and share experiences in
various fields of animal nutrition science.

This year, we have decided to organize a joint meeting with the annually held One
Health Day. The main focus and theme of the event is Application of the One Health Concept
in Farm Animal Nutrition. Our goal is to highlight the importance of a holistic One Health
approach and its role in enhancing feed and food safety, promoting food security,
preserving ecosystems, and improving animal well-being. Additionally, we aim to
commemorate the 100t anniversary of the World Organisation for Animal Health, which
has been instrumental in supporting the implementation of the One Health concept on a
global scale.

We are pleased to welcome representatives from the Hungarian academic sector,
particularly experts in veterinary medicine, as well as distinguished specialists from
Switzerland and the Netherlands. The International Symposium on Animal Nutrition
features presentations exploring how different feed additives and feed processing
techniques can improve the health of farm animals while aligning with the principles of
sustainability and One Health.

In addition to the plenary sessions, further presentations were delivered and this
proceedings volume includes all papers presented at the symposium. I would like to
express my sincere gratitude to all speakers for their high-quality presentations and
contributions.

Our professional objectives can only be realized with adequate financial support.
Therefore, | take this opportunity to extend my thanks to the University and all
organizations and companies that have contributed to this year’s symposium. Your
support is invaluable.

[ would also like to express my special appreciation to the staff of the Department of
Farm Animal Nutrition for their dedication and hard work, special thanks to Dr. Rébert
Téthi and Dr. Agnes Csivincsik.

[ hope that these proceedings will serve as a valuable resource for both scientific
research and practical applications in the field.

Kaposvar, November 2024

Veronika Halas, PhD
Head of Department of Farm Animal Nutrition
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BENEFITS OF USING FERMENTATION TECHNOLOGY IN PIG FEEDS -
FOCUS ON GUT HEALTH AND PERFORMANCE

Ronald Scholten

Dr. FERM KFT, Budapest, Hungary

ABSTRACT

The future of modern animal husbandry is strongly influenced by several important global issues: 1) 'One
Health', 2) growing world population, and 3) climate change and environmental degradation. Although pro-
gress has already been made in recent decades, more will need to be done in the coming decade(s) to meet the
goals set. For future-proof animal husbandry, it is necessary to work with healthy animals, which feel well and
need (almost) no antibiotics, and convert raw materials into animal protein (meat, milk, eggs) as efficiently
as possible. And preferably raw materials that humans do not want to and/or cannot consume, and raw ma-
terials with the lowest possible carbon footprint. Microbial fermentation of raw materials before they are fed
to animals, can play a decisive role in addressing the challenges mentioned above. The purpose of this article
is to briefly describe microbial fermentation of raw materials and their effect on animal health and feed effi-
ciency.

INTRODUCTION

Since their discovery in 1928, antibiotics have become a common way to treat infections
caused by bacteria, fungi, and other microbes. While antibiotics are helpful to us, the ten-
dency to overprescribe them is one of the reasons why the world is facing a crisis of treat-
ment-resistant bacteria. Antimicrobial resistance (AMR) occurs when viruses, bacteria,
fungi and parasites do not respond to antimicrobial treatments in humans and animals,
thus allowing the survival of the microorganism within the host. A growing number of
studies have shifted their attention from human factors to more serious contributing
AMR factors arising from animal aspects. AMR has now emerged as a chronic public
health problem globally, with the forecast of 10 million deaths per year globally by 2050
(O’Neil, 2016; Murray, 2022). 'One Health' is an integrated, unifying approach to balance
and optimize the health of people, animals and the environment (Figure 1).

In the "One Health approach”, attention is also paid to limiting the use of antibiotics in
livestock farming, from which some of the resistant bacteria originate. Earlier research
indicated that 73% of all antibiotics used worldwide are applied in farm animals, largely
for food production (Van Boekel et al., 2019). This has already led to specific targets and
requirements in European countries to achieve a substantial reduction in antibiotic use.
The world's population is expected to increase from 7.3 billion in 2015 to 9.7 billion in
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2050 (United Nations), which can be mainly attributed to growth in developing countries.
To feed this growing population, food production would have to increase by 70% to 2050
(United Nations) and with this the demand for plant and animal products will increase
sharply in the coming years. In addition, the projected increase in per capita income will
further increase demand for foods that respond to higher incomes, such as livestock and
dairy products, and vegetable oils. These livestock and dairy products are important
sources of protein for humans, and plant-based ingredients are needed to produce such
products. The subsequent increasing demand for proteins derived from plant-based in-
gredients, for both human food and animal feed, can lead to protein scarcity. There is
therefore a need for a more efficient use of current ingredients and the search for alter-
native ingredients for humans and animals.

ONE HEALTH

Human health and animal health are interdependent.
At the same time, both depend on the environment.

Social
Diet ~- 1 determinants
P30 P T e®
Food Note: The

security associated factors

Population are not exhaustive,
Antibiotics and m

movements  they are examples,

as there are many
elements to
consider.

other antimicrobials
Climate
change
livestock ANIMAL ONE HEALTH
@ HEALTH p\am.c
Air
vectors cion

MI::."“Y @ Deforestation
ISGlobal

Figure 1 Interdependency of human and animal health (Gonzalez, 2021)

Climate change and environmental degradation are an existential threat to Europe and
the world. The European Green Deal, approved in 2020, is a set of policy initiatives by the
European Commission to make the European Union climate-neutral in 2050. Livestock
supply chains account for 14.5% of global greenhouse gas emissions. Cattle (beef, milk)
are responsible for about two-thirds of that total (FAO, 2017). To reduce greenhouse gas
emissions, it is very important to maximize feed efficiency. An absolute prerequisite for
this is that the animal is healthy and feels well. From this point of view, there are great
opportunities for the use of fermented raw materials.

MICROBIAL FERMENTATION

In our daily lives, we encounter all kinds of fermented products. Well-known food pro-
ducts are yogurt, cheese, cocoa beans, coffee beans, sour cream, pickles, sauerkraut, sa-
lami, bread, sourdough bread, wine, beer, vinegar. But bioethanol is also a product that is

12
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released during a fermentation process (alcohol fermentation). We also know many ex-
amples of fermentation products in the agricultural sector: silage of silage of silage maize
or grass, biogas, composting, synthetic amino acids, certain organic acids (including lactic
acid, acetic acid, citric acid), enzymes (including phytase), vitamins, antibiotics and vac-
cines.

Fermentation is a process that helps break down large organic molecules via the action
of microorganisms into simpler ones (Sharma et al. 2020). Fermentation is a natural way
of improving vitamins, essential amino acids, anti-nutrients, proteins, feed appearance,
flavours and enhanced aroma. The type of fermentation depends on its byproducts. For
example, lactic acid fermentation is a type of fermentation that produces lactic acid. Al-
cohol fermentation produces alcohol, such as ethanol, aside from COz2. In this paper, the
focus is on “lactic acid fermentation”, because the multiplication of lactic acid bacteria,
the consequent production of lactic acid and reduced pH, are all beneficial for improving
gastrointestinal health.

In lactic fermentation, two types can be distinguished: 1) homofermentative form and
2) heterofermentative form (Figure 2). The main difference is that homofermentative
strains produce 2 molecules of lactic acid from 1 glucose molecule, while the hetero-
fermentative strains from 1 glucose molecule produce only 1 molecule of lactic acid and
1 molecule of acetic acid/ethanol. Depending on the purpose of the fermentation, hetero-
and/or homofermentative strains can be chosen.

Glucose Glucose
Glucose 6-P Glucose 6-P
Fructose 6-P 6-Phosphogluconate
Fructosel, 6-di-P 2-Keto-6-phosphogluconate
Glyceraldehydes 3-P Ribulose 5-P
1,3-diphosphoglycerate Xylulose 5-P
3-phosphoglycerate /-
Glyceraldehydes 3-P Acetyl-P
2-phosphoglycerate l
Pyruvate Acetyl Co-A  Acetate
Phosphoenol pyruvate ‘ l
‘ Lactic acid Acetaldehyde
Pyruvate ‘
‘ Ethanol

Lactic acid

(a) (b)
a) homofermentative b) heterofermentative

Figure 2 Lactic acid fermentation types (Kumar et al., 2015)
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There are two methods of fermentation (Photo 1):
1) Submerged / liquid (free water is present; dry matter content 2 to 35%)
2) Solid-state (there is no free water available; dry matter content 45 to 65%).

Photo 1 Liquid fermentation (left) and solid-state fermentation (right)
(Photos by the author)

Microbes always need moisture: fermentation of raw materials with a dry matter
greater than 70% is very difficult/slow. In addition to moisture, microbes also have re-
quirements for temperature, pH value, and nutrients in the medium in/on which they grow.
Most fermentations are anaerobic; however, some microbes prefer aerobic circumstances.

Each microbe (lactic acid bacteria, yeasts, fungi) has a growth curve (Figure 3) to be sub-
divided in 4 stages: lag phase, log phase, stationary phase and decline phase. For a success-
ful fermentation, it is crucial to keep the lag phase as short as possible. Especially when we
talk about "fermentation on farm". After all, there is the risk of microorganisms present in
the air and on the raw materials to be fermented. Due to the addition of moisture and heat,
there is a good chance that the microbes already present on the raw materials will grow,
whereas the added starter culture (inoculant) is still in the lag phase.

A 2
@ Log phase: Stationary phase: Death or
exponential plateau in number decline phase:

8 increase of living bacterial exponential
3 in number cells; rate of cell decrease in
= of living division and death number of
§ bacterial roughly equal living bacterial
< cells l cells
=0
(=2}
=
=
-—
o
£
=
=
g Lag phase:
o no increase in
. o

number of living

bacterial cells

Time

Figure 3 Growth curve of microbes can be divided into four different phases
(source: SUNY ER services, microbiology)
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That is why it is important to ensure that the starter culture is already active (read: in
the log phase) and thus immediately starts multiplying in the fermenter (Photo 2). A sec-
ond important aspect is to ensure that the starting level of the starting culture is high
enough to become the dominant microbe population. If there are already 200,000 colony-
forming units of an undesirable lactic acid bacterium in the product, it is necessary to
start with at least 400,000-500,000 colony-forming units of the desired starting culture
(Scholten, personal communication).

Photo 2 Fermenters in laboratory versus fermenters in practice
(Photos by the author)

During the fermentation process, lactic acid bacteria grow and convert glucose into
lactic acid and a small amount of acetic acid. As a result, pH value goes down. Typical
values can be found in Table 1.

Table 1 Characteristics of fermented raw materials (Scholten, personal communication)

RAW MATERIALS
DRY FERMENTED!
Lactic acid bacteria (cfu/ml) 102-104 108 -10°
Lactic acid? non detectable 5-7%
Acetic acid? non detectable 0.5-0.7%
pH value 55-65 3.5-4.0

fermented by lactic acid bacteria; 2recalculated to 88% dry matter

FERMENTATION AND BREAKDOWN OF ANTI-NUTRITIONAL FACTORS

Microbial fermentation is a suitable technology to break down anti-nutritional factors; as
proven by dozens of published scientific papers. A decisive factor for this unique property
of fermentation lies in the process conditions: temperature, moisture and time and the
presence of nutrients, and lactic acid bacteria. A liquid fermentation usually takes 24
hours, while a solid-state fermentation takes an average of 72 to 96 hours. During this
fermentation time, feed particles are “soaked”, and this is the first important step initiat-
ing several bioconversion processes. Such as, for example, the activation of the endoge-
nous enzymes (e.g., phytase, protease). In addition, certain lactic acid bacteria can also
produce enzymes themselves. Given the fact that lactic acid bacteria multiply by a factor
of 1,000 to 10,000 during the fermentation time, there is a huge bioconversion potential.

15
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The most common anti-nutritional factors are trypsin inhibitor, glucosinolates, tan-
nins, stachyose, raffinose, phytate-phosphorus, and non-starch polysaccharides. In the
following sections of this article, the focus is on the breakdown of anti-nutritional factors
in the “golden standard” soybean meal. Many scientific papers are published in which
clearly is proven that microbial fermentation substantially break down the most well-
known ANF’s in soybean meal: trypsin inhibitor, allergenic proteins glycinin and f3-
conglycinin, and the undigestible sugars stachyose and raffinose (Chen et al.,, 2021; Chi &
Cho, 2016; Liu et al,, 2022; Yan et al,, 2022; Zhu et al.,, 2017) (Table 2, 3 and 4). Several of
this ANF’s are heat-lable, which implicates they are not broken-down by the traditional
toasting of soybean meal.

Table 2 Trypsin Inhibitor and pH analysis of soybean meal and fermented soybean meal
(Chi & Cho, 2016)

In dry matter SBM! FSBM (fermented soybean meal) with
B.A.2 L.A. L.P. S.C.

pH 6.800 7.563 4.52¢ 4.72d 6.43¢

TI (mg/g)3 4.772 0.67¢d 0.83¢ 0.534 1.25b

Means in a column with different subscripts were significantly different (p < 0.01); Each value represents
the mean of three replicates. 1SBM = soybean meal, 2B.A. = Bacillus amyloliquiefaciens, L.A. = Lactobacillus
acidophilus, L.P. = L. plantarum, S.C. = Saccharomyces cerevisiae, 3TI = trypsin inhibitor

Table 3 Lactic acid, pH and anti-nutritional factors in soybean meal and fermented soybean meal
(Yanetal, 2022)

SBM! FSBM-A? FSBM-B3
pH 6.33 4.95 4.76
Lactic acid (mg/g) 10.25 110.30 106.94
Glycinin (mg/g) 160.81 63.45 58.95
3-conglycinin (mg/g) 144.87 60.38 56.34
Trypsin Inhibitor (mg/g)3 8.39 0.34 0.21

1SBM = soybean meal, 2FSBM-A = fermented soybean meal, SSF, 30-40C, 3-days, drying stage 180C for 20
minutes, 3 FSBM-B = fermented soybean meal, 2-stage fermentation: 1) liquid, 15-30C, 72 h, followed by
2) SSF, 30-37C, 3-days, drying stage 50-60C for 48-72 hours

Chen et al. (2010) published a study on various types of soy products (Table 5). In
conclusion, one can say that the two-stage fermentation (first with Aspergillus, then with
Lactobacillus) results in highest tricholoroacetic acid soluble protein, highest in vitro pro-
tein digestibility, highest lactic acid content and consequently lowest pH, and undetecta-
ble levels of stachyose and raffinose.
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Table 4 Lactic acid, pH and anti-nutritional factors in soybean meal and fermented soybean meal
(Zhu etal, 2017)

SBM! FSBMz2
TCA soluble protein (%) 1.21b 12.1a
Glycinin (mg/g) 150.22 27.0b
3-conglycinin (mg/g) 123.22 36.1b
Trypsin Inhibitor (mg/g)3 11.22 0.3b
Stachyose (%) 5.82 Ob
Raffinose (%) 1.82 Ob

ab means within a row with different superscripts are significantly different (p < 0.05), 1SBM = soybean
meal, 2FSBM = fermented soybean meal

Table 5 Characteristics of different soybean products (Chen et al., 2010)

SBM! FSBMa FSBMa.L SPC

Crude Protein (%) 43.092¢ 47.78b 47.50b 61.872
TCA soluble protein (umol/g) 65.26¢ 110.33b 1,010.32a 70.26¢
In vitro protein digestibility (%) 87.5b 85.89p 92.23a 87.63b
pH 6.98a 6.33b 4.50¢ 6.752
Lactic acid (umol/g) 0Oc 3.69p 140.252 0Oc

Stachyose (%) 6.392 0.42¢ ND3d 1.93b
Raffinose (%) 1.352 0.24¢ ND3d 0.42b

1 SBM = soybean meal; FSBMa = fermented soybean meal with Aspergillus; FSBMa+L = fermented soybean
meal with Aspergillus + Lactobacillus; SPC = soy protein concentrate., 2Values are the mean of four
replicates, 3ND = non-detectable. 2bcd Means in the same row without the same superscripts are
significantly different (p < 0.05)

Wang et al. (2020) published a study on fermentation of soybean meal. The pH value
and -conglycinin and glycinin concentrations in FSBM were lower than in SBM. The fer-
mentation process changed peptide size distribution of SBM. The percentage of large pep-
tides (60kDa and higher) and middle peptides (20 to 60kDa) were lower in FSBM than in
SBM, while the percentage of small peptides (20 kDa and lower) was higher (Table 6). In
general, it can be said that reducing the peptide size will have a positive effect on the
digestibility of protein, especially for young animals.

Table 6 Chemical composition of soybean meal (SBM) and fermented soybean meal (FSBM)
(as-fed basis; Wang et al., 2020).

SBM FSBM
pH 6.5 49
Glycinin (mg/g) 89.7 38.7
3-conglycinin (mg/g) 72.8 42.3
Peptide size distribution (%)
60 kDa and higher 25.3 8.9
20 to 60 kDa 49.4 45.1
20 kDa and lower 25.3 46.0

SBM = soybean meal; FSBM = fermented soybean meal
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DEVELOPMENT IN ANIMAL PERFORMANCE IN RECENT DECADES

Due to better nutrition, better genetics, better husbandry conditions, and better manage-
ment skills, there has been a huge increase in animal performance in recent decades (Fig-
ure 4). However, this leads to the fact that more and more is asked of the animals, while
on the other hand more and more preventive measures (including antibiotics, zinc oxide,
coccidiostats) are prohibited / limited by law. This requires a huge effort to come up with
a holistic approach to further improve animal health, welfare, and performance.

Number weaned piglets / sow / year

33,0
32,0
31,0
30,0
29,0
28,0
27,0
26,0
25,0
24,0
23,0
22,0
21,0

20,0

o a4 & o
GPQ < ﬁPQ (‘95

S & o> QQ{O

Q) g g > be )
7 S 4 A

Figure 4 Development of the number of weaned piglets per sow per year in the Netherlands
(Agrimatie, 2023)

FERMENTATION AND GASTROINTESTINAL HEALTH

In various countries (e.g. the Netherlands, Denmark) action programmes are being imp-
lemented to significantly reduce the use of antibiotics. Up to now in Dutch pig farming,
the use of antibiotics has decreased by about 75% compared to 2009. However, especially
in young animals, gastrointestinal disorders are an important cause of antibiotic use.

It is generally accepted that:

e gastrointestinal health is a key factor for a healthy animal with good production
and is the basis for animal welfare;

e Microbiota play an important role in maintaining gastrointestinal health;

e Villus height (VH) to Crypt depth (CD) ratio is an important parameter for the ab-
sorptive capacity of the small intestine in both pigs and poultry;

e Higher VH:CD ratio means higher absorption of nutrients.

After weaning, villus shortening and crypt deepening in the small intestine of piglets
often occur within a few days. Sufficient feed intake directly after weaning seems to pre-
vent undesirable changes of the morphology in the small intestine. Diet formulation
might influence gastrointestinal morphology, physiology, and microbiology. Scholten et
al. (2002) studied the effects of adding fermented wheat (0 versus 45%) to liquid diets
on gastrointestinal characteristics in weaned piglets. The result of that study indicates

18



21t International Symposium on Animal Nutrition and One Health Day
that feeding a partly fermented liquid diet to weaning piglets may be a concept to prevent
undesirable changes in mucosal architecture after weaning (Table 7).

Table 7 Morphological characteristics in first segment small intestine of weaned piglets fed a liquid diet
with 0% (FERM-0) or 45% (FERM-45) fermented wheat (Scholten et al., 2002).

FERM-01 FERM-45
Villus height (um) 2872 360v
Crypt depth (um) 255 242
VH : CD ratio 1.1a 1.5b

ab means with different superscripts are significantly different (p < 0.05), 1 FERM-0: 45% non-fermented
wheat, FERM-45: 45% fermented wheat

Wang et al. (2007) studied the effect of lactic acid fermented soybean meal (FSBM) on
growth performance, intestinal microflora and morphology of weaned piglets (Figure 5
and 6). The addition of 10% FSBM in the diets of piglets improved (p < 0.05) the growth
performance (data not shown), increased (p < 0.05) the numbers of intestinal lactobacilli,
decreased (p < 0.05) the numbers of intestinal enterobacteria and increased (p < 0.05)
the villus height (not shown) and villus height to crypt depth ratio at the small intestine
mucosa compared to the control group.

104 109
Lactobacilli b @ ab @ Enterobacteria
ab | >
Q4 - b 94
4 b a
a
84 . 81 a b a
1 v r
b b
71 71 a
b
64 £ - ¢ B
5 -5
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Figure 5 Effect of diet (white: control; black: 5% FSBM; grey: 10% FSBM) on the numbers of lactobacilli
and enterobacteria (log cfu/g) in the content from jejunum, caecum and colon of piglets (n = 12)
(Wang et al., 2007)

2 8- Villus height/krypt depth
4 [~

Duodenum Jejunum lleum

Figure 6 Effect of diet (white: control; black: 5% FSBM; grey: 10% FSBM) on the morphology of the villus
height/crypt depth at different sites of small intestine (Wang et al., 2007)
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Liu et al. (2022) conducted a weaned piglet trial in which they looked at the effect of
replacing 12% soybean meal with soy protein concentrate (8.08%), fish meal (8.32%), or
fermented soybean meal (9.74%). As shown in Table 8, the average daily gain (ADG)of
piglets fed FSBM was significantly higher than those fed the other three treatments, and
the gain feed ratio (G/F) ratio of piglets fed FSBM was higher than the CON and SPC
groups. Also, piglets fed FSBM had the highest apparent total tract digestibility of gross
energy and crude protein compared with the other three treatments. Piglets fed FSBM
had significantly greater villus height, lower crypt depth and greater ratio villus
height/crypt depth (Table 8).

The effect of feeding dry feed (DF), non-fermented liquid feed (NFLF), and fermented
liquid feed (FLF) to growing pigs on aspects of gastrointestinal ecology was investigated
by Canibe & Jensen (2003). Five pigs from each diet were sacrificed at an average body
weight of 112 kg and digesta from the gastrointestinal tract (GI-tract) was obtained to ex
amine variables describing some aspects of the gastrointestinal ecology. Fermented li-
quid feed contained high levels of lactic acid bacteria (9.4 log cfu/g) and lactic acid (ap-
proximately 169 mmol/kg), and low levels of enterobacteria (P < 0.001 for feed intake).
The results from the present study indicate that feeding FLF may be a valid feeding stra-
tegy to decrease the levels of enterobacteria and increase the levels of lactic acid bacteria
in the Gl-tract of growing pigs (Table 9).

FERMENTATION AND GROWTH PERFORMANCE

Muniyappan et al. (2023) investigated the effects of soybean meal fermented by Entero-
coccus faecium as a replacement for soybean meal on growth performance and apparent
total tract digestibility of weaned pigs. The four diets (SBM, 3, 6 and 9% FSBM) were for-
mulated using fermented soybean meal to replace 0, 3, 6 and 9% of soybean meal, respec-
tively. The trial lasted for 42 days. As can be seen from Figures 7 and 8, supplemental
FSBM increased (P < 0.05) the body weight (BW) of piglets at days 7, 21 and 42 and ADG
at days 1-7, 8-21, 22-42 and 1-42, and average daily feed intake (ADFI) at days 8-21,
22-42 and 1-42 and G/F at days 1-7, 8-21 and 1-42, and crude protein, dry matter, and
gross energy digestibility at day 42, and lowered (P < 0.05) diarrhoea at days 1-21 and
22-42 (data not shown). Overall, using fermented soybean meal of piglets improves the
health and performance of piglets.

20



21t International Symposium on Animal Nutrition and One Health Day

Table 8 Effect of diets supplied with soy protein concentrate, fish meal, or fermented soybean meal on
growth performance, diarrhoea rate, apparent total tract digestibility, intestinal morphology of weaned
piglets (Liu et al., 2022)

CON? SPC FM FSBM
Initial body weight (kg) 6.74 6.73 6.74 6.72
Day 0-14
ADG (g)? 277¢ 3020bc 334ab 3462
ADFI (g)3 457 477 504 504
G/F4 0.61b 0.63b 0.682 0.692
Diarrhoea rate (%) 5.952 2.86b 4.29ab 2.14b
Day 0-14
ATTD GE> 77.17¢ 79.36b 79.71b 81.04a
ATTD CPs 72.20¢ 75.490b 74.79b 77.792
Villus height (um)é 445.51b 490.54ab 496.21ab 515.032
Crypt Depth (um) 372.962 344.05b 347.81b 339.06b
VH/CD ratio 1.20b 1.44a 1.43a 1.53a

1CON = basal diet with soybean meal, SPC = basal diet with 12% SBM replaced by soy protein concentrate,
FM = basal diet with 12% SBM replaced by fish meal, FSBM = basal diet with 12% SBM replaced by
fermented soybean meal. 2ADG = average daily gain. 3ADFI = average daily feed intake. *G/F = growth to
feed ratio. SATTD apparent total tract digestibility, GE = gross energy, CP = crude protein. ®Measured at
day 28, 4 piglets per treatment, values are from the duodenum section small intestine. 2b< Mean values
within a row with different letters differ at p < 0.05

Table 9 Microbial counts (log cfu/g) along the gastrointestinal tract of pigs fed the experimental diets
(Canibe & Jensen, 2003)

Bacterial counts in GIT Dry Feed Liquid Feed Liquid Feed
(log cfu/g) (non-fermented) (fermented)

Lactic Acid Bacteria

Stomach <5.4a 7.9b 9.0¢

Distal small intestine <6.32 < 6.52 7.2b
Enterobacteria

Stomach 3.8a 5.7b < 3.2¢

Distal small intestine 5.5a 6.6 <4.1c
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Figure 7 Effect of fermented soybean meal (FSBM) on growth performance in piglets. A) Body weight
(BW), B) Average Daily Gain (ADG), C) Average Daily Feed Intake (AFDI), D) Gain to Feed ratio (G:F). *
P <0.05" P <0.001 (Muniyappan et al., 2023)
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Figure 8 Effect of fermented soybean meal (FSBM) on apparent total tract digestibility in piglets. A) Dry
Matter (DM), B) Crude Protein (CP), C) Gross Energy (GE). " P < 0.05* P < 0.001
(Muniyappan et al., 2023)

Fan et al. (2022) evaluated the effects of dry feed and liquid feed including fermented
mixture on growth performance and nutrient digestibility in weaning pigs. The three
dietary treatments (all non-pelleted diets) were: 1) a standard dry feed as the control
(CON), 2) a control diet supplemented with antibiotics (AB), and 3) a liquid feeding with
a fermented diet (LFD). The liquid feeding diet, having the same composition and propor-
tion of each ingredient as the control diet, was prepared by storing the dietary cereals
(corn, soybeans, etc.) and water (1:0.5, wt/wt) in a closed tank at 26-30 °C with enzymes
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and bacteria, and then adding the remaining dietary ingredients immediately before feed-
ing. The whole trial lasted 42 days. The results showed liquid feeding group significantly
increased (p < 0.05) average daily gain, average daily feed intake, and final body weight
compared to the other two dietary groups (Table 10). The digestibility of crude protein,
ether extract, ash, gross energy, Ca, and P also improved in the liquid feeding group (data
not shown). In addition, microbiota measurement suggested an increase in Lactobacillus
content and a decrease in Escherichia coli in the caecal and colonic digesta of piglets in
the liquid feeding group (data not shown). In conclusion, the combination of liquid feed-
ing + fermented feedstuffs seem to be a good alternative for the use of antibiotics, as
shown by higher feed efficiency and better growth performance in the piglets.

Table 10 Effects of liquid feeding of fermented diet on growth performance and diarrhoea of
weaned piglets (Fan et al,, 2022)

CON CON + AB LFD
Number of piglets 66 66 66
Days 1-14
ADG (g)3 117.4b 152.92 166.52
ADFI (g)3 252.5b 276.5a 302.92
F/G3 2.22a 1.83b 1.84b
Diarrhoea rate (%) 11.0 8.8 9.6
Days 1-42
ADG (g)3 341.1b 369.6b 454.1a
ADFI (g)3 539.9b 589.1b 685.62
F/G3 1.59 1.59 1.51
Diarrhoea rate (%) 9.7 6.8 6.8

ab means in a row with different superscripts are significantly different (p < 0.05); CON = standard dry
feed; CON + AB = control + antibiotics; LFD = liquid feeding with fermented feedstuffs; 3ADG: average
daily gain, ADFI = average daily feed intake, F/G = feed to gain ratio

CONCLUSIONS

Microbial fermentation is a technology with enormous potential to provide a solution to
today's challenges in animal protein production. Fermentation of raw materials reduces
the use of antibiotics and is a good alternative to other additives (e.g. zinc oxide). Fermen-
tation breaks down anti-nutritional factors in raw materials, without the need to use
high-energy demanding techniques such as extruders or expanders. In addition, the heat-
stable ANFs are also largely phased out by fermentation. Degradation of ANFs improves
feed efficiency and makes it possible to better value certain (protein-rich) raw materials
in feeds for monogastric animals. Finally, fermentation also contributes to reducing the
carbon footprint. On the one hand, because of the better feed efficiency, but on the other
hand also because of the upgrading of raw materials that are normally not or minimally
included in rations for monogastric animals. Think of fibre-rich raw materials.
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REMARKS

Given the limited space in this article, there are only studies on the effect of fermented
soybean meal in pigs listed. However, dozens of articles have appeared in the literature
with other fermented raw materials (e.g. rapeseed meal, sunflower meal, cereals, peas,
cottonseed meal, wheat semolina, soya hulls), as well as with other animal species (broi-
lers, laying hens, calves, shrimps, aqua).

REFERENCES

Agrimatie (2023): https://agrimatie.nl/ThemaResultaat.aspx?subpu-
bID=2290&themalD=2272&indicatorID=2086&sectorID=2262

Canibe, N., & Jensen, B. B. (2003): Fermented and nonfermented liquid feed to growing
pigs: Effect on aspects of gastrointestinal ecology and growth performance. ]. Anim.
Sci. 81(8), 2019-2031. DOI: https://doi.org/10.2527/2003.8182019x

Chen, C. C, Liu, Y, Wang, Z. F,, Lj, Z., & Zhang, H. (2010): Evaluating nutritional quality of
single stage- and two stage-fermented soybean meal. Asian-Australasian Journal of An-
imal Sciences, 23(5), 598-606. DOI: https://doi.org/10.5713/ajas.2010.90341

Chen, Y., Zhang, L., & Li, Y., (2021): Nutritional quality improvement of soybean meal by
Bacillus velezensis and Lactobacillus plantarum during two-stage solid-state fermen-
tation. DOI: https://doi.org/10.1186/s13568-021-01184-x

Chi, S. Y., & Cho, ]. H. (2016): Improvement of bioactivity of soybean meal by solid-state
fermentation with Bacillus amyloliquefaciens versus Lactobacillus spp. and Saccharo-
myces cerevisiae. DOI: https://doi.org/10.1016/j.lwt.2015.12.002

Fan, Y, Zhang, X.,, & Li, T. (2022): Diets fermented with bacteria and enzymes in China
improve growth performance and health of weaned piglets. Agriculture, 12, 1984. DOI:
https://doi.org/10.3390/agriculture12121984

FAO (2017): https://www.fao.org/family-farming/detail/en/c/1634679/

Green Dear Europe (2020): https://commission.europa.eu/strategy-and-policy/priori-
ties-2019-2024 /european-green-deal_en

Kumar, P., Singh, P., & Verma, A. K. (2015): Natural and cultured buttermilk. In Puniya, A.
K. (Ed.), Fermented Milk and Dairy Products (pp. 203-225), USA: CRC Press/ Taylor
and Francis.

Liu, X, Zhang, Y., & Li, Z. (2022): Effects of a new fermented soya bean meal on growth
performance, serum biochemistry profile, intestinal immune status and digestive en-
zyme activities in piglets. ]. Anim. Physio. Anim. Nutr. 106(5), 1046-1059. DOI:
https://doi.org/10.1111/jpn.13649

Muniyappan, M., Kumar, S., & Rathi, R. (2023): Effects of fermented soybean meal supple-
mentation on the growth performance and apparent total tract digestibility by modu-
lating the gut microbiome of weaned piglets. DOI: https://doi.org/10.1038/s41598-
023-30698-6

Murray (2022): Global burden of bacterial antimicrobial resistance in 2019: a systematic
analysis. DOI: https://doi.org/10.1016/S0140-6736(21)02724-0

O’Neill, J. (2013): Review on Antimicrobial Resistance. Tackling Drug-Resistant Infections
Globally. Available from: https://amr-review.org/sites/default/files/160525_Fi-
nal%?20paper_with%?20cover.pdf

Scholten, |., Gausling, R., & Bertram, H. C. (2002): Fermented wheat in liquid diets: effects
on gastrointestinal characteristics in weanling piglets. ]. Anim. Sci., 80(5), 1179-1186.
DOI: https://doi.org/10.2527/2002.8051179x

24


https://agrimatie.nl/ThemaResultaat.aspx?subpubID=2290&themaID=2272&indicatorID=2086&sectorID=2262
https://agrimatie.nl/ThemaResultaat.aspx?subpubID=2290&themaID=2272&indicatorID=2086&sectorID=2262
https://doi.org/10.2527/2003.8182019x
https://doi.org/10.5713/ajas.2010.90341
https://doi.org/10.1186/s13568-021-01184-x
https://doi.org/10.1016/j.lwt.2015.12.002
https://doi.org/10.3390/agriculture12121984
https://www.fao.org/family-farming/detail/en/c/1634679/
https://commission.europa.eu/strategy-and-policy/priorities-2019-2024/european-green-deal_en
https://commission.europa.eu/strategy-and-policy/priorities-2019-2024/european-green-deal_en
https://doi.org/10.1111/jpn.13649
https://doi.org/10.1038/s41598-023-30698-6
https://doi.org/10.1038/s41598-023-30698-6
https://doi.org/10.1016/S0140-6736(21)02724-0
https://amr-review.org/sites/default/files/160525_Final%20paper_with%20cover.pdf
https://amr-review.org/sites/default/files/160525_Final%20paper_with%20cover.pdf
https://doi.org/10.2527/2002.8051179x

21t International Symposium on Animal Nutrition and One Health Day

Sharma, P., Sharma, S., & Kumar, S. (2020): Microbial Fermentation and Its Role in Quality
Improvement of Fermented Foods, Fermentation, 6, 106.
DOI: https://doi.org/10.3390/fermentation6040106

SUNY ER services Microbiology. https://courses.lumenlearning.com/suny-microbiol-
ogy/chapter/how-microbes-grow/

United Nations, https://www.un.org/en/global-issues/population

Van Boeckel, T. P., Pires, ], Silvester, R, Zhao, C., Song, ]., & Criscuolo, N. G. (2019): Global
trends in antimicrobial resistance in animals in low- and middle-income countries. Sci-
ence, 365(6459), eaaw1944. DOI: https://doi.org/10.1126/science.aaw1944

Wang, N. F,, Chen, Q., Le, G. W,, Shi, Y. H., & Sun, ]. (2007): Effect of lactic acid fermented
soybean meal on the growth performance, intestinal microflora and morphology of
weaned piglets. Journal of Animal and Feed Sciences, 16(1), 75-85. DOI:
https://doi.org/10.22358/jafs/66728/2007

Wang, X., Zhang, Y., Li, Z., & Zhang, P. (2020): Dietary fermented soybean meal replace-
ment alleviates diarrhea in weaned piglets challenged with enterotoxigenic Esche-
richia coli K88 by modulating inflammatory cytokine levels and cecal microbiota com-
position. BMC Veterinary Research, 16, 245. DOI: https://doi.org/10.1186/s12917-
020-02466-5

Yan, L., Li, H,, Zhang, Q., & Wang, X. (2022): Fermented soybean meal increases nutrient
digestibility via the improvement of intestinal function, anti-oxidative capacity and im-
mune function of weaned pigs. DOI: https://doi.org/10.1016/j.animal.2022.100557

Zhu, X, Li, Y., Zhang, L., & Wang, Q. (2017): Effects of soybean meal fermented by L. planta-
rum, B.subtilis and S.cerevisiea on growth, immune function and intestinal morphol-
ogy in weaned piglets. DOI: https://doi.org/10.1186/s12934-017-0809-3

25


https://doi.org/10.3390/fermentation6040106
https://courses.lumenlearning.com/suny-microbiology/chapter/how-microbes-grow/
https://courses.lumenlearning.com/suny-microbiology/chapter/how-microbes-grow/
https://www.un.org/en/global-issues/population
https://doi.org/10.1126/science.aaw1944
https://doi.org/10.22358/jafs/66728/2007
https://doi.org/10.1186/s12917-020-02466-5
https://doi.org/10.1186/s12917-020-02466-5
https://doi.org/10.1016/j.animal.2022.100557
https://doi.org/10.1186/s12934-017-0809-3

MATE Press




DOI: 10.54597 /mate.0161

Bee, G. (2024): Preventing Post Weaning Diarrhea in Pigs by Using
Bioactive Compounds. In: Halas, V., T6thi, R. (eds.) Application of One
Health Concept In Farm Animal Nutrition : 21th International
Symposium on Animal Nutrition and One Health Day, 6 November,
2024 Kaposvar, Hungary : Proceedings = Egy Egész-ség (One Health)
koncepcié a haszondllatok takarmanyozasaban : 21. Nemzetkozi
Takarmanyozasi Szimp6zium és Egy Egészség Nap, 2024. november
6. Kaposvar : Tanulmanyok. G6dollé: MATE Press, 2024. pp. 27-39.

ISBN 978-963-623-120-0
(@) ov-ne-no

PREVENTING POST WEANING DIARRHEA IN PIGS BY USING
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ABSTRACT

Post-weaning diarrhea (PWD) is a significant challenge in pig production, driven by physiological, immuno-
logical, and microbiological disruptions during the weaning transition. Conventional management strategies,
such as antibiotics and zinc oxide, face increasing regulatory and environmental constraints, highlighting the
need for alternative solutions. Tannins, plant-derived polyphenols with antimicrobial, gut-modulating, and
anti-inflammatory properties, have emerged as a promising tool for mitigating PWD. In vitro studies demon-
strate tannins’ ability to enhance intestinal barrier integrity, reduce pathogenic bacterial adhesion, and sup-
press inflammatory responses, addressing key drivers of PWD. Additionally, their modulation of gut microbi-
ota fosters a healthier microbial balance. While experimental and mechanistic studies support tannins' effi-
cacy, further research is needed to optimize their application and address variability in their effects. Tannins
offer a sustainable, natural alternative to conventional prophylactics, potentially improving piglet health and
productivity while aligning with environmental and regulatory goals.

INTRODUCTION

The weaning phase is one of the most critical periods in a pig’s life, where significant
physiological, nutritional, and environmental changes occur. This transition from a milk-
based diet to solid feed is often accompanied by disruptions in gut physiology, immunity,
and microbiota, resulting in post-weaning diarrhea (PWD) (Guevarra et al,, 2018; Tang et
al., 2022). The condition is characterized by frequent watery faces, weight loss, and de-
hydration, leading to high piglet mortality rates. Traditionally, PWD has been managed
using antibiotics and pharmacological levels of zinc oxide. However, the growing global
concerns regarding antimicrobial resistance and the environmental impact of zinc oxide
have necessitated the development of alternative solutions. Bioactive compounds, parti-
cularly tannins, have emerged as a promising strategy for mitigating PWD. These plant-
derived polyphenols exhibit antimicrobial, gut-modulating, and anti-inflammatory pro-
perties, providing a natural and sustainable alternative to conventional prophylactic
measures (Girard & Bee, 2020).

This short review synthesizes findings from experimental studies and mechanistic in-
vestigations to evaluate the potential of tannins in PWD prevention. The discussion integ-
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rates evidence from recent research, including studies on chestnut tannins and harmo-
nized in vitro digestion models, with practical insights into their application in piglet di-
ets.

PATHOPHYSIOLOGY OF POST-WEANING DIARRHEA

Post-weaning diarrhea has a multifactorial etiology, encompassing physiological, immu-
nological, and microbiological disturbances. This complexity renders its effective man-
agement a significant challenge. The weaning process introduces significant and abrupt
changes to the gastrointestinal tract (GIT) as piglets undergo a dietary transition from a
predominantly milk-based diet to one based on solid feedstuffs. This dietary shift occurs
concurrently with social and environmental stressors, which collectively place substan-
tial demands on the digestive and immune systems of the piglets. Consequently, the
physiological adjustments that are necessary during this phase frequently exceed the ca-
pacity of the piglets to maintain intestinal homeostasis, thereby creating an environment
favorable to diarrhea.

One of the most significant changes that occurs following weaning is the disruption of
intestinal morphology and function. The small intestine, which plays a critical role in di-
gestion and nutrient absorption, undergoes transient structural alterations, including vil-
lous atrophy and crypt hyperplasia. The reduction in absorptive surface area caused by
villous atrophy impairs the intestine's ability to effectively process nutrients. Concur-
rently, crypt hyperplasia, which involves an increase in the number of immature cells in
the intestinal crypts, represents a compensatory mechanism to replace the damaged vil-
lous cells. However, this regeneration often occurs at the expense of functional maturity,
resulting in an immature epithelial layer that cannot fully support digestive or absorptive
processes (Tang et al., 2022).

In addition to these structural changes, there is a marked reduction in the activity of
brush border enzymes, which are essential for nutrient digestion. The diminished activity
of enzymes such as lactase and sucrase aggravates malabsorption, leading to the accumu-
lation of undigested nutrients in the intestinal lumen (Heo et al., 2013). This accumulation
creates an osmotic imbalance, where water is drawn into the gut lumen, contributing to
the watery feces characteristic of PWD. The presence of undigested nutrients serves to
further encourage microbial fermentation in the hindgut, thereby contributing to in-
creased production of toxic by-products, including branched-chain fatty acids, indole,
phenols, ammonia, and biogenic amines, within the GIT (Heo et al., 2013).

The difficulties associated with nutrient absorption are worsened by disturbances in
intestinal permeability, which is frequently referred to as "leaky gut." During the weaning
period, the intestinal epithelial barrier becomes compromised, allowing the translocation
of toxins and antigens into the bloodstream. This increased permeability is associated
with a reduction in the expression of tight junction proteins, such as Zonula Occludens
and Claudin, which are critical for maintaining the integrity of the intestinal barrier. As
the barrier function weakens, the risk of systemic inflammation and secondary infections
rises, further complicating the clinical management of PWD (Hu et al., 2013).
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Gastric function also plays a significant role in the pathophysiology of PWD. The tran-
sition from liquid to solid feed is associated with a reduction in gastric acid production,
leading to an elevated gastric pH. The elevated pH environment reduces the stomach's
ability to prevent ingested pathogens from surviving, creating favorable conditions for
their proliferation. Gastric stasis or the slowing of stomach emptying, is another challenge
during this period. The delayed passage of food through the stomach can lead to bacterial
overgrowth and fermentation, increasing the microbial load of pathogens that enter the
small intestine (Heo et al., 2013).

Microbiological changes during weaning are another critical component of PWD. The
gut microbiota, which is responsible for maintaining a healthy microbial balance and pro-
tecting against pathogens, is significantly altered. Beneficial bacteria such as Lactobacillus
and Bifidobacterium are often diminished, while opportunistic pathogens, including en-
terotoxigenic Escherichia coli (ETEC), proliferate. Enterotoxigenic Escherichia coli is par-
ticularly problematic, as it adheres to intestinal epithelial cells using fimbrial adhesins
such as F4 and F18. Once adhered, ETEC secretes heat-labile and heat-stable enterotox-
ins, disrupting the normal electrolyte transport. These toxins stimulate the secretion of
chloride ions while inhibiting sodium absorption, leading to excessive water secretion
into the intestinal lumen and the onset of diarrhea (Buddle & Bolton, 1992; Pluske et al.,
2002).

The immunological impact of weaning also plays a critical role in the development of
PWD. The removal of maternal antibodies provided through milk leaves piglets immuno-
logically vulnerable. The immature immune system struggles to respond effectively to the
sudden influx of environmental and dietary antigens, resulting in increased susceptibility
to infection. This is further complicated by the upregulation of pro-inflammatory cyto-
kines, which contribute to the inflammation and damage observed in the intestinal epi-
thelium (De et al., 2017; Hu et al,, 2013). The inflammatory response impairs gut perme-
ability, creating a vicious cycle where the compromised barrier allows further infiltration
of pathogens, perpetuating the condition.

In regions where pathogenic pressures are high, such as on farms with suboptimal hy-
giene practices, the prevalence of ETEC-related PWD is particularly concerning. Studies
have shown that ETEC is responsible for up to 43% of PWD cases in Swiss pig farms,
highlighting the pathogen's significant role in disease prevalence (Schubnell et al., 2016).
The high shedding rates of ETEC in infected piglets contribute to its rapid spread within
herds, emphasizing the need for targeted interventions that can interrupt its pathogene-
sis.

In conclusion, the pathophysiology of PWD is a multifaceted process involving disrup-
tions to intestinal structure, function, and microbiota, compounded by immune system
immaturity and stress-induced vulnerabilities. These changes collectively create an envi-
ronment that supports the proliferation of pathogens like ETEC, whose toxins drive the
electrolyte imbalances and fluid loss that characterize PWD. Understanding these inter-
connected mechanisms is essential for developing effective prevention and treatment
strategies that address the root causes of the condition.
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THE ROLE OF TANNINS IN THE PREVENTION OF POST-WEANING DIARRHEA

Due to their diverse chemical composition, tannins, which are plant-derived polyphenolic
compounds, have received considerable attention in recent years. Their potential for al-
leviating the challenges associated with PWD in piglets has become an area of significant
interest. Their multifunctional properties, including antimicrobial, antioxidant, and gut-
modulating effects (Maugeri et al., 2022; Mueller-Harvey, 2006), position them as a
promising alternative to antibiotics and pharmacological levels of zinc oxide in the pre-
vention of PWD. By targeting multiple aspects of the condition's pathophysiology, tannins
offer a comprehensive approach to maintaining gut health and reducing the impact of
pathogens such as ETEC.

The antimicrobial effects of tannins are among their most well-documented proper-
ties, rendering them especially valuable in environments susceptible to pathogenic chal-
lenges. Tannins exert their antimicrobial action through three primary mechanisms: dis-
ruption of bacterial cell membranes, denaturation of bacterial proteins, and interference
with microbial enzymatic activity (Scalbert, 1991). In the context of ETEC-related PWD,
tannins have been demonstrated to be particularly effective at preventing bacterial ad-
hesion to the intestinal epithelium. As previously mentioned, ETEC relies on fimbrial F4
or F18 adhesins to attach to glycoprotein receptors on the intestinal brush border. Tan-
nins have been shown to bind to these receptors or fimbrial structures, preventing ETEC
from adhering to the epithelial cells and thereby interrupting its pathogenesis and reduc-
ing the bacterial load in the gut (Girard & Bee, 2020).

Beyond their direct antimicrobial effects, tannins also modulate the gut microbiota,
fostering a healthier balance of microbial populations. Studies have shown that tannins
reduce the abundance of pathogenic bacteria such as ETEC and Clostridium perfringens
while promoting beneficial species like Lactobacillus and Bifidobacterium. This modula-
tion of the microbiota contributes to enhanced gut resilience, as beneficial microbes com-
pete with pathogens for nutrients and adhesion sites, produce antimicrobial metabolites
and stimulate the host’s immune response. The ability of tannins to shift the gut
microbiota toward a more favorable composition is particularly important during the
weaning period when disruptions to the microbial ecosystem are common (Puljula et al,,
2020).

Another crucial function of tannins in preventing PWD is their potential to alleviate
the inflammatory response in the intestinal tract. Tannins have anti-inflammatory
properties due to their ability to inhibit the production of pro-inflammatory cytokines,
including tumour necrosis factor-alpha and interleukin-6 (Ekambaram et al., 2022).
These properties help maintain the structural and functional integrity of the intestine,
thereby facilitating a more rapid recovery from disturbances caused by the weaning pro-
cess and pathogen exposure.

The benefits of tannins extend to their influence on the digestibility and utilization of
nutrients. Although tannins have been the subject of criticism due to their protein-
binding properties, which can reduce protein digestibility, recent studies indicate that
these effects are dose-dependent and can be managed through the formulation of a care-
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fully designed diet. Furthermore, the interaction of tannins with dietary proteins may re-
sult in a reduction in the availability of nutrients for pathogenic bacteria, thereby limiting
their growth and activity in the gut. This selective inhibition of pathogenic bacteria with-
out disturbing beneficial microbes highlights the potential of tannins as a dietary tool.
One of the most compelling demonstrations of tannins' efficacy is evidenced by studies
examining the effects of chestnut tannin extracts on weaned piglets. In an experiment
conducted by Girard et al. (2020), the effects of dietary supplementation with chestnut
tannin extracts were investigated in piglets experimentally infected with ETEC F4. This
study found that piglets receiving a chestnut extract rich in hydrolysable tannins
exhibited significantly lower fecal scores, indicative of reduced diarrhea severity, com-
pared to untreated controls (Figure 1). Additionally, ETEC shedding in the feces was
markedly reduced in the tannin-supplemented group, demonstrating the antimicrobial
properties of tannins against key pathogens associated with PWD. Beyond their impact
on diarrhea, tannin supplementation was associated with improved growth performance,
as evidenced by a 20% increase in feed intake and a 34% improvement in average daily
gain compared to the control group (Figure 2). These findings underscore the dual bene-
fits of tannins in enhancing health outcomes and supporting productivity in weaned pig-
lets.
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Figure 1 Effects of chestnut extract supplementation on the fecal score and the percentage of piglets with
diarrhea from days 0-14 post-infection. Fecal scores = 3 were termed diarrhea. Pigs (N = 36) in the un-
supplemented group had ad libitum access to a control standard starter diet, which was formulated
according to the Swiss feeding recommendations for pigs (Agroscope, 2017). Pigs (N = 36) in the chestnut
extract supplemented group had ad libitum access to the chestnut extract supplemented diet, in which
wheat straw in the unsupplemented diet was substituted for with 2% chestnut extract (Silvafeed Nutri
P/ENC for Swine; Italy). P-values for the main effects: chestnut extract supplementation: P<0.001;
Time: P < 0.001 for each; source: Girard et al. (2020)
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Figure 2 Feed intake (g/day/pen) and average daily gain (g/day) from days 0-7, 8-14, and 0-14 post-
infection of piglets with ad libitum access to an unsupplemented starter diet or a starter diet
supplemented with 2% chestnut extract. In the chestnut extract-supplemented diet, 2% chestnut extract
(Silvafeed Nutri P/ENC for Swine, Italy) replaced wheat straw from the unsupplemented diet. P-values for
the main effects: chestnut extract supplementation: P < 0.04; Time: P < 0.001 for each;
source: Girard etal. (2020)

In conclusion, tannins play a multifaceted role in the prevention of PWD by targeting
its key pathophysiological mechanisms. Through their antimicrobial effects, modulation
of gut microbiota, enhancement of intestinal barrier function, and anti-inflammatory
properties, tannins can provide comprehensive protection against the disruptions caused
by weaning. Their ability to simultaneously address pathogen load, gut health, and
nutrient utilization makes them an invaluable tool in the pursuit of sustainable and effec-

tive PWD management strategies.

MECHANISTIC INSIGHTS FROM IN VITRO STUDIES

The mechanistic effects of tannins on GIT health and pathogen mitigation have been ex-
tensively studied using in vitro models. These controlled experimental setups, including
harmonized digestion models and Ussing chambers, offer critical insights into how tan-
nins interact with the GIT and their potential to prevent PWD (Reggi et al,, 2020; Yu et al,,
2020). By simulating the physiological environment of the piglet’s gut, these studies pro-
vide valuable data on tannins' impact on intestinal integrity, and their role in modulating
gut function.

The use of Ussing chambers has illuminated how tannins affect intestinal barrier func-
tion. These models allow researchers to measure parameters such as trans-epithelial
electrical resistance (TEER), which is an indicator of epithelial barrier integrity. In exper-
iments involving digested chestnut tannins, we observed a significant increase in TEER
values, suggesting that tannins strengthen the intestinal barrier (Figure 3; Tretola et al.
(2022)). A tighter epithelial barrier is crucial in preventing the translocation of patho-
gens, toxins, and other harmful substances from the gut lumen into systemic circulation.
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Figure 3 Changes in trans-epithelial resistance (TEER; expressed as % of the basal TEER) induced by
luminal application of three dilutions (4 = 1:4; 8 = 1:8; 16 = 1:16) of digested chestnut extracts (v/v)
(sample to apical Kreb’s Ringier buffer) to the porcine intestinal mucosa. Different letters indicate a

significant (P < 0.05) statistical difference. Data for each dilution were obtained in five (n = 5)
independent experiments (source: Tretola et al. (2022)

The ability of tannins to modulate tight junction proteins, such as Zonula Occludens 1
and Occludin, has also been confirmed through in vitro studies (Yu et al., 2020). These
proteins are essential for maintaining the cohesion of epithelial cells, forming a selective
barrier that regulates the passage of molecules between the gut lumen and the blood-
stream. When intestinal tissues are exposed to digested tannin extracts, an upregulation
of tight junction protein expression is observed, correlating with improved barrier integ-
rity (Figure 4). This effect is particularly evident in tissues compromised by stressors
such as indomethacin, a nonsteroidal anti-inflammatory drug known to weaken tight
junctions. In the presence of tannins, the damage caused by indomethacin is mitigated,
demonstrating the restorative potential of tannins under adverse conditions (Figure 5;
Tretola etal. (2022)). The digestion and bioavailability of tannins have also been explored
using the harmonized in vitro digestion model INFOGEST (Brodkorb et al., 2019). This
model simulates the digestive processes that occur in the stomach and small intestine
allowing researchers to assess how tannins are broken down and their metabolites are
formed. Studies have shown that tannins undergo significant degradation during diges-
tion, with the majority of their bioactivity localized to the gut. The polyphenolic metabo-
lites produced during tannin degradation retain gut-modulating properties, suggesting
that even after partial breakdown, tannins continue to exert beneficial effects (Tretola et
al,, 2023).
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Figure 4 Tight junction protein induction fold in tissue incubated for 180 min with three digested
chestnut extracts (CHEs) dilutions (4 = 1:4; 8 = 1:8; 16 = 1:16 v/v sample to apical Kreb’s Ringier buffer).
CLDN1: claudine-1; ZO1: zonula occludens-1; OCLN: occludin. Data are LS-means + standard deviations.
Data were obtained by at least five independent experiments. 2> Different superscripts indicate a
significant (P < 0.05) statistical difference (source: Tretola et al., 2022)
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Figure 5 Effect of indomethacin (INDO, 250 uM) on the barrier function of pig jejunum and protection by
digested CHE at a 1:16 dilution (v/v) (sample to apical Kreb’s Ringier buffer). 16 /INDO = digested CHE
diluted 1:16 (v/v) (sample to apical Kreb’s Ringier buffer) in the presence of indomethacin; 16 = digested
CHE diluted 1:16 (v/v). 2b¢ Different superscripts indicate a significant (P < 0.05) statistical difference
(source: Tretola et al., 2022)

Interestingly, the ability of tannins to complex with dietary proteins has implications
for their activity in the gut. In vitro experiments assessing protein digestibility have
demonstrated that tannins reduce the enzymatic breakdown of proteins (Figure 6) by
binding to them and/or inhibiting proteolytic enzymes (Tretola et al., 2022). While this
interaction may reduce protein digestibility, it may also, as previously suggested, limit
the availability of proteins to pathogenic bacteria, effectively starving them and inhibiting
their growth.

Finally, the anti-inflammatory properties of tannins have been elucidated through in
vitro experiments measuring cytokine production. In response to inflammatory stimuli,
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including bacterial toxins, tannins reduce pro-inflammatory cytokines such as tumor
necrosis factor-alpha (TNF-a) and interleukin-6 (IL-6), alleviating epithelial inflamma-
tion. This anti-inflammatory effect reduces the damage to intestinal tissues caused by ex-
cessive immune activation, allowing for faster recovery of gut homeostasis (Piazza et al.,
2022).
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Figure 6 Effects of 30 g/kg as-fed supplemented chestnut extract on in vitro digestibility of the crude pro-
tein of soybean meal products and soy protein isolate (source: Tretola et al. (2022)

In summary, in vitro studies have provided critical mechanistic insights into how tan-
nins mitigate the key drivers of PWD. Tannins enhance intestinal barrier integrity by in-
creasing TEER and upregulating tight junction proteins, while also mitigating stressor-
induced damage. During digestion, tannins are broken down into metabolites that inhibit
pathogen growth by limiting protein availability. Additionally, tannins reduce inflam-
mation by suppressing pro-inflammatory cytokines, promoting gut homeostasis and
recovery. These findings highlight tannins' potential to protect and restore gut health.

PRACTICAL CONSIDERATIONS

The incorporation of tannins into piglet diets must consider their bioavailability and po-
tential interactions with other dietary components. Although tannins exhibit low sys-
temic bioavailability due to degradation in the digestive tract, their localised effects in the
gut are sufficient to confer health benefits. The cost of tannin supplementation ranges
from 0.14 to 0.43 euros per piglet for a 19-day feeding period, making it an economically
viable alternative to antibiotics and zinc oxide. However, their protein-binding properties
can reduce nutrient digestibility, necessitating careful diet formulation.
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KNOWLEDGE GAPS AND FUTURE DIRECTIONS

Despite significant advancements in understanding the role of tannins in preventing
PWD, several knowledge gaps remain that must be addressed to optimize their applica-
tion in pig nutrition and health management. Addressing these gaps is critical for refining
the use of tannins as an alternative to antibiotics and zinc oxide, ensuring their efficacy,
sustainability, and economic feasibility in commercial pig production systems.

One of the most pressing gaps is the variability in tannin efficacy between studies:
there is a need for a deeper understanding of how different tannin types, sources and
chemical structures affect their biological activity. Hydrolysable tannins and condensed
tannins have different chemical properties and mechanisms of action, but their
comparative efficacy under different production conditions is not fully understood. In ad-
dition, the impact of variability in tannin source - such as chestnut, quebracho or grape
extracts - on antimicrobial activity, digestibility and gut modulation remains underex-
plored. Standardisation of tannin formulations and the development of reliable metrics
to assess their bioactivity are essential to ensure consistent results in commercial appli-
cations.

The interaction of tannins with other dietary components represents another area of
uncertainty. Tannins are known to bind proteins and other macronutrients, which can
reduce nutrient availability. However, this protein-binding property also limits nutrient
availability to pathogenic bacteria, contributing to tannins' antimicrobial effects. Striking
a balance between these competing outcomes is critical for optimizing diet formulation.
Research is needed to explore how tannins interact with various protein sources, feed
additives, and bioactive compounds, such as organic acids, probiotics, and essential oils.
Understanding these interactions could pave the way for synergistic combinations that
enhance the overall efficacy of tannins while minimizing potential drawbacks.

A significant knowledge gap also exists regarding the bioavailability and metabolism
of tannins within the gastrointestinal tract. In vitro digestion models have provided valu-
able insights into the degradation of tannins and the formation of bioactive metabolites,
but in vivo validation of these findings is limited. It remains unclear how these meta-
bolites interact with intestinal tissues, microbiota, and immune cells, particularly in the
lower gut. Research should focus on elucidating the fate of tannins during digestion, the
bioactivity of their metabolites, and their contribution to the observed health benefits in
piglets.

Another area requiring attention is the mechanistic understanding of how tannins
modulate the gut microbiota. While evidence suggests that tannins selectively inhibit
pathogenic bacteria while promoting beneficial microbes, the underlying mechanisms
driving these changes are not fully understood. Advanced techniques, such as meta-
genomics and metabolomics, could be employed to investigate how tannins influence mi-
crobial community structure, function, and metabolic activity. These studies could also
explore the potential for tannins to promote the production of beneficial metabolites,
such as short-chain fatty acids, which are known to support gut health and barrier integ-
rity.
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The anti-inflammatory properties of tannins present another promising avenue for re-
search. While in vitro studies demonstrate their ability to suppress pro-inflammatory
cytokines, the translation of these findings to in vivo contexts remains underexplored.
Understanding how tannins influence systemic and localized immune responses in
weaned piglets could reveal new applications for tannins in managing not only PWD but
also other inflammatory gut disorders. Investigating the dose-dependent effects of tan-
nins on immune modulation and identifying the optimal concentrations for achieving
therapeutic benefits without compromising growth performance are crucial steps for-
ward.

Economic and environmental considerations also warrant further investigation. While
tannins are increasingly recognized as a sustainable alternative to conventional prophy-
lactics, comprehensive life cycle assessments are needed to quantify their environmental
impact relative to antibiotics and zinc oxide. These assessments should account for fac-
tors such as tannin extraction, production, transportation, and on-farm use. Additionally,
economic analyses should evaluate the cost-effectiveness of tannin supplementation un-
der varying market conditions, production systems, and regulatory frameworks. Identi-
fying strategies to reduce production costs and improve the scalability of tannin-based
solutions will be critical for their widespread adoption.

Finally, there is a need for field trials that replicate real-world farming conditions. Most
current research is conducted under controlled experimental setups, which may not fully
capture the complexities of commercial pig farming. Field studies could provide valuable
insights into the practical challenges of incorporating tannins into weaning diets, such as
variability in feed intake, differences in baseline gut health, and interactions with farm-
specific management practices. These trials could also evaluate the impact of tannin
supplementation on herd-level outcomes, including disease incidence, antibiotic use, and
overall productivity.

In conclusion, while tannins hold significant promise as a natural and sustainable so-
lution for managing PWD, addressing the existing knowledge gaps is essential for unlock-
ing their full potential. Future research should prioritize long-term studies, standardiza-
tion of tannin formulations, exploration of dietary interactions, and in-depth mechanistic
investigations into their effects on the gut and immune system. By advancing our under-
standing of tannins and refining their application strategies, we can contribute to the
development of more sustainable and effective approaches to pig health management.

CONCLUSIONS

The growing restrictions on antibiotics and zinc oxide in pig production underscore the
need for alternative strategies that are both effective and sustainable. Tannins offer a
promising solution for managing PWD through their antimicrobial, gut-modulating, and
barrier-enhancing properties. By addressing knowledge gaps and optimizing their appli-
cation, tannins could play a pivotal role in the future of sustainable swine production,
ensuring animal health and welfare while meeting environmental and regulatory goals.
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OSSZEFOGLALAS

Az ochratoxin A (OTA) az Aspergillus és Penicillium nemzetségbe tartozé penészgombdk mdsodlagos meta-
bolitja, el6forduldsa gyakori a baromfitakarmdnyokban. Az OTA hatdsaként ismert, hogy az dllati szervezet-
ben oxidativ stresszt vdlt ki, melynek hatdsdra lipidperoxiddcids folyamatok indukdlédhatnak, amely be-
folydsolja a biolégiai antioxiddns rendszer miitkédését. A szelén esszencidlis mikroelem, amely fontos szerepet
jdtszik a szervezet antioxiddns-védelmében, igy hatdsa lehet az OTA dltal elbidézett toxikus hatdsok enyhitésé-
ben és/vagy megelézésében. Révidtdvu (5 nap) OTA-terheléses (2 mg/kg) in vivo vizsgdlatot terveztiink 21
napos életkort brojlercsirkékkel, a szelénkiegészitést napos kortdl a kisérlet végéig két dozisban alkalmazva:
0,3 mg/kg, 0,5 mg/kg. Biokémiai médszerekkel meghatdroztuk a vérben a glutation rendszer markereit, a
redukdlt glutation mennyiségét és a glutation-peroxiddz aktivitdsdt, valamint a malondialdehid koncent-
rdcidjdt. Az eredmények alapjdn a vizsgdlt markerek mennyiségében és aktivitdsdban mutatott jelentds elté-
rések a kezeletlen csoporthoz képest, a kialakult oxidativ stressz jelenlétére utal, amelyet a szelénkiegészités
kis mértékben befolydsolt.

ABSTRACT

Ochratoxin A (OTA) is a secondary metabolite of moulds belonging to the genera of Aspergillus and Penicil-
lium, and its occurrence is common in poultry feed. As an effect of OT4, it is known that it causes oxidative
stress in the animal body, causing lipid peroxidation, which affects the biological antioxidant system. Selenium
is an essential element that plays an important role in antioxidant protection, so it can have an effect in miti-
gating and/or preventing the toxic effects caused by OTA. An in vivo study was performed in 21-day-old broiler
chickens in a short-term (5-day) feeding trial with 2 mg/kg OTA, using selenium supplementation in two doses:
0.3 mg/kg, 0.5 mg/kg. We measured the markers of the glutathione system in the blood with biochemical
methods: the amount of reduced glutathione, the activity of glutathione peroxidase and the concentration of
malondialdehyde. Based on our results, significant differences were observed in the amount and activity of the
elements of the glutathione system compared to the untreated group, which could be caused by oxidative
stress, which was slightly influenced by selenium supplementation.
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BEVEZETES

A klimavaltozas kedvez6 kérnyezetet teremt a mikotoxintermel6 gombak szaporodasara,
amelyek a takarmanyokat szennyezve gazdasagi allatoknal dézisfiiggben ter-
meléskiesést, illetve toxikus valaszreakciot valtanak ki (Diaz, 2005). Az Aspergillus és
Penicillium nemzetség bizonyos fajainak masodlagos metabolitja az ochratoxin A (OTA),
amely a gabonaféléket (arpa, kukorica, zab, rizs, rozs, buiza) és mas novényi termékeket
(kavébab, dio, szaritott foldimogyord, fliszerek, szaritott gylimolcs6k, mazsola, bor,
sz6161é és sor) szennyezi. Atvivé hatds révén szermaradvanyként megtalalhaté az allati
eredetll élelmiszerekben (sertés- és baromfihusban, tejben, sajtban), ami hozzajarulhat
az emberi expoziciohoz (Wang és mtsai., 2022). Emiatt globalis aggodalomra adhat okot
az élelmiszer- és takarmanybiztonsag tekintetében.

Korabbi kutatasok alapjan elmondhat6, hogy egyes mikotoxinok toxicitasaban fontos
szerepet jatszik az oxigén-szabadgyokok képzdédése és az ebbdl kovetkezd oxidativ
stressz indukalasa (Da Silva és mtsai., 2018). Az OTA hatasaként ismert, hogy az allati
szervezetben oxidativ stresszt valt ki, ennek kovetkeztében a tobbszordsen telitetlen
zsirsavak peroxidaciéjat okozhatja (Schaaf és mtsai., 2002). Ezt alatamasztjak azok az
eredmények, ahol az alacsony molekulatomeg(i antioxidansok, mint példaul a tokoferol
vagy az aszkorbinsav, csokkentik a lipid-peroxidok képzddését és az OTA toxikus hatasait
(Hoehler és Marquardt, 1996). A szelén esszencialis mikroelem, amely fontos szerepet
jatszik a szervezet antioxidans-védelmében, igy példaul a szelénfiiggé glutation-
peroxidaz izoenzimek megfelel6 miikodésében, igy hatasa lehet az OTA altal el6idézett
toxikus hatasok enyhitésében és/vagy megel6zésében. A brojlercsirkék érzékenyek az
OTA-ra, az LD 50 érték 21 napos korban 3,6 + 0,6 mg/ttkg (Huff és mtsai., 1974).
Immunszupressziv hatasat figyelték meg brojlercsirkékben még az Eurdpai Uni6ban
javasolt hatarérték (0,1 mg/kg takarmany) mellett is (Pozzo és mtsai., 2013). Felszivodas
utdn az OTA nagy mennyiségben volt mérhet6 a vérben, ezt kovette csokkend sorrendben
a vese, a maj, az izom és a zsirszovet (Gareis és Scheuer, 2000). Az OTA-val szennyezett
takarmany etetése (2,5 mg OTA/kg) a testtomeg-gyarapodas szignifikans csokkenését és
arelativ vesetomeg novekedését idézte el (Gentles és mtsai., 1999).

A vizsgalat célja a fentiek alapjan annak feltarasa volt, hogy az OTA-val mesterségesen
szennyezett takarmany rovid tavla etetése milyen hatast valt ki a mikotoxinok szal-
litdsaban fontos vérben a lipidperoxidacios folyamatok iniciaciés és terminacios fazisaira,
valamint ezzel parhuzamosan célja volt felmérni a glutation redox rendszer egyes para-
meétereinek mennyiségét és aktivitasat, illetve az alkalmazni kivant szelénkiegészités ha-
tékonysagat.

ANYAG ES MODSZER

In vivo modellként brojlercsirkét mint az OTA-ra érzékeny gazdasagi allatfajt alkalmaz-
tunk. Cobb 500 napos kakasokat a kisérleti takarmanyok etetésének megkezdése el6tt
faforgacs almon neveltiik, a Cobb technolégiai el6irasoknak megfelel6en. Az egyes kisér-
leti csoportokat 20 napos életkorban alakitottuk ki, amelynek soran egyedi mérlegeléssel
meghataroztuk az egyes csoportokba keriil6 madarak testtomegét, tigyelve arra, hogy az
egyes kisérleti csoportok kozott az atlagos testtomeg ne térjen el 5%-nal nagyobb mér-
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tékben. Az egyes kisérleti csoportokba tartozé madarakat (n = 6) alomanyagként fenyé6fa-
forgacsot tartalmazo fiilkékben helyeztiik el. Az ivovizet és a takarmanyt a madarak ad
libitum fogyaszthattak, folyamatos megvilagitas mellett. A rovidtavud (5 nap) OTA-terhe-
léses etetési vizsgalatot 21 napos brojlercsirkékkel végeztiik, a kovetkezd kisérleti
csoportokat kialakitva: 0,3 mg/kg és 0,5 mg/kg szeléntartalmt takarmanyt fogyaszto
csoport, illetve OTA-t (2 mg/kg) tartalmazo6 takarmanyt fogyaszté csoport. Ezek mellett
kialakitottuk a 0,3 mg/kg és 0,5 mg/kg szelén + 2 mg/kg OTA-tartalmu takarmanyt
fogyasztd csoportokat is. A kontrollcsoport takarmanya a vizsgalt mikotoxint a kimu-
tathatosagi hatarérték alatti mennyiségben tartalmazta, és szelénkiegészitést sem tar-
talmazott. A kisérlet sordan a mikotoxinnal szennyezett takarmany etetésének
megkezdését kovetd 24., 72. és 120. 6raban kisérleti csoportonként 6-6 allatbdl vérmintat
vettiink. A vérvétel heparinozott vérvételi csovekbe (0,005 ml Heparin ad us vet injekcio;
125 NE heparin-Na) tortént. A vérmintak hiitott kornyezetben (+4°C) szallitottuk a la-
boratériumba, ahol az alakos elemeket 10 percig torténdé centrifugalassal (1500 fordu-
lat/perc) elvalasztottuk a vérplazmatol. A vérplazmamintdkat a vizsgalatok elvégzéséig
-70 °C-on taroltuk. Meghataroztuk a lipidperoxidacids folyamat iniciaciés fazisa soran
keletkezd konjugalt diének, és triének, valamint a terminacios fazis soran keletkez6 meta-
rendszer egyes elemeinek, a redukalt glutation (GSH) mennyiségét és a glutation-
peroxidaz (GPx) aktivitasat. A konjugalt diének (CD) és triének (CT) meghatarozasa a vér
lipidtartalmanak trimetil-pentanban val6 kivonasat kévet6en az abszorpciés spektrum
alapjan tortént (AOAC, 1984). A MDA-tartalmat savanyu kézegben, magas h6mérsékleten
val6é komplex képzéssel, 2-tiobarbitursavval hataroztuk meg (Botsoglou és mtsai.,, 1994).
A GSH-tartalmat: Rahman és mtsai. (2007) mddszerével, a GPx-aktivitast pedig Lawrence
és Burk (1976) moddszere alapjan mértiik. Az eredmények statisztikai értékelését
GraphPad Prism for Windows 5.04 szoftverrel (GraphPad Software Inc. San Diego, USA)
végeztiik. Az atlag- és a szorasértékek kiszamitasa utan egytényezds varianciaanalizist
(ANOVA) végeztiink. A kisérleti csoportok kozépértékei kozott mutatkozo kiillonbségek
vizsgalatara Tukey-féle tobbszoros osszehasonlité post-hoc tesztet hasznaltunk
(p<0,05).

EREDMENYEK ES MEGBESZELES

A vérplazmaban a MDA mennyisége az OTA-val szennyezett takarmanyt fogyasztd
csoportban szignifikdnsan nagyobb volt (p < 0,01) a 0,3 mg/kg szelént tartalmazé
takarmannyal kezelt csoporthoz képest. A brojlercsirkék veséjében mar 0,5 pg/kg OTA
hatasara is az MDA-szint novekedését mérték a 0,4 mg/kg szelén és a 0,4 mg/kg szelén +
OTA-val kezelt csoporthoz képest (Li és mtsai., 2020). Az OTA-val, illetve az OTA-val
szennyezett és 0,5 mg/kg szelént tartalmazé takarmanyt fogyaszté csoporthoz képest
kisebb volt (p < 0,05) az MDA-tartalom az OTA + 0,3 mg/kg szelénkiegészitést kapott
madarak vérplazmajaban. Ebben a csoportban a csokkenés szignifikans mértéki
(p <0,001) volt a 0,3 mg/kg szelénkiegészitésben részesiilt brojlerekhez képest mért ér-
tékek esetében is. A GPx aktivitasaban jelentds eltéréseket lehet megfigyelni a csoportok
kozott a kisérlet 5. napjara. A kontrollcsoportban mért értékekhez képest szignifikansan
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novekedett a “0,5 mg/kg szelén” (p < 0,0001), a “0,3 mg/kg szelén” + OTA
(p <0,0001), illetve a “0,5 mg/kg szelén” + OTA (p < 0,001) csoportokban mért enzimak-
tivitas. A szelénkiegészités novelte a szelénfiiggd GPx aktivitasat, ugyanis a szelenopro-
teinek szintézise fligg a szelén mennyiségétdl a szervezetben (Papp és mtsai., 2007). Az
OTA-val kezelt csoportban mért csokkenés szignifikdns volt mindkét szelénnel
kiegészitett takarmanyt fogyasztd és a tobbi kezelt csoporthoz képest is (1. abra). A GPx-
enzim aktivitasanak cs6kkenése feltehet6en a 2 mg/kg OTA hatasara kialakult nagyobb
mértékidi oxidativ stressznek koszonhetd, amelynek kovetkeztében nem allt rendel-
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1. abra. Oxidativ (MDA) és antioxidns (GPx) paraméterek valtozasa a vérplazmaban (atlag + S.D.; n = 6)
»5e 0.3” és ,Se 0.5” 0,3 mg/kg és 0,5 mg/kg szeléntartalmu takarmanyt fogyaszté csoport; ,C+OTA” OTA-t
(2 mg/kg) tartalmazo takarmanyt fogyaszt6 csoport; ,Se 0.3 + OTA” és,Se 0.5 + OTA” 0,3 mg/kg és
0,5 mg/kg szelén + 2 mg/kg OTA tartalmu takarmanyt fogyaszt6 csoport
*p < 0.05; ** p < 0.01; *** p < 0.001; **** p < 0.0001

A GSH-tartalom szignifikansan csokkent a vorosvérsejt-hemolizatumban a ,,0,5 mg/kg
szelén + OTA” csoportban az OTA-val (p < 0,01) és a,,0,3 mg/kg szelén + OTA” (p < 0,05)
kezelt csoporthoz képest. Ez a kiilonbség valdszinlileg a GPx gyors aktivalédasanak
koszonhetd 0,5 mg/kg szelén + OTA hatasara, amely a GSH-tartalom gyors csokkenését
eredményezte. Az MDA mennyiségét csokkentette a ,0,3 mg/kg szelén + OTA” kezelés az
OTA-val szennyezett takarmannyal etetett (p < 0,001) és a ,,0,5 mg/kg szelén + OTA”
(p < 0,01) csoportokhoz képest (2. dbra). A 0,3 mg/kg szelénkiegészités jelentésen mér-
sékelte az OTA lipidperoxidaciot indukalé hatasat.
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2. abra. Oxidativ (MDA) és antioxidans (GSH) paraméterek valtozasa a vorosvérsejt-hemolizatumban
(atlag + S.D.; n = 6) ,Se 0.3” és ,Se 0.5” 0,3 mg/kg és 0,5 mg/kg szeléntartalmu takarmanyt fogyaszto
csoport; ,C+OTA” OTA-t (2 mg/kg), tartalmazoé takarmanyt fogyaszté csoport; ,Se 0.3+0TA” és
»5e 0.5+0TA” 0,3 mg/kg és 0,5 mg/kg szelén + 2 mg/kg OTA-tartalmud takarmanyt fogyaszt6 csoport
*p<0.05**p<0.01; **p<0.001

KOVETKEZTETESEK ES JAVASLATOK

Az OTA-terhelés csokkentette, a szelénkiegészités viszont novelte a GPx aktivitdsat a vér-
plazmaban. Az OTA altal el6idézett lipidperoxidaciés folyamatok csokkentek a
hozzaadott 0,3 mg/kg szelén hatasara a vérplazmaban és a vorosvérsejtekben. Az ered-
mények alapjan lathato, hogy a szelén fontos a szelenoproteinek kozé tartozé GPx-enzim
aktivitdsadhoz. A 0,3 mg/kg szelénkiegészités tehat megfeleld lehet az OTA altal eldidézett
oxidativ stressz mérsékléséhez.
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ABSTRACT

Piglets are highly susceptible to fumonisin B:1 (FB1) toxicity. The study aimed to investigate the influence of
probiotic Levilactobacillus brevis (L. brevis) on growth performance, body weight gain (BWG) and feed con-
version ratio (FCR) of weaned piglets under FB1 challenges. Twenty-six piglets with an initial body weight of
11.03 + 1.32 kg were randomly assigned to four dietary treatment groups for 28 days: control (C, commercial
diet), control feed supplemented with individual probiotic L. brevis (Lb), 50 ppm FB1 -contaminated control
diet (F), and 50 ppm FBi-contaminated control diet supplemented with L. brevis (FLb). Individual FI was
recorded daily while body weight was weekly. Statistical analysis was conducted using the R program (R 4.4.1)
to test for normality, then T-test and Wilcoxon tests depending on the distribution. Results showed no
significant difference in the FI of different groups, but pigs in F group had somewhat lower gain and higher
FCR than the pigs in C treatment (p > 0.05). A combination of L. brevis with FB1 showed a significant reduction
in BWG and an increase in FCR at the end of the supplemental period compared to all treatments (p < 0.05)
suggesting a complex interaction. These are preliminary findings, further histological, biochemical and micro-
biota analysis will elucidate the mechanisms underlying the complex interactions affecting growth perfor-
mance.

INTRODUCTION

Fumonisins are produced by Fusarium verticillioides and Fusarium proliferatum patho-
gens with fumonisin B1 (FB1) having been reported as 70-80% most common type of
fumonisin, collected in field samples and the most toxic (Szécsi et al.,, 2010). The FBs
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toxicity mechanism is associated with the free amino group and the tricarballylic acid
side groups; therefore, their removal can significantly reduce cytotoxicity and phytotox-
icity (Voss et al.,, 2007). Detoxification or elimination of mycotoxins by technological
treatments is complex due to their heat-chemical stability, their resistance to storage and
processing conditions (Temba et al., 2016).

Probiotics are live, non-toxigenic, non-pathogenic and fermentative microorganisms
with health-promoting characteristics which when administered in adequate amounts in
commercial products can confer health benefits to the consuming animal (Dalié et al.,
2010). They include; Saccharomyces cerevisiae, Bifidobacterium, Lactobacillus and Bacil-
lus species (Dalié et al.,, 2010). Studies have reported that the cell surface of probiotics
has toxin binding ability (Sangsila et al., 2016). For instance, the lactic acid bacteria (LAB)
and yeasts particularly Saccharomyces genus, can remove mycotoxins through biodegra-
dation or surface adsorption (Dalié et al., 2010). The cell wall structure of LAB consists of
thick, multilayered peptidoglycan sacculi with glycopolymers including; S-layer proteins,
teichoic acids and polysaccharides (Chapot-Chartier and Kulakauskas, 2014). The amino
acid sequence of the peptide bridges of the peptidoglycan and the negatively charged
functional groups of S-layer proteins is reported to enhance the binding efficiency of the
LAB species (Niderkorn et al., 2009). Piglets are highly vulnerable to mycotoxins due to
the high percentage of cereals in their diet. In most cases, their feed is based on corn as it
has low to nearly no anti-nutritional compound levels. Additionally, piglets are more sen-
sitive as they have a limited gastrointestinal microbiome, reduced capacity of hepatic en-
zymes for detoxification, and immature immune system and the developing intestinal ep-
ithelium has higher gut permeability. Several studies have evaluated the potentially del-
eterious attributes of growth performance effects of FB1 in pigs and have reported intes-
tinal barrier dysfunctions (Bouhet & Oswald, 2007), a reduction in nutrient digestion and
absorption efficiency in the gut (Lessard et al., 2009).

Recently, it has been reported that biological control of FB1 using lactic acid bacteria
is a promising approach because of their microbial antagonist effect on the toxin (Khalil
et al, 2015; Niderkorn et al., 2009). However, Levilactobacillus brevis has been less
studied and limited data is available on their mycotoxin binding ability, than other LAB
probiotic strains. The study therefore investigates the influence of L. brevis (AT-2076) on
the growth performance of weaned piglets under FB1 exposure.

MATERIALS AND METHODS

The experiment was carried out according to the regulations of the Hungarian Animal
Protection Act, the license was issued by Somogy County Governor's Office
(SO/31/00764-10/2023). Twenty-six castrated male Danbred weaned pigs at 4 weeks of
age, weighing an average of 11.03 + 1.32 kg were allowed a 2-week physiological accli-
matization period. The pigs were kept in individual metabolic cages (80 x 80 cm) at the
experimental animal unit of the Department of Farm Animal Nutrition, Hungarian Uni-
versity of Agriculture and Life Sciences, Kaposvar Campus. At 6 weeks of age, the pigs
were randomly assigned in a 2 x 2 factorial design to four dietary treatment groups
(n = 6 or 7) for 28 days: control (C, commercial diet), control feed supplemented with
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individual probiotic L. brevis AT-2076 (Lb; Pertovics et al.,, 2019), 50 ppm FB1 -contami-
nated control diet (F), and 50 ppm FB1-contaminated control diet supplemented with L.
brevis AT-2076 (FLb). The commercial diet was a mixed ration of corn, soybean meal,
sunflower oil, barley, additives, mineral and vitamin premix. The pigs were weighed in-
dividually with gram precision at the beginning of the trial and weekly intervals. The pigs
were fed twice a day on equal proportions, 13.4 M]/kg ME per kg of feed offered as an
amount that provided 3 times the maintenance energy while water was provided ad libi-
tum. The feed refusal was measured and reported daily to calculate the feed intake and
feed conversion. The health status of the pigs was monitored daily throughout the trial
period. The room temperature was adjusted according to the needs of the nursery pigs.

The fungal strain Fusarium verticillioides (MRC 826) was used for fumonisin
production. The finely ground fungal culture was mixed into the ration of the experi-
mental animals to provide a daily feed concentration of 50 ppm FBs. Statistical analysis
of BWG, FI and FCR data was conducted using the R program (R 4.4.1) to test for normal-
ity. Results were subjected to parametric (T-test) in case of normal distribution and non-
parametric (Wilcoxon tests) where the distribution was not normal. A p-value of < 0.05
was regarded as significant.

RESULTS AND DISCUSSION

The effect of dietary treatments on the growth performance of piglets is shown in Table 1.

Table 1 Effects of L. brevis (AT-2076) on growth performance of weaned piglets under FB1 exposure

Group Treatments

C F Lb FLb
Initial BW (kg) 10.99 + 0.532 11.00 + 0.492 10.67 + 0.492 11.47 + 0.642
Final BW (kg) 25.81 £9.322 24.95+ 8,522 25.33 £8.212 24.75 £ 7.642
Total FI (kg) 17.62 + 3.482 17.24 + 4,172 17.35+4.772 17.82 +1.782
Total WG (kg) 14.83 £ 0.612 13.95 + (0.4ab 14.66 + 0.532 13.28 £ 0.43P
Total FCR 1.20 £ 0.04- 1.24 + 0.02ab 1.19 £ 0.032 1.35 + 0.04b

ab Means in a row with different superscripts are significantly different (p < 0.05), BW = Body weight,
WG = Weight gain, FI = Feed intake, FCR = Feed conversion ratio, C = control, F = 50 ppm FB1,Lb = individual
L. brevis AT-2076, FLb = 50 ppm FB1 plus L. brevis AT-2076

Across all treatment groups, there was a progressive and consistent increase in feed
consumption showing a typical growth-related feeding behavior. The daily feed rations
were defined on a BW basis, the insignificant (p > 0.05) treatment effect indicates that
there was no feed refusal and neither the FB1 exposure nor L. brevis supplementation
significantly influenced the appetite of the animals and feed palatability. The restricted
feeding ensured a standardized level of L. brevis AT-2076 and FB1 intoxication across
treatment groups and allowed to evaluation of the treatment effects without interference
from their unequal uptake by the piglets.

Piglets that received the control feed supplemented with individual probiotic L. brevis
AT-2076 (Lb),recorded numerically the lowest FCR, suggesting a slightly better feed and
growth efficiency in toxin-free conditions, but it was not statistically proven (p > 0.05). In
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a previous study Liu et al. (2015) confirmed an increased gain: feed and average daily
gain in weaned piglets supplemented with 0.4 and 0.8 g/kg of L. brevis. The findings as-
certain the probiotic’s potential of L. brevis as a growth-promoting additive, but the
effectiveness may depend on the specific strain. The F group that was exposed to FB1
alone increased somewhat the FCR indicating reduced nutrient utilization, however,
again the effect was not confirmed by statistics (p > 0.05). The results may be explained
by a reduced nutrient absorption efficiency in FB1-contaminated feed confirmed in in
pigs (Lessard et al., 2009). Combining L. brevis AT-2076 and FB1 (FLb) group, resulted
to a significant increase in FCR compared to all treatments (C vs FLb; F vs FLb; p < 0.01)
(Lb vs FLb; p < 0.05), implying that the efficacy of L. brevis AT-2076 was compromised
under FB1 exposure.

Piglets that were exposed to FBi1 alone (F) group reduced total BWG numerically
(p>0.05) 24.95 £8.52. Rao et al. (2020a) reported decreased average daily gain and gain:
feed in nursery pigs that were exposed to fumonisin at a concentration of 60 mg/kg for
14 days and 30 mg/kg for 28 days respectively. Reduced growth performance is a poten-
tial deleterious effect of FBs toxicosis in pigs as it may reduce nutrient digestion and ab-
sorption efficiency in the gut (Lessard et al., 2009). The tendency was also similar in
weekly results (data not shown). That is, an increase in FCR and lowest BWG was ob-
served in the F group from day 0 to 21, with days 14 to 21 significantly different (C vs F;
p < 0.01). Surprisingly, in the last week of the study (days 21 to 28), the F group demon-
strated the lowest FCR and highest BWG suggesting that pigs might be able to adapt to
FB1 on prolonged exposure. In another study, nursery pigs exposed to 32.7-35.1 mg/kg
fumonisin showed some recovery of growth performance between days 14 to 28 of the
study which slightly matches our findings (Rao, et al.,, 2020b). However, the adaptive
mechanism is unknown.

The combination of FB1and L. brevis AT-2076 (FLb) group reported significant reduc-
tions in total BWG compared to all treatment groups (F vs FLb; p<0.01; C vs FLb and Lb
vs FLb; p < 0.05) suggesting that L. brevis may exacerbate some toxic effects of FB1 or it’s
beneficial properties may suppress under FB1 exposure. The findings were inconsistent
with other studies of L. brevis which have reported its protective effects against patho-
gens by slowing down the weight loss induced by Yersinia enterocolitica and Salmonella
typhimurium in a mouse model (Shi et al,, 2022, 2024). In another study, two probiotic
strains of lactic acid bacteria were able to counteract the negative effect of FB1 on body
weight gain of Sprague-Dawley rats which were exposed to between 50 and 200 mg/kg
FB1 (Khalil et al., 2015). Therefore, the FLb group results highlighted a complex interac-
tion between FB1 toxicity and L. brevis in pigs.

Since the results were also assessed by week (data not shown), it was noted that the
complex interaction in the FLb group showed between days 21 to 28. Although the
mechanism behind the interaction remains unclear, FB1 toxicity primarily disrupts
sphingolipid metabolism which affects cellular signalling and intestinal barrier functions
which impairs nutrient absorption (Bouhet & Oswald, 2007; Voss et al., 2007). Alterna-
tively, L. brevis may increase the bioavailability of FB1 metabolites (Niderkorn et al,,
2009) or alter gut microbiota dynamics in ways that unintentionally amplify FB1 toxicity
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which in turn may have a negative influence on the growth performance of weaned pig-
lets under FB1 exposure.

CONCLUSION AND RECOMMENDATION
In conclusion, combining FB1 with L. brevis (AT-2076) influenced more negatively the

BWG and FCR than the toxin alone indicating reduced probiotic effectiveness under FB1
exposure. The deleterious effects of individual FB1 and complex interaction in a combina-
tion of FB1 and L. brevis on FCR and BWG implies that the effects were either physiological
or metabolic disruptions rather than behavioural as feed intake was consistent across
treatments.

These are preliminary findings, thus biochemical, histological and microbiota analysis
will help to understand the complex interaction and clarify the observed growth effects.
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ABSTRACT

Toxicity of fumonisin B1 (FB1), the most common fumonisin mycotoxin, can be significantly decreased by
enzymatic cleavage of its two tricarballylic acid groups, using fumonisin esterase. An enzyme product should
be formulated in a solid form for use as a feed supplement, and have a long shelf-life and high heat stability.
Therefore, a fumonisin esterase (further referred to as FE2) was expressed in Pichia pastoris and the enzyme
was immobilized with different techniques. Covalent immobilization of FE2 on amine-functionalized zeolite,
crosslinked with glutaraldehyde, resulted in low specific capacity (0.8 mg enzyme/g zeolite), and poor stability.
Reversible immobilization of FEZ2 on different solid carriers resulted in even > 95% immobilization efficiency,
and the enzyme could be recovered after resuspension in buffer without significant loss of activity. This
immobilization method resulted in at least 3 years of shelf-life even at 50 °C. The thermal stability of these
products significantly increased compared to the enzyme solution; the products retained even nearly 100% of
their activity after incubating at 100 °C for 30 minutes. This increased heat stability makes the product
compatible with feed processing techniques, such as pelleting.

OSSZEFOGLALAS

A leggyakoribb fumonizin, a fumonizin B1 (FB1) toxicitdsa jelentsen csékkenthetd a két trikarbalilsav csoport
fumonizin észterdz segitségével térténd enzimatikus hasitdsdval. A takarmdny-kiegészitéként tiorténd
felhaszndldshoz az enzimterméket szildrd formdba kell hozni, valamint annak hosszu eltarthatésdgi idével és
magas héstabilitdssal kell rendelkeznie. Ezért eqy fumonizin-észterdzt (tovdbbiakban FEZ2) Pichia pastoris-
ban expresszdltunk, és az enzimet kiilénboz6 technikdkkal immobilizdltuk. A FE2 kovalens immobilizdldsa
amin-funkcionalizdlt zeoliton, glutdraldehiddel keresztkétve, alacsony fajlagos kapacitdst eredményezett
(0,8 mg enzim/g zeolit), gyenge stabilitds mellett. Az FE2 reverzibilis rogzitése kiilénbézd szildrd hordozékon
akdr > 95%-os immobilizdldsi hatékonysdgot és 50 °C-os tdroldsi hémérsékleten is legaldbb 3 év eltart-
hatésdgot biztositott. Ezen termékek termikus stabilitdsa jelentésen megnétt az enzimoldathoz képest; az
oldott enzim 55 °C felett irreverzibilisen denaturdlédik, mig a termékek 100 °C-on 30 perces inkubdlds utdn is
megorzik aktivitdsuk akdr 100%-dt. Ez a megnévekedett hdstabilitds lehetdvé teszi, hogy a termék
kompatibilis legyen a takarmdnyfeldolgozdsi technikdkkal, mint példdul a pelletdlds.

55


https://doi.org/10.54597/mate.0164
https://creativecommons.org/licenses/by-nc-nd/4.0/deed.hu

Application of One Health Concept in Farm Animal Nutrition

INTRODUCTION

Fumonisins - primarily produced by Fusarium verticillioides and Fusarium proliferatum -
are among the most frequently occurring mycotoxins. The most toxic and prominent
substance of this mycotoxin family is Fumonisin B1 (FB1), which causes 70% of fumonisin
contaminations and can be associated with several diseases in livestock (Kamle et al.,
2019). A comprehensive study between 2006 and 2016 on raw cereal grains worldwide
showed detectable levels of FB1 in 61% of the samples (Lee etal., 2017).

Due to the high contamination levels, and the serious health risks associated with its
consumption, dealing with FB1 contamination is a great challenge in the food industry.
FB1 is known to be very stable and altered only when heated above 150-200 °C or under
strongly alkaline conditions. Physical (sorting, washing, irradiation, adsorbents) or
chemical (alkaline- or ozone-) treatments are not effective enough, lower the nutritional
value of the food, or are not applicable for food decontamination on an industrial scale
(Liu et al., 2022). In contrast to the inefficiency of the physical and chemical techniques,
enzymatic detoxification has become a promising approach for postharvest
decontamination of FB1.

Fumonisin esterases (FE) catalyze the consecutive de-esterification of FB1 at the C-6
and C-7 positions, resulting in an aminopentol (hydrolyzed FB1, HFB1) and two
tricarballylic acid (TCA) molecules as final products (Figure 1) (Incze et al., 2024).

(6] OH

OH

HFB, = OH = OH lile

Figure 1 Consecutive de-esterification of FB1 to pHFB1_7 and HFB1 catalyzed by FE2

According to Europen Food Safety Authority (EFSA), FB1 hydrolysis should be
considered a detoxification mechanism (Schrenk et al. 2022). The successful application
of FE2 as afeed additive requires a solid enzyme formulation. The resulting product
should retain the original enzyme activity, possess great storage stability, and tolerate the
high temperatures of feed processing. Therefore, in this study, we investigated two
different enzyme immobilization techniques.
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MATERIALS AND METHODS

FE2 was produced by precision fermentation of Pichia pastoris pD912_FE2 (Incze et al.,
2024). The FE2 solution was obtained by separating the cells by centrifugation at 7000 G
and sterile filtration of the supernatant containing FE2 on a 0.2 pM filter. The reversibly
immobilized products were prepared by mixing 100 g of the FE2 solution with 100 g of
either ground corn cob, wheat bran, or shredded sugar beet pulp and drying them on a
4M8-Trix fluid bed dryer (PROCEPT, Zele, Belgium).

Small-sized zeolite (particle size <50 pm) was mixed with 50 ml of methanol (MeOH),
while 1 ml of (3-aminopropyl) trimethoxysilane (APTMS) was added dropwise and the
suspension was stirred overnight. The functionalized zeolite was consecutively washed
with 50 ml MeOH and H:20, resuspended in 50 ml of 5% glutaraldehyde in 50 mM K-
phosphate buffer (pH 7.5) and stirred overnight. The amine- and glutaraldehyde-
functionalized zeolite was consecutively washed with 40 ml MeOH and 40 ml 50 mM K-
phosphate buffer (pH 6.5) and dried under vacuum. The irreversibly immobilized product
was prepared by overnight stirring 7 g of the surface-modified zeolite with 42 ml of FE2
solution. The product was subsequently washed with 42 ml of 50 mM K-phosphate buffer
(pH 6.5) and dried under vacuum. Enzyme load was estimated by comparing the protein
concentration of the solution before and after the immobilization with the Bradford
Protein Assay (Thermo Scientific, USA).

Portions of 1,00 g of the reversibly immobilized products and 100 mg of the
irreversibly immobilized product were incubated at 20 °C, 80 °C, 100 °C and 120 °C for 30
minutes. Reversibly immobilized products of 1.00 g were shaken in 9 ml of 50 mM K-
phosphate buffer (pH 6.0) for 15 minutes at 100 rpm. After a further 83.3-fold dilution of
the extract, the residual activities were measured by mixing 20 pl of the diluted extract
with 80 pl of FB1 solution in 50 mM K-phosphate buffer (pH 6.0) and incubating the
reaction mixture at 37 °C for 15 min. The initial FB1 concentration in the reactions was
100 puM. The residual activity of the immobilized enzyme product was measured similarly,
except the suspension of the product in appropriate dilution was added to the reaction
mixture. Relative activities were calculated as described by Incze et al. (2023).

RESULTS AND DISCUSSION

The enzyme FE2 was immobilized reversibly on ground corn cob, wheat bran and
shredded sugar beet pulp; the residual enzyme activities after the immobilization were
45%, 107%, and 89% of the initial activity, respectively. The enzyme load of the FE2
irreversibly immobilized on surface-modified zeolite was 0.8 mg/g, and the residual
enzyme activity was 95%.

The FE2 products were incubated at elevated temperatures to test their heat stability.
FE2 immobilized on ground corn cob, wheat bran, and shredded sugar beet pulp showed
exceptional heat stability, retaining more than 75% of their initial activities after a 30-min
incubation at 100 °C, meanwhile, the covalently immobilized FE2 on zeolite lost nearly
90% of its activity under the same conditions (Figure 2). In solution, FE2 lost all its activity
above 60°C, which corresponds to its melting temperature of 55°C (Incze et al., 2024).
These results show that drying the solution of FE2 on agricultural byproducts is not only
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a relatively straightforward and cost-effective method but also greatly protects the
enzyme from heat denaturation. This immobilization technique could make these

products compatible with standard feed pelleting, however, the moisture of the pelleted
feed should be taken into consideration.
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Figure 2 Heat stability of immobilized enzyme products. Relative activities were normalized to the
activities of the products incubated at 20°C

FE2 immobilized on wheat bran - possessing the highest recoverable activity and the
best heat stability among the tested products - was subjected to a 3-year shelf-life test,
incubated at 20 °C and 50 °C in vacuum-sealed containers. Until 1 year of incubation at
20 °C, more than 90% of the activity was retained, and nearly 60% of the original activity
was measured even after 3 years of storage (Figure 3). When stored at 50 °C, more than
80% and 50% of the initial activity was detected after 1 and 3 years, respectively
(Figure 3). These results show that immobilization of FE2 on wheat bran is a promising
technology to conserve the enzyme activity for an extended period.
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Figure 3 Storage stability of FE2 immobilized on wheat bran
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CONCLUSIONS

Immobilization of the crude Pichia pastoris fermentation supernatant, containing
recombinant FE2, directly to different agricultural byproducts showed great potential for
increased heat stability and extended shelf-life stability of the enzyme while being an
environmentally and economically feasible technology.
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OSSZEFOGLALAS

A fumonizin mikotoxinokat a Fusarium verticillioides mellett mds penészgombdk is termelik. Az intakt FB1 -
en kiviil szdmos mds FB1-formdk is ismertek, melyek kiilénboz6 kémiai, biokémiai, fizikai hatdsokra jonnek
létre. Az FB1 egy része mdtrixhoz kétotten van jelen a tdpldlékban, amely emésztés sordn a mdtrixbdl kisza-
badulva, a vékonybélben képessé vdlik a felszivéddsra. Az élelmiszer vagy takarmdny FB1-tartalmdn kiviil
ezért célszerii azt is meghatdrozni, hogy az FB1-nek mekkora a biolégiai hozzdférhetésége, azaz milyen
mennyiség dll beldle rendelkezésre potencidlisan a felszivéddsra. Munkdnk sordn Brodkorb és mtsai. (2019)
dltal leirt INFOGEST statikus in vitro emésztési modellt alkalmaztuk annak érdekében, hogy megvizsgdljuk az
emésztés sordn a FB1-gyel szennyezett sertéstdpbdl oldatba juté FB1 mennyiségét, és ezt dsszehasonlitsuk az
emésztés eldtt mért mennyiséggel (HPLC-MS). Megdllapithaté volt, hogy az in vitro emésztési folyamat végén
tébb volt az oldott formdju FB1 az emésztési modellben, mint amennyi FB1-et az emésztésre bemért tdp a
kémiai analizis alapjdn tartalmazott (p < 0,01). A szimuldlt emésztés hatdsdra tehdt a FB1 egy olyan hdnyada
is felszabadult a mintdbdl és mérhetdvé vdlt, amely nem volt kimutathaté az emésztés el6tti mintdbdl.

ABSTRACT

Fumonisin mycotoxins are also produced by other moulds besides Fusarium verticillioides. In addition to intact
FB1, several other forms of FB1 are known, which are formed by various chemical, biochemical and physical
effects within the plant and animal organisms, as well as by food and feed processing. Part of FB1 is present in
the food or feed bound to a matrix, which may be released from the matrix during digestion. The FB1 released
from the matrix becomes capable of being absorbed in the small intestine. Therefore, in addition to the FB1
content of the food or feed, it is also useful to determine the bioaccessibility of FB1, i.e. the amount of FB1
potentially available for absorption. In our work, we adapted the INFOGEST static in vitro digestion model
described by Brodkorb et al. (2019) to investigate the amount of FB1 in solution during digestion in the diges-
tion model and compare this with the amount before digestion (HPLC-MS). It was found that at the end of the
in vitro digestion process, there was significantly more dissolved amount of FB1 in the digestion model than
the amount of FB1 in the feed before, analysed by the routine LC-MS methodology (p = 0.01). The difference
may be attributed to the partial release of hidden FB1 during simulated digestion.
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BEVEZETES

A fumonizinek olyan masodlagos anyagcseretermékek, amelyeket penészgombak termel-
nek, els6sorban a Fusarium fajok, de mas penészgombafajok is termelhetik ezeket a me-
tabolitokat. Ezek k6zé tartozik az Aspergillus niger és a Tolypocladium nemzetség néhany
faja (Frisvad és mtsai., 2007; Mogensen és mtsai., 2010). A fumonizinek tobb csoportja
(A, B, C, P) koziil a B csoport (B1, B2, B3, B4) a legjelentsebb, melyen beliil a fumonizin
B1 (FB1) a legtoxikusabb és a legnagyobb mértékben termel6dd fumonizin B analég. A
fumonizinek elsésorban gabonat (kukorica, biza, arpa) szennyeznek.

A FB1 szamos formaja ismert, melyek a szabad forman kiviil kiillénb6z4 fizikai, kémiai
és bioldgiai hatds révén jonnek létre a novényi és allati szervezeten beliil, valamint a
takarmany-, és az élelmiszergyartas soran.

A némenklatira a modositott formakat a szerkezetiikben bekovetkez6 valtozasok és a
takarmany, illetve élelmiszer-komponensekhez valé kapcsolédasuk szerint kiilonbo6z6
elnevezéssel illeti (Rychlik és mtsai., 2014). A legjelent6sebb mddositott formak a hid-
rolizalt fumonizin, vagy mas néven aminopentol (HFB/AP) és a részben hidrolizalt
fumonizin (pHFB) (EFSA, 2018a). A moédositott formak biokémiai vagy kémiai uton
jonnek létre (Rychlik és mtsai, 2014). A szerkezeti valtozast tobbféle okra lehet
visszavezetni. A novények és az allatok a toxin ellen kiilonb6z6képpen védekeznek. A
védekezési mechanizmus egyféle biotranszformaciéban nyilvanul meg, amely oxidacio,
hidrolizis, redukcié vagy konjugaci6 révén megvaltoztatja a fumonizin eredeti szerkeze-
tét. A névényi szervezet a toxin ellen enzimatikus mdédon védekezik, ami ugynevezett
,maszkolt” fumonizint hoz létre. Ez jellemzden olyan konjugalt FB1-formakat ered-
ményez, melyek kovalens kotéssel szulfat-, glikozid-, vagy aminocsoportokhoz kapcso-
l6dnak (Matos és mtsai., 2024, Lu és mtsai., 2020). Az allati szervezeten beliil altaldban a
FB1 hidrolizise val6sulhat meg, mely jellemzden HFB-t vagy pHFB-t eredményez (Lu és
mtsai.,, 2020). A masik, kémiai dton torténd szerkezeti valtozast a takarmanyok és
élelmiszerek gyartasa soran a mechanikai hatasok, az alkalmazott termikus kezelések, il-
letve a Kkiilonboz6 savas és lugos eljarasok okozzak (EFSA, 2018b). Elelmiszer és
takarmany eldallitasakor a FB1-b6l N-(1-dezoxi-D-fruktéz-1-il)-fumonizin B1 (NDF-
FB1), valamint N-(karboximetil)-fumonizin B1 szarmazékok keletkeznek a Maillard-
reakcié révén; illetve a nixtamizalds a HFB kialakulasat idézi eld. Az élelmiszerek,
takarmanyok lugos kezelésével N-acil-szarmazékok is 1étrejohetnek (Lu és mtsai., 2020).

A takarmany- és élelmiszergyartas folyamata elésegitheti a fumonizinek matrixhoz
val6 kot6dését is. A fumonizinek amid- vagy észterkotéssel kapcsolédhatnak kiilonb6z6
makromolekulakhoz (fehérje, keményitd). A tapanyagokhoz nem kovalensen k6t6dd FB1
a taplalékban fizikailag korbezarva is jelen lehet, viszont itt nem kovetkezik be szerkezeti
modosulas, ezért ez a forma nem nevezhetd modositottnak. Ezt a format ,kotott”
fumonizinnek nevezik.

Szamos vizsgalat ravilagitott arra, hogy a fumonizin mennyiségi meghatarozasat nagy-
ban befolyasoljak az analitikai koriilmények (oldoszer, extrakciés modszer, h6mérséklet,
pH). Legdaltalanosabban a FB1-et acetonitril-viz vagy metanol-viz elegyével vonjak ki a
mintabol. A mért FB1-tartalom részben attol fiigg, hogy mintael6készitéskor, adott ext-
rakcios eljaras alkalmazasakor, mennyi FB1 oldédik ki a mintabél (Szabé6-Fodor és mtsai.,

62



21. Nemzetkozi Takarmanyozasi Szimpézium és Egy Egészség Nap

2015). Az analitikai eljaras szempontjabol alkalmazott szakirodalmi terminolégia eltér az
el6zo0leg emlitett, a kdlcsonhatasok jellegén alapulé noémenklataratdl. A szokvanyos ext-
rakcids eljarasokat alkalmazé analitikai médszerekkel kimutathaté mennyiséget nevezik
,szabad” mikotoxintartalomnak, mig a mintdban 1év6, de nem mérhet6 formak 6sszes-
sége adja a ,rejtett” mikotoxintartalmat - utébbiak a szokvanyos modszerekkel nem
vonhaték ki, igy nem mutathatok ki.

Mivel a teljes fumonizinmennyiség (szabad + rejtett FB1) a kontaminalddott
taplalékban mindig tobb, mint a szabad forma (Scarpino és mtsai., 2024, Matos és mtsai.,
2024), ezért ahhoz, hogy a taplalékbol a legpontosabban meg tudjuk hatarozni a teljes
FB1-mennyiségét, az olddszer és a matrix kozotti kolcsonhatast maximalizalni kell, illetve
olyan eljarasokat is alkalmaznak, mellyel ezek a rejtett formak felszabadithat6k. Matos és
mtsai. (2024) kalium-hidroxiddal hidrolizaltak a kukoricaalapt termékeket, hogy a teljes
(szabad + rejtett) FB1-tartalmat kinyerjék a mintakbdl. Bertuzzi és mtsai. (2016) vizsga-
latai is kimutattak, hogy az FB1 komplex analitikai modszerekkel valé kimutatasa jobb
eredményeket produkal, mint a hagyomanyos analitikai meghatarozas. Vizsgalatuk soran
kiilonboz6 extrakcios 1épéseket hasonlitottak 0ssze egymassal a teljes FB1-tartalom me-
ghatarozasa érdekében. Arra jutottak, hogy hékezeletlen kukoricamintdknal nem felté-
tleniil szlikséges a KOH-hidrolizis, hanem elegendd egy foszfat pufferes (PB) ext-rakcid,
azonban hdkezelt mintaknal sziikség van a KOH-hidrolizisre (Bertuzzi és mtsai., 2016).
Ezekkel a kémiai mddszerekkel a taplalékban potencialisan rendelkezésre all6 FB1-men-
nyiségét ismerjiik meg, azonban arrdél nem szerziink tudomast, hogy ennek milyen
hanyada képes az emésztés soran felszivédasra alkalmas allapotba keriilni.

Az emésztés soran a FB1 kotott formdinak egy része a matrixbol felszabadulhat en-
dogén vagy mikrobialis enzimek révén. Ezenkiviil a modositott formak egy része vissza-
alakulhat szabad formava, ami szintén az enzimes folyamatoknak kdszonhet6. Az FB1 bi-
olégiai hozzaférhetdségét a teljes FB1-tartalom azon hanyada hatdrozza meg, amely a
vékonybélben felszivodasra alkalmassa valik. A biolégiai hozzaférhet&séget befolyasolja
az FB1 és a komponensek kozotti kotési tipus és a taplalék maga, mivel a kilonb6zd
takarmany- és élelmiszer-alapanyagokat eltéré matrix jellemzi. Az FB1 eredeti alakja
rendkiviil karos egészségiligyi hatasokkal rendelkezik. Annak ellenére, hogy az FB1 csak
nagyon kis mértékben képes a felszivddasra a vékonybélben - a takarmannyal felvett
FB1-mikotoxin 3-6%-0s hanyada alkalmas a felszivodasra sertésben (Prelusky és mtsai.,
1994) - mégis hatalmas egészségligyi karokat okoz, ezt szamos kutatas alatamasztja. Az
FB1 potencidlisan karcinogén besorolast (2B) kapott (IARC, 2002). Ezenfeliil hepato-, és
nefrotoxikus, lovakban az agyvel6 szivacsos elvaltozasat okozza, sertésben tiid66démat
idéz el6. Egyel6re nem teljesen tisztazott, hogy a médositott formak toxikusabbak-e vagy
sem az eredeti molekulahoz viszonyitva. Az FB1+FB2 sertések takarmanyaban javasolt
maximalis koncentraciéja 5 mg/takarmany kg (2006/576/EC). A szimulalt emésztési
vizsgalatok lehetdséget nyujtanak arra, hogy megbecsiiljiik a toxinok biol6giai
hozzaférhet6ségét.
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ANYAG ES MODSZER

Annak érdekében, hogy meg tudjuk hatarozni a felszivodasra rendelkezésre allo
fumonizin mennyiségét, in vitro emésztésszimulaciot végeztiink. Az emésztés harom
fazisaban (szajlreg-, gyomor- és vékonybélfazis) az emésztési folyamat a Brodkorb és
mtsai. (2019) altal leirtaknak megfelel6en, szabalyozott koriilmények kozott zajlott. A
mintavétel a vékonybélfazist kdvetéen tortént, mivel az FB1 tilnyomo6 hanyada fel-
szivodik a vékonybélfazis végéig (Massarolo és mtsai., 2020).

A szimulalt emésztést rizsszubsztraton termesztett Fusarium verticillioides gom-
50 mg/kg koriili értékre allitottuk be. Az emésztés végén az emésztéenzimek inaktivalasa
céljabol a mintakat 4 °C-ra h{itottiik le, majd a mintakat lecentrifugaltuk (4000 rpm, 10 p,
4 °C). A centrifugalas utani feltluszobol vettiink mintat, amelyet az analitikai
feldolgozasig -20 °C-on taroltunk. Mind az emésztés el6tti, mind az emésztés utdni min-
takat négy parhuzamosban vizsgaltuk.

Az in vitro emésztés el6tt (mg/kg minta) és utan mért FB1-koncentraci6 (mg/dm3
feltiluszo) alapjan kiszamoltuk, hogy mennyi FB1 volt az emésztési modellben 1évd
mintamennyiségben emésztés el6tt, illetve mennyi oldott allapotd FB1 volt a minta
feliiliszojaban az emésztést kovetden. A statisztikai elemzések soran az emésztési
modellben mért FB1 mennyiségét hasonlitottuk 6ssze az emésztés el6tt, illetve utan. Az
eredmények statisztikai kiértékelését R-programmal végeztiik, ahol fiiggetlen mintas t-
probaval elemeztiik a csoportok atlagat p < 0,05 szignifikanciaszinten.

EREDMENYEK ES MEGBESZELES

Az 1. dbran lathat6, hogy az emésztési modellben az emésztés utan az oldatban 1évd FB1
mennyisége mintegy 13%-kal tobb volt, mint az emésztés eldtt mért érték. Az FB1
emésztési modellben meghatarozott bioldgiailag hozzaférheté mennyisége tobb volt
(p < 0,05), mint amennyit az emésztésre szant minta a kémiai analizis alapjan tartalma-
zott. Ez Osszhangban van Szab6-Fodor és mtsai. (2015) eredményeivel, akik azt
tapasztaltadk, hogy mind a kukorica-, mind a buzaalapi gombatenyészetek az in vitro
emésztés utan tobb oldott allapotd FB1-t tartalmaztak (kukoricaban kb. 38%, buzaban
28%-kal tobbet), mint az emésztetlen mintak. Dall’Astra és mtsai.,, (2009) FB1-gyel
természetesen szennyezett kukoricamintakbdl emésztés utan szintén 30-50%-kal maga-
sabb FB1-koncentraciét mértek, mint emésztés elott.
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1. abra. Az in vitro emésztés el6tti és az emésztés utani FB1 mennyisége a sertéstapban

KOVETKEZTETESEK ES JAVASLATOK

Vizsgalatunk soran azt tapasztaltuk, hogy egy szokvanyos, kémiai extrakciés mddszerrel
kisebb FB1-tartalmat mértiink, mint amikor ugyanazt a moédszert szimulalt emésztést
kovetben alkalmaztuk. A mintabdl az oldatba jutott és ezért a felszivodasra potencialisan
rendelkezésre all6 FB1 mennyisége tobb volt, mint az emésztés el6tti mintabdl mért FB1
mennyisége. Ennek oka feltehetSleg az volt, hogy az emésztési folyamatok a minta
feltarasaval lehet6vé tették az FB1 nagyobb hanyadanak meghatarozasat. Ez a mas szer-
zOk altal tapasztaltakkal (Dall’Asta és mtsai., 2009; Szabo6-Fodor és mtsai, 2015)
osszhangban 1év6 eredmény felhivja a figyelmet arra, hogy fennall annak a veszélye, hogy
a szokvanyos analitikai modszerek alkalmazasa soran nem nyerjiik ki a mintabdl az FB1
jelentds hanyadat, amely viszont felszabadul az emésztés sordn, ezért bioldgiai hatas
szempontjabol jelendséggel birhat.

Komplex analitikai mddszerekkel lehet6ség van a minta jobb feltarasara (Bertuzzi és
mtsai., 2016; Matos és mtsai., 2024), ebben az esetben arra toreksziink, hogy a kémiai
feltaras tokeletesitésével megkdozelitsiik a teljes FB1-mennyiséget. Ennek viszont csak
egy adott hanyada fog az emésztés soran felszabadulni. A biologiai hozzaférhetdség
szazalékos aranyat abban az esetben tudnank egzaktul meghatarozni, amennyiben ren-
delkezésre allnanak olyan komplex analitikai modszerek, melyekkel lehetdséglenne a tel-
jes FB1-szint meghatarozasara, és ehhez tudnank viszonyitani az emésztés soran felsza-
badult FB1 mennyiségét.
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OSSZEFOGLALAS

A tanulmdny célja az volt, hogy felmérjiik a z61d rooibos (ZR) teakivonat hatdsdt az FB1 dltal kivdltott oxidativ
stresszre és a mdjsejtek membrdnlipid-Gsszetételére patkdanymdj esetében (n = 6 / csoport, 3 csoportba ren-
dezve). A 10 napos vizsgdlat sordn a kisérleti kezelésekben intraperitonedlisan injektdltunk fumonizin B1-et
(FB1) (50 mg/kg takarmdnydézisnak megfelelé értéken), és egy csoport esetében zéld rooiboskivonatot is
biztositottunk az FB1 mellett (per os, 15 mg tea/nap/egyed). Az eredmények szerint az FB1 kdrositotta a
mdjfunkciét. A rooiboskivonat jelentdsen csékkentette a mdj malonaldehid- (MDA-) szintjét (a lipid peroxi-
ddciomarkere), a kontrollcsoporthoz hasonlo értékre. A rooiboskivonat korldtozottan befolydsolta az FB1
mdjsejtmembrdnra gyakorolt hatdsdt, mely a tobbszérosen telitetlen zsirsavakra és azok szdmitott indexeire
volt igazolhaté. Osszefoglalva, a zéld rooibos csékkentheti az FB1 dltal kivdltott oxidativ stresszt a patkdny
mdjdban, de korldtozott hatdssal van a mdjsejtmembrdnlipid zsirsavisszetételének integritdsdra, kronikus
FB1 expozici6 esetén.

ABSTRACT

The aim of the study was to assess the effect of green rooibos (ZR) tea extract on FB1-induced oxidative stress
and the membrane lipid composition of liver cells in rat liver (n = 6 per group, arranged into three groups).
During the experimental treatments in a 10-day long study fumonisin B1 (FB1) was injected intraperitoneally
at a dose equivalent to 50 mg/kg feed, and in one group, green rooibos extract was also administered alongside
FB1 (orally, 15 mg tea/day/individually). The results indicated that FB1 impaired liver function. The rooibos
extract significantly reduced liver malondialdehyde (MDA) levels (a marker of lipid peroxidation) to values
comparable to the control group. The rooibos extract had a limited effect on the impact of FB1 on liver cell
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membranes, which was evident in the changes observed in polyunsaturated fatty acids and their calculated
indices. In summary, green rooibos may reduce FB1-induced oxidative stress in the rat liver but has a limited
effect on the integrity of the membrane lipid fatty acid composition of liver cells during chronic FB1 exposure.

BEVEZETES

A Fusarium species. okozta fert6zés a novényekben kifejezetten kritikus jelenség, mivel
ezek a gombatorzsek a fumonizin B1 (FB1) mikotoxin elsédleges termeldi (El-Sayed et
al,, 2022). Szamos bizonyiték utal a fumonizin B1 allatallomdanyra, koztiik sertésekre, ba-
ranyokra és lovakra gyakorolt toxikus hatasaira (Chen et al,, 2021; El-Sayed et al., 2022).
A szfingolipid-metabolizmus megzavarasa kulcsfontossagu szerepet jatszik az FB1-hez
kapcsolddo toxicitasban és karcinogenitasban, leginkabb a ceramidszintaz-enzimkomp-
lex kompetitiv gatlasa révén (Merrill et al, 2001). A legijabb tanulmanyok azonban
ravilagitottak a toxicitds mas lehetséges mechanizmusaira, beleértve az epigenetikai
diszregulaciot, a DNS-karosité hatast, a mitokondrialis diszfunkciét és az oxidativ stresszt
(Abdul és Marnewick, 2023; Arumugam et al., 2021; Domijan és Abramov, 2011).

Oxidativ stressz a reaktiv oxigénfajtadk (ROS) fokozott termelése vagy csokkent
,2hatastalanitasa” miatt alakul ki (Hybertson et al., 2011). Kimutattak, hogy ezek a ROS-
tipusok makromolekuldkat céloznak és karositanak, ami az FB1l-nek Kitett sejtek
esetében is jellemz6 (Arumugam et al., 2019; Wang et al., 2016). Az oxidativ stressz mér-
séklése fontos és hatékony stratégiat jelenthet az FB1-szennyezettség esetén gyakran
megfigyelt sejtkarosodas enyhitésére (El-Adawi et al., 2009; Ezdini et al., 2020). Az Aspa-
lathus linearis (Burm.f.) Dahlg., mas néven Rooibos, a dél-afrikai Cederberg régiéban en-
demikus, és altalaban gyogytea formaban fogyasztjak (Joubert & de Beer, 2011). Gyogy-
hatasa, biologiai értéke els6sorban magas polifenol-tartalmaval all 6sszefiiggésben.

Mivel a mikotoxinok nem tavolithaték el a taplaléklancbol, az innovativ megoldasok
hozzajarulnak kartételiik csokkentéséhez. Ezért a tanulmanyunknak az volt a célja, hogy
megvizsgalja a rooiboskivonat (z6ld, ZR) alkalmazasat potencialis beavatkozasi stratégia-
ként az FB1 toxin megnyilvanulasait kivalté pato-mechanizmusok megel6zésére és/vagy
modositasara, ko-expozicids modellben, patkanyokon.

ANYAG ES MODSZER

Rooibos novényi anyag és -készitmény

A kereskedelemben kaphat6 zold rooibos (Fine cut, U15-03-]]) névényi anyagot a Rooi-
bos Ltd-tél (Clanwilliam), Dél-Afrikabol szereztiik be. A rooibos gy6gyteakivonatot a tea-
készitéshez szokasosan hasznalt koncentracidban allitottuk el6, Marnewick et al. (2009)
szerint.

Kisérleti allatok és kezelések

A Kkutatasi protokollt az MATE KC MAB és a Somogy Varmegyei Kormanyhivatal,
Elelmiszerlanc-biztonsagi és Allategészségiigyi Osztalya engedélyezte
(SO-04/EA0/02184-2/2023). A himivart HAN:Wist SPF patkanyok (250-275 g
testtomeg) napi 15 ml teakivonatot kaptak, amelyet ivovizzel 30 ml-re higitottunk. A
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kontroll- és csak az FB1-gyel kezelt allatok napi 30 ml tiszta ivovizet kaptak. A negativ
kontrollcsoport tiszta ivovizet fogyasztott és fiziologias séoldatot kapott intraperito-
nedlisan, a toxinkezelt csoport napi 50 ppm (mg/kg takarmany ekvivalens) FB1 adagot
kapott, azaz 65,625 pg FB1-et (Merck-Sigma-Aldrich, Schnelldorf, Németorszag) 0,5 ml
steril fizioldgias séoldatban, intraperitonealis injekcidban, és egy tovabbi csoport az em-
litett, napi intraperitonedlis FB1 d6zist kapta, és azzal egylitt ZR-t fogyasztott (FB1 + ZR),
15 ml tea+15 ml viz elegyeként.

Maj oxidativlipid-markerei

A lipidperoxidaciét a malondialdehid ekvivalens (MDA eq.) szintjének 2-tiobarbitursav
modszerrel torténé mennyiségi meghatarozasaval jellemeztiik (Botsoglou et al., 1994).
Az antioxidans rendszer 6sszetevéi koziil a redukalt glutation (GSH) koncentraciojat
Sedlak és Lindsay (1968) mddszerével mértiik, a glutation-peroxidaz- (GPx-) aktivitast
pedig Matkovics et al. (1998) szerint. A GSH-koncentracidt és a GSH-Px-aktivitast fehé-
rjetartalomra vonatkoztatva szamitottuk ki; utébbit Lowry et al. (1951) altal leirt mod-
szerrel hataroztuk meg.

Az 6sszes foszfolipid zsirsavosszetétele a majban

A majmintdkat kloroform/metanol-elegyben homogenizaltuk 2:1 (v/v), Folch et al
(1957) szerint. Nagy tisztasagu oldoszereket (Merck-Sigma-Aldrich, Schnelldorf, Német-
orszag) és 0,01 tomegszazalék butilhidroxi-toluolt hasznaltunk a zsirsavak oxidaciojanak
gatlasara. Tiz milligramm 0sszes extrahalt lipidet vittink at 300 mg
szilikagélt (230-400 mesh) tartalmazo6 lveg kromatografias oszlopokra frakcionalas
céljabdl, Leray et al. (1997) moddszere szerint. A neutralis lipideket 10 ml kloroformmal
elualtuk, majd 15 ml aceton-metanolt (9:1 v/v) alkalmaztunk, mig az 6sszes foszfolipidet
10 ml tiszta metanollal elualtuk. A foszfolipid-frakciot argonaram alatt szarazra paroltuk
és Christie-féle baziskatalizalt NaOCH3s-moédszerrel metilaltuk a zsirsavakat (Christie,
1982).

A zsirsav-metilésztereket a korabban leirt modszerrel szamszer(sitettiik (Ali et al.,
2021; Szab6 et al, 2021). Az eredményeket az 0Osszes zsirsav-metilészter
tomegszazalékaban adtuk meg. A zsirsav-osszetételt GC-FID moddszerrel elemeztiik (1.
abra).
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1. abra. A kontrollmintaban 1év6 azonositott zsirsav kromatogramja, amelyet a GC-FID-moédszerrel
elemeztiink

Adatelemzés

A kapott adatkészletet egyvaltozos (FBs-koncentracié mint csoportositasi valtozo) vari-
anciaanalizissel (ANOVA) elemeztiik a Tukey-féle ,post hoc” teszttel a csoportok kézotti
kilonbségek elemzése érdekében, az IBM SPSS 24-es verzidjanak hasznalataval. A majbol
szarmaz6 kilonboz6 foszfolipidek zsirsavprofiljain fékomponens-analizist (PCA)
végeztiink az Unscrambler 9.7 szoftverrel, hogy a lehet6 legnagyobb hatékonysaggal azo-
nositsuk a ,csoportképzésért” felel6s varianciat leiré f6komponenseket.

EREDMENYEK ES MEGBESZELES

A majbdl mért antioxidansok és lipidperoxidacié paramétereit a 1. tablazat mutatja. Az
térést a csoportok kozott. A lipidperoxidacios biomarker, az MDA szintje a kontroll-
allatokhoz képest a csak FB1-gyel kezelt patkdnyok majaban volt magasabb; a ZR-
kiegészités jelent6sen csokkentette (p < 0,05) az FB1 MDA-koncentraciora gyakorolt
hatasat (2. abra).

1. tablazat. A majszovetben mért redoxstatusz-markerek (n = 6/csoport, atlag és szoras)

Paraméter Kontroll FB1 FB1+ZR
Redukalt glutation (umol/g protein) 7,41 +1,27> 11,4+1,802 10,5+2,582
Glutation peroxidaz (IU/g protein)  3,79+0,20¢ 4,59+0,81b 6,24+2,104ab

A kiilonb6z6 felsd indexekkel ellatott értékek a kezelések kozotti szignifikans kiilonbségre utalnak
(p-érték < 0.05)
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A GSH a m3j f6 intracellularis antioxidansa. Vizsgalatunkban az FB1 expozici6 stimulalta
a cellularis antioxidans védelmi rendszert, a GSH-szint emelésével. A szakirodalomban
rendelkezésre all6, ezekre a paraméterekre vonatkozé adatok azonban nagyon valtoza-
tosak. Szabd et al. (2018) tanulmanyaban 10 napos 50 mg FB1/kg expozicié csokkentette
a GPx-et, mig a GSH valtozatlan maradt.

50.0
45.0 a
40.0
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5.0
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Control FB1 FB1+7ZR

2. dbra. A maj malonaldehid (MDA) szintjei a kisérleti csoportokban, a kisérlet végén. Az adatok atlagot
és szorast mutatnak. A kiilonb6z4 betlikitevdk (a, b és c) a kezelések kozotti szignifikans kiilonbségre
utalnak (p-érték < 0,05).

Egy otnapos kisérletben az FB1 szignifikansan csokkentette, a GSH értékét, de a GPx val-
tozdsa nem volt kimutathat6 (Szabé et al., 2016). Vizsgalatunkban az antioxidans védelmi
rendszer a sejtek fokozott ROS-termelése miatt aktivalédott, amit a lipidperoxidaciébdl
szarmazd magas MDA-szint jelez. A polifenoltipusu vegyiiletben gazdag zo6ldrooibos-

kivonat a kontrollnal alacsonyabb MDA-szinthez vezetett (ZR-csoport).

A maj foszfolipidjeinek zsirsavosszetétele

Minden FB1-gyel kezelt patkany hasonlé és szignifikans valtozasokat mutatott az 6sszes
foszfolipid zsirsav esetében (2. tablazat és 3. abra). Az FB1-gyel kezelt csoportokban szig-
nifikansan csokkent a sztearinsav (C18:0) ardnya, ami a teljes telitettség (SFA) csokke-
néséhez vezetett. Ezzel szemben az FB1-nek kitett patkanyok mindegyikénél nétt az
olajsav aranya (C18:1n9) és a teljes egyszeres telitetlenség (MUFA) szintje. Az FB1-gyel
kezelt csoportokban nagy aranyban volt kimutathat6 arachidonsav (C20:4n6) és doko-
zahexaénsav (C22:6n3 vagy DHA), valamint 6sszes omega-3 zsirsav (n3) és telitetlenségi
index (UI) is magas volt. Ezzel szemben mind az eikozapentaénsav (C20:5n3, vagy EPA),
mind az né és n3 zsirsavak (n6:n3) aranya csokkent az FB1-gyel kezelt csoportokban.
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2. tablazat. A m3j foszfolipidzsirsav-osszetétele (n = 6/csoport, atlag + szoras)

Zsirsav Kontroll FB1 FB1+ZR
C14:0 0,19+0,02> 0,23+0,052> 0,280,052
C16:0 20,0 + 3,44 20,1+1,06 19,5+ 1,41
C16:1n7 0,64 +0,14 0,82+0,35 0,94 + 0,44
C18:0 253+4,822 204+151> 19,8+1,23"b
C18:1n9 2,57+0,24> 4971222 55241222
C18:1n7  2,82+0,42 2,88+0,74 3,42+0,58
C18:2n6  12,4+1,89 13,0 + 2,47 12,4+ 2,33
C18:3n6 0,13+0,03> 0,2%0,112>  0,26+0,092
C18:3n3 0,10 £0,03 0,12 + 0,06 0,10 £ 0,04
C20:0 0,06 0,01 0,05+ 0,02 0,07 £ 0,03
C20:1n9 0,10+0,03 0,13+ 0,05 0,13+ 0,05
C20:2n6  0,39+0,10 0,42 +0,14 0,46 +0,17
C20:3n6 0,86 + 0,09 0,64 + 0,25 0,61+0,14
C20:4n6  28,2+285 26,5+1,43 26,7+1,19
C20:3n3  0,02+£0,01 0,03 0,01 0,05+ 0,03
C20:5n3 0,29+0,082 0,12+0,03> 0,15%0,03"
C22:4n6 0,42+0,05> 0,67+0,172 0,71+0,122
C22:5n6  0,28+0,10 0,52+0,41 0,60 + 0,34
C22:5n3  0,93+0,25 1,17+ 0,38 1,12+ 0,20
C22:6n3 4,14+0,79® 697+0,81a 7,16+0,592
SFA 45,6 £4,232  40,8+1,83> 39,7+1,59"b
MUFA 6,13+0,59> 880+2222 10,0%2,172
PUFA 48,2 + 3,71 50,4+1,13 50,3 +1,92
né6 42,8 +3,41 42,0+1,51 41,7 £1,92
n3 549+1,01¢ 839+0902 854+0,632
n6:n3 800+1552 507+075¢ 491+0,49¢
Ul 182,1+13,6> 198,2+6,112 200,6 +4,542
ACL 18,4 +0,12 18,5+ 0,06 18,5+ 0,06

ACL, atlagos lanchossz; FB1, fumonizin B1; MUFA, egyszeres telitetlenség; ZR, zold rooibos; n3, omega-3
zsirsavak; n6, omega-6 zsirsavak; PUFA, tobbszorosen telitetlen; SFA, telitett zsirsavak; U], telitetlenségi
index. A kiilonb6z6 fels6 indexek a kezelések kozotti szignifikans kiillonbségre utalnak (p < 0.05)
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3. abra. A f6komponens-analizis score (a) és loading (b) grafikonjai, az 6sszes egyedi zsirsavra épiil6
elemzésre épitve (a kontroll elkiiloniilése (1) a toxinos csoportoktdl (2 = FB1, 3 = FB1 + ZR) lathat6 a PC1
mentén). A PC1 és PC2 a majmembranzsirsavak teljes variancidjanak 57%-at, illetve 21%-at magyarazza.

Aloading grafikon alapjan a f6bb zsirsavak, amelyek jelent§sen hozzajarultak a csoportok k6zotti
varianciahoz, a C18:0,C18:1n9, C22:6n3 és C20:4né6.

A majsejtmembran-lipidek FB1 altali mddosulasat szamos tanulmanyban dokumen-
taltak, amit foként a ceramidszintaz, és kovetkezésképpen a teljes szfingolipid-
anyagcsereutvonal megzavarasanak tulajdonitottak (Ali és Szabo, 2024). Jelen vizsgalat-
ban az FB1 valtozasokat idézett eld a patkanymajsejt membranlipidjeinek zsirsavissze-
tételében, els6sorban a lipid metabolizmusenzimeinek aktivitasgatlasa 4ltal, és
val6szintileg nem a fokozott lipidperoxidacio6 altal. Ali et al. (2021, 2022) sertések majan
végzett vizsgalatai is dokumentaltdk a membranlipid-médosulasokat, jelent6sebb
lipidpero-xidaci6 nélkiil. Jelen tanulmanyunk megerdsiti ezt, mivel a C18: 0 / C18: 1n9
jelentds csokkenése az FB1-kezelt csoportokban kozvetetten a sztearoil-CoA-deszaturaz
(D9D) magas aktivitasat jelzi; ennek megfelel6en a MUFA-szint kompenzalta a csokkent
SFA-jelenlétet. Ezenkiviil az FB1-expozicié ddzisfiiggd novekedést okozott a patkany- és
sertésmdj PC-frakcidjanak olajsav- és MUFA-szintjében (Ali et al., 2022; Szabé et al,,
2019). A PC-frakcid jelentésen hozzajarul a teljes membran zsirsavosszetételéhez, az eu-
karidta sejtekben az 0sszes foszfolipid mintegy 50%-at teszi ki (Ali és Szabo, 2023). A
tobbszorosen telitetlen zsirsavak esetében Szabd et al. (2019) a jelenlegihez hasonlo
eredményekrdl (aranynovekedésrdl) szamoltak be patkanymadj kiilonb6zd foszfolipid-
frakciéiban, példaul foszfatidil-kolinban (PC), foszfatidil-etanolaminban és foszfatidilino-
zitolban, alacsonyabb (20 mg/kg) és magasabb (100 mg/kg) FB1-dézisoknak val6
kitettség esetén 10 napon at.
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Mind a DHA, mind az n3 zsirsavak altaldban ismertek a gyulladasos biokémiai folya-
matokban vald részvételiikrdl, kiilonosen gyulladascsokkentd és proliferacids jelek in-
dukalasaval kapcsolatosan (Riedel et al., 2024). Az arachidonsavrol azonban ismert, hogy
gyulladasos intermedierek el6anyaga, melyek a sejtmembranokbél az A2 tipusu foszfo-
lipazzal torténé arachidonsav-felszabadulas utan alakulnak ki, ami eikozanoidok szin-
tézisét alapozza meg (Ali és Szabé, 2023). Osszehasonlitva a Szabé et al. (2019) altal 5
napos expoziciét kovetéen publikalt eredményeivel, jelen vizsgalatunk ellentétes ered-
ményt (aranyemelkedést) mutatott az arachidonsav esetében az FB1-nek Kkitett csopor-
tokban. Mindazonaltal Gelderblom et al. (2002), viszonylag hosszabb expozicids id6sza-
kokkal (21 nap), mint Szab6 et al. (2019), az arachidonsav aranyanak emelkedésérdl
szamolt be patkdnymdaj mikroszomadlis PC-frakci6jdban 20 és 50 mg
FB1/kg takarmanynak valé expozici6 esetén. A zdldrooibos-kivonattal torténd
kiegészités azonban nem volt hatékony az FB1 majsejtmembran-zsirsavakra gyakorolt
hatasainak enyhitésére, ami szamos tényezdének tulajdonithatd, mint példaul a rooibos
esetlegesen alacsony dézisa vagy a kiegészités id6tartama.

KOVETKEZTETESEK ES JAVASLATOK

Eredményeink raviladgitanak arra, hogy a z6ld rooibos funkciondlis élelmiszer-
osszetevoként képes enyhiteni a mikotoxinok, példaul az FB1 altal kivaltott oxidativ
stresszt patkanyokban. A rooibosnak azonban elhanyagolhat6 hatasa volt a majsejtmem-
bran zsirsavosszetételének FB1 okozta ,torzulasaval” szemben. Tovabbi kutatasokra van
sziikség ahhoz, hogy tisztazzuk azokat a mechanizmusokat, amelyekkel a rooibos mod-
ulalja az oxidativ stresszt kiegészitd utvonalakat és annak downstream szakaszait az al-
kalmazott allatmodellben. A kiilonb6z6 kisérleti modellek alkalmazasa (példaul az
expozici6 el6tti és alatti kezelési protokollokat alkalmazé tovabbi vizsgalatok) értékes
betekintést nyujthat a rooibos mint protektiv kezelés optimalis id6zitésébe a maximalis
védobhatas érdekében.
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ABSTRACT

Climate change has become even more pronounced in dry continental Central Europe. Intense, high-sugar
grasses (Lolium multiflorum, Festulolium-type grass hybrids) and whole-crop winter cereals such as rye (Se-
cale cereale) cut in early spring minimise weather risk. Early spring harvesting allows double cropping having
many environmental benefits for dairy farms. This offers a promising opportunity to mitigate climate change
risks and minimise maize yield losses. Early cut whole-crop cereals and intensive grasses can therefore be part
of a new forage strategy. The use of novel crop rotation systems such as maize and whole-crop rye, maize or
brown midrib (BMR) sorghum and intensive grasses has proven to be very effective in the reduction of climate
change-induced yield losses in arid continental areas. Hungary has been developing this strategy since 2008.
Now, a 10-year Near Infrared (NIR) database is available on the fundamental forages of the new climate
change strategy. The authors aimed to describe the nutritional value of the early cut whole crop rye (Secale
cereale) and intensive high sugar grass (Lolium multiflorum, Festulolium-type grass hybrids) silages based on
10-years NIR-database (dry matter, crude protein, soluble protein, crude ash, sugar, fiber fractions, nitrate,
organic matter digestibility, NDF-digestibility).

OSSZEFOGLALAS

A szdraz kontinentdlis Kozép-Eurdpdban az éghajlatvdltozds egyre hangstlyosabbd vdlik. Az intenziv,
szdntdéféldi termesztési fiifélék (Lolium multiflorum, Festulolium tipusu fithibridek) és a kora tavasszal be-
takaritott gabonafélék, példdul a rozs (Secale cereale) minimalizdljdk az iddjdrds okozta kockdzatot. A kora
tavaszi betakaritds lehet6vé teszi a kettds termesztést, mely szdmos kérnyezeti elénnyel jdr a tejtermel6 gaz-
dasdgok szamdra. Ez igéretes lehetdséget kindl az éghajlatvdlitozds kockdzatainak mérséklésére és a kukorica
termésveszteségének minimalizdldsdra is. Az tjszert vetésforgdrendszerek, mint példdul a silékukorica és a
korai betakaritdsu rozs, a silékukorica vagy a BMR-cirok és az intenziv fiifélék haszndlata igen hatékonynak
bizonyult az éghajlatvdltozds okozta termésveszteségek csékkentésében a szdraz kontinentdlis tertileteken.
Magyarorszdg 2008 dta fejleszti ezt a stratégidt. Mostanra egy 10 éves NIR-adatbdzis dll rendelkezésre az Uj
stratégia alapvetd tomegtakarmdny-névényeirdl. A szerzék célja a kordn betakaritott rozsbdl és intenziv
termesztésti fiifélékbdl késziilt szildzsok tdpldléértékének leirdsa volt a 10 éves NIR-adatbdzis alapjdn (szdra-
zanyag, nyersfehérje, oldhaté fehérje, nyershamu, cukor, rostfrakciok, nitrdt, szervesanyag-emészthetdség,

NDF-emészthetdség).
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Application of One Health Concept in Farm Animal Nutrition

INTRODUCTION

In dry continental Central Europe, climate change has become more pronounced: heat
stress, drought and their combinations are more frequent during the summers. Therefore
corn production is expected to be difficult due to the variable yields and quality in many
European countries (Orosz and Balogh, 2013). Moreover, these extremely dry and hot
weather conditions increase the incidence of Aspergillus spp. infections and aflatoxin
contamination in corn. A new forage strategy could solve partially this problem. Intensive
high-sugar grasses (Lolium multiflorum, Festulolium type grass hybrids) and whole-crop
winter cereals such as rye (Secale cereale) and triticale (x Triticosecale), or blends of these
forages cut in early spring are minimizing the weather risk and increasing the stability of
the forage bank with +5-15 ton DM /ha yields for first cut (Orosz et al, 2014, 2018, 2019;
Alemayehu et al, 2020; Auerbach and Theobald, 2020). The intensive grass term is based
on the fact that these grasses are grown on arable (good conditions), usually as 1-year-
old winter forages and rotated after the 1st or 2nd mowing. Early spring harvesting al-
lows double cropping. Dual-crop combinations such as winter whole crop rye and corn,
winter whole crop triticale and corn, high sugar grass and BMR sorghum, can increase
on-farm forage production and provide a range of environmental benefits to dairy farms
(Ketterings et al, 2015; Ranck et al, 2019). Winter cover crops prevent soil erosion, defla-
tion and nitrogen leakage from September to April (8 months) and give good weed sup-
pression. Whole-crop cereals are recommended to be harvested in the boot stage due to
their high fibre digestibility and nutritive value for high-milking dairy cows in intensive
systems (Orosz et al, 2014, 2018, 2019; Alemayehu et al, 2020). Better digestibility of
neutral detergent fibre has a beneficial effect on dry matter intake in dairy cows (Oba and
Allen, 1999).

MATERIAL AND METHODS

Routine laboratory samples derived from large-scale farms in Hungary (early cut whole
crop rye silage n = 1379; intensive grass silage n = 910) between 2013-2022. Results
based on routine laboratory NIR analyses (Livestock Performance Testing Ltd, Hungary).
Dry matter yield, crude nutrient content, fibre fractions (amylase treated NDF on organic
matter basis - aNDFom, acid detergent fibre - ADF, acid detergent lignin ~ADL), organic
matter digestibility detected during 48 hours incubation time in vitro (OMdass), amylase
treated and ash corrected NDF rumen degradability with 48 hours incubation time in
vitro (NDFd4s) are given based on the spectra determined by Q-Interline Quant FT-NIR
analyser. Samples were dried at 70 °C and ground according to the Guidelines of
Sampling® system (Eurofines Agro, Wageningen, The Netherlands). The EG guideline
L54 2009/152 was applied for the determination of moisture content (dry matter deter-
mination). Spectra were determined according to the guidelines of NEN-EN-ISO 12099
(Q-Interline Quant FT-NIR analyser, ISO 12099:2010 guidelines for the application of
near-infrared spectrometry). Data (Table 1-4) are expressed as mean * standard devia-
tion (SD). GraphPad InStat 3.05 software (GraphPad Software, San Diego, CA, USA) was
used for the statistical evaluation. Data were analyzed by one-way ANOVA and Tukey-
Kramer multiple comparison post hoc test (p < 0.05).
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RESULTS AND DISCUSSION

The variability in nutrient content and digestibility of early-cut whole-crop rye silage is
shown in Table 1-2. Data reported are for 2013-2022, based on NIR analysis of 1379
farm samples. The dry matter content averaged 291 g/kg (range of averages over 10
years: 269-320 g/kg DM), combined with an ash content of 106 g/kg (92-119 g/kg). The
ideal ash content would be a maximum of 80 g/kg. The measured dry matter and ash
content increase the risk for harmful Clostridial fermentation and protein breakdown.
Crude protein content averaged 137 g/kg DM (range of averages over 10 years:
130-145 g/kg DM). This is an extreme weakness of our technology, we should achieve an
average of atleast 150 g/kg DM in the future. It is mainly related to soil quality, forecrops,
quantity and distribution of N-fertilisation. Nitrate content averaged 3.5 g/kg DM (range
of averages over the 10 years: 2.4-5.6 g/kg DM.) Recommended nitrate content in for-
ages: max. 3 g/kg DM; nitrate in total mix ratio(TMR) max. 5 g/kg DM). The challenge is
therefore to achieve both higher protein and lower nitrate content.

Table 1 Nutrient content of early-cut whole-crop rye silage harvested in the period 2013-2022 based on
g per 1000 g dry matter (NIR database, n = 1379)

Year of Sample Dry Crude Crude  Crude Total . Soluble
harvest number matter  protein fat fiber Ash sugar Nitrate protein
2013 70 294abc  132abc 32a 327f  104abe 192 5.6d 103ab
2014 144 271a 132ab 34a 313e 98ab 370 3.4b 105ab
2015 166 313¢ 132ab 32a 3004 99ab 52¢ 3.2b 1042
2016 141 288ad  14(abc 36¢ 289bc  113cd 33b 2.73b 110abe
2017 137 297bc  139abe 36¢ 275> 119d 40b 3.9¢ 114>
2018 137 300be  14(abc 35be  303d 1194 28ab 4.2c 113abe
2019 126 288ab  144bc 35be  280b 114« 33ab 4.6¢ 119¢c
2020 132 320¢ 145¢ 36¢ 2502 94a 56¢ 3.4b 118¢

2021 151 2763 133ab 35be 2804 92a 37°b 2.62b 112abe
2022 175 2692 1302 34a 3024 107P 30ab 2.42 111abe
2013-
2022

1379  291b  137abc 35b 291¢ 1062 39¢b 3.5¢ 111be

a,b The different letter signs in the columns indicate significant differences in the mean values (p < 0.05)
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Table 2 Fiber fractions, organic matter and fiber digestibility, net energy content of early-cut wlohe-crop
rye silage harvested in the period 2013-2022 based on 1000 g dry matter (NIR database, n = 1379)

Year of Sample aNDFom! ADF? ADL3  NDFdsg* dNDFag®> OMdag® NEI”

harvest number g g g %NDF g % M]
2013 70 607f 3634 32d 63ab 380e 69.2a 5.43a
2014 144 578e 3494 29¢c 660c 376¢ 71.7b 5.574b
2015 166 560¢de 329¢ 25b 66¢ 368de 72.2¢ 5.66b
2016 141 535bc 317bc 250 68¢ 357¢ 71.9bc 5.70p
2017 137 516¢bc 304> 26b 67¢ 340b 72.1bc 5.64b
2018 137 554d 334¢ 29¢c 660c 362d 70.2ab 5.53ab
2019 126 529¢bc 305b 27¢ 66bc 344> 71.0ab 5.650b
2020 132 488 2682 21a 67¢ 324a 73.4¢ 5.934
2021 151 532bc 307b 24b 65bc 342b 72.1bc 5.82¢
2022 175 562de 331¢ 26b 622 347bc 70.6ab 5.57ab
2013-2022 1379 544 319¢ 26b 66bc 353¢ 71.6b 5.66P

laNDFom - amylase treated and ash corrected NDF; 2 ADF - acid detergent fibre; 3ADL - acid detergent
lignin; *NDF4s — degradability of NDF (48 hours in vitro incubation); SdNDF4g - rumen degradable (amyl-
ase treated and ash corrected) NDF (48 hours in vitro incubation); *OMd4s - organic matter digestibility
(48 hours in vitro incubation); 7 Nel - Net energy for lactation; ¢ Means in the same column with differ-
ent letters differ statistically (p < 0.05)

The low ADL content, the main advantage of the early whole-crop rye silage, averaged
26 g/kg (range of averages over 10 years: 21-32 g/kg DM). The low lignin (ADL) content
resulted in an average NDFd4s value of 66% (range of averages over 10 years: 62-68%
NDFdas). But there is still room for improvement. The dNDF4s content averaged 353 g/kg
(range of averages over 10 years: 324-380 g/kg DM). This is one of the most important
parameters for high-milking dairy cows, especially during the summer (fermentable
organic matter source in the rumen and main substrate for milk fat synthesis). The
digestible fibre content of early-cut whole-crop rye silages is higher by 60% compared to
the corn silage (2020 corn silage: 218 g/kg DM dNDF4s, n = 411).

Nutrient content and digestibility of early-cut intensive grass silages (Lolium multiflo-
rum, Festulolium-type grass hybrids) are shown in Table 3 and Table 4. Data reported
are for the period 2013-2022, based on NIR analysis of 910 farm samples.
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Table 3 Nutrient content of early-cut intensive grass silage harvested in the period 2013-2022, based on
g per 1000 g dry matter (NIR database, n = 910)

Year of Sample Dry Crude Crude Crude Total ) Soluble
harvest number  matter  protein fat fiber Ash sugar Nitrate protein
2013 74 344ab 145 34ab 2904 1172b 47 b 4.9ab 106
2014 100 322ab 142 35bc 277 cd 113ab 57 be 4.1a 90
2015 70 3462 132 33ab 267 be 1122b 774 3.9a 89
2016 82 3362 144 34ab 2602ab 11672b 64 be 4.4ab 94
2017 54 358ab 136 32a 269 be 1172b 73 cd 4.5ab 90
2018 102 3580 147 360bc 281cd 124> 462ab 5.1b 95
2019 91 314a 143 34ab 280¢cd 1240 38a 4.8ab 93

2020 112 3550 148 34ab 2622 1092 72cd 4.02b 97
2021 113 349ab 146 35¢bc 252a 118ab  62bec 35a 97
2022 112 323ab 144 37¢ 270 be 113ab  52abe  4,1ab 96
2013-
2022

910 3404b 143 340 271 be 1162  59bc 4.3 95

a,b The different letter signs in the columns indicate significant differences in the mean values (p < 0.05)

The average dry matter content of the intensive grass silages was 340 g/kg (range of
average values: 314-358 g/kg). This average value is optimal from the fermentation
point of view. The crude protein content of intensive grass silages was 143 g/kg DM
between 2013 and 2022 (average values range from 132 to 148 g/kg DM). However, we
cannot be satisfied with the 10-year average value measured, because Italian ryegrass
and Festulolium can achieve much higher values. Since Italian ryegrass and Festulolium
are often cut at the same time as alfalfa, the dominance of alfalfa may cause late mowing
of intensive grasses and consequently low protein content. The aNDFom content (Table
4) averaged 499 g/kg DM (range of averages: 479-525 g/kg DM). The average value of
ADF was 302 g/kg DM (range: 281-325 g/kg DM). The lignin content is critical because
it determines the digestibility of the cell wall and also the digestibility of the nutrients
inside the cell (cell wall effect). The average ADL content was 25 g/kg DM (range of aver-
age values: 23-31 g/kg DM).
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Table 4 Fiber fractions, organic matter digestibility, net energy content and relative forage quality (RFQ)
of early-cut intensive grass silage harvested in the period 2013-2022 based on 1000 g dry matter (NIR
database, n =910)

Year of Sample aNDFom! ADF ADL  NDFdss2 dNDFsg3 OMdas* RFQ> NEI
harvest number
g g g %NDF g % - M]

2013 74 525¢ 3254 31c 632 327 ab 71a 169°b 5.88a
2014 100 508bc 311cd 270 65ab 327ab 73ab 1572  6.19b
2015 70 4944ab 294 ab 24a  p5abc  317ab 73b  163abcd  6.17D
2016 82 479a 2904ab 23ab 68¢bc 321ab 75 be 175¢  6.21b
2017 54 491 ab 301 be 270 632 311a 73ab  157abc 617D
2018 102 509 be 315¢cd 26b 65 abc 331b 730 1563  6.14b
2019 91 514bec 316¢d 270 642 325ab 722 1512 6.19°b

2020 112 489ab 2904ab 25b 66abc  317ab 740 169>  6.40¢
2021 113 4744 2812 224 68¢ 319ab 76¢ 1734 6.53¢
2022 112 504 be 2980 24ab 653 323ab 74bc  159abc 6320
2013-
2022

910 499> 302 25b 65 32242 73b 1633 622D

laNDFomd4s = amylase treated and ash corrected NDF rumen degradability (48 hours in vitro incubation);
ZNDFda4s - rumen degradable (amylase treated and ash corrected) NDF (48 hours in vitro incubation);
3dNDFs - rumen degradable (amylase treated and ash corrected) NDF (48 hours in vitro incubation);
40Mdas - organic matter digestibility (48 hours in vitro incubation); 5 relative forage quality; 2> Means in
the same column with different letters differ statistically (p < 0.05)

The measured data indicate that ADL content is extremely low in intensive grass si-
lages so the negative effect on fiber and organic matter digestibility is minimal. It can be
seen that between 2013 and 2022, the 48-hour fiber digestibility (NDFd4s) was 65%
(Table 5). The target value for NDFdas is above 70%. So, it is a challenge for the future.

Digestible fiber (ANDF4s) averaged 322 g/kg DM, which is twice the value of alfalfa
silages (2013-2022 alfalfa silage: 166 g/kg DM dNDF4s, n = 3043, unpublished). The di-
gestible fiber content of intensive grass silages is similar to the digestible fiber content of
rye silage cutin the boot stage. Therefore, intensive grass silages are potentially excellent
sources of digestible fiber in the dairy cow diet, especially during the summer.

CONCLUSIONS

The advantage of winter cereals grown from autumn to early spring is that they can be
grown during periods of increased rainfall while avoiding the adverse effects of heat
stress and drought. This offers a promising opportunity to mitigate climate change risks
and minimise corn yield losses. Additionally, early-cut whole-crop rye silage and inten-
sive grass silage with high fibre digestibility and digestible fibre content can maintain the
dry matter intake of dairy cows, especially during the summer ("heat stress forages").
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0SZI VETESU GABONA- ES GABONA-PILLANGOS KEVEREKSZENAZSOK
TAPLALOANYAG-TARTALMANAK BENDOBELI LEBONTHATOSAGA

Tothi Robert?!, Gura J. Tamas?, Szeli Noral, Hatala Mihaly2, Héja Endre?,
Vas Zoltanz, Szabé Lajos?, Aprily Szilvia3

1Magyar Agrar- és Elettudomanyi Egyetem, Elettani és Takarmanyozastani Intézet, Gazdasagi Allatok
Takarmanyozasa Tanszék, 7400 Kaposvar, Guba S. u. 40.
2Ho6dagrd Zrt., 6800 Hodmezdvasarhely, Csokasi puszta 63.
3Magyar Agrar- és Elettudomanyi Egyetem, Allattenyésztési Tudomanyok Intézet,
7400 Kaposvar, Guba S. u. 40.

OSSZEFOGLALAS

A vizsgdlat célja az dszi vetésii gabonakeverék (tritikdlé + 6szi buiza + dszi drpa), illetve a gabona-pillangds
keverékek a (tritikdlé + Oszi takarmdnyborsé + pannon biikkény, tritikdlé + pannon biikkény) tdpldlo-
anyagainak benddbeli lebonthatésdgdnak meghatdrozdsa volt. A z6ld alapanyag biolégiai adalékanyag fel-
haszndldsdval kertilt besilézdsra. A betdroldstél szamitva 331 nap elteltével tértént mintavétel kémiai
analizise és az in situ vizsgdlatok lebonyolitdsa. Az in situ eljdrds sordn a takarmdnymintdkat benddékandillel
ellatott, holstein-friz tehenek benddjébe inkubdltuk (0, 2, 4, 8, 16, 24, 48 és 72 ora, 4 ismétlés). Az eltérd inku-
bdciés idépontokban kapott lebonthatésdg adataibdl kerlilt kiszdmoldsra a tdpldléanyagok (szdrazanyag,
nyersfehérje, neutrdlis detergens rost - NDF, savdetergens rost — ADF) aktudlis benddbeli lebontdsa, figye-
lembe véve a takarmdnyozdsi szintet, illetve a benddtartalom kidramldsi sebességét. Eredményeink szerint a

s 7

vizsgdlt 6szi vetésii gabona-pillangds keverékek és az Oszi vetésii gabonafélék keveréke az intenziv
termesztéstl, Oszi vetésii fiivekbdl késziilt szildzsok/szendzsok tdpldléanyag-tartalmi paramétereihez kizel
dllnak, de lignintartalmuk magasabb. Adalékanyag haszndlata mellett a keverékszendzsok megfeleléen er-
jednek, fehérjetartalmuk bendébeli lebonthatésdga jo, azonban a hosszu ideig térténd tdrolds (6 honap felett)
csokkenti a rostfrakciok lebonthatdsdgadt. A tritikdlé, pannon biikkény és dszi takarmdnyborsé keverékének
csak gabonaféléket tartalmazo keverék értékét (30%), de nem éri el az intenziv fiifélékre vagy a gabona-
fiiféle-keverékekre jellemzd 60-75%-os értéket. A vizsgdlt keverékek novendékek, de akdr a nagy tejtermelésti
tehenek takarmdnyadagjdban is szerepeltetheték, dm ez utobbi esetben a keverékeket csak megfeleld

kériiltekintéssel, mds rostforrdsok felhaszndldsdval egytlitt javasolt etetni.

ABSTRACT

The objective of the study was to determine the ruminal degradability of nutrients in autumn-sown cereal
mixtures (triticale + winter wheat + winter barley) and cereal-legume mixtures (triticale + winter pea + Pan-
non vetch, triticale + Pannon vetch). The wilted forage was ensiled using a biological additive. Sampling for
chemical analysis and in situ examinations occurred after 331 days of fermentation. During the in situ trial
feed samples were incubated in the rumen of Holstein-Friesian cows previously surgically fitted with rumen
cannulas at various time intervals (0, 2, 4, 8, 16, 24, 48, and 72 hours, with four repetitions). The degradability
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data obtained at different incubation times were used to calculate the current ruminal degradation of nutri-
ents (dry matter, crude protein, neutral detergent fibre - NDF, acid detergent fibre ~ADF), considering the
feeding level and the outflow rate of rumen contents. Our results indicate that the examined cereal-legume
mixtures and the cereal mixtures are comparable in nutrient content parameters to silages/haylages made
from intensively cultivated autumn-sown grasses, although they exhibit higher lignin content. With the use of
additives, the mixtures ferment adequately, and their protein degradability in the rumen is favourable; how-
ever, prolonged storage (beyond six months) reduces the degradability of the fiber fractions. The potential
NDF degradability of the triticale, Pannon vetch, and winter feed pea mixture (44%) and the triticale and
Pannon vetch mixture (53%) exceeds that of the mixture containing only cereals (30%), does not reach the
60-75% values characteristic of intensive grasses or cereal-grass mixtures. The examined mixtures could be
included in the diets of both growing cattle and high-producing lactating cows; however, in the latter case, it
is advisable to administer these mixtures with caution, in conjunction with other sources of fiber.

BEVEZETES

Az éghajlatvaltozas a kozelmult tanulmanyai szerint olyan tényezd, amely egyértelmiien
befolyasolja a mezégazdasagi termelést az eurdpai régidkban (Hristov és mtsai., 2023;
Téthi és mtsai., 2024). Az idGjarasi szélsdségek jellegzetes térbeli eloszlast mutatnak
hazankban is, els6sorban a kozéps6, a déli és keleti teriileteket érintik kedvezétlentil. A
nyari aszadlyoknak koszonhetden a silokukorica és a lucerna egyeduralma megsziint, a
tomegtakarmany-bazis pedig kiszélesedett. Ismeretes, hogy az 6szi gabonafélék jol
hasznositjak a téli és a tavaszi csapadékot, valamint tdmasztonovényt is jelentenek a pil-
langésok (pl. pannon biikkdny, 6szi takarmanyborsd) szamara a kiilonb6zd 6sszetételd
Oszi takarmanykeverékekben (Orosz, 2019). Tekintettel arra, hogy a kukoricaszilazs
részleges helyettesitésére alkalmas keverékek esetében a taplaléanyagok le-
bonthat6sagat illetéen a szakirodalmi adatok viszonylag hianyosak, vizsgalataink célja az
volt, hogy a benddbeli potencidlis és a tényleges lebonthat6sag becslésére a legszélesebb
korben elfogadott és alkalmazott in situ mdédszerrel meghatarozzuk néhany, a hazai
takarmanyozasi gyakorlatban is hasznalt keverékszenazs taplal6anyag-tartalmanak a le-
bonthatésagat.

ANYAG ES MODSZER

Harom 0&szi vetésli keveréket és az erjesztéssel tartdsitott tomegtakarmanyokat a
Hoédagro Zrt. allitotta el6. A keverék tritikalét (50%), Oszi buzat (10%) és 6szi arpat
(40%), B keverék tritikalét (63%), 6szi takarmanyborsét (28,5%) és pannon biikkonyt
(8,5%), mig a C keverék tritikalét (88%) és pannon biikkonyt (12%) tartalmazott. A 2022
oktoberében a Hoédmezovasarhelyen elvetett keverékek 2023. majus 5. és majus 6. kozott
keriiltek betakaritasra, 10 cm-es tarlémagassaggal, BBCH 43-45 fenolégiai fazisban. A
kaszalast 24 o6ras fonnyasztas kovette, sziik renden, forgatas nélkiil. Az A és C keverékek
Budissa silotomlékbe (BAG Budissa Agroservice, Malschwitz, Németorszag), B keverékek
pedig falkozi siléba kertiltek. Minden keverék esetében a sil6zas soran Josilac Combi bio-
logiai silotartositét (Josera GmbH & Co., Kleinheubach, Németorszag, 3 g/tonna friss
z0ldtomeg) és AdiSil Plus (Bioferm CZ, Brno, Csehorszag, 500 g/tonna friss zéldtomeg)
bioldgiai adalékanyagot hasznaltunk. A betarolastdl szamitva 331 nap elteltével a
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szenazsokbdl mintat vettlink kémiai analizisre és az in sacco vizsgalatok lebonyoli-
tasahoz. A mintak takarmanyanalitikai vizsgalatara (szdrazanyag, nyershamu, nyersfe-
hérje, nyerszsir, nyersrost, rostfrakciok) a MATE Egyetemi Laborkdézpontban Kkeriilt sor
csakigy, mint az inkubalt takarmanymintak kémiai vizsgalatara, amelyek a szarazanyag,
a nyersfehérje, az NDF- és az ADF-tartalom megallapitasara iranyultak.

Az in sacco eljaras (Mehrez és Orskov, 1977; Orskov és McDonald, 1979), soran
5 g takarmanymintat mértiink be 5 x 10 cm-es méretli, 53 pm lyukbdségii
nylonzacskékba (Ankom, USA) és azokat két, benddékantillel ellatott holstein-friz tehén
benddjébe inkubaltuk (allatkisérleti engedélyszam: SO/31/00882-10/2023). Az inku-
bacios id6 0, 2, 4, 8, 16, 24, 48 és 72 ora volt, az inkubacidt 4 ismétlésben végeztiik el. A
teheneket a Magyar Agrar- és Elettudomanyi Egyetem és a MATE Tangazdasag Nonprofit
Kft. kozott meglévd egytlittmiikodési megallapodas (okirat iktatoszama: MATE-k/4322-
1/2023) értelmében a MATE Tangazdasag Nonprofit Kft. fészerlaki szarvasmarha
telepén tartottuk. A rétiszéna-alapu napi takarmanyadagot a tehenek két részletben
kaptdk meg, az ivdévizhez és a nyaléséhoz korlatozas nélkiill hozzaférhettek,
alomanyagként szalmat haszndltunk. Kiszamoltuk a tényleges tapladléanyagok (szara-
zanyag, nyersfehérje, NDF, ADF) mennyiségét, majd az eltér6 inkubaciés idépontokban
kapott lebonthat6sag adataibél az Orskov-McDonald-modellel (1979) kalkulaltuk a
taplaléanyagok aktualis lebontasat, figyelembe véve a takarmanyozasi szintet, illetve a
bendd&tartalom kidramlasi sebességét.

Az eredmények statisztikai értékelését SAS-program (SAS OnDemand for
Academics, Cary, NC, U.S., 2021) segitségével végezziik el. A valasztott szignifikancia szint
P < 0,05 volt.

EREDMENYEK ES MEGBESZELES

A mintak kémiai 6sszetétele

Az 1.tablazatban az in sacco vizsgalatra kertlt mintak kémia 6sszetétele lathato. Az A jel
keverék nyersfehérje-tartalma szignifikansan (P < 0,05) nagyobb, mint a masik két ke-
veréké, mivel az 6szi vetésl és majus végi betakaritasu pillangés-gabona-keverékekbdl
késziilt szenazsok esetében a borsd, a biikkkdny kis mennyiségben van jelen, igy javito
hatasa csak kissé érvényesiilt. Az irodalmi adatok szerint a tritikalé megfelel6 mértéki
nitrogénpotlast alkalmazva (ami itt megtortént, mivel az alapmiitragyazas: 12-25 kg/ha
N-hatdéanyagot, az 1. fejtragya: 50-90 kg/ha karbamidot, a 2. fejtragya: 30-50 kg/ha
kénes N oldatot tartalmazott) atlagosan 14-16% nyersfehérje-tartalommal rendelkezik.
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1. tablazat. A vizsgalt gabona-f(i-keverékek taplaléanyag-tartalma az erjedés 331. napjan

Keverékek
Taplaléanyag- SEM P
tartalom A B C
Szarazanyag (%) 27,862 39,6b 26,032 1,27 <0,05
Taplaléanyagok (a szarazanyag %-aban)
Nyersfehérje 16,562 13,83b 13,83b 0,20 < 0,05
Nyerszsir 3,202 3,002 3,56 0,08 <0,05
Nmka. 45,24 48,27 45,61 2,85 ns
Nyersrost 24,10 25,60 27,00 1,29 ns
NDF 40,732 45,53 51,53b 3,35 <0,05
ADF 24,732 27,86 30,13b 1,45 <0,05
ADL 2,907 3,302 5,86 1,15 <0,05
Celluléz 22,832 24,56V 24,26P 0,23 <0,05
Hemicelluléz 15,002 17,662 21,400b 2,21 <0,05
Nyershamu 10,902 9,30 10,00¢ 0,21 <0,05

A = tritikalé + 6szi btiza + 6szi arpa, B = tritikalé + pannon biikkény + 6szi takarmanyborso,
C = tritikalé + pannon biikkény,
a-c A kiilonb6z4 bettivel jelolt értékek kozott szignifikans kiilonbség van (P < 0,05),
ns = nincs szignifikans eltérés

A pillang6st is tartalmazo B keverék szignifikdnsan (P < 0,05) t6bb cellul6zt tartalmaz,
mint az A keverék. A szintén pillangost tartalmazé C keverék NDF-, hemicellul6z- és cel-
lul6zmennyisége, valamint ADL-tartalma szignifikdnsan (P < 0,05) nagyobb, mint az A
keveréké. A keverékek nyershamutartalma 10% kortl alakult.

A taplaléanyagok benddbeli lebonthatésaganak vizsgalata

A keverékszenazsok taplaléanyag-tartalmanak benddbeli lebonthatésdgara vonatkozd
adatokat az 2. tablazatban foglaltuk dssze.
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2. tablazat. A keverékszenazsok szarazanyag-, nyersfehérje-, NDF- és ADF-tartalmanak bendébeli
lebonthatésaga (n = 64 /keverék; 8 idépont x 4 ismétlés x 2 allat)

Keverékek SEM b
A B C

Szarazanyag

a 32,632 28,974b 28,13b 1,88 0,024
b 32,20 35,33 35,76 15,10 0,714
P (a+b) 64,832 64,303b 63,40P 14,20 0,032
o 0,03 0,045 0,03 0,01 0,379
ED1 57,18 56,03 54,23 8,11 0,876
ED5 45,35 43,58 41,39 15,78 0,174
ED8 41,992 39,972b 37,900 1,88 0,039
Nyersfehérje

a 30,78 28,90 34,57 10,57 0,748
b 48,33 50,21 46,83 10,21 0,897
P (a+b) 79,11 79,11 81,40 15,45 0,623
c 1,29 1,38 0,64 0,53 0,162
ED1 78,66 78,62 62,23 11,96 0,136
ED5 77,17 76,75 60,97 11,45 0,126
ED8 76,11 75,47 60,11 11,17 0,126
NDF

a 2,582 1,972 5,50P 0,89 0,0007
b 27,86 41,54 46,73 12,73 0,151
P (a+b) 30,442 43,51 52,23¢ 11,52 0,031
c 0,02 0,02 0,02 0,008 0,843
ED1 22,252 29,244ab 35,52b 5,50 0,023
ED5 11,632 13,722 18,32b 1,98 0,003
ED8 9,032 10,232 14,51b 1,50 0,001
ADF

a 3,26 3,93 3,27 1,46 0,770
b 25,37 37,07 37,95 14,47 0,448
P (a+b) 28,63 41,00 41,22 15,85 0,523
c 0,02 0,02 0,02 0,005 0,274
ED1 20,502 29,13b 29,17° 1,91 0,025
ED5 10,832 15,200 14,82 1,61 0,049
ED8 8,602 11,92b 11,45 0,82 0,031

A = tritikalé + 6szi bliza + 6szi arpa, B = tritikalé + pannon biikkény + 6szi takarmanyborso,

C = tritikalé + pannon biikkoény, a = gyorsan lebomlé hanyad; b = lassan leboml6 hanyad; c = a lassan
lebomlé frakci6 bontasi sebessége 6ranként; P: Potencialis lebonthatésag, %;
ED1: Aktualis lebonthatésag, 1%/h kiaramlasi sebesség, ED5: Aktualis lebonthatésag, 5%/h kiaramlasi
sebesség; ED8: Aktualis lebonthatésag, 8% /h kidramlasi sebesség; ns = nem szignifikans, ab< A kiilonb6z6
bettivel jeldlt értékek kozott szignifikans kiilénbség (p < 0,05) van

A keverékszendzsok szdrazanyag-tartalmanak a gyorsan lebonthaté frakcidja je-
lent6sen (P < 0,05) eltér egymastol, az A keverék gyorsan leboml6 hanyada (a) nagyobb,
mint a B és C keveréké. A potencialisan lebonthat6 szarazanyag-hanyad 64% kortil ala-
kult mindharom keverék esetében, mig az aktudlis lebonthat6sag 8% /h kiaramlasi sebes-
ségnél 42%, az A keverék esetén, ennél alacsonyabb a masik két keverék esetében. Az
aktualis lebonthat6sag a takarmdany taplaléanyaganak értékelésében fontosabb szerepet
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jatszik, mivel a valédi emésztés és a tdpanyagok hasznosuldsa szempontjabél
relevansabb. Jancik és mtsai. (2009) a flszilazsok aktualis lebonthatésagat 70%
korilinek talalta. Alemayehu és mtsai. (2021) az A keverékkel megegyez6 gabonaféléket
tartalmazo keverék esetében 66%-os aktualis szarazanyag-lebonthatdsagot mértek. Fel-
tételezhet6en a 6 hoénapnal hosszabb tarolds sordn a szarazanyag-lebonthatdsag
csokkent, f6ként a sejtfalszerkezeti valtozasok, komplex képzédések és/vagy a Maillard
reakcio miatt (McDonald és mtsai., 1991). A taplaléanyagok koziil a legfontosabb a nyers-
fehérje benddébeli lebonthatésaga. A gyorsan lebomlé (a) fehérjefrakcié 29-34% kozott
alakult a keverékeknél. Susmel és mtsai. (1990) kukoricaszilazsnal 47%-ot, rozsszilaz-
snal pedig 49%-ot mért.

A 331 napos tarolasi id6szak nem gyakorolt jelentds hatast a nyersfehérje benddbeli
lebonthat6sagara, valamint a tarolasi koriilmények (pl. helyes szantofoldi gyakorlat,
starterhaszndlat, startermegvalasztds, starterkijuttatas, zarastechnoldgia) szintén
segithettek a fehérje lebonthatdsaganak kedvez6 alakuldsdban. Ha a 8%/h kiaramlasi
sebességre korrigalt aktudlis lebonthatdsagi értéket dsszevetjiik a hazai termesztési
tomegtakarmanyok bendébeli lebonthatosagaval, azt tapasztaljuk, hogy a vizsgalt
keverékszenazsok benddébeli lebonthatosaga a fiiszilazs, illetve a fliszenazs, valamint a
lucernaszenazs értékeinél nagyobbak, ezek az értékek ugyanis 70% alatt vannak. C
keverékhez (60,11%) képest a gabonaféléket (66,1%), a zabot és olaszperjét (79,7%) és
a gabonaféléket és olaszperjét tartalmazé keverékek (79,35%) aktudlis nyersfehérje-le-
bonthatésagi értékei (Alemayehu és mtsai., 2021) azonban jobbak. A kér6dzék ener-
giasziikségletének 70-80%-at a bend6fermentacid soran keletkezd ill6 zsirsavak fedezik.
Igy az NDF-, valamint ADF-tartalom bendé&beli lebonthatésaganak kiemelkedé szerepe
van. Az NDF egyes frakcioi koziil a lassan leboml6 hanyad A keverék esetében 27,86%
volt, B és C esetében 40% feletti.

Vizsgalati eredményeinkbdl jol latszik, hogy a bend6ben potencialisan lebonthat6
NDF-rostfrakciék mennyisége A keverék esetén (30%), nem tekintheté kimagaslé ér-
téknek, mig B keverék (43%) értéke is elmarad az olaszperjére (59,8%) és a kukori-
caszilazsra (49,3%) kozolt adatoktél, de mas gabona- és olaszperje-gabonaszilazsokra
(37-42%) kozolt adatokhoz hasonlo. C keverék A és B keveréknél szignifikansan nagyobb
(14,51%) aktualis lebonthatdsaga hatterében a C keverékszenazs nagyobb aranyu lassan
lebomlé frakcidja allhat. A zabot és olaszperjét tartalmazo keverék (19,1%), a gabonafélé-
ket és olaszperjét tartalmazo keverékek (15,2%), és a csak gabonaféléket tartalmazo kev-
erékek (19,7%) aktualis lebonthatdsagi értékei (Alemayehu és mtsai., 2021) ennél job-
bak. A szerzdék azonban 90 napos fermentaci6 utan végezték vizsgalataikat. Az silo er-
jedésének korai szakaszaban a novényi sejtfalak emészthet6sége javulhat. A tejsavter-
melés segithet a sejtfalak felpuhulasaban, ezaltal az NDF kénnyebben hozzaférhetdvé
valik a bend6 mikrobai szamara. A hosszua tavu tarolas soran az NDF emészthetdsége
csokkenhet (Weinberg és Chen, 2013). 6 honapon tul ugyanis a lignin és mas szerkezeti
szénhidratok szorosabb kotéseket alkothatnak, ami megneheziti ezek hozzaférhetségét
a bendémikrobak szamara. A tartds savas hatas a sejtfal szerkezetét is megvaltoztathatja.
Amikor a tejsavas erjedésnek koszonhetden az erjesztéssel tartositott tomegtakarmany
eléri a végs6 pH-értékét, stabilnak tekinthetd. Azonban ez nem jelenti azt, hogy nem zajlik
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semmilyen mikrobiol6giai tevékenység a silédepoban. Némelyik tejsavtermel6 bakté-
rium (heterofermentativ) képes az erjedés soran megtermelt tejsav egy részébdl
ecetsavat szintetizdlni egyszer(i cukrok hidnyaban is. Ha az erjesztett takarmdany
h6hatasnak van kitéve (nyari forr6sag), a Maillard-reakciok soran a cukrok és fehérjék
kozott emészthetetlen komplexek keletkezhetnek, ami tovabb csokkenti az NDF hozzafeé-
rhet6ségét.

A konnyen lebonthaté komponensek felhasznalédnak, igy tobb emészthetetlen, lig-
ninhez kotott rost marad hatra, ami szintén negativan befolyasolhatja az NDF
emészthetdségét (Muck és mtsai., 2001). Mérsékelt takarmanyozasi szint melletti szigni-
fikdnsan nagyobb aktualis lebonthatdésag (18,32%) a C keverék esetében kedvezd ered-
ménynek mondhaté, am alacsonyabb érték, ha 6sszevetjiik Mustafa és mtsai. (2000) ki-
sérletében szerepl6 lucernaszilazs (27%), arpaszilazs (21,9%) és a borsoszilazs (23,5%)
aktudlis lebonthatésagaval, ahol valamennyi szilazs kisebb mennyiségii lassan old6dé
frakcioval és nagyobb bomlasi sebességgel birt, mint a C keverék.

Az ADF-tartalom lebonthat6sagi eredményeit elemezve a keverékek kozott a po-
tencialis ADF-lebonthatdsagot illetéen szignifikans kiilonbséget nem taladltunk, de B és C
keverék ADF-tartalmanak potencialis lebonthatésaga nagyobb (40% feletti), mint A
keverék esetében (28,63%). C és B keverék aktudlis ADF-lebonthat6saga (11,92 ill,,
11,45%) szignifikansan nagyobb, mint A keveréké (8,6%). Alemayehu és mtsai. (2021)
Oszi arpa + 6szi buza + tritikalé keverék esetében 14,6%-ot mért, mivel a gyorsan lebomlé
hanyad az emlitett szerz6k mintaiban nagyobb volt (7,5%), amit az is okozhatott, hogy
90 napos erjedés utan végezték vizsgalataikat.

KOVETKEZTETESEK ES JAVASLATOK

A megfeleléen tartositott 6szi vetésili gabona-pillang6sok és a gabonafélék keveréke a
nagy részaranyu benddben lebomlé szarazanyag- és nyersfehérje-tartalom miatt alkal-
mazhat6 a novendék szarvasmarhak, de akar a nagy tejtermelési tehenek
takarmanyadagjaban, am ez esetben az alacsony ténylegesen lebonthaté NDF- és ADF-
tartalom miatt a keverékeket csak megfeleld koriiltekintéssel, mas rostforrasok fel-
hasznalasaval egylitt javasolt etetni. A hat hénapon tul torténd tarolas csokkenti a ke-
verékek taplaldéanyag-tartalmanak benddbeli lebonthatosagat, igy a silokazlak,
féliatomlék bontasat korabban el kell kezdeni.
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ABSTRACT

The negative impact of stress on physiological processes has been generally known for a long time, but few
studies address the decrease in the motor activity of digestion because of stress. Electromyography, a non-
invasive method used in humans for nearly 100 years, is suitable for measuring smooth muscle activity. In
recent years, the method has also been adapted for pigs. The aim of our preliminary study was to determine
whether ACTH induction affects the smooth muscle activity of the digestive organs in pigs and whether this
can be demonstrated using electromyographic measurements. Measurements were performed on 30 kg Topigs
x Duroc barrows (n = 4) under normal and stress conditions. Stress induction was carried out by intravenous
administration of ACTH injection at a dose of 10 ug/kg body weight, which dose corresponds to a mild stress
effect. Data were recorded continuously for 8 hours, segmented into 30-minute intervals during data pro-
cessing, and analyzed using Fast Fourier Transformation and expressed as Power Spectrum maximum mea-
sure of value. Our results showed significant decrease in smooth muscle activity in stomach and a tendency for
reduce in small intestine post ACTH induction, which may influence digestive processes through reduced motor
activity.

OSSZEFOGLALAS

A stressz élettani folyamatokra gyakorolt negativ hatdsa régdta ismert, de kevés kutatds foglalkozik az
emésztés okozta stressz miatti motorikus aktivitdsdnak csékkenésével. Az elektromiogrdfia, eqgy humdn vonat-
kozdsban kézel 100 éve alkalmazott non-invaziv mérési modszer, alkalmas a simaizmok aktivitdasdinak mé-
résére. Néhdny éve sertésekre is megtirtént a mddszer adaptdcidja. Vizsgdlatunk célja annak megdllapitdsa
volt, hogy enyhe, indukdlt stresszhatds befolydsolja-e a sertések emésztdszerveinek simaizom aktivitdsdt, és
ez elektromiogrdfids mérésekkel igazolhaté-e. 30 kg-os Topigs x Duroc genotipusiu drtdnyokon (n = 4)
végeztiink elektromiogrdfids méréseket normdl és stressz koriilmények kézétt. A stresszindukcié 10
ug/testtomegkilogramm ACTH injekcié intravénds alkalmazdsdval tértént, amely dozis enyhe
stresszhatdsnak felel meg. Az elektromiogrdfids jeleket 8 ordn dt régzitettiik, az adatfeldolgozds sordn 30
perces szakaszokra bontva és Fast Fourier Transzformdcidval elemezve, Power Spectrum maximum értékmé-
rével meghatdrozva. Eredményeink szerint az ACTH injekcid beaddsa szignifikdns aktivitdscs6kkenést ered-
ményezett a gyomorban és tendenciézus aktivitdscsékkenést a vékonybélben, ami a motorikus aktivitds vdl-
tozdsa miatt befolydsolhatja az emésztési folyamatokat.
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Application of One Health Concept in Farm Animal Nutrition

INTRODUCTION

The German Animal Welfare Act states: “No one may cause pain, suffering or harm to an
animal without reasonable cause”. The criteria include health, natural behaviour and
well-being of the individual animal (Martinez and von Nolting, 2023). These are the
European principles nowadays, which relate to animal experiments. The 3R principles -
Reduction, Refinement, and Replacement - are essential in modern in vivo experimental
animal research to ensure ethical treatment of animals. Under Refinement, non-invasive
methods that avoid harm or stress are prioritized, including advanced sampling tech-
niques. One such method for monitoring gastrointestinal tract (GIT) activity is electro-
myography (EMG). This technique records the electrical activity of smooth muscles, of-
fering a stress-free and harm-free alternative for assessing motility and function, aligning
with ethical and scientific standards. The measurements are based on the electrical sig-
nals generated by the interstitial cells of Cajal. These cells generate the action potential,
slow waves that regulate the rhythm of smooth muscle contractions in the gastrointesti-
nal tract (Sanders et al., 2006).

Electromyographic measurements have a history of nearly 100 years in human terms
(Alvarez, 1922). A few years ago, experiments were conducted with pigs also, in which
the electromyographic method was used (Nagy et al., 2021; Roszkos, 2022). Research on
stress is particularly important nowadays since stress negatively affects the performance
and well-being of farm animals (Martinez-Mir6 et al., 2016). The goal of the research aim-
ing to explore the effect of stress is to develop new, more effective strategies for prevent-
ing stress and alleviating its negative effects. Although studies with electromyographic
measurements appear in preclinical studies mostly with rats (Sziics et al., 2018), in a
stress model with awake, free-moving pigs there was no example of it, yet.

The aim of our preliminary study was to determine whether adrenocorticotropic hor-
mone (ACTH) induction affects the smooth muscle activity of the digestive organs in pigs
and whether this can be demonstrated using electromyographic measurements.

MATERIALS AND METHODS

The experiment was conducted at the Hungarian University of Agriculture and Life Sci-
ences, Department of Farm Animal Nutrition, in December 2023. During the study, 4
Topigs x Duroc growing barrows were involved with an average body weight of 30 kg.
The pigs were kept in individual pens with concrete floors without bedding. Feeding oc-
curred 2 times a day at 8 a.m. and 3 p.m. with ad libitum drinking water. Considering that
we investigated the effect of stress in our self-control study, the animals needed to be well
prepared for the measurements in a period which lasted for about one month. The ani-
mals had to become comfortable with handling and human presence as well as wearing
the west that holds the wires and the holter used for electromyographic measurements.
A self-control experiment was designed, the same animals were measured on the control
and on the stress-induced day. There were two following days, the first day was the con-
trol day without stress, while on the stressed day the animals got ACTH injection (Sy-
nachten 0,25 mg/1 ml) through a permanent vein catheter intravenously at a dose
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of 10 pg per kilogram of body weight, in order to perform standardized stress induction.
The dose stands for a mild stress effect due to a short-term increase in cortisol levels.

For electromyographic measurements, we used the data-collecting holter device from
MSB-Met Kft., which is capable of gathering data using a wire connected to two electrodes
placed on the surface of the skin. After shaving and cleaning the required area, two self-
adhesive electrodes were applied to the skin. One electrode on the left side was placed
near the heart, right behind the front left leg. The other electrode on the right side was
placed on the fold of the skin connecting the pig's thigh and lower abdomen. The mea-
surements lasted for 9 hours from which 8 hours were analysed. For data analysis, we
used the EasyChart software. The measured 8 hours were divided into 30-minute inter-
vals. From the 8-hour-long analysis we assigned the main interval: between the timepoint
of the ACTH injection and 2 hours after the administration. For data analysis, we selected
from the software the Power Spectrum maximum (PSmax) analysis function, which cal-
culates with Fast Fourier Transformation the muscle work done by the organ in the se-
lected 30-minute interval. Statistical analysis was performed with paired Student's t-test,
comparing data of 30-minute intervals of the control day with data of the stress induction
day of each animal’s own.

RESULTS AND DISCUSSION

There was a significant difference in blood serum cortisol levels measured through the
control day and the stressed day as shown in Figure 1.
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Figure 1 Blood serum total cortisol levels on the control day and stress-induced day, n = 4

Blood serum total cortisol levels were in a normal range on the control day (Plut et al.,
2023). On the stress-induced day, the cortisol levels were significantly higher (p < 0,05)
between the 15t and 75t minutes post-stress induction. This proves that the stress in-
duction was successful. Results of the smooth muscle activity in different segments of the
gastrointestinal tract right after the stress induction compared to the pairwise periods in
nonstressed days are shown in Figure 2.

The smooth muscle activity of the stomach decreased significantly (p < 0.05) in the 60-
minute interval after administration of ACTH injection. In 30-minute intervals 90 minutes
after the ACTH injection the activity of the small intestine reduced slightly (p = 0.09) The
activity of the large intestine was statistically the same on the control and stress-induced
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day until the 120t and 150t-minute interval, the activity increased at that time point.
The numerical decrease in smooth muscle activity is noticeable across all three digestive
organs in most of the intervals post-ACTH induction.

The exact mechanisms by which stress influences gastrointestinal motility are primar-
ily explored in the literature through review articles emphasizing hormonal interactions
and invasive experiments conducted on rats. These studies typically confirm the occur-
rence of motility reduction without elucidating its precise pathways. To date, the impact
of stress on digestive motility remains unclear (Pluske et al., 2019), particularly in swine,
where the literature is notably sparse.

Some sources (Heymann-Moénnikes et al,, 1991; Lewis et al., 2002) attribute this re-
duction to the effects of corticotropin-releasing factor (CRF). However, the process is con-
siderably more complex in the body, involving a biochemical cascade where ACTH ap-
pears after CRF release, followed by cortisol production.
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Figure 2 Means with standard errors of smooth muscle activity of the stomach, small intestine, and large
intestine in each 30-minute interval post-stress induction
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Other studies suggest that Prolactin-releasing peptide (PrRP) may regulate gastric mo-
tor activity within the dorsal vagal complex by modulating excitatory synaptic inputs
from the nucleus tractus solitarius to vagus motor neurons projecting to the stomach
(Grabauskas et al.,, 2004). Despite these findings, no literature addresses the time-domain
reduction in the activity of digestive organs' smooth muscle, post-stress, but the answers
are likely to be found in the hormonal background activity affecting the entire organism.

CONCLUSIONS

Electromyographic measurements can be performed on awake, freely moving pigs in a
stress model. Using this method, the activity of the three measured digestive organs was
detectable. Even mild induced stress (e.g., a low dose of ACTH) reduced the activity of the
stomach and small intestine; in the stomach post-ACTH induction, this reduction was sig-
nificant even with a low animal number.
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TUKREBEN - IRODALMI OSSZEFOGALO
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OSSZEFOGLALAS

A napjainkban zajlé intenziv globdlis élddllat-kereskedelem és klimavdltozds egyre aktudlisabbd teszi a
jdrvdnyvédelem kérdéskérét. Ennek ellenére a jarvdnyvédelmi felmérésekrdl és azok lehetdségeirdl elég sze-
gényes a hazai tudomdnyos szakirodalom. Egyre fontosabb, hogy szélesebb korben is foglalkozzunk ezzel a
kérdéssel. Nemcsak a kiils fenyegetés szempontjabdl kell gondolni a jarvdanyvédelemre, hanem a telepen jelen
1évé kérokozdk szadmdnak lecsékkentésében is nagy szerepe van. Ehhez fontos a megfelelé C&D-protokollok
megléte és azok felmérése. Jelen kozleményben a jdrvdnyvédelem és C&D-protokollok torténeti dttekintése és
a nemzetkézi irodalom relevdns cikkei keriilnek Osszefoglaldsra egy hazai kisérlettervezés megel6zd
lépéseként, mely kifejezetten koncentrdl a vdlasztds utdni hasmenésre, amelyben mindkét emlitett téma je-
lentds szereppel bir.

ABSTRACT

Nowadays intense global livestock trade and climate change make the issue of disease control increasingly
actual. Nevertheless, there are not enough scientific literature on biosecurity surveys and their importance in
Hungary. It is increasingly important to address this issue in a broader context. When we are speaking about
biosecurity besides risks from outside it also has an important role in reducing the number of pathogens on
farm level. For this the right C&D protocols are important, and we have to assess them. In this paper, a histor-
ical review of disease control and C&D protocols and relevant articles from the international literature are
summarised as a preliminary step of a pilot design specifically focusing on post-weaning diarrhoea, in which
both play a significant role.

A JARVANYVEDELEM ES HIGIENIA JELENTOSEGE

Ha a jarvanyvédelem lényegét szeretnénk Osszefoglalni egyszeriien, azt mondhatjuk,
hogy célja a betegségek behurcolasanak és allomanyon beliili terjedésének megakada-
lyozasa. Ha jok a jarvanyvédelmi intézkedések, akkor egészségesebb lesz az allomany,
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ami a kevesebb megbetegedésben és kevesebb elhullasban szamszerlsithetd. E kettd
szorosan 0sszefligg egyre fontosabba val6 kérdésekkel, mint a hatékonysag és fenntart-
hat6sag, illetve az antimikrobidlis rezisztencia. Ha egyes mentesitési programokrol tar-
gyalunk, ott is sarkalatos pont kell legyen a mentesiteni kivant dllomany jarvanyvédelme.
Sajnos tobb tanulmanybdl is kideriill, hogy a gazddak nem szivesen aldoznak a
jarvanyvédelemre sem forrast, sem id6t (Brennan és mtsa., 2012). Ennek okaként a nem
elegendd bizonyitékot jelolik meg annak megtérilésében. Valéban nehéz
szamszer(siteni a jarvanyvédelmi befektetések jovedelmezdségét, példaul koltség-
haszon arannyal, de mindenképp elmondhat6, hogy a megel6zés és a kezelés ha-
tékonysaga kozt nagysagrendnyi kiilonbség van. Ennek hangsulyozasa elengedhetetlen a
mindennapi allatorvosi munka soran, folyamatosan id6t kell szanni a gazdak oktatasara
és javaslatokat tenni a jobb jarvanyvédelem érdekében. A jarvanyvédelem szerves részét
képezi a telepen hasznalatos tisztitasi és fert6tlenitési (C&D) protokoll, amelynek szamos
lényeges pontja befolyasolja annak hatékonysagat. A malacok valasztasi hasmenésében
mindkét emlitett tényezd jelentds szerepet jatszik, de ezek mellett szamos egyéb
menedzsmenti tényez6t is figyelembe kell venni.

A jarvanyvédelem modern, harom szintii megkozelitése

A jarvanyvédelem harom szintje a koncepciondlis, strukturalis és proceduralis
jarvanyvédelem. Koncepcionalis jarvanyvédelem alatt azt értjiik, amikor megvizsgaljuk a
telep kornyezetét és felmérjiik az adott dllomany allategészségiigyi statuszat, majd meg-
hatarozzuk, milyen kockazati tényezdkkel kell szamolnunk. Ide tartoznak a telepen jelen
1év6 korokozok, a kozelben 1évé allattartok, kiilteriileten talalhaté vadallomany, a nagy
forgalmu utak, ahol jelentds allatszallitas torténik, esetlegesen vagohidak dsszefliggésben
a foldrajzi adottsagokkal, példaul: szélirany, domborzati viszonyok. Az els6 pontban meg-
hatarozott kockazatokra felkészilve kell kialakitani azt a védelmi rendszert, ami a
strukturalis jarvanyvédelmi rendszert alkotja. Ez olyan szerkezeti elemek 6sszessége,
melyek célja az el6z6 pontban felmért lehetséges korokozok bejutasanak megakada-
lyozasa. A proceduralis jarvanyvédelem kapcsan a mindennapi gyakorlat folyamatait kell
attekinteni. A rendelkezésre all6 szerkezeti elemeket rendeltetésszerien hasznaljuk-e,
hogy azok betdlthessék funkcidjukat. A jarvanyvédelem hatékonysagat az egyik legfon-
tosabb indikator, az allatok egészségi allapota altalaban jol jelzi. Ehhez a kezelésekkel,
selejtezéssel és elhullassal kapcsolatos adatokat sziikséges attekinteni. A megkozelités
valtozik, de a jarvanyvédelem alapvetd eszkozei mar a 90-es években is hasonldak voltak
(Duncan, 1990).
Altalanos érvényii alapelvek:

e zart allomany fenntartasa,

o megfelel6 szabalyozas a vasarolt allatok esetében,

e biztonsagos takarmany és ivoviz biztositasa,

e jarmi- és személyforgalom korlatozasa,

e ragcsalo- és madarkontroll,

e JAllomany-egészségligyi statusz meghatarozasa és monitorozasa.
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Egy, a modern jarvanyvédelemhez kapcsolddé egyenlet: M = S x [ XV, ahol M = a meg-
betegedés mértéke, S = fogékonysag az adott kérokozora, I = fert6zéses nyomas,
V =virulencia (Buza, 2022).

A modern megkdzelitést egyeldre csak kitekintésként hasznalndm, mivel a szakiroda-
lom inkdbb még a hagyomanyos felosztas alapjan irédott.

KULSO JARVANYVEDELEM

Tenyészallat-utanpoétlas, karanténozas, termékenyité anyag

Az é16 allatok bevitele az egyik legkockazatosabb folyamat djabb patogének bejutasa
szempontjabol, azonban a mai modern termelési elvarasok szinten tartasahoz
elengedhetetlen a folyamatos dllomanyfrissités és genetikai elérehaladas. A tenyészallat-
utanpotlasra lehetdség van kiilsd allomanybol vagy sajat tenyészsiild6-nevelésbdl, de a
sperma az esetek nagy tobbségében kiils6 kanallomdasrdl szarmazik. A sajat siilldénevelés
soran zartabban tudjuk tartani a telepet, viszont megneheziti egyes fert6z6 betegségektdl
val6 mentesitést, és nem is érhetd el akkora genetikai elérehaladas, mint a kiilsé al-
lomanybdl szarmazé tenyészsiildék esetében. Mivel nem Kkeriilhet6 el a sperma vagy
tenyészallat beszallitasa, igy fontos, hogy meghatarozzuk, milyen betegségektdl kell
mentes legyen a beszallitani kivant allat vagy termékenyitd anyag, és ennek igazolasara
milyen vizsgalatokat kériink. Az 1) allatok beszallitdsanak leghatékonyabb
jarvanyvédelmi eljarasa a megfelel6 karanténozas (Barcel6 és mtsa., 1988). A karantén
elhelyezkedését illet6en minimum 1 km javasolt mas sertéstarto létesitményektél, amely
elegendd a legtobb levegdvel és vektorok utjan terjedd betegségek kockazatanak
lecsokkentésére, azonban szamos virus terjedését ennél hosszabb tavolsagra is meg-
figyelték mar korabban, a PPRS és a M.hyo (Mycoplasma hyopneumoniae) akar 9 km-re
is terjedhet (Otake és mtsai., 2010).

A nagy sertéssiiriiségli teriileteken a légbeejt6knél vagy ablakoknal alkalmazott
szlir6k megfelel6 hatékonysagunak bizonyultak a kérokozék bejutasanak megakada-
lyozasa szempontjabol. A sziir6k koziil a jelenleg elérhetd legjobb a HEPA-sziir6, de mas,
olcsébb lehetdségek is megfeleld hatékonysagot mutattak (Wenke és mtsai.,, 2017). A
karantén ideje harom tényez6tol fligg. Az altalunk elkertilni kivant betegségek lappangasi
ideje, ezen betegségek fert6zésatadasiideje, valamint a diagnozis felallitasahoz sziikséges
id6. Az esetleges betegségek miel6bbi felfedezése érdekében az allatokat naponta
sziikséges megvizsgalni. Az esetlegesen megerositett fert6z0 betegségek esetére
vészhelyzeti forgatokonyvvel kell rendelkezni (Dewulf és mtsai., 2019). A karanténozas
f6 célja az esetleges fert6z6 betegségek behurcolasanak megakadalyozasa, azonban eb-
ben az id6szakban kell elvégezni a beszallitand6 allatok akklimatizacidjat is, hogy az im-
munrendszerik felkésziiljon a telepen talalhaté kdrokozdkkal szemben (Garza-Moreno
és mtsai, 2017). A termékenyit6 anyagnak rendelkezni kell a megfelel6 mentességi
igazolasokkal, és legjobb, ha a tenyészallat-utdnpdtlashoz hasonléan ennek beszerzése is
egy eredetre korlatozddik (Maes és mtsai.,, 2016). A személy- és jarmiiforgalom fontos
bejutasi utvonala lehet egyes Uj kérokozéknak, mert a mindennapi miikédéshez szdmos
jarmi és ember szilikséges (Dee és mtsai., 2004).
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Egyes ragalyfog6 targyak, mint a csizma vagy a ruhazat, de akar a kontaminalt
borfeliilet is szamos korokozo terjedését segitheti (Otake és mtsai,, 2002). Az emberek
kozvetleniil is megfertézhetik a sertéseket olyan zoonotikus kérokozdkkal, mint az influ-
enza (Rajao és mtsai.,, 2019). Az alapvetd korlatozé intézkedés a ,tiszta” és szennyes
ovezetek elkiilonitése kell legyen. Tiszta 6vezet a telep belsd, jol koriilhatarolt része, ahol
lehet6ség van a sertésekkel valé kozvetlen és kozvetett érintkezésre. A szennyes
oveztben el6fordulhatnak olyan patogének, amelyek veszélyt jelenthetnek a sertésekre,
ezért minden olyan feliiletre, ahol a szennyes és tiszta 6vezet kozt atjaras van, higiéniai
kaput kell 1étesiteni. A szennyes és tiszta utvonalakat szintén el kell kiiloniteni, azok nem
keresztezhetik egymast.

A keritésnek megfelel6en erds anyagbol kell késziilni, és a talajba is le kell asni a vadal-
latok bejutasanak megakadalyozasa érdekében, mivel szamos kérokozot terjeszthetnek,
mint a klasszikus sertéspestis (KSP), afrikai sertéspestis (ASP) vagy az Aujeszky betegség
(Filippitzi és mtsai., 2018). J6l elkiilonitett kiils6 parkolot kell 1étrehozni csak a feltétlentil
sziikséges behajtasra tekintettel - pl. llatorvos. Vannak olyan folyamatok, amelyekhez
elengedhetetlen a viszonylag nagy jarm{iforgalom. Illyenek a takarmany- és tragya-, vala-
mint a hullaszallitas. A telepet Ugy kell kialakitani, hogy ezek a jarmiivek egy kiils6 szen-
nyes utroél is elvégezhessék a feladatukat, és ne kelljen belépniiik a telepre. A szallitd
jarmivek, azok sof6rjei semmiképp nem léphetnek kapcsolatba az allatokkal. Egy vizsga-
lat sordn a PEDV (Porcine epidemic diarrhea virus vagy a sertés jarvanyoshasmenés-
virusa) atvitelét elemezték, és megallapitottak, hogy a labbeli és a kiils6 6ltozet konnyen
kontaminal6dik. Mar csekély mennyiségl, ruhazaton megtapado6 szeny-nyez6dés is ele-
gendo lehet egy telep fert6z6déséhez (Lowe et al., 2017).

A minimum kovetelmény a telepre 1épés el6tt a kézmosas és fert6tlenités, valamint a
teljesoltozet- és csizmacsere, de a legnagyobb kockazatot a haj vagy az orr- és szdj
nyalkahartya kontaminacidja jelenti. Egy kisérletben a PEDV o6rokit6anyagat fert6zott
allattal talalkozott dolgozo6 hajabdl a fert6zott allattal valo talalkozas utan egy nappal is
ki tudtdk mutatni, bar ez a fert6zésatvitel szempontjab6l nem volt relevans (Kim és
mtsai., 2017). A telepre bevitt személyes targyak is kifejezett kockazatot jelenthetnek,
mint a laptop vagy a mobiltelefon, ha azokat nem fert6tlenitik megfelel6en. Egy 2016-o0s
kisérletben azt talaltdk, hogy a M. hyo. kiilonb6z6 feliileteken 4 °C-on akar 8 napig is
életképes maradhat (Browne és mtsai., 2017). Az Influenzaval és PRRS-el kapcsolatos
tanulmanyok soran bebizonyosodott, hogy a fert6zott sertésekkel kapcsolatba kertilt
csizma, keszty(i, 0ltozet, vagy emberi borfeliilet konnyen forrasa lehet a fert6zésnek
(Amass, 2004). A sertéstermékek fogyasztasa a telepen beliil szintén szigoruan korlato-
zando olyan fontos kérokozok miatt, mint az ASP (Farez és mtsa., 1997).

Allatok szallitasa

A telepek kozott vagy a vagéhidra allatokat szallité jarmiivek fontos szerepet jatszhatnak
a patogének terjesztésében, ezért a legtobb telep a sofdr altal bemutatott fert6tlenitési
igazolas mellett a telepre vald belépés el6tt maga is fert6tleniti a jarmiiveket (Pitkin és
mtsai., 2009). Az allatok be és kiszallitasa az egyik legkockazatosabb folyamat, mert a
telepen talalhato allatok ebben az esetben keriilnek a legkdzelebb a telepen kiviili
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jarmiivekhez és személyekhez. A kockazat csokkentésének legjobb médja egy megfeleld
rakodo tertilet kialakitasa. Ennek része kell legyen egy kiils6 ,koszos” parkolo, amely egy
kezel6folyosohoz vezet, ami elég sziik ahhoz, hogy a sertések egyesével tudjanak haladni.
A folyoson egy alacsony magassagu kapu kell legyen, amin a sertések konnyen atférnek,
de az emberek allva nem férnek at. A kapun beliili részt tiszta résznek kell tekinteni, ide
mar nem johet vissza sertés (Alarcon és mtsai., 2021).

Kornyezo létesitmények

Egy korabbi kutatas szerint az arutermeld telepeken az j PRRS-kitorések 80%-a mas
gazdasagokbol szarmazott, de a fert6zés pontos utjat nem sikeriilt azonositani. Itt a
kockazatbecsléshez ismerni kell a kozelben 1év6 telepeket, vagéhidakat, egyéb
létesitményeket, illetve az ott el6fordul6 allatok egészségligyi statuszat (Torremorell és
mtsai., 2004). Az ilyen 1étesitmények 1 km-en beliili elhelyezkedése jelentésen noveli a
kockazatot (Barcel6 és mtsa., 1988). Az egyik lehetséges terjedési méd a kiilénboz6
létesitmények kozott a levegén keresztiili terjedés. Ez nemcsak a telepek Kkozti
tavolsagtdl, hanem az id6jarasi viszonyoktdl is fligg, mint a szél csapadék vagy a paratar-
talom, valamint a féldrajzi adottsagoknak is fontos szerepe van (Alarcon és mtsai., 2021).
Szamos olyan kérokozé van, amelyet mas allatok visznek at a sertésallomanyokra. Itt
kiemelked6 a ragcsalok szerepe, bar altaldban az egerek csak 25-150 m-es korzetben
mozognak (Backhans és mtsa., 2012). Egy-egy patkany esetében 3 km megtételét is meg-
figyelték egy éjszaka alatt (Akande, 2008). A rovarok is lehetnek mechanikai vektorok,
amelyek 2-3 km-es z6naban mozognak, bar eddig még csak néhany szaz méterre valé ter-
jesztést igazoltak (Robinson, 2005). Néhany madarfajt korabban azonositottak egyes
kitorések okozoéiként, ezért fontos az olyan szerkezeti elemek alkalmazasa, amely le-
het6vé teszi a madarak fehér zonan kiviil tartasat. A sziirke zéndban elhelyezked6
takarmanysilok zartsaga is fontos, mivel a benne 1évd takarmany madarfajok tirtilékével
kontaminal6dhat, ezaltal a Salmonella fert6zési forrasa is lehet (Pilchard, 1965).

Takarmany és ivoviz

A takarmanykever6 lizemben is szigoru jarvanyvédelmet kell tartani. Itt a legnagyobb
veszélyforras a mar kész takarmanyok kontaminalddasa. A gyartas soran a h6kezelés és
egyéb anyagok hozzaadasa csokkenti az esetlegesen jelen 1év6 kérokozok fert6zéképes-
ségét, ezaltal minimalizalva a kockazatot (Cochrane és mtsai.,, 2017). Az ivoviz szintén
kozvetitdje lehet szamos korokozonak, ezért kifejezetten fontos a kutak megfelel6 zart-
saga és védelme. A viz mikrobiolégiai mindségének ellendrzését évente érdemes elvé-
gezni (Roman és mtsai., 2006). A cs6vezetékekben az éves miikodés soran nagy esély van
a biofilmképzddésre, amely szintén lehet fert6zési forras, ezért az ivévizrendszert is
rendszeresen kell tisztitani (Dewulf és mtsa., 2019).
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BELSO JARVANYVEDELEM

Menedzsment

A legfontosabb az all-in/all-out szigoru betartasa, ezaltal nem keverednek az egyes
korcsoportok és allatcsoportok, valamint jol kombinalhatd a tisztitasi és fert6tlenitési
folyamatokkal, ezért kiemelkedd a patogén cirkulacié lecsokkentésében (Isomura és
mtsai., 2018). Ehhez a dolgoz6k megfeleld napi rutinja is hozzajarul.

Altalanos higiénia és C&D

A megfeleld menedzsmentet ki kell egésziteni, a j6 altalanos higiéniai gyakorlatokkal,
hogy a dolgozdk se legyenek fert6zéskozvetiték az egyes korcsoportok kozott. Ehhez a
megfelel6 napi gyakorlat szerint mindig a fiatalabb allatoktél kezdve kell haladni az
id6sebbek felé. Az egyes termelési egységek kozt is fontos a megfeleld fert6tlenités. A
legjobb gyakorlat, ha minden egységnek megvan a sajat dolgozoéja, aki csak az adott rész-
legben mozog, illetve ez jol szemléltethetd azzal is, ha ezekhez az egységekhez kiillonb6z6
szind 0lt6zék és eszkozok tartoznak, ezzel megel6zve ezek fert6zésatvivl szerepét. Azo-
nos egységben a korcsoportok kozott mindig sziikséges a csizmamosoék és fert6tlenitok
hasznalata, valamint a kézmosas és fert6tlenités (Alarcén és mtsai, 2021). A
labfert6tleniték hasznalatanal fontos figyelembe venni a behatasi id6t, illetve annak val-
tozasat a folyamatosan noévekvd szervesanyag-szennyez6dés miatt. A j6 gyakorlat, ha
el6szor megtorténik a csizma tisztitasa, majd utana a fert6tlenitése, mivel, ha nem tavo-
litjuk el a szennyezddést, a fert6tlentd nem képes lecsokkenteni a kérokozok szamat
(Amass és mtsai., 2000). A higiéniai elemek koziil a legalapvet6bb a kutricak tisztitasa és
fert6tlenitése. Ezzel foglalkozé tanulmanyok altalanos kovetkeztetése, hogy az 6sszes
fertétlenitészer jobb hatékonysagot mutat, ha a szerves anyag korabban megfelel6en
eltavolitasra kertil.

Egy konkrét kisérletben a klérkrezolalapu készitményeket talaltidk a leghatéko-
nyabbnak a csizmak fertdtlenitésére, a feliiletek fert6tlenitése szempontjabdl az aldehi-
dalapuak voltak kiemelked6ek (Gosling, 2018). Itt elengedhetetlen a megfeleld
hétlépéses protokoll hasznalata. Egy Ugandai tanulmanyban 27 telepet vizsgalva a
megfelel6 fert6tlenitd hasznalataval jelent6s szeropozitivitas-csokkenést talaltak a Strep.
suis tekintetében (Dione és mtsai., 2018).

A jarvanyvédelem értékelése és szamszeriisitése

A Genti Egyetem kidolgozott egy kérddives rendszert, amely az egyes befert6zddési le-
het6ségek esélyével korrigalva egy kockazat alapjan sulyozott szazalékos értékeléssel
teszi Osszehasonlithatéva a telepeket és mutat ra azok gyenge pontjaira (Gelaude és
mtsai., 2014). A kérdo6ivet hasznalva 2019 és 2022 kozott tobb eurdpai telep felmérése
soran azt talaltak, hogy az input anyagok bevitele soran nem forditanak elegendd
figyelmet azok fert6tlenitésére, ami a kiils6 jarvanyvédelem szempontjabél lenne fontos.
A belsd jarvanyvédelem soran pedig a nagyon alapvetdnek tiin6 folyamatok, mint a kéz
és labbeli fert6tlenitése, szorulnak hattérbe. A legnagyobb hidnyossag a C&D-protokollok

106



21. Nemzetkozi Takarmanyozasi Szimpézium és Egy Egészség Nap

végrehajtdsa utani ellen6rzé mintavételekben mutatkozott, mivel ezt csak a vizsgalt
telepek 1%-an végezték el (Makovska és mtsai., 2024).

Egy 2023-as tanulmanyban 20 sertésallomanyt vizsgaltak egy 12 honapos id6szakban
a jarvanyvédelem és a higiéniai gyakorlatok tekintetében. A hatékonysag ellenérzésére
az ATP-mérést és egyes sentinel korokozok kimutatasat hasznaltak. A telepek elsd felme-
rése utan telepspecifikus javaslatok nyoman, folyamatos helyszini oktatasokkal jelentds
javulast tudtak elérni. A javulas ellenére még mindig nagy aranyu Menticillin Rezisztens
Staphylococcus Aureus (MRSA) -torzset tudtak kimutatni, amely hangsulyozza a
jarvanyvédelem és higiénia tovabbi javitasanak sziikségességét a dolgozdk és a sertések
védelme érdekében az egy egészség koncepcid tiikrében (Scollo és mtsai., 2023).

Valasztasi hasmenés

A cinkoxid 2022-es betiltasa, valamint az antibiotikum-felhasznalas csokkentésének
el6térbe Kkeriilése miatt djra fokuszba keriilt a valasztasi hasmenés. Egy 2021-es
tanulmanyban két gazdasagban vizsgaltak a valasztas utani hasmenés el6fordulasat és a
jellemzé kérokozdkat. A két telepen a valasztast koveté 14 napban 41, és 51,1% volt a
hasmenéses malacok aranya. A végbéltampon-vizsgalatok laboratériumi vizsgalata soran
azt talaltak, hogy az ETEC (enterotoxint termeld Escherichia coli) csak kis aranyban fordul
eld, ezzel szemben a rotavirusos megbetegedések jelentds részaranyt képviselnek. A
tobbszor ellett kocak malacainal kevésbé fordult el6 hasmenés a valasztas utan, mig a
kisebb sziiletésli sulyd malacoknal nagyobb eséllyel - 1100 g alatt 2,3-szor nagyobb
valdszintiséggel (Eriksen és mtsai., 2021).

A valasztasi hasmenés dsszetett koroktanu probléma, a malacok mind immunolégiai,
mind emésztésélettani szempontbdl egy érzékeny id6szakban vannak, ezért kifejezetten
fontos a megfelel6 kornyezeti kortilmények biztositasa. Egy 2017-es vizsgalatban 20 mal-
acot valasztottak le rossz tartasi koriilmények kozé, ezzel probaltak kivaltani a va-lasztasi
hasmenést. Valasztas utan 2 héttel 20-bdl 13 malacnal 2-3 napig folyékony bélsar volt
megfigyelhetd, ezeket a malacokat hasmenésesként azonositottak. Az egészséges mala-
coknal a Prevotellaceae, Lachnospiraceae, Ruminocacaceae és Lactobacillaceae fajok val-
tozatosabbak voltak. Az egészséges és hasmenéses malacoknal mar a valasztas el6tt egy
héttel is kiilonbség mutatkozott a bél-mikrobiomban (Dou és mtsai., 2017).

SAJAT KUTATASOK

A fenti 6sszefoglald alapjan tervezziik elvégezni sajat kutatasunkat, amelyben néhany (3-
5) hazai nagy létszamu sertéstelepen végeznénk el a jarvanyvédelem, valamint a C&D-
protokollok felmérését és annak javitasara vonatkozo javaslatokat tennénk, amit telepi
oktatas keretében kévetnénk nyomon. Egy 12 hénapos idészak utdn tjra értékelnénk a
telepeket és meghataroznank a javulas mértékét. A valasztasi hasmenés megoldasara a
jarvanyvédelmi és higiéniai gyakorlat javitasa mellett egy takarmanykiegészit6 etetését
is kiprébalnank. Osszességében azt varjuk, hogy ezekkel az intézkedésekkel csékkenteni
tudjuk az antibiotikumfelhasznalast, ezaltal a rezisztencia kialakulasanak esélyét; a meg-
betegedett és elhullott allatok szamat, igy novelve az allatjollétet és a telepek termelési
hatékonysagat.
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ABSTRACT

The study included 24 fatteners of Swallow-Belly Mangalitsa reared in different rearing and feeding/nutrition
conditions. In the samples of the two groups (G1 and GZ2) of pigs, subcutaneous backfat tissue (SFT) was
examined for the chemical composition and fatty acid concentrations. The obtained results of the analyses of
solid fatty tissue show that the average share of protein and fat in samples of solid fatty tissue was 1.62 *
0.36% and 87.57 + 6.50% for G1 and 1.31 + 0.10% and 91.07 + 1.43% for G2. The determined difference in the
share of protein and fat was highly statistically significant (P < 0.0001). The same level of significance was
determined for the proportion of linoleic (LA, 18:2 n-6) MUFA, PUFA and n-6 fatty acids (P < 0.0001). The
determined proportion of water was higher in the G1 group (4.94%) compared to G2 (4.44%), while the pro-
portion of palmitoleic acid (PA, 16:1) was lower in the G1 group compared to G2 (3.01: 4.07%). The determined
differences for both traits were statistically significant (P < 0.05). No statistically significant difference was
found for the share of ash and the share of other fatty acids, SFA, n-3 and n-6/n-3 (P>0.05). In the research, it
was determined that the animals from the G2 group had a higher share of n-3 fatty acids (2.48%) compared
to the animals from the G1 group (1.87%) and that the determined n-6/n-3 ratio was better in the G2 group
compared to the G1 group (4.97:7.83). The best omega-6: omega-3 ratio should be 2:1. Humans get too much
omega-6 in the diet and it's usually 5:1 to 10:1 in the human diet. Studies show that lowering the ratio of
omega-6 (from vegetable oils) to omega-3 (from fatty fish, meat, fats and some vegetable oils) fatty acids is
important for the reduction of the risk of developing malignant and cardiovascular diseases, inflammatory
conditions and some forms of depression.

INTRODUCTION

Animal genetic resources, as a part of nature’s biological diversity, have been developed
through the domestication of wild species by mankind for mankind. Today’s species of
domestic animals have been shaped through selection, random genetic changes (genetic
drift), and mutations, and they carry different phenotypes and genotypes. Their adaptive
and productive potential varies from region to region due to changes in the set of genes
they carry. These genetic variations accumulated over years of domestication in different
places represent a resource for developing new strategies to combat environmental
stress and face new production challenges. Agricultural biodiversity is the product of
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thousands of years of human activity in which people try to meet needs in a wide range
of social, climatic and ecological conditions. Well-adapted and developed livestock pro-
duction is an essential element of the agricultural production system and is of key im-
portance for the food security of the population. The preservation and improvement of
animal husbandry, animal genetic diversity, the preservation of locally adapted (autoch-
thonous) and the development of new breeds, as well as the preservation of genetically
diverse populations, provide society with a greater range of options to meet future chal-
lenges and the development of agriculture (Radovi¢ et al, 2019a). In addition to the
genotype, the diet and pig-rearing method are the most important factors affecting the
quality of meat and fat tissue. The diet must be, first of all, balanced in a way to maximize
the genetic potential of the animal during fattening.

The Mangalitsa, a fatty type of pig, is an autochthonous swine breed in Serbia, where
it has been present for more than 100 years. Today, breeding Mangalitsa pigs are com-
mercialized by processing high-quality meat into products to attract growing interest in
food production and consumer markets. The Mangalitsa pig’s future is heavily dependent
on whether products derived from it can be used effectively, and whether long-term mar-
kets can be secured. Today, consumers not only select meat products according to per-
ceived eating quality and accessible pricing, but they also consider the nutritional value
and the ethical meat quality, as well as animal welfare issues and the level of impact on
the environment caused by the production system (Parunovi¢ et al., 2020). Pigs have the
highest level of accumulation of fat tissue in the carcass, of all the species of domestic
animals. In the case of newborn piglets, the content of fat tissue in the carcass is only
about 2% and its share in the carcass increases with the age of the animal. During the
lifetime of pigs, until the end of the fattening period, mainly the subcutaneous fat tissue
is accumulated, which on average accounts for 60 to 70% of the total fat tissue in the
body; the fat tissue of the body cavities makes up 10 to 15%, and intermuscular fat 20 to
35% (Radovic et al,, 2019b). Pork fat is healthy and necessary in the human diet. Numer-
ous studies have shown that pork fat has 33% less saturated “bad” fats than butter, twice
as many “good” monounsaturated fats and three times the proportion of omega-3 fatty
acids. Pork fat is an excellent source of vitamin B and minerals. Research by Staniewski
et al. (2021) shows that butter made in summer has less myristic acid (C14:0) compared
to butter made in winter (10.56%:12.74%; for both periods the average of 11.65%) was
determined, which is ten times more than the proportion of the mentioned fatty acid
(1.17%) determined in subcutaneous adipose tissue (backfat) in KrSkopolje pigs (Fur-
man et. al., 2010). Oleic acid has multiple positive effects on human life and health (Arsi¢
etal, 2019).

Sunlight exposure in pigs increases the vitamin D content of the loin and may provide
an additional source of dietary vitamin D (Larson-Meyer et al., 2017). In addition to the
importance of human nutrition, certain fatty acids of fats have an anti-infective effect, and
in combination with the root of the comfrey plant, it is used for faster healing of wounds
and broken bones. Mangalitsa is mostly grown extensively and/or semi-intensively. The
meat and fat of these animals have a significant proportion of essential fatty acids and
have an excellent taste, especially in cured products such as salami and hams. Mangalitsa
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is considered a delicacy, and its rearing is becoming increasingly popular due to sustain-
able methods and traditional production (Migdal et al. 2018).

MATERIALS AND METHODS

The study included 24 fatteners of Swallow-Belly Mangalitsa reared in a free-range sys-
tem with different feeding/nutrition conditions. The first group (G1, n = 12) was reared
in the open system, and nutrition consisted of pasture, many different types of fruit (ap-
ple, plum, mulberry), and roots, with the addition of small amounts of addition bread
from the bakery (to 0.3 kg/animal/day). During night and poor weather conditions, ani-
mals were kept in a facility of solid material (brick and concrete). The second group (G2,
n = 12) was reared in the open system, in the wood, and nutrition consisted of pasture,
roots, and oak acorn, with the addition of small amounts of corn (to 0.3 kg/animal/day).
During the night and in poor weather conditions, animals were kept in a wooded area.
Pigs with a body weight between 90 kg and 120 kg were transported at the end of the
trial, in the morning, to the slaughterhouse. On the slaughter line, samples of subcutane-
ous adipose tissue (the back fat, SFT) were taken at the last rib for analysis.

The following measurements were taken of the chemical composition of the SFT of the
pigs: protein, water, total fat, ash and fatty acid concentrations. Chemical composition
was determined by following methods defined by the AOAC (4ssociation of Official Ana-
lytical Chemists, 2016). To determine the concentration of fatty acids, total lipids were
extracted by a rapid extraction method, using solvents on the Dionex ASE 200. A homog-
enized sample, mixed with diatomaceous earth, was extracted with a mixture of hexane
and isopropanol (60:40 v/v) in a 33 mL extraction cell at 100 °C and under nitrogen pres-
sure of 10.3 MPa. The extract thus obtained was steamed in a nitrogen flow at
50 °C until dry fat remains were obtained (Spiric et al., 2010). Fatty acids as methyl esters
were detected by capillary gas chromatography with a flame ionization detector. A pre-
determined quantity of lipid extracts, obtained by the rapid extraction method, was dis-
solved in tert-butyl methyl ether. Fatty acids were converted to fatty acids methyl esters
(FAME) with trimethylsulfonium hydroxide, according to the SRPS EN ISO 5509:2007
method. FAMEs were analysed with a GC-FID Shimadzu 2010 device (Kyoto, Japan) on a
cyanopropyl-aryl column HP-88 (column length 100, internal diameter 0.25 mm, film
thickness 0.20 pm). The injected volume was 1 pL. The temperatures of the injector and
detector were 250 °C and 280 °C, respectively. Nitrogen was used as a carrier gas, 1.33
mL min~1, with a split ratio of 1:50, while hydrogen and air were used as detector gases.
The temperature of the column furnace was programmed to range between 120 °C and
230 °C. The total duration of the analysis was 50.5 min. Methyl esters of acids were
identified according to their retention times, which were compared with those of the mix-
ture of methyl esters of fatty acids in the standard Supelco 37 Component FAME mix
(Spiric etal., 2010). Descriptive statistics were calculated using the SAS software package
(SAS, Inst. Inc. 2011: The SAS System for Windows, Release 9.4.) using the MEANS proce-
dure. To determine the differences between groups of animals, the statistical procedure
TTEST was used, also within the SAS software package (SAS, Inst. Inc. 2011: The SAS Sys-
tem for Windows, Release 9.4.).
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RESULTS AND DISCUSSION

Analysing the basic chemical composition of the subcutaneous backfat tissue (Table 1),
we see that the proportion of animal fat tissue from the G2 rearing system is 91.10%
which is higher than the determined proportion of fat in animals reared in the G1 rearing
system, where it was 87.57%. The determined difference is statistically highly significant
(P < 0.0001). The same level of significance is determined for the proportion of protein
between animals of G1 and G2 rearing systems (1.62%:1.31%). A significantly higher
(P <0.05) proportion of water is found in the animals of the G1 rearing system compared
to the animals of the G2 system (4.94%:4.44%).

Table 1 Chemical composition of the fat tissue

Fat properties G1 G2 P-value2
Number of observations (n) 12 12

Share of protein, % 1.62 +0.36 1.31+£0.10 ok
Share of water, % 4,94 +1.35 444 +0.74 *
Share of total fat, % 87.57 £ 6.50 91.10+1.43 Hokk
Share of ash, % 0.004 £ 0.002 0.005 £ 0.003 NS

asignificance level for rearing system; NS - not significant; * p < 0.05; ** p < 0.01; ***p < 0.001;
G1 and G2 groups differed in their environment and feed, aving mainly pasture and fruits vs parture and
oak acorn

In Table 2, the 8 most important fatty acids (FAs) with the highest percentage in each
identified group of FAs were presented. In addition, the following ratios and indices were
calculated (n-6/n-3). The determined difference for the share of linoleic (LA, 18:2 n-6)
monounsaturated fatty acids (MUFA), polyunsaturated fatty acids (PUFA) and n-6 fatty
acids (P < 0.0001). The proportion of palmitoleic acid (PA, 16:1) was lower in the G1
group compared to G2 (3.01:4.07%). The determined differences were statistically sig-
nificant (P < 0.05). No statistically significant difference was found for the share of other
fatty acids, SFA, n-3 and n-6/n-3 (P > 0.05).
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Table 2 Fatty acid composition (%) content (mg kg™1) of the fat tissue

Fat properties G1 G2 P-value2
Number of observations 12 12

C14:0 2.58+0.79 | 3.87+1.06 NS
C16:0 2797 £4.12 | 29.77 £5.18 NS
Cl6:1 3.01+2.57 | 4.07+1.24 *
C18:0 11.57+3.38 | 9.89+2.96 NS
C18:1 n-9 39.08 +2.52 | 35.89 £2.62 NS
C18:2 n-6 9.61+1.89 | 10.13 £5.85 ook
C18:3 n-3 NDb ND NS
C20:3n-3 0.75+0.68 | 1.16 £0.85 NS
SFA 45.50 £3.12 | 50.80 +5.50 NS
MUFA 42.73 £ 2.66 | 36.57 + 8.85 ook
PUFA 11.76 £2.22 | 12.62 £ 6.25 ook
n-6 9.61+1.89 | 10.13+5.85 kX
n-3 1.87+1.47 | 2.48+1.24 NS
n-6/n-3 7.83+570 497 +4.77 NS

asignificance level for rearing system NS - not significant; * p < 0.05; **p < 0.01; *** p < 0.001; > ND - not
detected; SFA - saturated fatty acids, MUFA - monounsaturated fatty acids, PUFA - polyunsaturated fatty
acids, n-6/n-3 ratio was calculated; G1 and G2 groups differed in their environment and feed, aving
mainly pasture and fruits vs parture and oak acorn

In the research, it was determined that the animals from the G2 group had a higher
share of n-3 fatty acids (2.48%) compared to the animals from the G1 group (1.87%), and
that the determined n-6/n-3 ratio was better in the G2 group compared to the G1 group
(4.97:7.83). The results of our research on the proportion of fat in the subcutaneous
backfat tissue are similar to the research of Parunovi¢ et al., 2020 for Mangalitsa cattle
reared in the free system with available acorns in the diet (91.10:90.75%). The afore-
mentioned group of authors determined a higher proportion of water (6.96:4.44) and a
higher proportion of protein in fat tissue (2.30:1.31%) compared to our research. For the
mentioned traits, they determined a significant difference between free-range reared
Mangalitsa pigs compared with the conventionally reared group (P < 0.001). In the same
study for animals reared in the free system and had acorns in their diet, they had a lower
proportion of C14:0, C16:0, C16:1, saturated fatty acids (SFA) (42.11:50.80%) and PUFA
(8.27:12.62%) and a higher share was determined for C18:1n-9 (45.55:35.89%), C18:2n-
6 (14.65:10.13%) and MUFA (55.66:36.57%). Furman et al.,, (2010) found a significantly
higher proportion of oleic acid (C18:1n-9) in the intermuscular fat in the autochthonous
breed of KrSkopolje pigs compared to our research (43.27:39.08 and 35.89%). In the
same research, they determined for commercial meaty fatteners in Slovenia the share of
oleic acid of 37.74%. Also, in their research, a higher proportion of linoleic (C18:2n-6;
11.28%) was determined for Krskopolje pigs compared to our research. For the Italian
local pig breed Cinta Senese reared outdoors Pugliese et al., (2005) found a lower
proportion of C14:0, C16:0, C18:0 and SUFA (31.40:50.80%) in the subcutaneous fat
tissue and a higher proportion of MUFA compared to our research (55.08:36.57%). Also
in the samples of East Balkan pigs of the inner and outer backfat layer, taken at the last
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rib, Popova et al., 2015 determined a lower proportion of C14:0, C16:0, C18:0 and SUFA
a higher proportion of MUFA and PUFA compared to our research. For the Prestice Black-
Pied pig, fed with complete mixtures with SFA 33.69, MUFA 37.12 and PUFA 29.19 (g/100
g of total fatty acids) of diets, Nevrkla et al., 2017 established in the samples of the backfat
(g/100 g of total fatty acids) of SFA 39.93, MUFA 46.55 and PUFA 13.52. In the samples of
fatty tissue of the lumbar part, Catilo et al.,, 2021 determined for Italian Large White
animals the highest proportion of oleic fatty acid of 38.71% in samples from animals with
the lowest fleshiness score (class 0), with less about our research for animals from the
G1 group (+0.37%) and more with the animals of the G2 rearing system by (-2.82%).

As a summary the obtained results the obtained results of the analyses of solid fatty
tissue show that the average share of protein and fat in samples of solid fatty tissue was
1.62 £ 0.36% and 87.57 + 6.50% for G1 and 1.31 £ 0.10% and 91.07 *+ 1.43% for G2. The
determined difference in the share of protein and fat was highly statistically significant
(P <0.0001). The same level of significance was determined for the proportion of linoleic
(LA, 18:2 n-6) MUFA, PUFA and n-6 fatty acids (P < 0.0001). The determined proportion
of water was higher in the G1 group (4.94%) compared to G2 (4.44%), while the propor-
tion of palmitoleic acid (PA, 16:1) was lower in the G1 group compared to G2
(3.01:4.07%). The determined differences for both traits were statistically significant (P
< 0.05). No statistically significant difference was found for the share of ash and the share
of other fatty acids, SFA, n-3 and n-6/n-3 (P > 0.05). In the research, it was determined
that the animals from the G2 group had a higher share of n-3 fatty acids (2.48%) com-
pared to the animals from the G1 group (1.87%) and that the determined n-6/n-3 ratio
was better in the G2 group compared to the G1 group (4.97:7.83).

The best omega-6: omega-3 ratio should be 2:1. Humans get too much omega-6 in the
diet and it's usually 5:1 to 10:1 in the human diet. Studies show that lowering the ratio of
omega-6 (from vegetable oils) to omega-3 (from fatty fish, meat, fats and some vegetable
oils) fatty acids is important for the reduction of the risk of developing malignant and
cardiovascular diseases, inflammatory conditions and some forms of depression. Satu-
rated fats are stable at high temperatures and therefore there is less danger of ominous
trans-fats with higher saturation in the fat composition. Saturated fatty acids are essential
in our diet for the central nervous system and cell membranes. The most famous mono-
unsaturated fatty acid, which is the trademark of the healthiest oil of the Mediterranean
diet - olive oil, which all cardiologists zealously recommend, namely oleic acid - has been
proven to reduce "bad" cholesterol-LDL, and "support"” good-HDL cholesterol. The WHO
(2003) recommended the consumption of 5-8% of n-6 PUFA, 1-2% of n-3 PUFA of lesser
value (4% of n-6 PUFA, 0.8% n-3 PUFA) in 2001, as later stated by French Agency for
Food Safety (Scientific Opinion, 2009).

In developing countries where children may be in an energy deficit, and where it is
planned to increase the energy density of the diet with fats and oils, every encouragement
should be given to the development of indigenous oils that are more physiologically
balanced in terms of linoleic and linolenic acids rather than importing linoleic acid rich
oils which dominate the Western markets.
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Similarly, developing countries need to guard against importing food products that are
rich in atherogenic and thrombogenic fats and do not provide a balance of essential fatty
acids (FAO, 2010). In the human diet, it is necessary to have well-balanced meals and be
moderate in diet even when it comes to the healthiest nutrients.

CONCLUSION AND RECOMMENDATION

Our study has confirmed that rearing conditions and feed basis could make difference in
body composition and fatty acid profile of Mangalitsa. Pigs kept in wooded area and fed
with parture and oak acorn mainly, exhibited a significantly higher fat content, lower pro-
tein content, and a more favorable omega-6 to omega-3 (n-6/n-3) fatty acid ratio than
pigs kept in pastutre and fed fruits and roots (4.97 vs. 7.83). Additionally, wooded area
kept pigs had higher levels of n-3 fatty acids, including beneficial polyunsaturated fats,
which are associated with reduced risks of cardiovascular disease, cancer, inflammation,
and depression. These results suggest that Mangalisa kept in wooded area, rather than
fed fruits, offers a more nutritionally advantageous fatty acid profile, making it potentially
more beneficial for human health.
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OSSZEFOGALAS

A baromfifajok takarmdnyozdsdban az elsédleges termelési kiltséget a fehérjeforrdsok jelentik. A j6 mindségii
fehérjehordozdk (extrahdlt széjadara, halliszt) alkalmazdsa kiemelt fontossdgu, azonban ezen alapanyagok
kéltsége folyamatosan emelkedik, tovdbbd a termelési ldnc fenntarthatdsdga egyre kritikusabb kérdéssé vdlik.
Ezen kihivdsok miatt a kiilénb6zd eredetii rovarfehérjék potencidlis alternativaként mertilhetnek fel. Kisér-
letiinkben lisztkukacbdl (Tenebrio molitor) szdrmazé rovarlisztet alkalmaztunk 2% (LKZ2) és 4% (LK4)
bekeverési ardnyban brojlercsirkék takarmdnydban, és vizsgdltuk annak hatdsdt a termelési paraméterekre
és egyes vdgdsi paraméterekre. Az eredmények alapjdn a lisztkukacliszt potencidlis fehérjeforrds lehet broj-
lercsirkék szdmdra, ugyanis a termelési mutatékban egyik bekeverési ardny sem okozott a termelésben
mindségi csokkenést. A 4%-os bekeverési ardnyban pedig pozitiv hatdst gyakorolt a napi dtlagos testtémeg-
gyarapoddsra (p < 0,05). A relativ combtémeg és a szervtomegek (mdj, ziiza) tekintetében nem mutatkozott
szignifikdns kiilonbség (p > 0,05). Ugyanakkor a lisztkukacliszt pozitiv hatdst gyakorolt (p < 0,001) a mellhtis
kihozatali ardnydra (LK2: 29,2% és LK4: 29,4%), 6sszehasonlitva a kontrollcsoporttal (K: 27,6%).

ABSTRACT

Protein sources represent the primary production costs in poultry diets. The use of high-quality protein
feedstuffs (such as soybean meal and fishmeal) is important. As the prices of these feed ingredients are
continuously increasing, and the sustainability of the production chain has become critical, insect proteins
from various sources may serve as a potential substitute for these ingredients. In our experiment, the broiler
chicken diets were supplemented with mealworm (Tenebrio molitor) meal at 2% (LK2) and 4% (LK4) inclu-
sion rates and we studied the production parameters and some slaughter traits. The results indicate that meal-
worm meal can be a potential protein source for broiler chickens. The mealworm meal had no negative effect
on the performance (body weight, weight gain, feed intake, feed efficiency. At a 4% inclusion rate, a significant
positive effect was observed on average daily weight gain (p < 0.05). No significant differences were observed
in relative thigh and organ weights (liver, gizzard) (p > 0.05). However, in the experimental groups, mealworm
meal had a positive effect (p < 0.001) on breast meatyield (LK2 - 29.2%, LK4 - 29.4%) compared to the control
group (C-27.6%).
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BEVEZETES

A baromfitermékek piaca vilagszerte novekszik (Korver 2023). A takarmanyokban talal-
hat6é fehérjeforrasok jelentik a baromfitakarmanyok els6dleges termelési koltségeit
(FAO, 2013). Az extrahalt sz6jadara a leggyakrabban hasznalt névényi fehérjeforras a
brojlercsirkék és tojotyukok takarmanyanak dsszedllitdsaban, a magas fehérjetartalom
és a megfelel6 aminosavprofil miatt. Azonban a termdteriiletek korlatozott volta és a fo-
lyamatosan emelkedd ar miatt ennek az ellatasi lancnak a fenntarthatésaga egyre
nagyobb kihivast jelent (Biasato és mtsai., 2018).

Az extrahalt sz6jadara alternativajaként a rovarok és rovarbdl szarmazo termékek az
allattenyésztési agazat fenntarthatésaganak javitasara legaldbb részben alkalmasak le-
hetnek, mivel szamos igéretes tulajdonsaggal rendelkeznek: a rovarfarmok korlatozott
helyetigényelnek, lehet6ség van a vertikalis termelésre, rovid életciklussal rendelkeznek,
alacsony vizigénytliek (a sziikséges vizet gyakran kozvetleniil a biztositott taplalék-
alapanyagokbdl ki tudjak nyerni), valamint bizonyos fajok alkalmasak a tomeges tenyész-
tésre is (Smetana és mtsai., 2021). Taplalkozasi szempontbdl a rovarok nagy bioldgiai ér-
tékil fehérjetartalommal, j6 mindségii lipidekkel, megfelel6 asvanyi anyaggal, vizben ol-
do6dé vitamin-készlettel rendelkeznek, emellett tobb specifikus hatdsu vegyiiletet,
példaul kitint és antimikrobialis peptideket tartalmaznak (Koutsos és mtsai., 2023). Az
Eurépai Unidban a jelenlegi jogszabalyok nyolc tenyésztheté rovarfaj hasznalatat
engedélyezik élelmiszer-termel6 allatok takarmanyozasaban torténd felhasznalasra
(Commission Re-gulation (EU), 2021), ezek egyike a lisztkukac (Tenebrio molitor). Jelen-
leg azonban limitalt szamu informaci6 all rendelkezésiinkre, ezen rovarfajbol késziilt tel-
jes zsirtartalmu lisztek brojlercsirkével valé etetésével kapcsolatban. Jelen tanulmany
célja a termelési paraméterek, valamint a huskihozatal alakulasanak vizsgalata volt
szexalt kakasallomanyban lisztkukacliszt-tartalmu (0; 2; 4%) keveréktakarmany etetése
esetén.

ANYAG ES MODSZER

A kisérletet az AgriSearch Hungary Kft.-nél végeztiik. Az allatok gondozasa az allatkisér-
letekre vonatkozo6, az Eurdpai Iranyelv 2010/63/EU-ban foglalt iranyelveknek (Eurdpai
Bizottsag, 2010), valamint a magyar jogszabalyoknak (32/1999. /III. 31./ és 178/20009.
/XII. 29./) megfeleléen tortént. Osszesen 1050 db napos Ross 308 szexalt brojlercsirke
kakas vett részt a kisérletben, amelyeket helyi kereskedelmi keltet6bdl szereztiink be. A
csibéket Newcastle-betegség, fert6z6 horghurut, fert6z6 bursitis és baromfihimlg ellen
vakcinaztak a keltet6ben. Az érkezést kovetden véletlenszerlien harom kezelési
csoportba  osztottuk  &ket, mindegyik  kezelés 14  ismétlésbdl  allt
(25 allat/ismétlés). A fiilkék alapteriilete 2,5 m? volt (10 madar/m?), melyekben 8 cm
vastagsagban faforgacs kertilt szétteritésre. A madarak szamara a viz és a takarmany ad
libitum hozzaférése biztositva volt. A tartadstechnolégia, a h6mérséklet és vilagitasi prog-
ram az AVIAGEN Ross 308 tartasi utmutat6janak iranyelvei alapjan keriiltek meg-
hatadrozasra. A kontrollcsoport kereskedelmi, kukorica-szo6ja-alapi baromfi-
keveréktakarmanyt kapott (K). A kisérleti csoportokban ennek a kontrolltakarmanynak
az 0sszetétele valtozott gy, hogy 2% (LK-2%), illetve 4% (LK-4%) lisztkukacliszt kertilt
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bekeverésre, mikdzben a nyersfehérje, emészthet6 aminosav és metabolizalhat6 energia
koncent-racio6ja valtozatlan maradt. A 42 napos nevelési idészak teljes ideje alatt egy ke-
veréktakarmanyt fogyasztottak (Vitafort Zrt., Dabas).

A kisérlet soran a csirkék egyedi testtomegét hetente mértiik (1., 7., 14., 21,, 28,, 35,,
42. nap). Minden fiilke heti takarmanyfogyasztasa rogzitésre keriilt. A testtomeg-gyara-
podast és a takarmanyértékesitést pedig kalkulalt értékként kaptuk meg fiilkénként. A
472. életnapon kezelési csoportonként 28 csirke (2 csirke/ismétlés) keriilt kivalasztasra,
majd vagasra. A fej, nyak, l1ab, hasi zsir és bels szervek eltavolitasa utdn megmeértiik a
test tomegét (a grilltdmeget). Darabolast kdévetéen mértiik a maj, ztiza, mell és combok
tomegét, majd a grilltdmeghez viszonyitva fejeztiik ki szazalékos aranyukat. Statisztikai
értékeléshez SAS 9.1.3 programot hasznaltunk.

EREDMENYEK ES MEGBESZELES

A harom csoportban az atlagos testsuly hasonléan alakult a teljes nevelési id6szakban
(1. tdblazat). A csirkék kezdeti testsulya megegyezett mindharom csoportban (atlagosan
41 g/egyed), és a 42. napra minden csoport atlagos testsulya elérte a 2400 g-ot. A legnagyobb
mértéki eltérés a csoportok atlagos testsulyadatai k6zott a 14. napon mutatkozott, amikor az
LK-4% csoport értéke (429 g) szignifikdnsan (p < 0,05) meghaladta az LK-2% csoportét (419 g).

A testsulygyarapodas tekintetében (1. tabladzat) a 2. héten (7-14. nap) szignifikans
kiilonbség mutatkozott a két kisérleti csoport kozott. Azonban a tobbi mérési id6pontban
szamottevl eltérés a csoportok kozott nem volt. A teljes nevelési idészakra vonatkozéan
kiszamitva a napi testsulygyarapodast, mindkét kisérleti csoport feliilmulta a kontroll értékét,
azonban a 4% lisztkukacliszt bekeverése esetén az eltérés mar statisztikailag szignifikans
(p < 0,05)mértékii volt.

A napi takarmanyfelvétel tekintetében a csoportok k6zott nem mutatkozott jelentds eltérés
(2. tablazat).

1. tablazat. A lisztkukacliszt hatasa a brojlercsirkék él4sulyara és az atlagos napi silygyarapodasra

Kezelés -érték
K | LK-2% [ LK-4% P
Elssuly, g
1. nap 41,3 41,4 41,5 0,40
7. nap 169 169 170 0,73
14. nap 4263 419b 4292 <0,05
21.nap 826 827 825 0,97
28. nap 1304 1283 1287 0,38
35. nap 1834 1862 1864 0,28
42.nap 2407 2426 2450 0,25
Atlagos napi stilygyarapodas (g/nap)

1-7.nap 18,3 18,2 18,4 0,74
7-14. nap 36,2ab 35,7v 36,92 <0,05
14-21. nap 57,6 58,2 56,6 0,28
21-28.nap 68,3 65,2 66,0 0,48
28-35.nap 75,7 82,7 82,5 0,12
35-42.nap 81,9 80,9 84,1 0,70
1-42. nap 55,3b 56,7ab 57,42 < 0,05

K: kontroll, LK-2%: 2% lisztkukacliszt, LK-4%: 4% lisztkukacliszt, 2P A kiilénb6z6 betiivel jelolt értékek
kozott szignifikans (p < 0,057) kiilonbség van
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2. tablazat. A lisztkukacliszt hatdsa a brojlercsirkék takarmanyfelvételére és takarmanyértékesitésére

Kezelés .,
K | LK-2% [ LK-4% p-érték
Takarmanyfelvétel (g/nap)
1-7.nap 21,3 21,1 21,1 0,34
7-14.nap 43,7 43,3 43,1 0,50
14-21. nap 82,5 83,1 84,0 0,51
21-28.nap 137 135 135 0,76
28-35. nap 145 147 147 0,68
35-42.nap 189 178 182 0,47
1-42. nap 103 101 102 0,47
Takarmanyértékesités (kg/kg)

1-7.nap 1,17 1,16 1,15 0,48
7-14. nap 1,21 1,21 1,17 0,07
14-21. nap 1,44 1,43 1,49 0,25
21-28.nap 2,01 2,13 2,07 0,57
28-35.nap 1,93 1,81 1,82 0,45
35-42.nap 2,32 2,23 2,19 0,60
1-42. nap 1,83 1,78 1,78 0,13

K: kontroll, LK-2%: 2% lisztkukacliszt, LK-4%: 4% lisztkukacliszt; szign. szint: p < 0,05

A kisérlet teljes id6tartamara vonatkoztatott napi takarmanyfelvétel pedig szinte tel-
jesen azonos volt a harom csoportban.

A takarmanyértékesités tekintetében egyik héten sem mutatkozott szignifikans
kiilonbség a csoportok kozott (2. tablazat). A teljes kisérleti id6szakra vonatkoztatott ér-
ték azonban az LK-2% és LK-4% csoportokban hasonléan (1,78 kg/kg) és a
kontrollcsoportnal (1,83 kg/kg) valamivel kedvezébben alakult, azonban az eltérés nem
bizonyult statisztikailag igazolhatonak (p = 0,13).

Az 3. tablazatban lathatdék a hustermelésre vonatkoz6 kihozatali aranyok. A grilltomeg
szazalékos aranya (él6sulyra vonatkoztatva) minden csoportban hasonldan alakult. A
mellhus kihozatalra (grilltomegre vonatkoztatva) a lisztkukacliszt pozitiv hatast gyako-
rolt, ugyanis szignifikansan nagyobb (p < 0.001) volt a kisérleti takarmanyt fogyaszto al-
latok esetében (LK-2% (29.4%); LK-4% (29.2%)), mint a kontrollcsoportban (27.6%). A
comb szazalékos aranyaban, valamint a relativ szervtomegekben azonban nem talaltunk
eltérést a csoportok kozott.

3. tablazat. Lisztkukacliszt hatasa brojler csirkék carcass, értékes hisrészek és szerveik relativ
szazalékos aranyara

Kezelés
p-érték
K LK-2% LK-4%

Carcass, % 68,8 68,9 68,9 0,26
Mell % 27,6b 29,42 29,2a < 0,001
Comb, % 30,5 30,5 30,0 0,46
M3j, % 2,14 2,09 2,09 0,84
Z0za, % 1,40 1,38 1,46 0,44

K: kontroll, LK-2%: 2% lisztkukacliszt, LK-4%: 4% lisztkukacliszt,
ab A kiilonboz6 betlivel jelolt értékek kozott szignifikans (p < 0,05)kiilonbség van
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KOVETKEZTETESEK ES JAVASLATOK

A rovarliszt 2 illetve 4%-0s bekeverése esetén a vizsgalt paraméterek egyikében sem ta-
pasztaltunk visszaesést. A lisztkukacliszt 4%-os doézisban hasznalva kedvezden be-
folyasolhatja (p < 0.05) a napi testtdmeg-gyarapodast a teljes kisérlet alatt. Valamint a 2,
illetve a 4%-os lisztkukaclisztet tartalmazoé receptirak esetében is szignifikdnsan nétt
(p < 0.001) a mellhus kihozatali aranya.

A jelen tanulmany eredményei azt sugalljak, hogy a lisztkukacliszt alternativ fehér-
jeforras lehet a brojlercsirkék takarmanyaban, azonban ennek pontosabb megitélése cél-
jabol tovabbi kisérletek elvégzésére van sziikség a lisztkukac nagyobb aranyu bekeverése
mellett.

KOSZONETNYILVANITAS

A Kkisérlet és a publikaci6 a 2020-1.1.2-PIACI-KFI-2021-00300 szamu projekt
tdmogatasaval valosult meg.

IRODALOM

Biasato, L., Gasco, L., De Marco, M., Renna, M., Rotolo, L., Dabbou, S., & Schiavone, A. (2018):
Yellow mealworm larvae (Tenebrio molitor) inclusion in diets for male broiler chick-
ens: effects on growth performance, gut morphology, and histological findings. Poultry
Science, 97(2), 540-548. DOI: https://doi.org/10.3382/ps/pex308

Commission Regulation (EU). 2021 amending certain Annexes to Regulation (EU) No
142/2011 as regards the requirements for placing on the market of certain insect
products and the adaptation of a containment method (Text with EEA relevance).

FAO (Food and Agriculture Organization of the United Nations). 2013. Edible insects -
future prospects for food and feed security. FAO Forestry Paper 171.

Korver, D. R. (2023): Review: Current challenges in poultry nutrition, health, and welfare.
animal 17, 100755. In Selected keynote lectures of the 73rd Annual Meeting of the Eu-
ropean Federation of  Animal Science (Porto, Portugal). DOL:
https://doi.org/10.1016/j.animal.2023.100755

Koutsos, E. A., Patterson, P. H., Livingston, K. A., & Freel, T. A. (2023): The role of insects
for poultry feed: present and future perspective. In Mass Production of Beneficial
Orga-nisms (pp. 493-509). Academic Press. DOI: https://doi.org/10.1016/B978-0-
12-822106-8.00002-6

123


https://doi.org/10.3382/ps/pex308
https://doi.org/10.1016/j.animal.2023.100755
https://doi.org/10.1016/B978-0-12-822106-8.00002-6
https://doi.org/10.1016/B978-0-12-822106-8.00002-6

MATE Press




DOI: 10.54597 /mate.0173

Csiszér, T., Such, N., Tewelde, K. G, Kiss, B., Pal, L., Dublecz, K. (2024):
Egy rovarfehérje-koncentratum (AdalbaPro) etetésének hatasa az
étkezési tojas minGségére. In: Halas, V., Téthi, R. (eds.) Application of
One Health Concept in Farm Animal Nutrition : 21th International
Symposium on Animal Nutrition and One Health Day, 6 November,
2024 Kaposvar, Hungary : Proceedings = Egy Egészség (One Health)
koncepcié a haszondllatok takarmanyozasaban : 21. Nemzetkozi
Takarmanyozasi Szimp6zium és Egy Egészség Nap, 2024. november
6. Kaposvar : Tanulmanyok. G6do6l16: MATE Press, 2024. pp. 125-132.

ISBN 978-963-623-120-0
(@) ov-ne-no

EGY ROVARFEHERJE-KONCENTRATUM (ADALBAPRO) ETETESENEK
HATASA AZ ETKEZESI TOJAS MINOSEGERE

Csiszér Tivadar, Such Nikoletta, Kesete Goitom Tewelde, Kiss Brigitta, Pal Laszlo,
Dublecz Karoly

Magyar Agrar- és Elettudomanyi egyetem Georgikon Campus, Takarmanyozastani és Takarmanyozas-
élettani Tanszék, 8360 Keszthely, Dedk Ferenc u. 16.

OSSZEFOGLALAS

Az AdalbaPro (AP) értékes rovarldrva- (Alphitobius diaperinus-) fehérjekoncentrdtum, melyet elsésorban a
humadn élelmezésben haszndlnak. Tojétyukokkal végzett kisérletiinkben az étkezési tojds mindségére gyakorolt
hatasdt vizsgadltuk. Az egyedi ketrecekben elhelyezett 35 hetes Tetra SL tojétytikokat kontrolltdppal, illetve az
AP-t 10, illetve 15%-ban tartalmazé azonos fehérje- és energiatartalmii kisérleti tdpokkal etettiik. A kisérlet hat
hétig tartott, az ismétlésszdm 18 volt. A tojdstomeget (Wt), a héjszildrdsdgot (Str), a fehérje magassdgdt (Ht), a
Haugh-egységet (Hu), a tojdssdrgdja szinét (Yc), a tojdssdrgdja magassdgdt (Yh), a tojdssdrgdja dtmérdjét (Yd),
a tojdssdrgdja-indexet (Yi) hetente eqgy alkalommal minden tojds esetében automata tojdsvizsgdlo késziilékkel
(DET6000) vizsgdltuk.. A fétt tojdsokat kdstoldsi prébdval is 6sszehasonlitottuk. A tojdstémeg mindegyik AP-s
kezelés esetében (AP10: 64,55g; AP15: 64,62g) szignifikdnsan kisebb volt, mint a kontroll (67,40 g). Egyéb tojds-
mindségi paraméter nem vdltozott a kezelések hatdsdra. Nem volt szignifikdns kiilénbség a tojdssdrgdja zsirtar-
talmdban sem. Az érzékszervi birdlok értékelése alapjan az AP-s tojdsok sdrgdjdnak preferencidja magasabb
volt, mint a kontrolltojdsoké. Az elektronikus orr (Alpha MOS Heracles NEO) dltal detektdlt aromaprofil alapjdn
pedig jél elkiiloniilt a konvenciondlis és a rovarldrvafehérje-koncentrdatumos kezelésbdl szdrmazd tojds.

ABSTRACT

AdalbaPro (AP) is a valuable insect larvae meal (Alphitobius diaperinus), used mainly in human nutrition. Its
effect on the quality of table eggs was investigated in this trial. 35-week-old Tetra SL laying hens were fed a
control layer diet and two test diets containing AB at 10 and 15%. The isocaloric and isonitrogenous diets were
fed in 18 replicates of individually housed hens for 6 weeks. The egg weight (Wt), shell strength (Str), albumen
height (Ht), Haugh-unit (Hu), yolk colour (Yc), yolk height (Yh), yolk diameter (Yd), yolk index (Yi) of all eggs
were measured weekly with an automatic egg tester (DET6000). At the end the sensory characteristics of boiled
eggs were also compared. The egg weight of both AP treatments (AP10: 64.55g; AP15: 64.62g) was significantly
lower, compared with the control (67.40g). None of the other egg quality parameters were affected by the treat-
ments. No significant differences were found in the fat content of egg yolk. According to the organoleptic evalu-
ation of the volunteers, the yolk colour preference of the AP eggs was significantly higher. Regarding the elec-
tronic nose (Alpha MOS Heracles NEO) aroma profile, the egg from the conventional and the insect larvae con-
centrate fed, differ.
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BEVEZETES

A tojotyukallomanyok szama folyamatosan emelkedik, legf6képpen Indidban és Kinaban.
A tojastermelés novelése az egyik legnagyobb prioritds Eurépaban. A tenyészt6i munkaval
elérhet6 célnak tarthatd a 90-100 hetes tojastermelési ciklus és az ez alatti folyamatosan
stabil tojasmindség. Tovabba, a tojas az egyik leggazdasagosabban el6allithatd fehér-
jeforras (Bain et al., 2016). Az allati eredetii termékek fogyasztasa az eldrejelzések szerint
2019-t61 20250-re kozel 40%-kal novekedni fog. Az allatdllomany szamara elsédlegesen
sziikséges fehérjeforrasok a széjabab, bors6, halliszt irdnti igény egyre n6, késébb egyre
dragabb és hosszu tavon nem less fenntarthato. A rovarok tekintetében a fekete katonalégy
(Hermetia illucens), tiicsok (Gryllus testaceus Walker), kozonséges lisztbogar (Tenebrio
molitor) kinadlnak j6 takarmanyalternativat energia, fehérje és zsir szempontjabdl (de
Souza-Vilela et al,, 2019). Tovabba a kis alombogar (Alphitobius diaperinus) gazdag zsirok-
ban és fehérjékben, tobb mint 70 g/100 g DM a nyersfehérje-tartalma, ami rendkiviil jo
fehérjeforrassa teszi (Kurecka et al., 2021). A tojas mint allati eredet( termék és élelmiszer
a tdpanyagokat j6l emészthetd formaban, megfelel6 mennyiségben tartalmazza (Kopacz et
al,, 2018). A tojasnak tovabba az élelmiszeripari termékekben kelesztést, emulizfikalast
el6segito, iz- és dllomanykialakité hatasa van (Jones, 2007). Mindsége fiigg a morfolégiai,
kémiai, fizikai, organoleptikus és mikrobiolégiai jellemz6itdl (Ledvinka et al., 2012). A tojas
mindségi jellemz6i gazdasagi szempontbdl is fontosak, mely mindségi jellemzdk a
fogyaszto altal jobban keresett, értékesithetdbb terméket eredményezhetnek (Hanusova et
al.,, 2015).

A tojas minGségi jellemzésére széles korben alkalmazzak a tojastomeg-, héjvastagsag-,
sargajaindex-, albuminmagassag, pH-, Haugh-egység-, és kémiai 6sszetétel alkotta adato-
kat (Paes de Oliveira-Boreli et al., 2023). A fekete katonalégyrovarlarva-daraval készitett
takarmany etetése egy kisérletben azt mutatta, hogy az étkezési tojas tomege szignifikan-
san csokkent a rovarlarva 50 g/kg-os hozzaadasaval a kontrollcsoporthoz képest. Az ize,
sargaja szine, texturaja és elfogadottsaga érzékszervi biralok altali véleményezés soran
szignifikdnsan jobb eredményt kapott (Al-Qazzaz et al., 2016). Ellenkez6 eredményekrol
szamol be az a kutatas, ahol 18-60 hétig vizsgaltak a tojotytkok teljesitményét, és szintén
Hermetia illucens-larvadaraval dusitottak a kisérleti tapokat és ennek eredményeképpen
a kontrolltap teljesitménye maradt alul a 1arvadarasokkal szemben (Wamai et al., 2024).
A gyors gazkromatografia (GC), Alpha MOS elektromos orr nagy érzékenységl és
szelektivitasi gadzkromatograf, mely alacsony koncentraciéban jelenlévd szénhidrogé-
nek, illéanyagok mérésére képes. Alkalmas tovabba a tojas tarolasa soran bekovetkezd
valtozasok e-orros vizsgalatara, illetve az élelmiszeripari min6ség-ellendrzési feladato-
kra (Yimenu etal., 2017). Egy tojasokon végzett kisérlet soran az érzékszervi biralat ered-
meénye nem mutatott jelentds organoleptikus eltérést a szeszipari melléktermékkel
dusitott tapos (ZP 2,5%, 5%) és a kontrolltapos tojasok kozott, mig az e-orros vizsgalat
jol lathato kiilonbségeket detektalt a kromatogramok alapjan (Aguinaga et al., 2021).

ANYAG ES MODSZER

A kisérletet 48 Tetra SL tojotyukkal végeztiik, melyeket 35 hetes korukban valasztottunk
ki. A madarakat véletlenszer( elosztasban kiilonall6 anyagcsereketrecekben helyeztiik el
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egy klimatizalt helyiségben. A vilagitasi program szerint a kisérleti térben naponta 8 éra
soOtét és 16 ora vilagos orat biztositottunk. A kisérlet 6 héten keresztiil tartott. Az etetOket
kézzel toltottik fel, a takarmany ad libitum allt rendelkezésre. A kihelyezett automata
onitatokbol ad libitum fogyaszthattak vizet a tydkok. A kisérlet soran harom kiilonb6zé
tapot etettiink. A kontrolltap nem tartalmazott Alphitobius diaperinus-larvalisztet, mig az
AP10 és az AP15 csoportok takarmanya 10%, illetve 15% aranyban tartalmazta azt. A ki-
sérleti tapok azonos fehérje- és energiatartalmuak voltak. Az Alphitobius diaperinus-lar-
valisztkészitmény az AdalbaPro por (AP) volt (6sszetevOk: Alphitobius diaperinus-larva,
viz, rozmaring olaj, gyarto: Ynsect NL, Hollandia). Minden taptipust 16 kiilonb6z8 tojotyuk-
kal etettiink, amelyek a C/1-C/16, 10/1-10/16 és 15/1-15/16 kodjelzést kaptak. A
takarmanyreceptirak azonos fehérje- és energiatartalmuaak voltak.

A tojasparaméterek mérését a DET 6000 (Nabel Co. Ltd, Kyoto, Japan) digitalis
tojastesztel6 géppel végeztiik. Minden tojotyuk heti tojastermelésébdl egy tojas keriilt a tojas-
mindséget teszteld berendezésbe. A mért tojdssmindségi paraméterek a kovetkezok voltak:
tojastomeg (Wt), tojashéjerdsség (Str), albuminmagassag (Ht), Haugh unit (Hu), tojassargaja
szine (YF), tojassargaja magassaga (YH), tojassargaja szélessége (YD), tojassargaja-index (YI),
tojashéjvastagsag (Thk).

Az érzékszervi birdlatot 11 6 végezte, akik a MATE Georgikon Campus munkatarsai és hall-
gatoi voltak. A biralat soran keményre f6tt tojasokat teszteltek. A tojasokat egy id6ben,
ugyanabban az edényben f6ztiik, és csoportonként kiilon megjelolt halok (kontroll, AP10,
AP15) segitségével kiilonitettiik el. A hiitést és tisztitast kdvetGen a tojasokat kettévagtuk,
kiilon jelolt tdnyérokba a birdlok elé helyeztiik. A teszttermet az ISO 8589:1988-as szabvany
alapjan rendeztiik be. Az érzékszervi biralat az ISO 4121:1987-es szabvany utmutatasa men-
tén tortént. A biralok tojasfehérje és tojassargaja vonatkozasaban kiilon-kiilon: a szin, az illat,
az iz, a textura, végiil a kedveltségi 6sszbenyomas paramétereit strukturalatlan hedonisztikus
skalakon értékelték, melyek az adott paraméter intenzitasat, fogyasztoi megitélését mérték. A
skalak 100 mm hosszasaguak voltak, ahol a bejel6lt pont tdvolsaga a kezdeti 0-ponthoz képest
pontértéket is jelolt. Az érzékszervi biralat megkezdése el6tt a biralok oktatasban részesiiltek
a biralati szempontok és azok értékelésével kapcsolatban.

Az ultragyors gazkromatografias ,elektromos orr” vizsgalat az ADEXGO Kft. Correltech La-
boratériumaban tortént. A f6tt tojasok 0, 10, 15-0s jeloléssel kertiltek a laboratériumba,
jelolésenként 2-2 db. Az egyjelii tojasok homogenizalasat kovetden 2,0 + 0,1 g kertilt bemé-
résre teflonkupakos, 20 ml-es headspace tivegcsékbe. A méréseket Alpha MOS Heracles NEO
elektronikus orr berendezés végezte. A vizsgalathoz a 10 percen at 50 vagy 80 °C-on inkubalt
mintak folott kialakul6 g6ztérbdl vett mintdkat hasznaltuk. A g6ztérbdl T + 10 °C-ra melegitett
Hamilton-fecskend6vel 5 ml gazminta kertilt levételre, ezt kovetéen analizalasra. A kolonnak
Restek MXT-5 (10 m) és Restek MXT-1701 (10 m) voltak, a vivogaz hidrogén volt, mely 30
ml/perc sebességgel aramlott. A mintak kromatogramja a Kovats-féle (C6-C16 alkansor re-
tencios ideje) retencios index alapjan értelmezhetd.

Az adatok statisztikai értékelését kéttényezds varianciaanalizissel végeztiik, ahol a fiig-
getlen valtozo6 a kisérletben toltott id6 (hét, [ = 6) és a takarmanyozasi kezelések (j = 3) voltak.
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EREDMENYEK ES MEGBESZELES

A tojasok mért mindségi paramétereit az 1. tablazat ismerteti. A mért mindségi mutatok
koziil a Wt (tojastomeg) paraméterei killonboztek egymastdl a tapok tipusanak vonat-
kozasaban, miszerint a kontrolltap tojastomegadatai nagyobbak voltak az AP10 és AP15
adataindl. Az id6faktor tobb tojasmindségi paraméternél is szignifikans kiilonbséget mu-
tatott, ugyanakkor nem mutatott szignifikans kiilonbséget a Wt esetében, tovabba a két-
tényez0s ANOVA-elemzés sem mutatott parhuzamot a tap x id6 vonatkozasaban, igy
megallapithato, hogy a taptipusok (kontroll, AP10, AP15) egyediil a Wt mindségi para-
métert befolyasoltak szignifikdns mértékben.

1. tablazat. TojasminGségi paraméterek

Paraméterek kozépértékei

Taptipus 1d6 Wt Str Ht Hu Yc Yh Yd Yi Thk

Kontroll | 1.hét 67,83 4,52 7,44 83,87 15,00 18,08 | 40,42 0,44 0,45

2.hét 65,76 4,54 7,18 82,33 15,00 18,31 | 40,87 0,44 0,39

3.hét 68,17 4,40 7,35 83,50 14,67 18,34 | 39,98 0,46 0,44

4.hét 67,37 4,52 6,79 79,55 14,27 17,98 | 41,77 0,43 0,43

5.hét 68,18 4,56 8,16 87,76 15,00 18,19 | 40,36 0,45 0,43

6.hét 66,90 4,43 7,86 86,60 15,00 18,39 | 39,87 0,46 0,41

AP10 1L.hét 64,87 4,58 7,40 84,59 14,33 18,11 | 39,60 0,46 0,45

2.hét 64,37 4,87 7,58 84,91 14,80 18,37 | 39,80 0,47 0,37

3.hét 65,86 4,85 7,55 86,34 15,09 18,84 | 40,75 0,47 0,45

4.hét 64,65 4,76 6,89 81,74 14,88 18,15 4,88 0,45 0,44

5.hét 63,67 4,24 8,07 88,01 15,67 18,39 | 39,75 0,46 0,41

6.hét 64,20 4,74 7,51 84,68 15,00 18,39 | 39,78 0,47 0,41

AP15 1.hét 65,62 4,80 7,65 85,75 14,46 17,92 | 39,68 0,45 0,46

2.hét 63,72 4,95 7,01 81,24 15,00 18,05 | 39,46 0,46 0,38

3.hét 63,96 4,44 7,67 86,36 15,00 18,38 | 40,09 0,47 0,45

4.hét 64,88 4,47 7,36 82,96 14,69 18,16 | 40,76 0,45 0,45

5.hét 64,08 4,57 8,19 87,95 15,00 18,03 | 40,30 0,46 0,41

6.hét 65,64 4,58 7,98 87,55 15,00 18,60 | 40,48 0,46 0,41

Id6tényezd

1.hét 66,05 4,63 7,49ab 84,73abe 14,59¢ 18,04 | 39,89 0,452 0,452

2.hét 64,60 4,79 7,27b 82,93bc 14,932b 18,25 | 40,03 0,462 0,38¢

3.hét 66,06 4,54 7,52ab 85,28 abe 14,90ab 18,49 | 40,23 0,462 0,452

4.hét 65,60 4,58 7,02b 81,46¢ 14,62bc 18,10 | 41,12 0,44b 0,44a

5.hét 65,30 4,45 8,14a 87,912 15,024 18,21 | 40,12 0,462 0,42b

6.hét 65,58 4,58 7,773b 86,212 15,002 18,45 | 40,02 0,462 0,41b

Taptipus

Kontroll 67,402 4,49 7,46 83,87 14,80 18,21 | 40,56 0,45 0,43

AP10 64,55b 4,66 7,49 84,95 14,85 18,35 | 40,08 0,46 0,42

AP15 64,62 4,63 7,63 85,17 14,85 18,18 | 40,14 0,46 0,43
SEM 0,24 0,06 0,08 0,48 0,03 0,06 0,16 | 0,00208 | 0,0025

P-értékek

Tap <0,01 0,425 0,624 0,453 0,855 0,433 | 0,466 0,046 0,778
1d6 0,47 0,726 <0,01 <0,01 <0,01 0,192 | 0,241 0,010 <0,01
Téap x 1d6 0,767 0,871 0,930 0,913 <0,01 0,984 | 0,935 0,998 0,218

tojastomeg (Wt), héjszilardsag (Str), albuminmagassag (Ht), Haugh-egység (Hu), tojassargdja szine (YC),
tojassargaja magassaga (YH), tojassargaja szélessége (YD), tojassargaja-index (YI), tojashéjvastagsag
(Thk).abc A kiillonb6z6 betiivel jelolt értékek kozott szignifikans kiillonbség (p < 0,05) van. AP10: 10%
larvaliszt, AP15: 15% larvaliszt
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Az ultragyors gazkromatografids vizsgalat sordn két inkubacids hémérséklet-beal-
litast alkalmaztunk (50 °C és 80 °C). A két beallitasbdl kapott aromaprofil kiillonb6zott
egymastol.
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Kontroll: Kontroll tap, AP10: AdalbaPro-t 10%-ban tartalmazo kisérleti tap, AP15: AdalbaPro-t 15%-ban tartalmazo kiséreti tap

1. abra. Az 50 °C-os inkubacio6s beallitds aromaprofilja

Az 1. dbra és a 2. dbra alapjan megallapithatjuk, hogy a rovarfehérjés kezelések
hatasara, a dimetil-szulfid (retenciés index 495), az etil-acetat (retencids index 614) és
az acetaldehid (retenciés index 511) mennyisége a rovarfehérjét fogyasztod tyukok
tojasaiban csokkent.

<
2003 .......................... é ............

g
L RN -~ H o
% NI Szords
5 1600 oo R . .
@
é : . Kontroll
g 11711 TP 1 | e SR e
§ — B ~r10
.g 12004 -vvvnnne ‘ ...... §EE8% 8RR Ea s et rn R r e e Pk kaaRes . AR5
£ 10001
3
T

6001 S

400

511.35-2-A

2004- . . ...... .

Kantroll: Kontroll tép, AP10: AdalbaPro-t 10%-ban tartalmazé kisérleti tap, AP15: AdalbaPro-t 15%-ban tartalmazé kisérleti tap

2. abra. Az 50 °C-os inkubacids beallitas aromaanyag-koncentracija
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A 80 °C-os inkubacios bedllitas hatasara (3. dbra és 4. dbra) tobb atfedést tapasztaltunk
az el6zokhoz képest, mind a molekuldkra, mind pedig a molekulak koncentraciéjara
nézve. Ennél a h6mérsékleti beallitasnal a 2-butanol (retencids index 602), az etil-acetat
(retencids index 614), a 2-propanol (retenciés index 601), valamint a pentanal (retencioés
index 777) voltak.

A 80 °C-os beallitasnadl a rovarfehérjés tap hatasara az etil-acetat, a 2-propanol
esetében csokkenés a pentanal esetében pedig novekedés volt tapasztalhaté a koncent-
raciokban.
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Kontfroll: Kentroll tdp, AP10: AdalbaPro-t 10%-ban tartalmazd kiséreli tap, AP15: AdalbaPro-t 15%-ban tarfalmazo kisédeli idp

3. abra. A 80 °C-os inkubaciés beallitas aromaprofilja
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4. abra. A 80 "C-os inkubaciés beallitas aromaanyag-koncentracidja
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Az érzékszervi biradlat eredményei (2. tablazat) alapjan az organoleptikus jellemzdk
kozil egyediil a tojassargaja szine és annak kedveltségi értékei mutattak szignifikans el-
térést. Jol lathatd, hogy a rovarfehérjével etetett csoportok tojasai szignifikansan
(p < 0,05) kedvez6bb értékelést kaptak, mint a kontrolltdpos kezelés tojasai.

2. tablazat. Az érzékszervi biralat eredményei

Kezelés
Paraméter

Kontroll | AP10 | AP15
Tojasfehérje szine 73,09 85,36 80,09
Tojassargaja szine 66,82 | 87,862 | 85,322
Tojasfehérje illata 85,32 75,45 78,50
Tojassargdja illata 77,59 71,06 | 72,50
Tojasfehérje ize 70,36 70,82 | 70,82
Tojassargaja ize 73,91 72,00 | 76,73
Tojasfehérje texturaja | 85,36 82,59 | 86,64
Tojassargaja texturaja | 65,14 69,32 | 65,95
Osszbenyomas 78,18 79,32 | 82,32

AP10: 10% larvaliszt, AP15: 15% larvaliszt; 2P p < 0,05

KOVETKEZTETESEK

A kisérlet eredményei alapjan megallapithatd, hogy a rovarfehérjés tapok etetésének
hatasara mindkét bekeverési szinten csokkent a tojastomeg. Miutan a tapok fehérje-,
energia- és aminosav-tartalma azonos volt, a valtozas okanak megismeréséhez tovabbi

V4

ugyanakkor a rovarfehérjét tartalmazo tapok etetése csokkentette. Az érzékszervi biralat
soran a rovarfehérjés tojasok sargajanak szine szignifikansan magasabb pontszamokat
kapott a kostolasi proban résztvevoktol.
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NAGY CSALAN (URTICA DIOICA) ES GYERMEKLANCFU (TARAXACUM
OFFICINALE) HATASA TOJOTYUKOK TOJASTERMELESI ES
TOJASMINOSEGI PARAMETEREIRE

Ancsin Zsolt, Molnarné Donko Katalin, Zandoki Erika, Balogh Krisztian Milan,
Mézes Miklos, Ballané Erdélyi Marta

Magyar Agrar- és Elettudomanyi Egyetem, Elettani és Takarmanyozastani Intézet, Takarmanybiztonsagi
Tanszék, 2100 Godolls, Péter Karoly utca 1.

OSSZEFOGLALAS

Kisérletiinkben 24 tojétytikbdl hdrom csoportot alakitottunk ki, amelyek eltéré keveréktakarmdnyt kaptak:
kontroll, 2% szdritottcsaldn-6rlemény és 2% szdritottpitypang-drlemény. A tyukokat egyedi ketrechben
helyeztiik el és adagoltan etettiik (125 g/egyed/nap). Naponta mértiik a tojdsok stlydt, tovdabbd a kisérlet 1.,
3,7,10, 14, 17. és 21. napjdn vizsgdltuk a héjszildrdsdgot, héjsiilyt, héjvastagsdgot, Haugh-egységet, a szik
sulyat, szinét és a sdrgdjaindexet. A pitypangot fogyaszto csoport tojdsainak dtlagsilya szignifikdnsan
meghaladta a kontroll értékeit, mik6zben csaldnkiegészités esetén nem taldltunk jelentds eltérést a mdsik két
csoporttél. A 21. napon a csaldnkiegészités hatdsdra a tojdsok mind a héjszildrdsdg (p < 0,05), mind
héjvastagsdg (p < 0,05) szempontjdbdl jelentdsen feliilmultdk a kontroll értékeit. A sdrgdja szinintenzitdsa a
7. naptol kezdve a csaldn- és a pitypangkiegészités esetében is szignifikdnsan (p < 0,001 ill. p < 0,01) és szabad
szemmel is jol ldthaté médon névekedett a kontrollcsoporthoz viszonyitva.

ABSTRACT

In our experiment, we formed 3 groups from 24 laying hens, each receiving a different complete feed: control,
2% dried nettle powder and 2% dried dandelion powder. Birds (n=8/group) were housed in individual cages
and portion feeding (125 g/bird/day) was used in the experimental period. We measured the weight of the
eggs daily, while shell strength, shell weight and thickness, Haugh-unit, yolk weight, yolk index and yolk colour
were measured on days 1, 3, 7, 10, 14, 17 and 21 of the experiment. The average weight of the eggs in the
dandelion-treated group was significantly higher than that of the control. In contrast, the weights in the net-
tle-treated group were not significantly different from the two groups. On day 21, the eggs from the nettle-
treated group significantly outperformed the control group in terms of both shell strength (p < 0.05) and shell
thickness (p < 0.05). The colour intensity of the yolk was significant (p < 0.001 and p < 0.01) and visibly superior
to the control group from day 7 onwards in both the nettle-treated and the dandelion-treated groups, respec-
tively.

BEVEZETES

A tytuktartas a COVID-19 id&szakdban kiilondsen népszerivé valt, mivel haztaji
kornyezetben valo tartasa nem igényel jelentds beruhazast vagy specialis szaktudast. Az
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embereket els§sorban a sajat fogyasztasra megtermelt tojas iranti igény motivalta. Ezzel
egy idében pedig kiemelten fontossa valt szamukra az adott allomany takarmanyozasa,
ezaltal a hazi tojas mindségi paramétreinek, esetleg beltartalmi értékeinek javitdsa. Ha-
bar a jarvanyhelyzet enyhiilésével korlatozas nélkil tartottak nyitva az iizletek, és a
tojaskinalat is folyamatos volt, az emelkedd arak és a korabbi évek tapasztalatai sokakat
az egészségtudatosabb életforma felé tereltek. Emiatt az egyes élelmiszerek szarmazasa
és beltartalmi mutatéi méginkabb kiemelt fontossagi szempontnak szamitanak a
fogyasztok szemében az adott termékek megvasarldsakor. Célunk az volt, hogy a
tojotyukokkal (Nick Brown) beallitott kisérlet soran megtudjuk, hogy a Magyarorszagon
kozonséges nagy csalan (Urtica dioica L.) és a gyermeklancfl (Taraxacum officinale W.)
szaritott formaban torténd etetése hatadssal van-e a tojasok mindségi paramétereire,
koztiik is elssorban a tojashéjszilardsagra, amelynek id6szakos leromlasa a haztaji gaz-
dasagokban jelentds probléma.

A tojas mindségét szamos paraméter befolyasolja, Ilyen a tojéallomany fajtija,
takarmanyozasa, tartastechnoldgiaja és allategészségligyi allapota, de befolyasoljak a
mindségi paramétereket a tarolas ideje és annak koriilményei is. Az altalunk mért tojas-
mindségi paraméterek a tojassuly, héjszilardsag, héjsuly, héjvastagsag, héjtomeg, szik-
tomeg, Haugh-egység és a tojasszik szine voltak.

A tojas sulya egy jol 6rokl6do tulajdonsag (h? = 0,5-0,6), de ez nagymértékben fligg a
tyuk koratol is. Az 1990-es években a szelekciés munka eredményeként a tenyészték
elérték, hogy az ivarérés utan a tojastomeg sokkal nagyobb iitemben novekedjen, mint
ami egyébként a tyukfajra jellemz6 volt (Horn és mtsai., 2000). A tojas tomegét negativan
befolydsolja a magas istalloh6mérséklet, a nem megfelel6 vilagitasi program (tul sok a
vildgos 6rak szama) és a takarmany alacsony fehérjetartalma (Bogenfiirst és mtsai.,
2011).

A héjszilardsag fontos minéségi paraméter, a csomagolasnal és a szallitdsnal nagy
szerepe van. A repedt és/vagy torott tojasokkal osszefliggd értékesitési veszteséget
évente 247 millié dollarra becsiilik az Amerikai Egyesiilt Allamokban. A megtermelt tojas
megkozelitéleg 5-6%-a nem hasznalhat6 fel, vagy nem értékesithet6é az elégtelen héj-
mindség miatt (Sahin és mtsai., 2018). Kézepesen 6roklddd tulajdonsag (h? = 0,3-0,5).
Negativan befolyasolja a magas hdmérséklet (gyenge héju tojasok el6fordulasa né), vala-
mint a takarmany alacsony asvanyianyag-tartalma. A héjszilardsag szintén romolhat a
tojoid6szak végén, valamint egyes betegségek megjelenésekor (bronchitis, Eggs Drop
syndrome -EDS, a baromfi adenovirus okozta betegsége) (Bogenfiirst és mtsai., 2011).
Fontos megemliteni, hogy héj szilardsaga és vastagsaga kozott csupan kézepesen szoros
osszefliggés van (Babinszky és Halas, 2019).

A szik szine rosszul 6rokl6do tulajdonsag, leginkabb kiils6 tényezdk befolyasoljak. A
takarmanyok xantofiltartalma és a kiillonb6z6 antioxidansok novelhetik a szinintenzitast.
Fogyaszt6i szempontbol rendkiviil Iényeges tulajdonsag, ezért a termel6k sokszor adnak
természetes vagy szintetikus karotinoidokat a takarmanyokhoz (Pupos és mtsai., 2013).
A szik szinét az 1-t6l 15-ig terjed6 LaRoche-skalan hatarozzak meg.
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A nagy csalanban taldlhaté kémiai anyagok ko6zé tartoznak a karotinoidok, a fenolos
vegylletek, a flavonoidok, a tanninok, a szaponinok, a zsirsavak és aminosavak, ame-
lyeknek koszonhetéen antioxidans, virusellenes, gombaellenes és gyulladasgatlé
tulajdonsagokkal rendelkezik (Sharma és mtsai., 2023). Petefészek-eltavolitott patka-
nyokban az eredmények alapjan a nagy csalan kivonatanak alkalmazasa hatasosnak bi-
zonyult a csontritkulds megel6zésében, illetve kezelésében (Gupta és mtsai., 2015, Irgin
és mtsai., 2016).

A gyermeklancfii fehérjét, zsirt és nyersrostot lényegesen tobbet tartalmaz, mint a
homoktdvis levelei, valamint el6bbi gazdag foszforban, kaliumban, kalciumban, vasban
és cinkben. Bioaktiv vegyiiletei k6zé tartoznak tobbek kozott a fenolos vegytiletek, az il-
l6olajok, a szacharidok, a flavonoidok, a szfingolipidek, a szterolok és a kumarinok (Fan
és mtsai., 2023). Petefészek-eltavolitott patkanyokon beallitott kisérlet soran a csontok
mikroszerkezetét elemezve megallapitottdk, hogy a gyermeklancfiivel etetett egyedek
kezdeti oszteoklaszt differencialodasa csokkent. Az oszteoporozisos patkanyok
combcsonjaban a gyermeklancfiivel torténd etetés hatdsara pedig nétt a csontslirliség
(Heo és mtsai., 2022).

ANYAG ES MODSZER

A kisérletet a Magyar Agrar-és Elettudomanyi Egyetem Elettani és Takarmanyozastani
Intézet Takarmanybiztonsagi Tanszékének kisérleti telepén végeztiik. A kisérletben
barna héju tojast termelé Nick Brown tojohibrideket hasznaltunk. A vizsgalatot az 51.
termelési héten kezdtiik, a tojastermelés intenzitdsa 90% felett volt. A kisérletbe 24
darab Nick Brown tojéhibridet vontunk be, melyekbdl 3 csoportot alakitottunk Ki,
csoportonként 8-8 egyeddel. A kontroll- (K) csoport egyedei szinezéhatasi ada-
lékanyagoktél mentes kereskedelmi téjétapot fogyasztottak. A csalan- (CS) csoport
esetében a fent emlitett kontrolltdphoz 2% szaritott csalandrleményt adagoltunk. A
pitypang- (P) csoport esetében a kontrolltojotapba 2% gyermeklancfi-6rleményt kever-
tiink. A tyukokat egyedenként elkiilonitve, ketreces tartasban helyeztiik el. Az etet6kbe
tytkonként naponta 125 g tapot juttattunk ki. A tojasokat a kisérlet minden napjan 6ssze-
gyljtottilk, jeloltik és lemértiik a sulyukat. Az egyéb paraméterek méréséhez a
tojasgytjtést a kisérlet 1., 3., 7., 10., 14., 17. és 21. napjan végeztiik. Mérésig a tojasokat 4
°C-on, hiitészekrényben taroltuk. A méréseket Digital Egg Tester DET6500 géppel
végeztiik. Az adatok statisztikai elemzéséhez (ANOVA) a Graphad Instat 3.05 ver-
zi0szamu statisztikai programot hasznaltuk.

EREDMENYEK ES MEGBESZELES

A begytjtott tojasok sulyat naponta mértiik. A 21 nap alatt a kontrollcsoport 6sszesen
162, a csalancsoport 158, mig a pitypangcsoport 161 tojast termelt. Az els6 héten mért és
a teljes iddszakban vizsgalt atlagos tojassuly a kontrollcsoportban volt a legkisebb, a
pitypangot fogyasztd csoportban pedig mindkét esetben a K csoporthoz képest statisz-
tikailag is igazolhatéan (p < 0,05) nagyobb volt a tojasok atlagos sulya (1. tablazat).
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1. tablazat. A tojassulyok alakuladsa heti bontasban és 6sszesitve (g)

Hét Kezelés
kontroll csalan pitypang

1. atlag 57,382 59,55ab 60,91¢
széras 3,29 4,24 5,23

2. atlag 59,80 60,28 61,91
széras 3,91 5,23 4,83

3. atlag 61,30 60,96 61,21
széras 3,18 3,68 4,54

Osszes minta | atlag 59,18 60,21ab 61,29¢
széras 3,78 4,37 4,85

abe a7 eltéro betiikkel jeldlt szamok szignifikdnsan (min. p < 0,05) eltérnek egymastol

Az eredmények alapjan arra kovetkeztettiink, hogy a pitypang pozitivan be-
folyasolhatja a tojassulyt, ami feltehet6en a biolégiailag aktiv anyagainak anyagcserére
gyakorolt jotékony hatdsara vezethetd vissza. Keser(i anyagai koziil taraxacin és taraxas-
terol majmiikodést segitd, és epetermelést serkentd hatasaroél is ismert (Jiao és mtsai.,
2022)

Ami a héjszilardsagot és a héjvastagsagot illeti (2. tablazat), fontos megjegyezni, hogy
habar voltak latszélagos kiillonbségek, szignifikans kiilonbséget mindkét paraméter
esetében csak a 21. napon tudtunk kimutatni. E nap tojasmintai esetében a CS csoport
tojasai mind téréerd (p < 0,05), mind héjvastagsag (p < 0,05) szempontjabdl jelentésen
felilmultak a K csoport mintait, mik6zben a P csoport egyik paraméterben sem tért el
jelentésen a masik két csoporttdl. Hozza kell tenni, hogy ez a tendencia, habar statisz-
tikailag nem igazolhaté formaban, de mar a 14. naptél kezdett kirajzolddni, amikor is gya-
koribba valtak a repedt héju tojasok a K csoportban. Ezek alapjan a csalan ugy tlinik, hogy
3 hetes etetést kovet6en mar alkalmas lehet a héjszilardsag és a héjvastagsag novelésére
is, ami nem a Ca-tartalmaval, hanem sokkal inkabb a biol6giailag aktiv anyagainak Ca-
anyagcserére, illetve tojashéjképzddésre gyakorolt, egyelére kevéssé ismert jotékony
hatasaval hozhat6 dsszefiiggésbe.

2. tablazat. A torGer6 és a héjvastagsag alakuldsa az 21. mintavételi napon

Kezelés
kontroll csalan pitypang
Torberd H(:ejvastag- Téréers Héjva}stag- Téréers Héjva}stag-
(kgf) sag (mm) sag sag
atlag 4,882 0,362 5,59b 0,390 5,222 0,38ab
sz0ras 0,37 0,01 0,56 0,03 1,23 0,04

abe az eltérd betlikkel jel6lt szamok szignifikansan (min. p < 0,05) eltérnek egymastdl

Az altalam vizsgalt paraméterek koziil a szik szinében tapasztaltam a legjelentdsebb
valtozasokat, ugyanis a gyogynovénnyel kezelt egyik vagy mindkét csoport
tojassargajanak szine a 7. naptél kezdve szignifikansan feliilmulta a kontrollcsoport min-
tait, illetve néhany esetben a kezelt csoportok kozott is jelentds volt a kiilonbség
(3. tablazat.). A 17. mintavételi napon a CS csoport mintai is (p < 0,01), valamint a P
csoport mintai is (p < 0,05) s6tétebb sargak voltak a kontrollhoz viszonyitva, tovabba a
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CS csoport a P csoporthoz képest is sargabb szikii tojasokat termelt (p < 0,05). A
kulonbségek a 2. héttdl kezdve szabad szemmel is j6l lathatdak voltak. Ennek hatterében
a zo6ld novényekre jellemz6 karotinoidok allnak, melynek hatdsa régota ismert, és ezek a
szaritott névények 2%-os koncentracidéban alkalmazva is kifejtik mar ezt a jotékony
hatasukat.

KOVETKEZTETESEK ES JAVASLATOK

Eredményeink alapjan arra a kovetkeztetésre jutottam, hogy mindkét fitobiotikum alkal-
mas lehet bizonyos tojadsmindségi paraméterek pozitiv befolyasolasara, ugyanakkor a
még hatékonyabb dézis, illetve a pozitiv hatas hatterében allé bioldgiai folyamtok
feltarasa tovabbi kisérleteket igényel.

3. tablazat. A tojasszik szinének alakulasa az egyes mintavételi napokon

Mintavételi nap Kezelés
kontroll csalan pitypang
1. nap atlag 4,86 5,50 5,29
szoras 0,99 0,84 0,49
3.nap atlag 5,14 5,00 4,86
szOras 0,90 0,76 1,07
7.nap atlag 4,252 5,33¢ 4,632b
szOras 0,46 0,52 0,52
10. nap atlag 4,502 5,50¢ 4,75ab
szoras 0,76 0,76 0,46
14. nap atlag 4,252 4,63ab 5,000
szoras 0,46 1,51 0,53
17.nap atlag 4,002 5,75¢ 4,86
SzOras 0,82 0,89 0,38
21.nap atlag 4,172 5,13b 4,88ab
Szoras 0,75 0,83 0,83

ab az eltérd betlikkel jelolt szamok szignifikansan (min. p < 0,05) eltérnek egymastol
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ABSTRACT

As the demand for animal products rises, cases of animal cruelty are becoming more common, particularly in
the effort to meet this demand. In Kenya, chicken farming plays a significant role in food security and provides
a source of livelihood for many. However, it is often characterised by poor treatment and handling of chicken
across various farming systems, including small-scale, backyard operations, and large-scale farms. Common
issues include beak trimming, overcrowding, uncontrolled use of antibiotics, and cruel transportation prac-
tices. This study aims to explore the extent of these harmful practices, assess existing animal protection poli-
cies, and identify possible solutions to improve animal welfare while maintaining production levels. By review-
ing the existing literature on the subject, this research hopes to inform policymakers, industry stakeholders,
and consumers about respecting animal rights in farming. A balanced approach that considers both animal
welfare and economic viability is the ultimate goal of a more sustainable and humane agro-food sector in
Kenya.

INTRODUCTION

The rising demand for livestock products to meet the nutritional needs of the human po-
pulation can compromise animal welfare standards in a livestock production system.
(Onono, 2023). In Kenya, animals suffer from a variety of issues such as neglect, malicious
physical harm, deprivation of food, confinement, use of improper transportation methods
or facilities, assault during transportation (Photo 1), congestion, overloading, overwork-
ing, cruel treatment at slaughterhouses, inhumane capture practices, branding, and im-
proper working tools (Mogoa et al., 2005).

Chicken farming in particular rearing of indigenous chicken is highly popular in
Kenya's rural areas where most of the population lives. It is the main source of livelihood
and a source of animal protein (Magothe et al., 2012). Policymakers in developing coun-
tries, especially in sub-Saharan Africa, have been hesitant to formulate animal welfare
policies despite the potential advantages of such policies such as the rise in the demand
from domestic and international consumers for products that are compliant with the hu-
mane treatment of animals (Otieno and Ogutu, 2015).
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It is therefore against this background that this research is established to highlight the
various forms of animal welfare issues in Kenya particularly in chicken farming and iden-
tify efforts in place to ensure the humane treatment of the animals in terms of policies
and regulations. The research findings will be used to recommend policy-making and
implementation to ensure sustainability in agro-food supply chains within Kenya.
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Photo 1 Trader loaded with chicken on a motorcycle (Messo, 2023)

MATERIALS AND METHODS

For this research photographs retrieved from various sources were used to display the
reality of the cruelty that chickens are subjected to whether on the farm or in transit to
the markets. The use of photographs as a research method in social sciences has proven
to be an essential tool in the provision of unique perspectives of a wide range of organi-
zational dynamics and human experience. Researchers can take their images or engage
participants in photo-taking activities (Holm, 2014).

Information on animal welfare was extracted from relevant documents such as policy
drafts/documents, sessional papers, commissioned or non-commissioned specific
studies, project appraisals, mid-term or terminal evaluations, progress reports, and vari-
ous articles in journals and newspapers (Aklilu, 2008).

DISCUSSION

Current practices in chicken farming

In Kenya, chicken is slaughtered in a variety of brutal ways. These include strangling or
twisting a chicken's neck, and manually removing its feathers. At the same time, it is still
alive and inflicting agonizing death on chickens by dipping them in boiling water before
severing their neck (Mogoa et al., 2005). Due to the prevalence of poultry diseases in
Kenya, most farmers administer drugs without prescription leading to uncontrolled use
of antibiotics which compromises the health of the animals and that of the consumers of
poultry products (Onono, 2023).
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Review of animal protection policies in Kenya

Kenya was ranked D for its incorporation into the law of the World Organisation for Ani-
mal Health (OIE)'s animal welfare standards. The Prevention of Cruelty to Animals
(Transport of Animals) Regulations 1984 provides guidelines for the humane transport
of animals, including provisions on safe unloading and loading, overcrowding, vehicle
construction, and care during transport. Despite this there’s no policy looks into the wel-
fare of broiler chickens (Animal Protection Index, 2020)

Proposed solutions

Promoting animal welfare in chicken farming requires raising awareness of its benefits,
enforcement of legislation, punishing extreme suffering and investing in mobile abattoirs
and welfare-friendly transportation (Otieno and Ogutu, 2019). Veterinary education
should focus more on the welfare of farm animals (Ostovi¢ et al., 2016) while advanced
Al technologies can enhance disease detection, improve flock health management and re-
duce antibiotic use (Elango et al., 2024).

CONCLUSION

This paper highlights welfare issues in chicken farming in Kenya’s agro-food supply
chains, including beak trimming, overcrowding, excessive use of antibiotics, and cruel
transport methods. Kenya's ranking on the Animal Protection Index reflects progress, but
enforcement and monitoring remain weak. Therefore, it advocates for stronger policies,
awareness initiatives, and improved infrastructure for ethical animal treatment.
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ABSTRACT

A six-week study was conducted to assess the growth performance of hybrid African catfish, Heteroclarias fed
on black soldier fly (BSF) larval-based diets. The experiment was conducted in RAS, circular plastic tanks (350
L) in a completely randomized design. Four isonitrogenous (400 kg crude protein) and isolipidic (140 g kg
crude fat) diets were formulated where fishmeal (400 kg') was replaced at 0, 25, 50, and 75% with BSF larval
meal. Fish oil was completely replaced with corn oil in the test diets. Fish (initial body weight of 200 + 25g, 15
fish per tank, 4 treatments, 3 replicates,) were hand-fed at 3% body weight. The results showed fish fed with
BSF 50 diet were more efficient at utilizing dietary nutrients for growth than other groups by having the high-
est final mean weight, weight gain and specific growth rate, which was similar to the fish fed the Control diet
and BSF 25 diets but significantly higher (p < 0.05) than fish fed BSF 75. There is no significant difference
(p < 0.05) in feed conversion ratio (FCR) among the dietary treatments. However, fish-fed BSF 50 had the
lowest FCR while the highest was seen in fish-fed BSF 75. This preliminary assessment shows that fishmeal
could be partially replaced with BSF larval meal up to 50% and fish oil could be completely replaced with corn
oil without negatively affecting the healthy growth of hybrid African catfish Heteroclarias.

OSSZEFOGLALAS

Hathetes kisérletet végeztiink hibrid afrikai harcsdval (Heteroclarias), amelyben a fekete katonalégy (BSF)
ldrva liszt etetésének hatdsdt vizsgdltuk a halak névekedési teljesitményére. A kisérletet recirkuldcids rend-
szerben végeztiik, kér alaki milanyag tartdlyokban (350 I), teljesen véletlenszeri elrendezésben. Négy
izonitrogén (400 g kg1 nyersfehérje) és izolipid (140 g kg'! nyerszsir) recepturdt dllitottunk éssze, ahol a hal-
lisztet (400 g kg1) 0, 25, 50 és 75%-ban BSF Idrvaliszttel helyettesitettiik. A halolajat teljesen kivdltottuk ku-
koricaolajjal a kisérleti takarmdnyokban. A halakat (kezdeti testtémeg 200 + 25¢g, 15 hal akvdriumonként, 4
kezelés, 3 ismétiés) kézzel etettiik és az dsszbiomassza 3%-dt kaptdk a halak naponta. Az eredmények azt
mutattdk, hogy a BSF 50 csoport esetében a kiegészités pozitivan hatott a halak névekedésére, mivel ebben a
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csoportban mértiik a legnagyobb élstilyt a vizsgdlat végén, valamint a legkedvezdbb stilygyarapoddst és fajla-
gos névekedési ratdt is. Ez az érték hasonlo volt a kontroll és a BSF 25 diétdval etetett halakéhoz, de szignif-
ikdnsan magasabb volt (p < 0,05), mint a BSF 75 csoport halai esetében. A takarmdnyértékesités tekintetében
(FCR) nem taldltunk szignifikdns kiilénbséget (p > 0,05) a kezelések kézétt. Azonban a BSF 50 csoport mutatta
a legalacsonyabb FCR, mig a legmagasabb érték a BSF 75 csoportndl volt megfigyelhetd. Ezek az eredmények
azt mutatjdk, hogy a halliszt 50%-ig rész-ben helyettesithetd BSF Ildrvaliszttel, a halolaj pedig teljesen
helyettesithetd kukoricolajjal anélkiil, hogy negativan befolydsolnd az afrikai hibrid harcsa ndvekedését.

INTRODUCTION

Fish is an essential food source, providing over 15% of animal protein for human con-
sumption, globally (FAO, 2024). While the supply of fish from capture fishery has re-
mained stagnant since the 1990s, aquaculture production has been steadily growing and
is currently the fastest-growing animal food production sector worldwide. Fishmeal and
fish oil are the major ingredients in aquafeed. Fishmeal is high in protein with
well-balanced amino acids. It is palatable and highly digestible. On the other hand, fish oil
is an excellent source of valuable long-chain polyunsaturated fatty acids (LC-PUFA) such
as eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) (Henry et al, 2015;
Renna et al,, 2017). However, the rising cost of fishmeal and fish oil due to overexploita-
tion of its marine source is a major constraint to aquaculture growth, especially in devel-
oping countries. In recent decades, several research has been conducted to find alterna-
tive, cost-effective, sustainable ingredients that could wholly or partially replace fishmeal
and fish oil.

There has been a renewed interest in using insects, especially larvae as ingredients in
aquafeed due to their appreciably high protein and fat contents. These insects include the
common housefly (Musca domestica), silkworm (Bombyx mori), field cricket (Gryllus assi-
milis), yellow mealworm (Tenebrio molitor) and the black soldier fly (Hermetia illucens)
(Henry et al., 2015). Among these insects, the black soldier fly (BSF) larvae seemed to be
the ideal ingredient as an alternative to fishmeal as it contains high protein content with
well-balanced amino acids similar to the amino acid profile of fishmeal. It contains high
levels of saturated fatty acids (SFA) and monounsaturated fatty acids (MUFA) but low
levels of long-chain polyunsaturated fatty acids, especially EPA and DHA. However, be-
cause the fatty acid profile of the larvae reflects the fat content of their feed, it is possible
to enrich the larvae to meet the fatty acid requirements of the target species (Makkar et
al.,, 2014).

Several studies have shown that using BSF larval meal as a component of aquafeed
supports healthy growth of numerous fish species including African catfish Clarias
gariepinus (Adeoye et al., 2020), rainbow trout Oncorhynchus mykiss (Renna et al., 2017),
Nile tilapia Oreochromis niloticus (Devic et al., 2018), turbot Scophthalmus maximus
(Kroeckel et al., 2012). However, little information is known on how hybrid African cat-
fish, Heteroclarias responds to dietary fishmeal and fish oil replacement with BSF larval
meal and corn oil regarding growth performance and nutrient utilization.

The objective of this study is therefore to assess the growth performance and nutrient
utilization of hybrid African catfish, Heteroclarias fed on BSF larval-based diets.
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MATERIALS AND METHODS

The experiment was conducted at the Fish Biology Laboratory, University of Debrecen,
Hungary. It was conducted in a recirculatory system, in a completely randomized design.
Hybrid African catfish, (Heterobranchus longifilis male x Clarias gariepinus female) with
an initial body weight of 200 + 25g were cultured for six weeks in circular plastic tanks,
350 L (4 treatments, 3 replicates, 12 experimental units, 15 fish per tank). Four isonit-
rogenous (40 g kg1) and isolipidic (14 g kg1) diets were formulated whereby fishmeal
(400 gkg1) was replaced by BSF larval meal at 0, 25, 50, and 75%. Fish oil was completely
replaced with corn oil. The ingredients were weighed and thoroughly mixed with a mixer
while 6% water was sprayed on it to form a homogenous dough. The mixture was pel-
leted at 4.5 mm and dried in an oven at 50 °C for 48 h. The diets were stored in a clean
plastic container at room temperature (24 °C). Fish were hand-fed 3% of body weight, 3
times daily for 6 weeks. Sampling was carried out weekly. Chemical analysis was per-
formed to determine the proximate composition, according to the Hungarian Standard
methods as described in Molnar et al. (2022).
The following indices were calculated as follows;

e Weight Gain (%) = (Initial mean weight - final mean weight) x 100

e Specific Growth Rate (SGR) = In [(mean final weight) - In (mean initial weight)] /
(time /days) x 100

e Feed Conversion Ratio (FCR) = (weight of feed fed) / (weight gain of fish)

e Fulton conditioning factor (K) = W/L3 x 100 (where W is the wet weight (g), L is
the standard length (cm).

o Feed intake (g) = Total feed intake per fish/no of days.

Data was checked for normality of distribution with the Kruskal-Wallis test. One-way
analysis of variance (ANOVA) was applied to check the effects of the graded dietary BSF
larval-meal inclusion on growth performance parameters. Homogeneity by Leven test,
polynomial contrast to check the trend response, post-hoc by Turkey test. P < 0.05 is con-
sidered significant. All analyses were carried out using IBM SPSS version 29.

RESULTS AND DISCUSSION

Growth performance indices are presented as means #* standard error of the mean
(Figure 1). All diets were accepted by fish. No mortality was recorded during the experi-
ment. Fish fed the BSF 50 diet were more efficient at utilizing dietary nutrients for growth
than other groups by having the highest final mean weight similar to fish fed the Control
diet and BSF 25 diets but significantly higher (p < 0.05) than fish fed BSF 75 diet. This has
been reflected in it having the highest weight gain and specific growth rate which was
similar to fish fed the Control and BSF 25 diets but significantly different from fish fed
BSF 75 diet which had the lowest mean of all the growth indices. In all, the trend res-
ponse was quadratic. There is no significant difference (p < 0.05) in feed conversion ratio
among the dietary treatments. However, fish-fed BSF 50 had the lowest FCR while the
highest was seen in fish fed BSF 75.
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Previous studies have shown no significant differences when fishmeal is substituted
with alternative protein ingredients to a limited extent. Fishmeal is the main ingredient
responsible for the palatability of feed (Kroeckel et al., 2012; Nephale et al., 2024). Sub-
stituting it at a high level could lead to low palatability and reduced feed intake. Although
in the present study, feed intake was not significantly different (p > 0.05) among the die-
tary treatments, the feed intake was lowest in fish fed BSF 75.

The chemical composition of diets (data not included in this article) indicates a higher
level of fibre and chitin contents with increasing levels of BSF larval meal inclusion. Pre-
vious studies have shown that while chitin is beneficial as an immunostimulant, it nega-
tively affects nutrient uptake and digestibility in fish since most fish lack chitinase to
break down dietary chitin (Kroeckel et al., 2012). This might have affected tissue accu-
mulation of fish-fed BSF 75. The increased fibre content might have affected the relatively
lower growth seen in fish-fed BSF 75 diets compared to the other groups.
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Figure 1 Growth performance indices of hybrid African catfish fed on graded levels of BSF larval diets.
BSF25, BSF50, BSF75 - black solder fly larva-based diet applied in 25, 50 and 75 g/kg feed

The present study agrees with a previous report by Adeoye et al. (2020) and Renna et
al. (2017) in which the replacement of fishmeal up to 50% supported the healthy growth
of African catfish Clarias gariepinus and rainbow trout Oncorhynchus mykiss, respectively.
In contrast, other researchers found that replacing fishmeal with BSF larval meal up to or
above 75% did not negatively affect the healthy growth of African catfish Clarias gariepi-
nus (Fawole et al., 2020).
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Complete fishmeal substitution with BSF larval meal was reported for Atlantic salmon
Salmo salar (Lock et al,, 2016), and European sea bass, Dicentrachus labrax (Abdel-Taw-
wab et al., 2020). The differences could be attributed to the substrate the BSF larvae were
reared on, the processing methods of the larvae, and the species and size of the experi-
mental fish.

CONCLUSION AND RECOMMENDATION

This preliminary assessment of the effects of dietary replacement of fishmeal and fish oil
with BSF larval meal and corn oil, respectively, shows that fishmeal could be partially
replaced with BSF larval meal up to 50% and fish oil could be completely replaced with
corn oil without negatively affecting the healthy growth of hybrid African catfish Hetero-
clarias.

Further studies need to be conducted to assess the long-term effects of fishmeal and
fish oil substitution with BSF larval meal and corn oil, respectively, on growth, nutrient
utilization and health profile of hybrid African catfish, Heterobranchus.
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KULON KOSZONETUNKET FEJEZZUK KI
A 21. NEMZETKOZI TAKARMANYOZASI SZIMPOZIUM
ES EGY EGESZSEG NAP KONFERENCIA
SZPONZORAINAK!

Agrofeed Kift.
Agroszasz Kft.

Alltech Hungary Kft.
ALPHA-VET Allatgy6gyaszati Kft.
Bélyi Mez6gazdasagi Termeld és Kereskedelmi Zrt.
Eurofins Vetcontrol Kft.
Fino-Food Kft.
KOMETA 99 Zrt.

Noack Magyarorszag Kft.
PRO-FEED Kft.

UBM Feed Zrt.

Vitafort Zrt.
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