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Abstract

The aim of this study was to investigate the effects of humic substances (HS) combined with urea
as feed additives on the rumen fermentation indicators (pH, concentration of volatile fatty acids
VVFAs, ammonia concentration, protozoal population) in rumen fluid of 12 female crossbred merino
sheep (n = 6 in test and control group). The daily ration for both groups consisted of 1.25 kg grass
hay and 0.25 kg cereal grain mixture and 10 g urea. The humic substances were applied at a dose
of 20 g/day per animal of the test group orally drenched with a probe directly into rumen (day 1 —
3) at the morning feeding or mixed into feed (day 4 — 18). Rumen samples were taken on day 0, 3
and 18 at 3, 6 and 9 h post morning feeding. The results revealed that HS increased ammonia
concentration and protozoal cells of Entodinium spp. by 243.2 and of Diplodinium spp. by 5.1 (x10°
/ml) on day 3, while the total VFAs concentration; acetate and propionate proportions as well as
pH values of rumen fluid and the acetate : propionate ratio were not changed. Ammonia was higher
(P<0.05) in the test group by 7.9 at 6 h and by 5.6 mg/100ml at 9 h on day 3. Results suggest humic
substances addition with urea as a non-protein dietary nitrogen source may improve nitrogen
retention in the rumen, but there was no impact on VFAs production. The feed intake of HS with
urea had significantly positive effects on the protozoal population in rumen fluid.

Key words: humic substances, ammonia, rumen fluid, urea, protozoa

Introduction

Humate substances, or humic acids, are geological deposits in the earth’s soil composed
mainly of decaying plant and animal matter through the biological activities of microorganisms
(McMurphy et al., 2011). Humates, based on solubility in acids and bases and by molecular weight,
can be fractionated into three categories: fulvic acid, humic acid and humin (Stevenson, 1982).
Humic and fulvic acids are the major extractable components of soil humates and are
predominantly used to improve soil fertility and enhance nutrient uptake by plants (Rajendiran et
al., 2016). Humic acid is an end product of biodegradation processes of soil organic substances
used as growth promoter (Galip et al., 2010). Humic subsances are known to exhibit a high affinity
for nitrogen (N), a property that has been postulated to improve rumen microbial synthesis and
decrease N excretion into the environment (McMurphy et al., 2011). These nitrogen-binding
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qualities could prove to be beneficial in the retention of ammonia nitrogen (NHs-N) in the rumen.
Urea has commonly become an accepted non-protein nitrogen ingredient in the diets of ruminants.
It is rapidly hydrolyzed by rumen bacterial urease to ammonia and the ammonia is utilized for the
synthesis of microbial proteins (Jin et al., 2018).

Humic acid as a product of decomposition of animal and plant tissue has been proposed as
a feed supplement to stimulate the growth of animals and as a potential replacement for antibiotic
growth stimulators (Kocabagli et al., 2002; Karaoglu et al., 2004; Wang et al., 2008; Demeterova
et al., 2009). Humates have been shown to reduce ammonia emissions when utilized as an
amendment to soil, feces and urine (Shi et al., 2001) or when used as a feed supplement in swine
(Ji et al., 2006).

The aim of this study was to investigate the effects of peroral intake (orally drenched or
mixed into feed) of humic substances preparation combined with urea, as non protein nitrogen, on
the protozoal species, pH values, the concentration of ammonia, the sum of total volatile fatty acids
as well as acetate : propionate ratio in rumen of sheep in the time dependence.

Material and methods

Twelve crossbred merino ewes (two years of age, no pregnant, not lactating) were used in
18 day experiment. The animals were housed in two groups — test and control. Sheep were fed with
the daily basal diet consisting of 1.25 kg grass hay and 0.25 kg of cereal grains mixture divided
into two equal parts. The experimental dietary ingredients and chemical composition are presented
in Table 1. Urea was fed for both groups at dose 10 g / day / sheep mixed into grain mixture at the
morning feeding. Water was available ad libitum. All procedures were performed with the animals
approved by the Animal ethics committee of the University of Veterinary Medicine and Pharmacy
in KosSice according to Directive 2010/63/EU.

Table 1: Chemical composition of the diet and formulation of cereal grain mixture

Grain mixture Grass hay

Dry matter (g/kg) 880.70 868.80
Crude fiber (g/kg DM) 34.40 356.0
Ether extract (g/kg DM) 23.20 11.20
Crude protein (g/kg DM) 135.0 77.10
Ash (g/kg DM) 15.10 63.10
Formulation of grain mixture, % as fed

Barley 50

Wheat 50

DM — dry matter; Urea was fed for both groups at dose 10 g / day / sheep mixed into grain mixture
at the morning feeding.
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We used two different systems of the application of additives during the test period
especially for confirmation of our hypothese of differences in nitrogen-binding capacity in the
rumen after two diverse ways of administration. Urea was used as non-protein nitrogen feed source
due to fast transformation into ammonia. We tested our hypothese in order to assess the main effects
of additives after the administration by drenching technique or simultaneously intake in the diet
with urea.

Sheep received basal diet either without humic substance (HS) (control group, CG) or were
orally drenched with 20 g HS / day per animal (test group, TEG) at the time of morning feeding on
day 1 — 3. Each HS dose was diluted in fresh water before each morning feeding and orally
drenched to each sheep in order to ensure that each sheep receive the full dose of HS. Subsequently
HS in the same dose were mixed into daily grain mixture dose from day 4 — 18.

The characteristics of the applied natural HS preparation (HUMAC®Natur AFM; Humac
s.r.o., Slovak Republic) were the following: the size of particles up to 100 um, max. moisture 15%,
the content of humic acids min. 650 g/kg, fulvic acids min. 50 g/kg.

The chemical analyses of diets were performed according to Commission Regulation (EC)
No 152/2009. The rumen contents were taken from rumen using a tube at 3, 6 and 9 hrs after
morning feeding on day 0, 3, 18. The population of rumen protozoa was analysed 3 h after feed
intake. Day 0 was control day before starting of experiment (no addition of urea and HS). The level
of rumen fermentation was evaluated by analysing rumen pH, ammonia content (NH3) (mg
/100ml), the sum of volatile fatty acids (XVFA) (mmol/l) and the acetate: propionate ratio. Rumen
fluid were collected and filtered through two layers of gauze and analysed for pH with pH meter
(Consort C830, Belgium). The analysis of VFA was carried out in a two-capillary isotachophoretic
analyser (EA100, VILLA LABECO, Slovak Republic). The quantification of NHz was performed
by direct distillation and titration of 10.0 ml ruminal fluid with an automatic N-analyzer (Foss
Tecator 2300). The long-term fixation of rumen protozoa was performed by 10-fold dilution of 1.0
ml ruminal fluid (RF) with 3% formaldehyde solution. The diluted RF was used for the
quantification of protozoal cells using the light microscopy (Marcin et al., 1992). The
differentiation of protozoal species was performed according to a technique of Williams and
Coleman (1997).

The data were expressed as a mean + standard error (SEM) and analysed using an unpaired
t-test in Graph-Pad Prism (Graph Prism software, USA). Significance was declared at levels below
P<0.05.

Results and discussion

Effects of supplementing sheep with urea and HS on the ruminal fermentation parameters,
the protozoa counts, and the ruminal pH are presented in Table 2. The supplementation of humic
substances with urea combination showed the following in hourly dynamics in the test group:
significantly higher level of the ammonia content on day 3 at 6 h (P<0.05) and at 9 h (P<0.05) after
administration in comparison with the control group. The slower decrease of ammonia in the rumen
in between the third and the sixth hour (5.0 mg/100ml in the TEG and 9.9 mg/100ml in the CG,
respectively) after feeding was observed in the test group, especially on day 3 after an oral drench
addition of HS. The tendency of slower decrease of ammonia was also detected in between the
third and the sixth hour (10.4 mg/100ml in the TEG and 13.4 mg/100ml in the CG, respectively)
and the sixth and the ninth hour (11.7 mg/100ml in the TEG and 14.1 mg/100ml in the CG,
respectively) on day 18 after peroral intake of HS (mixed into concentrate mixture) in the TEG.
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There were no statistically significant differences in the ammonia concentration between groups
on day 18.

Table 2: Ruminal fermentation parameters, protozoa counts, and rumen pH in sheep after
peroral intake (orally drenched or mixed into feed) of humic substances preparation
combined with urea (n = 12; two groups test and control with 6 sheep each). Values are
presented as mean+SEM.

Day 0 Day 3 Day 18
Item ST(h) | TEG CG TEG CG TEG CG
Ruminal pH 3 6.65+0.04 6.54+0.08 6.50+0.06 6.62+0.05 | 6.71+£0.06 6.68+0.12
6 6.65+0.03 6.70+0.04 6.31+0.02 6.49+0.09 | 6.55+0.09 6.41+0.11
9 6.87£0.02 6.92+0.01 6.69+0.14 6.77£0.24 | 6.87+0.11 6.7440.05
Total VFA, 3 959+1.8 93.2+1.5 93.9+4.9 93.9+1.8 94.4+1.5 95.5+0.5
mmol/I 6 90.4+2.0 89.5+1.5 101.3£2.5 100.1+£5.6 | 98.3£1.6 98.8+1.1
9 87.7£0.6  85.5+1.8 92.7+£3.3 90.6+1.4 &1.1+2.2 &85.5+1.7
Acetate (A), 3 62.4+1.2 61.1+1.0 60.4+3.2 60.5+1.2 60.1+1.0 61.5+0.3
mmol/I 6 59.7+1.3  58.2+0.9 63.4+1.7 62.9+£3.7 63.8+1.0 63.7£0.7
9 58.6£0.4 58.1+1.2 61.2+2.2 59.4+0.9 54.9+1.7 57.1+1.4
Propionate (P), 3 [ 201204 19.4+03 | 20.5+0.9 20304 | 19.2+03  19.7+0.1
mmol/I 6 17.8+0.4 17.6+0.3 22.1+0.6 21.5+1.3 20.0+0.3 20.3+0.2
9 15.6£0.1 15.2+0.4 17.6+0.7 17.0+£0.3 16.1+0.4 16.6+0.3
A : P ratio 3 3.11+£0.07 3.15+0.06 2.95+0.19 2.98+0.07 | 3.12+0.06 3.11+0.02
6 3.35+0.08 3.29+0.05 2.87+0.09 2.92+0.21 | 3.18+0.06 3.13+0.04
9 3.75+0.03 3.81+0.07 3.434+0.13 3.48+0.05 | 3.41+0.11 3.43+0.08
Ammonia NHs, 3 30.1£1.8  29.1+2.1 52.7+1.8 49.743.8 44.7+1.7 47.2+1.9
mg/100ml 6 28.4+1.4 27.6+2.2 47.74+3.5% 39.842.3 34.3+0.9 33.8+1.9
9 18.9+04 20.1+£0.6 33.8+1.2% 28.2+1.4 22.6+0.6 19.7£1.2
Protozoa, x 10%/ ml
Entodinium spp. 3 96.1£10.5 102.4+15.8 |442.8+41.8*%* 199.6+35.4|295.5+44.2 272.6+67.3
Epidinium spp. 3 1.92+0.62 0.94+0.19 4.44+0.87 1.95£0.94 | 3.17£1.83 1.01+0.22
Diplodinium spp. 3 1.21£0.23 0.90+0.45 | 8.56+0.85** 3.44+0.78 | 1.64+0.20 0.93+0.46

*=P<0.05; **=P<0.01
VFA — volatile fatty acids; ST — sampling time; h — hour; TEG — test group; CG — control group

Humates have nitrogen-binding qualities that could prove to be beneficial in the retention
of ammonia nitrogen in the rumen (McMurphy et al., 2011). The N-binding ability could improve
the retention time and slow down releasing of ammonia nitrogen in the rumen. In the rumen, the
ammonia can be assimilated by many rumen bacteria for the synthesis of microbial proteins (Owens
et al., 1980; Milton et al., 1997). The supplementation of humic substances with urea combination
in our study showed the slower decrease of ammonia in the rumen in the time dependence after
feeding (in hourly dynamics) in the test group after two different ways for HS administration.
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No differences between groups were observed for the total and particular (acetate and
propionate) VFA concentrations (mmol/l) in all hourly collections during day 3 and 18 as well as
in the pH parameter and the acetate : propionate ratio (P>0.05).

The addition of HS combined with urea had a positive effect on the quantity of some
protozoal species in ruminal fluid. The significant increase of Entodinium spp. and Diplodinium
spp. was observed in the TEG compared to the CG on day 3. There was not any significant
quantitative differences in Epidinium spp. between groups, although the tendency of increase in
the number of these protozoal cells was also observed on day 3. The decrease in the number of
protozoal cells (Entodinium spp., Epidinium spp. and Diplodinium spp.) was observed on day 18
in the CG. However, there were not any significant quantitative differences on day 18.

A number of studies have examined the value of humic substances as a feed additive for
ruminants (Varadyova et al., 2009; Galip et al., 2010; McMurphy et al., 2011; Degirmencioglu,
2012; El-Zaiat et al., 2018; Terry et al., 2018).

McMurphy et al. (2011) determined that humate product high in humic acid content did not
dramatically impact some aspects of rumen fermentation (pH value and VFA concentration). Galip
et al (2010) observed no significant effect on rumen variables and ruminal protozoal populations
except for rumen protozoa Epidinium spp. in rams fed humic acid supplemented diets.

A positive increase of Entodinium spp. and Diplodinium spp. was observed in the EG in
our experiment. On the contrary, Galip et al. (2010) observed significant decrease of Diplodinium
spp. and the increase of Epidinium spp. in ruminal fluid of rams after feed intake of humic
substances.

The results from El-Zaiat et al. (2018) revealed that humic acid increased ruminal pH,
acetate and propionate proportions, while ammonia concentration was decreased. Varadyova et al.
(2009) found that when humic substances were added at 10 g/lkg DM to a rumen simulation
(Rusitec) using sheep inoculum, NHs-N was reduced by 24.4% in a high-forage diet.

Those results contrast with the results from Terry et al. (2018), in which, at a similar
concentration, humic substances increased NH3-N concentration. This study indicated that total
VFA and their individual concentrations were not affected by the addition of humic substances.
The concentration of NHs-N and total protozoa count responded quadratically (P =0.03) to
increasing concentrations of HS. The quadratic response of protozoa numbers and NHs-N
concentration to HS dose is consistent with the concept that rumen protozoa engulf rumen bacteria
that use NHz-N to help meet their N requirements (Koenig et al., 2000; Bach et al., 2005). Thus,
increased protozoa numbers may have led to less ruminal NHs incorporated into microbial protein
and increased NHs concentrations (Terry et al., 2018).

Conclusion

The addition of humic substances with urea has confirmed nitrogen-binding capacity in the
rumen with longer retention time for potential releasing of ammonia for future synthesis of
microbial proteins with significantly increased NHs concentration in ruminal fluid. It had no
significant effect on the ruminal pH, the VFA content as well as the acetate : propionate ratio. The
addition of these additives resulted in increasing of the some ruminal protozoa populations
(Entodinium spp. and Diplodinium spp.).
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Abstract

The aim was evaluated of annual ethological observation of sheep flock which took place on the pastures.
There were observed these daily activities in the flock: grazing, laying and chewing, standing and
chewing, locomotion, resting, standing and observing, drinking, comfortable behaviour, mineral lick
intake. Within special behaviour which were observed only in particular season was sexual and maternal
behaviour. The most frequently observed activity in winter was grazing with value of 49,18 %, in spring
“laying and chewing* with value of 63,03 %, in summer “grazing‘‘ with value 0f 49,49 % and in autumn
“grazing™ with value of 77,91 % from the total observed time. Significant differences (p<0.01) in the
activities observed in sheep were demonstrated in different seasons in the case of grazing, lying down
and chewing cud, and standing and chewing cud. On the basis of the balanced frequency of comfort
behaviour demonstrated by the sheep during various seasons, we can state that the animals were kept in
satisfactory conditions and their welfare requirements were met.

Key words: sheep, behaviour, daily activities

Introduction

Observation and assessment of the behaviour of animals kept by humans are the key activities of
breeders (Broom and Fraser, 2007). Deviation of daily activities from normal activities signalises the
presence of problems caused by technology, farming technique, herd hierarchy and failure to meet
welfare requirements (Smit et al. 2008). According to Carvalho (2013) the behaviour demonstrated by
sheep can be used to determine the quality of pasture, achievement of optimum plant production and
acceptance of fodder. The animals can be observed by direct observation, using video-recordings,
possibly by using sensors. A tri-axial accelerometer (Brown et al. 2013, Decandia et al. 2018), which
provides information about sexual behaviour, movement, feeding, chewing cud, rest and sleep (Robert et
al. 2009, Hokkanen et al. 2011, Fukasawa et al. 2018) is currently primarily used in research work. In
the case of our experiment the method of direct observation was used, which is however most labour
intensive. The daily activities of sheep chiefly consist of feeding, i.e. animals grazing (Delagarde and
Lamberton 2015) and chewing cud, which is carried out by animals standing and mainly by sheep who
are lying down. Grazing is also influenced by the species of plant, whereas Papanastasis et al. (1999)
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points out that as well as grasses and dicot plants, sheep should also have access to woody plants, which,
according to Spatze et al. (1999) need to form up to 30% of the animals' feed.

Material and Methods

The goal of the work was to assess the behaviour of sheep kept on pasture year-round, in relation
to their welfare. The experiment was carried out on a private farm that farms animals in the
Kfivoklatsko protected nature area in the Czech Republic. Suffolk breed sheep (n=35), which were
bred to a ram during the breeding season (October - November), were included in the experiment. The
animals had the option of staying on the pasture year-round. In the event of poor weather the sheep
were able to take shelter in a stable. During the winter period hay was provided in this area and there
was also a source of drinking water here. The pasture had an area of 16 ha. The strip grazing system
was used. The sheep have a source of water and a mineral lick available in each strip. Only lambs
receive additional grain feed. Etiological observation was carried out during all four seasons, whereas
the presented results for each season always cover on average 20 days during which the herd was
observed. The observation period was selected from 7:15 a.m. to 4:15 p.m., so that the observation
period was the same during all four seasons. The method of synchronous observation (a group of
animals demonstrating various behaviour was observed during the specific period) was used to record
the behaviour of the sheep. Records were made at 5 minute intervals. The sample of ethogram for the
first hour of observation was shown in the Table 1. The following activities were recorded in the
ethogram: grazing, lying down and shewing cud, standing and chewing cud, locomotion, standing and
observing, drinking, licking the mineral lick, comfort behaviour, rest, sexual behaviour and maternal
behaviour. The acquired data was processed in the STATISTICA 12 program. The Kruskall-Walis test
was used to determine differentiation between the seasons.

Table 1: The sample of ethogram for the first hour of observation

Date of observation |
Behaviour

observation | ® [ |5 S |3 |2 5|& |®2 °§’§ 5% | 53

a g 0 g ‘_OEE 5 =
7:15
7:20
7:25
7:30
7:35
7:40
7:50
7:55
8:00
8:05
8:10
8:15
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Results and Discussion

The most frequent activity during all four seasons was "grazing". Whereas the highest
(p<0.01) proportion of this activity (77.91%) was registered during the autumn observation (Figure
1.) In winter this activity was observed in 49.18% cases, during the summer observation period,
grazing took up nearly half the observation time (49.49%). Animals grazed least during the spring
period (14.18%). The low proportion of this activity was mainly affected by the mothers' care of
the newly-born lambs. Assumed that the sheep grazed more at night, when the lambs were resting.
The most important acivity was the grazing behaviour. Therefore we focused on this trait and we
performed detailed observation of proportion of daily activity during the day (Figure 2.). The
behaviour was observated in 5-minutes interval and for graphic presentation was summarized to 1-
hour observations. The graph reveals that the highest grazing behaviour was in morning hours and
than slightly decreased till 10.00 a.m.. Second highest activity was observed in midday which
ended at 2:15 p.m. The last increasing of activity was observed from 3.00 p.m. There was the same
trend in all seasons. The results pointed almost identical grazing behaviour in winter and summer
seasons. On the contrary different results was observed in spring and autumn, although they had
simillar trends between themselves. The lower amount of grazing animals in spring could be
explained by presence of lambs and higher grazing behaviour in autumn could be related with poor
nutrition quality af pasture.

The established results correspond to the data given in the work by Rutter (2002), when the
average grazing period per day is given as 8 - 9 hours. Fraser and Broom (1997) state that this
activity can take up up to 10 hours a day. Houpt (2011) adds the statement that the sheep feed more
in colder weather. The daily activity of "lying down and chewing cud" was the second most
frequent behaviour demonstrated by the observed herd of sheep. This activity took up 63.03% of
the observation time during the spring observation period, during the summer period this activity
took up 36.67% of the observation time and in winter it took up 22.24% of the observation time.

The smallest (p<0.01) proportion of the lying down and chewing cud activity was observed
in autumn (7.89%). The animals always chose areas in theshade and protected against bad weather
to lie down and chew cud. "Standing and chewing cud™ was another observed activity that took up
a significant proportion of time. It is significant (p<0.01) that this activity was observed most in
the winter period (12.30%), when there was more precipitation and the pastures were wet. This
activity was observed only exceptionally during other seasons (spring 4.01%, summer 6.23%,
autumn 2.16%). Decandia et al. (2018) give a range of from 15 to 17% of the time spent chewing
cud by sheep. Locomotion was observed most frequently (p<0.01) in the winter period (6.43%),
this activity represented 1.63% of the total number of recorded activities in the autumn. During the
spring and summer observation periods animals were observed to ambulate aimlessly practically
exceptionally in 0.31 - 0.49% of cases. Similar low numbers of cases (0.44%) were recorded in
relation to rest, which was only observed during the summer period.
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Figure 1: Basic daily activities of sheep
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This result corresponds to the statement by Lynch et al. (1992) that sheep mostly rest at night. The
"standing and observing" activity can be described as the attention of the herd of sheep being captured by
external factors, when most of the animals focused their attention on the observed subject and assessed it
for potential danger. During the winter period this activity was registered in 2.15% of cases, during the
autumn it was observed in 1.26% of cases and in spring in just 0.12% of cases. This activity was not
observed during the summer ethology observation period. Drinking made up only a small proportion of the
total number of records of daily activities. Drinking ranged from 0.10% to 0.20% with a higher need
(p>0.05) for drinking in the winter and summer periods. Damian et al. (2018) states that water consumption
depends mainly on the quantity and type of food, the climatic conditions, milk production, the amount of
movement by the animals and the season. During assessment of the quality of the animals' stabling, or more
precisely inspection that suitable welfare conditions are maintained, the appearance of comfort behaviour is
considered a reliable indicator that the animals are comfortable.

Of the total number of observed incidents, comfort behaviour did not represent a great percentage
(2 - 8%). However, it is important that it appeared during all seasons, which proves that the animals were
satisfied in the pasture. The activity of the sheep scratching against items (trees, fences, hay mangers),
respectively the animals scratching themselves with their rear limb, was observed most frequently from
the activities included in comfort behaviour. Licking the mineral lick was observed in the summer and
autumn periods only in 0.30% of the cases. To some degree a specific daily activity is the appearance of
sexual and maternal behaviour because this behaviour does not occur throughout the entire year, but is
connected to the season in sheep. Demonstration of sexual behaviour (the ram seeking out sheep in
season, the animals mating) was observed during the autumn ethological observation period, during
which it took up 1% of the time spent on the observed activities (Figure 3). Maternal behaviour
distinguished as care of lambs and suckling, only took place in the spring period in 13% of ethological
records. Alhamada et al. (2016) state that demonstration of sexual behaviour depends on the physical
condition of the animals, when individuals in optimum condition provably demonstrated a higher score
of attractiveness (p>0.05).

Figure 3: Other daily activities of sheep
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Conclusion

The results of the experiment indicate that the season had a significant influence on most
of the activities observed in the herd of sheep. The most significant changes were proven in the
case of grazing and chewing cud when it is ideal from the aspect of welfare that most of the animals
chew cud when lying down. We can state at this point that most of the animals demonstrated this
behaviour and therefore the specific breeding conditions can be considered satisfactory. This
statement is also substantiated by the fairly balanced number of incidents of comfort behaviour,
appearing in animals that are not subject to stress. The appearance of sexual and maternal behaviour
during only one season is related to the seasonal nature of breeding sheep in the conditions of the
Czech Republic. In conclusion we can state that the originally English Suffolk breed has adapted
fully to the climatic conditions of the Czech Republic and these animals can be kept on the pasture
year-round.
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Abstract

The effect of linseed and sunflower oil on health beneficial fatty acids composition of Musculus
longissimus lumborum et thoracis (MLLT) of lambs was investigated. Thirty slovak dairy sheep
breed ram lambs (20.1143.06 kg) randomly allocated into three groups were fed a control diet (C)
composed by 70 % concentrate and 30 % forage and two expeimental diets (5% linseed oil and 5%
sunflower oil, LO and SO respectively). The experimental period was 46 days and lambs were
slaughtered at 28.83+3.88 kg. Differences between dietary groups were calculated using General
Linear Model of SAS 9.3. Addition of linseed oil, rich in a-linolenic acid (C18:3n-3) significantly
increased rumenic acid (c9,t11-C18:2; P<0.01), C18:3n-3 (P<0.001), eicosapentaenoic acid
(C20:5n-3; P<0.001), docosahexaenoic acid (C22:6n-3; P<0.05), conjugated linoleic acid (CLA;
P<0.01) and decreased n-6/n-3 ratio (P<0.001). The addition of SO to the diet did not influence
significantly essential and health beneficial fatty acids in lamb meat. The results of the present
study suggest that linseed oil supplementation can be safely incorporated in the diets of lambs to
enrich lamb meat with essential and healthy fatty acids.

Key words: lamb meat, fatty acid, linseed, sunflower, oil

Introduction

The composition of fatty acids (FA) in consumated meats play important role in the human
diet in Western countries. Meat from ruminants may be an important source of healthy and essential
fatty acids in human diet, as the n-3 polyunsaturated fatty acids (n-3 PUFA) with anti-inflamatory
and anti-arrhytmic properties (Barcelo-Coblijn and Murphy, 2009, Calder 2018) and the
conjugated linoleic acid (CLA) that has received considerable attention because of its anti-
carcinogenic and anti-mutagenic properties (Whigham et al. 2000; Pariza et al. 2001; Lehnen et al.
2015). CLA is the generic term of a group of positional and geometric isomers of the n-6 essential
fatty acid C18:2n-6 (linoleic acid). The major CLA isomer in ruminant tissues is ¢9,t11-C18:2
(rumenic acid), which is synthesized mainly by endogenous desaturation of t11-C18:1 (vaccenic
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acid) catalysed by steoryl-CoA desaturase. Vaccenic acid is the main intermediate of microbial
biohydrogenation of dietary PUFA, namelly linoleic acid (LA) and C18:3n-3 (a-linolenic acid).

Weissova (2013) and Horecna (2015) reported that proportion of healthy and essential FA
in meat gained from intensive finished lambs from indoor systems in Slovakia was lower than in
lambs finished on pasture. The linseed and sunflower oil have a high proportion of essential FA,
especially a-linolenic acid (ALA) in linseed and LA in sunflower oil. Feed content linseed oil may
increase n-3 PUFA, mostly ALA and also long chain (LC) C20:5n-3 (EPA), C22:5n-3 (DPA) and
C22:6n-3 (DHA), (Scollan et al. 2001; Doreau — Ferlay, 2015). According to Kitessa et al. (2009),
the strongest increase of ALA in lamb meat is in first weeks after supplementation of linseed oil to
lambs” feed, while contents of EPA, DPA and DHA are increased only after minimum six weeks
of linseed oil supplementation.

Therefore, this study was conducted to investigate the effects sunflower and linseed oil
supplementation in lamb diets on fatty acid profile, particularlly essential and health beneficial
fatty acid in intramuscular fat of growing lambs.

Material and methods

Experimental design, animal management and diets

Thirty ram lambs of Slovak dairy sheep breed (average live weight of 20.11 kg) were
randomly allocated to the three complete ground diets (10 lambs in each group), that were
composed by 70% concentrate and 30% alfalfa, suplemented with 5% linseed oil (LO) or sunflower
oil (SO). Lambs from the control group (C) never received additive oil. The ingredients, chemical
and fatty acid composition of diets are presented in Table 1. Feed was offered ad libitum and intake
of feed was controlled daily by weighing the offered and refused feed. The trial lasted 46 days and
at the end, lambs were weighted without fasting and transported to the experimental
slaughterhouse, located at Slovak University of Agriculture in Nitra. The lambs were stunned and
slaughtered according to the official European legislation regarding protection of animals during
slaughter. Twenty-four hours after slaughter and chilling, 100 g of Musculus longisimus lumborum
et thoracis were taken from each carcass, minced, vacuum packed, and stored at -25°C until lipid
analyses were carried out.

Fatty acid analysis

The proportion of the individual FAs was analysed using capillary gas chromatography
(GC). The lipids from 0.5 g minced meat samples were extracted using 2 mL chloroform-methanol
mixture (2:1 vol.vol-1) during 1 hour on rotary shaker. The 1 mL of saline water was added for
better separation of chloroform layer and after then, samples were centrifuged at 2000 g for 5
minutes. The lower chloroform layers with extracted lipids (1 mL) were filtered through anhydrous
sodium sulphate, and then dried and stored under nitrogen at -20°C. The base-catalysed
methylation procedure with a solution of sodium methoxide in methanol was used for the
preparation of fatty acid methyl esters (FAME). Gas chromatographic analyses was realized by gas
chromatograph Agilent Technologies 6890N with flame ionization detector (Agilent, Waldbronn,
Germany) and 5973 Network mass-selective detector. FAME were separated in a capillary column
100 m x 0.25 mm i.d. x 0.2 pm film thickness of HP-88 stationary phase (J&W Scientific, Agilent
Technologies, California, USA). The initial column temperature of the programmed run was set to
45°C and it was held for 2 minutes, then followed by a step up ramp of 15°C.min to 145°C, and
then of 5°C.min™ to 240°C and held for 5 minutes. Helium was used as the carrier gas with a linear
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velocity set at 20 cm.s™. Two pL samples, which represented approximately 10 mg.mL* FAME,
were injected using a split 50:1 at injection temperature 300°C. Separated fatty acids were
identified by reference materials (Supelco 37 Component FAME mix, PUFA No. 3 from menhaden
oil, Sigma, Aldrich, Germany), published retention data and mass spectrometric measurements.

Table 1: Ingredients, chemical and fatty acid composition of the experimental diets

Diets
C LO SO
Feed ingredient!
Dehydrated chopped alfalfa 30.0 30.0 30.0
Corn meal 25.0 6.0 6.0
Barley grain 16.0 22.9 22.9
Soybean meal 11.0 9.0 9.0
Rapeseed meal 8.0 8.0 8.0
Malted barley 3.9 10.0 10.0
Sugar beet pulp 2.0 5.0 5.0
Premix 3.0 3.0 3.0
Sodium chloride 0.6 0.6 0.6
Calcium carbonate 0.5 0.5 0.5
Linseed oil - 5.0 -
Sunflower oil - - 5.0
Chemical composition?
Dry matter® 922.5 929.3 930.0
Crude protein 168.9 184.3 184.4
Ether extract 24.7 73.3 76.1
Neutral detergent fiber (NDF) 243.6 281.7 280.2
Acid detergent fiber (ADF) 161.4 173.7 174.1
Crude ash 88.3 95.2 95.8
Fatty acid composition*
C16:0 14.1 11.0 9.0
C18:0 2.3 4.3 3.4
c9-C18:1 24.6 18.9 61.3
C18:2n-6 43.9 23.4 15.8
C18:3n-3 8.8 38.9 5.8
C — control; LO — linseed oil; SO — sunflower oil; * g/100 g; 2 g/kg dry matter; 2 g/kg; * g/100g
FAMF

The chromatograms were published response factors of flame ionization detector for FAME
(Ackman, 2000). The fatty acid composition of IMF was detected in grams of each individual
FAME per 100 g of sum detected FAME. The average relative standard deviation of the FAME
analysed with a proportion above 0.5 g 100 g* was 1.1 % for the whole analytical procedure and
the five replicate samples.

Statistical analysis
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The experimental data were evaluated using an analysis of variance and a general linear
model procedure as implemented in SAS 9.3. Least-squares means were compared using a Scheffe
test.

Results and discussion

Results concerning composition of selected fatty acids in intramuscular fat of lambs are
presented in Table 2. The supplementation with linseed oil increased the proportion of c9t11-
C18:2, which is important isomer of CLA, essential C18:3n-3 and LC n-3 PUFA, namely EPA and
DHA. Linseed oil can be considered as significant source of n-3 PUFA in the diet, when it increased
ALA more than fourfold and EPA more than twofold. Proportions of DPA and DHA were more
similar to results in C group. It can be caused by low activity of the elongase enzyme in elongation
C18 > C20 and following desaturation of ALA on more effective LC n-3 PUFA. Similar results
after linseed oil supplementation are reported Le et al. (2019), who mentioned almost twofold
higher proportion of ALA and increased proportion of EPA, whereas proportion of DPA and DHA
were similar to control group. Aproximatelly twofold higher proportion ALA and slightly higher
proportion EPA and DPA in M. longissimus thoracis of lambs after linseed supplementation
reported Andrés et al. (2014). Likewise Urrutia et al. (2015) reported almost twofold higher
proportion of ALA after 5% supplementation of linseed oil, however they did not find out
differences in EPA content of intramuscular fat of lambs.

Table 2: Effect of dietary supplementation with linseed and sunflower oil on the on health
beneficial fatty acids in intramuscular fat of lambs

18

Eﬁ'\(;loEn;posmon (9/100g C LO e S. E. P-values
t11-C18:1 0.393 0.359 0.404 0.0394 0.697
C18:2n-6 6.68 6.73 7.37 0.461 0.502
c9, t11-C18:2 0.167° 0.279? 0.202° 0.0230 0.006
C18:3n-3 0.396" 1.772 0.389° 0.0758 | <0.001
C20:5n-3 0.174° 0.413? 0.212° 0.0395 <0.001
C22:5n-3 0.422 0.632 0.576 0.0765 0.152
C22:6n-3 0.055" 0.090? 0.070%" | 0.0109 0.090
Total CLA 0.188° 0.2972 0.217° 0.0229 0.007
n-3 PUFA 0.657° 2.322 0.703° 0.1056 | <0.001
LC n-3 PUFA 0.261° 0.5522 0.314° 0.0525 0.001
n-6 PUFA 9.63 9.42 11.58 0.810 0.134
LC n-6 PUFA 2.95° 2.69° 4.212 0.423 0.039
n-6 PUFA / n-3 PUFA 15.022 4.14° 16.972 0.798 <0.001
LC n-6 PUFA / LC n-3 PUFA 11.872 4.97° 13.962 0.819 <0.001

C — control; LO — linseed oil; SO — sunflower oil; S. E. — standard error; ¢ means in the same row with
different superscripts differ significantly (P<0.05)
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Linseed oil supplementation increased important FA groups, namely > n-3 PUFA, > LC n-
3 PUFA and Y CLA. Higher proportion of > LC n-3 PUFA can be caused by the higher level of by-
pass lipids and their protection from excessive lipolysis and extensive biohydrogenation in rumen
(Chikunya et al. 2004). Differences in rumen biohydrogenation proces between groups can caused
also higher CLA proportion in MLLT of lambs in LO group. Increasing of CLA after linseed
product supplementation reported also Majewska et al. (2004) and Kamel et al. (2018), whereas
Urrutia et al. (2015), Andrés et al. (2014) and Giannico et al. (2009) found no differences between
groups. It can be due to diferent biohydrogenation proces of fatty acids in rumen dependent on
different experimental diets. Only linseed oil supplementation positively affected n-6 PUFA/n-3
PUFA a LC n-6 PUFA/ LC n-3 PUFA ratios, when these ratios were at the level recomen by the
health organizations in terms of suitability for human health. The ratio n-6 PUFA/n-3 PUFA was
more than threefold lower after linseed supplementation, what influenced LC n-6 PUFA/ LC n3
PUFA ration too. The similar ratios dicreasing after linseed supplementation reported Abuelfatah
et al. (2016) in goat kid and de la Fuente et al. (2014) in lambs. Urrutia et al. (2015) noted twofold
dicreasing of n-6 PUFA/n-3 PUFA ratio after 5% linseed oil supplementation. Le et al. (2019) and
Majewska et al. (2016) found no differences in n-6 PUFA/n-3 PUFA ratio after linseed
supplementation. The high proportion of a-linoleic acid in intramuscular fat of LO lambs
significantly caused level of LA/ALA ratio, where the level was fourfold lower in comparision to
C lambs.

The sunflower oil supplementation had no significant effect on proportion of specific
polyunsaturated FAs, only sum of LC n-6 PUFA was significant higher in SO compared to C. In
accordance with de la Fuente et al. (2014), the proportion of LA was not influenced by addition of
vegetable oils, because the LA proportion is more influenced by animal genotyp and slaughter
weight of lambs (Bessera et al. 2004).

Conclusion

This study demonstrated that feeding lambs a diet supplemented with linseed oil
significantly increased rumenic acid, CLA and omega 3 fatty acids as essential a-linoleic,
eicosapentenoic, doxosahexaenoic acids and decreased n-6/n-3 and LA/ALA ratio in lamb meat.
This study demonstrated also that, unlike sunflower oil supplementation of lamb diets had no effect
on essential and health beneficial fatty acids in meat of lambs.
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Abstract

Aim of the paper was to evaluate the effect of various types of environment enrichment to
aggressive behavior in piglets. Two types of pen were involved in tests - the pen with concrete
floor cowered by straw (CFS) and the pen with slatted floor (SF). The CFS pen was enriched by
temporary dividing to two parts by barrier with gap stuffed by straw (CFSD). Barrier was placed
to the pen before shifting and mingling litters, two litters were placed each to another side. The gap
was cleared from straw by the piglets during the pen exploration and mingling was unforced. The
SF pen was enriched by plastic tube (SFT), PET bottle (SFB) and with anise smell (SFS). The
number of attacks during 1st hour after shifting (NA1H) and total number of attacks during 8 hours
after shifting to the new pen (TNA) and mean of attacks per 20 minutes intervals (MA20) have
been evaluated. The CFSD modification significantly decreased MA20 (P <0.001), TNA and
NAI1H were decreased too, difference was not significant. Modifications of SF pen had no
significant effect. SFT led to decrease NA1H, TNA and MA20 were increased. SFS and SFB led
to increasing all evaluated traits. The most effective seem to be space modification (CFSD).
Moreover, Spearman correlation showed importance of space allocation per piglet. Higher space
allowance leads to decrease of aggressive behavior -area per pig negatively correlated with NA1H
(-4.19, P > 0.05), TNA and MA20 (p = -0.636, P < 0.05).

Keywords: environmental enrichment, aggression, behavior, pig

Introduction

The term “environmental enrichment” has no exact and precise definition but is increasingly
considered as important factor of improvement of husbandry conditions and welfare in farm
animals. Generally, enrichment refer to enhancement in physical or social environment.
Environmental enrichment has been reported to have wide range physiological and behavioral
effects and can be particularly effective in reduction of undesirable or abnormal behavior as well
as beneficiary for productivity and welfare (Young, 2003, Averds et al., 2010, Bolt and George,
2019).

10.17205/SZIE.AWETH.2020.1.022


mailto:peter.juhas@uniag.sk
https://doi.org/10.17205/SZIE.AWETH.2020.1.022

Juhas et al. | AWETH Vol 16.1.(2020) 23

One of the main problems in pig breeding is unequal size and live weight of piglets in litter
and consecutive batch creation from different litters. The mixing of different litters induces social
stress and might increase the level of aggression. The consequences are higher number of injuries
and/or cannibalism. There are various enrichment techniques published for solving problems in pig
breeding: intense odors, pheromones, tranquilizers, light intensity changes, dividing the pen by
diagonal wall with junctions, boards with holes to hide and protect head, box for hiding, objects
for manipulation e.g. (Petheric and Blackshaw, 1987, Deschamps and Nicks, 1989, Christinson
1996, Olesen et al., 1996, Ayo, Oladele and Fayomi, 1998, Ishiwata, Uetake and Tanaka, 2002,
Rhim, et al., 2015, Buijs and Muns, 2019).

Aim of this study was to assess the impact of four types of environmental enrichment to
aggressive behavior of piglets after mingling groups.

Material and Methods

The environment enrichment was tested in two types of pen: pen with concrete floor and
straw bedding (CFS) and in pen with slatted floor (SF). Three types of enrichment were tested:
physical (partitioning), occupational (PET bottle, plastic tube) and sensory (smell).

Enrichment in CFS pen

Experiment was held at Breeding farm of Slovak University of Agriculture in Nitra. Pen
dimensions (lengthxwidth) were 3650 mm x 2010 mm. Pen was equipped with two feeding racks and
watering point. Pen is regularly used for mixing 2 litters after weaning. CFS pen was enriched by
partitioning. Pen was divided to two parts by 500 mm high wooden barrier in middle of pen, from
wall to opposite wall- CFSD pen. Near wall was in barrier gap stuffed with straw. Each litter was
after weaning placed to separated area. The gap in barrier was step by step opened by the piglets
during environment exploration and mingling was spontaneous. The barrier was removed 24 hours
after weaning and shifting litters to new pen (CFS or CFSD). Weaning and mingling was three
times repeated (three group, 6 litters were used) in CFS as well as CFSD pen.

Enrichment in SF pen

Experiment was held in Experimental Centre for Farm Animals of Slovak University of

Agriculture in Nitra. Pen has size 2380 x 1840, was equipped with one feeding place and watering
point. Along longer side was placed 600 mm wide nest for piglets with two heating lamps. Piglets
are weaned without mingling. Two types of enrichment were used for SF pen.
First enrichment was occupational enrichment by PET bottle (SFB) or plastic tube with length 825
mm and diameter 315 mm (SFT). The SFB enrichment offer PET bottle as toy for manipulation
and play. The plastic tube in SFT enrichment was object for play, explore and shelter for submissive
ones during attacks. Weaning in SF pen was repeated three times (three group each from siblings
from litter). Test in SFT and SFB pen was repeated once, because high increase of attacks in
comparison with SF pen.

Second enrichment was sensory by anise smell (SFS pen). Anise dilution was painted to the
back of pregnant sow 7 days before expected day of farrowing. The farrowing pen was treated with
anise dilution on 10-th and 20-th day after farrowing by painting walls with dilution. The pen for
weaning was treated by same dilution at morning on day of weaning. Each time was used dilution
with same concentration — 2 ml of the anise oil dissolved in 400 ml water. We have expected
familiar odor of anise evokes piglets “home” environment in farrowing pen and make animals
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calmer after shifting to the new pen and weaning. Test with anise smell was repeated three times
(three group each from siblings from litter).

All procedures related to animals were performed in accordance with guidelines of the
Slovak University of Agriculture Ethics Committee. Processes with animals were managed in daily
routine as common at commercial farms. The animals were kept under close veterinary attention
and treated where necessary.

Animals

In testing were used piglets Large White, total number animals in tests was 156, the average
weight 9.79 + 4.72 kg. Number of animals in particular tests was different, because of different
litter size in farrowing. Detailed data about piglets are in Table 1.

Data collection

Behavior of the piglets after shifting to the new pen was observed and recorded by means
of video-surveillance CCTV system. In each pen one camera was mounted at ceiling. Behavior in
duration 8 hour after shifting was analysed by software for behavior analysis The Noldus Observer
XT 11.5. Aggressive behavior was scored (number of attacks) by continuous sampling, attack was
scored as point event. Like aggressive behavior was considered physical confrontation between at
least two pigs including head to head contact, head to shoulder contact, with and without biting
another pig, pushing or knocking another pig with the head (Hessel et al., 2006).

Table 1: Number of piglets in tests, average weight, weight range and average floor area per

piglet
Pen Group AW AAW N AFA
[ka] [ka] [m?]
. Group 1 9,79 5,42 15 0,477
ft?;virﬁt;gﬁg ("(":'g;) Group 2 11,13 5,50 12 0,596
Group 3 25,00 12,00 12 0,596
Concrete floor with Group 1 7,84 3,27 13 0,550
straw bedding divided Group 2 6,60 3,41 11 0,651
(CFSD) Group 3 7,32 3,30 12 0,596
Group 1 7,98 3,75 10 0,438
Slatted floor (SF) Group 2 7,94 5,80 6 0,730
Group 3 9,20 6,08 11 0,398
Slatted floor PET bottle Group 1 9,67 6,71 10 0,438
(SFB)
Slatted floor plastic Group 1 6,11 3,18 12 0,365
tube (SFT)
. Group 1 11,47 10,50 10 0,438
Ssrf;tlf‘g';;)r andanise "G50 10,68 411 9 0,487
Group 3 6,29 2,85 13 0,337

AW — average weight

AAW —weight range

N — number of piglets in group

AFA — average floor area per pig in pen
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Statistical analysis

Evaluated were average total number of attacks per piglet during 1% hour after shifting
(NA8H), average total number of attacks for 8 hours per piglet (TNA) and mean of attacks in 20
minutes intervals per piglet (MA20). Relationship among behavior traits (NA1H, TNA and MA20)
and piglets data (AW, AAW, N, AFA) was evaluated by Spearman rank correlation.

Evaluation changes in MA20 in partition enrichment (CFS x CFSD) was performed by t-
test for independent samples. Comparison of TNA and NA8H between CFS and CFSD was done
by Mann-Whitney test.

Evaluation changes in MA20 in occupational and sensory enrichment was performed by
One Way ANOVA (SF x SFB x SFT x SFS). Comparison of TNA and NA8H was performed by
Mann-Whitney test only for SF and SFS pens. Enrichment SFB and SFT was omitted because
small number of tests.

Statistical analysis was performed with IBM SPSS version 20.

Results and Discussion

In all tests and treatments, the highest number of attacks piglets shown during first hour
after regrouping and mingling. Next peak of number of attacks is related to first feeding after
weaning and shifting to new pen (Figure 1). Same behavior describes Christison (1996).

The effect of enrichment to decrease of aggressive behavior was recorded only in partitioning. The
number of attacks was lower in CFS than in SF, probably because possibility to manipulate with
straw. The partitioning decreased all evaluated trait for more than 60%. Difference in MA20 was
significant (P <0.001), difference in NA1H and TNA was not significant probably for small
number repeats (3). The sensory and occupation occupational enrichment in SF pen has no effect
to decrease attacks. The SFB had increased all evaluated traits, SFT only MA20 and TNA. SFS has
no effect. Christison (1996), Amstutz et al. (2005), Stukenborg et al. (2011,) Clark and D Eath
(2013) presented similar number of attacks after weaning and shifting to new pen. Ishiwata, Uetake
and Tanaka (2002) reported decreasing number of attacks by enrichment with box for hiding, to
less than 10 attacks in first day after weaning. The partitioning in presented paper decreased number
of attacks to 7.01 in first 8 hours. The piglets in CFSD pen explored the new environment in group
of sibs. Table 2. shows basic descriptive statistics of measured traits in all tested environments.
During exploration decrease the excitation from loss of mother and shifting to new environment,
so in moment of opening are piglets calmer. Piglets from one litter can join the group of unfamiliar
piglets from second litter when they “desire”. The next advantage of partitioning is possibility of
escape to other side of barrier after attack. During observation we have recorded that attacked piglet
during escaped through gap to other side of barrier, to adjacent part of pen. Aggressor does not
chase it to other side. This is similar behavior like in natural condition fight runs — loser must escape
away from winner. Olesen et al. (1996) concluded partitioning has no effect to aggressive behavior.
But she did partition in pen with slatted floor and barrier has two open gates from start of shifting
piglets to pen. Piglets can move to other side and meet unfamiliar ones immediately after
regrouping, without calming period of exploration. The effect of escape to other side when attack
occurred was recorded described too. In our opinion the PET bottle in SFB pen triggers the highest
number of attacks because the competition for movable toy. The plastic tube in SFT enrichment
probably decreased number of attacks in first hour by means of novelty effect (Trickett et al., 2009).
Correlation analysis showed importance of area per pig effect to attacks for TNA and MAZ20 traits
(p =-0.636, P <0.05). Other traits (awerage weight, weight range) has no effect to number of
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attacks. Number of piglets in pen negatively correlated with number of attacks (p = -0.423) but tie
is not significant.

Figure 1: Mean number of attacks per piglet in first 8 hours after weaning shifting to new pen

P
4.00 o 4.00-] Pen

3.00 3,00

2.00

Mean attacks

2,00 -

Mean attacks

1.00- 5 1,00 \ .

.00~

,00

Table 2: The basic descriptive statistics of measured traits in tested environments

CFS CFSD SF SFS SFB SFT
N 3 3 3 3 1 1
Mean 3.46 1.53 7.26 7.91 9.67 4.30
NALH s.d. 3.13 1.27 0.43 3.13 - -
TNA Mean 16.78 7.01| 12.38 16.82 | 32.99 15.6
s.d. 12.55 2.82 1.82 4.4 - -
Mean 0.70% 0.29°*++ | 0.51¢* 0.70% | 1.37¢* 0.65
MA20 s.d. 0.52 0.12 0.07 0.18 - -

a+++, b+++ - P <0.001, c+, d+, e+ - P <0.05

Conclusion

Results show the role of environment enrichment in piglets aggressive behavior in period
of weaning and shifting to new environment. The analysis of behavior points out importance of
room area and its division. Partitioning as environmental enrichment influences the aggressive
behavior and can decrease the number of attacks. Litters should be separated at moment of shifting
to new environment and mingling should be voluntary after calming of excitation from
environment change. Occupational enrichment influences behavior too. But if small movable
objects are in use, more than one should be offered to distract attention and eliminate competition.
Obiject should be changed after habituation piglets and disappearance novelty effect.
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Abstract

The aim of this study was to monitor productive characteristics of Slovak Simmental breed and
crossbreeds of different proportion (>50% of Slovak Simmental breed) in the system of suckling
beef in Slovakia. Study evaluated a total of 932 animals for growth parameters and 75 animals for
carcass characteristics. Analysing of calving ease showed 4.95% proportion of calving with
assistance (calving ease score 2 from 4 point scale). These were found in calving of one gender —
heifers. All other recorded calving was without need of assistance. Analysis of variance confirmed
highly significant influence of the sire on calving difficulty (P<0.001) and significant impact of the
sex and birth season as well (P<0.01). Higher live weight at birth was determined in bulls (32.90
kg vs. 31.13 kg). Similarly, analysis of variance of the birth weight verified highly significant
influence of the sire (P<0.001). In monitored herds, cows calved throughout the year, with highest
percentage of calving in winter season (from January to March) — 36.5%. On the other hand, fewer
cows calved in the season between July and September (4.99%). The highest average live weight
at 120 days according to the calving season was determined in calves born in February (216.78 kg).
Within evaluation of impact of the calving season on growth characteristics, highly significant
influence on the birth weight (P<0.001) and significant influence on weaning weight (P<0.05) were
determined. Average dressing percentage of bulls was 54.97%; the highest number of slaughtered
bulls (70%) was designated in commercial class E/2 and U/2.

Keywords: calving season, carcass class, growth parameters, Slovak Simmental breed, suckling
beef

Introduction

Breeding of specialized beef breeds, respectively crossbreeds of local breeds with imported
beef breeds doesn’t have a long tradition in our latitudes. The breeding of these utility types began
to be systematically expanded only after 1990s, when actually began to write the history of the beef
industry in the system of the non-milking cattle population. The diverse soil-climatic and landscape
relief conditions of Slovakia provide a prerequisite for the application of a wide range of breeding
different breed and utility types of cattle. Slovakia is a relatively rich source of permanent
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grassland; unfortunately, compared to countries with similar production conditions are
considerably untapped. The most appropriate use of these areas is the extension of beef breeding,
both pure-bred and their crossbreeds. Currently there are 3097 pieces of pure-bred cows of Slovak
Simmental breed and 376 pieces of crosses in the herd book of beef cattle. Breeding of beef cattle
differs from milking cattle in terms of low input investment to the feed, labor and animal housing
(Zahradkova et al., 2009). Nowadays, the expansion of beef cattle and suckling cows breeding
causes not only the demand for quality meat, but also a societal purpose that promotes the
sustainability of agriculture, the maintenance of the landscape in cultural character (Golda et al.,
2000). In beef cattle breeding, all the properties that directly or indirectly affect the production and
carcass value of the animal and thus the economy of the whole herd are important. The most
important utility characteristics are summarized in the following categories: general; characteristics
associated with production and rearing of calves; fattening characteristics; and carcass
characteristics (Szabo, 1998).

The aim of this work was to monitor production indicators of Slovak Simmental cattle and its
crosses kept in the system of beef cattle and suckling cows.

Material and methods

A total of 1007 animals of Slovak Simmental breed and its crossbreeds in the system of
beef cattle and nursing cows were observed during evaluation. The analyzed data of animals was
provided from the background materials of The Beef Cattle Breeders Association in Slovakia as
well as from registers of farms. The study evaluated data of the numbers and individual calving
ease scores according to the designed methodology with 4 point scale as follows — unassisted
calving (1), easy or normal pull (2), hard pull (3) or veterinarian assistance (4). To control the
growth ability of calves up to the weaning, study evaluates the birth live weight (BLW), live weight
at 120 days of age (LW120), live weight at 210 days — weaning weight (LW210), average daily
gain from birth to 120 days (ADG-1) and average daily gain between birth and 210 days (ADG—
2). The above mentioned growth parameters of calves were evaluated with its relation to the season
of calving: winter (A) calved from January to March; spring (B) calves born from April to June;
summer (C) calves born between July and September; and autumn (D) calves born from October
to December. The influence of factor birth live weight (BLW) was tested according to four groups:
group 1 represents animal with BLW under 30 kg; group 2 were animals with BLW between 30.1
and 35 kg; group 3 included animals with BLW between 35.1 and 40 kg; and group 4 included
animals with BLW over 40.1 kg. Within the evaluation of slaughter characteristics, slaughter
weight (SLW), age at slaughter (AS), carcass weight (CW), dressing percentage (DP), netto gain
(NG), average carcass fleshiness grade (ACFHG) and average carcass fatness grade (ACFSG) were
the analyzed characteristics. Moreover, carcasses of different slaughter categories (heifers, young
bulls and bulls) were classified into SEUROP classification grading system with individual scores
as following: S+E =1; U =2; R =3; O = 4; P = 5. Scores for fatness were assigned to grades 1 —
5. The basic statistical and variability characteristics (least square means, standard deviations) were
evaluated using the Statistical Analysis System (SAS) version 9.3 (TS1M2) Enterprise Guide 5.1.
(SAS INSTITUTE Inc., 2011). For the impact of verification of selected factors on the growth and
carcass characteristics analysis of variance (ANOVA) was used. Statistical evaluations of the
differences between monitored characteristics were tested at the levels of statistical significance:
*** P<0.001; ** P<0.01; * P<0.05; ns not significant.
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Results and discussion

The values given in Table 1 describe proportions of calving and average live weight of
calves in relation to the calving difficulty scores. Pull with need of assistance were detected in only
4.95% of female population; however these occurrences were not related to the increased live
weight of calves. Olsanskd and Candrdk (2018) reported 86.54% spontaneous calving in Slovak
Simmental breed. The highest live weight of calves was found in bulls — 32.90 kg. Since the only
market product of the beef cattle is a reared calf for the meat production, reproduction is the
decisive economic indicator in this breeding system. Reproduction is influenced by a number of
factors; the decisive factors are the health of the cows, quality of feeding, breeding environment,
quality of sires, calving ease, herd management and others (Mackinnon et al., 1990, Cushman et
al., 2007).

Table 1: Proportions of calving and average live weight of calves according to calving
difficulty scores

Calving difficulty score
Sex 1 2 3 4
n % n % n % %

heifer 659 95.05 33 4.95 -

bull 273 100,00 -

Live birth weight (kg)

heifer 31.13 31.03 - -

bull 32.90 - -

The effect of sire, sex of calves, season of birth and birth weight on calving difficulty is
described in Table 2. Factors sire, sex of calf and birth weight statistically significantly influenced
calving difficulty at the level of significance P<0.001. Sire is considered to be an important factor
affecting the calving ease, while manifesting in the gestation length, birth weight of calf and its
body measurements (Gregory et al., 1991). Strapdk et al. (2000) found in Slovak Simmental breed
as a largest and high significant effect of breed and birth weight of calves.

Table 2: Analysis of the influence of various factors on calving difficulty

Dependent variable: Calving difficulty

Source df Mean square F Sign.
Sire 18 1.51 47.51 foleied
Sex of calf 1 0.62 12.08 ol
Season of birth 3 0.22 3.02 *
Live birth weight 3 0.72 7.92 Fkx
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Higher average score for calving difficulty (Table 3) was found in born heifers. For other
monitored growth characteristics we found higher values in male population of calves. Bujko et al.
(2019) reported for Slovak Simmental calves higher live birth weight (46.5 kg).

Table 3: Basic statistical characteristics of growth in monitored group of calves

Heifer (n = 692) Bulls (n = 315)
X £s X£s

Average SCD 1.05+0.22 1.00 £ 0.00
BLW (kg) 31.13+3.27 32.90 +3.76
LW120 (kg) 123.88 £26.06 136.42 +£28.17
LW210 (kg) 202.25 £38.12 217.34 +43.33
ADG! (kg) 0.89 +0.23 0.97+0.23
ADG?2 (kg) 0.86 +0.20 0.93+0.24

SCD - score for calving difficulty

Figure 1 describes distribution of calving throughout the year. The highest proportion of
calving was determined in winter calving season (36.5%). Contrariwise, least calves were born in
summer (4.99%), especially in July.

Significant differences in birth weight in relation to the month of calving (Table 4) were
determined (P<0.001). Heaviest calves were born from July to October (>33 kg). In pre-weaning
period average daily gains were different within individual months. The lightest gains were found
in calves born in November (0.82 kg) and December (0.86). This is in accordance with statement
of Crosson (2015) that grazing of calves with mothers on pasture increase effectiveness of beef
production through more intensive growth rate on cheaper feeding sources. On the other hand,
authors Bjelka and Homola (2006) noted excellent growth intensity of Simmental calves born in
winter and pre-spring season (1.15 — 1.35 kg).

Figure 1: Distribution of calving throughout the year (%)

16,96 17,17

I ] 11, V. V. VI VII. VIIL IX. X. XI. XII.

10.17205/SZIE.AWETH.2020.1.029


https://doi.org/10.17205/SZIE.AWETH.2020.1.029

Vavrisinova et al. | AWETH Vol 16.1.(2020)

Table 4: Growth characteristics of monitored calves in relation to the calving season

Birth month | ASCD | LBW (kg) | LW120 (kg) | LW210 (kg) |[ADG1 (kg) | ADG2 (kg)
. 103 | 3242 127.69 209.82 0.91 0.89
. 1.00 | 3180 131.25 216.78 0.94 0.93
1 108 | 31.32 12759 201.57 0.92 0.86
V. 103 | 30.62 126.65 206.45 0.91 0.89
V 102 | 3172 126.37 207.90 0.92 0.89
VI, 100 | 3212 120.12 196.48 0.84 0.83
VII. 105 | 33.11 132.11 210.00 0.93 0.87
VIII. 100 | 33.35 132.00 209.09 0.94 0.86
IX. 1.00 | 33.20 135.47 208.80 0.95 0.87
X. 1.00 | 33.29 123.71 187.43 0.88 0.76
X1, 108 | 3122 117.75 193.44 0.82 0.81
X1I, 1.00 | 30.70 122.15 211.60 0.86 0.88

ASCD - average score for calving difficulty

According to the season of born calves in Hungary, the highest weaning weight was
determined in calves born in summer (Szabo et al., 2006). A multi-factor analysis (Table 5) shows
highly significant relations of the season of calving with the live weight at birth. Factor sex of
calves had the greatest influence on most of the monitored characteristics. Griffin (2011) reported
not significant effect of the season of calving on birth weight; but significant effect on weaning
weight of calves. According to Titterington et al. (2014) calving season did not influenced required
slaughter weight in heifers.

Table 5: Analysis of the influence of calving season and sex of calves on the monitored traits

Source Dependent Variable Mean Square F(3.1007) Sig.
Calving season L!ve bir'gh weight 84.65 5.79 ool
Live weight at 210 days 1830.27 1.17 *
Source Dependent Variable Mean Square F(.1007) Sig.
Sex of calves Live birth weight 492.02 34.22 falekel
Live weight at 210 days 15731.36 10.22 falaled

Higher values of slaughter characteristics were determined in the category of bulls (Table
6). Higher carcass fleshiness was found in slaughtered bulls (1.65) compare to heifers (2.50).
Contrariwise, carcasses of heifers had higher scores for fatness. Our results of dressing percentage
in the Slovak Simmental bulls showed a lower value (54.97%) compared to the results of Barton
et al. (2003), who noted dressing percentage of 57.3% in the Czech Spotted Breed. The lower
values of dressing percentage in the monitored group compared to the literature as well as our other
findings could be explained by the fact that even we evaluated animals with proportion >50% of
Slovak Simmental, in monitored group were also Slovak Simmental crossbreeds with milking
breeds in different proportions.
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Table 6: Statistical characteristics of slaughter value of monitored animals

o Heifer (n = 55) Bulls (n = 20)

Slaughter characteristics = =
X +s X +s

SW (kg) 417.12 + 86.29 560.74 + 60.61
AS (months) 26.31 +5.53 24.10 £ 1.07
CW (kg) 215.35+45.25 307.06 + 32.78
DP (%) 51.61 +0.72 54.97 + 0.05
NG (g) 285.64 + 58.33 424.83 +52.60
ACFHG 2.50+1.05 1.65+0.46
ACFSG 2.32+0.77 1.96 +£0.24

34

Following the values given in Table 7, most of monitored slaughter characteristics were
influenced statistically highly significant (P<0.001) by slaughter category. Live weight at birth did

not influenced slaughter parameters (P>0.05).

Table 7: Analysis of influence of various factors on selected slaughter characteristics

Source Dependent Variable Mean Square Fa Sig.
Carcass weight 351265.46 154.10 okl
Slaughter Dressing_ percentage 273.47 1696.52 kool
category Netto gain _ 734438.46 113.24 il
Average carcass fleshiness grade 8.88 13.24 okl
Average carcass fatness grade 1.01 2.88 ns
Source Dependent Variable Mean Square F@.7) Sig.
Carcass weight 25.01 0.50 ns
T Dressing percentage 14565.42 0.65 ns
\/B\/Ieritghltlve Netto gain _ 2.90 0.97 ns
Average carcass fleshiness grade 14984.96 1.06 ns
Average carcass fatness grade 0.88 1.15 ns
Source Dependent Variable Mean Square Fes.7) Sig.
Carcass weight 52.13 2.19 okl
Live weight Dressing. percentage 27622.84 1.64 :
at 210 days Netto gain _ 3.29 1.91
Average carcass fleshiness grade 0.87 1.30 ns
Average carcass fatness grade 0.37 1.05 ns

According to SEURORP classification grading system 35% of bulls were classified in grade
of fleshiness E/2. The highest percentage of heifers was classified in the grade E/2 and R/2
(18.18%). Significant and positive correlations between age at slaughter and slaughter weight as
well as between slaughter weight and dressing percentage were revealed. Contrariwise, negative
highly significant correlation was found between age at slaughter and netto gain, since weight gain
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decreases with age of animal. Different to our finding, Ciri¢ et al. (2017) noted negative correlation
between slaughter weight and dressing percentage.

Conclusion

In monitored representative sample of animals, predominantly easy, unproblematic calving
was found. Within the verification of the effect of live weight at birth on the calving difficult score
was determined significant influence at the level P<0.001. Within the evaluation of the organization
of the calving season, any strict organization as winter, resp. spring calving were not revealed. In
winter season calved 36.5% of monitored cows, contrariwise less calves were born in summer
calving season (4.99%). Highest percentage of calving were noted in December (17.17%), March
(16.96%) and April (14.57%). High growth intensity of calves was determined in calves under the
age of 120 days, which can be related to the excellent milk yield of cows of monitored breed. Our
results confirmed differences in growth characteristics between sexes of calves. Based on the
analysis of variance, season of calving significantly influenced the live weight of calves at birth at
the level of significance P<0.001.
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Osszefoglalas

Az emlésallatok kimérizmusanak szamos megjelenési formajat ismerjik. A kimérak genetikai
allomanyukat tekintve eltérd szarmazasu sejtekbdl allnak. Az €lettudomanyban a kiméra modellek
oriasi jelentéséggel birnak (pl.: dssejtkutatas, xenotranszplantacio). A jelenség hatterében a Bovidae
csaladnal, leggyakrabban az ellenkezé nemii ikervemhesség esetén kialakuld freemartinizmus all. Az
embrionalis fejlédés kiilonbozd szakaszaiban a magzatoknal a placenta véredény anasztomoézisok
révén az ikrek vére, hormonjai és egyes vérképzo sejtjei keveredhetnek egymassal. Ez a folyamat a
ndivart egyed medddségéhez vezethet. A jelen tanulmanyban vizsgélt kecske kiméra eltéré nemi
ikervemhességbdl sziiletett, és a vérsejtek kromoszoma vizsgalata soran XX-XY (52-48%) genotipust
mutatott.

Célunk az volt, hogy 13 szOvettipusban meghatarozzuk a ivari kromoszomak aranyat. Ennek
kimutatdsa az AMEL génre tervezett, fluoreszcens jelolt primer segitségével, PCR-rel tortént. A
fragmentanalizist kovetden, AUC aranyparositassal megkaptuk a kiilonb6z6 szovetekben talalhato
ivari kromoszomak aranyat. Az eredményekbdl egyértelmiien latszott, hogy ez az arany
szovettipusonként eltéré képet mutatott. Ezek utan a szexdeterminaciohoz hasznalt AMEL gén ivari
kromoszoma specifikus fragmentjeinek klonozasa és szekvenalasa tortént. A szekvenciaillesztés soran
lathatova valt az Y kromoszoma specifikus AMEL gén delécidja.

Kulcsszavak: kiméra, freemartinizmus, kromoszoma, kecske

Investigation of xy ratio in different tissues of an intersex goat chimera
Abstract

Many forms of chimerism in mammals are known. Chimeras are made up of cells of different
origins. In life science, chimeric models are important (eg. stem cells, xenotransplantation). The
most common background of chimerism in the Bovidae family is freemartinism, which develops
during different sex gestations. At different stages of embryonic development, the fetal
vasculatures form anastomoses in the placenta, allowing the twins' blood to mix, which results in
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the exchange of hormones and some hematopoietic cells. This can lead to female infertility. The
goat chimera of this study was born from twin gestation and showed genotype XX-XY (52-48%)
in the blood cell assay.

Our goal was to determine the ratio of sex chromosomes in 13 tissue types. This was detected by
PCR using a fluorescent labeled primer designed for AMEL gene. Fragment analysis followed by
AUC ratio matching gives the ratio of sex chromosomes in various tissues. We found that this ratio
is different in the studied tissues. Afterwards, AMEL fragments were cloned and sequenced.
Sequence alignment revealed the deletion of AMEL-Y gene.

Keywords: chimera, freemartinism, chromosome, goat

Irodalmi attekintés

Szabalyos embrionalis ivari differencialodaskor a kromoszémalis, a gonadalis, a genitalis
¢s a viselkedésben megnyilvanul6 ivar sszhangban van egymassal. Az 6sszhang megbomlasakor
alakulhatnak ki az ivarszervek rendellenességei. Ezeknek hatterében az esetek nagy részében az
interszexualitasnak valamelyik tipusa all (Bordan és mtsai, 2015). Interszexualitason azt értjiik,
amikor az embrionalis kori ivarfejlédés kiilonbozd belsé vagy kiilsé hatdsok miatt szabalytalan
iranyban halad. Kialakuldsa egyrészt lehet oOroklott alapi. Monogénes Ordklésmenetnél
ivari atforduldsrol és XY ndstény ivari atfordulasrol is. Masik lehetséges ok a nem-orokletes
fejlodési rendellenességek kialakulasa, ide soroljuk példaul a kromoszoma kimérizmust és az ivari
kromoszomak szambeli rendellenességeit. Interszexualitason beliil szamos megjelenési format
ismeriink, amelyek pontos megallapitisa nagy szakértelmet igényel a tiinetek sokszinlisége miatt
(Zoldag, 2003).

Kromoszoma kimérizmusrél akkor beszélhetiink, amikor egy szervezeten beliil kiilonb6z6
kromoszoma-garnitiraval rendelkezo sejteket talalunk. Ezek a sejtek ketté vagy tobb zigotabol is
szarmazhatnak. Az elvaltozas részletes citologiai vizsgalattal allapithatdé meg, mivel a
kromoszoéma-Osszetétel szovetenként valtozd képet mutathat (Hamori, 1974). A jelenség
hatterében a Bovidae csaladnal, leggyakrabban az ellenkez6 nemii ikervemhesség esetén kialakulo
freemartinizmus all. Kivaltd oka, hogy a placentdban keletkezd véredény Osszekottetések
(anasztomozisok) révén a magzati sejtek és androgén hormonok atkeriilhetnek az egyik magzatbol
a masikba, mely kifejezett problémat kiilonnemi kétpetéjii ikrek esetében okoz (Lillie, 1916,
Padula, 2005, Kozubska-Sobocinska és mtsai, 2016). A ndivari embrioban a him nemi hormonok
(tesztoszteron, anti-Miillerian hormon) hatasara genitalis fejlédési zavar alakul ki, a petefészkek
fejletlenek lesznek, a ndéi nemi hormonok termelésére képtelenek, ami meddéséghez vezet.
Megfigyelhetd herék vagy ovotestis (gonadtipus, melyben a petefészekre és a herére jellemzd
szovetek is megtalalhatoak) kialakulasa a petefészkek mellett, belsé nemi szerveik morfologiai
képe mindkét nemre jellemzd, méhiik kicsi és fejletlen, a méhnyak gyakran hianyzik. Egyidejiileg
van jelen a szervezetben Miiller- és Wolff-cs6 is (Padula, 2005). Kiils6 nemi szerveik az esetek
nagy részében ndivarra emlékeztetnek, de interszexualis atmenetet is képezhetnek (Rota és mtsai,
2002). Gyakori jelenség, hogy a freemartin egyedek vagindja rovidebb, mint az egészséges ndivaru
egyedeké, ami alapjan az ikerellésbdl sziiletett, latszolag néstény ndivari allatok elsddleges
szelektalasat lehetne végezni. Pontos eredményt azonban csak a genetikai vizsgalatok adhatnak
(Eldridge és Blazak, 1977, Pourjafar és mtsai., 2012, Kozubska-Sobocinska és mtsai, 2016).
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Amennyiben vérképzd dssejtek is atjutnak a recipiens embridba, azok be tudnak épiilni a
csontveldjébe €s mas vérképzo szerveibe, ott pedig a postnatalis €letszakaszban is miikodésre €s
osztodasra képesek (Hamori, 1974). Minden esetben megallapithat6 a vordsvérsejt-kimérizmus. A
sejtjeikben megtalalhato ivari kromoszomak aranya sejt- és szovettipusonként eltéré lehet, a vérben
ez az arany 50-50% koriil alakul (Zoldag, 2003). A kiilonb6z6 szovetekben mérhetd arany
nagymértékben fiigg attél, hogy a zigotdk sejtjeinek keveredése az embrionalis fejlédés mely
szakaszaban kovetkezett be. Az embriofejlodés korai szakaszaban torténik az ivari elkiilonilés,
majd a gonadok differencidlodasa, igy minél korabban képzddnek anasztomodzisok, annél
stilyosabb formaban alakulhat ki freemartinizmus (Kumar és Lakshman, 2019).

A freemartinizmus leggyakrabban szarvasmarhaknal fordul eld, mivel az ikervemhességek
tobb mint 90%-anal kialakulnak anasztomézisok mind az egynemii, mind a kiilonnemi magzatok
kozott (Padula, 2005). Kiskérddzok esetében a freemartinizmus kialakulasarol kevés informacio
all rendelkezésiinkre, mivel kevés tudomanyosan dokumentalt eset van, de a néhany meglévd
szakcikk alapjan az ikervemhességek kozel 5%-abol sziiletnek freemartin egyedek (Szatkowska és
mtsai, 2004). Az interszexualitds valamelyik tipusaval sziiletett kecskegidak koziil pedig 6%
tartozik a freemartinok k6z¢é (Pourjafar és mtsai,2012).

A freemartinizmusnak gazdasagilag és az ¢lettudomanyban is nagy jelentésége van. A
tejtermel6 allomanyokban nemkivanatosnak szamitanak ezek az allatok terméketlenségiik miatt. A
medddség gyakran csak felndttkorban deriil ki, igy ezeknek az allatoknak a felnevelése komoly
gazdasagi kiesést eredményezhet. Hustermelés szempontjabdl viszont a freemartin ndivaruak
feliillmuljak az egészséges ndivaruakat, igy ezek hizlalasra alkalmas allatok lehetnek (Padula,
2005). A téma jelentéségét tovabb noveli az a tény, hogy a tartastechnologiai ujitasok
kovetkeztében az ikerellések szama novekvo tendenciat mutat. Ez a folyamat szarvasmarha és
kiskérodzok esetén is megfigyelhetd (Santolaria és mtsai, 2011; Gaspardy és mtsai, 2018;
Kozubska-Sobocinska és mtsai, 2019). Természetesen az ikervemhességek novekvé szamanak
kovetkeztében a freemartinizmus el6fordulasi gyakorisaga is jelentds novekedést fog mutatni, ami
még fontosabba teszi egy egyszerlien kivitelezhetd, koltséghatékony diagnosztikai modszer
meglétét. Ezen kiviil, gyakran alkalmaznak freemartin kimérakat Ossejt kutatasban ¢és
immunolégiai vizsgalatokban is (Niku és mtsai, 2004).

Kutatasunk célja az volt, hogy 13 szovettipusban meghatarozzuk az ivari kromoszomak
aranyat egy olyan kecskében, amelynek az eldzetes vérvizsgalata soran megallapitottuk a
kromoszoma kimérizmust. Munkank ezen része (az ivari kromoszoémak ardnyanak szoveti
alakulasa) foként alapkutatasi jelentdséggel bir. A kutatas gazdasagi jelentdségét az adja, hogy az
altalunk alkalmazott mdédszerekkel mar egészen fiatal korban minimalisan invazivan (széveti minta
nyerése flilporcbol krotalis behelyezése soran) meg lehet allapitani a kimérizmus tényét. Ennek
megfeleléen jelen vizsgalattal az volt a célunk, hogy egy olyan egyszerlien kivitelezheto,
megbizhatd modszert implementaljunk, ami lehetdséget ad a szakembereknek, hogy a
gazdalkodast szakmailag megalapozott modon tervezhessék a tenyésztésbe nem vonhato, steril
egyedek idOben torténd kivonasaval.

Anyag és modszer
A vizsgalathoz sziikséges szoveti mintakat egy olyan néivaru kecskébdl vettiik, ami a
tenyésztésbevétel utan tobbszori termékenyités ellenére sem vemhesiilt. Ismert volt, hogy az éllat

eltéré nemi ikervemhességbdl sziiletett, igy felmeriilt a freemartinizmus lehetésége. Az eldzetes
vizsgalat soran a vérébol egyértelmiien kimutathato volt az Y kromoszéma jelenléte. A részletes
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vér kromoszoma vizsgalat alapjan megallapitottuk, hogy a genotipusa 52%-ban XX, 48%-ban
pedig XY volt. Ezt kovetden az allat levagasra kertilt €s 13 kiilonboz6 szovetbdl tortént mintavétel.
A mintazott szovetek a kovetkezOk voltak: agy, bor, sziv, izom, tidd, gyomor, maj, 1ép, vese, bél,
hagyholyag, csontveld €s here. A szoveteket PBS oldatban atmostuk, majd a felhasznalasig -70°C-
on taroltuk.

A kutatas elsd részében az ivari kontroll mintdk vizsgalatat végeztiik. Ezek krotaliaval valo
jelolés soran a fuilbol eltavolitott porcszovetdarabok voltak, amelyekbdl fenol-kloroformos
extrakcioval izolaltuk a genomi DNS-t, majd PCR-rel megallapitottuk, hogy valoban XX anyatol
¢és XY baktol szarmaznak-e. Ezeket a mintékat hasznaltuk késébb a PCR reakci6 optimalizalasahoz
hémérséklet, majd ciklus gradiens amplifikaciokat folytatva. Az ismert genotipust tényleges ivari
kontrollok mintakbol haromtagu higitasi sort készitettiink. Ezeknek a mintaknak a fluoreszcens
értékeit hasznaltuk a 13 szoveti minta eredményeinek validalasara. A PCR-hez az AMEL
génszekvenciara tervezett fleguoreszcens jelolt primereket hasznaltuk. A forward primer
szekvencidja: 5’-ctccatgactccaacccaac-3’. A reverz primer szekvenciaja: 5’- acttcttccegcettggtctt-
3.

Ezutan kovetkezett a 13 minta vizsgalata. Lizis puffer és proteinaz-K hozzaadéasaval egy
¢jszakdn at 37°C-on razattuk a szoveteket. A genomi DNS izolalasat ebben az esetben is fenol-
kloroformos moédszerrel végeztiik. A koncentraciéd vizsgalatot kovetdéen (NanoDrop) 100 ng/ul-re
higitottuk a mintdkat. A PCR programnal a mar el6zetesen megallapitott ciklusszamot ¢és primer
tapadasi hémérsékletet alkalmaztuk (1. tdbldzat).

1. tablazat: A PCR program beallitasai

1. fazis 2. fazis x 27 ciklus 3. fazis
Kezdeti denaturacio Denaturacio Kitapadas Lanchosszabbitas | Végs6 lanchosszabbitas
98°C 98°C 55°C 72°C 70°C
5 perc 5 masodperc 5 masodperc 10 masodperc 1 perc

Table 1: The applied PCR setings

A fragmentanalizist a g6do6116i székhelyti Biomi Kft. végezte. A visszakapott adatokat Peak
Scanner programmal kiértékelve, AUC aranypdarositassal megkaptuk a kiilonb6zd szdvetekben
talalhato ivari kromoszoémak aranyat.

Ezek utan a szexdeterminaciohoz hasznalt AMEL gén ivari kromoszoma specifikus
fragmentjeinek klonozasa és szekvenalasa tortént. A klonozashoz hasznalt vektor a pJET 1.2 blunt
plazmid volt, amelyen egy letalis szelekcios marker talalhato. Ebbe a plazmidba ligaltuk be az
inszertet, amelyet PCR-rel sokszorositottunk fel Phire Hot Start II DNS polimeraz enzim
hasznalataval, ami tompa véget eredményez. A ligalt plazmiddal a DH5a E. coli torzset
transzformaltuk, majd ampicillines (1ul/Iml) szilard LB taptalajon ndvesztettiik37°C-on egy
¢jszakan at. A letalis markerre és ampicillinre alapozott szelekcioban, csak azokbol a
baktériumokbdl tudott telep fejlédni, amelyben az inszerttel rendelkez6 plazmid jelen volt. A
felnott telepeket folyékony ampicillines (ul/ml) LB tapoldatba atoltottuk és egy éjszakan at 37°C-
on razattuk. A kovetkezd napon ezekbdl a bakteridlis sejtszuszpenziokbol izolaltuk a plazmidokat
Macherey Nagel™ NucleoSpin Plasmid EasyPure kittel. Az izolatumokbol 300 ng-nyit kiildtiink
el szekvenalni. A szekvenalast az Eurofins Genomics végezte.
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A visszakapott AMEL-X és AMEL-Y szekvenciakat szekvencia illesztd program segitségével
hasonlitottuk egymashoz.
Eredmények és értékelés

Az 1. dbran bemutatott eredményekbdl egyértelmiien latszik, hogy az ivari kromoszomak
aranya szovettipusonként eltérd képet mutat. Az altalunk vizsgalt 13 szovettipus mindegyikében

kimutathat6 volt az Y kromoszoma jelenléte is.

1. dbra: A kiilonboz6 szovetek ivari kromoszoma aranya

100 %
80 % -
60 % - v
40 % - mX
20% -
0% -
& F \(\9& @S’:&o& S 8 & & O\@% &Aéb &
¥ v‘o"f &

Figure 1: The sex chromosome ratio amongst different tissues

Valamennyi szovetben az X kromoszoma 80% feletti részesedéssel volt jelen. Kivételt
képeznek a 1épbdl és a bélbdl szarmazd mintdk. A 1épbdl vett minta esetén volt tapasztalhatd a
legnagyobb negativ iranya eltérés az atlaghoz viszonyitva, mig a bOr, az izomszovet és a
hugyholyag mutatta a legmagasabb, 95% feletti X kromoszoma aranyt.

A kromoszoma aranyokbdl kovetkeztetni lehet a szoveteken beliil megtalalhato sejtek ivararanyara
IS (2. tablazat). Ebben a tekintetben is az el6z6leg emlitett bor, izomszdvet €s hugyhdlyag mintak
mutattak a legmagasabb XX ivaru sejt jelenlétet.

2. tablazat: Sejtek ivararanya szovettipusonként (%)

XX | XY XX | XY XX | XY
Agy 79 | 21 | Gyomor 91 | 9 | Hugyholyag 91 | 9
Bor 92 | 8 | Mjj 84 | 16 | Csontveld 79 | 21
Sziv 82 | 18 | Lép 25 | 75 | Fejletlen here 87 | 13
Izom 94 | 6 | Vese 85 | 15
Tiidé 66 | 34 | Bél 56 | 44

Table 2: The cellular sex ratio amongst different tissues
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A szekvenciaillesztés (2. abra) soran lathatova valt az Y kromoszéma specifikus AMEL
gén delécidja. A 2. dbrat szemlélve feltlinden sok a két 6sszehasonlitott szekvencia kdzotti nem
egyez0 nukleotid, Un. mismatch. Ez az elszigetelten megjelend egy nukleotid part érintd
egynukleotidos polimorfizmus (in. SNP-k) esetekben teljes mértékben természetes. llyen SNP-k
lathatok példaul a 70-80-as és a 110-120-as pozicidji nukleotidok kozott. A kettd, harom
esetenként négy nukleotidos mismatch-ek (példaul 60-70-es, 160-as és 190-200-as pozicidban)
egyértelmiien szekvenalasi hibaknak tudhatok be, amelyek a szekvenalasi fajlok kromatogramjain
jol lathatok (ezeket a kromatogramokat itt nem mutatjuk be).

A 170-es pozicidban lathatd in. GAP a Multalin tobbszoros szekvenciaillesztéseket lehetdvé tevo
online program 4altal hasznalt Needleman-Wunsch algoritmus pontozasi matrixara vezethetd
vissza. Ez a négy nukleotidos GAP a szekvenciaillesztés eredményét nem befolyasolja.

2. abra: AMEL-X és AMEL-Y szekvenciak paros illesztése

1 10
! 1
ACTTCTTCCCGCTTGRTCTTGTCTGT TGCTRGCCARGLTTCCAGAGGCAGGTCAGGARGCACAGGGRGCAGCGRTTRCATGGEEARTATTGARGECAGAGGTGGCTRTGGTGECARGCGL TGEATGEGET
ACTTCTTCCCGCTTGRTCTTGTCTGT TGCTGGCCAAGCTTCCAGRGGCAGGTCAGGARGCATGGEGGECAGAGGC TRCATGEGEAATATCGEAGGCAGAGGTGECTGTGGCGGCARGGGC TRGATGGEGT
ACTTCTTCCCGCTTGRTCTTGTCTGT TGCTGGCCARGCTTCCAGRGGCAGGTCAGGARGCACaGEGEECAGaGG:TRCATGEGEAATATcGaRGGCAGAGGTGECTGTGGCGGCARGEGCTRGATGGEGT

20 30 40 50 60 0 80 30 100 110 120 130

AHELY
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131 140 150 160 170 180 190 200 210 220 230 240 250 260

!

GCACAGGTGGCTGEGRCTGTAGRGGT TGGTRAGGCTGT-—-GECTGGARGGGE TGC TGGECAGECAGAGGGAGGT TTGGL
GCACGGETEGCTGEGGECTGCAGGEGETGCARGGGCTGCAAGGECTGCATGGGE TRCAGGGGLTGCAGEGGCTGGTGAGGC TRCRGLTGGATAGACTGEEGE TGEARGGGCTGL TAGGCGGECAGAGGGAG
GCACaGETEGLTGEGRCTGAGREGE TheaaabGlTGe, . . GECTGcAaGGGETELabGoecyGLAGAGOEAGGTEAGEL vyssssvrrrsssnssssssnssssrsnssnsssssrsssssasssss
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261 210 280 290 300 310
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Figure 2: The pairwise alignment of AMEL-X and AMEL-Y

GTTTGECTRGTGETGTTGGETTGGEAGAATCGACATCCARCARGARGATAT

Kovetkeztetések és javaslatok

Az eredmények bizonyitjak, hogy a freemartinizmust nem csak vérvizsgalat alapjan lehet
szlirni, hanem egyéb szovettipusokbol is. A freemartinizmus esetén kimutathatd szévettipusonként
eltérd ivari kromoszoma Osszetételrdl szol6 kdzlemény a kézirat benyujtdsakor nem volt fellelhetd,
igy ezeknek az eredményeinknek az 6sszevetése nem Volt kivitelezhetd. A szovettipusonként eltérd
ivari kromoszéma arany kimutatdsa nem rendelkezik gazdasagi jelentdséggel, pusztan az
alapkutatas szempontjabol fontos, azonban igéretes tovabbi Kutatasi lehetéséggel kecsegtet. Egér
modellallatban tobb évtizede l1éteznek megalapozott modszerek kiméra egyedek létrehozasara
(Eckardt és mtsai, 2011). Ilyen kiméra modellorganizmusok 1étrehozasaval és tanulmanyozasaval
betekintést nyerhetnénk, hogy a kimérizmusnak az altalunk vizsgalt tipusa mi modon alakul ki és
képet kaphatnank, hogy mi a magyarazat a szovettipusonként eltérd ivari kromoszéma Osszetételre.
A tovabbi kutatasi lehetdségek ezen iranya a human transzlaciés medicina és embrioldgia szamara
is érdekes eredményekkel szolgalhat, hiszen bevett modja a humén betegségek jobb megértésének
a modellorganizmusok felhasznalasa (Lampert és mtsai, 2018).

A kutatasunk gyakorlat sordn hasznosithatd eredménye mindenképpen az, hogy sikertilt
kiskérédzok szdmara is kidolgozni egy olyan mddszert, ami koltséghatékony, minimalisan invaziv
mintavételt kivan és egyszerlien elvégezhet6 és alkalmas a kimérizmus kimutatasara. Kozubska-
Sobocinska és mtsai (2019) kézleményiikben a freemartinizmus korai diagnézisanak lehetdségeit
részletezték szarvasmarhdban. Vizsgalataikban beszamolnak réla, hogy az altaluk megvizsgalt
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foként molekuldris diagnosztikai eljarasoknak az az oridsi eldnye az addig alkalmazott
hematoldgiai, kariotipus vizsgalatokkal szemben, hogy a mintavételhez nem kell szakértelem,
rdadésul a minték tarolasa €s feldolgozasa sem igényel kiilondsebb koriiltekintést. Kiskérddzokon
kivitelezett hasonld kutatdsokrdl jelen kozleménylink szadmol be elsOként. Eredményeinknek
allatjoléti vonatkozasai is lehetnek, mivel csokkenthetd lenne az allatokon végzett beavatkozasok
szama. P¢éldaul jo gyakorlat lehet, hogy az amugy is kotelezd krotalia behelyezése soran gidakorban
a krotalia altal kivagott fiilporcbol torténjen meg a vizsgalat. Igy minimalisan invaziv
beavatkozassal mar néhany napos korban kisziirhetok lennének a kétes egyedek. A mintavétel
egyszerliségébdl adéddan nagyobb allomanyok is mintazhatok akér rovid id6 alatt.

A freemartinizmus gidakori szlrésével a gazdasagok mérsékelhetnék a felndttkorban
medddség miatt selejtezésre keriild egyedek szamat, ami adott gazdasdg genetikai anyaganak
beszilikiilését és a genetikai eldrehaladasat tekintve koran sem elhanyagolhaté szempont. Ezen tul
ezzel a modszerrel a steril egyedek felneveléséhez sziikséges takarmanyra és allatorvosi
kezelésekre forditott kiadasokat is csokkenteni lehet.

Ahhoz, hogy részletesebben feltarhassuk a freemartinizmus hatésait, a jovében sziikség
lehet az ivarspecifikus expressziot mutaté gének RT-g-PCR analizisére ¢és RNS mintak
vizsgalatara, illetve a fentebb részletezett kiméra modellszervezet 1étrehozasara. A tovabbiakban
szeretnénk minél tobb egyeden elvégezni hasonlo vizsgalatokat, igy lehetdségiink nyilna az adatok
statisztikai feldolgozésara.
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Abstract

In the beginning of 1990-ies, the programme of formation of synthetic population of Slovak
Dairy sheep (SD) was launched. The establishment of breed was divided into two periods: first,
crosses of local breeds (Improved Valachian - IV, Tsigai - Ts and Merino) with improving
breeds (Lacaune - LC, East Friesian - EF) of various proportions were formed; second, a close
(inter se) breeding scheme within the crossbred population was applied. At present, five
thousands SD ewes are included in performance testing. Milk and reproduction traits were
analyzed using mixed model methodology during the period between 1995 and 2015. The
standardized milk yield (SMY) and average daily milk yield (ADMY) increased more than
twice: 79.8+5.36 1 (1995) vs. 164.0+2.04 1 (2015) and 495.1+33.5 ml (1995) vs. 1035.3+12.8
ml (2015), respectively. In ten percent of most productive ewes, SMY was equal to 257.6 I,
ADMY was equal to 1604 ml and dry matter was equal to 26.6 kg. Ewes of SD have good udder
traits. Litter size in top 50 % flocks is above 150 %. The population of SD was recognized as a
new dairy breed in 2017. In 2017-2019 the best flocks achieved milk production higher than
220 liters. Based on a comprehensive analysis of the genetic structure of SD we found that the
overall genetic proportion of improving breeds is in new breed 60%. The remaining 40% are
domestic breeds, of which IV and Ts genes are represented in the SD breed at approximately
the same level (18%).

Key words: dairy ewes, composite breed, milk traits, reproduction, genetic structure

STATE OF THE ART

Following breeder‘s goals oriented towards high production, reproduction and
functional traits of dairy sheep in Slovakia, the improving programme with an intention of
forming improved sheep population fitting semi-extensive production system was launched in
Slovakia in 1990-ies. This was programme of forming Slovak Dairy Sheep (SD). The breeding
scheme was divided into two periods (Margetin and Capistrdk 1994; Margetin et al.,
2000a,b,c). First, crosses of local breeds (Improved Valachian (IV), Tsigai (TS) and Merino
(M)) with improving specialized breeds (Lacaune (LC), East Friesian (IF)) of various
proportions were formed in some flocks involved in performance testing. Preliminary
evaluations of crossbreds with proportion of LC and EF ranged from 12.5 to 87.5 % were aimed
at analyses of milk traits and litter size that are considered as economically most important traits
(Apolen et al., 2000; Capistrdk et al. 2000, 2002, 2005, Margetin et al., 1993, 1999a,b). Further
analyses showed that population with good shape udder, of appropriate cistern size and
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milkability was formed (Capistrdk et al., 2006a,b; Macuhova et al., 2008; 2009; Margetin et
al., 2005b,c; Margetin et al., 2011a,b; Milerski et al., 2005, 2006; Tancin et al., 2011).
Crossbreds with various proportions of LC and IF were also confirmed to be of good growth
traits both till and after weaning (Margetin et al. (2004a,b). In addition, genetic parameters and
variance components of udder morphology and milkability traits were preliminary studied
(Margetin et al. 2005a, 2008).

Second, a close (inter se) breeding scheme within the crossbred population was
proposed (Margetin et al., 2010, 2011c, 2012b) and applied taking into account results of
analyses during first period of programme. The aim was to stabilize composite population using
inter se (i.e. purebred) mating scheme that included dam and sire animals used as parents of the
next generation that were selected according to their breeding values for milk and litter size
traits. During this period, a lot of analyses were also done. Performance testing data of flocks
involved in the programme were used for evaluation. These included analyses of udder
morphology and milkability traits since one goal was to form population of ewes that fit
machine milking (Margetin et al., 2013b; Makovicky et al., 2019a), have good udder
morphology and functional traits (Margetin et al., 2012a; Makovicky et al., 2013, 2014, 2015a,
2017a), are of appropriate cistern size (Margetin et al., 2011d; Makovicky et al., 2015b,c;
2019b) and of minimal mastitis occurrence (Margetin et al. 2013a). Growth curves of lambs
of various proportions of LC and EF within IV and TS genotypes were compared (Makovicky
et al., 2017b). Genetic parameters of milkability traits and somatic cell score were also studied
(Makovicky et al. 2018).

In 2016, a complex analysis of SD synthetic population involving period 1995 to 2015
was done. Mixed model methodology (SAS, ver. 9.2) was employed. When milk yield during
milking period (MY), standardized (SMY) and daily milk yield (DMY) as well as fat % (F%),
protein % (P%), dry matter % (DM%), free of fat dry matter (DM-F%) and usable dry matter
(UDM; kg) were investigated, following fixed effects: flock (52 levels), year (21 levels), parity
(3 levels: first, second and third+ parity), litter size (4 levels: one lamb, two, three + lambs born
and missing information about number of lambs born), covariates: milking period (in days) and
interval between lambing and first test-day measurement (days) and random effect of ewe were
considered. A total, 20511 records that belonged to 11026 ewes (1.86 records per ewe) entered
the model for analyses of MY, SMY, DMY and 18081 records entered the model for analyses
of F%, P%, DM-F% and UDM. When litter size was investigated, the following fixed effects:
flock (26 levels), year (19 levels) and age of dam (8 levels, one year old up to eight+ years old)
and random effect of ewe were considered. A total, 30034 litter size records that belonged to
9671 ewes entered the model.

Study of Margetin (2016) confirmed that improving programme that resulted in
acknowledgement of SD sheep with more favourable traits than those of local breeds was
fulfilled. During period of 21 years (from 1995 to 2015), SMY increased about twice (from
79.8 1 in 1995 to 167.0 | in 2015). Similarly, DMY and production of usable dry matter
increased by 109 and 79 %. Most productive flocks reached MY ranging from 170 to 190 I.
Top 10 % ewes reached SMY above 250 I, DMY reached more than 1600 ml and production
of usable dry matter was above 26 kg. Average F% and P% slightly decreased (7 and 2.4 %,
respectively). Also, ewes of SD population were of good udder morphology and functional
udder traits. Prolificacy did not fulfill expectations and was equal to 141.1 %. Nevertheless, it
was about 160 % in top flocks. Average daily gain till weaning was about 300 g in male lambs
and about 260 g in female lambs. The frequency of ARR allele of the prion gene ranged from
0.711 to 0.789 (Margetin et al., 2016).

Results of SD sheep flocks resulted in fact that this population was recognized as a
native breed on May 26, 2017. Detailed information about history of breeding this population
can be found in study of Margetin et al. (2017). Moreover, the importance of development of
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this population from social and breeder’s point of view is described in study of Margetin
(2017a,b). In 2017-2019 the best flocks achieved milk production higher than 220 liters. The
average fat content of ewes in the performance control (15 flocks) was 7.01 resp. 7.03 % and
protein content of 5.60 resp. 5.43% in 2017 and 2018. Based on a comprehensive analysis of
the genetic structure of SD we found that the overall genetic proportion of improving breeds
(LC, EF) is in new breed 60%. The remaining 40% are domestic breeds, of which IV and Ts
genes are represented in the SD breed at approximately the same level (18%; Margetin et al.
(2018b). Based on the analysis of SD breed, we can conclude that the genes of LC breed are
more prevalent (54 %) in the SD breed than the EF genes (6 %), although the chances of both
improving breeds at the beginning of the breeding process were equal (breeding programs
recommended use both breeds).

CONCLUSION

Population of SD breed is accordingly large (more than 5 ths. females in performance
testing, 35 % yearling females enter mating schemes), so it can be successfully bred in Slovakia
in the future. Breeders are satisfied with level of production and reproduction traits reached
(Pavlik et al., 2017; Chrenek et al., 2018; Margetin et al., 2018a, 2019). With respect to
appropriate effective population size, it is important that more than 300 sires of Slovak Dairy
sheep are produced each year. In the next years, not only numbers of SD population, its
production and reproduction traits, but also its exterior traits including wool characteristics need
to be continuously stabilized (Margetin, 2017c).
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Abstract

In order to diagnose of protein nutrition of dairy cows in the first lactation phase, were used the
analysis milk urea nitrogen (MUN) as the average per production group and individual cows in the
group. The aim of this study was to evaluate the nutritional and production factors that affect the
MUN and the relationships between MUN, the efficiency of nitrogen utilisation from feed into
milk, and the ecological burden via excretion of urea nitrogen in urine. The evaluation of the
production parameters of dairy cows together on 30 farms in total in 3 150 dairy cows was carried
out according to the individual evaluations of the production carried out by the Plemenarska sluzba
SR $.p. The analysed relations evaluated by linear, or by multiple stepwise regression confirmed
the crude protein (CP) as the best single marker for the estimation of MUN and included the
proportion of the total tolerance of 0.693 expressed regression equation [MUN (mg/dl) = -13.2 +
0.16 x CP (g/kg dry matter)]. For mixed models, the rate of variation expressed by this relationship
increased to 0.720 (P<0.0001) for nutrient concentration and 0.783 for nutrient intake (P<0.0001).
The relationship between MUN and the evaluated nutrients was closer when nutrient concentration
in TMR was used, rather than daily intake of nutrients. MUN had a positive relationship to CP and
neutral detergent fibre (NDF) and the negative relationship was confirmed with NEL and non-
fibrous carbohydrates (NFC) and NFC/CP, NEL/CP and NDF/CP in TMR.

Keywords: protein nutrition, milk urea nitrogen, efficiency of N utilisation

Introduction

Increasing of milk production on farms in today’s places great emphasis on the nutritional
requirements and mainly on the level of protein nutrition in high-yielding dairy cows through the
supply of protein and amino acids without environmental burden. Effective utilization of nitrogen
(EUN) is the ratio between the content of nitrogen in milk and the amount of nitrogen received
from TMR. Efficiency of protein utilization is often in the range of 25 to 35% (Sinclair et al.,
2014), but a study (Higgs et al., 2012) shows an increase in utilization efficiency of nitrogen of
herds in the range of 30-31% with proper formulation of feed ration. The efficiency utilization of
nitrogen from TMR is most limited by the proportion and degradability of proteins and the amino
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acid composition of digestible proteins at the level of small intestine (Misciatelli et al., 2003). An
important aspect of the metabolic transformation of proteins is the synthesis of microbial proteins
and the utilization of ammoniacal nitrogen in the rumen. The amount of ammonia in the rumen is
dependent by the intake of crude protein (CP) in daily ration, rate of rumen degradation of proteins
and synthesis of microbial proteins (McDonald et al., 2011). Rumen protein degradability is a
complex influenced by several factors and is related to the content of CP, protein solubility, protein
structure as well as microbial proteolytic activity, composition of structural and non-structural
carbohydrates (Bach et al., 2005). Synchronizing supply of carbohydrates and protein in TMR for
rumen metabolism increases microbial protein yield and reduces excess N at the rumen level,
thereby reducing serum urea as well as reduced N excretion (Burgos et al., 2007). Concentration
of serum urea is affected by intake of rumen degradable and undegradable protein, intake of
fermentable carbohydrates, liver function and urinary excretion (Gulinski et al., 2016). Analysis of
levels of protein and urea in milk are important indicators for evaluation of the intake and efficiency
transformation of CP. Level of milk urea is a suitable indicator for assessing phase nutrition in
terms of monitoring the protein-energy ratio of nutrients in feed rations. Given the highly
significant relationship between levels of rumen ammonia, levels of blood urea and levels of milk
urea, as well as the unassuming method of determining and obtaining samples, such a method for
evaluation of the level of phase nutrition in a herd is very advantageous.

The aim of the study was to analyse the nutritional factors (nutrients content of TMR),
which influence the milk production in relation to the MUN content per production group.
Analysed values of studies in field condition of farms after statistical processing was used to
formulate the regression relationships applicable to the control level of protein nutrition based on
the analysed values of MUN to evaluate the content of CP in the TMR, and to evaluate the
efficiency of N transformation for milk production.

Materials and methods

The evaluations were carried out on feed trials within 30 herds with a controlled nutritional
level system and with an average annual production of between 8,500 and 9,500 kg per cow. In
dairy cows (n = 3,150) at the peak of lactation intensively monitored the daily intake of feed in the
group, the nutritional composition of TMR and evaluated the level of protein intake, the efficiency
of utilizing N for milk protein. Daily rations of dairy cows were predominantly based on corn and
alfalfa silage, supplemented with concentrated feed (dry ground corn or higher moisture corn,
cereal grain by-products) and protein supplements (soybean meal and rapeseed meal) were fed as
TMR ad libitum system. The cows were regularly monitored and evaluated for TMR intake, which
was obtained from the difference of delivered and refusal feed weight after 24 hours of the feeding
program for the production group. Samples of prepared TMR in the monitored farms were taken
from the feed manger on the control day and were analyzed for dry matter (DM), crude protein
(CP), acid and neutral detergent fibre (ADF, NDF), starch and ether extract (EE) contents according
to conventional methods according to the Commission Regulation (EC) no. 691/2013. Non-fibrous
carbohydrates (NFC) was calculated by difference (100— (CP + (NDF-NDF bound protein) + ash
+ ether extract)) and netto energy of lactation (NEL) by regression equations (NRC 2001).

Analysis of production parameters on the control day on individually collected milk
samples was evaluated for milk production levels in dairy cows, milk components and milk urea.
Milk samples were analysed the total protein content, fat, lactose and urea concentration by near
infrared spectrophotometric assay using MilkoScan FT+ and BENTLEY FTS at the Central
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Analytical Laboratory of Milk with accreditation under registration number 096/5878/2015/2. The
analysed urea in milk (MU) was converted to urea nitrogen in milk (MUN) using the equation by
Oudah (2009).

Statistical processing of results. The average values, descriptive statistics, and variability
of the examined markers, as well as the influence of factors on these properties, were studied
through XLSTAT?2018. Statistical analysis of the relationships between MUN and nutritional and
production measurements were evaluated by linear regression analysis. A simple regression
analysis of relationships was done to identify those factors that explain the change in concentration
of MUN at the herd level. Factors explaining more than 50% of the variability of MUN were
combined into multiple regression analysis. For the evaluation of the dependencies between MUN
and nutritional and production variables in multiple stepwise regression models a level of statistical
significance was determined (P <0.05). Based on the criteria R?, the root mean square error
(RMSE) and the Akaike Information Criterion (AIC), it was decided which factors contribute to
the clarification of the analysed relationship.

Results and discussion

Dietary nutrients of daily rations, intake of feed and milk production in dairy cows

The average concentration of nutrients in TMR, daily intake of nutrients and the production
characteristics of dairy cows at the evaluated farms are presented in Table 1. The parameters of
milk production and composition of TMR showed significant differences in chemical dietary
composition against actual production and composition of milk on evaluated farms. With
comparable nutritional and production parameters from meta-analysis, Spek et al. (2013) it was
confirmed that the MUN content was at 13.1 £ 3.6 mg/dl for North America. For Northwestern
Europe, the MUN content averaged 12.5 £ 5.1 mg/dl, with lower production (25.5 + 4.5 kg) and
the half content of starch (13.2 + 8.4 %) in TMR. The levels of urea N in milk between 8 and 12
mg/dl indicate optimal intake efficiency of nitrogen from the feed ration (Nousiainen et al., 2004,
Spek et al., 2013). For high-producing dairy cows with an annual milk yield of 12,000 kg, the
recommended MUN is an average of over 14.5 mg/dl (Kohn, 2007) or 10 - 16 mg/dl (Wattiuax and
Ranathunga, 2016).
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Table 1: Nutritional composition of TMR and composition of milk in evaluated farms

| Average | SD ‘ Minimum ‘ Maximum
Nutrients in TMR (% of Dry Matter)
Crude protein 16.20 0.8 14.42 17.85
RDP* % CP 10.55 0.5 931 10.92
RUP* % CP 5.78 0.6 5.05 6.63
NEL MJ/kg DM 6.76 0.2 6.38 7.13
NDF 34.44 2.6 28.04 38.75
ADF 20.69 1.6 16.07 24.68
Starch 25.01 3.3 16.93 29.78
NFC 37.99 34 31.65 48.95
NEL/CP 0.42 0.03 0.37 0.48
Starch/CP 1.55 0.3 1.02 2.07
NFC/CP 2.35 0.3 1.89 3.17
Daily intake of nutrients (kg/day)
Dry matter 22.35 1.3 20.76 24.90
CP intake 3.62 0.2 3.20 4.02
NEL intake (MJ/day) 150.89 10.6 134.09 171.83
NDF intake 7.68 0.7 6.07 8.69
ADF intake 4.62 0.5 3.42 5.40
Starch intake 5.60 0.9 3.66 7.03
Production and composition of milk
Milk yield ka/d 35.40 6.5 23.20 47.90
Milk protein % 3.15 0.2 2.77 3.46
Milk fat % 3.62 0.4 2.95 4.55
Yield of milk protein kg/d 1.11 0.2 0.77 1.46
Yield of milk fat kg/d 1.26 0.20 1.00 1.67
Milk urea mg/dI 27.40 3.58 19.74 35.66
Milk urea nitrogen mg/dI 12.79 1.67 9.21 16.64
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* RDP were analysed by in situ methods (@rskov a McDonald 1979), analysed TMR n=15

MUN in relation to nutritional effects in the simple regression model

Summary statistical data describing the relationship of linear regression analyses between
MUN concentration and concentration of nutrients in TMR are summarized in Table 2. The
evaluation of relation between the nutrient content in TMR and MUN in milk by single linear
regression analysis confirmed the most statistically significant positive relationship (P <0.0001)
between average MUN values and content of CP for the production group (R? = 0.693). The
analyzed protein degradability of TMR confirmed the same a positive relation of MUN to RDP
with less statistical significance (R? = 0.510, P = 0.03). These results are comparative respectively
with the same tendency has been confirmed by several authors (Godden et.al, 2001; Broderick and
Huhtanen, 2013). In this evaluation, the more significant relation CP to MUN than RDP and useful
is more practical in breeding conditions for controlling the level of CP in feed rations and rapid
identification of protein overfeeding on farms according to the analysis of MUN. In contrast, the
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negative correlation was confirmed between the MUN values and the analyzed content of starch,
NFC and NEL at the statistical significance (P<0.05). The higher level of regression dependence
was confirmed in experimental conditions with the coefficient of determination in range of R? =
0.78 (Nousiainen et al., 2004) and 0.84 (Broderick and Clayton 1997). These observations confirm
that concentration of CP in TMR is the most important nutritional factor affecting the concentration
of MUN, which is closely associated with excretion of nitrogen in urine and can be applied in
commercial herds as a biomarker of the protein nutrition in dairy cows (Nousiainen et al., 2004).
The most significant influence of CP in TMR on the concentration of MUN (R? = 0.93) was
confirmed by Broderick and Huhtanen (2013) with a less pronounced impact of energy
concentration and protein degradability in TMR. From the nutritional effects within the evaluated
set, we confirmed the weaker relationship between MUN and the proportional ratio CP/NEL (R? =
0.642), where the decrease of the coefficient of determination at the CP/NEL ratio in TMR
compared to content of CP (R? = 0.693) was caused by low negative regression (R? = 0.174) at
content of NEL in relation to MUN. Similarly, Broderick and Clayton (1997) have reported closer
relations between MUNSs with dietary CP content as ratio CP to NEL.

Table 2: Linear regression between MUN in milk and nutrients content of TMR

Concentration of nutrients in TMR (% dry matter)

Items Slope SE R? P
CP 1.600 0.201 0.693 | <0.0001
RDP* 0.1031 0.037 0.510 0.030
NEL -3.223 1.329 0.174 0.022
NDF 0.181 0.105 0.096 0.096
ADF 0.136 0.182 0.019 0.462
Starch -0.247 0.072 0.294 0.002
NFC -0.233 0.072 0.273 0.003
Starch/CP -4.208 0.816 0.487 | <0.0001
NFC/CP -3.895 0.698 0.527 | <0.0001
NEL/CP -44.05 6.119 0.649 | <0.0001
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The evaluation of ratio of NEL/CP, NFC/CP, starch/CP in TMR in relation to MUN
confirmed the negative statistical significance (P <0.0001) with coefficient of determination (R? =
0.649; R? = 0.527 resp. R? = 0.487). About 70% of typical diets for lactating dairy cows consist of
carbohydrates, up to 37% are structural carbohydrates (NDF), 30% starch, and 3% simple sugars
(Eastridge 2019), which provide the optimal supply of energy for the synthesis of microbial
protein. Concentrations of MUN were most closely related to dietary CP content, but were less
affected by dietary content of carbohydrates and ruminal protein degradability. The content of CP
in TMR was the best single analysed marker for the MUN estimation in average for the production
group, and represented 69.3 % of the total variance determinated by the regression relationship
[MUN (mg/dl) = -13.2 + 0.16 x content CP (g/kg DM)]. With a high correlation of MUN values
with the content of CP in TMR, an increase of the content of CP by 1 percent in TMR resulted in
an increase in MUN of 1.6 mg/dl in the evaluation of the average level of the group. This tendency
was very close to the 1.6 or 1.7 mg/dl MUN, confirmed by Powell et al. (2014) and Nousiainen et
al. (2004) resp. under experimental conditions. The same was confirmed by Spek et al. (2013) in
the meta-analytical evaluation of relation MUN and concentration of CP in experiments on
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concentrated types of feed ration in North America and bulk types of feed ration in Northern Europe
which showed that a 1 % increase of CP increased the concentration of MUN by 1.36 mg/dl or 1.73
mg/dl. On the other hand, Aquilar et al. (2012) identified an increase of MUN by 1.04 or 1.24
mg/dl per percentage increase of CP in the production of 40 or 30 kg of milk.

MUN in relation to nutritional effects in the model of multiple regression

In the statistical evaluation in the model of multiple regression the evaluated set was added
by the stepwise method with independent variables at the significance level P <0.05 and eliminated
with variables at the significance level P>0.1. The evaluation of data according to the analyzed
average of MUN values in the production groups (Table 3) in relation to the nutrient concentration
in TMR confirmed high correlation (P <0.0001) to CP and NDF with 72.0 % level of variability
on the concentration of MUN. The same tendencies with comparable results in experimental
conditions were confirmed by Nosiainen (2004), where the expressed CP/ME ratio on fluctuations
of MUN was most affected by different CP contents (R? = 0.876) in the feed ration. The ranges of
fluctuation of energy (NEL 6.7 = 0.2 MJ / kg DM) and starch (25.0 + 3.3% DM) in TMR at the
monitored farms were small and their inclusion in the models of multiple regressions together with
CP had a minimal effect on the fluctuation of MUN. Concentration of energy in our analyses were
comparable to Nousiainen (2004), Broderick and Clayton (1997), and the findings confirm that
content of CP in TMR has a major effect on MUN concentration. In a practical application for the
interpretation of the analysed MUNSs the confirmed lower impact of the concentration of energy on
the fluctuation of MUN is important, if it is included in the models of multiple regressions together
with the content of CP in the TMR.

Table 3: Multiple regression of nutritional effect on MUN concentration

Concentration of nutrients in TMR (% DM)

Items Coefficient SE P
Intercept -16.799 3.473 <0.0001
CP 1.552 0.190 <0.0001
NDF 0.216 0.099 0.038
Precision of model

Adjusted R? 0.720
RMSE 0.803
AlC -10.302
P <0.0001

The evaluation of the N efficiency of feed into milk

The efficiency of N use was defined as the percentage of N-admitted, which is transformed
into milk protein and calculated according to the production of milk protein and intake of CP in
ration (DePeters and Ferguson 1992; NRC 2001) in the monitored farms was determined in
average level of 30.1 £+ 5.0 % with significant variations of values of farms from 21.1 % to 39.5 %
and in relation to the analyzed content of CP in fed TMR is expressed by the regression dependence
ENU % = 90.5 - 3.73 x CP % (R?= 0.350; P = 0.001). The equally calculated ENU % in the
relationship with the analysed content of MUN gives a weaker negative regression dependence
(Graph 1) expressed by the equation ENU % = 48.25 — 1.43 x MUN mg/dl, (R?70.19; P = 0.016).
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On the basis of the evaluated set, the reduction of MUN content by 1 mg/dl in the range of 9-16
mg/dl is associated with an increase in the conversion of nitrogen to milk at 1.43 %.

Graph 1. Relation of CP content to the efficiency of N
utilisation (ENU) and excretion of N in dairy cows
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The efficiency of N utilisation (ENU) was determined according to analyzed MUN by
calculation according to regression equations by Nousiainen et al. (2004), Wattiaux and
Ranathunga (2016) and Huhtanen et al. (2015). The dynamics of the ENU changes, calculated on
the analyzed MUN content expressed as the mean value of the regression equations of selected
authors in the monitored farms (Graph 1) shows a negative correlation relation (P <0.0001, R? =
0.729) with respect to the analyzed CP content in TMR, where 1% increase of CP in the range of
14 to 18 % in TMR reduces the efficiency of the use of nitrogen from feed to milk by 1.48 %. The
dynamics of ENU in relation to the production of protein milk (Graph 2) shows a positive
correlation (P=0.004, R?=0.26) where according to regression dependence, the increase of ENU by
1% corresponds to an increase in milk protein production by 70 g/day at the calculated ENU range
from 26 to 32%.
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The observed ENU in the studied farms according to the way of evaluation showed different
values: - in the calculation of the metabolic transformation (N milk / N intake) the average was
30.1 + 5.0 with a range of 21.1 - 39.5 %, and according to analysed content of MUN averaged 29.2
+ 1.4 % with lower fluctuation (26.0 - 32.1). The authors Jonker et al. (2002) and Gourley et al.
(2012) found that the efficiency of utilisation in commercial conditions was 28%, with variations
between 18 % and 35 %. Pacheco (2016) reports the average value of efficiency of N utilization at
the level of 29 % with a range of fluctuations from 19 to 40 % among different farms, which are
comparable to our results obtained from calculation according to the metabolic conversion.

Conclusion

Based on the obtained results of farm trials we can conclude that MUN concentrations are
simple and non-invasive approaches to examine the protein status of rations fed to dairy cattle.
Monitoring and evaluation of milk urea on farms provides an opportunity to formulate rations and
adjust levels of protein to optimize effective utilisation of nitrogen in order to increase milk and
milk protein production and to avoid the negative effects of urea excretion in urine. In summary,
milk is a useful indicator of the animal nutritional (protein and energy specific) status.
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Osszefoglalas

A tanulmény célja limousin fajta 2018 évi eredményeinek a bemutatasa. A tenyésztd egyesiiletet
10 magénszemély és 10 jogi személy alapitotta 1989 évben. A tehénlétszam 2008 és 2018 évek
kozott emelkedett. Ugyanebben az id0szakban az egyesiilet taglétszama is noétt. A térzskonyvezett
egyedek tekintetében a 67% (12.999 egyed) egy jo értéknek szamit. A fajtatiszta tenyészetekben a
torzskonyvezett tehenek (6.702 egyed) és az {iszOk (2.481 egyed) létszdma a meghatarozo. A
konnyt ellés fajtatiszta allomanyokban 94 %, €s a keresztezettekben 97 % volt. A borjak 205 napra
korrigalt valasztasi stlya ivaronként az alabbi volt: bika (262 kg), tisz6 (228 kg). A tehenek kiillemi
biralati 6sszpontszama 77, az elsd ellési életkora 33 honap ¢és a két ellés kozotti ideje 418 napnak
alakult. Figyelembe véve ezeket az adatokat, megallapithatjuk, hogy a limousin fajtanak hazankban
tovabbra is jo perspektivaja van.

Kulcsszavak: limousin tehén, jo kiillem, konnyt ellés, valasztasi suly

Results of Limousin breed in 2018
Abstract

The aim of this study was to give information to Hungarian breeders on characteristics of Limousin
breed in 2018. This breeders' association was establish in 1989 by 10 persons and 10 companies.
The increasing trend of the cattle number was observed in association of breeders between 2008
and 2018 years. Changing of membership was also positive in this period. The rate of the registrated
herd it seems to be good: 67 % (12.999 animals). In the purebred registrated herds the number of
cows (6.702 animals), and heifers (2.481 animals). were dominant. Very good easy calvings were
observed in purebred (94%) and crossbred (97%) herds too. The weaning weigths adjusted to 205th
day of calves by sex were respectively: bulls (262 kg) and heifers (228 kg). The following
characteristics of cows were also very important for breeders: total type score (77 scores), age at
first calving (33 months) and calving interval 418 days). Accordig to precedant information a good
perspective can be concluded on Limousin breed in Hungary.

Key words: Limousin cow, good conformation, easy calving, weaning weight
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Bevezetés

Magyarorszag egyik legrégebben alapitott husmarha tenyésztd egyesiilete a Limousin és
Blonde d’ aquitaine Tenyésztok Egyesiilete (LBTE), amelyet 1989-ben alapitotta 10 maganszemély
és 10 jogi személy. Az egyesiilet tagjai, az elndkség szervezd munkdjanak segitségével,
kidolgoztak a limousin fajta elsé tenyésztési programjat (Balika és Biro, 1990). Ennél fogva, 2020-
ban a tenyésztd szervezet a 30. sziiletésnapjat tinnepli majd. Ez a jeles szakmai esemény alkalmat
ad arra, hogy réviden bemutassuk a limousin husmarha fajta legfontosabb haza 2018-évi
eredményeit.

A limousin fajta jellemzoi

Kozismert, hogy ez a fajta a franciaorszagi ,, délnyugati szoke marhdk” nagy csaladjabol
ered (Szabo, 1998) és a Massif Central hegyvidékének nyugati részének esés, de kevéssé
termékeny granit talajan alakult ki. A fajta 6nallé fejlodését a XIX. szazad kozepe ota tartjak
nyilvan. Kezdetben igas marhaként hasznaltak, de mar ekkor is fontos szempont volt a vagora
kiildott 5krok kedvezd hiistermelése. Ebben a munkaban a Lyon-i és a St. Etienne-i piacok jelent6s
szerepet jatszottak. A torzskonyvét 1886-ban alapitottak. A XIX és a XX. szdzadban mar
elsésorban izomtomeg novelésre végeztek szelekciot, ligyelve a konnyl ellésre és a csekély
mértékii faggyarétegekre (bor alatti, izomrostok kozotti stb.). Franciaorszagban a limousin
tehénallomany 1984 és 1992 kozott jelentésen emelkedett 38 ezerrdl, 75 ezerre (Anonim, 1992).
Journaux (1995) kozlése szerint, a szelekcidés tehénbazis a fajtaban 90 ezer egyed. A
fajtatorzskonyvét 1886-ban alapitottak, ugyanakkor az ,.elit torzskonyvet” 1935-ben hoztak 1étre
(Felius, 1985). A fajtat kozépkorai tenyészérettségiinek tartjak, tehat az optimalis ellési életkor 30-
32 honap koze esik. Jol ismert a fajta id6jarassal szembeni ellenalld képessége, az atlagnal ¢lénkebb
vérmérseklete, valamit az is, hogy harom hénapos kortol kezdve minden életkorban piacképes
portékat ad.
A fajta nehany jellemzgjét az alabbiakban foglaljuk 6ssze (LBTE, 2018):

Kifejlettkori éldsuly: bika 1100-1250 kg, tehén 650-750 kg

- Sziiletési suly: himivar 40-45 kg, n6ivar 35-40 kg

- Konnyii ellés: 94-96 %

- 205 napos suly: himivar 260-310 kg, néivar 220-250 kg

- 365 napos éldsuly: himivar 450-470 kg, néivar 330-350 kg

- Vilasztasig elert sulygyarapodds: 1100-1200 g/nap

- Hizlalas alatti sulygyarapodds: 1400-1500 g/nap.

Felius, (1985) szerint a XIX. szazad forduldjan a tehenek atlagos €16stlya 425 kg volt, mig
manapsag ez 600 kg koriil mozog. A bikak éldstlya 1200 kg-nal nem sulyosabbak. A tehenek
atlagban 137 cm, a bikak 140 cm magasak.

Fontos kiemelni, hogy a fajta husat 1988 ota a hizlalt limousin marha, a vagoborju €s a
fiatal hizott bika kategériak szerint markézottan hozzak forgalomba étkezés céljabol.

A hazai elterjedése

A limousn fajta hazai tenyésztése 1970-ben kezdddott, amikor a Godalldi Agrartudomdanyi
Egyetem 25 vemhes {isz6t és harom bikat importalt a fajta bolcs6jébol. A 80-s években a bikali
Allami Gazdasag, a piispokhatvani Galgavolgye MgTsz, a Tordas-Gyuréi MgTsz, a Zirci Bakony
MQTSz és a hajdiiszoboszIoi Allami Gazdasdg kozel 300 allatot hozott be. A kedvezd kezdeti
eredmények hatasara — a hazai szarvasmarha program kertében — szamos tizem kezdett a limousin
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keresztezésbe. Az 1980-as évek végére mar 10-15 ezer keresztezett tehenet tartottak szamon. A
rendszervaltozas utan az allomanyokat eladtak és a tenyészetek megsziintek. Az ezredfordulon a
fajtatiszta tehénlétszdm csak mintegy 300 egyed volt. Az elmult 20 év eredményes szakmai
munkajanak kovetkeztében a fajta 1étszama n6 (LBTE, 2018).

Egyesiileti adatok 2008 és 2018 kozott

Az egyesiilet tehénlétszamanak (két fajta egyiitt) alakulasat az /. abra mutatja. Mint ahogy
az abran lathato, a tehénlétszam 2008 és 2014 kozott 10-11 ezer egyed kozott alakult, azonban
2015-t8] folyamatos emelkedés tapasztalhatd. Ez arra utal, hogy az egyesiilet szakmai munkéja
eredményes, mert novekszik a populacio. Megjegyezziik, hogy hazank agrooko-potencidlja, az
agazatot segitd pénziigyi tamogatasok, az elérhetd jovedelem nagysaga, valamint a kedvezd piaci
helyzet miatt a hismarhadgazat fellendiilében van. Ez a helyzet kedvezd a legeltetéses haszonallat
tartds tovabbi hazai fejlesztése szempontjabol. Figyelembe véve a legeldink kozepes vagy gyenge
mindségét, egyértelmi, hogy ezeket a terlileteket a hismarhék jol hasznosithatjak, szemben a tejeld
allomanyokkal (Szabo és mtsai., 1997).

Az egyesiilet taglétszamanak tekintetében a tendenciat a 2. dabra 0sszegzi. Az egyesiilet
taglétszama 2008 és 2012 kozotti iddszakban hasonld volt, 92 és 104 {6 kozott valtozott. A
taglétszam 2013-ban megnétt 172-re, majd ezt kovetden emelkedni kezdett példaul 2015-ben elérte
a 224 f6t, majd tovabb emelkedett és 2018-ban a tenyésztok szama mar 295 volt. A szdmok alapjan,
a pozitiv tendencia megallapithatd ebben az esetben is. Az elébb bemutatott valtozds — mas
hasmarha fajtahoz képest — kiilonleges helyzetnek itélhetd!

1. dbra: Az egyesiileti tehénlétszam trendje
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Figure 1: Trend of the cattle number in association of breeders
years (1), cattle number (2)
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2. dbra: Taglétszam valtozasa
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Figure 2: Changing of membership
years (1), membersip (2)

Minden tenyészt6 szervezetnek fontos az, hogy a néivaru allomany 1étszama hogyan alakul,
tenyészetre vetitve. Ezeket az adatokat mutatja a 3. dbra, amely egyértelmiien csokkenést jelez,
mert még 2008-ban 110 tehén volt egy telepen, addig ez 2018-ra 65 egyedre csokkent. Lathato,
hogy jelentds csokkenés 2012 és 2013 kozott tortént (103-r6l, 63-ra) a telepi tehénlétszamban. Ha
megvizsgaljuk az egy farmra jut6 tehenek szamat tulajdon formak (magéan tenyészet: MTE, jogi
személy: JSZ) szerint, akkor azt latjuk, hogy a magan tenyészetekben 2008-t61 2018-ig minden
évben, abszolut értékben kevesebb szamu tehén volt, mint a jogi személyként mukodo
vallalkozasoknal: Pl: 2008-ban, MTE (72 egyed), JSZ (155 gyed), 2013-ban, MTE (41 egyed), JSZ
(97 egyed), 2018-ban (MTE (47 egyed), JSZ (105 egyed).
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3. dbra: Az egy farmra es6 tehénlétszam valtozasa
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Figure 3: Number of cow per herd
years (1), number of cow (2)

A kisebb atlagos telepi tehénlétszam hatterében tobb tényezd szerepelhet: a vallalkozas
kisebb tokéje, az atgondoltabb takarméanyozas, a legeld allateltartd képességét jobban figyelembe
vevo legeltetési mod és gazdalkodas, az egyedre vald jobb odafigyelés igénye stb.

Tenyésztési szempontbol fontos adatok és jellemzok

A tenyé€sztd szervezetek egyik fontos adata, a termelésellendrzés alatt allo tehénallomany
nagysaga. Az egyesiilet esetében ez a szam 67 % (12.999 egyed), tehat jonak értékelhetd, amelybdl
limousin fajtaju tehén 1étszama 11.571 egyed, tehat 89 %. A tenyészetek 65 %-an (165 farm)
torténik ellendrzés, ebbdl 132 tenyészetet (80 %) a limousin fajta adja.

A termelésellendrzés alatt allo limousin allomanyok Osszetételét a 4. dbra mutatja,
fajtatiszta és keresztezett egyedek szerinti bontasban. A fajtatiszta tenyészetekben a tehénlétszam
a meghatarozo (6702 egyed), majd ez koveti a ndvendék iisz6 allomany (2481 egyed). A szopos
borju, a névendék bika, a vemhes lisz6 €s a tenyészbika létszdma kevesebb, mint az el6zd
szamadatok: 1741, 807, 866 és 405 egyed. A keresztezett alloméanyok esetében szintén a tehenek
1étszama a legnagyobb (4869 egyed), ezt koveti a szopds borju 1étszdm (1107 egyed), majd a
novendeék iisz6 (1003 egyed) és a ndvendéek bika (546 egyed) 1étszam kovetkezik. Ezek az adatok
arra utalnak, hogy a tenyészt6 szamara fontos, hogy ismerje a termeld teheneinek a teljesitményét,
valamint, hogy mindségi novendéknevelés valdsuljon meg a tenyészetében. A mindséget képviseld
tenyészbikak hasznalata, eldsegiti a hazai genetika tovabbi terjedését az allomanyokban.
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4. abra: Termelésellenorzott allomanyok dsszetétele
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Figure 4: Composition of production in registrated herds
purebred (1), crossbred (2), cow (3), suckling calf (4), growing female calf (6-26 month)(5), growing male
calf (6-24 moth)(6), pregnant heifer (7), breeding bull (8), number of animals (9)

A htusmarha tenyésztOk mindegyikének fontos értékmérd tulajdonsag, az ellés lefolyasa. A
fajtatiszta és a keresztezett dllomanyok esetében mutatja az 5. dbra ennek a tulajdonsagnak az
alakulasat. A fajtatiszta és keresztezett allomanyokban egyarant a konnyti ellés volt a meghatarozo:
fajtatiszta (94 %, 5021 egyed), keresztezett (97 %, 3703 egyed). A segitséggel tortént ellések arany
fajtatiszta allomanyban 3% (155 egyed), a keresztezetteknél pedig 1% (56 egyed) volt. A vetélések
¢s a holt ellések eldfordulasa — mindkét csoportban — 1-2 % kozott valtozott. A termelésellendrzott
tehénallomanyra szamitott ellési arany a fajtatiszta allomanyokban 80 %-0s, a keresztezetteknél 79
% os volt 2018-ban.

A hazai limousin populécidban 2018-ban, 5176 fajtatiszta borju sziiletett meg, amelybdl a
valasztasig 8 % (422 egyed) esett ki. A valasztott borjak (4754 egyed) 8 %-a (371 egyed) keriilt
sajatteljesitmény vizsgalatba (STV), amelybdl 79 % (292 egyed) valt mindsitett tenyészbikava. A
keresztezett allomanyban a valasztasig kiesett borjak ardnya 7,7 % (290 egyed) volt.
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5. dbra: Termelésellenérzott allomanyok ellési jellemz6i

6000
5000
4000
3000

2000

Tehénlétszam (7)

1000

Fajtatiszta tehén (1) Keresztezett tehén (2)

W KinnyG ellés (3) M Ellés segitséggel (4) Vetélés (5) Holt ellés (6)

Figure 5: Characteristics of calving in registrated herds
purebred cow (1), crosshbred cow (2), easy calving (3), calving with small assistance (4), abortion (5),
stillbirths (6), number of cows (7)

Az allattarto- €s teny€sztd gazda a piacon kivanja — megfeleld aron — értékesiteni az
eléallitott ,,portékdit”. Az Aallatértékesitési atlagsulyokat, a termelésellendrzott tenyészetek
tekintetében, a 6. dbra szemlélteti. Ez az abra is igazolja azt, hogy a limousin fajta minden
¢letkorban piacképes terméket jelent az €élelmiszergazdasagban: selejt tehén (561 kg), valasztott
iisz6 borju (225 kg), valasztott bika borji (279 kg), novendék tenyésziiszo (346 kg), vemhes liszo
(467 kg), hizott bika (566 kg), tenyészbika (716 kg).

Kozismert, hogy nem minden termelésellendrzés alatt allo allomany torzstenyészet. 2018-
ban, a termelésellendrzott tehenek szama 6702 egyed volt. Ennek 68 %-a képezi a torzstenyészetek
tehénlétszamat (4620 egyed). Ez az arany egy j6 kiindulasi alapot jelent a hazai allomany tovabbi
genetikai fejlesztéséhez. A torzstenyészetek tehenei, 51 tenyészetben talalhatok, az-az a farmok 39
%-ban.

A valasztott borjak 205 napra korrigalt sulya az alabbi volt: bikék (262 kg), lisz0k (228 kg).
Az STV-ben mindsitett bikdk esetében ez az érték 313 kg-nak mutatkozott. Franciaorszagban, a
bikak 210 napra korrigalt sulya 268 kg (n=27.373) volt (Anonim, 1992). Kiilonb6z6 elemzésekben
Nagy (1986) 246 kg-os (n=187), Kovdcs és Sziics (1993) 245 kg-os (n=1336) értékeket kozoltek
bikak korrigalt elosulyara. Kovdcs és Sziics (1993) az liszéborjak élésulyat 233 kg-nak (n=1339)
allapitotta meg. Hasonlé eredményeket kaptak Bene (2007) és Fodrds (2008) is. A fajta
bolesdjében, 210 napra korrigalt érték (n=355.713), 255 kg (Journaux és Laloe, 2000) volt.

A limousin tehenek néhany jellemz6 2018-as adatat az alabbiakban 0sszegezziik:
- Kiillemi biralati 6sszpontszam: 77 pont
- Elso ellési életkor: 33 honap
- Két ellés kozotti id6: 418 nap
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6. dbra: Atlagos élésulyok az értékesitéskor
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Figure 6: Average body weight for selling
bad cow (1), heifer weaned (2), male calf weaned (3), growing heifer for breeding (4), pregnant heifer (5),

fattening bull (6), breeding bull (7), body weight (8)

Orvendetes tény, hogy az egyesiilet tagjai — a hagyomanyos teljesitményvizsgalat mellett —
tamaszkodhatnak a munk4juk sordn a genomvizsgalatok eredményeire. Az atlagos pontszamérték
a konnyt ellésre 7,9; a novekedési erélyre, 3,7; az izmoltsagra 5,3; a rdmara 3; csontfinomsagra 8;
az utosok konnytiellésre 4,1; a tejtermelésre 5,7 és a bels6 medence méretére 5,5 volt.

Osszegezve az eddigieket megallapithatjuk, hogy az egyesiilet jo helyzetben, fejlédési
allapotban van. A tenyésztd szervezet munkajaval és a szakmai informacidival érdemben segiti a
hazai limousin tenyésztoket €s ezzel szolgalja a fajta tovabbi eredményes fejlodését.
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Osszefoglalas

Magyarorszagon a méhanyak ara jelentdsen megemelekdett az elmult években, azonban azok
elfogadtatasi aranya csokkend tendenciat mutat, melyet elsésorban az olasz méhfajta (Apis
mellifera ligustica) hazai megjelenésével hoznak Osszefiiggésbe a méhészek. Tovabbi problémat
okoz a méhanyék esetében, hogy a hazai méhészeti gyakorlatban a méhészek a kétéves kort elérd
méhanyakat lecserélik, melyet azzal magyardznak, hogy életkoruk eldrehaladtaval csokkend
petézési teljesitményt nyujtanak, mely a gyengébb népesség révén a méztermelésben is érvényre
juthat. Jelen tanulmanyban arra keressiik a valaszt, hogy a fent emlitett tényezok (tavaszi fejlodés,
méztermelés) hogyan alakulnak az eltéré életkord méhanyaval rendelkez6 méhcsaladokban. A
vizsgalat soran 1, 2 —illetve 3 éves méhanyas csaladokban vizsgaltuk meg a fiasitasos teriilet
kiterjedését, melyet cm?-ben hataroztunk meg; akac méhlegeldrdl torténd hordas idején az elvehetd
méz mennyiségét mértiilk. A méhcsaladok tavaszi fejlédésének vizsgalatara 2018. aprilis 8. és
majus 22. kozott négy alkalommal keriilt sor, melyet un. fiasitdsmérd lappal végeztiink el. Az
elveheté méz mennyiségének meghatdrozasa soran pedig a méztéri fiokok pergetés elotti és utani
sulyabol nyertiink adatokat. A méz mennyiségére vonatkozd méréseket 2018 majusaban,
akacviragzas idején végeztik el. Azt tapasztaltuk, hogy a fiatalabb (egyéves) méhanyas
csalddokban az elvehetdé méz mennyisége 26,5 %-kal magasabb, mint az idds (haroméves)
méhanyaval rendelkezd csaladok esetében, mig a fiasitasos teriilet kiterjedésben mindharom
korcsoport eltérd képet mutatott.

Kulcsszavak: méhanya, méztermelés, fiasitas

The effect of the queen bee's age on the spring development and honey production of honey
bee colonies (Apis melliferal.)

Abstract
In Hungary the price of queen bees have risen significantly in recent years. Presently, the rate of
acceptance of queens has declined, due mainly to the appearance of the italian honey bee (Apis

mellifera ligustica) in our country. A further problem with queen bees is that in hungarian
beekeeping practice, beekeepers replace the two-year-old queens, which is explained by the fact
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that, as the queen’s age adversely affects the egg production, it also manifests in honey production
in the honey bee colonies.

The aim of the current study was to determine the effects of age of queen bees on the quantity of
brood area and honey production of honeybee colonies. The performance of experimental colonies,
which had 1, 2 and 3 year-old queens, were compared. Their brood areas (cm?) and acacia honey
yield (kg/colony) were measured. During the examination of spring development of honeybee
colonies the data were recorded four times between 8"April and 22" May in 2018 (with a
transparent plastic grid), and the honey supers were weighted before and after the honey harvest to
ascertaine the acacia honey yield for each colony.

According to our results colonies which headed by one-year old queen bees had 26.5 % higher
honey production than colonies in which the queen bees were older. In practical aspects of our
results in the brood area we found that there was a significant difference among all three groups.
Keywords: queen bee, honey production, bee brood

Szakirodalmi attekintés

A hazai méhészeti gyakorlatban sok esetben tapasztaljdk a méhészek, hogy az anyasitas
soran, az anyasitott méhcsalad fogadtatasi Osztone gyenge, azaz az 1j méhanya elfogadasanak
mértéke csokken, melyet a méhésztarsadalom az Apis mellifera ligustica magyarorszagi
jelenlétével indokol. Azokban a régiokban, ahol a mézeld méheknek mar kialakult helyi alfaja,
okotipusa volt, az olasz méh megjelenése a genetikai tisztasag csokkenéséhez vezetett (De La Rua
eés mtsai, 1998; Garnery és mtsai, 1998 a, b). A helyi, allamilag jovahagyott alfajok védelme és
eredeti genetikai strukturdjuk fenntartasa szamos orszagban aggodalomra ad okot (Garnery és
mtsai,1998 a, b). Tovabba a méhészeti termékek kereskedelme mellett mar a méhanya exportjaval
€s importjaval, igy az esetleges hibridizalodassal is szamolnunk kell. Ennek kovetkeztében a
Karpat-medence 0Okologiai feltételeihez kivaloan alkalmazkodott, az évszdzadok alatt
meghonosodott, illetve az anyaneveldk altal kitenyésztett Apis mellifera carnica pannonica méh
génallomanyanak megvaltozasara is szamitani lehet (Szalainé és Molnar, 2000).

A méhanya sajatos szaporodasi tulajdonsaga révén (nészrepiilés), a természetes
koriilmények kozott lezajlott parzds soran csupan a méhanya ismert, ugyanis a méhanya a
naszrepiilés soran idegen méhészetekbdl szarmazd herékkel parosodik, melyek genetikai
allomanya nem ismert. A hazai méhészeti gyakorlatban szamos méhész sajat nevelésti méhanyaval
méhészkedik, mely nem biztositja a pannon méh genetikai tisztasagat, a méhanya kiilonleges
szaporodasi folyamata kovetkeztében.

A vasarolt méhanyak esetében gyakran felmeriild probléma azok levaltasa a termeld
méhcsaladban, a parzott petéz6 méhanya behelyezését kovetden nagyon fontos szempont a fogado
méhcsalad allapota, kordsszetétele is. Ha a csalad eddigi méhanyjaval meg volt elégedve, abban az
esetben az ) méhanyat szinte biztosan le fogja valtani. Az Gj méhanyak petézési liteme lassu,
vontatott, feromonja, csalad Gsszetartd képessége még gyenge, melyek néhany hét elteltével allnak
csak helyre. Ennek kovetkeztében a méhcsalad nem tartja megfeleldnek a népesség fenntartdsdhoz
a méhanya teljesitményét, igy a levaltas keriil el6térbe a méhcsaladban. Ebben az id6szakban
kezdenek valtobolcsdket huzni, tovabba a méhanyat késztetik azok bepetézésére. A méhész is
hozzajarulhat a méhanyak elfogadtatasi aranyanak noveléséhez a valtobolesok lerombolasaval. Az
uj méhanya petézési lendiilete a hetek elérehaladtaval javul, mely az elfogadtatast jelentosen
megkonnyiti a méhcsaladokban. Az uj méhanya altal lerakott petékbdl kikeld elsé generacio
megjelentését kovetéen megnyugszik a méhcsalad (Jo, 2013).
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A méhanyak altal lerakott fiasitds mennyisége hatarozza meg a méhcsalddok teljesitményét.
A méhanydk teljesitményének vizsgalatdra, megitélésére szdmos moddszer ismert a méhészeti
gyakorlatban (Roberts és Stanger, 1969; Johansson és Johansson, 1973): a megtermelt méz
mennyiségének meghatarozdsa, a dolgozé6 méhek szama, a méhcsalad népessége, a rajzas
intenzitasa (Delaplane és mtsai, 2013), az atteleld képesség és a tulélési arany (betelelt és kitelelt
méhcsaladok aranya allomany szinten) (Akyol és mtsai, 2011). A csaladveszteségek legfGbb
idoszaka a tél, amikor nagymértéki elhullas kdvetkezhet be, melynek leggyakoribb oka, hogy az
1d6s méhanyas csaladok gyengék, nem megfeleld kordsszetételli allomanyok keriiltek betelelésre
(Tarpy és mtsai, 2000). Kaftanogu és mtsai (1988) szerint a méhanyak 4 -5 évig is élhetnek,
azonban petézési teljesitményiik évrdl évre csokkend tendenciat mutat. Egy altalanosan elfogadott
ismérv a méhészek korében, hogy a méhanya életkora befolyasolja azok teljesitményét
(Kostarelou-Damianidou és mtsai, 1995).

A méhanya petézési tevékenységét februarban kezdi meg (Ordsi, 1957), azonban ekkor,
elsésorban az alacsony homérséklet gatlo hatasa miatt, a legkivalobb méhanyak is csak kevés petét
raknak. A méhanya petézési teljesitmény-vizsgalat megkezdésére a méhcsaladok tavaszi
fejlodésének kezdeti id6szaka a legalkalmasabb, azonban e téren jelentdsen eltérd véleményekkel
talalkozhatunk, hogy mikor indokolt eldszér kaptart bontani, mely altalaban a tisztul6 repiiléseket
kovetd napokra tehet6 (Zimmer, 2018).

A méhcsaladok elsd tavaszi atvizsgalasara marcius masodik felében kertiljon sor, amikor a
kiils6 hémérséklet eléri a 15-18 °C-ot (Zsidei, 1990). Azonban az elmult években a hazai id6jarasi
viszonyok sok esetben nem tették lehetévé, hogy marcius kozepén megkezdjiik a méhcsaladok
tavaszi atvizsgalasat, hiszen az alacsony kiilsé hdmérsékleten torténd kaptarbontas kovetkeztében
a fiasitds megfazhat, mellyel visszavetjiik a méhcsalddok fejlédését.

Az idés méhanya teljesitmény csokkenése szamszeriisithetd terméskiesést okoz (Zimmer,
2018). Ezt a terméskiesést a méhanya életkoranak fiiggvényében mért, elvehetdé méz
mennyiségével tudjuk meghatarozni (Akyol és mtsai, 2011).

Vizsgalataink soran arra kerestiik a valaszt, hogy az eltéré koru (egy, kettd,-illetve
haroméves) méhanyaval rendelkez6 méhcsaladokban a tavaszi demografiai felfutas soran hogyan
alakul a fiasitasos teriilet valamint a kipergetheté akdcméz mennyisége.

Anyag és modszertan

A kisérleti allomany Szabolcs Szatmar Bereg megyében, Nyirmadan talalhat6. A kisérletben
eltérd €letkort méhanyaval rendelkez6 méhcsaladok vettek részt, melyek egy 160 méhcsaladbol allo
méhészet részét képezik. A kisérletbe allitott méhcsaladok kivalasztasa véletlenszerlien tortént (az
azonos korti méhanyéval rendelkezd méhcsalddok koziil). A vizsgalt méhcsaladok Ko6zép-Boczonadi
fészkii rakodokaptarban keriiltek elhelyezésre, anyaracs hasznalata nélkiil. A Ko6zép-Boczonadi
fészekben a keretek mérete 42x29 cm (a fa kerettel egyiitt), azonban a méhanya szamara rendelkezésre
allo feliilet 40x27 cm. A mérethez torténd igazodas érdekében a vizsgalatok soran az alkalmazott
mérblap 5x3 cm-es beosztasi egységekkel rendelkezett (mely lehetévé teszi azt, hogy a keret
szélességében €s hossziisagaban is azonos nagysagl beosztasokat hozzunk létre a mérdlapon), igy a
racshalozat egyes elemeinek mérete 15 cm?.

Az 0sszehasonlitas soran az 1, 2 illetve 3 éves méhanyak altal lerakott, fedett fiasitasos
teriiletet cm?-ben hataroztuk meg. A mérések elvégzéséhez egy atlatszd, egységes méretii
racshaloval ellatott, un. fiasitdsmérd lapot alkalmaztunk. A munkafolyamat elvégzéséhez két 6
sziikséges. A mérOlap alkalmazasa sordn az adatok feljegyzésére a helyszinen keriilt sor. Minden
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2_es teriiletil

keret, illetve méhcsalad esetében Osszegeztik a mérélapon megszamolt 15 cm
egységeket, melyek fedett fiasitast tartalmaztak.

A méhek szamara biztositott téli takaras a tavaszi fejlodés kezdeti idészakaban is nagy
jeletdséggel bir. A méhcsaladokban a téli iddszakban tobbrétegti takarast alkalmaztunk, mely az
alabbiak szerint kertilt kialakitasra: egy réteg foliatakaras, melyet 2 cm-re hatrahtizva helyeztiink
be a fészek kereteire a paraclvezetés érdekében, a folaitakarasra 4 rétegben hullampapirt
illesztettiink, a legfelsd réteget pedig 2 cm vastagsagi filc képezte. A telelési iddszakra a
méhcsalddokban sziikitést nem végeztiink. A Kozép-Boczonadi fészekben a méhcsaladok
atlagosan 6-8 kereten keriiltek betelelésre. A téli id6szakban a fészek alatt egy-egy méztéri fiok
keriil elhelyezésre. A tavaszi idoszakban, aprilisban (meggyviragzas kezdetén) a téli honapokban
a fészek alatt talalhatd méztéri fiokot feliilre forgatjuk, a fészek folé, bovités céljabol. Minden
kisérletben résztvevé méhcsaldd azonos tavaszi serkentd etetésben részesiilt A tavaszi fejlodés
kezdeti idészakéaban (februar — marcius) két alkalommal cukorlepény (0,5 kg/méhcsalad) és harom
alkalommal 1:1 aranyua cukorszirupot (0,5 1/méhcsalad) juttattunk be a méhcsalddok szamara.

A tavaszi fejlddés nyomonkovetésére iranyuld vizsgalatainkra 2018. aprilis 8. és majus 22.
kozott négy alkalommal keriilt sor. A vizsgalatok megkezdésének tervezett id0szaka marcius
masodik dekadja volt, azonban az alacsony kiilsé hdmérséklet kovetkeztében csak aprilis 8-an volt
lehetéségiink a mérések megkezdésére. A marciusi hdmérséklet orszagszerte atlag alatti értékekkel
volt jellemezheto (-15 °C alatti értékek) (OMSZ, 2018).

Az elvehetdé akacméz mennyiségének meghatarozdsa soran az egyes vizsgalt
méhcsaladokhoz tartozé méztéri fiokok pergetés eldtti és utdni mérlegelésével nyertiink adatot. A
pergetési munkalatokra két alkalommal keriilt sor: 2018. méjus 5-6-4n, illetve 2018. majus 12-13-
an. A méztéri fiokok mérését tizedes (d=0,1 kg) pontossagu digitalis mérleggel végeztiik (Salter
Unit, max. teherbiras: 180 kg).

Az eredmények statisztikai értékelése

Az eredmények statisztikai értékelésére az IBM SPSS (verzio: 22.) statisztikai programot
valasztottuk. A méhanya ¢letkoranak méztermelésre, csaldderdsségre gyakorolt hatasanak
vizsgalata soran varianciaanalizist alkalmaztunk, illetve Tukey-tesztet hasznaltunk az
Osszefiiggések elemzésére. A vizsgalatban résztvevO méhcsaladok szamardl és az egyes
csoportokhoz tartozé6 méhanya-életkorrdl az 1.tablazat nytjt tdjékoztatast.

1. tablazat: A Kisérletben résztvevo méhcsaladok megoszlasa a méhanyak életkora alapjan

T : Tz —
A mehanyakéilgg;ﬁra a vizsgdlat 2Méhamya kikelési éve és a
(2018) vizsgalt méhcsaladok szdma (n)
1 éves 2017 n=14
2 éves 2016 n=19
3 éves 2015 n=17

Table 1: Distribution of honey bee colonies in the experiment by age of queen bee

1: Age of queen bees in the year of study, 2: The birth year of queen bee and the number of examined honey
bee colonies (n)

Forras: sajat szerkesztés, 2018.
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Eredmények és azok értékelése

Eredményeink értékelése soran azt tapasztaltuk, hogy éprilis 8. és majus 7. kozott mind a
harom csoport szignifikansan eltér egymastol a fiasitasos teriilet kiterjedésében. Az utolsod
idépontban azonban a legid6sebb méhanyaval rendelkezé csoportban volt szignifikansan (p<0,05)
alacsonyabb ez az érték. Az utolsé mérés idépontjaban a pergetési munkalatok mar lezajlottak. A
nemzedékvaltas kezdetére utaldo jeleket a mdajus 7-1 atvizsgalds alkalmaval észleltik a
méhcsaladokban.

A statisztikai értékelés elvégzését kovetden azt tapasztaltuk, hogy a méhanya életkoranak
elérehaladtaval a fiasitasos teriilet kiterjedése szignifikansan (p<0,05) alacsonyabb értékekkel
jellemezhetd (2. tablazat).

2. tablazat: A fiasitasos teriilet Kiterjedése a vizsgalt méhcsaladokban 2018. évben

2018. ’Aprilis 8. | “Aprilis25. | *Mijus 7. | >Majus 22. | *Osszesen
'A méhanyak SAtlag + SD
kelési éve (cm?)
ﬁgi? 605.8%:137.2 1162.52+427.8 1317.7a£2257 | 1540.0a+314.5 | 4680.0a+958.8
ﬁgig 848 2b+176.9 1390.3b+306.7 1790.3b+386.6 | 2141.8b+4384 | 6170.5b+1061.1
rz]giz 1108.2c+264.8 1909.4¢+539.6 2319.3¢+744.8 2744.6b+931.8 | 8081.6c+2091.0

Table 2: The brood areas expressed in cm?

1:The birth year of queen bees, 2: Date of examinations: 8" April, 25" April, 7" May, 22" May
3: Mean + SD, 4: Total

&C: az azonos betiivel jelzett értékek kozott szignifikans eltérés nem tapasztalhat6 (Tukey-teszt alapjan)

&C: group means with similar letters are not significantly different at 0.05 level (According to Tukey’s-test).

Az elveheté méz mennyiségének mérése soran nyert adatok statisztikai elemzését kovetden
azt tapasztaltuk, hogy szignifikans eltérés mutatkozik az egyes csoportok kozott. A méhanya
¢letkora és a méztermelés kozotti Osszefiiggések vizsgalatat kovetden megallpitottuk, hogy az
1d6sebb (haroméves) méhanya altal fenntartott méhcsaladokban a méztermelés csokkend értékeket
mutat. Az 0Osszesitett méztermelési adatok soran azt lattuk, hogy az egyéves méhanyaval
rendelkez6 csaladok altal megtermelt méz mennyiségéhez képest tobb mint 10 kg-mal kevesebb a
kipergethetd méz mennyisége a 2015. évi (haroméves) méhanyas csaladokban. Az egy, illetve
kétéves méhanyas csoport kozott ez az eltérés 5,2 kg volt (3. tablazat).
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3. tablazat: Az elveheté akacméz mennyiségének alakuldsa a vizsgalt méhcsaladokban

2Els6 pergetés 3Masodik pergetés *Osszesen
(kg) (kg) (kg)
1A méhanyék kelési éve SAtlag+SD
2015 7.841.9 6.5+1.6 14.4%42.5
2016 b b
n=19 9.7°£1.2 9.8°+1.5 19.6%£1.9
2017 12.7°41.7 12.1%1.7 24.842.2

Table 3.: The quantity of black locust honey

1: The birth year of queen bees, 2:First honey harvest (kg), 3: Second honey harvest (kg), 4: Total (kg)
5: Mean + SD

&C: az azonos betiivel jelzett értékek kozott szignifikans eltérés nem tapasztalhat6 (Tukey-teszt alapjan)
Source: IBM SPSS Statistic Program (Version 22.)

&C: oroup means with similar letters are not significantly different at 0.05 level (According to Tukey’s-test).

Koveteztetések és javaslatok

Az alkalmazott kaptartipus esetében a fészek és a méztéri fiok elkiiloniil. A méztéri
fiokokban taldlhatdo méz mennyiségén tilmenden a fészek kereteiben is halmozddik fel méz,
azonban a fészek kereteinek pergetése nem jellemzd, hiszen a pergetési munkalatok idészakaban
jelentds mennyiségli a fiasitas a keretekben. A pergetés soran a fiasitas sériil, mely a méhcsalad
fejlodését hatraltatja. A hordas intenzitdsdnak csokkenését kovetden a fészekbdl a méhcsalad
feltermeli a begylijtott mézkészletet a pergetett, tires méztéri fiokok kereteibe (Takdcs és Olah,
2015). 2018-ban a fiasitasos teriiletek mérésének utols6 idépontjaban azt tapasztaltuk, hogy az egy,
illetve kétéves méhanyak csaladjai kozott statisztikailag igazolhato kiilonbség nincs a fiasitasos
teriiletet illetden, mig a 2015. évi (hdroméves) méhanyas csalddokban ez az érték szignifikansan
(p<0,05) alacsonyabb volt. Ez a kiilonbség az el6zOekben ismertetett folyamattal magyarazhato.
Ennek kovetkeztében a fészekben nagyobb teriilet all a méhanya rendelkezésére a petézéséhez. Ez
az 1ddszak a fiatalabb méhanyas csalddokban hamarabb megvalosult, igy ezekben a
méhcsaladokban a lendiiletes petézés folyamatosabb, hiszen itt a nagyobb népesség a sejtek
tisztitasat, épitését gyorsabb iitemben végzi

Akyol és mtsai (2008) azt tapasztaltak, hogy a fiatalabb, egy, illetve kétéves méhanyak altal
fenntartott méhcsaladokban a fiasitasos teriilet kiterjedése 3078 + 372,5 cm?, 3668 + 460,3 cm?,
mig a hiaroméves méhanyés csalddokban minddssze 1665,38 + 241,8 cm? volt a mért teriilet.
Szintén Akyol és mtsai (2007) munkajukban alacsonyabb értékekrdl szamolnak be (idei méhanya
esetében 2673,58 + 39,69 cm?, egyéves méhanya esetében 2711,75 + 39,68 cm?, kétéves méhanya
esetében 1815,08 = 39,70 cm?). Azonban az eredményekbdl lathatd, hogy az egyéves méhanyak
teljesitménye volt a legkiemelked6bb egy-egy adott idopontban mért fiasitasos teriilet esetében.
Vizsgalataink soran az utols6 idOpontban mért értékek az egyes méhanyas csoportok estében a
2015. évi méhanyas csoportban 1540, 0 £314.5 cm?, a 2016. évi méhanyaval rendelkezé csoportban
2141.8+438.4 cm?, mig az altalunk vizsgalt méhcsalddokban a legfiatalabb, 2017. évi csoportban
ez az érték 2744.6+931.8 cm? értékre adodott. Dedk (2018) szerint az egyéves méhanyéak petézési
képességiik 70 %-at képesek produkalni, addig a kétéves méhanyak elérhetik genetikai képességiik
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100 %-at, azonban ez az érték évrdl évre mintegy 15 %-0s csokkenést mutat. Akyol és mtsai (2007)
munkajuk sordn kapott értékekkel megkdzelitbleg azonos értékeket tapasztaltunk munkank
eredményeiben, az egyéves méhanyas csaladokat illetden (2744.6+£931.8 cm?).

Az Orszagos Magyar M¢éhészeti Egyesiilet jelentése alapjan az orszagos atlag akacrol
torténé hordas idején 15-16 kg/méhcsalad volt hazankban (Bross, 2018b). A legfiatalabb
méhanyéval rendelkezd méhcsaladokban a megtermelt méz mennyisége masfélszerese az orszagos
atlagnak (155 %), mig az idds (haroméves méhanyas csalddokban) a kipergetett méz mennyisége
az orszagos atlag alatt maradt (annak 90 %-a), melyre a kedvezdtlen idjaras is jelentds hatast
gyakorolt. A marciusi (télies) id6jaras kovetkeztében a méhcsaladok tavaszi populaciondvekedése
vontatotta valt, megkozelitdleg két hét lemaraddsban voltak a méhek, marciusban lealltak a
méhanyak a petézéssel, egy teljes generacio kimaradt (Bross, 2018a). Tehat késobb kezdodott meg
az intenziv fiasitdsos iddszak, mely a gylijt6 népesség létszdmat is jelentdsen befolyasolta.
Eredményeink gyakorlati vonatkozasaban tehat elmondhato, hogy az idés méhanyéval rendelkez6
méhcsaladok szamara - a gyengébb petézési tevékenységen tilmenden- a kedvezdtlen iddjaras
okozta populacio — kiesés a méztermelésben jut érvényre, szignifikansan (p<0,05) alacsonyabb az
altaluk megtermelt méz mennyisége.

Kaftanoglu és mtsai (1988) szerint az id6s méhanyak fiatallal torténd cseréje a sikeres
méztermelés egyik alappillére. Korabbi kutatasi eredmények szerint az egyéves méhanyaval
rendelkez6 méhcsalddokban az elvehetdé méz mennyisége 27-30 %-kal tobb, mint az idés méhanyas
csaladokban (Simeunovic és mtsai, 2014). Eredményeink értékelése soran hasonld értékeket
kaptunk. Az altalunk vizsgalt méhcsaladok esetében a megtermelt méz mennyisége 26,5 %-kal
tobb az egyéves méhanyds csalddokban, mint a kisérletben résztvevd kétéves méhanyaval
rendelkez6 csoportban. Tovabba a kétéves méhanyak csaladjaiban 36,1 %-kal magasabb a
kipergetett akdcméz mennyisége, mint a kisérletben résztvevd, legidésebb (hdroméves)
méhanyaval rendelkezé méhcsalddokban.

Simeunovic és mtsai (2014) altal vizsgalt méhcsaladokban hasonld eredményeket,
kovetkeztetéseket fogalmazott meg a méhanya életkoranak csaladerdsségre, tavaszi
populaciéndvekedésre és méztermelésre gyakorolt hatdsanak vizsgalata soran (idés méhanya
esetében szignifikdnsan alacsonyabb a kijard, gyljtd népesség; a méhanya ¢Eletkoranak
elérehaladtaval csokkend méztermelés mutatkozik). Akyol és mtsai (2007) munkéjaban hasonlo
méztermelési eredményeket ért el az egyéves (a vizsgalatok sordn a legfiatalabb méhanya-
korcsoport) méhanyas csaladokban, 26.3+2.89 kg/méhcsalad. Az altalunk vizsgalt legfiatalabb
(2017. évi) méhanyas csaladokban az 4tlagos megtermelt méz mennyisége 24.8+2.2 kg/méhcsalad
volt, mig Genersch és mtsai (2010) 39,5 kg/méhcsalad méztermelési atlagokrol szamol be egyéves
méhanyaval rendelkezd méhcsaladok esetében. A kiilonbségek f6 oka az egyes tanulmanyok
kozott, hogy ezek eltérd éghajlati viszonyok kozott, mas-mas foldrajzi adottsdgokkal rendelkezd
régioban, illetve eltérd kisérleti koriilmények kozott (eltéré novényvilag, méhlegeld, genotipusok,
méhészeti technologia, kaptartipus) sziilettek (Pankiw és Page, 2001).

Eredményeink gyakorlati vonatkozasaban elmondhatd, hogy az iddsebb méhanya
¢letkoranak eldrehaladtaval csokkend petézési teljesitményt nytjt. Ez a csokkent fiasitas a
méhcsaladok  gylijtonépességében is megmutatkozik, mely alacsonyabb méztermelést
eredményezett akdc méhlegeldrdl torténd hordas iddszakaban.

A gyakorlatban ez ugy értelmezhetd, hogy a fiatalabb (egy-és kétéves) méhanyak
petézésének mértéke egységnyi iddben intenzivebb a fiasitds kezdeti idépontjatdl, mint a
haroméves méhanyaké. Igy a tavaszi, hordasi idészakra mar nagyobb gyiijtdnépességgel is
rendelkeznek a fiatalabb méhanyaval rendelkez6 méhcsaladok. A nagyobb népesség nagyobb
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kiterjedésii fiasitds gondozésara képes, ez pedig lehetdvé teszi a méhanyak szdmara azt, hogy akar
kedvezdtlenebb iddjaras esetén is megfelelden tudjanak petézni. Ezzel szemben a haroméves
méhanydk 4ltal lerakott fiasitds mérsékeltebb kiterjedésli, mely kevesebb munkasméhet is
eredményez, ezaltal csokken a dajkaméhek szama is. Ez pedig korlatozza a méhanyat, mely nem
tud képességeinek megfelelden petézni. Tovabba az intenziv tavaszi fejlédés iddszakaban, a
fészekben a méhcsaladok 34-35 °C-ot biztositanak a méhanya szamara (Seeley és Heinrich, 1981),
azonban az alacsony kiilsé hémérséklet jelendsen csokkenti a méhcsaladoknak ezt a képességét,
azaz a fiasitasos teriilet optimalis hémérsékleten tartasat (Medryczki és mtsai, 2015). Ez a képesség
az 1ddsebb (hdroméves) méhanyaval rendelkezd méhcsaladokban az alacsonyabb népesség
(munkasméhek) révén fokozottban hatraltatja a méhanya petézését, ezaltal a tavaszi fejlodés
mértékét és a méztermelést.
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Osszefoglalas

A tejeld tehenészetek tobbsége a legkorszeriibb, legmodernebb takarmanyozasi, tartasi, fejési,
allategészségiigyi technologiakat alkalmazza a gazdasagos termelés érdekében. A
kiemelkedéen magas tejtermelés mellett azonban szamtalan problémaval is szembe kell
nézniiik a tenyésztdknek. Altalanosan lecsokkent a hasznos élettartam, és a tehenek korai
selejtezése is gyakori probléma. 2018-ban Magyarorszagon az éves atlag laktacié 2,1 volt a
Holstein-friz allomanyban. A legfontosabb cél, hogy a nagy termelésii teheneket, minél tovabb
termelésben tartsuk, igy novelve a hasznos élettartam hosszat. Kétféle selejtezésrol beszélhetiink
az egyik a stratégiailag iranyitott selejtezés, a masik pedig a kényszer selejtezés. Az atalunk
vizsgalt tejeld tehenészetben 5 év adatai alapjan megallapitasra kertilt, hogy melyek voltak a 6
selejtezési okok, melyik laktacioban volt a legnagyobb mértékii a selejtezés és miért, valamint a
megbetegedések szama hogyan alakult a kiilonb6z6 laktaciokban. A selejtezés 30%-a togy
egészségiigyi okok és 22%-a reprodukcids zavarok miatt tortént. A nem megfeleld termelés,
sdntasag ¢és anyagforgalmi betegségek miatti selejtezés aranya Osszesen 12% volt. Egyéb
betegségek és vezetdi dontés miatt Osszesen 35%-ban selejtezett a telep. A selejtezés aranya
laktacionként a kovetkezOképpen alakult: 1. laktacioban 23%, 2. laktacioban 32%, 3. laktacioban
25%, 4. laktacioban 12%, >4 laktacidban 8%. Az elsd laktacidban a selejtezési okok alakuldsa a
kovetkezd volt: szaporodasbioldgiai zavarok 7,74%, togyegészségiigy 4,94%, nem megfeleld
termelés 4,5%.

Kulcsszavak: Holstein-friz, selejtezés, hasznos élettartam, tégygyulladas

Investigation of mastitis-related culling in a dairy farm in south Great Hungarian Plain
Abstract

Most dairy farms apply the most up to date and modern feeding, keeping, milking, and animal
health technologies in order to achieve cost efficient production. However, besides extremely high
milk production, farmers face many other problems. Useful life is generally shortened and early
culling of cows is a common problem too. In 2018, the average annual lactation was 2.1 in a
Hungarian Holstein-Friesian herd. The most important goal is to keep cattle with high-yielding in
production as long as possible. Thus useful life can be increased. There are two types of culling.
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One is strategically managed culling and the other is forced culling. Based on the data of 5 years
from the examined dairy cattle farm, main reasons of culling and lactation with highest culling rate
were determined. The number of diseases in different lactations was revealed as well. 30% of the
culling was caused due to udder health reasons and 22% due to reproductive disorders. The overall
rate of culling was caused by inadequate production, lameness and metabolic diseases was 12%.
Other diseases and managerial decisions resulted in a total of 35% culling. The culling rate per
lactations was: 23% in lactation 1th, 32% in lactation 2nd, 25% in lactation 3th, 12% in 4th
lactation, 8% in 4< lactations. During the first lactation, the causes of culling were: reproductive
disorders 7.74%, udder health 4.94% and inadequate production 4.5%.

Keywords: Holstein-Friesian, culling, productive life, mastitis

Bevezetés és irodalmi attekintés

A tehenek az elsé laktaciojuk soran 70-80%-ban, masodik laktacié idején 80-90%-ban,
harmadik laktacioban pedig 90-100%-ban képesek kihasznalni genetikai adottsagukat. Az 5-6.
laktacioban ezt a szintet megtartjdk, majd a 7. laktacié utan a termelés csokkend tendenciat mutat
(Ozsvdri, 2007). Ez gy mutatkozik meg, hogy az elsé laktacioban koriilbeliil 15%-kal alacsonyabb
a tejtermelés, mint az azt kovetd laktacioban. Az 5-6. laktacidoban akar mar 25% is lehet az eltérés
az 1. laktacios tejtermeléshez képest (Biré és Ozsvdri, 2006). A selejtezésnek koltsége van,
mégpedig azért, mert egy tenyésziiszo felnevelési vagy beszerzési ara nagyobb, mint a selejt tehén
értéke (Magda, 2003). A szarvasmarha selejtezése két csoportra oszthatd: az id6 elbtti és a
gazdasagi selejtezésre. Az ido el6tti selejtezés olyan selejtezés, melynek sordn nem a vezetd hozza
meg a dontést. Ilyen selejtezés példaul az idiilt masztitisz miatti, vagy a gydgyithatatlan
labvégbetegség miatti selejtezés. A selejtezési dontések zome gazdasagi alapon nyugszik. Példaul
a gyenge termelésli tehenek allomanyban tartdsanak koltsége magasabb, mint a selejtezésének
koltsége (Bird és Ozsvdri, 2006). A selejtezés elsédleges okai a reprodukciés zavarok, a
togygyulladas, a csokkent termelés és a labvég betegségek (Bascom és Young, 1998; Chiumia és
mtsai, 2013). Kerslake és mtsai, (2018) szerint a tejtermeld tehenészeteknek tobb figyelmet kellene
forditania az allategészségligyre, genetikara, termelésirdnyitasra €és a gazdasagi tényezokre.
Megfigyelhetd, hogy napjainkban a menedzsment a kezelések helyett a megeldzést allitja a
kozpontba (Derks, 2014). Korai selejtezések esetén az allomanyunkban megné a fiatal, a
maximum genetikai termeldképességét el nem érdé egyedek szama. Széles (1996) szerint ennek
eredményeképpen kisebb lesz az allomany atlagos évi tejhozama. A szarvasmarha tenyésztés
gazdasagossagat nagyban befolyasoljak a kiillonbozo eredetli togygyulladasok. A masztitisz az allat
egészségére és termelékenységére is veszélyes hatassal van (Miiller és Sauerwein, 2010). A
masztitisz gazdasagi kartételei a kovetkezdek: a tejmennyiség csokkenése, a tejmindség romlasa,
a togygyulladasos tehén tejét nem lehet értékesiteni, azt meg kell semmisiteni. Jelentdsek a kezelés
soran fellépd gyogyszer €s gyogykezelési koltségek, allatorvosi dijak, tobblet munkaidd, valamit a
gyogyszerek varakozasi idejének kdszonhetd kar. A tégygyulladasos tehenek hasznos élettartama
rendszerint csokken. A beteg allatoknak elkiilonitett betegistallot kell fenntartani, mely wjabb
tobbletkoltségekkel jar. A tégygyulladds gyakran vezet selejtezéshez, kényszervagashoz vagy
elhullashoz (Biré és Ozsvdri, 2006). Berta és Béri (2011) szerint a tejeld jelleg és a testkapacitas
meghataroz6 szerepet tolt be a hasznos élettartam szempontjabdl. Zavadilova és mtsai, (2012)
megallapitottak, hogy a tdgy tulajdonséagai és a hasznos élettartam kozott pozitiv dsszefliggés van.
Ducrocq (1991) kihangsulyozta, hogy a tdgymindség (togyfiiggesztés, tdgybimbok helyezddése)
nagy-mértékben befolyasolja a hasznos élettartamot. A tégymorfologiai tulajdonsagairol tudnunk
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kell, hogy jol 6roklddnek (h?=0,5-0,7), és mér egy-két nemzedék alatt eredményesen javithatoak
(Gulyas, 2002). Thomas és mtsai, (1984) megallapitottak, hogy a mély hatulso t6égyfél, a szélesen
helyezkedd bimbdk vagy a rovid, széles bimbok hajlamosithatnak tégygyulladasra. Lojda és mtsai,
(1980) vizsgalatai alapjan a tolcséres bimbovég €s a krateres alak szignifikans 6sszefliggésben van
a togygyulladas gyakorisagaval. Ezek alapjan megallapithatd, hogy a tégy egészségi allapota a
mindségi tejtermelés egyik alappillére.

Anyag és modszer

Vizsgalatainkat egy hodmezdévasarhelyi tejeld tehenészetben végeztiik. A telepen 520
holstein-friz tehenet fejnek napi harom alkalommal. Pihenébox nélkiili kotetlen tartast
alkalmaznak. A tehenek termelési szint, valamint laktacios szakaszok szerint vannak 5 csoportba
sorolva. Az istallok padozata beton, az almozas szalmaval torténik két-harom naponta, esés
iddszakban naponta. Minden istallohoz tartozik kifuto féltetvel és etetd uttal. Ezen kiviil van még
fenntartva ellet6 istallo, vemhes liszéneveld és beteg istallo is. A telepen egy 2x20 allasos paralel
fejohdz miikodik, melyben kialakitottdk az automata t6gybimbo fiirdsztd és fejégumi fertdtlenitd
rendszert.

Kutatasaink soran vizsgaltuk az adott alloméanyban a £ selejtezési okokat. Ertékeltiik, hogy
az els6 harom laktacioban hogyan alakul a t6gygyulladas aranya. Kimutatasra kertilt a selejtezett
tehenek szomatikus sejtszamdanak megoszladsa. A szomatikus sejtszdm mennyisége szerint négy
csoportot alakitottunk ki a kovetkezoképpen: <250 ezer, 250-500 ezer, 500-1 millié és >1 millio
sejt/ml. A tégygyulladas kimutatasa minden esteben a Californiai Mastitis Test segitségével tortént.
Az elsé megbetegedés napjanak vizsgalatakor a kovetkezOképpen 6 szakaszra osztottuk az adott
laktaciot: 1-25., 26-50., 51-100., 101-150., 151-200., és >201. nap. A vizsgalat soran alkalmazott
statisztikai modszereket az 1. tdbldzatban mutatjuk be. Az adatokat a RISKA telepiranyitasi
rendszerbdl nyertiik ki. Az elemzéshez SPSS for Windows 18.0 programot hasznaltunk. A
vizsgalatok soran kapott eredményeket tablazatos, vagy grafikus formédban szemléltettiik.

1. tablazat: A vizsgalatban alkalmazott statisztikai médszerek bemutatasa

Alkalmazott statisztikai modszerek Vizsgalt teriilet
Chi? proba a valtozok A selejtezési okok %-0S
Kereszttablas elemzés kozott megoszlasanak alakulasa
Osszefiiggés laktacionként. A termékenyitések
tesztelése sorszama alakuldsa a laktacio
fiiggvényében.

Table 1: Statistical methods applied for investigation
Eredmények és értékelésiik

Vizsgalatainkat 2013 és 2017 kozotti adatokkal végeztiik. Az allomany selejtezési okainak
aranyat az 1. dbra mutatja be.
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1. dbra: Selejtezési okok altalanos vizsgalata az allomanyban

anyagcsere
betegségek

4% . ,
csokkent termelés

a 6%

—

labvég-betegség
2%

egyéb
29%

szaporodasbioldgia
F— 22%

tégygyulladas—
30%

Figure 1: General investigation of culling reasons in the herd

A telepen az évi atlagos selejtezési arany 40,88% volt, mig az orszagos érték 39,35% a
vizsgalt idészakban (dllattenyésztési Teljesitményvizsgdalé Kft. 2014, 2015, 2016, 2017). Ahlman
és mtsai, (2011) a kovetkezO selejtezési okokat allapitotta meg: t0gyegészségiigyi problémak,
medddség, csokkent tejtermelés, 1ab problémak, anyagcsere betegségek, egyéb betegségek.
Vizsgalataink soran mindegyik ok felmertilt, de eltérdé sorrendben. Elsé helyen a tégygyulladés
miatti selejtezés van, mely az 0sszes selejtezés 30%-at adja, ami 348 egyedet jelent. 29%-kal az
egyeéb selejtezési okok (szivmegallas, hdguta, tiidogyulladas) kovetik a sort, 346 egyeddel. 22%-
kal a szaporodasbiologiai okok a selejtezések harmadik legjelentdsebb oka. Ebbdl az okbol 261
tehén keriilt selejtezésre. Csokkent termelés miatt kiemelkedden kevés tehenet selejtez le a telep,
5 év alatt Osszesen 72 egyedet, mely az Osszes selejtezés 6%-at teszi ki. Santasidg és
anyagcserezavarok miatt nagyon kis szdzalékban kertilt selejtezésre tehén, 6sszesen 22 és 41 egyed.

2. dbra: Selejtezési okok alakulasa az egyes laktaciokban

10%
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Figure 2: Trends of culling reasons in the first three lactations
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A 2. abra szemlélteti, hogy az egyes laktaciokban, hogyan alakultak a selejtezési okok. Az
elsé laktacioban Osszesen 23,4% a selejtezés mértéke. Ebbdl a 23,4%-bol kozel 8%-ot a
szaporodasbiologiai zavarok tesznek ki. Masodik helyen 7%-kal az egyéb allategészségiigyi okok
allnak, majd a harmadik legfébb ok a tégygyulladas kozel 5%-kal. A masodik laktacioban Gsszesen
31,8% a selejtezés mértéke. Itt mar az egyéb okok allnak az élen 9%-kal, ezt koveti a
tégygyulladasok miatti selejtezés 8,7%-kal. A szaporodasbioldgiai zavarok miatti selejtezés
mértéke ebben a laktacidban 8% ala csokkent. A harmadik laktacioban mar lathato kiilonbséggel a
togygyulladas veszi at a vezetd okot 8,4%-kal. A masodik leggyakoribb ok az egyéb okok, mely
7,5%-ot tesz ki. A statisztikai proba elvégzése utan szignifikans eltérést tapasztaltunk a vizsgalt
mutatok kozott (Chi?=33,740, df=12, p=0,001).

3. dbra: A selejtezett tehenek szomatikus sejtszam megoszlasa az 1-3. laktaciéban

60%
51,7
48,7 47,95 :
50%
40% 35,9
30% 26,03 24,14
% 15,5
20% 513103 12,313,7 560
10% b
d b b € g d
0% b ¢
1.laktacio 2.laktacio 3. laktacio

m <250 ezer 250-500 ezer 500-1 millié >1 millié

Figure 3: Distribution of somatic cell count of cull cows in the first three lactation

A tejeld teheneknél a laktacio sorédn is torténhet selejtezés, valamint a masztitisz a laktacio
barmelyik szakaszaban el6fordulhat (Grohn és mtsai, 1998). A 3. dbrdn mutatjuk be a telepen
selejtezett tehenek szomatikus sejtszamanak megoszlasat az elsé harom laktacioban. Az elsd
laktacioban a szomatikus sejtszam ardnya jellemzden 250 ezer sejt/ml alatti volt. A masodik
legnagyobb arany az 1 millio feletti sejt/ml érték volt, majdnem 36%-kal. A mésodik laktacioban
dontd tobbséggel az 1 millio feletti sejtszam volt a jellemzd. Ez az érték majdnem elérte az 50%-
ot. A harmadik laktacioban a selejtezett tehenek tejének szomatikus sejtszama majdnem 52%-ban
meghaladta az 1 milli6 feletti sejtszamot. A selejtezett tehenek szomatikus sejtszamanak aranya a
masodik és harmadik laktacidban kozel 50%-ban 1 millié sejt/ml feletti volt, mely arra enged
kovetkeztetni, hogy a selejtezéseket nagy szamban klinikai masztitisz okozhatta. Ezt igazolja
Haraszti (1996) allitasa, aki szerint tobb mint, 1 millié sejt/ml esetén klinikai masztitiszrél
beszélhetiink. Az orszag Osszes fejt tehenének szomatikus sejtszam alakuldsa laktaciotol
fliggetlentil atlagosan a kovetkezOképpen alakult a vizsgalt idészak decemberében: 400 ezer sejt/
cm?®: 48,79%, 401-500 ezer: 18,57%, 501-700 ezer: 21,90%, 701- 1 millio: 9,51%, 1 millié felett:
1,21%. (Allattenyésztési Teljesitményvizsgdlé Kft. 2014, 2015, 2016, 2017). A tégygyulladas a
tejtermelés leggyakoribb és legkdltségesebb betegsége (Halasa és mtsai, 2007; Hogeveen és mtsal,
2011). A statisztikai proba eredménye szignifikans eltérést bizonyitott a vizsgalt mutatok kozott
(Chi?=20,903, df=6, p=0,002).
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2. tablazat: Els6 megbetegedés napja az adott laktacioban %-os megoszlasban

Elsd betegség bekovetkezésének napja a laktacioban
Ellés szama 1-25 [26-50|51-100 | 101 -150 | 151 -200 | 201+ | Ossz:
1 13,4 0,4 3,2 2,5 21| 42| 257
2 16,5 2,5 7,0 3,5 1,8 35| 349
3 11,6 2,5 2,8 1,4 2,1 28| 232
4 3,9 0,7 2,5 0,4 0,4 1,8 9,5
>4 5,6 0,4 04| 04 6,7
Osszesen 51,1 6,0 15,5 8,1 6,7| 12,7| 100,0

Table 2: Day of the first disease is signed by calving number in % in the given lactation

A 2. tablazatban szazalékos formaban tilintettiik fel az ellés sorszaman belill az elsé
betegség megjelenésének idOpontjdt az adott laktacidban. A tdblazat adatai alapjan
megallapitottuk, hogy a legtobb megbetegedés a masodik ellés utan tortént, melynek ardnya 34,9%.
Az els6 és harmadik ellés utan kozel azonos mértékben fordult eld megbetegedés, 25,7% és 23,2%-
ban. A laktaci6 elsé 25 napjdban tortént a legtobb megbetegedés, melynek ardnya 51,1% volt.
13,4% a az egyedeknek az elsé ellés utan betegedett meg a laktacio elsé 25 napjaban. Az 51-100.
nap kozotti idoben novekedett a megbetegedések ardnya, melynek mértéke 15,5% volt. A laktacio
101-150. napja kozott a megbetegedések aranya csokkent Osszesen 8,1%-ra. A laktacio 151-200.
napjaban ismét csokkenés mutatkozik a megbetegedések aranyat tekintve. A 200. nap utdn viszont
ujabb névekedés figyelheté meg. A laktacio utolso szakaszaban az 6sszes egyed 12,7%-a betegszik
meg. A tejtermelés meginduldsa nagyon igénybe veszi az allat szervezetét, ami akar az anyagcsere
felborulasahoz, anyagforgalmi betegségekhez is vezethet. A laktacid korai szakaszaban szamos
megbetegedés fordulhat eld, példaul oltogyomor helyzetvaltozds, benddacidozis és
megnovekedhet a klinikai tégygyulladas eléfordulasanak valoszintisége is (Csomdn, 2013).
LeBlanc (2010) vizsgalatai alapjan a tejhasznt tehenek 30-50%-a kiizd valamilyen anyagcsere
vagy fert6z6 betegséggel az ellés koriili idoszakban. Ezen szakirodalmi megallapitas magyarazat
lehet arra, hogy miért volt olyan nagyaranyl a megbetegedés a laktacio elsé 25 napjaban. A vizsgalt
mutatok eloszlasdban szignifikans eltérést figyeltiink meg a statisztikai proba elvégzése soran
(Chi?=24,920, df=20, p=0,205).

Kovetkeztetések és javaslatok

Vizsgalataink sordn arra a kdvetkeztetésre jutottunk, hogy a selejtezések aranyat vissza kell
szoritani a telepen, kiilonds képpen a togygyulladas tekintetében, ezzel novelve a laktacios termelés
szamat. Ennek kovetkeztében az egyedek genetikai potencidlja nagyobb kihasznalast lenne,
valamint a termelési koltségek is csokkennének. Ehhez viszont elengedhetetlen minden esetben
allategészségiigyi menedzsmentet kialakitani, az ismereteket boviteni, szaktanacsot kérni. A
selejtezések dontd tobbségében a tégygyulladas jatszott szerepet. A jol kidolgozott
todgyegészségiigyl program szigoru betartdsa a masztitisz jelenlétének visszaszoritasat segiti eld,
ennek fényében az allomany magasabb termelésre lesz képes, igy csokken a selejtezések aranya is.
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Abstract

Besides reproduction management, one of the important roles of farmers is to control the incidence
of diseases during the lactation in dairy herds, especially mastitis. The aim of the study was to
evaluate the occurrence of mastitis and its impact on production and fertility indicators in dairy
cows’ herd. In herd of 180 dairy cows on the basis of the data provided from milk recording service,
127 cows of Slovak Spotted cattle breed and their crosses with red holstein were included in to the
study between 1-2 months after calving. The examination of the health status of mammary gland
was consisted from clinical exanimation of udder, assessment of California mastitis test
supplemented by the collection of mixed milk samples from each cow and laboratory examination
of bacterial pathogens causing mastitis. In addition to the mammary investigation, quantitative and
qualitative milk indicators as milk yield, somatic cell count (SCC), percentage of milk fat and
protein complemented with fertitlity parameters service period and calving interval were analyzed
in the selected dairy cows. Latent (23.6%), subclinical (13.3%) and clinical (4.6%) forms of
mastitis were most common in the monitored herd. The most frequently isolated pathogens were
coagulase negative staphylococci (54.1%), S. aureus (16.9%), Streptococcus spp. (15.0%), A.
viridans (7.5%) and other bacteria (6.4%) from infected milk samples. A reduced milk yield for
standardized lactation in cows with clinical and subclinical mastitis was observed, and also was
noted an increase SCC in the same groups compared to healthy cows. Among milk qualitative
indicators, elevated protein levels in dairy cows with clinical and subclinical form of mastitis have
been reported. Decreased milk fat was only observed in dairy cows with clinical mastitis.
Comparing the results obtained from fertility indicators an increased and unsatisfactory service
period and calving interval in the group of dairy cows with clinical mastitis were recorded. In
healthy cows as well as in groups of cows with latent and subclinical mastitis, all reproductive
indicators were at optimal levels.

Keywords: cows; lactation; mastitis; somatic cell count; milk yield; service period
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Introduction

The economic value of dairy cows is commonly determined by their milk yield and
longevity, because milk is the main source of income on dairy farms. The economic losses are
mainly due to the prolongation of the service period (the number of days between the first and
successful insemination) and the calving interval (the number of days between the consecutive
calvings) whose nonstandard length affects of reduced milk yield during the subsequent lactation.
(Riha and Hanus, 2001).

In addition to reproduction management in dairy herds, one of the important roles of farmers
is to control the incidence of diseases, especially mastitis. Inflammation of the mammary gland is
usually the second main cause (after fertility disorders or heavy births) of culling of cows resulting
in economic losses in production farms (Crowe et al., 2018).

Inflammation of the mammary gland and udder tissue is a major endemic disease of dairy
cattle. It usually occurs as an immune response to bacterial invasion of the teat canal by variety of
bacterial sources present on the farm, and can also occur as a result of chemical, mechanical, or
thermal injury to the cow's udder (Pecka-Kielb et al., 2016).

Disorders of the mammary gland are accompanied by an increase in somatic cell counts
(SCC), changes in protein composition, salt and lactose concentrations, which usually affects milk
composition and its physico-chemical and processing properties. Increased vascular permeability
during mammary gland infection results in increased passage of inflammatory markers, plasma
proteins and blood enzymes into milk, which may lead to proteolysis of milk proteins and increased
accumulation of harmful products (Idriss et al., 2013).

The main contributor to the economic losses caused by mastitis is the lower milk sales due
to reduced milk yield and milk withdrawal within the withdrawal period. Often due to the lack of
symptoms, identification of mastitis is an essential problem for dairy farmers and veterinarians to
ensure not only the animal health but also the hygienic quality of produced milk. Based on the
intensity and severity of clinical signs, mastitis is usually divided into subclinical and clinical
disease. In clinical mastitis (CM), signs range from mild to severe and can be systemic, local, or
milk related, whereas in subclinical mastitis (SM) no signs are observed. According to the
literature, the mean annual incidence of clinical mastitis in dairy cows reaches 5-30 %. A
significantly higher incidence is usually reported for subclinical mastitis, and can be up to 40 times
more common than the clinical illness (Zigo et al., 2019).

Postpartum diseases, especially mastitis, can have a major impact on milk and reproductive
performance of dairy cows. Due to the symptoms is insufficient or difficult to detect estrus cycle
in mastitic cows resulting in prolongation of service period and calving interval. Therefore, the aim
of the work was to evaluate the occurence of mastitis and their impact on selected milk and fertility
indicators in a dairy cows’ herd.

Materials and methods

Cows and milking

The study was conducted in the farm of west Slovakia with 180 dairy cows of Slovak
Spotted cattle breed and their crosses with red Holstein with an average annual milk production of
7 228 kg. Cows were kept in free housing system with deep litter based on the repeated spreading
of straw every second days. Cows were milked twice a day in fishbone milking parlor (DeLaval,
UK) 2 x10 stalls with standard exit and single return lane. The first milking starting at 4:30 a.m.
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and the second at 4:30 p.m. The milking routine consisted from udder washing with water from
hose to remove impurities. Subsequently, the udder was thoroughly wiped with disposable paper
wipes. The forestripping from each quarter was hand-drawn into a dark-bottomed cup for visual
assessment of milk consistency. Milking and pulsation vacuum were set at 42 kPa. Pulsation ratio
was 60:40 at a rate of 52 ¢/min and termination was automatically signed when the milk flow
dropped to 0.2 I/min. After the milking process, the teats were disinfected by teat-dipping. The
milk was stored in refrigerated milk tanks at + 5 °C and removed daily around 11.30 a.m.

Animal selection

Altogether 127 animals from the 180-cow herd were involved in the study and their results
were processed statistically. The monitored animals were selected based on the milk recording
service and were investigated for 1-2 months after calving. Herd monitoring was carried out during
one lactation period of each selected cow at the turn of 2017/18. Complex examination of each cow
was performed a for mastitis detection with statistical analysis of milk indicators as milk yield,
somatic cell count (SCC), percentage of milk fat and protein coplemented with analysis of
reproductive indicators as the service period and the calving interval during this period.

Udder exanimation and bacteriological analyses

A thorough evaluation of udder health in 128 selected cows included veterinary history,
clinical examination, sensory analysis of milk from fore stripping of each udder quarter followed
by assessment of CMT with subsequent collecting of milk samples. A mixed milk sample collect
from each selected cow was inoculated onto MacConkey agar (HiMedia, India) and blood agar
base (Oxoid, England) enriched with 7% defibrinated sheep blood. The inoculated plates were
identified based on growth characteristics according to methodological procedures Malinowski et
al. (2006). Growth-confirmed colonies of Staphylococcus spp., Streptococcus spp. and
Enterobacteriacae spp. were further identified biochemically using the STAPHYtest 24,
STREPTOtest 24, resp. ENTEROtest 24 (Erba-Lachema, CZ) and the software TNW Pro 7.0
(Erba-Lachema, CZ).

Statistical analysis

The average values of reproductive and fertile parameters in selected cows were analyzed
by Dunnett’s multiple comparison test to compare mastitis groups of dairy cows with a healthy
(control) group. The level of significance was set to P<0.05.

Results and discussion

Milk production is one of the basic economic indicators of cattle breeding. For this reason,
the attention of dairy producers focuses on continuous increase of milk yield without adverse
effects on the health of the mammary gland and reproductive indicators (Idriss et al. 2013).

The occurrence of mastitis in the monitored group of dairy cows was 43.3%. Bacterial agents
of mastitis were isolated from 55 of the 127 investigated animals. The most common bacterial
isolates were coagulase negative staphylococci (CNS (40%), S. aureus (18%), Streptococcus spp.
(16%), Aerococcus viridans (12%) and other bacterial agents (14%). After a comprehensive
examination, the animals were classified in the following groups: 21.2% latent, 17.4% subclinical
and 4.7% clinical mastitis. Of the CNS, the most common isolates were S. chromogenes, S. warneri
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and S. xylosus, which occurred mainly in latent and subclinical forms. S. aureus, and Str. sanquin
were most commonly isolated from clinical forms of mastitis. A similar incidence of intramammary
infections was reported by Kivaria and Noordhuizen (2007), who isolated Staphylococcus spp in
the dairy herd followed by Streptococcus spp., E. coli and Klebsiella spp.

CNS have been increasingly isolated on dairy farms and are reported to be the leading cause
of environmental mastitis. In addition to latent and subclinical forms, CNS are often isolated also
from clinical and persistent mastitis. For most farms, the prevalence and number of infected cows
is unknown, these cases do not show any clinical signs and are determined only by bacteriological
milk examination or by measuring the milk abnormality. The most common method of assessing
milk is to determine the SCC and assess the California mastitis test (CMT) score (Taponen et al.,
2006).

High SCC present in milk is the main indicator of mammary gland infection, caused by
specific and non-specific microorganisms, which cause contagious and environmental mastitis.
The mammary gland immune response cells acting against microbial infections are macrophages,
neutrophils and other cells that rapidly enter the bloodstream of the infected quarter and cause an
increase in milk SCC in dairy cows (Le Roux et al,. 2003).

The results of our study showed that the mean SCC were the highest in dairy cows with
clinical mastitis (1704 x 10%) and the lowest in healthy cows (169 x 10%) which was reflected in a
positive effect on milk yield and overall milk performance (Figure 1).

Figure 1: Milk yield (L) and SCC (x 10°) in selected groups of cows
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Note: SCC — somatic cell count, *P<0.05 — significant differences between selected groups

Malinowski et al. (2006) reported that milk samples with SCC lower than 200,000 cells/ml
were mostly (59.6%) culture negative. Coagulase-negative staphylococci (CNS) and Staph. aureus
were mostly noted in samples with 200,000 to 2,000,000 of SCC/ml. Samples having more than 2
million/ml of SCC were infected mainly with streptococci and gram-negative bacilli. Very high
SCC (=5 million/ml) related to infections caused by Prototheca spp. (64.5%), yeast-like fungi
(60.2%) and Streptococcus spp. (55.1%).

Factors that determine the biological and technological properties of milk include proteins,
fat, carbohydrate content, and protein fractions, including caseins. In dairy cows with mastitis, in
addition to elevated SCC, there is a change in protein and fat composition and this affects the
physical and chemical properties of milk. (Pecka-Kielb et al. 2016).
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In our study, the average proportion of milk fat in the investigated dairy cows ranged from
3.57 to 4.07%. In dairy cows with a clinical form of mastitis, in addition to reduced milk yield,
there was a reduced milk fat content, probably related to the high serum protein transfer and
increased SCC, as reflected in an increase in milk proteins compared to healthy cows (Figure 2).

Milk fractions, such as proteins, in milk produced by dairy cows from which the
Streptococcus spp. were isolated have a longer coagulation time and a higher proportion of whey
proteins. Also, the proportion of fats and proteins is altered due to contamination of bacterial
mammary gland by pathogens and immune cells entering the site of inflammation (Seegers et al.
2003).

The onset of mastitis also promotes a metabolic disorder due to which fat accumulates in the
liver and its content in milk is reduced. Intramammary infection results in a decreased capacity of
the immune system causing depletion and reduction of the antioxidant capacity of the enzymes
involved in the deactivation of reactive oxygen species (Zigo et al. 2019).

Figure 2: Milk fat (%) and protein (%) in selected groups of cows
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Olechnowicz and Jaskowski (2013) also reported that mastitis occurring during first phase of
lactation has a negative effect on the fertility. Mastitis contributes to an almost three-fold increase
in pregnancy loss during the 45 days after the successful insemination. According to Kumar et al.,
(2017) the ideal service period is 85 days but may be longer in high-performance animals. The
causes of service period prolongation can be found in inadequate monitoring of oestrus, especially
for non-fertilized cows, but also for physiological and health reasons. For high-yield dairy cows,
service period from 110 to 125 days can be tolerated, but only when the interval calving does not
exceed 400 days. The results of our study showed that in dairy cows with clinical mastitis was the
length of service period at the defined value (121 days) but with a significantly increased calving
interval (418 days) which is considered unsatisfactory in both cases (Figure 3).
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Figure 3: Service period and calving interval in selected groups of cows
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Note: SP — service period, Cl — calving interval, * P<0.05 — significant differences between selected groups

Conversely, the best milk yield (7 392 kg) was found in healthy dairy cows with a service
period of up to 98 days. In dairy cows with clinical mastitis in addition to increased service period,
we observed excessively long calving interval which resulted in reduced milk yield (6 421 kg).

Conclusion

Diagnosis and treatment of mastitis is very costly as it involves reduced milk yield and
impaired reproductive parameters and has also a significant impact on the health of affected dairy
cows. It is important to note that the effectiveness of generally established methods used to reduce
environmental mastitis caused by major pathogens of the mammary gland is usually limited due to
the polyethological and multifactorial origin of the disease. Given the several factors involved in
the occurrence of mastitis, economic prosperity will depend largely on the expertise and ability of
business managers or dairy herds owners to introduce quickly the proposed anti-mastitis programs
into their livestock management programs.
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