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EFFECT OF L-GLYCINE AND L-CARNITINE ON POST-THAW SEMEN
PARAMETERS AND FERTILITY IN CHICKEN
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'Department of Physiology,College of Veterinary Science, Rajendranagar, Hyderabad, India
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ABSTRACT

The effect of supplementing L-glycine and L-carnitine in cryopreservation mixture on post-thaw semen and fertility
parameters was studied. Semen from adult PD6 line roosters was collected, pooled and used. The samples after
equilibration at 5°C for 30 minutes were mixed with the diluent with the final concentration of supplements L-glycine
of 5 or 15 mM and L-carnitine of 1mM along with a cryoprotectant (4 % dimethylsulfoxide; DMSO), and the semen
was cryopreserved in 0.5 ml French straws. Different in vitro semen quality parameters, fertility and hatchability were
assessed in post-thaw samples. Post-thaw sperm motility, live sperm, MTT dye reduction test and seminal plasma
lipid peroxidation were significantly lower (P < 0.05) in the cryoprotectant only (4 % DMSO) as well as in the L-glycine-
and L-carnitine- supplemented treatments. Fertility was significantly (P < 0.05) lower the L-glycine- and L-carnitine-
supplemented treatments compared to fresh semen, however, hatchability on fertile egg set was similar in all
the treatments. The post-thaw semen parameters, fertility and hatchability in L-glycine- and L-carnitine- supplemented
treatments were similar to that of the cryoprotectant only treatment. In conclusion, L-glycine and L-carnitine
supplementation did not improve post-thaw semen parameters or fertility and hatchability. Thus, inclusion of these
compounds in the chicken semen cryopreservation mixture may not provide advantage during the cryopreservation
process.

Key words: carnitine; chicken; cryopreservation; fertility; glycine; semen

INTRODUCTION

The sperm survival and fertilizing ability are
reduced during semen cryopreservation process due
to the effect of freeze-thawing steps on membrane
integrity and other functional parameters (Holt,
2000). In the cryopreservation process, high
levels of reactive oxygen species (ROS) are formed
(Chatterjee and Gagnon, 2001). The avian sperm
membrane has higher polyunsaturated fatty acid
concentration in comparison to mammalian sperm
(Cerolini et al., 1997) and is, therefore, highly
susceptible to the deleterious effects of lipid

peroxidation (LPO). There may be a compromise
in the antioxidant system of semen during the
cryopreservation process, which further increases
the intensity of LPO and potentiates the damaging
effects (Li et al., 2010; Partyka et al., 2012).
L-Carnitine is a quaternary ammonium
compound (Bieber, 1988) and water-soluble amino
acid naturally biosynthesized in the kidney and
liver of animal body from lysine and methionine
(Bremer, 1983). It plays a key role in reducing the
availability of lipids for peroxidation by facilitating
transport of fatty acids into mitochondria for
B-oxidation to generate ATP energy (Hinton et al.,
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1979; Neuman et al., 2002; Zhai et al., 2007).
Antioxidant characteristics and anti-apoptotic
activities of L-carnitine have a protective role
against damaging effects of ROS and may stabilize
mitochondrial membrane and DNA structure (Qi
et al., 2006). L-Carnitine also increases the activity
and levels of antioxidant enzymes such as superoxide
dismutase and glutathione peroxidase (Neuman
et al., 2002). Supplementation of L-carnitine in
sperm freezing medium prior to freezing has been
found to increase post-thaw motility (Banihani
et al., 2014), acrosomal integrity (Aliabadi et al.,
2018) and morphology (Bucak et al., 2010) of
spermatozoa. Supplementation of L-carnitine in
extender has resulted in significant improvement
in post-thaw sperm motility in rainbow trout
(Kutluyer et al., 2014) and bull (Sariézkan et al.,
2014).

Supplementation of Beltsville extender with
1 and 2 mM L-carnitine significantly improved
post-thaw rooster sperm quality parameters
resulting in higher total motility, progressive
motility, membrane functionality, viability and
lower lipid peroxidation (Fattah et al., 2017).
In another study, 1 mM L-carnitine supplementation
in rooster semen cryopreservation mixture improved
post-thaw live sperm ratio without apoptosis
and membrane reorganization, live sperm ratio
without lipid peroxidation and mitochondrial
membrane potential, and decreased sperm
proportion with detectable DNA fragmentation
(Partyka et al., 2017). The effect of L-carnitine
supplementation in a freezing mixture on fertility
in chicken is not known.

Free amino acids in seminal plasma were
found to be reduced in infertile patients in
comparison to fertile persons, and it was suggested
that these amino acids play a protective role
for sperm in the hostile vaginal environment
(Silvestroni et al., 1979). Among the free amino
acids, glycine occurs at the second highest
concentration in bull seminal plasma (Assumpgcdo
et al., 2005). Glycine is the smallest and simplest
amino acid with only single hydrogen forming its
side chain. Amino acids such as glycine, glutamine,
histidine and proline have been employed during
sperm cryopreservation in different species, such
as ram (Khalili et al., 2010), stallion (Trimeche et al.,
1999), goat (Kundu et al., 2001) as well as human
(Renard et al., 1996). Combining amino acids

with glycerol or DMSO have shown to improve
post-thaw sperm motility in goat (Kundu et al.,
2001).

To the best of our knowledge, there is no
report about the inclusion of L-glycine during
chicken semen cryopreservation on post-thaw
sperm parameters, fertility and hatchability.
Furthermore, the effect of adding L-carnitine during
chicken semen cryopreservation on fertility is not
known. Against this background, the present study
was carried out to reveal the effect of inclusion
of L-glycine and L-carnitine in cryopreservation
mixture on post-thaw semen parameters, fertility
and hatchability in chicken. The information
from this study will help in better understanding
of the effects of these compounds and possible
inclusion during chicken semen cryopreservation.

MATERIAL AND METHODS

Experimental birds and husbandry

The experiment was carried out at the
experimental poultry farm of ICAR- Directorate of
Poultry Research, Hyderabad, India. PD6 line males
derived from multicolored broiler population,
which has been selected for shank length for six
generations, were used in the experiments. This
line is used as male parent line for production
of a countrywide popular rural poultry variety
Gramapriya. The birds were housed in individual
cages in an open-sided house. The experimental
protocols were approved by the Institutional
Animal Ethics Committee (IAEC/DPR/17/2).

Semen collection and processing for cryopreservation
and quality assays

Adult PD6 roosters were trained to respond
to abdominal massage technique (Burrows and
Quinn, 1937) for the collection of semen. Semen
was collected, pooled and kept on ice throughout
the experiment. Collected semen was immediately
brought to the laboratory over ice in a covered
thermocol box, evaluated and processed for
cryopreservation. In the laboratory, a portion
of the semen was diluted four times in a semen
diluent (Table 1) and was used for evaluation
of semen quality parameters.

Fifteen PD6 line male birds aged 38 weeks
were used for collecting semen and cryopreservation.
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Table 1. Composition of semen diluent
(Sasaki et al., 2010)

Components g/100 ml
D (+)-glucose 0.2

D (+)-trehalose dehydrate 3.8
L-glutamic acid, monosodium salt 1.2
Potassium acetate 0.3
Magnesium acetate tetrahydrate 0.08
Potassium citrate monohydrate 0.05
BES 0.4
Bis-Tris 0.4
Distilled water Up to 100 ml
pH 6.8

The pooled semen samples were initially evaluated
for sperm concentration. The samples were
diluted with a cryoprotectant-free diluent so
that the sperm concentration was 4000 x 10%/ml.
The samples were equilibrated at 5 °C for 30 min
and were diluted in 1:1 proportion with the diluent
containing 8 % dimethyl sulfoxide (DMSO)
so that the final concentration of DMSO was
4 % and the final sperm concentration was
2000 x 10%/ml in each treatment. The effect of
supplementing L-glycine (Invitrogen, USA, Cat.
No. 15527-013) at 5 and 15 mM concentrations
and L-carnitine at 1 mM concentration (SRL Pvt.
Ltd., India, Cat. No. 0348283) along with DMSO
on cryopreserved semen were studied. During
the preliminary trials in the laboratory it was
observed that L-glycine concentrations above 15 mM
adversely affected the in vitro sperm motility and
viability. The L-carnitine concentration was selected
based on information from previous reports.
The semen mixed with test compounds of different
treatments was immediately loaded into 0.5 ml
French straws and sealed with polyvinyl chloride
powder. The filled straws were placed 4.5 cm
above the level of liquid nitrogen (LN,) on a styrofoam
raft floating on LN, in a thermocol box and exposed
to nitrogen vapours for 30 minutes, then the straws
were plunged into LN, transferred into canisters
and stored at -196 °C. Semen straws were stored
for a minimum of ten days before further
evaluation. Cryopreserved semen after thawing
at 5 °C for 100 sec in ice water (Sasaki et al., 2010)
was evaluated on ten different occasions for
progressive sperm motility, live and abnormal sperm,

MTT dye reduction test and seminal plasma lipid
peroxidation.

Sperm motility and concentration

Sperm motility was recorded as a percentage
of progressively motile sperm by placing a drop of
diluted semen on a Makler chamber and examining
under 200 x magnification. The percentage of sperm
with normal, vigorous and forward linear motion
was subjectively assessed and scored. The sperm
concentration was estimated by measuring optical
density using colorimeter (Taneja and Gowe, 1961).

Live and abnormal sperm

Percentages of live and abnormal sperm
were estimated by differential staining technique
using Eosin-Nigrosin stain (Campbell et al., 1953).
Semen smear was prepared by mixing one drop
of semen with two drops of Eosin-Nigrosin stain
and then air dried. Slides were evaluated under
high magnification (1000 x). All completely or
partially pink-stained sperm were considered as
dead and unstained sperm as live. The percentage
of live sperm was determined by counting at least
200 sperm cells. The same slides were used for
estimating the abnormal sperm percentage that
was showing different morphological abnormalities
evaluated at 1000 x magnification.

MTT dye reduction test

The3-(4,5-dimethylthiazol-2-yl}-2,5-diphenyltetrazolium
bromide (MTT) dye reduction test was carried out in
duplicate samples as described by Hazary et al. (2001).
Briefly, in a tube, 900 pl Nacl-TES, 100 pl of 100 mM
glucose, 30 pl semen sample (2 million sperm/ul)
and 50 pl of 4 mM MTT dye were added, mixed and
incubated forone hourinashaking waterbathat37 °C.
After incubation, 200 ul of 10 % sodium dodecyl
sulfate (SDS) in 0.01 M hydrochloric acid (HCI)
solution was added to each tube, mixed well and
allowed to stand for one hour. The optical density of
each sample was measured against blank at 570 nm
in a colorimeter (CL 157, Elico Ltd, Hyderabad, India)
and the dye reduction activity of sperm was
calculated.

Seminal plasma lipid peroxidation

Lipid peroxidation in seminal plasma was
measured by thiobarbituric acid method (Hsieh et al.,
2006). Semen samples were centrifuged at 7000 rpm
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for 5 min to separate seminal plasma. To each test
tube, 0.9 ml of distilled water and 0.1 ml of seminal
plasma were added followed by addition of 0.5 ml
of thiobarbituric acid reagent. The tubes were
incubated for one hour in a boiling water bath. After
cooling the tube contents, absorbance was measured
against blank at 534 nm using UV double beam
spectrophotometer (Metstar MUV-61PCS, India).

Fertility trials

Fertility trial was conducted by inseminating
PD-3 line hens four times at two days interval. Fifty-
five PD-3 line females aged 44 weeks were divided
equally into five groups with 11 hens per group.
The semen straws were thawed at 5 °C for 100 sec
in an ice water (Sasaki et al., 2010) and inseminated
in hens per vagina with a sperm concentration
of 200 million/0.1 ml. The control group was
inseminated with freshly collected semen (200 million
sperm/0.1 ml). Eggs were collected from the
second day of the first insemination and stored at
15 °C until incubation. The eggs were incubated at
standard conditions in automatic setter/hatcher
incubator (VJ Equipments, Pune, India). The eggs
were candled on the 18" day of incubation for
embryonic development and fertile eggs were
transferred into setter compartment. Infertile
eggs were broken open to confirm the absence of

embryonic development. The chicks hatched on
the 21 day of incubation were counted for
calculating hatchability.

Statistical analysis

Data were analyzed using SAS 9.2 software
and P <0.05 level was considered as significant.
Statistical analyses of semen parameters, fertility
and hatchability were performed by one-way
ANOVA with Tukey's post hoc test. Data having
percentage values were arcsine-transformed and
analyzed.

RESULTS

The cryopreserved semen samples had
significantly (P < 0.05) lower post-thaw sperm motility,
live sperm and MTT dye reduction activity compared
to control (Table 2). The post-thaw abnormal
sperm percentage was significantly higher (P < 0.05)
in cryopreserved semen. However, there was no
difference in seminal plasma lipid peroxidation and
fertility in comparison to control.

L-carnitine supplementation in the cryopreservation
mixture significantly (P < 0.05) lowered post-thaw sperm
motility, live sperm, MTT dye reduction activity and
fertility.

Table 2. Effect of L-Glycine and L-Carnitine on post-thaw semen parameters, fertility and hatchability

of cryopreserved chicken semen

Control 4 % DMSO + 4 % DMSO + 4 % DMSO +
Parameters (fresh semen) 4% DMSO L-Carnitine ImM  L-Glycine 5mM  L-Glycine 15mM
Progressive sperm motility (%)  78.0 + 0.8° 21.5+0.8 24.0+1.3° 21.5+0.8 19.0+1.0°
Live sperm (%) 89.75 £ 1.45° 24.00 + 0.54% 27.55 +1.07° 24.90 +0.78 22.15+£1.01°
Abnormal sperm (%) 1.5+0.18° 2.15+0.18° 2.05+0.11a* 2.25%0.11° 2.35+0.18°
MTT dye reduction test 95.14 +2.31° 39.3+1.55° 40.7 £1.9° 39.61+1.46° 40.26 £0.93°
(nM of MTT Formazan/min/million sperm)
Seminal plasma lipid 1.5+0.06 1.37+0.03 1.35+0.04 1.39+0.04 1.41+0.03
peroxidation (nM MDA/ml)
Fertility (%) 96.05 + 2.06° 78.14 + 5.46%® 59.34 +7.68° 54,73 £10.04> 51.45+7.43°
Hatchability on FES (%) 77.03 £3.98 78.65+3.98 84.32+8.87 69.54 £ 8.77 76.10+8.91
No. of eggs incubated 87 86 85 84 82

Values are mean * SE.

abcFigures bearing different superscripts in a row differ significantly (P < 0.05).

DMSO - Dimethylsulfoxide
FES - Fertile Egg Set
MDA - Malondialdehyde
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L-glycine supplementation significant (P < 0.05)
reduced post-thaw sperm motility, live sperm
and MTT dye reduction activity. The reduction
in motility and live sperm were progressive with
increasing L-glycine concentration. The abnormal
sperm percentage was significantly higher (P <0.05)
in both the concentrations of L-glycine tested. There
was no difference in post-thaw seminal plasma lipid
peroxidation between L-glycine treatments and
control. The fertility from L-glycine supplemented
treatments was significantly (P < 0.05) lower compared
to the control.

Post-thaw semen parameters and fertility of
the L-gycine and L-carnitine treatments were not
significantly (P > 0.05) different in comparison with
the cryoprotectant only (4 % DMSO) treatment.
No difference in hatchability on fertile egg set (FES)
was observed between the treatments.

DISCUSSION

L-carnitine is concentrated at high levels in
the seminal plasma and there exists a correlation
between total seminal carnitine concentration
and sperm motility (Agarwal and Said, 2004).
Dietary supplementation of L-carnitine in roosters
has been shown to improve sperm concentration
and reduce lipid peroxidation (Neuman et al.,
2002; Zhai et al., 2007) and this may be due to the
antioxidant and anti-apoptotic action of L-carnitine
(Qietal., 2006). Based on the available information
it was hypothesized that adding L-carnitine into
the cryopreservation mixture may help in improving
the post-thaw semen parameters. In the present
study addition of L-carnitine into the cryodiluent
mixture did not improve post-thaw semen
parameters or fertility. This result is in contrast
to improvement in post-thaw sperm motility,
membrane functionality, sperm viability and
decreased lipid peroxidation by the inclusion of
L-carnitine at 1 and 2 mM concentrations (Fattah et al.,
2017). However, at higher concentrations of 4 and
8 mM the total sperm motility was reduced and
sperm lipid peroxidation was increased (Fattah et al.,
2017). Another chicken semen cryopreservation
study (Partyka et al., 2017) has indicated that
L-carnitine at 1 or 5 mM improved post-thaw live
sperm percentage without lipid peroxidation, high
mitochondrial potential and reduced sperm ratio

with DNA fragmentation. In both the earlier studies
effect of L-carnitine on fertility from cryopreserved
semen was not documented. In human semen
cryopreservation, inclusion of L-carnitine improved
post-thaw sperm motility and viability but had no
effect on sperm DNA oxidation (Banihani et al.,
2014). In contrast, Duru et al. (2000) had reported
no effect of acetyl L-carnitine supplementation on
post-thaw human sperm motility or membrane
integrity. Semen extender supplemented with
L-carnitine (2 mM) had no effect on post-thaw
sperm motility and pregnancy rate in bovine
(Sariozkan et al., 2014). Thus, the beneficial effects
of L-carnitine supplementation during semen
cryopreservation were not observed across the
species or vary with the concentration in chicken.
L-carnitine plays important role in B-oxidation
of long-chain free fatty acids in mitochondria,
wherein L-carnitine transports free fatty acids
and derivative of acyl-CoA into mitochondria.
The production of ATP and supply of energy for
movement of sperm is modulated by L-carnitine.
In the present experiment MTT dye reduction test
indicating mitochondrial activity was not altered
by supplementation of L-carnitine. Furthermore,
seminal plasma lipid peroxidation was also not
reduced in the L-carnitine supplemented group.
The differing results from other reports on
L-carnitine in chicken may be due to a difference
in breed, diluent or cryopreservation protocols
employed (Abouelezz et al., 2015; Long, 2006).

In the present study L-glycine in the cryodiluent
mixture did not provide any additional advantages
in terms of post-thaw semen parameters or fertility.
There is no published literature on the use of
L-glycine in chicken semen cryopreservation process
for comparison. In the striped bass fish sperm
L-glycine at all concentrations tested (25-100 mM)
was found to increase the post-thaw sperm motility
(He and Woods, 2003). Glycine has also been used
as a component in the red jungle fowl semen
extender (RFE) and a fertility of 57 % was reported
(Rakha et al., 2016). The 5 mM concentration
of L-glycine tested in the present study was similar
to the concentration present in the RFE diluent,
however, this as well as higher concentration in
the present study resulted in a deleterious effect
on post-thaw sperm motility and live sperm. Earlier
reports have indicated that the cryoprotective
action by amino acids was manifested at lower
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concentrations (Kundu et al., 2001; Khalili et al.,
2010). In the biosynthetic process of glutathione
in the cell glycine as well as glutamate is involved
(Wu et al., 2009) and Rakha et al. (2016) had
suggested that the presence of higher level of
glycine might have supported the Indian red
jungle fowl sperm against lipid peroxidation of
sperm plasma membrane during cryopreservation
process. In the present study, there was no
difference in seminal plasma lipid peroxidation in
treatments having glycine, when compared with
control or 4 % DMSO group. The exact mechanism
of cell protective action of glycine is not known.
It was suggested that small neutral amino acids,
such as glycine, stabilize cell membrane protein
tertiary structure through their physicochemical
effects; furthermore, their metabolism is not
required for producing beneficial effects (Baines
et al., 1990). Similarly, another study suggested
that by interaction with the phosphate groups in
the sperm plasma membrane phospholipids amino
acids could form a layer on the sperm surface
(Anchordoguy et al., 1988). Glycine inclusion in
striped bass semen cryopreservation had increased
the sperm mitochondrial function and ATP content
(He and Woods, 2003). The authors have quoted
two hypothesis for higher mitochondrial function
and ATP content; glycine after crossing sperm
plasma membrane provides a positive effect on
mitochondria (Flipse, 1956) or glycine binding to
its receptors on plasma membrane triggers signal
transduction that finally protects mitochondrial
function and sperm ATP content.

In the present study, there was no
improvement in the sperm mitochondrial activity
in the glycine supplemented treatments in contrast
to that reported on striped bass. Though glycine
receptor on sperm membrane in other species has
been reported with a role in acrosome reaction
(Melendrez and Meizel, 1995), their presence
in rooster sperm is yet to be documented.

CONCLUSION

In conclusion, results of the present
study indicated that addition of L-carnitine and
L-glycine to cryopreservation mixture did not
improve post-thaw semen quality and fertility in
chicken. Therefore inclusion of these compounds

during chicken semen cryopreservation may
not provide any additional advantage during
the cryopreservation process.
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ABSTRACT

The aim of this study was to determine the dry matter (DM) and crude ash content, as well as the mineral content
of oilseeds and their by-products, cakes. Four samples of oilseeds (sunflower, soybean, flaxseed and rapessed) were
analysed as seeds and cakes. Analyzed crops were grown at the University Experimental Farm in Kolinany. Cakes
were obtained by using FARMER 10 pressing unit. Dry matter and crude ash were determined by standard laboratory
methods and procedures. Mineral nutrient profile analysis was performed by using the High Resolution Continuum
Source Atomic Absorption Spec trometer contrAA 700 for calcium (Ca), magnesium (Mg), sodium (Na), potassium (K),
zinc (Zn), copper (Cu), iron (Fe), manganese (Mn). To analyze phosphorus (P) content, 6400 Spectrophotometer was
used. Significant differences (P < 0.05) in DM and crude ash content, as well as in mineral composition of analyzed seeds
and cakes, were found. The most represented macroelements were K (soybean seed and soybean cake over 20 g.kg?
of DM) and P (rapeseed cake 12.23 g.kg* of DM and sunflower cake 11.42 g.kg* of DM). On the other hand, Na was
present in the analyzed samples the least, mostly below 1 g.kg?! of DM. From microelements, the highest values were
observed for Fe (with the maximum for rapeseed cake 107.94 mg.kg? of DM and soybean cake 88.97 mg.kg* of DM)
and Zn (with the maximum for sunflower cake 58.94 mg.kg* of DM and rapeseed cake 52.38 mg.kg* of DM). Rapeseed
and rapeseed cake have significantly (P < 0.05) proven to be the richest in Mn content (32.96 mg.kg? of DM and
54.07 mg.kg* of DM, respectively), but on the other hand they contained the least amount of Cu (6.82 mg.kg™ of DM
and 8.90 mg.kg* of DM, respectively).

Key words: oilseeds; oliseed cakes; mineral content; macroelemnets; microelements

INTRODUCTION

high fat content they are mainly used for oil
production (Gunstone, 2002). In animal nutrition

Oilseeds are considered an important source  only by-products from the production of vegetable

of many nutrients and minerals in both human
and animal nutrition (Das et al.,, 2017). Despite
their high energy value and high protein content,
oilseeds in feed industry are used only marginally,
because they often contain antinutrients, which
negatively affect the quality of animal products
or animal health (Zeman et al., 2006). Due to their

or technical oils, such as extracted meals or cakes,
are used with great importance. Ramachandran
et al. (2007) and Galik et al. (2016) reported that
in recent decades there has been an increasing
interest in the use of organic by-products of
industrial processing as feed ingredients for
economic and environmental reasons.
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In terms of mineral content oilseeds are
considered as deficient, which means that they
are nutritional sources of only a small range of
minerals. From macroelements they are mostly
rich in phosphorus, much like grain cereals. From
microelements, oilseeds (including soy) can be a very
good source of iron and zinc. Other microelements
are typically found only in trace amounts (Galik
et al., 2016). The mineral content of oilseeds is
influenced by a number of factors, such as species,
soil and climatic conditions, as well as agrotechnics
and breeding (Galik et al., 2016).

MATERIAL AND METHODS

In the experiment, dry matter (DM) and
crude ash content, as well as minerals content of
oilseeds and their cakes were determined. Four
samples of oilseeds (sunflower, soybean, flaxseed
and rapeseed) in triplicate were analysed as seeds
and cakes. Analyzed crops were grown in University
Experimental Farm in Kolifnany under identical
agroclimatic conditions. Harvest of seeds was
realized at the stage of full maturity. Seeds were
processed in the Laboratory of fats and oils
(AgroBio Tech Research Centre of the Slovak
University of Agriculture in Nitra). FARMER 10
pressing unit (Farmet, Czech Republic) was used.
Laboratory samples were analysed in the Laboratory
of Quality and Nutritive Value of Feeds at the
Department of Animal Nutrition at the Slovak
Agricultural University. DM and crude ash were
determined by standard laboratory methods
and procedures (EC No 152/2009). The contents
of mineral nutrients were determined by High
Resolution Continuum Source Atomic Absorption
Spectrometer contrAA 700 (ANALYTIK JENA) (Ca, Mg,
Na, K, Zn, Cu, Fe, Mn) and 6400 Spectrophotometer (P).

The determination of individual element content was
based on the absorptions measured at the following
wavelengths: Ca content was detected at 422.7 nm, P
at 666 nm, Mg at 285.2 nm, Na at 589.0 nm, K at
766.5nm, Znat 213.9nm, Cuat 324.7 nm, Fe at 248.3 nm
and Mn at 279.5 nm. To calculate basic statistic
characteristics, to determine significance of differences
and to compare results a one-way ANOVA and t-test
were performed at P < 0.05 level. The SAS statistical
package was used (SAS Inc., New York City, USA).

RESULTS AND DISCUSSION

Dry matter and Crude ash

In analyzed seeds the DM content ranged from
94.32 to 95.88 % (Table 1.), however, differences
were significant (P < 0.05). The lowest DM content
was observed for soybean. itavo et al. (2015)
reported higher value for DM in soybean
seed (981.2 g.kg') in comparision to our data.
The highest DM content was observed in rapeseed,
though it was lower than reported by Rymer and
Short (2003).

The crude ash content of feed materials
is often wrongly mistaken for mineral content. In
terms of quality, safety and availability of nutrients
in nutrition, however, a lower content of crude ash
in nutrient sources is desired (Galik et al., 2016).
As shown in Table 1., among seeds, significantly
lowest crude ash content (P <0.05) was detected
in sunflower seed and rapeseeds. Chung et al.
(2009) reported higher, whilst Nadeem et al. (2010)
—lower crude ash content in whole sunflower seeds.
In comparision with Ewing et al. (1997), Santos
et al. (2009) and Carré et al. (2016) a lower content
of crude ash in rapeseed was found. Significantly
highest crude ash content (P < 0.05) was revealed
in soybean seeds. This corresponds to the results

Table 1. Dry matter (g.kg!) and crude ash (g.kg™* of DM) content of analyzed oilseeds

Sunflower seed

Soybean seed

Flaxseed Rapeseed

Mean £ SD (n = 2)

947.25 +0.35°
36.20 £ 0.20°

Dry matter
Crude ash

943.20+0.10°
53.40 + 1.20°

958.80 + 0.01¢
36.10 £0.20°

948.25 +0.15¢
39.80 £ 0.20¢

SD: standard deviation. Values followed by different letters within a row are significant at the level 0.05.
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published by Rymer and Short (2003), whilst lower
content of crude ash in soybean seed was reported
by Ciabotti et al. (2016) and higher — by Goes et al.
(2010). Differences in crude ash content compared
to the literature sources may be due to topographic
and climatic factors.

Table 2. demonstrates that the DM content
of cakes differed only slightly compared to the DM
content of seeds. The lowest DM content was
determined in rapeseed cake and the highest DM
content was observed in soybean cake. Leming
and Lember (2005) found lower DM content
in rapeseed cake (917 g.kg?). Analysed DM content
in soybean cake was higher than reported by
Geremew et al. (2015). These discrepancies in DM
content may in general result from differences
in moisture absorption between spieces due
to genetic variations, processing and storage of
samples. The analyzed differences in DM content
of cakes were significant (P < 0.05).

Compared to seeds, the crude ash content
of cakes was higher with a maximum for rapeseed
cake and the minimum for flaxseed cake. According
to Geremew et al. (2015), lower content of ash in
flaxseed cake was found. Significant differences
(P < 0.05) in the ash content of all the analyzed
cakes were observed (Table 2.).

Macroelements

The mineral content of oilseeds is influenced
by several factors such as species, soil and climatic
conditions, as well as agro-technology and breeding
(Galik et al., 2016). The content of macroelements
in analyzed seeds is shown in Table 3. In the content
of macroelements (Ca, P, Mg, Na and K), significant
differences (P < 0.05) between the analyzed seeds
were observed. Significantly highest Ca content
(P < 0.05) was detected in rapeseed (3.56 g.kg* of
DM), which corresponds to the results published

by McKevith (2005). On the other hand, sunflower
seed contained significantly (P < 0.05) lowest
amount of Ca (2.32 g.kg! of DM). According to
McKevith (2005) in terms of Ca content, sesame
seeds (an average of 7 g.kg' of DM), rapeseeds
(4 g.kg* of DM) and flaxseeds (2 g.kg* of DM) can be
considered as the most qualitative. On the contrary,
groundnut and soybean seeds are deficient in
calcium content. In the case of P content, we
found quantitatively higher values compared to
Ca. Significantly highest (P < 0.05) amount of P
was detected in flaxseed (8.55 g.kg* of DM) and
the lowest in rapeseed (5.53 g.kg?* of DM). Morris
(2007) reported lower amount of P in flaxseed
(6.22 g.kg™ of DM). From oilseeds, the most P rich
are cotton seeds, rapeseeds, sesame and flax
seeds (McKevith, 2005). Very similar levels of Ca
and P in oilseeds were also reported by Petrikovic¢
et al. (2000), as well as Galik et al. (2016). In terms
of Ca and P content, oilseeds in diets are considered
primarily a nutritional source of P. In Mg content, we
observed significant differences (P < 0.05) between
sunflower, soybean and rapeseeds. Compared to
other seeds, the significantly (P < 0.05) highest
Mg content was found in flaxseed (3.44 g.kg™ of DM).
A slightly higher average Mg content for flaxseed
was reported by Petrikovic et. al. (2000) and Morris
(2007). Mg content detected for soybean seed
was significantly (P < 0.05) lowest. Na is considered
as an important cation in animal nutrition, which
retains water in the body (Galik et al., 2011). Its
content is generally low in oilseeds and must be
nutritionally supplied from other sources (Biro
et al. 2014). In analyzed seeds the content of Na
ranged from 0.17 g.kg* of DM (sunflower seed) to
0.43 g.kg* of DM (flaxseed), and these differences
were significant (P < 0.05). In comparition with
Morris (2007), higher amount of Na in flaxseed
was found. K is antagonistic to Na and promotes

Table 2. Dry matter (g.kg?) and crude ash (g.kg™* of DM) content of analyzed cakes

Sunflower cake

Soybean cake

Flaxseed cake Rapeseed cake

Mean £ SD (n = 2)

947.60 + 0.30°
54.10 £ 0.30°

Dry matter
Crude ash

950.35 + 0.05°
56.10 + 0.10°

945.00 + 0.20¢
61.90 + 0.30°

946.55 +0.25¢
51.00 £ 0.10¢

SD: standard deviation. Values followed by different letters within a row are significant at the level 0.05.

11



Slovak J. Anim. Sci., 52, 2019 (1): 9-15 Original paper
Table 3. Content of macroelements in analyzed oilseeds (g.kg* of DM)
Sunflower seed Soybean seed Flaxseed Rapeseed
Mean £ SD (n = 2)
Ca 2.32 £0.06° 2.56+0.10° 2.95+0.01° 3.56 + 0.05¢
P 6.91 £ 0.08° 7.03 £0.00* 8.55 ¢ 0.00° 5.53 £ 0.08¢
Mg 3.35+0.10° 2.09 + 0.01° 3.44 £0.03? 2.26 + 0.06¢
Na 0.17 £ 0.00° 0.22 £0.00° 0.43 £ 0.04¢ 0.18 £ 0.00¢
K 8.69 £0.10° 20.23 £0.37° 9.52 £ 0.09¢ 8.00 + 0.36¢

SD: standard deviation. Values followed by different letters within a row are significant at the level 0.05.

the release of water from the body (Galik et al.,
2011). The highest content of K was detected in
soybean seed (20.23 g.kg' of DM). According to
Van Eys et al. (2004) and Aletor et al. (2010) higher
amount of K in soybean seed was observed. On
the contrary, the lowest amount of K was detected
in rapeseed (8.0 g.kg! of DM). Differences in K
content of soybean and rapeseed were significant
(P <0.05).

The content of macroelements in cakes is
shown in Table 4. Between the analyzed cakes,
significant differences (P < 0.05) in the content of
Ca and P were found. In comparison with seeds,
quantitatively higher values were observed, with
the highest levels of Ca and P detected for rapeseed
cake. According to Leming and Lember (2005) lower
contents of Ca and P in rapeseed cake were found.
The Mg content in cakes ranged from 2.09 g.kg* of
DM (soybean cake) to 4.41 g.kg* of DM (flaxseed
cake). Just as in analyzed seeds, only traces of Na
in cakes were found. The highest amount of K was
observed in soybean cake (20.47 g.kg* of DM) and
the lowest in flaxseed cake (12.41 g.kg™ of DM).

Microelements

Recently, only a limited number of papers has
been published on the content of microelements
in oilseeds and by-products derived from their
industrial processing. Table 5. lists the content
of selected microelements in analyzed seeds.
The highest Cu content was found by a laboratory
analysis in sunflower seed (21.25 mg.kg?! of DM)
and the lowest in rapeseed (6.82 mg.kg? of DM).
These results correspond with the work of Petrikovi¢
et al. (2000), although in the case of sunflower
seed, the authors report an average Cu content only
10.9 mg.kg! of DM. Mainly flax and sunflower
seeds are characterized by a higher Fe content,
typically over 100 mg.kg™ of DM (Petrikovi¢ et al.,
2000). However, Morris (2007) provides half of
this amount of Fe in flaxseeds. In analyzed oilseeds
the Fe content was between 38.30 mg.kg* of DM
(sunflower seed) and 72.85 mg.kg! of DM
(rapeseed). Nadeem et al. (2010) detected higher
Fe content in sunflower seeds (68.61 mg.kg! of
DM). However, in another work McKevith (2005)
reported a very similar Fe content in flaxseed,

Table 4. Content of macroelements in analyzed cakes (g.kg™ of DM)

Sunflower cake

Soybean cake

Flaxseed cake Rapeseed cake

Mean £ SD (n = 2)

Ca 3.28 £0.00° 3.49 + 0.00° 3.61 £ 0.06° 6.63 + 0.07¢
P 11.42 +0.16° 6.08 + 0.00° 9.52 +£0.32¢ 12.23 + 0.00¢
Mg 4.22 +0.04° 2.09 £0.10° 4.41+0.01° 4.08 £ 0.35%
Na 0.29 +0.00° 0.23 £0.00° 0.34 £ 0.00¢ 0.18 + 0.00¢
K 13.82 +0.60° 20.47 £ 0.00° 12.41 +£0.23° 13.81 +0.07°

SD: standard deviation. Values followed by different letters within a row are significant at the level 0.05.
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Table 5. Content of microelements in analyzed oilseeds (mg.kg™ of DM)

Sunflower seed Soybean seed Flaxseed Rapeseed
Mean £ SD (n = 2)
Cu 21.252+£1.23° 13.15 £ 0.15° 14.24 + 0.00° 6.82 +0.00¢
Fe 38.30+2.83° 71.83 +0.09° 59.53 £ 0.01¢ 72.85 + 0.96¢
Mn 15.56 + 0.07° 25.82 +0.53° 10.91 £ 0.22¢ 32.96 + 0.00¢
Zn 47.30£0.20° 48.13 £ 0.44° 45.19 £ 1.41° 35.20 £ 0.07¢

SD: standard deviation. Values followed by different letters within a row are significant at the level 0.05.

rapeseed, soybean and sunflower seeds compared
to our results. These findings point out that this
issue is not covered by a sufficient number of
relevant studies and works that would be available.
In Mn content also a wide range from 10.91 mg.kg*
of DM (flaxseed) to 32.96 mg.kg* of DM (rapeseed)
was detected. In comparision with the work of
Nadeem et al. (2010), lower amount of Mn in
sunflower seed was observed. The last analyzed
microelement in oilseeds was Zn, a microelement,
whose importance in nutrition is mainly related to
the immunization of animals (Galik et al., 2011).
According to Petrikovic et al. (2000) a higher content
of Zn occurs mainly in flaxseed and rapeseeds.
However, according to McKevith (2005), Zn in
flaxseed is found in a lower amount, the higher
content is typical for sunflower seed and only trace
amounts of Zn occur in soybean seed and rapeseed.
In the analyzed seeds, Zn was present in a range
from 35.20 mg.kg? of DM (rapeseed) to 48.13 mg.kg™
of DM (soybean seed). Anuonye et al. (2010)
reported Zn content in soybean seed between 30
and 50 mg.kg! of DM. With the exception of the Zn

content, all differences in the microelements
content between the seeds were significant
(P <0.05).

Table 6. shows the content of selected
microelements in analyzed cakes. Similarly to seeds,
in addition to Zn content, significant differences
were found (P < 0.05). The significantly (P < 0.05)
highest content of Cu was obtained in sunflower
cake, the significantly (P < 0.05) highest content
of Fe and Mn was detected in rapeseed cake.
The highest content of Zn was found in sunflower
cake.

CONCLUSION

The aim of this study was to determine DM
and crude ash content as well as mineral profile
of four oilseeds (sunflower, soybean, flaxseed
and rapessed) and their cakes. Significant (P <0.05)
differences in the composition of analyzed seeds and
cakes, as well as in their mineral content were found.
Compared with other studies of various authors

Table 6. Content of microelemnets in analyzed cakes (mg.kg* of DM)

Sunflower cake

Soybean cake

Flaxseed cake Rapeseed cake

Mean £ SD (n = 2)

Cu 31.98 +0.01? 14.68 + 0.52° 17.75 +0.74¢ 8.90 + 0.00°
Fe 58.78 £1.47° 88.97 £ 0.68° 78.60 +0.03¢ 107.94 + 1.46°
Mn 21.05+0.53? 25.62 +0.37° 13.73 £ 0.30° 54.07 £ 0.13¢
Zn 58.94 +0.65° 44,77 £ 0.67° 48.60 + 0.62° 52.38 +0.58°

SD: standard deviation. Values followed by different letters within a row are significant at the level 0.05.
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these differences are probably related to the variety
and environment in which the crops are grown.
The experimental results show that oilseeds and by-
products from oil production can be a good source
of K and P, Fe and Zn but are deficient in Na and Cu
content. The wide range in microelement content
in analyzed samples points out that this issue is not
covered by a sufficient number of relevant studies
and works that would be available. In this way,
further research in the future is needed.
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ABSTRACT

The objective of this study was to evaluate the performance, apparent nutrient digestibility and nitrogen utilization
by West African Dwarf (WAD) ewes fed ensiled Alternanthera brasiliana (AB) based diets. The chemical composition
of ensiled AB was determined. Performance, apparent nutrient digestibility and nitrogen utilization by WAD ewes were
also determined. Thirty (30) female WAD ewes between the ages of 1 — 1.5 years, weighing 9.18 — 11.8 kg were used
for feeding trial, which lasted for 56 days. In a completely randomized design, six animals were allotted to each of
five diets comprising of 0 %, 30 %, 45 %, 60 %, and 90 % ensiled AB inclusion level. Parameters measured include: dry
matter intake, growth rate, feed conversion, apparent digestibility of dry matter and crude protein, nitrogen intake,
urinary nitrogen, nitrogen balance and retention. Results revealed that, the dry matter of ensiled AB was 80.38 %,
the crude protein and neutral detergent fibre were 18.38 % and 61.51 % respectively. The quality characteristic
of ensiled AB was optimal as the aroma, colour, texture, temperature (28.0 °C) and pH (4.05) indicated fermentation
and good keeping quality. Significant variations (p < 0.05) occurred in the dry matter intake, daily body weight gain and
feed conversion ratio. They ranged from 793.54 — 1020.25 g.d?; 53.57 — 98.21 g.d* and 10.39 to 14.81 g.d in ewes
fed 0 % and 90 % AB inclusion level. Significant differences were observed in dry matter, crude protein, crude fibre,
ether extract, ash and nitrogen free extract digestibility. The values ranged from 89.01 — 93.95 %, 92.00 — 98.11 %,
80.11-95.02 %, 92.10 —99.00 %, 82.21 - 96.01 % and 51.31 —89.02 % respectively. The nitrogen balance and nitrogen
retention also differed significantly. They ranged from 18.26 — 23.69 g.d™* and 91.70 — 97.80 % in ewes that consumed
30 % and 90 % ensiled AB respectively. It was observed that the ewes on diet of 90 % ensiled AB performed optimally
and better than ewes on other diets. It can be concluded that ruminant animals can survive and perform optimally
on ensiled AB alone, especially during the off season in the tropics.

Key words: Alternanthera brasiliana silage; feed utilization; nutrient profile; sheep

INTRODUCTION

source is only 15 g per head per day which is grossly
inadequate. This has called for the identification

In Nigeria, low animal protein intake has
remained a major nutritional problem, especially
for low income and non-wage earners (Adeojo et al.,
2014). Atsu (2012), reported that animal source of
protein is expected to contribute 35 g per head per
day but the actual amount of protein from animal

of lesser known feed resources, which are capable
of boosting the performance of livestock.

Nutrition in terms of quantity and quality
is one of the ways to enhance the productivity
of livestock to produce animal protein available
for human growth and development (Babayemi,
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2007). Research into cheaper and qualitative
sources of livestock feedstuff to replace the expensive
conventional feedstuffs particularly those of energy
and protein origin is gathering momentum. The
limited supply of feed ingredients for livestock
feed industry has resulted in a continuous increase
in the cost of production. The long term survival
of traditional livestock production system within
the rapidly evolving national economy of Africa will
depend on their capacity to provide products in
guantities and at prices which satisfy the subsistence
and income needs of livestock producers. Equally,
the survival of these production systems will depend
on the availability of feed materials in the right
qguantity and quality for animal intake.

Given the current pattern of small ruminant
production, due to high cost of feeding livestock,
resulting from competition between man and
animals for the available feed ingredients and
also the seasonal fluctuation in the availability
of pasture (Babayemi, 2006), it is appropriate
to consider the potential of lesser known feed
materials as supplements in ruminant nutrition.
The cost of feeding livestock is about 60 — 80 % of
the total cost of production (Mako et al., 2012).
The growth of livestock industry depends greatly
on the progress that is made on the utilization of
underutilized fodder as animal feed and the ability
of these animals to convert such into animal
products such as milk, meat, hides and skin.

AB is one of the lesser known plants that can
be incorporated into the diets of ruminants. AB is
a shrub, native to South America but has become
naturalized in countries throughout the tropics, being
foundin Nigeria, Kenya, India, Ceylon, Cuba, Colombia
(Sanchez-Del, 2012) and also in Laos, Vietnam and
Cambodia. This study was designed to determine
the chemical composition and keeping quality of
ensiled AB and also to investigate the performance,
apparent digestibility of nutrients and nitrogen
utilization by WAD ewes fed ensiled AB.

MATERIAL AND METHODS

Experimental site

The experiment was carried out at the Tai
Solarin Teaching and Research Farm, sheep and
goat unit (7° 15' N to 7° 40' E). Each animal pen was
made of walls of about 1 m high and each pen was

about 220 cm long and 121 cm wide. The floor of the
pen was made of concrete and the roof of the goat
unit housing the pens was made of corrugated
iron sheets. The pens were dusted and washed
thoroughly with warm detergent to remove dirt.
The pens were disinfected with broad spectrum
insecticides, acaricides, and larvicides (diasuntol).
The experimental animals were brought into the pens
after 7 days of disinfection and they were allowed
to acclimatize to the new environment for another
7 days before feeding trial began. Hence, there was
a preparation period of 14 days.

Experimental animals

Thirty (30) adult female WAD ewes used for
this experiment were randomly allotted to (five)
5 experimental diets with six (6) animals in each
group. The animals were between 1—1.5 years of age,
weighing 9.18 — 11.8 kg. The feeding trial lasted for
56 days.

Feeding trial

AB was harvested from a cultivated plot on
the Teaching & Research Farm of Agricultural Science
Department, Tai Solarin University of Education,
liagun, ljebu-Ode, Ogun State, Nigeria. The harvested
plant was chopped and ensiled with wheat offal
in ratio 80: 20 % w/w respectively for 42 days as
per the procedure of Akinwande (2011). Polythene
bags, each capable of holding at least 30 kg of AB
were used as silos. Each polythene bag was then
placed inside a 65 liter capacity plastic basin for
reinforcement and ease of handling. Sealing of silos
was effected by placing a 25 kg sand-bag on top
of each polythene bag after tying carefully and
timely. The ensiled AB was used to formulate five
experimental diets fed to the animals.

Diet 1 =90% guinea grass + 0% ensiled AB + 10 % concentrate
Diet 2 =60 % guinea grass + 30 % ensiled AB+ 10 % concentrate
Diet 3=45%guinea grass +45 % ensiled AB+ 10 % concentrate
Diet4=30% guinea grass + 60 % ensiled AB+ 10 % concentrate
Diet 5=0% guinea grass + 90 % ensiled AB + 10 % concentrate

Ensiled AB, Guinea grass and concentrate
were fed at 0900 h each day, the refusal was
weighed the following morning at 0800 h and
deducted from the total amount of feed served
the previous day for determination of feed intake.
Daily feed was served to meet 5 % of the sheep's
body weight (1 % of concentrate, 4 % of AB and Guinea
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grass) and this was frequently adjusted to ensure
that each animal received about 20 % of feed
above its previous day's consumption. Feed refusal
was sampled daily and mixed for the entire
collection period on an individual basis using
an air tight plastic bag. Samples from refusal were
taken for proximate composition analysis. Fresh
water was served each day; salt lick was placed
permanently in each cage. The animals were
weighed at the beginning and end of the feeding
trial to determine weight gain.

Digestibility trial

Twenty (20) Ewes from the thirty (30) used
for the growth study were randomly selected for
determination of digestibility of the diets. The
experiment lasted 14 days, for collection of feaces
and urine. The animals were fed at 0900 hours
daily. Feed was served at 5 % of the body weight of
the animals. Water and salt lick were accessible to
the animals throughout the metabolic period. Feed
refused was weighed at 0800 hours every morning
and deducted from the total feed offered the previous
day, prior to serving new feed daily. Fresh water
was also served ad libitum. During fourteen days of
collection, total faeces was collected, weighed and
10 % aliquot was taken and stored in the freezer
at -4 °C. After a 14-day collection period, the total
faeces from daily collection were bulked, mixed and
dried in the oven and kept till required for chemical
analysis. Urine samples were collected and
measured daily for each animal in the morning using
measuring cylinder and kept in separately labeled
containers. Two drops of concentrated sulfuric acid
was added to each container daily after collection
of each sample to prevent microbial growth and
loss of the nitrogen measured. Approximately 10 %
of total urine was sampled daily and stored at -4 °C
till required for nitrogen analysis. Apparent nutrient
digestibility was determined for crude protein,
ether extract, crude fibre, ash and nitrogen free
extract using the formula as follows:

Nutrient in feed — nutrient in feaces x 100

Nutrient in feed

Nitrogen utilization was also determined by
analyzing the nitrogen content of the urine and
feaces.

Chemical analysis

Crude protein, crude fibre, ether extract
and total ash of experimental diets were analyzed
in triplicates using standard procedure of A.0.A.C
(2012). The crude protein was determined with
the micro Kjeldahl distillation apparatus. Neutral
detergent fibre (NDF), Acid detergent fibre (ADF)
and Acid detergent lignin (ADL) were determined
according to Van Soest (1995).

Shown in Table 1 is the chemical composition
of ensiled AB and Panicum maximum. The dry
matter (DM) and crude protein (CP) obtained for
ensiled AB in this study are 80.81 % and 18.38 %
respectively. The values here are higher than values
reported for water hyacinth ensiled with different
additives (19.60 — 29.74 % and 10.76 — 16.23 %) for
DM and CP respectively by Akinwande et al. (2014).
These values are also at variance with the value
range of 18.36 — 30.03 % for DM and 4.52 — 5. 50 %
for CP reported for elephant grass ensiled with
cassava peel, (Olorunnisomo and Dada, 2011).
The CP obtained here is above the recommended
level of 7 -8 % that can provide the minimum
requirement for microbial activities (NRC 2002).
The value of Neutral detergent fibre of ensiled
AB (61.51 %) is similar to the value reported for
water hyacinth ensiled with different additives
(Akinwande et al., 2014). The CP obtained here is
within the recommended value that will enhance
dry matter intake (Wanapat et al., 2013).

Table 1. Chemical composition (%) of Alternanthera
brasiliana (AB) ensiled with wheat offal
and Panicum maximum (PM)

Parameters AB PM

Dry matter 80.38 90.35
Crude protein 18.38 8.43
Ether extract 3.54 10.93
Ash 9.84 13.32
Neutral detergent fibre 61.51 71.21
Acid detergent fibre 46.89 48.70

Table 2 presents the quality characteristics of
AB ensiled with wheat offal for 42 days. The colour,
texture, odour, temperature and pH of ensiled
AB are similar to the findings of Akinwande et al.,
(2011) for water hyacinth ensiled with different
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Table 2. Quality characteristics of Alternanthera brasiliana ensiled with wheat offal

Silage Colour Texture

Odour Temperature pH

Q)

AB ensiled with Khaki brown Firm

Wheat offal

Pleasant alcoholic 28.00 4.05

additives. The results obtained here indicated that
fermentation occurred considering the pH value of
4.05 which could infer good quality of the silage
that would be well preserved. A properly fermented
silage will have a much lower pH (i.e. be more
acidic) and pH is one of the simplest and quickest
ways of evaluating silage (Babayemi, 2009). Any
silage with pH ranges of 4.5 —-5.5 or 4.3 —4.7 has
been classified to be good (Meneses, 2007; Kung
and Shaver, 2002) respectively. The temperature
obtained here is in agreement with other studies
elsewhere (Akinwande, 2011). This would appear
to be a good operating temperature for silage
fermenting organisms.

Statistical analysis

Data obtained were analyzed and subjected
to analysis of variance procedure (ANOVA) of SAS
(2012). Significant means were separated by Duncan's
Multiple Range Test of the same statistical package.

RESULTS AND DISCUSSION

Table 3 presents the feed intake and
performance of WAD ewes fed ensiled AB-based
diets. Results revealed N dry matter increased
as the test material increased. The dry matter
intake (g.d!) ranged significantly (P < 0.05) from
793.24 —1020.25 in ewes fed 0 % and 90 % AB
inclusion level respectively. This result is in agreement
with the findings of Adegbola et al., (1987), who
reported a range of 624.11 — 1044.24 g.d* for dry
matter intake for WAD sheep fed processed cassava
peel with Gliricidia sepium. This result is higher and
at variance to the value range of 628 —798.5 g.d*!
reported for WAD sheep fed Atriplex halimus
ensiled with three developed enzyme cocktails
(Salem et al., 2015) and 573.83-715.14 g.d*
reported for WAD rams fed Panicum maximum
ensiled with two cultivars of Lablab purpureus
(Alasa, 2014). It was observed that ewes on 90 % AB

Table 3. Feed intake and performance of WAD Ewes fed ensiled Althernanthera brasiliana based diets

Level of ensiled Alternanthera brasiliana

Parameters Inclusion SEM
0% 30 % 45 % 60 % 90 %

Intake (g/DM/day)

Concentrate 95.20° 90.27° 89.20¢ 88.20¢ 88.92¢ 0.51
Guinea grass 698.40° 259.70° 210.90¢ 166.8¢ - 12.70
Ensiled AB - 488.00¢ 541.50¢ 706.20° 931.3° 10.20
Total dry matter intake (g.d?) 793.24¢ 838.10¢ 842.29¢ 961.20° 1020.5° 22.10
Initial body weight (kg) 12.00 11.00 10.50 10.50 10.50 0.70
Final body weight (kg) 15.00¢ 15.00¢ 14.50° 15.50° 16.00° 0.33
Body weight gain (kg) 3.00¢ 4.00¢ 4.50° 5.00° 5.50° 0.25
Daily body weight gain (g.d)  53.57¢ 71.43¢ 71.43¢ 89.30° 98.21° 7.89
Feed conversion ratio 14.81° 11.73° 11.79° 10.76¢ 10.39¢ 0.91

abcde=means on the same row with different superscript differed significantly (p < 0.05)

SEM = standard error of mean.

Formular for feed conversion ratio: Dry matter intake (g)

Daily weight gain (g)
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inclusion level recorded the highest (1020.25 g.d?)
dry matter intake, while the lowest dry matter
intake (793.54 g.d!) was recorded for ewes fed 0 %
AB inclusion level. The higher intake of silages may
be dues to the sweet and pleasant acid (Lactic Acid)
aroma of the plant (Babayemi, 2009). Morinson
(1959) pointed out that silage even from plants
with coarse stalks such as corn and sorghums are
eaten practically without waste. The daily body
weight gain also ranged significantly from 53.57
to 98.21 g.d! in ewes on 0 % and 90 % AB diets
respectively. This result is at variance with the
report elsewhere for sheep fed ensiled water
hyacinth (Akinwande et al., 2014) but similar and
in agreement with the findings of Adegbola et al.,
(1987). The higher weight gain of ewes on 60 %
and 90 % AB diets could be attributed to the higher
and rapid by-pass protein from the rumen and
subsequent digestion and absorption in the abomasum
and duodenum. The 30 % and 45 % AB diets may have
stayed longer in the rumen and are utilized by the
microbes for single cell formation. Belanche et al.,
(2017) reported that microbial colonization of highly
lignified particles is limited. Ewes fed 60 % and
90 % AB diets consumed more than 3 % of their
body weights, which agrees with the value of 3 -5 %
body weight as DMI recommended for ruminants
(NRC 2002). The feed conversion ratio also
ranged significantly (P < 0.05) from 10.39 to 14.81
in ewes fed 90 % and 0 % AB diets respectively.
The ewes on 90 % AB diet had the best daily
weight gain compared to ewes on other diets due
to the least feed conversion ratio it had, this is
in accordance with Smeaton (2003), who opined
that the lower the feed conversion ratio value,

the more efficient the animals converted the feed
to meat.

Table 4 shows the apparent digestibility
of nutrients by WAD ewes fed ensiled AB.
The digestibility values differed significantly (P < 0.05)
among the treatment means. The digestibility
for dry matter ranged from 89.01 to 93.95 % in
ewes fed 0 % and 90 % ensiled AB respectively.
This result is lower and at variance with the value
range of 54.67 — 68.00 % reported for Red Sokoto
goats fed elephant grass ensiled with cassava peel
(Olorunnisomo and Dada, 2011). The crude protein
digestibility value for ewes on 90 % AB diets was
significantly higher (P < 0.05) than those on 0 % AB
diet (96.10 %) and 60 % AB diet (97.20 %) whose
values differ significantly (P < 0.05) from each other
and this is an index of microbial protein made
available to the ewes daily (Kissada et al., 2010).
This result is higher than the values reported for
goats fed elephant grass ensiled with cassava peel
(Olorunnisomo and Dada 2011). The crude fibre
digestibility followed the same trend with crude
protein digestibility. However, the digestibility
of DM, CP and CF are in agreement with the
digestibility obtained for goats fed sun-cured water
hyacinth (Mako, 2009).

Presented in Table 5 are nitrogen utilization,
nitrogen balance and retention. These are functions
of nitrogen ingested and digested; they varied
significantly (P < 0.05) among treatment means
with ewes on 90 % AB diet recording the highest
(23.69 g.d* and 97.80 %), while ewes on 30 % AB
diet recorded the lowest (18.26 g.d* and 91.70 %).
The nitrogen retention values obtained in this
study are similar to value range reported for kids

Table 4. Apparent digestibility (%) by WAD Ewes fed ensiled Alternanthera brasiliana

Level of ensiled Alternanthera brasiliana

Parameters Inclusion SEM
0% 30% 45 % 60 % 90 %
Dry matter 89.01¢ 90.21¢ 90.35¢ 92.51° 93.95° 1.01
Crude protein 96.10¢ 92.00¢ 92.10¢ 97.20° 98.11° 2.11
Ether extract 95.01¢ 99.00° 92.10¢ 96.10¢ 98.12° 2.35
Crude fibre 89.12¢ 80.11¢ 80.11¢ 92.01° 95.02° 2.04
Ash 91.01°¢ 82.21¢ 83.21¢ 93.02° 96.01° 1.00
Nitrogen free extract 72.11¢ 51.31¢ 53.21¢ 82.11° 89.02° 1.15

abcde=means on the same row with different superscript differed significantly (p < 0.05)

SEM = standard error of mean.
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Table 5. Nitrogen utilization by WAD Ewes fed ensiled Alternanthera brasiliana

Level of ensiled Alternanthera brasiliana

Parameters Inclusion SEM
0% 30% 45 % 60 % 90 %
Nitrogen intake (g.d?) 19.050¢ 19.910¢ 20.010¢ 22.840° 24.230° 0.050
Feacal nitrogen (g.d?) 0.580°¢ 1.600° 1.650? 0.740¢ 0.540¢ 0.020
Urinary nitrogen (g.d?) 0.034° 0.050° 0.014¢ 0.010¢ 0.004¢ 0.001
Total nitrogen excreted (g.d?)  0.614° 1.650° 1.660? 0.750° 0.544¢ 0.001
Nitrogen balance (g.d?) 18.440¢ 18.260¢ 18.350¢ 22.090° 23.690° 0.020
Nitrogen retention (%) 95.700¢ 91.700¢ 91.700¢ 96.720° 97.800? 2.010

abod = means on the same row with different superscript differed significantly (p < 0.05)

SEM = standard error of mean.

fed varying proportions of Zinc (Osineye, 2011),
however, these value ranges are higher and at variance
with the range (9.86 —29.80 %) reported for Red
Sokoto goats fed varying levels of energy source
(Otaru et al., 2011), also higher than 62.5-74.4 %
reported for goats fed ensiled maize stover and
supplemented with Bobgunnia madagascariensis
(Kanyinji et al, 2017). The positive nitrogen balance
obtained may be indicative of proper utilization
of the silage.

CONCLUSION

Ensiling AB with wheat offal had beneficial
effects on silage qualities, intake and performance
of WAD ewes. AB is a shrub that is readily available
in the tropics especially during the rainy season.
It can be preserved to feed animals during the dry
season. It can then be concluded from the result
of this study that ruminant animals can survive and
perform optimally on ensiled AB alone.
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PREIMPLANTATION EMBRYO AND SURROUNDING ENVIRONMENT:
CLUES FROM MOUSE AND RABBIT MODELS: A REVIEW
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ABSTRACT

Preimplantation period of embryo development is one of the most sensitive phases in the mammalian ontogeny, and
disturbances at this developmental stage can result in poor pregnancy outcomes (in both embryos resulting from natural
conception or from biotechnology procedures). Results of experimental studies have shown that maternal physiological
conditions and external environmental factors can significantly influence preimplantation embryo development,
indicating a communication between the early embryo and its environment. The study of communication between
the early embryo and surrounding environment has been focused mainly on protein signaling molecules, such as growth
factors and cytokines. However, small-molecule ligands, such as biogenic monoamines, have been shown to influence
preimplantation embryo development as well, and results obtained on mouse and rabbit models indicate that biogenic
monoamine receptors are expressed in preimplantation embryos. Several adrenergic, dopamine, serotonin and
histamine receptors were detected in mouse and rabbit ovulated oocytes and preimplantation embryos, and in mouse
embryonic stem cells. Although the physiological role of biogenic monoamine receptors in early embryonic cells is not
fully understood, experimental data indicate their involvement in the regulation of cell proliferation, differentiation and
survival under physiological as well as unfavorable or pathological conditions (e.g. during maternal stress).

Key words: preimplantation embryo; cell receptors; embryo-maternal communication

INTRODUCTION

An important part of animal biotechnology
is focused on animal reproduction, and number
of approaches, such as artificial insemination,
multiple ovulations, in vitro fertilization, embryo
culture, embryo transfer, cryopreservation of
gametes and embryos, nuclear transfer or cloning,
transgenesis and embryonic stem cell production,
are used in this field. Fertilized oocyte (zygote),
which can result from natural conception or artificial
insemination, develops several days in the oviduct,
and finally it implants into the uterine wall

at the blastocyst stage. In some assisted reproductive
technologies, the preimplantation development
takes place in vitro and the blastocyst is then
transferred into the uterus. Alternatively, the
inner cell mass of blastocysts can serve as a source
of embryonic stem cells, which are potentially
usable in regenerative medicine.

Although the preimplantation period of
development lasts only for a relatively short time,
it represents one of the most sensitive phases
in mammalian ontogeny (up to 50 % of embryo
loss occurs during this period), and disturbances
at this developmental stage can result in poor
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pregnancy outcomes in both humans and animals
(Nepomnaschy et al., 2006; Humblot, 2001; Diskin
et al., 2008). The preimplantation embryo can
develop relatively autonomously in very simple
culture media, utilizing transcripts and proteins
provided by the oocyte and gene products
synthesized by an embryo itself (after activation
of the embryonic genome). However, there are data
indicating that in vitro culture of preimplantation
embryos can alter gene expression and epigenetic
reprogramming, and can lead to abnormal fetal
and perinatal growth as well as to physiological
and behavioral alterations in adulthood (for review
see Khosla et al.,, 2001; Fleming et al., 2004;
Ventura-Junca et al.,, 2015). Moreover, results
of animal studies and observations in humans
have shown that maternal physiological condition
(nutritional status, body condition, metabolic
and other disorders, stress) as well as external
environmental factors, e.g. various xenobiotics that
can contaminate food, can significantly influence
preimplantation embryo development (Kwong
et al., 2000; von Borell et al., 2007; Fabian et al.,
2010; Kubandova et al., 2014; Burkus et al., 2013;
2015; Janstova et al., 2017; Babelova et al., 2017).
These data indicate that communication between
the embryo and its environment takes place already
in very early developmental stages.

The study of communication between
the early embryo and surrounding environment
has been mainly focused on protein signaling
molecules, such as growth factors and cytokines,
and relatively many receptors for protein
ligands have been identified in preimplantation
embryos (for review see Hardy and Spanos, 2002;
Thouas et al., 2015). However, we and others have
demonstrated that small-molecule ligands, such as
biogenic monoamines, can significantly influence
preimplantation embryo development as well.
This minireview focuses on the expression of
receptors for biogenic monoamines and their
potential role in early embryo development.

Laboratory mouse is the most widely
used model for the study of early mammalian
embryo development and most information
on mechanisms involved in embryo-maternal
communication comes from the mouse model.
Recently, the progress in rabbit genome sequencing
and advantages of rabbit reproduction (high cell
numbers and yield in blastocysts, relatively late

implantation at a time when gastrulation is
already proceeding, detailed morphologic and
molecular knowledge on gastrulation stages and
a hemochorial placenta structured similarly to
the human placenta) are the reasons for the preferred
use of a laboratory rabbit as a model for studying
early embryo development (for review see Fischer
et al., 2012). Results obtained mainly on mouse
and rabbit models are presented in this review.

Receptors for biogenic monoamines

Biogenic monoamine receptors are either
ion channels or G protein-coupled receptor proteins.
Receptor channels (ligand-gated ion channels) are
composed of several transmembrane subunits, and
binding the ligand induces opening of the channel.
G protein-coupled receptors are composed of seven
transmembrane domains connected by cytoplasmic
and extracellular loops. Binding the ligand results
in activation of GTP-binding proteins (G proteins),
which then activate various effectors, such as adenylyl
cyclases, phospholipase C beta, and other proteins
involved in signal transduction (for review see Krauss,
2014).

Most information on the expression of biogenic
monoamine receptors during preimplantation
development period has been obtained on mouse and
rabbit models. Several catecholamine (adrenergic
and dopamine) serotonin and histamine receptors
were detected in mouse and rabbit ovulated
oocytes and preimplantation embryos (see Table 1).
Some biogenic monoamine receptors were detected
in oocytes and preimplantation embryos of other
species as well (Ciko$ et al., 2014; Amireault and
Dubé, 2005).

Embryonic stem cells (ESCs), derived from
the inner cell mass of a blastocyst, can serve as
an experimental model for studying early
development. Although ESCs retain the high
developmental potency of the founder embryo
cells, several differences in the gene expression
between preimplantation embryos and ESCs cells
have been identified (Tanaka et al., 2002; Tang
et al., 2010). Expression of catecholamine receptors
has been examined in several mouse embryonic
stem cell lines, and, in contrast to mouse
preimplantation embryos, transcripts of all types
of dopamine and adrenergic receptors were
detected in mouse ESCs (Lee et al., 2006; Kim
et al., 2008; Layden et al., 2010; Cikos et al., 2015).
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Differences in the expression of some adrenergic
receptors between the spontaneously differentiating
ESCs and undifferentiated ESCs indicate a role
of these receptors in the process of embryonic
stem cell differentiation (Ciko§ et al., 2015).
Interestingly, catecholamine receptor types that
couple primarily to G proteins with opposite actions
on adenylyl cyclase activity (beta adrenoceptors,
DR1 and DR5 stimulate adenylyl cyclase activity,
and alpha 2 adrenoceptors, DR2, DR3 and DR4
inhibit adenylyl cyclase activity) are expressed in
mouse and rabbit preimplantation embryos and
in the mouse embryonic stem cells, indicating
a cross-talk between signaling pathways activated
by these receptors.

The role of biogenic monoamines in early embryo
development

Experimental data indicate that biogenic
monoamines can (besides their well-known neuro-

transmitter function) play an important role in basic
developmental processes, such as embryogenesis
and morphogenesis (for review see Pendleton
et al., 1998; Herlenius and Lagercrantz, 2001), and
several biogenic monoamines have been identified
in reproductive fluids of various mammalian
species. For instance, adrenaline and noradrenaline
have been detected in rabbit and bovine oviductal
fluid and their concentrations varied with the region
of the oviduct and the stage of the estrous cycle
(Khatchadourian et al., 1987; Way et al., 2001).
Although the physiological role of biogenic
monoamine receptors in early (,pre-neural”)
embryogenesis is mostly unknown, experimental
data indicate that these receptors are functional
and can be activated by agonists. Studies in
mouse embryonic stem cells demonstrated that
activation of dopamine and adrenergic receptors
can trigger various signaling pathways influencing
DNA synthesis and proliferation (Lee et al., 2006;

Table 1. Receptors of biogenic monoamines detected in mouse and rabbit ovulated oocytes and

preimplantation embryos

Receptor Species Stage Stage Reference
(mRNA) (protein)
H2R mouse Blast Blast Zhao et al., 2000
5-HT,, mouse Ooc, Zyg, 2-cell, 8-16-cell, Blast not tested Veseld et al., 2003
Ilkova et al., 2004
5-HT, mouse Ooc, Zyg, 2-cell, 4-cell Ooc, 4-cell Amireault & Dubé 2005
alB-AR rabbit Ooc not tested Cikog et al., 2014
a2A-AR rabbit Ooc, Morul, Blast not tested Cikog et al., 2014
a2C-AR mouse Ooc, 8-16-cell, Blast Ooc, 8-16-cell, Blast  Cikos et al., 2007
rabbit Ooc, Morul, Blast not tested Ciko$ et al., 2014
B1-AR rabbit Ooc, Morul, Blast not tested Cikos et al., 2014
B2-AR mouse 0Ooc, 4-cell, 8-16-cell, Blast Ooc, 4-cell, 8-16-cell, Bl  Cikos et al.,2014
Chenetal., 2011
rabbit Ooc, Morul, Blast not tested Cikos et al., 2014
B3-AR mouse Ooc, 4-cell, 8-16-cell, Blast not tested Cikos et al., 2005
DR1 mouse Blast not tested Cikos et al., 2015
DR2 mouse Ooc, 8-16-cell, Blast not tested Cikos et al., 2015
DR3 mouse Ooc, 4-cell, 8-16-cell, Blast not tested Cikos et al., 2015
DR4 mouse 4-cell, 8-16-cell, Blast not tested Cikos et al., 2015
DR5 mouse Ooc, 4-cell, Blast not tested Cikos et al., 2015

Receptors: H2R, histamine receptor subtype 2; 5-HT,,,, serotonin receptor subtype 1D; 5-HT,, serotonin receptor subtype 7;
5-HT,,, serotonin receptor subtype 2A; a1B-AR, adrenergic receptor subtype alpha 1B; a2A-AR, adrenergic receptor subtype
alpha 2A; a2C-AR, adrenergic receptor subtype alpha 2C; B1-AR adrenergic receptor subtype beta 1; B2-AR, adrenergic
receptor subtype beta 2; 3-AR adrenergic receptor subtype beta 3; DR1-5, dopamine receptor subtypes 1-5.
Developmental stages: Ooc, unfertilized oocytes (metaphase Il stage); Zyg, fertilized oocytes (zygotes); 2-cell, two-cell embryos
4-cell, four-cell embryos; 8-16-cell, eight- to sixteen- cell embryos; Morul, morulas; Blast, blastocysts.
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Kim et al., 2008; Sun et al., 2015). Most catecholamine
receptors can regulate the intracellular cyclic
adenosine monophosphate (cAMP) level, and it
has been demonstrated that the cAMP signaling
pathway can contribute to the regulation of mouse
embryonic stem cell selfrenewal and differentiation
(Faherty et al., 2007; Layden et al., 2010). Results
of in vitro and in vivo experiments showed that
catecholamine and serotonin receptors can activate
signaling pathways regulating cell proliferation
and survival in mouse preimplantation embryos
(Markova et al., 1990; Ciko$ et al., 2005; 2007;
Vesela et al., 2003; Ikova et al., 2004). Moreover,
there are data suggesting that catecholamine
receptors (embryonic or uterine) can participate in
the process of blastocyst implantation (Henriquez
et al., 2006; Chen et al., 2011). The involvement
of histamine receptor subtype 2 (regulating cAMP
level) in the process of embryo implantation has
been documented in the mouse model as well
(zhao et al., 2000). Results of in vivo experiments
obtained on the mouse model indicate that
catecholamine receptors together with glucocorticoid
receptors could mediate effects of maternal stress
on early embryo (Burkus et al., 2013; 2015; Janstova
et al., 2017; Zheng et al., 2016; Tan et al., 2017),
and that expression of catecholamine receptors
in early embryos can be influenced by maternal
physiological status (Seeling et al., 2017).

CONCLUSION

Mammalian preimplantation embryo is
equipped with a variety of cell receptors indicating
active communication between the early embryo
and its environment. Results obtained in mouse
and rabbit models indicate that except of receptors
binding protein ligands, the receptors that
bind small-molecule ligands, such as biogenic
monoamines, are expressed in preimplantation
embryos and in the embryonic stem cells derived
from mouse blastocysts. Catecholamine receptors
of all types can be expressed in mammalian
preimplantation embryos, with some species-specific
differences, and activation of these receptors can
significantly influence preimplantation embryo
development. Although the physiological role of
biogenic monoamine receptors in early embryonic
cells is not fully understood, experimental data

indicate their involvement in the regulation of cell
proliferation, differentiation and survival under
physiological as well as unfavorable or pathological
conditions (e.g. during maternal stress).
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ABSTRACT

The aim of this paper was to evaluate the genetic variability within Holstein cattle population in Slovakia using
the methods of pedigree analysis. Totally, 76,176 animals were included into the reference population. Pedigree
completeness assessed by index of pedigree completeness was satisfying; the proportion of known ancestors
in the first three generations was over 95 %. The value of average inbreeding coefficient was not alarming (0.95 %), but
regular increase of average inbreeding was observed in recent years (R* = 0.963). The difference between the effective
number of founders and the effective number of ancestors showed unequal contributions of individuals into reference
population caused by the bottleneck effect. Very low effective numbers of founder genomes reflected the loss of
founder gene pool within the population. Regular monitoring of genetic diversity is an essential part of breeding work
within the population. Farmers should focus on appropriate mating strategies, e.g. individual mating programs limiting

inbreeding.

Key words: founder; gene origin; inbreeding; relatedness

INTRODUCTION

Holstein is considered to be the most
common dairy cattle breed world-wide as well
as in the Slovak Republic. Nowadays, Holstein
represents more than 60 % of dairy cattle population
in Slovakia. Slovak Holstein population is open and
intensively interacted with the other important
Holstein populations (USA, Canada, Germany, France
and Netherlands). Genetic variation or diversity
could be described and observed as a spectrum
of alleles and genotypes (Toro et al., 2011). For
the Holstein breed, results obtained in different
countries, with various indicators, showed that
managing the genetic variability of this world-wide
breed deserves much attention (Danchin-Burge
etal., 2012). Genetic variation and its maintenance

are of the utmost relevance to selection and
conservation; therefore, one of the first steps is to
estimate the current state and predicted changes
in variation. Genealogical information would yield
comprehensive parameters to assess the actual
levels of diversity, and, therefore should be
preferred to assessing the state of variation,
although molecular markers, and in the future
even whole genome sequences of individuals,
are also useful in describing variation (Toro et al.,
2011). Knowing the level of genetic diversity
within local livestock breeds plays important
role in preservation, utilization and production
quality in these populations (Kasarda et al., 2015).
The breeding strategies currently applied in dairy
cattle are very effective in generating genetic gain.
However, the reproductive technologies have

*Correspondence: E-mail: pavlik@vuzv.sk

Ilvan Pavlik, NPPC — Research Institute for Animal Production Nitra,

Hlohovecka 2, 951 41 LuZianky, Slovak Republic
Tel.: +421 37 6546 595
30

Received: May 14, 2018
Accepted: January 18, 2019



Original paper

Slovak J. Anim. Sci., 52, 2019 (1): 30-38

increased the focus on a small number of superior
animals, especially bulls, and the advanced methods
of breeding value estimation have increased
the accuracy of prediction by using information on
all available relatives. Both of these advancements
in animal breeding have increased the probability
of generating inbred animals (Sgrensen et al., 2005).
The trend in inbreeding is doubtlessly the tool
most frequently used to quantify the rate of genetic
drift. Another complementary approach is to analyse
the probabilities of gene origin. In this method,
the genetic contributions of the founders, i.e.
the ancestors with unknown parents, of the current
population are measured. This method assesses
how an original gene pool has been maintained
across generations (Boichard et al., 1997). Pedigree
analysis as a tool for diversity evaluation was
published by various authors (Baumung and
Sélkner, 2002; Bouquet et al., 2011; Danching-
Burge et al., 2012; Gutiérrez et al., 2003; Hammami
et al.,, 2007, Maignel et al., 1996). Previously,
genealogical analysis in Slovak cattle populations
was presented by Kadlecik et al. (2013) in three
dairy breeds in Slovakia, Kadlecik et al. (2011) in
Pinzgau population, Kadle¢ik and Pavlik (2012)
in four beef breeds, Hazuchova et al. (2012) and
Hazuchova et al., (2013) in Simmental cattle; and
Pavlik et al. (2012) in Holstein cattle and Pavlik
et al. (2014) in Pinzgau cattle. Intensive selection
and using a limited number of superior animals
in recent years signify potential risk of genetic
diversity loss even within large livestock populations
(including Holstein breed). Therefore, the objective
of this study was to assess the inbreeding and
diversity measures based on the probability of gene
origin within the Holstein cattle population in
Slovakia by means of pedigree analysis trying to
estimate important factors affecting the diversity
state.

MATERIAL AND METHODS

Pedigree information was obtained from
The Breeding Services of Slovak Republic, s.e. Living
cows involved in official animal recording and bulls
with reserve of frozen semen doses were taken
into account. The reference population was
represented by 76,176 animals, of which 75,835
were cows and 341 were bulls. Animals belonging

to the reference population with their ancestors
represented whole pedigree file (248,474 individuals).
Both colour subpopulations of Holstein cattle
(Black&White —H and Red&White —R) were considered.
The minimal gene proportion of Holstein breed
in each individual was 50.0 %. All bulls were
considered as purebred (over 93.75 % Holstein gene
proportion). In the case of cows, 59.34 % of animals
were purebred; the rest of the cow population
was represented by various types of crossbred
animals (50.0 — 93.74 % Holstein gene proportion).
The reference population was divided into groups
according to sex and colour subpopulation.
The number of animals in the defined subpopulations
is presented in Table 1.

Table 1. Number of animals under study

Population N
Pedigree file 248,474
Reference population 76,176
RP —bulls 341
RP —cows 75,835
RP —H bulls 257
RP —R bulls 84
RP —H cows 52,082
RP —R cows 23,753

The first step of our analysis was to assess
the pedigree depth as an important factor affecting
reliability of genetic variation evaluation. Pedigree
depth was evaluated by an index of pedigree
completeness (PEC) according to McCluer et al.
(1983). PEC was calculated according to the following
formula:

PEC= 2Csire Cdam ,
Csire Cdam

where C,.. and Cg4,, are contributions from the
paternal and maternal lines, respectively.

1

C=TZii=1gi,

where g;is the proportion of known ancestors in
generation i; and d is the number of generations
that is taken into account.
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Inbreeding coefficient (F), defined as the
probability that an individual has two identical
alleles by descent (Malécot, 1948), was computed
according to the algorithm of Meuwissen and Luo
(1992). Inbreeding trend in the reference population
was calculated by means of moving average (two
years moving average taken into account).

Genetic variation was evaluated according
to measures based on probability of gene origin as
well. Following measures based on probability of
gene origin were used:

— number of founders (f); founder is defined as
the animal with unknown genetic connections
to other animals in pedigree except its own
progeny (Lacy, 1989).

— effective number of founders (f.), defined as the
number of equally contributing founders that
will produce the same genetic diversity as in the
assessed population (Boichard et al., 1997), was
calculated according to this formula:

_1
fe_ /Z£=1‘7ir

where g, represents the probability of gene origin
of the k ancestor.

— effective number of ancestors (f,) defined as
the minimal number of ancestors necessary to
explain the genetic diversity in the reference
population (Boichard et al., 1997) which was
computed as:

_1l/5a
.fa - /z j=1 qi/
where p, is the marginal contribution of ancestor k.

— effective number of founder genomes (N,)
defined as the probability that a gene from the
founder population has been maintained in
the reference population for a given locus if all
founders had contributed equally and no alleles
had been lost by drift during bottlenecks (Lacy,
1989). Effective number of founder genomes has
been computed as:

N,= 534 f7
where f, is the frequency of allele k (Boichard et al.,
1997).

The computation of diversity measures,
F-statistics and pedigree depth was provided by
an ENDOG v. 4.8 software package (Gutiérrez and
Goyache, 2005).

RESULTS AND DISCUSSION

Pedigree completeness

Siderits et al. (2013) presented that a relatively
small improvement of the pedigree information
may lead to apparent changes in the measurements
of genetic variability. Therefore, deeper pedigrees
may offer more reliable information for diversity
evaluation. In our case, the pedigree quality was
expressed by the index of pedigree completeness
(McCluer et al., 1983). As expected, the pedigree
completeness was higher in the reference
population than in the whole pedigree file. While
in the pedigree file, only 69.93 % of animals
had both parents known in the first generation,
in the reference population, 99.59 % of animals
had both parents known. Increasing number of
generations taken into account led to decreasing
proportion of known ancestors in farther
generations. Similar tendency was presented
by Segrensen et al. (2005) in Danish Holstein
population and Hammami et al., (2007) in Holstein
populations of Tunisia and Luxembourg. Very similar
level of pedigree completeness was observed by
Hazuchova et al. (2012) and Hazuchova et al. (2013)
in Slovak Simmental population.

In the case of RP, the ratio of known
ancestors in the second generation declined
from 95.03 % to 59.24 % in the fifth generation.
Significant differences in pedigree completeness
were observed between bulls and cows of fifth
generation; in farther generations the differences
were negligible. The colour variety (H or R) had
no impact on the pedigree depth. Pedigree
completeness of H and R bulls, as well as cows, was
similar with slightly higher tendency in H animals.

Very high pedigree completeness was
published by Hagger (2005) in Original Braunvieh
cattle in Switzerland, where almost all animals
had 100 % completeness of pedigree information
in the first five traced generations. Lower level of
pedigree depth than in our bulls was presented by
Kania-Gierdziewicz (2005) in Polish Holstein sires.
Melka et al. (2013) found PEC = 97 % in first four
traced generations in Canadian Guernsey cattle,
while in South African Guernsey cattle it was only
74 %. The quality of pedigrees is different across
the countries related to the tradition and history
of organized animal breeding. Considerably
lower pedigree completeness than in our case

32



Original paper

Slovak J. Anim. Sci., 52, 2019 (1): 30-38

100%

90%

80%

70%

60%

50%

40%

30%

20%

10%

0%

generation

== Pedigree file

== Cows Hbulls

Reference population ==<=Bulls
e=p= R bulls

Figure 1. Pedigree completeness in investigated populations

was presented by Malhado et al. (2010) in
Brazilian Nelore cattle. The overview of pedigree
completeness in given populations is presented in
Figure 1.

Inbreeding and its evolution

Inbreeding in dairy cattle populations is
one of the most important factors affecting the
diversity. Many authors confirmed negative effect
of inbreeding on different traits (e.g. Maximini et al.,
2011; Kasarda and Kadlecik, 2007; Fuerst-Waltl
and Fuerst, 2012; Panetto et al., 2010). In addition
the average inbreeding value, the trend of
inbreeding across the years might be used for
managing breeding programs to avoid negative
effects of inbreeding depression. In our case, average
inbreeding coefficient in the given populations
(Table 2) and its evolution across the animals'
years of birth (Figure 2) was considered.

The average inbreeding coefficient ranged
from 0.34 % in the whole pedigree file to 2.23 %
in H bulls. The average inbreeding intensity was
0.95 % in RP. The intensity of inbreeding was more
significant in H animals (bulls and cows) than in R

animals. This fact was surprising because the total
population size of H animals was almost twice as large
as in the Red-Holstein animals. Inbreeding intensity
of bulls was more significant than in case of cows in
both colour subpopulations. The average values of
F were not alarming but the proportion of inbred
animals was very high. The highest proportion
of inbred animals was found in H sires (99.22 %)
compared to 94.43 % in all bulls, 80.22 in H cows,
79.76 % in R bulls, 73.59 % in RP, 73.50 % in all
cows and finally 58.77 % in R cows. The lower
inbreeding intensity and proportion of inbred
animals in R cows is related to lowest proportion
of purebred animals. The highest proportion of
various crossbred animals was in R cows. Although
the average inbreeding coefficients were not high,
farmers should pay attention on preparation of
mating plans. Kadlecik et al. (2017) presented lower
proportion of inbred animals in reference population
of the Slovak Simmental cattle (43 %).

Higher inbreeding coefficient than in our
study was published by Danchin-Burge et al. (2012)
in French Holstein population (F = 3.80 %). Higher
F was presented by Kaerney et al. (2004) in British
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Table 2. Average inbreeding coefficient in investigated populations
Inbreeding Standard Minimum Maximum
Population coefficient deviation (%) (%)
(%)
Pedigree file 0.34 1.12 0 38.67
Reference population 0.95 1.71 0 36.25
RP —bulls 1.99 1.65 0 11.91
RP —cows 0.95 1.71 0 36.25
RP —H bulls 2.23 1.64 0 11.91
RP —R bulls 1.25 1.49 0 8.08
RP —H cows 1.13 1.80 0 36.25
RP —R cows 0.54 1.40 0 28.32

Holstein (F = 3.06 in bulls, F = 2.64 % in cows) and
McParland et al. (2007) in Irish Holstein (F = 1.49 %).
Maiwashe et al. (2006) presented relatively higher
inbreeding intensity in Holstein population of
South Africa (F=2.30%). Very similar inbreeding values
as in our study were published by Bouquet et al.,
(2011) in Charolais populations of Denmark (F = 1.04 %),
Ireland (F = 0.99 %) and Sweden (F = 0.92 %). On
the other hand, very low inbreeding intensity was
found in Brazilian Nelore cattle (F=0.20 %) presented
by Malhado et al. (2010), but the authors noted
that low inbreeding was a result of lower pedigree
completeness in the Nelore population. In Slovakia,

Kadlecik et al. (2011) in Pinzgau cattle population
(F=0.57 %) and Hazuchova et al. (2013) in Simmental
cattle (F=0.36 %).

The evolution of inbreeding coefficient
through the years showed that in the recent ten
years, there was an increase in the mean F value of
0.5 % during this period in RP. While animals born in
2002 had average F less than 0.6 %, the individuals
born ten years later had average F = 1.10 %.
The tendency of increase of the inbreeding
coefficient was significant (R* = 0.963). This fact is
related to increasing proportion of inbred animals
and global increase of co-ancestry between animals.

lower inbreeding intensity was observed by Stachowicz et al. (2011) monitored the evolution
1,2
¥y =0.0473x+0.338
R==0.963
1
0.8
g 0.6 /
=
0.4
0,2
0
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Figure 2. Trend of inbreeding in the reference population
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of inbreeding in Holstein population of Canada.
They found that animals born in 1968 exceeded
the value of 1 % for the very first time. Animals
born in 2008 had average F over 5 %, which is
incomparably higher value than in our population.
De Ponte Bouwer et al. (2013) observed the highest
increase of inbreeding coefficient in the last decade
in South African Brown Swiss population. Very similar
tendency of F increase was presented by Hammami
et al. (2007) in Holstein populations of Tunisia and
Luxembourg. Hazuchova et al. (2013) presented
significant increase in inbreeding coefficients of
Simmental bulls used in the Slovak population
born in the recent decade. Similar inbreeding
trends were observed by Kadlec¢ik et al. (2016)
in Slovak populations of beef cattle (Charolais,
Blonde d'Aquitaine, Simmental and Limousine).

Probabilities of gene origin

In contrast to the measures based on
identity-by-descent (IBD), the characteristics based
on gene origin are less susceptible on pedigree
quality. Therefore, they represent very useful tool
for diversity evaluation. In our case, we focused
on number of founders (f), effective number of
founders (f.), effective number of ancestors (f,) and
effective number of founder genomes (N,). In order
to assess the influence of bottleneck effect and
genetic drift, the £, /f, and f./N, ratios were taken
into account. The overview of parameters based
on probability of gene origin is presented in Table 3.

In our investigation, there was a significant
difference between the total number of founders
and their effective number in all analysed
populations. Presented difference is caused by
unequal use of founder gene pool throughout

the generations. One of the reasons is the using
of limited number of superior sires (placed high
in rankings) through artificial insemination. The
preference of such mating system is responsible
for relatively large amount of offspring per sire
in comparison with the other sires and dams.
The effective number of founders ranged from
47 in H bulls to 182 in the whole pedigree file.
The f.was 132 in RP, 58 in bulls and 132 in cows.
The effective number of ancestors was 133 in the
pedigree file, 93 in reference population, 38 in bulls
and 93 in cows. In case of R animals, there were
higher values of such parameters in comparison
with H colour variety. The difference between f,
and f, values is related to unequal contribution
of individual animals into reference population
caused by bottleneck effect. The effective number
of founder genomes points out the maintenance
of founder's gene pool in actual population. The
highest N, value was observed in RP and cows (53 in
both cases), while the lowest maintenance of
founder gene pool was found in H bulls (N, = 15).
For explaining half of diversity, 105 ancestors
sufficed in pedigree file, even 52 ancestors in RP.
Only 15 ancestors explained half of diversity in bulls,
this number was greater in cows (53). Presented
results point out that the loss of founders'
variability plays an important role in the overall
genetic diversity loss. Danchin-Burge et al. (2012)
found lower £, and f, in French Holstein (f, = 82; f, = 21).
They presented that the comparison between
female and male populations strongly suggests
that the impact of Al on the breed is so high that
in the long run, the genetic variability of the female
population is almost a reflection of the genetic
variability of a much smaller population, which is

Table 3. Measures based on probability of gene origin

Ancestors
Population f fe fa N, fe/fu fe/Ny explaining 50 % of
diversity
Pedigree file 106 953 182 133 - 1.37 - 105
Reference population 106 494 132 93 53 1.42 2.49 52
RP — bulls 664 58 38 19 1.53 3.05 15
RP — cows 106 388 132 93 53 1.42 2.49 53
RP —H bulls 476 47 31 15 1.52 3.13 11
RP —R bulls 304 86 46 21 1.87 4.10 17
RP —H cows 75932 96 69 37 1.39 2.59 34
RP —R cows 36490 149 90 49 1.66 3.04 35
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considered by the Al bulls. Stachowicz et al. (2011)
presented higher values of measures based on
probability of gene origin in Canadian Holstein females
than in males. The same situation was observed
in our study. In Canadian Holstein, the effective
number of founder genomes was 5.9 in bulls and 7.7
in cows, what indicated massive loss of founders'
gene pool in the reference population. The £, and
f. values of beef cattle breeds were higher than in
dairy breeds as presented by Bouquet et al. (2011).
Similar values of measures based on probability
of gene origin were found by Kadlecik et al. (2011)
in Slovak Pinzgau cattle population (f, = 141; f, = 51).
Lower values were presented by Hazuchova et al.
(2013) in the Slovak Simmental cattle.

The ratio of effective number of founders and
effective number of ancestors points to the impact
of bottleneck effect which reduces the diversity.
Greater value of this ratio reflects more significant
influence of bottleneck. Presented results showed
that the bottleneck reduces the most the diversity
in bulls (f. /f, = 1.52). Higher impact of bottleneck
can be seen in Red-Holsteins (bulls and cows) than
in the Black&White variety. The population of bulls
was slightly more influenced by the bottleneck
than in cows. Differences between the populations
were minimal, therefore, it can be concluded that
the bottleneck effect has almost the same impact
on each population. Bottleneck occurrence in given
populations reflects the pedigree construction
caused by using small number of superior animals
in breeding program. Melka et al. (2013) presented
that the bottleneck effect reduced the most of the
diversity in Canadian Dairy Shorthorn cattle, while
the least impact of the bottleneck was observed in
Ayrshire cattle. Danchin-Burge et al. (2012) found
f. /f. =3.90 in French Holstein, what is significantly
higher value than in the Slovak Holstein. Moreover,
higher impact of the bottleneck effect was found
in bulls (f. /f, = 4.79). According to the paper of
Hazuchovd et al. (2013), the f. /N, ratio in Slovak
Simmental cattle was 2.5 times higher than in
our study. Therefore, the genetic drift plays more
important role in the diversity loss of the Slovak
Simmental cattle than in the Slovak Holstein
population.

The ratio of effective number of founders
and effective number of founder genomes points to
the influence of genetic drift on given populations.
The highest value was observed in H bulls (f, /N, =3.13),

while the lowest one in RP and cows (f, /N, = 2.49).
Differences between investigated populations
were more significant, therefore the impact of
genetic drift, defined as a random change in allelic
frequencies throughout the generations, differs
within the populations. The results obtained from
our analysis showed that the bottleneck effect
and genetic drift are important factors reducing
genetic variability within Holstein cattle population
in Slovakia. Significant decline of Holstein cow's
number in Slovakia in recent years has led to
a significant bottleneck effect occurrence.

CONCLUSION

Despite the fact that the Holstein represents
the largest dairy cattle population in Slovakia, it can
be considered as strongly influenced by the diversity
loss. The limited number of superior sires used
in Al led to increase of co-ancestry and inbreeding
level, as well as unequal using of the founder
gene pool. The disequilibrium between effective
number of founders and ancestors and effective
number of founder genomes confirmed important
impact of the bottleneck effect and genetic drift.
Presented results point out the need to include
regular diversity monitoring into the breeding
program of Holstein cattle in Slovakia. Genetic
diversity within the population is necessary to
ensure further production use and fitness of the
population. Therefore, optimal mating strategy
should be found and used to maintain economical
sustainability of the Holstein cattle in Slovakia.
Using genomic sires is an option how to reduce
inbreeding within the population (knowing "real"
genomic inbreeding coefficients and "real" genomic
relatedness). Therefore, combination of pedigree
data and genomic information (including female
population) is the optimal strategy for diversity
management in the Holstein population of Slovakia.
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ABSTRACT

The objective of this paper is to introduce and illustrate the application EkonMOD milk, the decision support tool
concept for dairy farm managements. The purpose of this simple web-based application is to assist dairy farms managers
to better understand the dynamics of the dairy herd structure and to improve economically sensible decision-making
abilities in Slovak conditions. The first module was developed to raise awareness about replacement heifer rearing costs
and it can serve as a tool to evaluate specific economic and production parameters of a user specified dairy operation.
The module Emissions from dairy farm was developed to allow individual dairy farm managers to calculate the GHG
footprint of user-specified dairy operation. The EkonMOD milk tool introduced by the National Agricultural and Food
Centre — Research Institute for Animal Production Nitra (NPPC —RIAP) continuously integrates applications previously
developed in the sphere of dairy cow husbandry into one platform under the title "Interactive model of a dairy farm".
The research and development team run this open access platform for relevant stakeholders to support the environmental
and economic performance of dairy farms and to actively seek sound and smart solutions for the inevitable transition to

circular economy and well-developed circular agro food systems in the future, with the key role of animal production.

Key words: decision; tool; dairy farm

INTRODUCTION

Integrated information tools will be a major
contributor in the realization of a sustainable
development, although they are receiving only
limited attention in current research generally
(Melville, 2010; Korte et al., 2012), and especially
in agriculture (Aubert et al., 2012). Decision
support systems (DSS) software packages have
mainly been used by farm advisors and other
specialists who work with farmers and policymakers
(e.g. Nelson et al., 2002; Fraisse et al., 2015).
For farmers, and their advisers, software tools can
facilitate effective farm management by recording
data efficiently, analysing it, and generating a series
of evidence-based recommendations (Rossi et al.,
2014). Agricultural production decision-making is
becoming more complex, due in part to increased

competition caused by the globalization of
agriculture and the need to adopt more sustainable
farming practices (Rogers et al., 2004). Keen and
Morton (1978) defined decision support systems
as computer systems that collect resources and use
the ability of a computer to increase quality of
decisions by focusing on semi structured problems.
The decision support tools typically provide
qguantitative output and place emphasis on the
end user for final problem solving and decision
making (Newman et al., 2000). Arnott and Pervan
(2005) defined DSS as the area of the information
systems' discipline that is focused on supporting
and improving managerial decision-making. They are
designed to help users make more effective decisions
by leading them through clear decision stages and
presenting the likelihood of various outcomes
resulting from different options (Dicks et al., 2014;
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Parker, 2004). Sheng and Zhang (2009) defined DSS
as human-computer systems that collect information,
process information and provide information based
on computer systems. Furthermore, a decision
support tools can support the decision-makers in
an on-going decision situation or it can prepare them
to perform better in the future through decision
training (Alenljung, 2008). The development of
future sustainable agriculture requires acquisition,
application and adaptation of knowledge, with
the support of appropriate set of IT (Lindblom et al.,
2014). However, decision makers often argue that
there is no easy way to absorb the information
available from the scientific research results, so
many of the decisions are limited by inadequate
or incomplete datasets (Elhag and Walker, 2011).
In addition, the farmer needs to develop planning
strategies that achieve maximum socio-economic
benefits and eco-environmental quality on a macro
scale through the optimisation of synthetic
systems at the country level (Booty et al., 2009).
To bridge the gap and to tackle the challenges
and complexity of a sustainable development of
modern agri production, the farmers need DSS that
not only provide current and relevant knowledge,
but are also tailored to the farmers' specific needs
and plans (Leeuwis, 2004). However, despite their
apparent value the uptake of DSS by farmers
and advisers in many countries has been limited
(Alvarez and Nuthall, 2006; Gent et al., 2013;
Parker et al., 1997). Furthermore, the uptake and
levels of acceptance of are low, because scientists
do fail to capture the actual needs of the farmers
in practice, preferring their own attitude and
position on given on-farm issues (e.g. McCown,
2002; 2005; Parker & Sinclair, 2001; Ohlmér, 2001:
Ohlmér et al., 1998). Additional failure factors are
lack of confidence, validity, poor user interface
design, low adaptability, and the fear of replacing
advisors (e.g. McCown, 2002; Parker & Sinclair,
2001). Following this outcomes, Parker & Sinclair
(2001) point out that the single unifying predictor
of success or failure of a DSS is the extent to which
users are involved and participate in design and
development processes.

User involvement is showing to be a critical
factor also in the study of Harris & Weistroffer (2009).
The importance of involving stakeholders as active
participants throughout the whole development
process was also highlighted in studies by Jakku

and Thorburn, Stewart, et al., Valls-Donderis et al.
and Volk et al. One of the identified reason for
the failure in implementation is the lack of effective
communication between users and developers
(Hartwick & Barki, 2001). Van Meensel et al. (2012)
identified reasons for the low adaption rate arguing
that some DSS are too complex, terminology
and functions are not adapted and irrelevant to
the intended users and their activities, and the often
mentioned gap between science and practice within
agriculture (Van Meensel et al, 2012). The literature
review of various DSS analyses emphasised
the importance of user-friendliness (Mclntosh et al.,
2008; Nguyen et al., 2006; Robinson, 2004,
Freebairn, 2002). McIntosh et al. (2011) also
suggested that the DSS should be designed with
"user-friendly interfaces based on elucidating
the user's needs and capabilities" and be "adaptable
to different types of users, based on their
knowledge/expertise". The limited use of scientific
results in environmentally driven decisions has
been partially sourced in low accessibility to
relevant scientific literature (Bayliss et al., 2012;
Matzek et al., 2013; Graham et al., 2011; Pullin and
Knight, 2015; Young and Van Aarde, 2011).

Number of tools, which assist in the decision
process for famers, are already available (Andrew
etal.,2013; Tamayo et al, 2010; Zhong-xiao & Yimit,
2008). In general, dairy farms are deficient in
the use of advanced projection frameworks such
as simulation and optimization (Bewley et al., 2010).
An efficient DSS ion support system framework
is critical for dairy farming management and
decision-making (Meadows et al., 2005; Cabrera
et al., 2006). A basic approach to reduce costs is to
shorten the non-productive period of dairy heifers,
which can be accomplished by breeding heifers
earlier to reduce the age at first calving (AFC); Abeni
et al., 2000; Daniels, 2010). According to the Result
of dairy herd milk recording in Slovak republic,
which are annually conducted by the Breeding
services of Slovak Republic, the optimal AFC for
national conditions supports the previous foreign
studies and research papers conclusions. Based
on these outcomes it can be stated that reducing
AFC in a Slovak Holstein herd had improved
the length of productive life. The development of
these performance indicators for the period since
2010 till 2017 can be found in Table 1.
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Table 1. Development of the length of productive life and lifetime yield of Slovak Holstein cows

year Age at first calving (days) Length of productive life (days)
2010 829 827
2011 823 862
2012 815 907
2013 815 908
2014 808 910
2015 799 931
2016 796 930
2017 779 960

Source: Breeding Services of Slovak Republic, state enterprise BS SR, Results of cattle performance recording in Slovakia,

(2010-2017)

Furthermore, the recent studies by Zahradnik
and Huba (2018) and Zahradnik et al. (2018) support
these results for Slovak Holstein dairy herds in
2017. The Holstein heifers which first calved at 22
months of age were confirmed to have the highest
milk yield per lactation as well as lifetime milk yield
per day. However, the highest value of lifetime milk
yield was reached by Holstein heifers first calving
at 24 months of age. The detailed overview can be
seen in Table 2.

Development of the EkonMOD milk tool

This chapter draws heavily on previous
works by Zahradnik (2017a, 2017b) and studies by
Zahradnik and Pokrivcak (2016a, 2016b), Zahradnik
et al. (2018) describing the rationale of the tool
and reflecting on our experiences in developing and
delivering the DSS for dairy farmer management in
Slovak conditions. Generally, each of the applications
under the umbrella of the EkonMOD milk platform
is used to evaluate the economic consequences of
different on-farm strategies. The introductionary

module - Number of heifers needed for replacement
was based on several herd specific metrics:
culling rate indicator for first lactation cows and
for remaining stages of lactations in specified
herd, stillbirths rate, dairy cow natality, mortality
of calves, selection of calves indicator, ratio of
heifers born, heifer selection indicator, culled cows
that die before disposal, average age at first
calving, Selling price of surplus heifers and culled
cows and Cost to raise (purchase deficit) heifers.
The application offers a graphical interpretation of
these formulas and allows to change input variables
in the terms of possible or planned on-farm
scenarios. This module was developed to raise
awareness about replacement heifer rearing
costs and it can serve as a tool to evaluate specific
economic and production parameters of a user
specified dairy operation.

EkonMOD milk tool platform also includes
a farm-focused calculator for greenhouse gases
(GHG) emissions from a user-specified dairy farm,
using following herd specific metrics: annual milk

Table 2. Relation between age at first calving and lifetime yield in Slovak Holstein dairy herds

Age at first calving ~ Number of lactations Lifetime yield Yield per lactation  Lifetime yield per day
(days) (ke) (ke) (ke)
22 2,32 21706 9605 14,46
23 2,44 21973 9318 13,90
24 2,51 22514 9064 13,50
26 2,56 22 388 8820 12,66
27 2,59 20726 8693 11,35
28 2,58 20 863 8534 11,51
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yield, number of dairy cows, cow's liveweight
(kg), milk fat (%), calving interval, number of
cows on pasture, days on pasture, animal waste
management system and others. The vyields of
methane (CH,), ammonia (NH,) and nitrous oxide
(N,O) of dairy cows, heifers, calves and fattened
bulls, if present on dairy farm. The module Emissions
from dairy farm was developed to allow individual
dairy farm managers to calculate the GHG footprint
of user-specified dairy operation. In addition,
the application further determines the emission
factors and yields of methane (CH,), ammonia
(NH,) and nitrous oxide (N,0) of dairy cows, heifers,
calves and fattened bulls, if present on dairy farm.
The NPPC-RIAP research and development
team continuously integrates applications developed
in the sphere of dairy cow husbandry into one
platform under the title "Interactive model of a dairy
farm". The application can be found at the address:
http://madobis-sk.cvzv.sk/hd/?menu=int_farma.
The complex application analyses the input
parameters of the breeding intensity, including
specified parameters of reproduction and
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APOTRAVINARSKE CENTRUM
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performance, and determines a detailed herd
turnover and status of the animals for each category
within the given farm. Included in the model is also
the determination of the nutritional requirements
in feed doses for all categories of animals
at the dairy farm. Balancing of the nutritional
requirements and the nutritional content of the
feed, which the breeder submitted into the model,
is done automatically. Following that, the total
requirements for feed as well as the storage space and
litter requirements. The analysis of total production
of marketable products is then, in the context
of the particular farm and its characteristics,
supplemented by complex evaluation of the milk
production costs. The idea behind the application
is to not only evaluate the existing state but to
provide also an analysis of possible changes, which
the farmer is considering or forced to implement.
The accuracy, independence and timeliness of
business analyses is always based on the relevancy
of input parameters, but also on their character,
which is that of a business plan. In communicating
the idea of individual farm economy evaluation,

pripustené

17

5

1,21 1,79 2,37

Seno lucernové | 1.5 15 1
KZ pre jalovice bielkovinova B 15 1

TKS pre telata 2
& | Jalovice 8 tyZdiiov-6 mesiacov & B nepripustené & B pripustené

67,27

21,60 21,93

16,33

3,35 2,46 3,46 3,87 3,66 3,70 3,28

0,36 042 0,39

20,37

4,22 4,65

Susina (kg)
|Zobrazit detail

Viaknina (kg) NEL (M3) PDI (g) ME (M)

Rozumiem a sihlasim s podmienkami pouzivania aplikacie streda, 5. septembra 2018

Source: Source: EkonMOD milk — Interactive model of a dairy farm screenshot (2018)

P(g)

Tlagit aktudlne zobrazenie

Figure 1. Balance between the nutritional and energy content of the feed and heifers requirements
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the authors of the application consider this
fact to be a decisive influence and therefore
neither data nor any other information are
archived or otherwise processed. For calculation,
the application uses the reproduction and
performance parameters input by the user and
from this data, it determines herd turnover, status
of the animals and nutritional requirements.
The user inputs also the feed he plans to feed to
the animals and the nutritional content of those.
Nutritional requirements per animal category are
generated by the application. User defines the portion
of each feed in the feed ration and the application
determines the difference in nutrient content in
the feed ration and the nutritional needs of the
animals. By combining the feeds, it is necessary
to compose a feed ration in a way that minimises
the differences (particularly in dry matter, fibre, Net
Energy Lactation (NEL) and Protein Digestible in
the Intestine (PDI). An illustrative example of how
the application works with a partially unbalanced
feeding doses of the considered breeding system is
shown on the enclosed screenshot of the application
in Figure 1.

We consider perhaps the most important
aspect, worth reiterating, to be the application's
character of an open platform, which welcomes
active participation in the form of feedback and
suggestions for further development.

CONCLUSION

Interactive decision support platforms have
the potential to address societal concerns related
to economic resilient livestock farming system
respecting animal welfare standards, lower the
environmental burden of production and make
resource use more efficient. This paper focused
on the development of a range of easy to use
tools that promote the implementation of region
specific research results with a focus on feeding,
reproduction and production of dairy cows.
An early warning support system based on farm
specific data, primarily derived from user unique
inputs, pro-actively alerts the farmer on any
economic and production impact of different
scenario suggested. The future role of an integrated
model of a dairy farm will be to facilitate and connect
science and research by delivering more insight into

the dynamics of the herd structure and improving
the decision making process on the farm level,
respecting the needs from practice. The EkonMOD
milk tool introduced by the NPPC - RIAP continuously
integrates applications previously developed in
the sphere of dairy cow husbandry into one
platform under the title "Interactive model of a dairy
farm". The research and development team run
this open access platform for relevant stakeholders
to support the environmental and economic
performance of dairy farms and to actively seek sound
and smart solutions for the inevitable transition to
circular economy and well-developed circular agro
food systems in the future, with the key role of
animal production.
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