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1 Introduction 
Prunus persica (L) Batsch is world-known popular fruit 
tree of the Spiroideae subfamily with a very good climate 
adaptation and high production in cultivation regions. 
It originated in China and for Chinese cultivars, higher 
diversity is reported in literature when compared to 
other peach germplasm collections (Zhang et al., 2006). 
Peach is a self-pollinated species with high degree of 
self-compatibility and homozygosity (Baird et al., 1996), 
but genetics and genomics analyses provided effective 
tools for its marker-assisted selection. Microsatellites 
and simple sequence repeat markers were reported 
to be  suitable as DNA markers to evaluate genetic 
relationships between individuals, marker-assisted 
selections and for population genetic studies in different 
Prunus species (Aranzana et al., 2010; Wünsch et al., 2005; 
Cheng and Huang, 2009; Bouhadida et al., 2010; Xie et al., 
2010). Actually, more than 500 simple sequence repeats 
have been mapped in the reference map, and many other 
microsatellites are available from the peach genome 
sequence data produced by the International Peach 
Genome Initiative (IPGI). Actual genomic knowledge 

of peach is collected in eight bioinformatic screened 
supercontigs that represents the sequential data of eight 
peach chromosomes with the numbering of appropriate 
tights. Proceeded genomic data cover near 99% of its 
genome with the relevance higher than 92% (Verde et 
al., 2013). 

Peach fruit contains many of health benefits determined 
by its biochemical composition. The fruit is a rich source 
of elements as potassium, sodium, calcium, iron, silicon, 
zinc, phosphorus, manganese, cadmium, magnesium, 
copper, and vitamins as niacin, riboflavin, β-carotenes 
and vitamin C, and the content of these elements is 
affected by many factors, mostly by cultivar (Wills et al., 
1983; Ashhammary and Al-Horayess, 2013; Mitic et al., 
2019). 

Beside the beneficiary characteristics, peach is a  fruit 
that may be harmful for sensitive people suffering by 
allergy. Peach allergy was reported to have two different 
patterns. In Central Europe, it is connected mainly with 
oral allergy syndrome related to a primary sensitization 
to birch pollen Bet v 1 allergen and profilins. In Southern 
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Europe, it is connected mainly with systemic symptoms, 
in many cases due to sensitization to lipid-transfer protein 
Pru  p  3 (Gamboa et al., 2007). Pru  p  3 is a  non-specific 
lipid transfer protein of peach fruit and is proposed to 
be a model of true food allergens (Salcedo et al., 2008), 
because of its resistance to proteolytic digestion, oral 
sensitisation and severe clinical symptoms (Salcedo et 
al., 2007). It belongs to pan-allergens that are involved 
in IgE-mediated reactions to both plant food and pollens 
(Zuidmeer and Ree, 2007). Pru p 3 is well characterized on 
its biochemical and immunological level (García-Casado 
et al., 2003; Pasquato et al., 2006; Cubells-Baeza et al., 
2017), but many unusual geographical profiles of LTP 
sensitization were reported across Europe in the clinical 
practice (Fernández-Rivaz et al., 2003, 2006; Reuter et al., 
2006). These are explained by different dietary habits, 
specific exposure to pollens and natural differences in 
Pru  p  3 content in peach varieties (Duffort et al., 2002; 
Ahrazem et al., 2007; Salcedo et al., 2008). Up to date, 
Pru  p  3 gene and its expression is characterized only 
a  few in the individual peach varieties (Carnés et al., 
2002; Brenna et al., 2004) and no specific description of 
natural restriction variability of the gene exists. The aim 
of the study is to analyse the existing natural variability 
in restriction patterns of a non-coding part of the Pru p 3 
gene of Prunus persica (L) Batsch.

2 Material and methods

2.1 Biological material and DNA extraction
Young healthy leaves of seven different undefined 
peach varieties, planted in gardens in south part of 
Slovakia, were collected in the region of Komárno, more 
specified Harčáš (figure  1). All of them were surface 
sterilized by ethanol, rinsed by distilled water and 
transported to laboratory immediately where were kept 
frozen until further processing. Total genomic DNA was 

extracted from 100 mg of frozen leaves following the 
manufacturer´s instruction for the Nucleospin Plant II kit. 
Quantity and quality of extracted DNA was checked by 
Nanophotometer P360 (Implen) and all the samples were 
diluted to 50 ng/µl.

2.2 PCR analysis and restriction cleavage
A  non-coding region of Pru  p  3 gene was subjected 
to the PCR amplification. Primers were designed to 
match a region of nucleotides 23 – 1050 of the NCBI 
accession number KC311811.1 corresponds to  Pru  p  3 
sequence of peach variety Yulu (Figure 2). PCR thermal 
profile used in the analysis was as follows: 95  °C for 
3  min followed by 35  cycles of 95  °C for 45  sec, 60  °C 
for 45 sec and 72 °C for 1 min, ended by last elongation 
step at 72  °C for 5  min and 55  sec. A  specificity of 
obtained PCR amplicons was checked by agarose gel 
electrophoresis. Restriction endonucleases used in the 
restriction variability analysis were selected in a manner 
to meet the criteria – cleavage must be processed 
throughout the sequence, every endonuclease used 
must cleave at  least three positions in the amplicon, 
different types of  expected polymorphism  –  none, 
length polymorphism and presence of restriction site 
polymorphism. Based on the criteria, three different 
restriction endonucleases were used: BfaI, MseI and NlaIII. 
Restriction cleavage of  PCR amplicons was performed 
as the manufacturer´s  protocols recommended. The 
restriction fragments were separated in the 8% PAGE 
gels and stained by GelRed™.

Figure 1 The location of accessions origin (GPS 
coordinates: lat. 47.747; long. 18.180)

Figure 2 A fragment of non-coding  sequence stored in 
NCBI under the accession KC311811.1
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3 Results and discussion
Virtual cleavage profiles were designed for used 
endonucleases the non-coding segment of Pru  p  3 
gene. Those were compared further with the seven 
randomly chosen peach varieties to define the possible 
sequential polymorphism. Non-coding part of Pru  p  3 
gene in Yulu variety resulted in four cleavage sites in 
BfaI virtual restriction with the length of restriction 
fragment as 491  bp, 334  bp, 70  bp, 60  bp and 51  bp. 
All of the restriction sites were supposed to be without 
polymorphism, when based on in silico data of Pru p 3 
genomic sequences stored in the public databases. All of 
these restriction sites were found in the analysed peach 
varieties with the correspondent restriction fragments 
and no changes of restriction profiles were observed. 
The only difference was presented in the three shortest 
fragments are of a  low abundance and poor visibility 
(Figure 3).

Virtual restriction by MseI resulted eleven fragments 
in total with following length: 208  bp, 207  bp, 138  bp, 
124 bp, 108 bp, 63 bp, 54 bp, 43 bp, 39 bp, 18 bp and 4 bp 
for peach variety Yulu, with two couples of non-separable 
fragments (208/207  bp and 43/39/18/4  bp) in the 8% 
PAGE gels, therefore a  15% PAGE gel was used. Here, 
polymorphism is described based on in silico data of Pru 
p 3 genomic sequence stored in the public databases. 
In the group of the shortest fragments, a deletion of 6 
nucleotides exists among the stored genomic sequence 
of Pru p 3 for most of the compared peach varieties. 
Length polymorphism based on described deletion 
was obtained in the samples 1, 3 and 4 and confirmed 
the natural variability in the restriction profile of non-

Figure 3 Obtained BfaI restriction profiles of analysed 
peach samples compared to the predicted 
restriction profile (PRP)

Figure 4 Obtained MseI restriction profiles of analysed 
peach samples compared to the predicted 
restriction profile (PRP)

coding part of Pru p 3 gene. In the case of this restriction 
endonuclease, other type of polymorphism was found in 
the cleavage sites of analysed peach genotypes and two 
types of restriction profiles were obtained in the analysed 
samples. In three peach varieties, different restriction 
profiles exist as the virtual one and nine other restriction 
fragments were generated (Figure 4).

Non-coding part of Pru  p  3 gene resulted in six 
cleavage sites in NlaIII virtual restriction with the length 
of restriction fragment as 300  bp, 216  bp, 195  bp, 
129  bp, 116  bp and 50  bp for peach variety Yulu. For 
this restriction endonuclease, a substitution-based 
polymorphism is described in the in silico data of Pru p 
3 genomic sequences stored in the public databases. 
A substitution C/T exist in the cleavage site of NlaIII 
in the 69th nucleotide of analysed amplicon and the 
same substitution is in the 401st nucleotide of analysed 
amplicon. This results in the length polymorphism where 
two different restriction profiles can be obtained – 68 + 
216 bp and 115 + 122 bp fragments or, if this restriction 
site absent, restriction fragments of 286 bp and 246 bp 
appear. Restriction profile of 115 + 122 bp fragments was 
obtained in samples 2,3 and 6. The restriction cleavage in 
the 69th and 286th nucleotide was obtained in none of the 
analysed samples. The same situation was observed for 
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sequences with variable frequency in cultivars what 
could be link to varying Pru p 3 content (Aranzana et al., 
2019). Differences in gene sequences are confirmed by 
this article. However, the identification and description 
are impeded by the multiplicity of isoallergens of peach 
allergen families and are not sufficient by traditional 
immunological techniques. The real-time RT-PCR 
method, which is also a powerful tool for monitoring and 
quantifying gene expression, enables specificity and high 
sensitivity. The specificity given by the primers in RT-PCR 
is able to distinguish isoallergens at the transcribed 
mRNA level, allows to work with a single isoform at once 
and to provide information about isoforms related to 
peach allergy and shifts them to proteomics (Helsper 
et al., 2002; Monaci and Visconti, 2009). A preliminary 
study on peach allergen encoding genes (Botton et al., 
2009) did not cover all members identified by genomic 
research.

Plant non-specific lipid transfer proteins are ubiquitous 
and encoded by multigene families. They are involved 
in many biological processes and their physiological 
functions are not clearly understood (Chae et al., 2009). 
Peach lipid transfer protein was reported previously as 
to be highly conserved in its coding sequences in Prunus 
persica (Ying-Tao et al., 2014). The allergen coding gene 
has three members encoding Pru  p  3.01, Pru  p  3.02 
and Pru  p  3.03 lipid transfer proteins (Chen et al., 
2008), however LTP1 (Pru p 3.01), 9 kDa protein with an 
isoelectric point >9 (Pastorello et al., 1999) is expressed at 
high levels in peach fruit (Yang et al., 2011). Lipid transfer 
protein genomic variability was described for different 
Prunus species by Ying-Tao et al. (2014) with the results of 
following substitutions in exon1: G/A in 13th nucleotide, 
G/A in 104th nucleotide, G/C in 121st nucleotide, G/A 
in 154th nucleotide, C/T in 266th nucleotide, G/T in 
280th nucleotide, A/C in 316th nucleotide, G/C in 325th 
nucleotide and C/A in 344th nucleotide. These nucleotide 
variability results in natural variants of signal peptides of 
LTP1 proteins.

Pru p 3 gene and its expression is characterized only 
a  few in the individual peach varieties (Carnés et al., 
2002; Brenna et al., 2004). Expression levels of LTP1 was 
measured in apples and significant differences were 
detected among varieties (Bolhaar et al., 2005; Borges 
et al., 2006; Sancho et al., 2008). Non-specific lipid 
transfer protein of peach was analysed for its expression 
previously and was characterized as two expressed 
isoforms – LTP1 and LTP2. LTP1 is expressed in pollinated 
flowers preferentially and LTP2 in ovary. In fruit, only 
LTP1 mRNA was detected (Botton et al., 2002, 2009). 
These analyses were performed for the peach varieties 
Springcrest, Royal Gem and Zorzi. 

the restriction fragment of 300 bp, which was obtained in 
none of the analysed samples, too (Figure 5). We suppose, 
that other type of nucleotide substitutions exists in this 
restriction cleavage sites in peach varieties. In all of the 
analysed samples, the shortest fragment is not present, 
too. In sample 2, restriction site of 286th nucleotide of 
analysed amplicon is missing and cytosines of both 
NlaIII sites are present in the 68th and 401st positions 
what resulted in the fragment with the length of 332 bp. 
In a summary, none of the analysed peach varieties 
correspond to the restriction profile of a virtual cleavage 
of Yulu peach variety. Samples 3 and 6 generated 
a  completely different restriction profiles, where only 
a restriction fragment of 197 bp was identified from the 
prediction cleavage of the Yulu variety sequence and two 
other restriction fragments were generated as completely 
different. For NlaIII, the differences exist for the length of 
the generated restriction fragments, too. 

Food allergy has an increasing prevalence, that is, 
why different useful tools are being developed for the 
strategy of selecting suitable varieties for breeding of 
hypoallergenic fruit (Hoffmann-Sommergruber et al., 
2005). A similar approach was initiated in peach recently. 
It is assumed that genotypic variability of 4  allergen-
coding gene families (Pru p 1–4) and different level of 
transcription could be responsible for different allergenic 
response (Zhong-Shan et al., 2016). The hypothesis is 
based on the assumption that allergenicity depends 
on both qualitative and quantitative factors that are 
different and specific to each variety (Chen et al., 2008). 
The hypothesis supports Gao et al. (2008) suggesting that 
the final structure of a protein and allele doses are linked 
to (hypo-) allergenicity. Protein structure is influenced 
by an origin gene sequence and as Ying-Tao et al. (2014) 
identified, in peach germplasm are three different allele 

Figure 5 Obtained NlaIII restriction profiles of analysed 
peach samples compared to the predicted 
restriction profile (PRP)
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4 Conclusions
The Pru  p  3 gene amplicons of the non-coding region 
were used in the RFLP analysis by three different 
restriction enzymes BfaI, MseI and NlaIII. The primers 
were designed for PCR according to the sequence of 
NCBI database with accession number KC311811.1 in 
a manner to be are capable of capturing multiple Pru p 3 
allergen isoforms. The genomic variability was screened 
in a group of undefined peach varieties. BfaI restriction 
cleavage did not provide varietal specificity, unlike the 
next two restriction enzymes, where variability exists in 
restriction sites. For NlaIII, none of the analysed peach 
varieties correspond to the restriction profile of a virtual 
cleavage of Yulu peach variety. Obtained in silico and in 
vitro RFLP profiles do not match each other which points 
the necessity to obtain sequence records of each isoform, 
which would facilitate subsequent analysis.

For the future, construction of a phylogenetic 
dendrograms based on genomic sequences data could 
bring new insights into the development of allergen 
isoforms during the historic breeding of peach, find gene 
mutation sites, and ultimately successfully identify the 
specific area responsible for protein allergenicity.

Further research in the field could provide a simple and 
fast screening methodology for determining hypo-/
hyper-allergenicity of the variety, which would benefit 
the final consumer.
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1 Introduction 
Maize has a significant role in both world (2nd largest 
production area) and Hungarian (largest production 
area of arable land) field crop production. It has very 
high genetic potential (it is a C4 photosynthetic type 
plant), but only 25–35% of which is currently utilised 
in Hungary (country average yield have been between 
6.5–8.5 t ha-1 in last decade). In addition to its high 
yield potential, maize is largely affected by changes in 
ecological and agrotechnical conditions. From a crop 
formation perspective, changes in the dynamics of the 
assimilation capacity (leaf area, relative chlorophyll 
content) of the crop stand has a significant role in the 
vegetation period (Carter, 1994; Martinez and Guiamei, 
2004; Hawkins et al., 2009). It is crucial to measure LAI and 
SPAD values in maize populations, as it makes it possible 
to gather data on photosynthetic activity via in situ non-
destructive methods. LAI and SPAD values are affected 
by the year, the hybrid, fertilization and plant density as 

well. Fertilization makes huge changes in the SPAD (Yu 
et al., 2010; Széles et al., 2011) and LAI values of hybrids 
(Novoa and Loomis, 1981; Oikeh et al., 1998, Micskei et al., 
2012). Some other references show that increasing plant 
density decreased the SPAD values (Su et al., 2012; Tajul 
et al., 2013) and increased the LAI values (Ahmad et al., 
2010; Valadabadi and Farahani, 2010). Many researchers 
examined the relationship between maize SPAD and LAI 
values and yield. The relative chlorophyll concentration 
of maize (SPAD) had a positive correlation with nitrogen 
supply and maize yield (Széles, 2008; Bencze and 
Futó, 2017). Research results showed a  strong positive 
correlation between LAI values at maize flowering and 
yield (Oikeh et al., 1998; Bavec and Bavec, 2002; Ma et al., 
2005). However, research data by Esechie (1982), Remison 
and Lucas (1992) showed no correlation between leaf 
area index (LAI) and maize yield. 

Several research shows that maize yield can be increased 
significantly by fertilization (Berzsenyi, 2010; Széll et 
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al., 2010; Vári and Pepó, 2011). However, the effects of 
fertilizers were largely affected by the water supply of 
the year (Azeez, 2009; Ványiné et al., 2012) as well as the 
hybrid (Körshens, 2006; D’Haene et al., 2007). At the same 
time, there is a strong correlation between optimum 
plant density and yield in maize production. Optimal 
plant density was affected by the water supply of the 
vegetation period (Sárvári and Pepó, 2014; Nagy, 2010; 
Berzsenyi et al., 2011) as well the water reservoirs of soil 
(Fulton, 1970; Dóka, 2015). In addition to water supply 
and year, the plant density response of the hybrids also 
plays a significant role in yield formation. Up-to-date 
hybrids can utilise more yield potential at higher crop 
density (Carlone and Russel, 1987; Russel, 1991; Haegele 
et al., 2014). The experimental results of Pepó and 
Murányi (2014, 2015) show that the yield of crop hybrids 
is also affected by cropping area (row spacing).

In our long-term chernozem soil experiment we studied 
the responses of different maize hybrids to fertilization 
and plant density, as well as measure photosynthesis 
capacity values (LAI, SPAD) in the vegetation season of 
maize. We examined the relations between LAI and SPAD 
values and maize yield.

2 Material and methods 
In 1983, a long-term trial on calcareous chernozem soils 
(code CH accordind to WRB classification) was set up in 
the Hajdúság (Eastern Hungary), 15 km from Debrecen 
(latitude 47o 33‘ N., and longitude 21o 27‘ E.). The 
chernozem soil of the long-term experiment contains 
2.7–2.8% humus, and total depth of the humus enriched 
horizon was about 0.8 m (Table 1). When the trial was set 
up, the soil contained 130 mg kg-1 AL-soluble P2O5 and 
240 mg kg-1 AL-soluble K2O. The calcareous chernozem 
soil is characterized by a specific plasticity index (KA) 
of 40 and nearly neutral pH (pHKCl = 6.46). The soil has 
favourable water management characteristics.

During the long-term trial we applied treatment with 
6  nutrient doses. In addition to the control treatment, 

a basic dose of N =30 kg ha-1 + P2O5 = 22.5 kg ha-1 + K2O = 
26.5 kg ha-1 was applied in double, triple, quadruple and 
quintuple quantities. In the trial, among these doses, the 
following treatments were examined: 

N P2O5 K2O

kg ha-1

control 0 0 0

N90 + PK 90 67.5 79.5

N150 + PK 150 112.5 132.5

Nitrogen fertilizer was applied to the plots 50% in the 
autumn and 50% in the spring, before sowing. The full 
amount (100%) of the phosphorous and the potassium 
was applied in the autumn before ploughing. 

Two plant densities (65 thousand  ha-1 and 85 
thousand ha-1) were set up in our long-term experiment 
with two different genotype (Sushi (FAO 340), Fornad 
(FAO 420). The trial was arranged in a split-split-plot 
design. The gross and net plot areas were 9.12  m2 and 
7.60 m2, respectively. The trial involved four repetitions. 
The forecrop was winter wheat. The optimal agricultural 
elements (tilling, sowing, crop protection, harvesting) 
were used, which matched to modern maize production. 

Important weather information for trial years are shown 
in Tables 2 and 3. 

The meteorical data of experimental years proved that 
the rainfall of pre-vegetation periods (from October to 
Mach) was slightly (+20.9 mm) and highly (+131.7 mm) 
higher, compared with the 30-years mean in 2017 and 
2018, respectively. The amount and the distribution of 
rainfall in the vegetation period (April–September) were 
much favourable in 2017 year, compared with 2018 
year. The monthly average temperatures of vegetation 
periods were over the mean average in both years which 
modified the absolute values and dynamics of SPAD and 
LAI readings. 

Table 1 Most important traits of calcareous chernozem soil in the long-term experiment (Debrecen)
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0.25–0.50 6.36 44.6 0 2.16 0.120 1.74 48.0 173.6 405.4 66.2 0.80 4.54 406 9.13

0.50–0.75 6.58 47.6 0 1.52 0.086 0.60 40.4 123.0 366.6 55.4 0.58 3.64 339 10.80

0.75–1.00 7.27 46.6 10.25 0.90 0.083 1.92 39.8 93.6 249.0 67.8 0.48 2.24 74 7.95
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In our long-term experiment the leaf area index (LAI) 
and relative chlorophyll content (SPAD) were measured 
5 times in the vegetation period of maize. The LAI values 
were determined using a SunScan Canopy Analysis 
System (SSI) portable leaf area measuring instruments in 
four repetitions with five measurements per repetition. 
SPAD and LAI values were measured during the morning 
period between 9–11 a.m.

For the measurement of the SPAD values a portable 
Soil Plant Analysis Development (SPAD-502 Plus, Konica 
Minolta) instrument was used. The instrument measures 
the light absorption of leaves in the blue and red 
(R = 600–700 nm) spectrum range, which corresponds to 
the maximum light absorption of chlorophyll. The values 
are based on near infra-red band in addition to the visible 
light spectra. The SPAD values can be regarded equal 
to the leaf chlorophyll content, as there is a very close 
correlation between the SPAD value and the chlorophyll 
content in the different crops. The SPAD values were 
measured in four repetitions with fifteen measurements 
per repetitions. 

The statistical evaluation of experimental data was 
performed using the programmes Microsoft Excel 2013 
and SPSS for Windows 13.0. For the evaluation of the 
results analysis of variance and Pearson’s correlation 
analysis were used. The average values were copmpared 
with post hoc statistical test. 

3 Results and discussion 
We measured the SPAD and LAI values of maize plants 
5 times during the vegetation seasons in 2017 and 
2018. (Tables 4 and 5). All assessments were carried 
out between late May/early June and early September. 
Despite the significant differences between the years, 

there were no significant differences in the SPAD 
dynamics and maximum values of the two vegetation 
seasons. The late May / early June SPAD values (49.7–54.1 
in 2017, 43.7–52.0 in 2018) were continuously increasing 
and reached their SPADmax values in early July (04/07) in 
both years (55.5–60.4 in 2017 and 54.9–63.9 in 2018). 
After SPADmax the readings of SPAD had a moderate 
decreasement in 2017 (28.3–54.9 at the time of the 
01/09 measurement) and a significant drop in 2018 
(9.3–14.5 as measured on 07/09), which was due to the 
temperature differences of July and August between the 
two years. Fertilization had significant increasements in 
both hybrids at most measurement times, plant density 
made no differences on them. There was no significant 
difference in the relative chlorophyll content of the 
two genotypes either. The temporal changes in leaf 
area index (LAI) showed similar dynamics comparing 
with relative chlorophyll values (SPAD) (Table 4, 5). The 
hybrids gave their LAImax values in early July in 2017 
(3.0–5.3 m2 m-2 on 04/07) and early August in 2018 
(3.5–4.4 m2 m-2 on 06/08). As opposed to SPAD values, 
the decreasement of LAI values followed a similar 
trend in both years (1.5–3.0 m2 m-2, on 01/09/2017 and 
1.1–2.3 m2 m-2 on 07/09/2018). The LAImax values were 
higher in 2018 than in 2018. Increasing fertilization 
doses and plant density resulted the higher LAI values 
of hybrids at all times of measurements. As a  result of 
fertilization, there were significant differences in the 
N150 + PK treatment in 2017, whereas differences were 
not significant in most cases in 2018 and LAImax values 
were reached in the N90 + PK treatment.

The effects of excellent chernozem soil, favourable 
water supply and near-optimal agrotechnology could 
moderate the negative temperature conditions of both 
years, so we obtained high yields in our long-term 

Table 2 Rainfall in pre-vegetation and vegetation period of maize (Debrecen)

Vegetation 
period 

Pre-vegetation period 
(Oct–March) (mm) 

Rainfall (mm)

Apr. May. June July Aug. Sept. Total 

2017 235.0 50.4 31.9 62.3 71.6 47.5 91.7 355.4

2018 345.8 36.6 60.0 66.8 41.9 97.5 20.6 323.4

30-years mean 214.1 52.8 64.0 66.5 66.1 49.0 47.5 346.0

Table 3 Monthly average temperature in the vegetation period of maize (Debrecen)

Vegetation 
period

Monthly average temperature (°C) Mean

Apr. May. June July Aug. Sept.

2017 10.1 16.3 20.9 21.0 22.1 15.5 17.65

2018 15.5 19.0 20.1 21.7 23.2 17.1 19.43

30-years mean 11.1 16.6 19.4 21.3 20.7 15.8 17.48
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Table 4 Effect of crop year and agrotechnical elements on the SPAD and LAI of maize in the vegetation period 
(Debrecen, chernozem soil, 2017)

Hybrid Fertilization 65,000 ha-1 85,000 ha-1

09. 06. 22. 06. 04. 07. 17. 08. 01. 09. 09. 06. 22. 06. 04. 07. 17. 08. 01. 09.

SPAD

Sushi

Ø 51.6ab 54.5a 55.5a 48.0a 31.8a 50.7a 53.9a 54.0a 45.3a 28.3a

N90 + PK 54.1b 57.8b 59.2b 56.9b 47.8b 53.6b 55.0ab 58.5b 56.7c 46.7c

N150 + PK 52.2ab 56.5ab 60.4b 58.9bc 46.5b 51.7ab 56.4b 59.4b 58.0c 46.6c

Fornad

Ø 49.7a 56.8ab 57.6ab 52.2ab 34.2a 52.1ab 54.8ab 56.5ab 50.9b 35.7b

N90 + PK 52.4ab 57.7b 59.1b 59.2c 53.5c 51.6ab 56.4b 58.8b 58.3c 51.3cd

N150 + PK 49.8a 56.6ab 60.3b 58.8bc 53.1c 51.6ab 57.7b 60.6b 59.1c 54.9d

LAI (m2 m-2)

Sushi

Ø 1.0a 2.0a 3.8a 2.1ab 1.5a 1.2a 2.3ab 3.9ab 1.8a 1.7a

N90 + PK 1.2a 2.6b 3.8a 2.6b 2.2c 1.7ab 2.9b 4.9b 2.6b 2.2b

N150 + PK 1.8b 2.4ab 4.1a 2.1ab 2.2c 2.0b 3.0b 5.3b 2.2db 2.2b

Fornad

Ø 1.0a 1.8a 3.8a 1.6a 1.8b 1.0a 2.0a 3.0a 1.9a 1.8a

N90 + PK 1.4ab 2.2ab 3.7a 2.1ab 2.0bc 1.4ab 2.9b 4.1ab 2.6b 3.0c

N150 + PK 1.4ab 2.5b 3.8a 1.9ab 2.1c 2.0b 2.9b 4.9b 2.5b 2.9c

a, b, c, d letters are significantly different at P ≤0,05 level

Table 5 Effect of crop year and agrotechnical elements on the SPAD and LAI of maize in the vegetation period 
(Debrecen, chernozem soil, 2018)

Hybrid Fertilization 65,000 ha-1 85,000 ha-1

25. 05. 14. 06. 04. 07. 06. 08. 07. 09. 25. 05. 14. 06. 04. 07. 06. 08. 07. 09.

SPAD

Sushi

Ø 43.7a 45.7a 45.9a 45.8a 11.3a 47.1a 45.5a 53.3a 47.4a 10.6ab

N90 + PK 51.0b 55.9c 62.5c 54.7ab 10.9a 49.9b 55.7b 61.4b 55.5b 10.9ab

N150 + PK 50.7b 59.7d 62.4c 54.2ab 13.1b 50.2b 54.7b 59.1b 55.5b 11.3ab

Fornad

Ø 46.8ab 49.1b 58.4b 49.8a 11.3a 49.7ab 47.3ab 58.3ab 50.0ab 9.3a

N90 + PK 49.8b 59.6d 63.9c 59.9b 10.7a 52.0b 57.5b 60.5b 54.7b 12.1b

N150 + PK 50.0b 58.7d 61.8c 56.4ab 14.5b 51.4b 56.3b 62.0b 55.1b 11.7b

LAI (m2 m-2)

Sushi

Ø 0.8a 1.8a 2.4ab 3.5a 1.1a 0.8a 2.0a 2.5a 4.1ab 1.3a

N90 + PK 0.9ab 2.3b 2.6ab 3.8b 1.6ab 0.8a 2.3ab 2.9ab 4.4b 2.0b

N150 + PK 1.0a 2.4b 2.1a 3.6ab 1.9b 1.0b 2.6b 2.5a 3.7a 2.1b

Fornad

Ø 0.8a 1.9a 2.1a 3.9b 1.5ab 0.9ab 2.2ab 3.0ab 3.6a 1.3a

N90 + PK 0.9ab 2.5b 2.9b 3.9b 2.3b 1.0b 2.5b 3.2b 4.0ab 2.2b

N150 + PK 1.1a 2.6b 2.3ab 3.6ab 2.0b 1.2b 2.7b 3.0ab 3.9ab 2.1b

a, b, c letters are significantly different at P ≤0,05 level
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experiments. The yields of hybrids varied between 
10.2–16.7 t ha-1 in 2017 and between 9.3–15.9 t ha-1 
in 2018, depending on fertilization and plant density 
(Table 6). In both years the fertilization had significant 
effects on the yield of maize hybrids. The yield surpluses 
of hybrids due to fertilization were 1.8–3.7 t ha-1 at 
65 thousand ha-1 plant density, 2.1–5.9 t ha-1 at 85 
thousand plant density, and 0.2–2.6  t  ha-1 vs 1.1–2.3 
t  ha-1 in 2018, respectively. Increasing plant density 
lead to an increase in yield in both years, which was 
triggered by the significant amount of soil water supplies 
in spite of unfavourable temperature conditions in the 
vegetation season. The plant density of hybrids were 
different, i.e. in the Sushi hybrid increased plant density 
gave no significant yield increasement in the two years of 
our experiment (-0.2–+0.6 t ha-1 in 2017, vs 1.1–1.6 t ha-1 
in 2018). In the Fornad hybrid, increased plant density 
realized a significant increase in yield (0.6–4.6  t ha-1 in 
2017, 2.9–3.9  t ha-1 in 2018, respectively). The excellent 
nutrient and water supplies of the soil in the long-term 
experiment were proven by the high yield in the control 
treatment (10.2–11.1 t ha-1 in 2017, 9.3–13.6 t ha-1 in 2018, 
respectively). Sushi hybrid showed maximum yield in 

the N150 + PK (2017) and the N90 + PK (2018) treatment, 
whereas Fornad showed maximum yield in the N90–150 + 
PK (2017) and N90 + PK (2018) treatment.

We applied the Pearson’s correlation analysis to assess 
the correlations between the SPAD (Table 7) and LAI 
(Table 8) values with the hybrids, agrotechnological 
factors (fertilization, plant density) and yield at different 
measurement times. SPAD values showed relatively high 
correlations with nutrient supply in both years. In 2017, 
SPAD 3, SPAD 4 and SPAD 5 showed correlation coefficients 
of r = 0.630**, 0.773** and 0.795** with fertilization, 
respectively. In 2018, SPAD 2, SPAD 3 and SPAD 4 showed 
correlation coefficients of r = 0.799**, 0.530** and 
0.593**, respectively. We found no correlations between 
the hybrids, plant density and SPAD values during the 
years of our experiments. According to our research data 
there were a very weak correlation between SPAD and 
yield (r = -0.018–0.424**), except at the time of the SPAD 
4 (r = 0.619**) and SPAD 5 (r = 0.590**) measurements in 
2017. Similarly, the Pearson’s correlation analyses proved 
no significant correlations between LAI values measured 
at different times, hybrids and plant density. Fertilization 

Table 6 Effect of genotype and agrotechnical elements on the yield of maize (Debrecen, chernozem soil, 2017–2018)

Hybrid Fertilization Yield (kg ha-1)

65,000 ha-1 85,000 ha-1

2017 2018 2017 2018

Sushi

Ø 11,123ab 9,298a 10,958a 10,875a

N90 + PK 13,427b 11,868b 13,106b 12,989b

N150 + PK 14,856b 11,038ab 15,439c 12,322ab

Fornad

Ø 10,246a 10,534ab 10,823a 13,574b

N90 + PK 12,312ab 12,990b 15,433c 15,915c

N150 + PK 12,072ab 10,745ab 16,682c 14,647bc

a, b, c letters are significantly different at P ≤0,05 level

Table 7 Pearson correlation analysis among the agrotechnical elements (hybrid, plant density, fertilization) and yield 
and SPAD readings of maize (Debrecen, chernozem soil, 2017–2018)

Year SPAD 1 SPAD 2 SPAD 3 SPAD 4 SPAD 5

2017

Hybrid -0.254ns 0.291* 0.174ns 0.228ns 0.303*

Plant density -0.062ns -0.231ns -0.129ns -0.089ns -0.025ns

Fertilization 0.074ns 0.423** 0.630** 0.773** 0.795**

Yield 0.018ns 0.424** 0.275ns 0.619** 0.590**

2018

Hybrid 0.190ns 0.167ns 0.222ns 0.207ns 0.065ns

Plant density 0.220ns -0.173ns -0.187ns -0.041ns -0.265ns

Fertilization 0.466** 0.799** 0.530** 0.593** 0.433**

Yield 0.371** 0.297* 0.400** 0.339* -0.224ns

** – correlation at LSD0.01 level, * – correlation at LSD0.05 level, ns – non-significant
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and LAI values showed moderate correlations at the 
vegetation periods of maize. In 2017 LAI 1, LAI 2, LAI 5 
and fertilization treatments correlation values were 
r  = 0.593**, 0.548** and 0.52**, whereas in 2018, LAI 1, 
LAI 2 and LAI 5 and fertilization showed correlations of 
r = 0.470**, 0.650** és 0.554**, respectively. Our results 
proved a moderate correlation between LAI values and 
yield in 2017 (r = 0.486**, 0.578**, 0.496**, 0.442, 0.659**), 
whereas in 2018 the correlation of the same factor 
was lower (r = 0.230, 0.349*, 0.634**, 0.306*, 0.370**), 
respectively.

Pearson’s correlation analysis proved very weak 
correlations (r = -0.450–374**) between yields and 
hybrids in 2017 and 2018 (Table 9), but we had a relatively 
high correlation (r = 0.672**) between yields and 
fertilization in 2017. Similar correlation value (r = 0.517**) 
was between the plant density and the maize yield in 
2018.

4 Conclusions 
According to our 2017 and 2018 research results, the 
SPAD and LAI values of maize hybrids showed special 
dynamics in the vegetation season. SPAD and LAI values 
were growing from late May until early July (2017), and 
until early August (2018). Fertilization had a positive 
effect on SPAD values (Bencze és Futó, 2017, Yu et al., 
2010) and the leaf area index (LAI) (Novoa and Loomis, 
1981, Oikeh et al.; 1998; Micskey et al., 2012). As opposed 
to other researchers (Ahmad et al., 2010, Valadabadi and 

Farahani, 2010), in our experiments maize LAI values 
were not significantly increased by higher plant density.

Soil with excellent nutrient and water husbandry 
could significantly reduce the negative effects of the 
unfavourable weather conditions (high temperature 
values) of the vegetation season. The chernozem soil 
in our long-term experiment had excellent natural 
nutrient supplying capacity, which so we obtained high 
yields (10.2–11.1  t ha-1 in 2017, 9.3–13.6  t ha-1 in 2018, 
respectively) in the control plots. The maximum yield 
in 2017 was 15.4 t ha-1 in Sushi hybrid vs 16.7 t ha-1 in 
Fornad hybrid, whereas the maximum yield values in 
2018 were 13.0 t ha-1 and 15.9 t ha-1, respectively. Thus, 
our research results show that maize yield was affected 
by water supply (Azeez, 2009; Dóka, 2015; Ványiné et al., 
2012), hybrid (2009; Körshens, 2006) and plant density 
(Sárvári and Pepó, 2014). Similarly to other research 
findings (Berzsenyi, 2010; Berzsenyi et al., 2011, Széll 
et al., 2010, Vári and Pepó, 2011), fertilization had the 
most significant effect on maize yield in our long-term 
experiment. As a result of fertilization, the yield surpluses 
compared to the control treatment were was 1.8–
5.9 t ha-1 in 2017, and 0.2–2.6 t ha-1 in 2018, depending 
on hybrids and plant density. We have got a special 
interactive effect between fertilization and plant density 
in 2017. In case of no nutrient supply (control treatment), 
higher  plant densities had minimal yield increasement 
(-0.2–+06 t ha-1) as compared to the yield surpluses in the 
N150 + PK treatment (+0.6–+4.6 t ha-1).

Table 8 Pearson correlation analysis among the agrotechnical elements (hybrid, plant density, fertilization) and yield 
and LAI (m2 m-2) readings of maize (Debrecen, chernozem soil, 2017–2018)

Year LAI 1 LAI 2 LAI 3 LAI 4 LAI 5

2017

Hybrid -0.111ns -0.137ns -0.164ns -0.089ns 0.223ns

Plant density 0.239ns 0.373** 0.230ns 0.151ns 0.361*

Fertilization 0.593** 0.548** 0.315* 0.233ns 0.752**

Yield 0.486** 0.578** 0.496** 0.442** 0.659**

2018

Hybrid 0.188ns 0.224ns 0.200ns -0.036ns 0.224ns

Plant density 0.093ns 0.166ns 0.391** 0.155ns 0.106ns

Fertilization 0.470** 0.650** 0.012ns -0.023ns 0.554**

Yield 0.230ns 0.349* 0.634** 0.306* 0.370**
** – correlation at LSD0.01 level, * – correlation at LSD0.05 level, ns – non-significant

Table 9 Pearson correlation analysis between the agrotechnical elements and the yield of maize (Debrecen, chernozem 
soil, 2017–2018)

Hybrid Plant density Fertilization

2017 -0.450ns 0.284ns 0.672**

2018 0.374** 0.517** 0.247ns

** – correlation at LSD0.01 level, * – correlation at LSD0.05 level, ns – non-significant
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Using Pearson’s correlation analysis we could state that 
fertilization was the main factor which significantly 
effects on SPAD and LAI values in the different maize 
phenophases. Correlations between fertilization and 
SPAD (r = 0.6**-0.8**) as well as LAI were relatively high 
(r = 0.5**-0.8**). According to our results we stated weak 
correlation (r = 0.1–0.3) among plant density, hybrid and 
SPAD and LAI values in both years. As opposed to research 
findings of Széles (2008), we found relatively weak 
correlations between SPAD and yield (r = -0.018–424**). 
We could prove moderate correlations (r = 0.4**–0.8**) 
between LAI values and yield at certain measurement 
times, as opposed to the research findings of Oikeh et 
al. (1998), Bavec and Bavec (2002) and Ma et al. (2005). 
The Pearson correlation analysis showed that hybrid 
(-0.450–0.374**) and plant density (0.284–0.517**) had 
very weak correlations with yield, whereas we could 
prove a moderate correlation between fertilization and 
yield (0.247–0.672**).
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1 Introduction 
According to the latest research, the Cotoneaster genus 
belongs to Rosaceae family, Spiraeoideae subfamily 
and tribe Pyreae (Potter et al., 2007). Overall, it includes 
approximately 300 species (Bartish et al., 2001). Many 
species, included in Cotoneaster genus, are cultivated 
as ornamental plants (Dickoré and Kasperek, 2010). 
Latest research also confirmed a presence of phenolic 
compounds and flavonoids in Cotoneaster integerrimus. 
Therefore, C. integerrimus has a great potential in health 
promotion. Novel food ingredients and medication could 
be developed from its twigs and fruit (Uysal et al., 2016; 
Kicel et al., 2019).

A total of 81 Cotoneaster species were recorded in Europe – 
17 native and 64 alien species (Kurtto et al., 2013). The 
western part of Carpathian Mountains includes 3 native 
Cotoneaster species – Cotoneaster integerrimus Medik., 
Cotoneaster melanocarpus (Bunge) Fisch. et C. A. Mey 

and Cotoneaster tomentosus Lindl. (Marhold and Hindák 
1998). Some authors distinguish Cotoneaster matrensis 
Domokos from Cotoneaster melanocarpus (Bunge) Fisch. 
et C. A. Mey. However, in this case, further research is 
needed (Baranec, 1992). The occurrence of a  hybrid 
species Cotoneaster alaunicus × integerrimus in the area 
of the Low Tatras Mts., was also recorded (Baranec and 
Eliáš ml., 2004).

Cotoneaster tomentosus individuals usually grow in the 
community of Prunion spinosae and Calamagrostion 
variae from sub-montane to montane level. Cotoneaster 
integerrimus individuals grow in the community of 
Seslerio-Festucion duriusculae and Prunion fruticosae 
from colline to alpine level. Cotoneaster melanocarpus 
individuals typically grow in the community of Seslerio-
Festucion duriusculae and Prunion spinosae from colline 
to montane level (Baranec, 1992).

Morphological characteristics as a key attribute for a successful 
determination of selected Cotoneaster species
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The classification of taxa included in Cotoneaster genus 
is relatively problematic. Morphological features, such as 
colour of fruit and bark or shape and size of leaves, are 
not always reliable attributes. A pome is a type of fruit 
specific to subfamily formerly known as Maloideae. In 
Cotoneaster, the ovary develops into the pyrene (Rohrer, 
1991). The total amount of pyrenes in a single pome is 
variable. The number of pyrenes in pome and the number 
of pomes in infructescence are the most important 
morphological features for determination of previously 
mentioned Cotoneaster species. Other features include 
the presence of trichomes on leaves and pomes, and the 
colour of pomes (Baranec, 1992). Since we believe, that 
there is a  lack of information and available data from 
contemporary articles, we decided to prove, whether 
these morphological characteristics are reliable for 
identification of selected Cotoneaster species. We also 
wanted to prove, whether it is possible to rely only on 
these selected characteristics. And last but not least, it 
should be mentioned, that such a large-scale study in the 
Western Carpathians has been lacking so far.

2 Material and methods
The majority of collected individuals grew in dry 
habitat with a  permanent sunlight, mainly on grassy 
steppes or cliff edges. Some of the individuals grew 
in forest in the community of other shrubs and larger 
trees. Each population was relatively small and it 
included 1–5 individuals, rarely 6–10(–15). Pomes and 
infructescences were collected from various localities in 
four countries situated in the Western Carpathians – the 
Czech Republic, Hungary, Poland and Slovakia (Figure 
1, 2). Infructescences were calculated in the field and 
from herbarium specimens stored in the herbarium NI 
(Herbarium Collection of Slovak University of Agriculture 
in Nitra). The list of localities selected for counting 
of pyrenes in pome and for counting of pomes in 
infructescence is listed in Appendix 1 and 2, respectively. 
Individuals were assigned to different species by the 
colour of pomes and the presence of trichomes according 
to determination key of Baranec (1992).

Samples were divided in two groups, one designed for 
counting of pyrenes in pome and the other for counting 

Figure 1 Localities within the Western Carpathians selected for counting of pyrenes in pome: red circles – Cotoneaster 
integerrimus, blue diamonds – C. melanocarpus agg., yellow squares – C. tomentosus. Background terrain layer is 
from Stamen Design with data by OpenStreetMap.
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of pomes in infructescence. Overall, we collected 3–4 
twigs per individual. Herbarium specimens from NI 
herbarium (Herbarium Collection of Slovak University of 
Agriculture in Nitra) were also used to increase the total 
amount of infructescences. The collection of samples, 
designed for counting of pyrenes in pome, included 2,353 
pomes of >130 individuals. The collection of samples, 
designed for counting of pomes in infructescence, 
included 1019 infructescences of 141 individuals. The 
data were collected and further statistically analysed 
by Microsoft® Excel 2010 and  STATISTICA, version 10 
(StatSoft, Inc., 2011) data analysis software system 
(Tukey‘s HSD test). Values were calculated as a mean per 
species. 

Herbarium abbreviations are according to Thiers (2019). 
Nomenclature of flowering plants follows Marhold and 
Hindák (1998). The map was created by the software 
QGIS, version 3.2 (QGIS Development Team, 2018) with 
QuickMapServices plug-in and terrain background layer 
from Stamen Design with data by OpenStreetMap.

3 Results and discussion
Statistical analysis (Tukey‘s HSD test; α = 0.01) revealed 
a significant difference in pyrenes per pome mean values 
between C. integerrimus (3.01), C. melanocarpus agg. 
(2.46; including C. matrensis) and C. tomentosus (3.93). 
These results along with standard deviation are listed in 
Table 1.

Figure 2 Localities within the Western Carpathians selected for counting of pomes in infructescence: red circles – Cotoneaster 
integerrimus, blue diamonds – C. melanocarpus agg., yellow squares – C. tomentosus. Background terrain layer is from 
Stamen Design with data by OpenStreetMap.

Table 1 A difference in pyrenes per pome mean values between selected species

Species Mean per species Standard deviation

C. integerrimus 3.01 0.67

C. melanocarpus agg. 2.46 0.60

C. tomentosus 3.93 0.73

http://www.acta.fapz.uniag.sk
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Results, obtained by counting of pyrenes in pome of 
selected Cotoneaster species, compared with other 
published data, are listed in Table 2.

The majority of C. integerrimus pomes had 3 pyrenes 
(55.90 %), 2 pyrenes were present in 21.57 % of pomes 
and 4 pyrenes were present in 22.25 % of pomes. Both, 1 
and 5 pyrenes in pomes represented only 0.14 % of the 

collection. Number of pyrenes in C. melanocarpus agg. 
pomes ranged mainly from 2 to 3. Pomes with 2 pyrenes 
represented 56.01  % of the collection and pomes with 
3 pyrenes represented 38.39 % of the collection. Pomes 
with 1 pyrene (1.32 %), 4 pyrenes (4.22 %) and 5 pyrenes 
(0.06  %) were also present in the collection. Number 
of pyrenes in C. tomentosus pomes ranged from 3 to 

Table 2 Number of pyrenes in pome presented in this paper, compared with other published data

Species This paper Baranec (1992) Kovanda (1992) Bartha (2009)

C. integerrimus (2–)3(–4) 3(–4) (2–)3(–4) 2–3(–5)

C. melanocarpus agg. 2–3 2(–3) 2(–3) 2(–4)

C. tomentosus 3–5 3–5 – 3–5

Table 3 A difference in pomes per infructescence mean values between selected species

Species Mean per species Standard deviation

C. integerrimus 1.14 0.38

C. melanocarpus agg. 1.54 0.71

C. tomentosus 1.50 0.74

Table 4 Number of pomes in infructescence presented in this paper, compared with other published data

Species This paper Baranec (1992) Kovanda (1992) Bartha (2009)

C. integerrimus 1(–2–3) 1(–2) – –

C. melanocarpus agg. 1–2(–3–5) (1–)2–5 – –

C. tomentosus 1–2(–3–4) 3–7 – –

 
Figure 3 Number of pyrenes in pome of selected Cotoneaster species

C. integerrimus C. tomentosusC. melanocarpus agg.
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5. Pomes with 3 pyrenes represented 29.63  % of the 
collection, 4 pyrenes were present in 48.15 % of pomes 
and 5 pyrenes were present in 22.22 % of pomes.

A  significant difference (Tukey‘s HSD test; α = 0.01) in 
pomes per infructescence mean values was also recorded 
between C. integerrimus (1.14) and C. melanocarpus 
agg. (1.54; including C. matrensis), and between 
C.  integerrimus and C. tomentosus (1.50). There was no 
significant difference in pomes per infructescence mean 
values between C. melanocarpus agg. and C. tomentosus. 
However, the determination of these two species is not 
problematic. C. tomentosus individuals have hairy and red 
pomes while pomes of C. melanocarpus agg. individuals 
are glabrous and dark red-violet or black (Baranec, 1992; 
Bartha, 2009). These results along with standard deviation 
are listed in Table 3.

We also compared results from this paper, obtained 
by counting of pomes in infructescence, with other 
published data. These results are listed in Table 4.

The vast majority of C. integerrimus pomes grew one 
by one and did not form infructescences. Single pome 
represented 86.96  % of the collection. Infructescences 
with 2 pomes represented 11.88 % and infructescences 
with 3 pomes represented only 1.16 % of the collection. 
Number of pomes in infructescences of C. melanocarpus 
agg. ranged mainly from 1 to 2. Single pome represented 
57.42  % of the collection and infructescences with 
2 pomes represented 33.09  % of the collection. 
Infructescences with 3 pomes (8.05 %), 4 pomes (1.25 %) 

and 5 pomes (0.18  %) were also present. Number of 
pomes in infructescences of C. tomentosus ranged mainly 
from 1 to 2. Single pome represented 61.74  % of the 
collection. Infructescences with 2 pomes represented 
28.70 % of the collection. Infructescences with 3 pomes 
(6.96 %) and 4 pomes (2.61 %) were also present.

Nowadays, modern methods, such as flow cytometry 
method, are very important in taxonomy of plants 
(Hajrudinović et al., 2015; Macková et al., 2017; Žabka 
et al., 2018), which is a  big step forward in systematic 
botany. These methods in  combination with classic 
morphological and population biology research (Rohrer 
et al., 1991; Ďurišová, et al., 2016; Ďurišová and Baranec, 
2016) give us the opportunity to solve many different 
problems in complicated groups, like Rosaceae.

The purpose of these morphological analyses was to 
determine a  difference between two closely related 
tetraploid species C. integerrimus and C. melanocarpus 
agg.) (Rothleutner et al., 2016), since C. tomentosus is 
considered to be pentaploid (Macková et al., 2018). Flow 
cytometry method, used in the last study, revealed no 
significant difference in the genome size of tetraploid 
C. integerrimus and C. melanocarpus agg., including C. 
matrensis (Kšiňan et al., 2019). Therefore, we decided to 
prove, if these morphological characteristics are reliable 
for identification of selected tetraploid Cotoneaster 
species.

 
Figure 4 Number of pomes in infructescence of selected Cotoneaster species

C. integerrimus C. tomentosusC. melanocarpus agg.
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4 Conclusion
Results from this paper proved, that even in the era of 
modern cytological and molecular methods, classic 
morphological methods are still relevant in the field of 
botany. However, we do not recommend relying only on 
morphological characteristics, because in some cases 
a  determination of problematic closely related species 
can be more complicated. We suggest a combination of 
available methods, from classic morphological research 
to modern methods, or at least a combination of several 
morphological characteristics.
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Appendix 1 List of localities selected for counting 
of pyrenes in pome (sorted by different species, 
by country and alphabetically. Sites are listed 
in order: geomorphological unit name, village, local 
site name, geographic coordinates)

Cotoneaster integerrimus:

Czech Republic (1 locality)
Pavlovské vrchy hills, Mikulov, Svatý kopeček hill, 48° 48‘ 
23.2“ N 16° 38‘ 48.3“ E
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Hungary (3 localities) 
Börzsönyi Mts., Kóspallag, Só-hegy, 47° 52‘ 28.0“ N 18° 53‘ 
29.4“ E
Bükk Mts., Bélapatfalva, Bél-kö hill, 48° 02‘ 33.5“ N 20° 22‘ 
33.2“ E
Zemplényi-hegysék hills, Hejce, Sólyom-kő hill, 48° 26‘ 
12.7“ N 21° 19‘ 09.5“ E
Poland (2 localities) 
Pieniński Pas Skałkowy hills, Gronków, Skalka Cisowa hill, 
49° 26‘ 13.1“ N 20° 06‘ 13.6“ E
Pieniny Mts., Trzy Korony, Okraglica 49° 24’50.4”N 20° 
24’49.8”E
Slovakia (12 localities) 
Biele Karpaty Mts., Vršatské Podhradie, ruins of the 
Vršatec castle, 49° 03‘ 55.9“ N 18° 09‘ 04.5“ E
Chočské vrchy Mts., Studničná, Sedem kostolov site, 49° 
08‘ 04.8“ N 19° 15‘ 52.5“ E
Ľubovnianska vrchovina hills, Jarabina, rocks NW from 
the village, 49° 20‘ 51.6“ N 20° 38‘ 30.4“ E
Malá Fatra Mts., Terchová, Baraniarky hill, 49° 13‘ 23.0“ N 
19° 00‘ 42.0“ E
Malá Fatra Mts., Terchová, Kraviarske hill, 49° 12‘ 34.2“ N 
19° 01‘ 00.5“ E
Malé Karpaty Mts., čachtice, Veľký Plešivec hill, 48° 42‘ 
11.1“ N 17° 44‘ 17.8“ E 
Malé Karpaty Mts., Devín, the foothills of the Devínska 
Kobyla hills, 48° 10‘ 50.2“ N 16° 59‘ 15.3“ E
Nízke Tatry Mts., Liptovský Hrádok, Skalka site, 49° 02‘ 
39.6“ N 19° 43‘ 56.6“ E
Nízke Tatry Mts., Liptovský Ján, near the cemetery, 49° 02‘ 
35.6“ N 19° 40‘ 45.0“ E
Slanské vrchy Mts., Slanec, slopes under the ruins of the 
Slanec castle, 48° 38‘ 12.99“ N 21° 28‘ 15.66“ E 
Štiavnické vrchy Mts., Lehôtka pod Brehmi, Szabóova 
skala site, 48° 32‘ 12.2“ N 18° 48‘ 24.5“ E
Veľká Fatra Mts., Ružomberok, Malinô Brdo hill, 49° 03‘ 
09.1“ N 19° 16‘ 02.9“ E

Cotoneaster melanocarpus agg.:
Czech Republic (1 locality)
Hostýnsko-vsetínská hornatina hills, Vsetín, Valova skála 
rock, 49° 21‘ 02.9“ N 18° 01‘ 47.0“ E
Hungary (14 localities)
Börzsöny Mts., Letkés, Nagy Galla hill, 47° 52‘ 31.5“ N 18° 
49‘ 37.4“ E
Bükk Mts., Alsóhámor, Molnár-szikla hill, 48° 06‘ 42.8“ N 
20° 38‘ 52.2“ E
Bükk Mts., Bélapatfalva, Bél-kö hill, 48° 02‘ 28.7“ N 20° 22‘ 
07.5“ E
Bükk Mts., Uppony, SW slopes of Kalica-tetö, 48° 12‘ 57.0“ 
N 20° 26‘ 45.3“ E
Cserhát Mts., Bér, Nagy hegy hill, 47° 51‘ 56.65“ N 19° 28‘ 
42.25“ E

Cserhát Mts., Mátraszőlős, Függőkő, 47° 57‘ 51.63“ N 19° 
40‘ 10.66“ E 
Cserhát Mts., Hollókő; Szár hegy hill, 47° 59‘ 12.5“ N 19° 
35‘ 50.3“ E
Karancs-Medves hills, Salgóbánya, Kis Salgó 
(Boszorkánykő), 48°  8‘ 24.40“ N 19° 50‘ 57.86“ E 
Mátra Mts., Mátraálmás, ruins of the Gyala-vár castle, 47° 
55‘ 31.40“ N 19° 54‘ 24.65“ E 
Mátra Mts., Mátraháza, Sas-kő hill, 47° 52‘ 24.63“ N 20°  1‘ 
50.12“ E 
Mátra Mts., Mátrakerestes, Bárány-kö hill, 47° 54‘ 27.00“ N 
19° 49‘ 6.17“ E
Mátra Mts., Sástó, 47° 50‘ 44.06“ N 19° 56‘ 50.48“ E
Mátra Mts., Tar, Fehérkő-bánya stone pit, 47° 57‘ 9.89“ N 
19° 45‘ 52.50“ E
Zemplényi-hegysék hills, Hejce, Sólyom-kő hill, 48° 26‘ 
12.7“ N 21° 19‘ 09.5“ E
Poland (2 localities)
Pieniny Mts., Falsztyn, Zielone Skałki hills, 49° 25‘ 55.5“ N 
20° 17‘ 40.5“ E
Pieniny Mts., Trzy Korony, Okraglica 49° 24’50.4”N 20° 
24’49.8”E
Slovakia (16 localities)
Biele Karpaty Mts., Lednica, ruins of the Lednický hrad 
castle, 49° 06‘ 38.0“ N 18° 12‘ 40.8“ E
Biele Karpaty Mts., Vršatské Podhradie, ruins of the 
Vršatec castle, 49° 03‘ 55.9“ N 18° 09‘ 04.5“ E
Burda hills, Kamenica nad Hronom, Skaly site, 47° 49‘ 
34.00“ N 18° 44‘ 53.68“ E
Cerová vrchovina hills, Hajnáčka, ruins of the Hajnáčka 
castle, 48° 13‘ 06.5“ N 19° 57‘ 20.4“ E
Muránska planina hills, Brdárka, Malý Radzim hill, 48° 46‘ 
31.1“ N 20° 19‘ 44.4“ E
Nízke Tatry Mts., Hranovnica, Hranovnická dubina Nature 
Reserve, 49° 00‘ 26.8“ N 20° 17‘ 09.0“ E
Oravská vrchovina hills, Oravský Podzámok, Oravský hrad 
castle, 49° 15‘ 46.9“ N 19° 21‘ 32.9“ E
Podtatranská kotlina basin, Primovce, Primovské skalky 
Nature Reserve, 49° 00‘ 56.2“ N 20° 22‘ 57.5“ E
Podtatranská kotlina basin, Ružomberok, memorial of the 
Slovak National Uprising, 49° 03‘ 47.6“ N 19° 18‘ 30.6“ E 
Podunajská nížina lowland, čifáre, Podskalie site, 48° 14‘ 
22.5“ N 18° 25‘ 40.9“ E
Považský Inovec Mts., Podhradie, ruins of the Topoľčiansky 
hrad castle, 48° 39‘ 29.6“ N 18° 02‘ 59.8“ E
Slanské vrchy Mts., Slanec, slopes under the ruins of the 
Slanec castle, 48° 38‘ 12.99“ N 21° 28‘ 15.66“ E
Slovenský kras karst, Gemerské Teplice, Stráň hill, 48° 36‘ 
23.3“ N 20° 16‘ 29.2“ E
Strážovské vrchy Mts., Lietava, ruins of the Lietavský hrad 
castle, 49° 09‘ 36.8“ N 18° 41‘ 03.1“ E
Tribeč Mts., Nitra, Zoborská lesostep Nature Reserve, 48° 
20‘ 54.8“ N 18° 05‘ 43.5“ E
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Vtáčnik Mts., Podhradie, ruins of the Sivý Kameň castle, 
48° 41‘ 08.8“ N 18° 38‘ 19.8“ E

Cotoneaster tomentosus:
Slovakia (5 localities)
Malé Karpaty Mts., Devín, Devínska Kobyla hills, 48° 10‘ 
54.9“ N 16° 59‘ 04.5“ E 
Nízke Tatry Mts., Hranovnica, Hranovnická dubina Nature 
Reserve, 49° 00‘ 26.8“ N 20° 17‘ 09.0“ E
Oravská vrchovina hills, Oravský Podzámok, Oravský hrad 
castle, 49° 15‘ 46.9“ N 19° 21‘ 32.9“ E
Podtatranská kotlina basin, Ružomberok, memorial of the 
Slovak National Uprising, 49° 03‘ 47.6“ N 19° 18‘ 30.6“ E 
Nízke Tatry Mts., Svit, near the cemetery, 49° 03‘ 15.5“ N 
20° 12‘ 22.2“ E

Appendix 2 List of localities selected for counting 
of pomes in infructescence (sorted by different 
species, by country and alphabetically. Sites are 
listed in order: geomorphological unit name, village, 
local site name, geographic coordinates, collector 
of herbarium specimen, year of collection)
Cotoneaster integerrimus:
Czech Republic (1 locality)
Pavlovské vrchy hills, Mikulov, Svatý kopeček hill, 48° 48‘ 
23.2“ N 16° 38‘ 48.3“ E

Hungary (4 localities)
Börzsönyi Mts., Kóspallag, Só-hegy, 47° 52‘ 28.0“ N 18° 53‘ 
29.4“ E
Bükk Mts., Bélapatfalva, Bél-kö hill, 48° 02‘ 33.5“ N 20° 22‘ 
33.2“ E
Cserhát Mts., Mátraszőlős, Függőkő, 47° 57‘ 51.63“ N 19° 
40‘ 10.66“ E 
Zemplényi-hegysék, Hejce, Sólyom-kő, 48° 26‘ 12.7“ N 21° 
19‘ 09.5“ E

Poland (2 localities)
Pieniński Pas Skałkowy hills, Gronków, Skalka Cisowa hill, 
49° 26‘ 13.1“ N 20° 06‘ 13.6“ E
Pieniny Mts., Trzy Korony, Okraglica 49° 24’50.4”N 20° 
24’49.8”E

Slovakia (24 localities) 
Chočské vrchy Mts., Studničná, Sedem kostolov site, 49° 
08‘ 04.8“ N 19° 15‘ 52.5“ E
Chočské vrchy Mts., Studničná, forest edge, 49° 08‘ 21.1“ 
N 19° 15‘ 58.5“ E, Eliáš jun. 2015 NI; 
Ľubovnianska vrchovina hills, Jarabina, rocks NW from 
the village, 49° 20‘ 51.6“ N 20° 38‘ 30.4“ E
Malé Karpaty Mts., Devín, the foothills of the Devínska 
Kobyla hills, 48° 10‘ 50.2“ N 16° 59‘ 15.3“ E
Malá Fatra Mts., Terchová, Kraviarske hill, 49° 12‘ 34.2“ N 
19° 01‘ 00.5“ E
Muránska planina hills, Brdárka, Malý Radzim hill, 48° 46‘ 
31.1“ N 20° 19‘ 44.4“ E

Nízke Tatry Mts., Demänová, Siná hill, 48° 59‘ 58.9“ N 19° 
35‘ 15.7“ E, Talapka 1996 NI
Nízke Tatry Mts., Hranovnica, Hranovnická dubina Nature 
Reserve, 49° 00‘ 26.8“ N 20° 17‘ 09.0“ E
Nízke Tatry Mts., Liptovský Ján, Krakova hoľa hill, 48° 59‘ 
00.5“ N 19° 38‘ 01.5“ E, Talapka 1996 NI 
Nízke Tatry Mts., Liptovský Ján, Ohnište hill, 48° 58‘ 28.7“ 
N 19° 41‘ 34.7“ E, Tóth 2004 NI 
Nízke Tatry Mts., Svit, near the cemetery, 49° 03‘ 15.5“ N 
20° 12‘ 22.2“ E
Pieniny Mts., Haligovce, Haligovské skaly site, 49° 22‘ 
50.7“ N 20° 27‘ 12.6“ E, Eliáš jun. 2005 NI
Slanské vrchy Mts., Slanec, slopes under the ruins of the 
Slanec castle, 48° 38‘ 12.99“ N 21° 28‘ 15.66“ E
Slovenský raj region, Spišské Tomášovce, Tomášovský 
výhľad site, 48° 56‘ 42.3“ N 20° 27‘ 34.3“ E, Eliáš jun. 2017 
NI 
Slovenský raj region, Letanovce, čertova sihoť hill, 48° 56‘ 
42.9“ N 20° 26‘ 25.2“ E, Eliáš jun. 2017 NI
Slovenský raj region, Spišské Tomášovce, Tomášovský 
výhľad site, 48° 56‘ 42.3“ N 20° 27‘ 34.3“ E, Eliáš jun. 2017 
NI 
Strážovské vrchy Mts., čierna Lehota, Sokolie skaly site, 
48° 53‘ 01.4“ N 18° 20‘ 31.1“ E, Eliáš jun. 2003 NI
Strážovské vrchy Mts., Kostolec, Kavčia skala hill, 49° 07‘ 
54.5“ N 18° 31‘ 25.6“ E, Palík 1997 NI
Štiavnické vrchy Mts., Lehôtka pod Brehmi, Szabóova 
skala site, 48° 32‘ 12.2“ N 18° 48‘ 24.5“ E
Štiavnické vchy Mts., ruins of the Šášovský hrad castle, 
48° 34‘ 44.2“ N 18° 53‘ 58.2“ E, Eliáš jun. 2017 NI
Veľká Fatra Mts., Blatnica, Tlstá hill, 48° 56‘ 02.3“ N 18° 58‘ 
17.0“ E, Talapka 1996 NI
Veľká Fatra Mts., Necpaly, Borišov, 48° 56‘ 28.0“ N 19° 05‘ 
23.4“ E, Talapka 1996 NI
Veľká Fatra Mts., Ružomberok, Malinô Brdo hill, 49° 03‘ 
09.1“ N 19° 16‘ 02.9“ E
Veľká Fatra Mts., Ružomberok, Biely Potok city part, 49° 
02‘ 55.6“ N 19° 17‘ 52.5“ E, Eliáš jun. 2015 NI

Cotoneaster melanocarpus agg.:
Czech Republic (1 locality)
Hostýnsko-vsetínská hornatina hills, Vsetín, Valova skála 
rock, 49° 21‘ 02.9“ N 18° 01‘ 47.0“ E

Hungary (12 localities)
Bükk Mts., Alsóhámor, Molnár-szikla hill, 48° 06‘ 42.8“ N 
20° 38‘ 52.2“ E
Bükk Mts., Bélapatfalva, Bél-kö hill, 48° 02‘ 28.7“ N 20° 22‘ 
07.5“ E
Bükk Mts., Uppony, SW slopes of Kalica-tetö, 48° 12‘ 57.0“ 
N 20° 26‘ 45.3“ E
Cserhát Mts., Bér, Nagy hegy hill, 47° 51‘ 56.65“ S 19° 28‘ 
42.25“ V
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Cserhát Mts., Hollókő; Szár hegy hill, 47° 59‘ 12.5“ N 19° 
35‘ 50.3“ E
Karancs-Medves hills, Salgóbánya, Kis Salgó 
(Boszorkánykő) 48°  8‘ 24.40“ N 19° 50‘ 57.86“ E 
Mátra Mts., Mátraálmás, ruins of the Gyala-vár castle, 47° 
55‘ 31.40“ N 19° 54‘ 24.65“ E 
Mátra Mts., Mátraháza, Sas-kő hill, 47° 52‘ 24.63“ N 20°  1‘ 
50.12“ E 
Mátra Mts., Mátrakerestes, Bárány-kö hill, 47° 54‘ 27.00“ N 
19° 49‘ 6.17“ E
Mátra Mts., Sástó, 47° 50‘ 44.06“ N 19° 56‘ 50.48“ E
Mátra Mts., Tar, Fehérkő-bánya stone pit, 47° 57‘ 9.89“ N 
19° 45‘ 52.50“ E
Zemplényi-hegysék hills, Hejce, Sólyom-kő hill, 48° 26‘ 
12.7“ N 21° 19‘ 09.5“ E

Poland (2 localities) 
Pieniny Mts., Falsztyn, Zielone Skałki hills, 49° 25‘ 55.5“ N 
20° 17‘ 40.5“ E
Pieniny Mts., Trzy Korony, Okraglica 49° 24’50.4”N 20° 
24’49.8”E

Slovakia (16 localities) 
Biele Karpaty Mts., Vršatské Podhradie, ruins of the 
Vršatec castle, 49° 03‘ 55.9“ N 18° 09‘ 04.5“ E
Muránska planina hills, Brdárka, Malý Radzim hill, 48° 46‘ 
31.1“ N 20° 19‘ 44.4“ E
Malé Karpaty Mts., Driny hill, 48° 30‘ 03.3“ N 17° 24‘ 14.3“ 
E, Eliáš jun. 2014 NI
Malé Karpaty Mts., Buková, near ruins of the Ostrý Kameň 
castle, 48° 31‘ 20.0“ N 17° 22‘ 24.2“ E, Eliáš jun. 2010 NI
Podunajská nížina lowland, čifáre, Podskalie site, 48° 14‘ 
22.5“ N 18° 25‘ 40.9“ E
Podtatranská kotlina basin, Ružomberok, memorial of the 
Slovak National Uprising, 49° 03‘ 47.6“ N 19° 18‘ 30.6“ E 
Považský Inovec Mts., Podhradie, ruins of the Topoľčiansky 
hrad castle, 48° 39‘ 29.6“ N 18° 02‘ 59.8“ E
Slanské vrchy Mts., Slanec, slopes under the ruins of the 
Slanec castle, 48° 38‘ 12.99“ N 21° 28‘ 15.66“ E
Slovenský kras karst, Gemerské Teplice, Stráň hill, 48° 36‘ 
23.3“ N 20° 16‘ 29.2“ E
Slovenský kras karst, Silica, Sokolia skala site, 48° 32‘ 
44.93“ N 20° 33‘ 56.51“ E
Strážovské vrchy Mts., Lietava, ruins of the Lietavský hrad 
castle, 49° 09‘ 36.8“ N 18° 41‘ 03.1“ E
Štiavnické vrchy Mts., Hontianske Nemce, Dianiš hill, 48° 
18‘ 13.8“ N 18° 58‘ 32.3“ E
Nízke Tatry Mts., Hranovnica, Hranovnická dubina Nature 
Reserve, 49° 00‘ 26.8“ N 20° 17‘ 09.0“ E

Slovenský raj region, Spišské Tomášovce, Tomášovský 
výhľad site, 48° 56‘ 42.3“ N 20° 27‘ 34.3“ E, Eliáš jun. 2017 
NI 
Vtáčnik Mts., Podhradie, ruins of the Sivý Kameň castle, 
48° 41‘ 08.8“ N 18° 38‘ 19.8“ E
Zvolenská kotlina basin, Vígľaš, elevation point 419 m, 
48° 33‘ 26.5“ N 19° 17‘ 45.4“ E
Cotoneaster tomentosus:
Slovakia (15 localities)
Kremnické vrchy Mts., Zvolen, Poštárka hill, 48° 33‘ 37.7“ 
N 19° 05‘ 40.6“ E, Galvánek 2018 NI
Malé Karpaty Mts., Devín, Devínska Kobyla hills, 48° 10‘ 
54.9“ N 16° 59‘ 04.5“ E 
Muránska planina hills, Muráň, Cigánka hill, 48° 45‘ 27.5“ 
N 20° 03‘ 27.2“ E, Baranec and Eliáš jun. 1999 NI
Nízke Tatry Mts., Liptovský Ján, near the cemetery, 49° 02‘ 
35.6“ N 19° 40‘ 45.0“ E
Nízke Tatry Mts., Demänová, Siná hill, 48° 59‘ 58.9“ N 19° 
35‘ 15.7“ E, Talapka 1996 NI
Nízke Tatry Mts., Svit, near the cemetery, 49° 03‘ 15.5“ N 
20° 12‘ 22.2“ E
Oravská vrchovina hills, Oravský Podzámok, Oravský hrad 
castle, 49° 15‘ 46.9“ N 19° 21‘ 32.9“ E
Strážovské vrchy Mts., Rokoš – Košútova skala, 48° 46‘ 
39.3“ N 18° 26‘ 06.5“ E, Eliáš jun. 2003 NI
Strážovské vrchy Mts., Uhrovské Podhradie, Zrubiská site, 
48° 44‘ 52.6“ N 18° 23‘ 35.1“ E, Eliáš jun. 2003 NI
Slovenský raj region, Spišské Tomášovce, Tomášovský 
výhľad site, 48° 56‘ 42.3“ N 20° 27‘ 34.3“ E, Eliáš jun. 2017 
NI 
Tribeč Mts., Partizánske, Podbralie site, 48° 37‘ 07.0“ N 18° 
21‘ 43.5“ E, Eliáš jun. 2003 NI
Veľká Fatra Mts., Belianska dolina, near the cottage of 
Havranovo, 48° 58‘ 08.8“ N 19° 04‘ 39.0“ E, Širáň 2003 NI
Veľká Fatra Mts., Morávková hill, 48° 59‘ 48.9“ N 19° 07‘ 
59.8“ E, Talapka 1995 NI
Veľká Fatra Mts., Folkušová, Pekárová hill, 48° 57‘ 28.4“ N 
18° 58‘ 07.9“ E, Talapka and Jelšovský 1996 NI
Veľká Fatra Mts., Vlkolínec, 49° 02‘ 30.6“ N 19° 16‘ 36.3“ E, 
Baranec and Eliáš jun. 2003 NI
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1 Introduction 
Ruminant feed comprises forages,agro-industrial 
by-products and concentrates (Schroeder, 2004). 
However, the forages are inadequate and of low 
quality during the dry season. This results in stress, low 
productivity and even death of the animal causing great 
economic loss to the farmer (Ibhaze and Fajemisin, 2015), 
hence the need for consistent availability and supply 
of feeds is of paramount significance. Silage (a forage, 
crop residues or agro-industrial by-products preserved 
by fermentation) (Moran, 2005) production is one of the 
means to achieving this as it can be fed as basal ration 
as well as feed supplement especially during the dry 
season. In a bit to improve intake and digestion and 
consequent optimum utilization of feed by the animals, 
researchers adopt various measures such as addition of 
feed materials high in protein as well as intake enhancers 
(Phytogenics) of which ginger belongs to this category. 

Many active ingredients from plants are regarded as 
phytogenic feed additives. Phytogenic feed additives are 
plant-derived products used in animal feeding to improve 
their performance (Mohammed and Yusuf, 2011). Zingiber 
officinale (ginger)  is a perennial plant that may act as 
a  pro-nutrient because of the vast active ingredients it 
has been reported to contain (Mohammed and Yusuf, 
2011). It is a potential functional food/ingredient not only 
because of being known as good sources of antioxidants 
but also as a good source of phyto-medicine (Adediran et 
al., 2014). It is a herbal plant that is nutritionally adequate 
and locally available in Nigeria that can be harnessed 
as feed additives (Ademola et al., 2009). Volatile fatty 
acids (VFA’s) such as lactic, acetic, butyric and propionic 
acids, as well as ammonia and ethanol are by-products 
of anaerobic fermentation of organic matter and these 
acids serve as source of energy to ruminants. The amount 
of the different acids produced has an unswerving effect 
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This study was conducted to assess the silage quality of Zingiber officinale fortified samples in a completely randomized design. 
The samples consisted of four treatments as samples: Cassava peel (65%) + Moringa leaf (15%) + PKC (20%)+ Ginger (0 g), Cassava 
peel (65%) + Moringa leaf (15%) + PKC (20%) + ginger (200 g), Cassava peel (65%) + Moringa leaf (15%) + PKC (20%) + ginger 
(300 g), Cassava peel (65%) + Moringa leaf (15%) + PKC (20%) + ginger (400 g). The physical characteristics; colour, smell, texture, 
pH, temperature and mould status were observed. All samples retained their original colour, had pleasant alcoholic smell with 
a firm texture, the pH ranged from 4.2–4.4, temperature range of 25–26 °C with sample D having the highest temperature range 
of 26 °C while samples A and B had the same temperature of 25.5 °C. The mould status showed absence of mould. The chemical 
composition revealed that dry matter ranged from 40.86% (sample B) to 54.68% (sample D). Crude protein content ranged from 
13.30% to 14.88%, crude fibre content of the samples was significantly (p <0.05) different and it ranged from 14.67% to 22.14%. 
The mineral concentrations of the samples were higher in Zingiber officinale samples except in sample A where potassium was 
higher (100.40 mg 100 g-1) than in other samples. Volatile fatty acid composition showed that lactic acid (3.24–4.86%) had higher 
concentration than other acids. It can therefore be concluded that Zingiber officinale fortified sample showed better nutritional 
potential as ruminant feed.
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on shelf- life and feeding quality. This study is therefore 
aimed at evaluating the silage quality made from 
Moringa oleifera leaves, cassava peel and palm kernel 
cake fortified with ginger. 

2 Materials and Methods

2.1 Location of Experiment 
The experiment was conducted at the small ruminants 
unit of the Teaching and Research (T & R) Farm while 
the laboratory analysis was carried out at the Nutrition 
Laboratory of Animal Production and Health, Federal 
University of Technology, Akure. Akure is located on 
longitude 4.944055 °E and 5.82864 °E, and latitude 
7.491780  °N with annual rainfall ranging between 
1,300 mm and 1,650 mm average maximum and minimum 
daily temperature of 38 °C and 27 °C respectively (Daniel, 
2015).

2.2 Gross composition (g 100 kg-1) 
 of the experimental diet
Diet A: cassava peel (65 kg) + palm kernel cake (15 kg) + 
moringa leaves (20 kg) + ginger (0 g).

Diet B: cassava peel (65 kg) + palm kernel cake (15 kg) + 
moringa leaves (20 kg) + ginger (200 g).

Diet C: cassava peel (65 kg) + palm kernel cake (15 kg) + 
moringa leaves (20 kg) + ginger (300 g).

Diet D: cassava peel (65 kg) + palm kernel cake (15 kg) + 
moringa leaves (20 kg) + ginger (400 g).

2.3 Silage production 
The cassava peel, palm kernel cake, moringa leaves and 
ginger were measured as stated in 2.2 and were mixed 
thoroughly (manually) on a cleaned floor and after 
mixing, each diet was put into different plastic silos 
of 4 litres and 120 litres. The materials were properly 
compressed, covered with nylon and weighted with sand 
bag to prevent entering of air and then covered with the 
plastic lids and kept to ferment for 21days. 

2.4 Determination of physical characteristics 
At 21 days of ensiling, the 4litres silo was used for the 
analysis. The physical characteristics of the ensiled diets 
in terms of smell, colour, texture, temperature and pH 
were determined. The colour was determined using 
the colour chart, the smell was perceived using the 
sense organ of smell while the texture was ascertained 
by taking a hand full of the sample and squeezing it 
to check for seepage of the juice. The pH value was 
determined by using a portable pH meter. A 100 gram 
sample of the silage was thoroughly mixed with 100 ml 
distilled water (w/v) and the mixture was allowed to stay 
for 10 mins, and stirred again. The liquid was poured 

into a beaker, the pH meter was inserted into the 
beaker and the value was noted. The temperature was 
determined by inserting a laboratory thermometer into 
the silage for 3 mins and the temperature was recorded. 
The mould status of the silage was determined by visual 
observation. 

2.5 Analytical procedures 
The proximate and mineral compositions were 
determined according to the methods of AOAC (1990) 
while the fibre fractions were done using the method of 
Van Soest and Robertson (1985). Metabolizable energy 
was calculated according to the method of Pauzenga 
(1985). The preparation of samples for determination 
of VFAs by gas chromatography method was based on 
Manni and Caron’s procedure (Manni and Caron, 1995). 

2.6 Experimental Design and Statistical Analysis
The experimental layout was a completely randomized 
design. Data obtained were subjected to Analysis of 
Variance ANOVA using SAS version 9.2 (SAS, 2012) and 
where significant difference between means exist, 
Duncan Multiple Test (DMRT) was used using the same 
statistical package.

3 Results and discussion

3.1 Physical Characteristics of experimental samples 
The physical characteristic of ensiled experimental 
samples is presented in Table 1. The pH of ensiled 
materials is a measure of its acidity. The pH ranged from 
4.2–4.4 indicating that all diets had adequate dry matter 
which did not restrict fermentation for the production 
of acids. The values are in tandem with the report of 
(Bilal, 2009; Nhan et al., 2009) for good silage (3.75–4.70) 
in the tropics. All samples had pleasant, alcoholic smell 
suggesting proper fermentation and they all retained 
their original colour. The samples were firm in texture, 
which may be due to high fibre content of cassava peel 
which helped in maintaining a firm structure within the 
silage. Also this could be attributed to the prior wilting 
of the materials which reduced the moisture content 
before ensiling. Temperature ranged from 25 °C to 26 °C 
with sample D having the highest temperature range of 
26 °C while samples A and B had the same temperature 
of 25.5  °C. Good silage should be in the range of 25  °C 
to 30  °C as high temperature during ensiling reduces 
lactic acid concentration, aerobic stability, increase pH, 
DM losses (Weinberg et al., 2001; Ashbell et al., 2002) 
and maillard reaction in silage. The absence of mould 
observed in all the silages suggests that the low pH 
which indicates adequate concentration of lactic acid 
created an unfavorable condition for spoilage organisms 
like clostridia to thrive. Also, the air-tight laboratory 
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silos used in this study would have excluded possible 
microbial growth and oxidation from air contamination.

3.2 Chemical and Mineral compositions 
 of experimental samples 
As shown in Table 2, the dry matter ranged from 40.86% 
(sample B) to 54.68% (sample D). Although no significant 
(p  >0.05) difference was observed in the crude protein 
content (13.30–14.88%) but diets containing ginger 
had higher values which may suggest that ginger could 
have the ability to release the proteins in feed materials 
when incorporated with ginger. However, these values 
are above the critical 8% crude protein requirement by 
ruminants for optimum microbial activities in the rumen 
(Norton, 2003). The crude fibre content of the samples 
which ranged from 14.67–22.14% suggesting that many 
of the soluble nutrients were not degraded and would 
be adequate to support rumination. The values were 
within the requirement of 8–33% crude fibre suggested 
by Castrillo (2001). Ether extract (EE) values of the diets 
were moderate as higher values indicates an increase in 
the energy density of the diets which may allow maximal 
fat intake but may alter rumen microbial metabolism 
(Jenkins and McGuire, 2006). Minerals are needed for 
the maintenance of body fluid and tissues, prevention of 
decreased appetite, weight loss, secretion of hormones, 
enzymes and “pica”. The mineral composition of ensiled 
samples is presented in Table 3. Results showed that 

the mineral concentrations of the samples were higher 
in Zingiber officinale fortified samples except in sample 
A where potassium was higher (100.40 mg 100 g-1) than 
in other samples. The mineral concentrations recorded 
in all the samples indicated that all the samples would 
be adequate in supplying the mineral requirements of 
the animals. Potassium requirements for ruminants are 
within 50–80 mg 100 g-1 (NRC, 1984). 

3.3 Volatile fatty acids and ammonium 
 concentrations of experimental samples 
The volatile fatty acids and ammonium concentrations 
in the silage are presented in Table 4. The presence of 
volatile fatty acid denotes that the dietary treatments 
have potential to make energy available to animals 
(Aluwong et al., 2010). Amongst the acids produced 
during ensiling, lactic acid should be the primary acid 
in good silage and is usually responsible for most of 
the drop in silage pH (Kung and Shaver, 2001). The 
high concentrations of lactic acid than other acids 
produced would result in lowest DM losses and energy 
(Kung and Shaver, 2001). The lactic acid values ranged 
from 3.24– 4.86% indicating a range of 65.94–67.17% 
of the total acids produced. This further shows that 
the silage was a good one as (Kung and Shaver, 2001) 
reported a range of 65–70% lactic acid of the total silage 
acids in good silage. The butyric acid concentration 
range (0.08–0.16%) indicates that the silage did not 

Table 1 Physical characteristics of ensiled experimental samples 

Diets (%) Colour Smell pH Texture Temperature (°C) Mould Status

A (0 g) slightly brown pleasant alcoholic 4.4 Firm 25.5 °C absent

B (200 g) slightly brown pleasant alcoholic 4.3 Firm 25.5 °C absent

C (300 g) slightly brown pleasant alcoholic 4.4 Firm 25 °C absent

D (400 g) slightly brown pleasant alcoholic 4.2 Firm 26 °C absent

Table 2 Chemical composition of ensiled experimental samples

Parameters A (0 g) B (200 g) C (300 g) D (400 g)

Dry Matter (%) 47.35 ±0.00b 40.86 ±0.00d 44.70 ±0.00c 54.68 ±0.00a

Crude protein (%) 13.30 ±0.70 13.50 ±14.00 14.59 ±0.84 14.88 ±0.88

Crude fibre (%) 14.67 ±0.82c 17.53 ±0.49cb 22.14 ±1.91a 19.10 ±0.25ab

Ether extract (%) 17.17 ±0.48 19.02 ±2.55 19.08 ±0.49 16.42 ±3.32 

Ash (%) 5.29 ±1.39b 5.94 ±0.37b 3.30 ±2.71c 7.27 ±0.43a

NFE (%) 49.57 ±1.03a 40.01 ±11.56c 40.89 ±0.43c 42.32 ±4.02b

NDF (%) 36.64 ±3.68b 22.72 ±21.52cd 23.82 ±21.52c 41.39 ±4.57a

ADF (%) 29.29 ±0.05 ab 23.77 ±4.45b 31.82 ±1.41ab 37.89 ±5.14a 

ME (kcal kg-1) 3,396.42 3,644.54 3,552.26 3,656.22
a, b, c, d – means along the same row with different superscripts are significantly (P <0.05) different; NFE – nitrogen free extract, NDF – neutral 
detergent fibre, ADF – acid detergent fibre, ME – metabolizable energy
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undergo clostridia fermentation. High butyric acid has 
sometimes induced ketosis in lactating cows due to 
poor energy value; intake and production can suffer 
(Kung and Shaver, 2001). The acetic acid produced 
would not depress intake when fed to ruminants. Values 
>4–6% depressed intake (Kung and Shaver, 2001). The 
ammonium values (6.87–9.38%) show that there was no 
excessive protein breakdown in the silo and the problem 
of ammonium toxicity would not occur when fed to 
ruminants. Most silages typically are low in propionic 
acid. The low concentration (0.11–0.28%) of propionic 
acid observed could be due to the dry matter of the 
silage as Kung and Shaver (2001) reported that very high 
values is associated with very wet (<25% DM) silage. The 
normal concentrations of these acids produced indicate 
that the silage was aerobically stable. 

4 Conclusion
Ensiling Moringa oleifera leaves, cassava peels and palm 
kernel cake with Zingiber officinale resulted in stable 
silage with normal concentrations of the volatile fatty 
acids and ammonium that will not cause deleterious 
nutritional effect to ruminant animals when consumed. 
Hence, Zingiber officinale could be incorporated up to 
400 g in ruminant diets. 
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1 Introduction 
The definitions for the term ´veal´ vary according to the 
country of provenance. In many countries for calves 
raised for meat production are limited age of 7 months 
and a weight of 250 kg. However, in accordance with 
current European Union legislation, veal is defined as 
a meat from bovine animals aged less than 8 months 
at slaughter (category V). Animals aged between 8 and 
12 months at slaughter are marketed as category Z (EC, 
2008). In European market veal derived from dairy herds 
is an important part of the meat industry. The economic 
efficiency of this production is dependent on increasing 
growth rate of calves and efficient feed utilization, as well 
(Santos et al., 2013). In terms of the health and wellbeing 

of calves is significant to optimise the growth of calves for 
meat production, following weaning. Furthermore, for 
producers is important the smoothly transition of calves 
from liquid to solid feeding and effective utilising of 
solid feed, which relies mainly on pre-weaning and post-
weaning management (Drake, 2017). Meat production 
is based on the animal growth rate, which depends on 
several environmental factors as well as management 
practices. Animals for the meat production, such as 
livestock differ in genetics, age, sex, nutritional and 
environmental effects (Irshad et al., 2013). 

There is currently no consensus about precise 
explanation of the concept of meat quality, because is 

Slaughter performance, chemical composition and physical technological 
parameters of Holstein veal fed with total mixed ration (TMR) and alfalfa hay

Katarína Hozáková1*, Klára Vavrišínová1, Ondřej Bučko1, Martina Gondeková2

1Slovak University of Agriculture in Nitra, Department of Animal Husbandry, Nitra, Slovakia 
2Animal Production Research Centre, Nitra, Department of Animal Breeding and Product Quality, Lužianky, Slovakia

Article Details: Received: 2020-01-07      |      Accepted: 2020-01-24      |      Available online: 2020-03-31

https://doi.org/10.15414/afz.2020.23.01.29-36

                               Licensed under a Creative Commons Attribution 4.0 International License

This study was conducted to evaluate the selected fattening characteristics, carcass parameters and analysing of parameters 
associated with the meat quality of twenty Holstein male calves fed with different diets. Calves were after weaning divided 
into two groups with respect of feeding; control group fed with untreated total mixed ration (TMR) and experimental group, 
which received industrially dried alfalfa hay. Calves of both groups were after about 193 days slaughtered in the experimental 
abattoir. Subsequently, after chilling for 24 hours, detailed dissection of the right – carcass half was performed. For the nutritional 
characteristics, physical technological parameters and sensory properties, slices of loin (M. longissimus thoracis) and top round 
(M. semimembranosus) muscles were taken 24 hours post mortem. The average daily gains were higher in the experimental group of 
calves (P >0.05). Although calves of the control group had higher dressing percentage (50.23%; P >0.05), no significant differences 
were determined in the carcass weight (P >0.05). Proportions of some of intraabdominal fats were influenced by feeding concept; 
calves of alfalfa hay treated group had lower proportion of intestinal fat (P >0.05) and higher proportion of kidney fat (P >0.05). 
Differences in total amount of meat from right – half carcass were not significant (P >0.05); proportion of separable fat was higher 
in the experimental group of calves. In terms of individual valuable meat cuts, higher proportion of tenderloin was determined in 
the group fed with alfalfa hay (1.80%); however results were no significant. Statistical significant variety at the level P <0.05 were 
revealed in the moisture content, intramuscular fat content and energy value. The loin muscle from experimental group was lighter 
(CIE L*; P >0.05) 24 hours post mortem. 

Keywords: different diet, veal quality parameters, bull calves, meat colour, right – half carcass
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generally considered to be a combination of two main 
elements. On the one hand, the overall quality of meat 
and meat products includes measurable properties –
microbiological state, tenderness, colour, juiciness, shelf 
life, pH value. On the other hand, meat quality includes 
personal consumers´ perception of the value of meat and 
meat products (Feiner, 2006). In addition to the quality 
of the carcass itself, the priority interest of consumers 
as well as meat producers is the inherent quality of the 
meat, hence pure muscle or fat tissue, respectively. This 
quality is expressed by chemical composition, physical 
technological properties and sensory properties (Foltys 
and Mojto, 2009). Nutrition contributes to the quality of 
meat directly or indirectly, in particular by increasing of 
intramuscular fat content (Brewer, 2010). Intramuscular 
fat content and also composition is influenced by the 
feeding method, sex of animals, slaughter weight and 
slaughter age, as well as the duration of suckling (Moreno, 
2006). Nowadays, when dairy breeds predominate 
in cattle population whose milk is the main market 
commodity, males of these breeds will be the main source 
of beef (Lengyel et al., 2003). Meat from milking breeds 
shows the good quality in lower slaughter weights and 
therefore it is possible to cover the lack of veal mainly 
with meat from calves of dairy breeds.

The aim of this work was to bring knowledge about 
the possibilities of veal production and baby beef, 
respectively, which is in accordance with legislation, 
welfare rules and is economically acceptable to the 
farmer as well.

2 Material and methods 
For this experiment twenty bulls of Holstein calves 
(n = 20) were studied. Calves were born in about the same 
period, within a week in a local milking farm. During first 
stage of the experiment calves were housed in individual 
outdoor crates. Calves were fed a milk replacer and 
a starter concentrate ad libitum. Calves had free access to 
fresh drinking water. After about two months, calves were 
moved to group igloos, ten bulls each. Subsequently, the 
period of habit for solid feeding began. The calves of 
both groups – control and experimental were fed with 
liquid milk replacer once per day with ad libitum access to 
the starter feed mixture. Gradually they received a small 
amount of solid feed; control group received a small 
amount of total mixed ration (TMR) and experimental 
group obtained a small amount of industrially dried 
alfalfa hay. The experimental fattening period started at 
about 70 days of age. 

2.1 Housing and feeding of calves during experiment
The fattening period was carried out from weaning 
(about 70 days of age) to the final live weight of 180 kg. 

After weaning and addictive period (from 70 days) calves 
were divided at random into two groups with different 
diets, ten calves each. Calves of the control group was fed 
an untreated feed mixture TMR (total mixed ration) with 
6.25% of hay, 43.25% alfalfa hay, 18.75% maize silage 
and 31.75% starter feed mixture HD-02. The net energy 
fattening of TMR diet was 6.80 MJ kg-1 of dry matter 
(DM); organic matter was 824 g kg-1 of DM. Calves of the 
experimental group received the diet with 31.75% of 
industrially dried alfalfa hay, 3.16% barley straw, 1.59% 
beet molasses, 31.75% water and 31.75% starter feed 
mixture HD-02. The net energy fattening of experimental 
diet was 6.1 MJ kg-1 of DM; organic matter was 853.9 g kg-1 
of DM. Calves were housed under the same conditions 
with daily straw landings with ad libitum access to fresh 
drinking water. After reaching required weight about 
192.58 days of treatment the calves were slaughtered 
in the Experimental abattoir which is a  part of  the 
Department of Animal Husbandry, Slovak University of 
Agriculture in Nitra.

2.2. End of experiment
Immediately after slaughter, carcasses were split into 
right – half carcass (RHC) and left – half carcass (LHC) 
and subsequently on the forequarter and hindquarter. 
The weight of the meat (carcass weight) includes 
headless half-carcasses, without the limbs separated 
in the elbow or heel joint, without the thoracic and 
abdominal organs (except the kidneys) and without 
the genital organs. After chilling for 24 hours on 2–5 °C, 
the detailed dissection of the right – half carcass 
was performed. Individual valuable meat cuts were 
weighted with and without bone. Moreover, individual 
tissues of right – half carcass – trimmed fat, muscles 
and bones (marrow, technical, pelvis and scapula) 
were weighted on scale. Physicochemical and sensory 
properties of the meat were observed from a sample of 
Longissimus lumborum et thoracis (MLT). The individual 
chemical and physical technological parameters were 
determined using laboratory techniques of SUA in Nitra 
from samples taken from the tenderloin (M. longissimus 
thoracis) and top round (M. semimembranosus) muscles. 
Samples were taken 24 hours after slaughter. The pH 
value and electrical conductivity values were measured 
1 hour and 24 hours post mortem using pH meter Titan 
and a Biotech instrument. The free bound water was 
determined 24 hours after slaughter and after chilling 
at 4 °C as a percentage of drip loss from a 50 g sample 
of the loin muscle. The chemical composition of the 
veal was analyzed from 100 g of sample from MLT using 
a Spectrometer Nicolet 6700. The energy value (EV) of the 
meat was calculated from the protein and intramuscular 
fat content according to the equation, as follows: EV 
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(kJ 100 g-1) = 16.75 * protein content (g 100 g-1) + 37.68 * 
IMF content (g 100 g-1).

2.3 Statistical evaluation
Basic variability and statistical characteristics of fattening, 
slaughter, physical, technological and sensory properties 
reported as means and standard deviations were 
analyzed using a two-factor analysis of variance. The 
significance of the differences between the individual 
treatment groups was tested using the t-test at the levels 
of significance P >0.05; P <0.05; P <0.01 and P <0.001. 
All statistical analyzes were calculated using statistical 
package (SAS) version 9.3 (TS1M2) Enterprise Guide 5.1. 
(SAS INSTITUTE Inc., 2011).

3 Results and discussion 
The fattening and slaughter parameters of monitored 
groups of calves are shown in Table 1. Differences were 
found in the average daily gains from birth to the end 
of fattening, whereas control group fed with maize silage 
had lower gains at 197 days than experimental group at 
185 days of fattening (687 vs. 748 g). Dias et al. (2018) 
found in Holstein calves fed with corn silage slaughtered 
at 179.8 kg average daily gain of 811 g. Noon et al. 
(1998) noted higher ADG (1.55) in calves fed with 50% 
corn and 50% barley. In general, dressing percentage of 

Holstein cattle is lower than from beef breeds (Schaefer, 
2007). Higher, but statistically not significant differences 
were found in carcass weight with higher weight in the 
control group (84.19 kg). These differences were also 
reflected in the calculated dressing percentage; calves 
of the first group had higher dressing percentage than 
second group (P >0.05). Yim et al. (2015a) found lower 
carcass weight (83.4 kg) and higher dressing percentage 
(59.1%) at higher slaughter weight of Holstein calves 
(270 kg). According to Bartoň et al. (2003), the carcass 
value is significantly decreased with increasing utility 
and genotype representation in dairy herds. Compared 
to Czech Pied cattle, the Holstein breed have a lower 
proportion of muscle (79.03 vs. 76.61%) as well as a lower 
dressing percentage (57.29 vs. 54.88%). González et al. 
(2014) evaluated veal quality of Rubia Gallega calves 
fattening with oil supplement. Calves with linseed oil 
supplement had carcass weight 178.71 kg and dressing 
percentage 50.04%. 

Feeding concept influenced proportion of kidney 
and intestinal fat (Figure 1); however results were 
not significant. Calves of control group had lower 
proportion of kidney fat (1.07%) and higher proportion 
of intestinal fat (0.68%) than second group (1.19% and 
0.51%). Slightly higher proportion of kidney fat (1.61%) 

Table 1 Fattening and slaughter parameters of veal from Holstein male calves fed TMR or alfalfa hay (x– ±sx)

TMR (n = 10) Alfalafa hay (n = 10) Sign.

Birth weight (kg) 39.17 ±1.40 38.38 ±1.81 ns

Final live weight (kg) 174.33 ±12.97 175.25 ±9.59 ns

Starved live weight (kg) 167.67 ±10.68 169.60 ±11.26 ns

Number of feeding days 197.33 ±7.87 184.83 ±18.87 ns

Hot carcass weight (kg) 84.19 ±5.48 82.87 ±6.77 ns

Hot dressing percentage (%) 50.23 ±1.39 48.44 ±1.24 ns

ADG (g) 687 ±89 748 ±96 ns
ADG – average daily gain from birth to slaughter; ns – not significant; % – values were calculated from slaughter weight
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was noted for Buffalo calves in Holló et al. (2013) at 
slaughter weight of 196.06 kg. In Holstein calves with 
carcass weight of 187.8 kg found Titi et al. (2008) 1.7 kg 
of kidney fat. As noted in Schaefer (2007), Holstein cattle 
as a dairy type require 20% more maintenance energy. 
High milk production as ´lactability´ is associated with 
liver and intra-abdominal fat proportions. On the other 
hand, minimal differences in weight and proportion of 
rumen fat were found. Likewise, all other non-carcass 
component measurements were not different the two 
feeding groups (P >0.05). 

Dressing data (%) of Holstein calves after manual dissection 
are presented in Table 2. No significant differences in the 
weight of right – half carcass between monitored groups 
were revealed. Our results are similar to those of Moran 
et al. (1992), who reported for milk – fed calves weight of 
forequarter 18.94 kg from side weight predicted at 40 kg. 
They found higher proportion of meat (69.3%) and lower 
proportion of bones (25.6%) and separable fat (6.0%). 
Furthermore, differences in weights and proportions of 
individual carcass quarters were not significant (P >0.05). 
When calculate the amount of the meat to percentage 
from weight of right halves of the carcasses, between 
two feeding groups were minimal differences (65.17%, 
resp. 64.62%; P >0.05). The nutrition contributes to the 

meat quality directly or indirectly, mainly by fat content 
increasing (Brewer, 2010). The percentage of bones in 
the carcasses (spiked, technical, scapula and pelvis) were 
similar between groups; whereas proportion of trimmed 
fat was higher in the experimental group (P >0.05). In 
comparison to Buffalo male calves slaughtered at higher 
weight (Holló et al., 2013), our Holstein calves had higher 
content of muscle tissue, similar proportion of bone and 
fat tissues in the carcass. 

In table 3 and Figure 2 are presented amounts of most 
commercially valuable beef cuts of Holstein calves 
fed with different diets. We did not found significant 
differences between the two feeding groups. The 
average amount of whole round and tenderloin were 
similar (P  >0.05). Holstein calves tend to have poorer 
conformation of the hindquarters and therefore carcasses 
are often of lower in conformation (Moran and Curie, 
1992). In contrast Holló et al. (2013) reported that Buffalo 
calves compare to bovines have a higher percentage of 
forequarter in the carcass. Concerning our results, the 
proportion of meat from hindquarter was greater. Our 
values are different from those of Yim et al. (2015b); in 
Holstein male calves slaughtered at 159 kg they found 
proportion of tenderloin 2.67%, sirloin 2.67%, shortloin 

Table 2  Proportion of tissues from right – half carcass from Holstein calves fed TMR or alfalfa hay (x– ±sx)

TMR (n = 10) Alfalfahay (n =10) Sign. 

Right – half carcass (kg) 41.67 ±2.58 41.25 ±3.62 ns

RHC forequarter (kg) 18.62 ±0.86 18.55 ±1.53 ns

RHC hindquarter (kg) 22.75 ±2.02 22.41 ±1.81 ns

Meat from RHC 
(kg) 27.17 ±2.24 26.67 ±2.63 ns

(%) 65.17 ±2.29 64.62 ±2.05 ns

Bones
(kg) 11.29 ±0.53 11.13 ±0.90 ns

(%) 27.14 ±0.68 27.04 ±1.71 ns

Separable fat
(kg) 2.89 ±0.55 3.16 ±0.58 ns

(%) 6.95 ±1.19 7.70 ±1.54 ns
ns – not significant; % values were calculated from right – half carcass; RHC – right – half carcass

Table 3 Proportion of boneless commercial meat cuts from fore quarter of right-half carcass from Holstein calves 
(x– ±sx)

TMR (n = 10) Alfalfahay (n = 10) Sign. 

Shoulder (%) 6.80 ±0.37 6.71 ±0.26 ns

Neck (%) 4.51 ±0.47 4.47 ±0.46 ns

Chuck (%) 4.95 ±0.29 4.69 ±0.33 ns

Short plate (%) 10.19 ±0.76 10.26 ±1.05 ns

Brisket (%) 5.29 ±0.69 5.09 ±1.03 ns

Fore shank (%) 4.64 ±0.31 4.93 ±0.27 ns
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17.76%. Our calves had a lower proportion of tenderloin 
compare to Maciel et al. (2016).

Table 4 represents the moisture, intramuscular fat and 
protein contents as well as calculated energy value of 
100 g of Holstein veal. The nutritional composition of the 
meat vary depending on the breed, the feeding concept, 
the season of slaughter and the meat cuts of carcass. 
In general, however, red meat has a low fat content, an 
adequate content of cholesterol and it is rich in contents 
of protein, vitamins and minerals (Williams, 2007). Energy 
value of loin samples increased with an increase in 
intramuscular fat content (P <0.05). The moisture content 
of loin muscle from the TMR fattened group (73.20%) was 
significantly higher than those from experimental group 
(68.91%; P <0.05). Moisture content of the muscles varies 
depending on the species, breed, age of animal, as well 
as its morphological-anatomical origin and nutrition of 
animal (Huff-Lonergan, 2010). Biel et al. (2019) found in 
Musculus semitendinosus muscle moisture content of 
67.67% in calves weighing 95 kg. High levels of nutrition, 
especially during the final phase, may increase the 
intramuscular fat content to a greater or lesser extent 
depending on the species, breed, age of the animals and 
other factors. Moreover, the IMF content is influenced 
by type of muscle, as describe Gálvez et al. (2018); while 
higher IMF content is associated with higher physical 
activity of muscle and content of red oxidative muscle 

fibre. Authors reported values for individual muscles 
from Rubia Galega x Holstein cross calves slaughtered 
at 9 months of age – shoulder (1.29%), inside round 
(0.94%), eye of round (1.10%), bottom round (1.25%), 
heel of round (0.75%), knuckle (1.15%) and tenderloin 
(2.80%). Highly marbled meat is traditionally considered 
ideal because of the effect of fat on taste and tenderness 
(Brewer, 2010). Similar to our results, Holló et al. (2013) 
found in loin muscle from Buffalo calves protein content 
of 20.99%. 

The mean values of selected physical technological 
parameters of M. longissumus lumborum et thoracis 
associated with the quality of veal are presented in Table 
5. Numerical differences in drip loss values between 
monitored groups of calves were determined; however 
results were not significant (P >0.05). According to Ripoll 
et al. (2013) values of drip loss is a result of post mortem 
lateral contraction of myofibrils, causing the secretion 
of free water into the extracellular space of the muscles. 
Moreover, content of free water is associated with the 
content of dry matter in meat (Gariépy et al., 1998). 
Slightly higher results (1.38%) reported Skřivanová et al. 
(2007) in Holstein male calves fed with TMR. In contrast, 
Campbell et al. (2013) determined in grain-fed calves drip 
loss values 4.40% for Longissimus muscle and 3.56% for 
M. semitendinosus. 

 

Round Sirolin Tenderloin Plate Flank Hind shank
TMR (n = 10) 20,96 3,79 1,73 1,92 3,98 3,74
Alfalfa hay (n = 10) 20,68 3,66 1,8 1,82 4,18 3,53
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Figure 2 Proportion of boneless commercial meat cuts from hind quarter of right-half carcass from Holstein calves (%)

Table 4 Chemical composition of loin muscle from Holstein calves of different feeding group  (x– ±sx)

TMR (n = 10) Alfalfahay (n = 10) Sign. 

Water (g 100 g-1) 73.20 ±2.59 68.91 ±2.55 *

Protein (g 100 g-1) 20.34 ±1.31 19.41 ±0.39 ns

IMT (g 100 g-1) 5.26 ±1.19 6.69 ±0.66 *

Energy value (kJ 100 g-1) 538.73 ±27.23 576.95 ±28.20 *
* P ≤0.05;**P ≤0.01; *** P ≤0.001; ns – not significant
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The pH value measured 24 hours post mortem did not 
vary significantly; in case of M. semitendinosus (Table 6) 
there were no numerical differences between monitored 
feeding groups of calves. Different results reported Yim 
et al. (2015b), who found in Holstein calves slaughtered 
at 5 months of age pH values 5.77 in MLT muscle and 
5.73 in M. semimembranosus. Ultimate pH is influenced 
by animal nutrition, as noted in Pateiro et al. (2013). On 
the other hand, the effect of pH is often referred to by 
other veal quality characteristics, especially color, and 
is generally measured as a consecutive factor; the rate 
of pH decline influences the meat color to a greater or 
lesser extent depending on the pigment content in each 
muscle (Ngapo and Gariépy, 2006). In addition, decline in 
muscle pH and temperature could influence meat color 
of veal carcasses when pigment concentrations do not 
significantly differ. Depending on muscle type, pigment 

content and rate of pH fall influence the meat color, i. e. 
pigment content in the loin muscle is more important 
than the rate of pH decline (Klont et al., 2000). 

The differences in color parameters of the loin and top 
round muscles measured 24 hours and 7 days post 
mortem are presented in Tables 5 and 6. Significant 
differences (P <0.05) in the yellowness (b*) of the loin 
muscle 24 h after slaughter were observed. The most of 
differences in color parameters between meat cuts are 
associated with anatomical location, proportions of red 
fibres and haemoglobin content in blood (Gálvez et al., 
2018; Cho et al., 2014). 

Furthermore, anatomical location of muscles influences 
most of the color parameters, including pigment content, 
reflectivity, redness and rate of meat decolorization 
(Ngapo and Gariépy, 2006). The top round muscle 

Table 5 Physical technological parameters of loin muscle associated with the veal quality of Holstein breed  (x– ±sx)

TMR (n = 10) Alfalfahay (n = 10) Sign. 

pH1 7.02 ±0.19 6.95 ±0.13 ns

pH24 6.00 ±0.05 5.97 ±0.06 ns

Drip loss (%) 1.22 ±0.76 2.01 ±0.56 ns

Electrical conductivity – 1 (µS) 2.68 ±0.42 3.28 ±0.68 ns

Electrical conductivity – 2 (µS) 2.18 ±0.17 3.23 ±0.68 **

Meat color 24 h

CIE L* 46.3 ±3.29 44.41 ±4.29 ns

CIE a* 7.38 ±1.71 7.06 ±2.56 ns

CIE b* 10.36 ±0.62 9.22 ±0.70 *

Meat color 7 d

CIE L* 46.33 ±3.47 47.17 ±3.87 ns

CIE a* 8.01 ±0.78 7.33 ±2.22 ns

CIE b* 10.39 ±1.23 9.96 ±0.80 ns
* P ≤0.05;**P ≤0.01; *** P ≤0.001; ns – not significant

Table 6  Physical technological parameters of top round muscle associated with the veal quality of Holstein breed 
(x– ±sx)

TMR (n = 10) Alfalfahay (n = 10) Sign. 

pH1 6.98 ±0.10 6.88 ±0.11 ns

pH24 5.91 ±0.08 5.91 ±0.11 ns

Electrical conductivity – 1 (µS) 4.02 ±0.23 4.10 ±0.60 ns

Electrical conductivity – 2 (µS) 3.17 ±0.30 3.32 ±0.43 ns

Meat color 24 h CIE L* 48.51 ±3.33 49.79 ±3.39 ns

CIE a* 10.16 ±3.39 9.87 ±2.49 ns

CIE b* 12.13 ±0.84 12.42 ±1.43 ns

Meat color 7 d CIE L* 47.81 ±3.83 48.30 ±3.19 ns

CIE a* 9.73 ±3.21 9.79 ±2.68 ns

CIE b* 11.98 ±1.52 11.70 ±0.98 ns
ns – not significant
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had greater lightness (L*) 24 hours post mortem than 
loin muscle (48.51 and 49.79 vs. 46.3 and 44.41). These 
results are consistent with those reported by Gálvez et 
al. (2018), in which L* values were greater in the eye of 
round muscle. No significant and numerical differences 
were found in the color measurements 7 days after 
slaughter for both – loin and top round muscles (P >0.05). 
For consumers is meat color very important attribute of 
satisfaction, while dark and pale color is associated with 
loss of freshness (Vieira et al., 2005). The lightest meat 
characterized 7 days post mortem with higher L* values 
(49.79) were determined in samples from top round 
muscle of the experimental group of calves (P >0.05). The 
loin muscle from experimental group was also pinkest 
(a* – 7.33). Slightly higher values than our results for 
meat lightness reported Yim et al. (2015b) in MLD from 
5-months old Holstein calves (50.44). Mojto et al. (2009) 
determined in cows to 4 years of age L* value 29.20.

4 Conclusions 
Analysing of growth, carcass characteristics, veal quality 
and mutual correlation between analysed characteristics 
of Holstein calves differentiated according feeding 
concept has become an object of concern. Bull calves 
of the control group had higher dressing percentage 
than those of experimental group (P >0.05). Proportion 
of kidney and intestinal fat was influenced by feeding 
concept; control group of calves had lower proportion of 
kidney fat (P >0.05) and higher proportion of intestinal 
fat (P >0.05). Differences in weights and proportions of 
individual carcass quarters as well as in terms of individual 
retail meat cuts were not significant. Statistical significant 
variety of the moisture content, intramuscular fat content 
and energy value as well, were revealed (P <0.05). 
Physical technological parameters of both the muscles 
(pH, drip loss, electrical conductivity) showed similarity 
among the two feeding groups. In colour spectrum of M. 
longissimus thoracis measured 7 days after slaughter we 
observed lighter (L* 47.17; P >0.05) and pinker (a* 7.33; 
P >0.05) meat in group fed with alfalfa hay. No significant 
differences in the fattening, carcass characteristics as well 
as in chemical and physical technological parameters 
of Holstein veal fed with these feeding concepts were 
revealed.
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1 Introduction 
Milk and dairy products are traditional foods in human 
nutrition (Haug et al., 2007; Kubicová and Habánová, 
2012; Lorková et al., 2017). Milk contains water, lipids, 
FA, amino acids, proteins, minerals, and vitamins. It 
includes the available basic and essential nutrients 
needed for growth and development for the neonates 
in population of human’s and animal’s (Filipejová et 
al., 2010; Boro et al., 2016). Cow’s milk has an average 
content of 3.5% proteins (80.0% caseins, 20.0% serum 
proteins), 3.0–4.0% lipids, 4.6% lactose, 1.0% ash (Ca, 
P, K, Mg, Na), vitamins (particularly thiamin, riboflavin, 
pyridoxine, tocopherol, retinol, carotenes) and 12.0% 
of dry matter (Muehlhoff et al., 2013). Slovak spotted 
breed, one from two national breeds in Slovakia, is 
combined meat-dairy utility type with medium to 
larger body frame, harmony structure of body and very 

good musculature (Kadlečík et al., 2013). According to 
performance control in 2017 and 2018, the average 
utility of 6 626 and 6 843 kg of milk with average 
fat content of 3.95 and 3.93% and 262 and 269 kg 
production of fat, with an average protein content of 
3.39 and 3.40% in protein production 224 and 233 kg for 
lactation (BSSR 2017; 2018). Genetic and non-genetic 
factors play a significant effect on the variations of milk 
yield and their components (Boro et al., 2016; Miluchová 
et al., 2014; Bujko et al., 2018). In terms of nutrition, not 
only is the fat content of milk but also its qualitative 
parameters forcefully on the content and ratio of FA is 
crucial. Cow’s milk is an important source of saturated 
FA (Bagnicka et al., 2010; Gálik et al., 2011; Szwajkowska 
et al., 2011). The fat of bovine milk was often associated 
with cardiovascular disease because of saturated FA 
(Kajaba et al., 2009; Kalač and Samková, 2010). Changing 
the composition of FA is a  long-term nutrition strategy. 
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The forages, although are low in fat content, are the main 
and cheapest source of unsaturated FA in ruminant 
nutrition. Current research is focussed on effects of 
different forages (fresh, silage, haylage) on fat content 
and FA profile in milk. Intake of pasture herbage rich on 
grassland and legume species positively affects ratio 
of FA (unsaturated/saturated) and increases content 
of conjugated linoleic acid (CLA) and vaccenic acid in 
cow’s milk in comparison with milk from cows fed with 
conserved forages (hay or silage) (Kalač and Samková, 
2010). Milk from cows grazed by pasture with wider 
biological diversity of plants contains lower portion of 
saturated FA, higher portion of polyunsaturated FA and 
it’s characterized by lower n6/n3 FA ratio contrast to the 
milk from housed cows (Martin et al., 2002; Martin et al., 
2004; D’urso et al., 2008).

2 Material and methods

2.1 Farm A: grazing feeding system 
Farm A operates in Central Slovakia and cultivates 397 
hectares of agricultural land in the foothills. The altitude 
is in the range from 400 to 700 m. above see level. 
Annual average precipitation in the year 2016 was 750 
mm and has a decreasing trend. The average annual 
temperature reached 8 °C. At the time of the realization 
of the experiment, 64 cows of Slovak spotted cattle were 
bred. Daily milk production was about 150 kg and for 
the entire herd 55,000 kg of milk per year. Milking was 
provided by Alfa Laval Agri no. 906601-82 series 415 MA, 
with frequency 2× daily. 

2.2 Farm B: silage feeding system
The agricultural grange is located in the south of western 
Slovakia, a maize production area with an altitude of 
150 m above see level. The company managed 1,820 ha 
of agricultural land in 2016. Average annual precipitation 
reached 568 mm in 2016 and an average temperature 
of 9.6 °C. At the time of the research, on the farm were 
280 pieces of dairy cattle – Slovak spotted breed with 
an average daily production of 5,000 kg and an annual 
production of 1,800,000 kg per year. Milking was realized 
twice a day in herringbone parlour Fullwood 2 × 10. Type 
of stabling – free.

2.3 Feeding 

 2.3.1 Farm A: grazing feeding system 
The dairy cows were grazed daily between 6:30 and 
15:30. Pasture grassland was from a botanical point of 
view consisted of 53% of grasses dominated by Trisetum 
flavescens, 4% of legumes with predominant Trifolium 
repens, 40% of other meadow and pasture herbs and 3% 
of blank places. The botanical evaluation of grassland was 

done by the method of reduced projective dominance 
(D in %) according to Regal (1956).

At the time off grazing, dairy cows were supplementary 
fed with a feed ration of 15 kg of meadow hay, 25 kg of 
fresh clover, 2 kg of feed mixture (50% wheat and 50% 
barley), and 0.5 kg of molasses. The intake of pasture, 
water and mineral block was ad libitum.

 2.3.2 Farm B: silage feeding system
Feed ration (on the base total mixed ration – TMR): maize 
silage 17 kg, protein-energy feed (residue of corn grain) 
6 kg, 8 kg of sugar beet pulps, 8 kg of feed mixture, 2 kg 
of extracted rapeseed meal, 1 kg of straw and 1 kg of 
meadow hay was fed by dairy cows. Water intake and 
mineral block were ad libitum.

2.4 Sampling and laboratory analysis
Collection of tank’s milk samples (200 ml) from both farms 
(n = 12) was carried out on the 16th of June 2016 (summer 
feeding season). The content of crude fat and FA profile 
were analysed in the milk samples. Analyses in Laboratory 
of Quality and Nutritive Value of Feeds (Department of 
Animal Nutrition, FAFR, SUA in Nitra) were realized. The 
crude fat content after acid hydrolysis was determined 
by extraction according to the Soxhlet principle. For 
determination of FAME´s (FA methyl esters) was used 
GC system Agilent 6890A (Agilent technologies). The GC 
system was equipped with split injection autosampler, 
DB 23 analytical column (lenght 60 m, diam. 0.250 mm, 
film 0.15 µm, Agilent technologies) and flame ionisation 
detector (FID).

2.5 Statistical analysis
Statistical evaluation of results was realized using 
one-way ANOVA by IBM SPSS v. 20.0. For evaluation of 
statistical significance between variables (FA and fat 
content) Tukey test was used. 

3 Results and Discussion
Average content of fat in analysed milk samples was 
3.38% from farm with grazing feeding system and 
3.46% from farm with silage feeding system (Table 1.). 
Mendoza et al. (2016) also confirmed tend to decrease 
fat yields with increasing pasture in the diet of dairy 
cows. Significant (P  <0.05) differences between milk 
samples in the content of butyric acid (C4:0) were found. 
The higher percentage (2.30%) was found in milk from 
grazed cows. In the myristic acid (C14:0) percentage, the 
higher (P <0.05) value was determined in the milk from 
silage system (12.01%) in comparison with the milk 
from grazing system (9.04%). Palmitic acid (C16:0) was 
detected as a major acid in the analysed milk samples 
from both feeding systems. Differences in palmitic acid 
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content were not statistically significant. Significance 
(P <0.05) was determined in heptadecanoic acid (C17:0) 
with higher concentration in samples from grazing 
system. Cow’s milk is the richest source of oleic acid 
(24%) (Markiewicz-Keszycka et al., 2013). In C18:1 cis 
n9 (oleic acid) concentration, the higher (P <0.05) value 
was found in the milk from farm with grazing feeding 
system. Morales-Almaráz et al. (2017) confirmed that 
the concentration of 18:1 cis n9 increase in cow’s milk 
with increasing grazing time. In linoleidic acid (C18:2 
cis n6), significant (P <0.05) differences were detected, 
with higher content in samples from silage feeding 
system. The TMR feeding system resulted in milk with 

increased concentrations of C18:2 cis n6 in experiment 
of O’Callaghan et al. (2016) too. Guler et al. (2010) 
reported the average total CLA (conjugated linoleic 
acid) content in milk samples from Turkey 1.02% and 
Blaško et al. (2010) reported the average CLA content 
in summer cow’s milk from 6 farms in Slovakia 0.08%. In 
our experiment, the concentration of CLA (C18:2 cis n9) 
had values 0.35 and 1.19%. Higher (P <0.05) CLA value in 
samples from grazing feeding system was determined. 
This is in agreement with the results of Alothman et al. 
(2019) and Rolinec et al. (2018). The predominant n-3 
FA in milk fat of the majority of mammals is α-linolenic 
acid (Markiewicz-Keszycka et al., 2013). Significantly 

Table 1 Fatty acid profile in cow’s milk from different feeding system (g 100 g-1 FA)

Trait Grazing feeding system Silage feeding system

mean S.D. mean S.D.

C4:0 2.30* 0.05 1.83* 0.07

C6:0 1.55 0.01 1.78 0.16

C8:0 0.91 0.01 1.31 0.19

C10:0 1.93 0.01 3.37 0.39

C12:0 2.22 0.01 4.14 0.42

C13:0 n.d. / 0.15 0.01

C14:0 9.04* 0.01 12.01* 0.20

C14:1 0.64 0.01 0.84 0.10

C15:0 1.43 0.01 1.37 0.13

C16:0 27.52 0.04 31.00 1.08

C16:1 1.62 0.01 1.44 0.35

C17:0 0.97* 0.01 0.62* 0.06

C18:0 11.09 0.04 9.05 1.10

C18:1 cis n9 24.60* 0.11 19.76* 0.92

C18:2 cis n6 1.94* 0.01 3.45* 0.03

C18:2 cis n9 1.19* 0.01 0.35* 0.02

C18:3 n3 1.29* 0.01 0.42* 0.01

C20:0 0.22* 0.02 0.14* 0.02

C20:3 n6 n.d. / 0.13 0.02

C20:4 n6 n.d. / 0.21 0.02

C20:5 n3 0.13 0.01 n.d. /

PUFA 3.37* 0.01 4.20* 0.01

MUFA 26.85 0.11 22.04 1.36

SFA 59.17* 0.17 66.78* 1.44

n3/n6 0.73* 0.01 0.11* 0.01

n6/n3 1.36* 0.01 9.12* 0.33

Fat % 3.38* 0.01 3.46* 0.01
FA – fatty acids, PUFA: polyunsaturated FA, MUFA: monounsaturated FA, SFA – saturated FA, S.D. – standard deviation, n.d.: not detected, * – the 
values with identical superscripts in rows are significantly different at P <0.05
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(P  <0.05) higher content of α-linolenic acid (C18:3 
n3) in milk from grazing feeding system was found. 
Samples of milk collected from the farm with silage 
feeding system contained less arachidic acid (C20:0) 
compared to milk from the farm with different feeding 
system (P  <0.05). Eicosapentaenoic acid (C20:5 n3) 
was detected only in milk from pasture fed cows. 
Presence of tridecanoic acid (C13:0), eicosatrienoic 
acid (C20:3 n6) and arachidonic acid (C20:4 n6) was 
determined only in milk samples from farm with 
silage feeding system. The  polyunsaturated FA (PUFA) 
in cow milk represents small proportion, less than 
3% of all FA (Lindmark-Månsson, 2008). Differently 
in the experiment, a  PUFA  portion of more than 3% 
in the milk from both types of  feeding was found. 
The effect of different feeding system on PUFA was 
significant (P <0.05). Higher proportion of PUFA was 
determined in the milk of  cows  fed on the base of 
silage. Similar as in this study, Markiewicz-Keszycka et 
al. (2013) reported more than 4% of PUFA in cow milk. 
In MUFA content, non-significant (P >0.05) differences 
were determined. In saturated FA (SFA) content, a 
significant (P <0.05) lower content was  found in milk 
samples from farm with  grazing feeding system, 
consistent with Elgersma (2015). According to 
Hudečková et al. (2011) recommended n6/n3 FA ratio 
in human and  animal nutrition is 5 : 1. Ratio of n6/
n3 in samples from farm with grazing feeding system 
was under this recommendation and from different 
feeding system was above the recommend ratio (1.36 
farm A and 9.12 farm B). The data were consistent with 
the results of Barca et al. (2018) where n6/n3 ratio was 
greater in milk of cows fed with TMR than in milk of 
grazing cows.

4 Conclusions
Milk is an important source of nutrients in animal and 
human nutrition. Feeding system affects FA profile of 
cow’s milk. Significantly higher proportion of butyric 
acid, heptadecanoic acid, oleic acid, α-linolenic acid, 
arachidic acid in milk samples from farm with grazing 
feeding system (farm A) was detected. Conjugated 
linoleic acid was more than three times higher in milk 
from grazing system. Milk samples only from this feeding 
system contained the eisosapentaenoic acid. The results 
confirmed that in milk from farm with silage feeding 
system (farm B) significantly higher content of linoleic 
acid and presence of tridecanoic acid, eicosatrienoic 
acid and arachidonic acid was determined only in these 
samples. Significantly lower proportion of saturated 
FA was typical for the examined samples from grazing 
feeding system and significantly higher proportion of 
polyunsaturated FA was characteristic for the samples 
from silage feeding system. The influence of the feeding 

system on the monounsaturated FA content was not 
confirmed. In milk samples from both feeding systems 
very different n6/n3 FA ratio was detected (1.36 vs. 9.12, 
milk from farm A vs. farm B). 
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