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Abstract
The objective of this paper was to study variability, heritability and correlation of the three production
traits in 1409 first-calf heifers of Holstein-Friesian breed; including the determination of the quantity
of milk during lactation (ML), the quantity of milk fat during lactation (MM) and the quantity of protein
during lactation (PR). According to the obtained results it could be concluded that there were statistically significant differences (P<0.01, P<0.05, P<0.001) between ML, MM and PR regarding the effect of
season of the first calving and the length of the first lactation. In addition, there were also significant
differences (P<0.01, P<0.001) between ML and PR with respect to the effect of farm on which animals
were raised, while on MM variability the year and age at first calving had a significant effect (P<0.05).
A share of Holstein genes and the ration which animals were fed had no effect (P>0.05) on variability of
any of the examined traits, while the farm on which animals were raised had no effect (P>0.05) on MM,
and year and age at first calving did not demonstrate (P>0.05) statistically significant effect on ML and
PR. By applying the animal model, based on the use of kinship matrix which involved 3867 animals, by
help of REML methodology following heritability coefficients were evaluated: ML h2= 0.25; MM h2= 0.40;
PR h2= 0.37. Coefficients determined for genetic and phenotypic correlations indicated existence of complete and positive correlations between these traits the interval of values being from rg = 0.96 between
ML and MM to rg = 1.00 between ML and PR.
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Introduction

traits determined within certain cow populations
(Stanojević et al., 2012b; Palacios et al., 2007;
Lagar et al., 2005).

Observing the production characteristics among
different populations of Black and White dairy cattle, it is evident that a significant progress was
made over the past few decades in this group of
traits and that in some populations these traits,
on domestic and global level as well, reached alThe trial included production data of 1409 firstmost biological maximum regarding their realised calf heifers of Holstein-Friesian breed raised on
performance. On the other hand, there are cow two farms of the “PKB Corporation” in Serbia, which
populations with highly expressed variability of were first calved in the period from 2012 to 2014.
production traits characterized by great differenc- Variability and correlation of the three production
es in production among different animals. Those traits realised in first lactation, namely the total
populations actually represent a “polygon” for ap- quantity of milk during lactation (ML), the total
plication of suitable modern breeding and selection quantity of milk fat during lactation (MM) and the
programmes which aim to improve the production total quantity of protein during lactation (PR) were
traits of the animals in such populations. However, studied in these animals.
in genetically superior dairy cattle populations a foThe process of preparation of data analysis
cus of selection work is nowadays more and more was conducted applying the “step by step” principut on the traits of longevity and the functional ple. Firstly, within a “SAS/STAT” programme package (SAS Inst. Inc., 2010) a systemic part of model
traits in cows (Raguž et al., 2014).
The selection process of domestic animals is (Model 1) was analysed by GLM procedure, by least
a very delicate and it’s success in many ways de- squares methodology involving fixed and regrespendant on the accuracy of the evaluated genetic sion effects presumed according to previous expeand phenotypic parameters which were regarded rience and biological justification to being able to
as a basis for the conducted selection (Popovac exert some influence on analysed traits.
et al., 2014), and which are necessary for estimating the breeding performance of domestic animals Model 1.
for certain kind of production by means of some
Yijklm = µ + Fi + Hj + Ok + Sl + Gm
reference methods (selection index, BLUP). One of
+ b1 (xijklm - x) + b2 (xijklm - x) + eijklm
the major conditions when researching variability
and improving the traits is to recognize and anaWhere: Yijklm - is manifestation of the observed
lyse non-genetic and genetic effects essential for trait of l individual, µ - general average of the obmanifestation of traits in order that determined served trait in a population, Fi - farm on which the
coefficients of heritability should be representative first-calf hiefers were raised (i = 1, 2), Hj - share of
parameters of the share of hereditary factor in re- Holstein genes in first-calf heifers (j = 1, 2,... 25),
alisation of the traits.
Ok - ration composition which animals received in a
When considering the cow production traits preparation period (k = 1, 2,… 4), Sl - season of first
such as quantity of milk, milk fat and protein, the calving defined as three-month period (l =1, 2,... 4),
largest number of available literature references Gm - year of first calving (m = 1, 2, 3), b1 (xijklm - x)
report their mean heritability (Kheirabadi et al., - regression effect of age at calving, b2 (xijklm - x) 2013; Konig et al., 2005; Elzo et al., 2004; Waller regression effect of duration of lactation, eijklm - the
and Ezra, 2004; Boujenane, 2002), where herit- effect of undetermined factors (the rest).
ability coefficients in largest number of cases are
The next step was to make a kinship matrix on
ranging from 0.20 to 0.40. Accordingly, there has the basis of which precise genetic relations bebeen a considerable genetic progress has been tween animals would be determined in order to
for these traits over the previous period. In con- include an animal effect into a mixed model on
trast to the above mentioned statements, fewer the basis of which, by means of REML procedure,
studies report a low heritability of the mentioned an animal direct additive effect in manifestation

Material and method

Model 2. (ML, PR)

Yijk = µ + Fi + Sj + b1 (xijk - x) + aijk + eijk
Where: Yijk - is the manifestation of the studied trait of l individual, µ - general average of the
studied trait in population, Fi - farm on which the
first-calf heifers were raised (i = 1,2), Sj - season of
the first calving defined as a three-month period (j
=1, 2,... 4), b1 (xijk - x) - regression effect of the duration of lactation, aijk - animal direct additive genetic
effect (breeding performance), eijk – effect of undetermined factors (the rest).

Heritability coefficient (heritability) of analysed
traits was presented as a relationship of additive
genetic variance and total phenotypic variance expressed by following expression:
h2 =

σ 2a
2
σ ph

Where: h2 - is a heritability coefficient (heritability), - additive genetic variance, - total phenotypic
variance.
Coefficients of phenotypic and genetic correlations were calculated on the basis of following
expressions:

rphXY =

(CovphXY )
2 + 2
σ phX
σ phY

rgXY =

(CovgXY )
2 + 2
σ gX
σ gY

Where: rphXY - is a coefficient of phenotypic correlation between X and Y traits, CovphXY - phenotypic covariance between X and Y traits, - phenotypic
variance of X trait, - phenotypic variance of Y trait,
rgXY - coefficient of genetic correlation between X
and Y traits, CovgXY - genetic covariance between X
and Y traits, - genetic variance of X trait, - genetic
variance of Y trait.
The traits correlation strength was determined
on the basis of Roemer-Orphal classification (Latinović, 1996). Statistical significance of correlation
coefficients was determined on the basis of tables
of statistical significance developed by Snidikor
and C ochran (1971).

Results and discussion

M. Popovac et al.: Phenotypic and genetic parameters of milk yield traits in Holstein-Friesian breed, Mljekarstvo 70 (2), 93-102 (2020)

of analysed traits was evaluated. Checking the
accuracy of genetic correlations in kinship matrix
was performed within a Pedigree Viewer 6.5 programme package (Kinghorn, 1994) by which it
was determined that kinship matrix contains 3867
animals in total. Next, the evaluation of variances
and covariances was performed in the “VCE - 6”
programme package (Groeneveld et al., 2010),
while the preparation of data for analysis was
performed as previously mentioned and data coding was done by the “PEST” programme package
(Groeneveld et al., 1990). The mixed multi-trait
models which served as the basis for analysis of
variances and covariances between the examined
traits contained besides animal random additive
effect also all those systemic effects which were
previously determined to demonstrate statistically
significant effect on the variability of studied traits,
regardless of the significance level. Thus two mixed
models were constructed - model 2 for ML and PR,
and model 3 for MM.

Model 3. (MM)

Yijk = µ + Si + Gj + b1 (xijk - x) + b2 (xijk - x) + ak + eijk
Where: Yijk - is the manifestation of studied trait
of l individual, µ - general average of observed trait
in population, Si - season of first calving defined as
three-month period (i =1, 2,... 4), Gj - year of first
calving (j = 1, 2, 3), b1 (xijk - x) - regression effect of
age at calving, b2 (xij - x) - regression effect of duration of lactation, aijk - animal direct additive genetic
effect (breeding performance), eijk - the effect of
undetermined factors (the rest).

First-calf heifers of Holstein-Friesian breed
raised on the PKB Corporation farms and calved
in the period from 2012 to 2014, realised an
average dairy production in all lactations of
9852.74±2055.85 kg, with 349.54±68.94 kg milk
fat and 317.11±64.50 kg protein (Table 1).
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Table 1. Descriptive statistical parameters for milk yield traits in first-calf heifers
Traits

N

SD

Min

Max

CV

ML (kg)

1409

9852.74

2055.85

4067

21913

20.86

MM (kg)

1409

349.54

68.94

134.49

607.91

19.72

PR (kg)

1409

317.11

64.50

97.17

546.26

20.34

Although there exists a potential for higher
production, numerous studies conducted in these
populations show that it is manifested in different
ways since phenotypic manifestation of milk yield
is influenced by a great number of factors.
The values determined in this research are significantly higher compared to the values obtained
by some other authors. Stanojević et al. (2012a)
determined in the population of the first-calf Holstein-Friesian (HF) heifers an average milk yield,
milk fat and protein of 7485 kg, 263 kg and 243
kg, respectively, for lactation corrected to 305
days. In a similar population of the first-calf heifers during 2008, even lower milk yield of 7364.86
kg with 258.75 kg milk fat and 239.57 kg protein
was recorded in standard lactation (Stanojević
et al., 2012b). In contrast to that, Đedović et al.
(2003) reported for a 322 days long lactation an
average level of milk yield in the first-calf heifers of HF breed of 6194.66±1354.77 kg milk and
237.95±51.58 kg milk fat. The same authors determined in another research somewhat lower milk
yield in total lactation of the first-calf heifers of
the same breed which amounted for 5934.25 kg.
Similar results were obtained by Beskorovajni
(1999) who conducted their research in the firstcalf heifers of Black and White breed and determined the mean milk yield of 5885 kg with 217.75
kg milk fat in the standard lactation. In surrounding
countries, production results of Holstein-Friesian

breed do not correspond to the values determined
in this research. In the Former Yugoslav Republic
of Macedonia, an average milk yield of 6171 kg
with 249.93 kg milk fat and 224 kg protein in total lactation was recorded on few Holstein breed
farms (Bunevski et al., 2013), while in Bulgaria
the average milk yield in first-calf Holstein-Friesian
breed heifers was significantly lower being 4337
kg with 162.20 kg milk fat (Gaidarska, 2009). In
the countries with developed cattle breeding a genetic potential of Holstein-Friesian breed cows is
well manifested. Zinka et al. (2012) examined the
population of the first-calf Holstein-Friesian heifers in the Czech Republic and found high yields of
8353.76 kg milk, 310.59 kg milk fat and 271.16 kg
protein, what corresponds to this research. Similar
results were also obtained by Heins et al. (2006)
who determined the average milk yield in first-calf
Holstein heifers in France of 9757 kg with 346 kg
milk fat and 305 kg protein in standard lactation.
Results of this research do not correspond with the
results of the research by Katok and Yanar (2012)
who in standard lactation reported low average
yields of milk (3408.17 kg) and milk fat (112.05 kg)
in population of first-calf HF heifers in Turkey. On
the contrary, Weller and Ezra (2004) determined
higher levels of milk yield in relation to the values
determined by this research (10281 kg milk with
332.08 kg milk fat and 312,54 kg protein) in the
population of Israeli Holstein in standard lactation.

Table 2. Statistical significance of the action of fixed and regression effects and the coefficients of determination of models for
milk traits in first-calf heifers

Traits

ML
MM
PR

Effects
Farm

***
ns
*

Share of H
genes

Ration

ns
ns
ns

ns
ns
ns

P<0.001 ***; P<0.01 **; P<0,05 *; P>0.05 ns
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Calving
season

*
**
*

Calving
year

ns
*
ns

Age at
calving

ns
*
ns

Duration of
lactation

***
***
***

R2

0.50
0.55
0.53

cows during a whole year. In certain intervals of the
examined period, the composition of totally mixed
ration was, to some extent, changed by a lack of
some feeds or by a change made in some feeds
(molasses or brewer`s grain or lack of both feeds
simultaneously). However, smaller changes in TMR
composition made either by the presence or the
lack of mentioned feeds had no statistically significant effect on milk yield parameters (p>0.05) (Table
2). The obtained results comply with the results reported in a number of research papers (Penner et
al., 2009; Broderik et al, 2008; Miyazawa et al.,
2007; Dhiman et al., 2003) showing that the use
of molasses or brewer`grain in milking cow rations
had no effect on the milk yield and composition.
On the other hand, in some studies (Oba and Gao,
2015; Broderik and Rudloff, 2004; Belibasakis
and Tsirgogianni, 1996) a statistically significant
effect of the use of mentioned feeds on milk yield
parameters was determined.
The year and the season of calving are most
often observed through the effects of nutrition and
climate elements in certain period in which an animal realises its production. In most cases these
effects are observed as unique ones because of
interactions existing between them. The results
displayed in Table 2 show that calving season had
statistically significant effect on the yield of milk
and milk proteins (p<0.05) and statistically very
significant effect on the yield of milk fat (p<0.01).
The results obtained are consistent with a number of studies (Lukač et al., 2014; Stanojević et
al., 2012b; Singh et. al., 2001; Gaydarska et al.,
2001) in which a significant effect of calving season on the yield of milk, milk fat and protein was
determined.
The results of this research show that calving
year did not demonstrate a statistically significant
effect on the yield of milk and milk protein (p>0.05)
what is inconsistent with the results obtained by
Lukač et al. (2014) and Stanojević et al. (2012b)
who report statistically important effect of this factor on the yield of milk and milk protein. On the
other hand, calving year had statistically significant
effect on the yield of milk fat (p<0.05) confirming
the results obtained by Petrović et al. (2009) who
also determined statistically significant effect of
this factor on the yield of milk fat.
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A pronounced variability of milk yield is a consequence of the effect of different factors which
in their action can be either short or long-lasting.
Short effects are manifested in a shorter time interval but they can constantly make changes on the
intensity and direction of the action. Long-lasting
effects can originate from the surrounding in which
individuals realise their production, or they may be
a result of the effect of hereditary basis which is
unique for each individual. All these effects can act
in a certain way and are called systematic effects.
On the basis of research results a statistically highly significant (p<0.001) and significant (p<0.05)
effects of farm on the yield of milk and the yield
of protein in milk were determined, except on the
yield of milk fat (p>0.05). Regarding the effect of
the farm on the yield of milk and milk protein, the
obtained results comply with the results of some
studies (Lukač et al., 2014; Stanojević et al.,
2012b; Trivunović, 2006) indicating the fact that
farm effect on these traits of milk yield was statistically very significant. On the other hand, the results obtained for the farm effect on milk fat yield
do not correspond to the conclusions reached by
mentioned authors when the effect of this factor
on the yield of milk fat is in question.
The results of this research show that the share
of Holstein genes in examined population of firstcalf heifers had no statistically significant effect on
milk yield parameters (p>0.05). This does not comply with the research of Nemes et al. (2014) who
studied the effect of different share of Holstein
genes (from 50 to 100 %) on the yield of milk and
milk fat, and found a statistically significant difference (p<0.05) in milk yield, but a statistically significant difference in the yield of milk fat between
the cows with different share of Holstein genes
(p>0.05) was not determined. Similar results were
also obtained by Perišić et al. (2004) who determined that an increased share of Holstein genes
(from 0 to 50 %) in the first-calf crossbreds of Holstein and Simmental breed had a significant effect
(p<0.01) on the production of milk and milk fat.
In this research there were no significant effects of ration in the first stage of lactation on milk
yield parameters (p>0.05). The concept of nutrition
is based on the use of total mixed rations (TMR)
based on forage feeds and concentrated feeds
with the aim to provide equalised nutrition for
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The effect of age at the first calving can be at different age (p<0.05) what confirms the results
considered as a capacity of an individual to realise obtained by Etteme et al. (2004).
different production in certain age. This research
Taking into account the results presented in
shows (Table 2) that age at first calving had no Table 2 a highly statistically significant effect of
statistically significant effect on the yield of milk the length of lactation on the yield of milk, milk
and milk protein (p>0.05), which corresponds to the fat and milk protein (p<0.001) is evident, which
foundings of Krpálková et al. (2014a). On contra- corresponds well to the results of Ghavi Hossein
ry, the obtained results are inconsistent with the - Zadeh (2013). They also reported a statistically
conslusions of Etteme et al. (2004) which indicate significant effect of the length of lactation on these
the existence of a statistically significant differ- milk yield parameters.
ence in milk yield and protein in milk between firstTable 3 displays heritability, heritability error
calf heifers calved in different age. In our research and variances (additive variance, variance error and
there is a statistically significant difference in the phenotypic variance) for the traits of first-calf heifyield of milk fat between first-calf heifers calved ers milk yield.
Table 3. Heritability (h2), heritability error (se) and variances (additive variance - σa2, error variance - σe2, phenotypic variance - σp2)
for milk yield traits in first-calf heifers
Traits

σa2

σe2

h2 ± se

σp2

ML

1188381.97

3505953.04

0.25 ± 0.01

4694335.01

MM

2299.91

3395.39

0.40 ± 0.02

5695.28

PR

1779.79

2978.10

0.37 ± 0.02

4757.89

Heritability values for the traits of milk yield (ML,
MM, PR) of h2 = 0.25; 0.40; 0.37 presented in Table
3 indicate a mean heritability of these production
traits in examined population of Holstein-Friesian
first-calf heifers. The results obtained on heritability
of the quantity of milk in lactation comply to the results of a number of past studies (Kheirabadi et al.,
2013; Konig et al, 2005; Elzo et al., 2004; Weller
and Ezra, 2004; Lidauer et al., 2003; Boujenane,
2002; Jakobsen et al., 2002) in which a mean heritability of this trait with heritability coefficients of
h2 = 0,25; 0.35; 0.31; 0.39; 0.30; 0.29, 0.42 respectively, was establised as well. On the other hand,
the obtained results are inconsistent with a certain number of studies in which a low heritability
of this trait was established (Đedović et al., 2013;
Stanojević et al., 2012b; Espinoza et al., 2007;
Lagar et al., 2005; Strabel and Misztal, 1999)
and whose values for heritability coefficients for
milk yield are h2 = 0.15; 0.12; 0.10-0.17; 0.12-0.18;
0.16-0.19. Regarding the heritability of the yield
of milk fat, results obtained in this research correspond to the research results of the majority of

authors (Konig et al., 2005; Elzo et al., 2004; Boujenane, 2002; Jakobsen et al., 2002; Samore et
al., 2002) who reported mean values of heritability
coefficients for this trait of h2 = 0.38; 0.29; 0.27;
0.37; 0.34. However, the results obtained in this
research regarding heritability of the yield of milk
fat do not correspond to a smaller number of studies in which the low heritability of this trait with
heritability coefficients for the yield of milk fat of
h2 = 0,10; 0.12 and 0.16 was established (Đedović
et al., 2013; Stanojević et al., 2012b; Strabel
and Misztal, 1999).. Heritability value obtained
for the yield of protein in milk in our research indicates mean heritability of this trait what is consistent with the research results of majority of authors (Kheirabadi et al., 2013; Konig et al, 2005;
Kunaka et al., 2005; Elzo et al., 2004; Lidauer
et al., 2003; Jakobsen et al., 2002; Rekaya et al.,
1999) who established similar values of heritability
coefficients for the yield of milk being h2 = 0.25;
0.34; 0.21; 0.24; 0.23; 0.36; 0.28. The obtained results related to the heritability of the yield of protein
deviate from the results reported by Stanojević

Table 4. Genetic (above a diagonal) and phenotypic (below a
diagonal) correlations of the traits of the milk yield of first-calf
heifers
Traits

ML

MM

PR

ML

-

0.96g **±0.01

1.00g **±0.00

MM

0.97g **

-

0.97g **±0.01

PR

0.99g **

0.98g **

-

P<0.01 **; P<0.05 *; P>0.05 ns

All the values of genetic and phenotypic correlation coefficients of rg = 0.96 between ML and MM
up to rg = 1.00 between ML and PR displayed in
a previous table, indicate positive, statistically very
highly significant (P<0.01) and complete correlation between ML, MM and PR. A confirmed positive and complete correlation between these traits
indicate successful genetic progress possibilities
in all three traits by including only one of them in
the selection programme. However at the same
time can serve as a warning that simultaneous inclusion of all three traits in the selection process
could endanger both, a stability of the model itself
and exactness of obtained parameters as well as
evaluations on the basis of which the selection is
being conducted. The results obtained for genetic
and phenotypic correlations between the yield of
milk and milk fat are consistent with the majority
of research results reported in available references
(Radinović et al., 2013; Kheirabadi et al., 2013;
Gaidarska et al., 2001; Boujenane, 2002; Costa
et al., 2000) where positive genetic and phenotypic correlations between the mentioned traits were
established with the values of correlation coefficients being rg = 0.93; 0.75; 0.95; 0.96; 0.79. In contrast to that, the results of this research regarding

 enetic correlations between the yield of milk and
g
milk fat are inconsistent with the research results
of Stanojević et al. (2013) who report negative
correlations between mentioned traits and the values of correlation coefficients of rg = -0.38. Positive
genetic correlations between the milk yield and the
yield of protein in this research correspond with the
research of Kheirabadi et al. (2013) who determined a strong and positive relationship between
the observed traits (rg = 0.92).

Conclusion
According to the results of this research the following, it can be concluded that theeffect of the
studied genetic and non-genetic factors on variability of production traits of the first-calf heifers
was different. It is however essential to study the
statistical significance of their action in order to
evaluate the most possible precise heritability variance component for the studied traits.
By applying the animal model which entails the
use of kinship matrix the heritability coefficients for
the yield of milk, milk fat and milk protein in examined first-calf heifers are evaluated by h2 = 0.25; 0.40;
0.37 what indicates a mean heritability of these
traits. Genetic and phenotypic correlation between
these traits was complete and positive on both levels, with correlation coefficients of rg = 0.96 between
ML and MM and up to rg = 1.00 between ML and PR.
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et al. (2012b) and by Strabel and Misztal (1999)
who confirmed low heritability for this trait heritability values being 0.11, i.e. 0.15.
In order to observe genetic and phenotypic correlation, as well as to further study a justification
and possibility of combining studied traits in selection of Holstein-Friesian cows the coefficients of
genetic and phenotypic correlations shown in Table
4 were used.
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Fenotipski i genetski parametri osobina mliječnosti prvotelki
holštajn-frizijske pasmine
Sažetak
Cilj rada bio je utvrditi varijabilnost, nasljednost i povezanost tri proizvodne osobine 1409 prvotelki holštajn-frizijske pasmine; količina mlijeka tijekom laktacije (ML), količina mliječne masti tijekom
laktacije (MM) i količina proteina tijekom laktacije (PR). Sukladno postavljenom cilju utvrđeno je da ML,
MM i PR statistički značajno variraju (P<0,01, P<0,05, P<0,001) pod utjecajem sezone prvog teljenja i
dužine trajanja prve laktacije. Također, ML i PR statistički su značajno varirali (P<0,01, P<0,001) pod utjecajem farme na kojoj su životinje uzgajane, dok su na varijabilnost MM signifikantan utjecaj (P<0.05)
imali godina i starost prilikom prvog teljenja. Udio holstein gena i obrok koji su životinje dobivale
nisu utjecali (P>0,05) na varijabilnost niti jedne od ispitivanih osobina, dok farma na kojoj su životinje
uzgajane nije utjecala (P>0,05) na MM, a godina i starost prilikom prvog teljenja nisu imali (P>0,05)
statistički značajan utjecaj na ML i PR. Koristeći model životinje, zasnovan na upotrebi matrice srodstva koja je sadržavala 3867 životinja, REML metodologijom ocijenjeni su koeficijenti heritabiliteta za:
ML h2= 0,25; MM h2= 0,40; PR h2= 0,37. Utvrđeni koeficijenti genetskih i fenotipskih korelacija ukazivali
su na potpunu i pozitivnu povezanost između ovih osobina, s intervalom vrijednosti od rg = 0,96 između
ML i MM do rg = 1,00 između ML i PR.
Ključne riječi: holštajn-frizijske prvotelke, osobine mliječnosti krava, animal model, heritabilitet,
genetske korelacije
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