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Simple Summary: South Korea dairy farmers are less interested in improving milk production-
related traits for various reasons, including the milk production quota system. Consequently, they
have become more interested in improving traits associated with longevity. Therefore, the purpose of
this study was to analyze the culling patterns and survival rates of Korean Holstein cows and evaluate
genetic characteristics related to parity and longevity of each lactation by using test data collected in
South Korea. This study presents evidence that individuals’ genetic backgrounds differ with respect
to differences in the individuals’ survival periods. Three lactation periods in each parity were split
according to lactation days: 0–90 days (1), 91–299 days (2), and 300 days to the next calving (3). The
heritability of the first, second, and third parities were 0.020, 0.028, and 0.039, respectively. In all
parities, the heritability in late-lactation was higher than that in early- and mid-lactations. Most
genetic correlations for survival in the first parity were higher than those in the second and third
parities. The genetic correlation in the same lactation in the first and second parities were lower than
those in the intervals in the second and third parities. The results of this study may serve as a basis
for developing a more accurate model for evaluating longevity traits in South Korea.

Abstract: Longevity is closely related to the survival rate of dairy cattle and refers to the period
during which the cow has economic value, from first calving to culling. The purpose of this study
was to analyze the culling patterns and survival rates of Korean Holstein cows and evaluate genetic
characteristics related to parity and longevity of each lactation by using the test day milk yield
collected in South Korea. The performance data of the dairy cattle were collected from 2004 to 2019
by the Nonghyup Dairy Cattle Improvement Center. The collected 1,702,304 records were used as
pedigree data through the Korea Animal Improvement Association. The lactation period was divided
into early-lactation (0–90 days: L1.1, L2.1, and L3.1), mid-lactation (91–299 days: L1.2, L2.2, and L3.2),
and late-lactation (300 days-next parity: L1.3, L2.3, and L3.3). The heritability of longevity for the first,
second, and third parity was 0.020, 0.028, and 0.039, respectively. In all parities, the heritability in
late-lactation was higher than that in early- and mid-lactation. Most genetic correlations for survival
in the first parity were higher than those in the second and third parities. The results of this study may
serve as a basis for developing a more accurate model for evaluating longevity traits in South Korea.

Keywords: longevity; Korean; Holstein

Animals 2022, 12, 701. https://doi.org/10.3390/ani12060701 https://www.mdpi.com/journal/animals

https://doi.org/10.3390/ani12060701
https://doi.org/10.3390/ani12060701
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/animals
https://www.mdpi.com
https://orcid.org/0000-0002-9546-2528
https://orcid.org/0000-0002-8299-9342
https://orcid.org/0000-0002-6145-8862
https://orcid.org/0000-0002-8202-4676
https://doi.org/10.3390/ani12060701
https://www.mdpi.com/journal/animals
https://www.mdpi.com/article/10.3390/ani12060701?type=check_update&version=1


Animals 2022, 12, 701 2 of 13

1. Introduction

The purpose of the Dairy Cattle Improvement Project of South Korea is to increase
the income of farmers by improving their productivity and enhance the competitiveness
of sire in South Korea. Domestic dairy farmers are less interested in improving milk
production-related traits for various reasons, including the milk production quota system.
Consequently, they have become more interested in improving traits associated with
longevity, which have been introduced in regions that have made the most advancements
in dairy technology such as North America.

Longevity is closely related to the survival rate of dairy cattle and refers to the period
during which the cow has economic value, from first calving to culling. In general, longevity
is a desirable trait affecting dairy farmers’ profitability [1,2]. The mean yield of the herd
could be improved by an increase in longevity [3,4].

In the dairy industry, it has also been reported that genetic evaluation for longevity
has been conducted in all advanced countries [5]. Longevity often defines dairy cattle’s
lifetime using one genetic trait [6–8]. However, several studies have shown that longevity is
genetically different from lactation to lactation [9–11]. Other studies reported that various
diseases and reproductive problems caused the culling of dairy cattle, and this varied
by the longevity of each lactation period [12–15]. These results imply that the genetic
background for survival may differ in different periods during lactation in days [16]. This
hypothesis can be supported by the different reasons for culling investigated by dairy
farmers, and the type of culling depends on parity and lactation in days [17]. Roxström and
Strandberg [18] found that cattle were culled for genetically different reasons. Moreover,
Ducrocq [19] discovered a strong indicator suggesting that survival at later lactation in days
was genetically distinct from that at early lactation, regardless of the number of lactations.
Van Pelt, et al. [20], reported that the genetic background of survival was transforming
with time using the definition of the survival trait based on the entire productive life, and
evaluated the longevity genetic capacity using the survival status in each lactation.

Calculating the survival probability for each parity and lactation is possible in South
Korea using the milking and culling records collected as test records. The survival lifetime
can be explained by the different reasons for culling collected from dairy farmers this way,
and the reasons for culling vary by parity and lactation in days [21]. Therefore, the purpose
of this study was to evaluate genetic characteristics related to parity and longevity of each
lactation by using the test data collected in South Korea.

2. Materials and Methods
2.1. Phenotypic Data

The performance data related to milk production and udder health of dairy cattle
were collected from 2004 to 2019 by the Nonghyup Dairy Cattle Improvement Center. The
1,702,304 records collected through the Korea Animal Improvement Association were used
as pedigree data.

The records of 190,773 cows were used for estimating genetic parameters after re-
moving censored data, cases with unknown parent records, and data with less than five
contemporary groups (herd-year). The genetic evaluation was using 298,975 records, in-
cluding censored (190,773 records) and uncensored (108,202 records) data among the test
records collected for breeding value estimation. The uncensored data refers to cases with
known culling time. The censored data refer to the data that cannot measure the exact
productive life because it is unknown if an individual has survived, or the exact date of
culling is unknown. The detailed reasons for culling and records are in Supplementary
Table S1.

The lactation period was divided into early-lactation (0–90 days: L1.1, L2.1, and L3.1),
mid-lactation (91–299 days: L1.2, L2.2, and L3.2), and late-lactation (300 days-next parity:
L1.3, L2.3, and L3.3).

When an individual survived in the subsequent lactation period from the current
lactation period, the individual was coded as 1. If an individual did not move to the next
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lactation period because of culling or death, it was coded as 0. Moreover, for late-lactation
cases (more than 300 milking days), if a test record existed for the subsequent parity, it was
set to 1. If not, it was set to 0 (Table S2).

2.2. Analysis Model

The following animal model was used for estimating genetic parameters.

Yijkl = HYi + Seasonj + FCak + aijkl + eijkl

where, Y is the survival of each lactation (1 or 0), HY (herd-year) is the effect of the contem-
porary group, Season with four levels (Winter: December–February, Spring: March–May,
Summer: June–August and Autumn: September–November) is the calving season effect,
and FCa is the first calving age (<25 months of age: 0 and ≥26 months of age: 1), a is a
random genetic effect, and e is a residual effect.

Although the contemporary group used for the genetic evaluation model of production
traits and conformation traits is usually set to herd-year-season (HYS) and analyzed, this
study used HY and season separately because the Korean dairy cattle population was too
small to use HYS. A previous study also showed that the contemporary group of using
HYS as a fixed effect and that of using HY and season as fixed effects had the best fit,
respectively [22].

The multiple trait model that evaluates nine traits simultaneously demands a computer
with high computation power. Therefore, because of computing power limitations, the
parameter estimation was conducted by converting the nine traits (L1.1, L2.1, L3.1, L2.1,
L2.2, L2.3. L3.1, L3.2, and L3.3) into 83 combinations of three traits. Afterward, the results
were combined. The genetic parameters used in this study were estimated using the
WOMBAT Program [23].

The genetic and phenotypic parameters of economic life by parity (G* refers to genetic
parameters, and P* refers to phenotypic parameters) were calculated using the following
equations.

G∗ = W′GW and P∗ = W′PW

where, W is an incidence matrix corresponding to each parameter and parity, W′ is a
transpose of W matrix, whereas G* and P are genetic parameter matrices estimated in
this study.

2.3. Breeding Value Estimation

When making a genetic variance–covariance matrix using the diagonal mean of the
genetic variances estimated from 83 combinations and the off-diagonal using the mean ge-
netic correlation, it does not form a positive definite matrix. Therefore, this study generated
a genetic variance matrix for estimating the breeding value through the following process
for producing a positive definite matrix from a genetic variance–covariance matrix [21].

(1) Genetic variance–covariance matrix was calculated using the mean of genetic pa-
rameters and mean correlation coefficients estimated from the initial variance component (G0).

(2) G0 was eigen-decomposed as follows.

G0 = QΛQ′

where, Q is an eigenvector, Q′ is transpose of Q matrix and Λ is a diagonal matrix with eigenvalues.
(3) If an eigenvalue of Λ was a negative number, the eigenvalue was changed to

0.00001, close to 0, to create Λ∗.
(4) The genetic variance matrix to be used for the genetic capacity evaluation was

calculated as follows in this study.

G0 = QΛ∗Q′

The off-diagonal matrix of G0 and that of G was negligible.



Animals 2022, 12, 701 4 of 13

In this study, the BLUPF90 Program [24] of the BLUPF90 Family was used to estimate
the breeding value.

2.4. Combining Estimated Breeding Values

The following equation was used to estimate the direct herd life (DHL) for the longevity
trait by combining the breeding values for each parity and lactation while considering the
mean survival rate of daughters for the sire estimated above [25]

sI = mean survival rate of trait i + sire EVB of trait i

And the cumulative survival rate of the trait i is

Ci =
10

∏
i=1

Si and C10 = 0

DHL =
10

∑
i=1

(Ci−1 − Ci)× (Ni + Di)

where, DHL is the Direct herd life, Ni is the calving interval of trait i (N = 0, first parity
trait), and Di is the mean milking age for trait i until the culling of the individual.

In this study, the calving interval was calculated by setting the 1st–2nd calving as
426 days, the 2nd–3rd calving as 426 days, and the 3rd–4th calving as 432 days.

2.5. Comparing Breeding Value between Economic Lives, Production, and Conformation Trait

This study used the result of the national genetic evaluation published by the National
Institute of Animal Science(NIAS) in April 2020 to compare breeding values between the
longevity traits estimated above, milk production traits (adj-305 milk, adj-305 fat, adj-305
protein), those between 25 conformation traits (stature (ST), chest width (CW), body depth
(BD), angularity (ANG), rump angle (RA), rump width (RW), rear leg side view (RLSV),
foot angle (FA), fore udder attachment (FUA), rear udder height (RUH), rear udder width
(RUW), udder suspensory (US), udder depth (UD), front teat placement (FTP), teat length
(TL), overall conformation score (OCS), loin strength (LS), udder texture (UT), rear teat
placement (RTP), heel depth (HD), bone quality (BQ), rear leg rear view (RLRV), height at
front end (HFE), locomotion (Loc), and body condition score), and those between Udder
Composite Index, Feet and Leg Composite, Milk, Fat, Protein composite, and Korean
Type Production Index. This study used 383 sires with at least 50 daughters from DHL
evaluation and 90% or higher reliability in EBV (adj-305 milk yield and OCS) for the
accuracy of analysis (Supplementary Table S3).

3. Results and Discussion
3.1. Estimation of Genetic Parameters

The estimated genetic parameters including three fixed effects (herd-year, season and
the first calving age) which were significantly affected by the survival period are presented
in Table 1. The heritability estimated in this study ranged from 0.003 to 0.028, and the
heritability tended to increase with an increase in parity. The heritability was estimated to
be lowest (0.003, 0.004, and 0.006) in early-lactation (L1.1, L2.1, and L3.1, respectively) and
0.003, 0.007, and 0.014 in mid-lactation (L1.2, L2.2, and L3.2, respectively). In contrast, it
was estimated as 0.022, 0.026, and 0.028 in late-lactation (L1.3, L2.3, and L3.3, respectively),
which were the highest values for heritability of all. It is believed that the heritability
in late-lactation (L1.3, L2.3, and L3.3) was higher than that in early-lactation and mid-
lactation because the culling rate in late-lactation was much higher (62.5–80.7%) than that
in early-lactation (6.0–10.2%) and mid-lactation (13.3–27.3%). The extreme phenotypic
frequency in late-lactation may cause a bias [26]. However, Sasaki, et al. [27] also reported
that heritability (0.042 ± 0.007~0.084 ± 0.007) increased toward the-late-lactation period of
each parity in Japan. Heise, Liu, Stock, Rensing, Reinhardt and Simianer [21] also showed
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that heritability tended to increase (0.020 (L1.3)~0.026 (L3.3)) as parity increased, similar to
the results of this study. The results obtained for heritability in late-lactation of all parities
were similar to those in this study. However, the heritability in early- and mid-lactation of
all parities ranged from 0.016 to 0.042, which was higher than that of this study. One of
the possible reasons is the difference in the definition of lactation period. Moreover, the
size of domestic dairy farms is around 50 head of cattle, which is smaller than the size of
large dairy farms overseas. Therefore, it is easier to manage individuals in early- and mid-
lactation. German VIT (https://www.vit.de/, accessed on 22 May 2020) reported that the
culling rate was 17–24%, 31–35%, and 44–49% during early-, mid-, and late-lactation period,
respectively. The culling rate in Korean Holstein was slightly different with 8–13%, 19–29%
and 56–71% during early-, mid-, and late-lactation periods, respectively (Supplementary
Figure S1).

Table 1. Additive variance, phenotype variance, heritability, and number of contributing runs (n).

Trait * n
Additive Variance Phenotype Variance Heritability

Mean S.D. Mean S.D. Mean S.D.

1.1 27 0.000083 0.000004 0.025140 0.000001 0.003 0.000
1.2 28 0.000157 0.000017 0.047193 0.000153 0.003 0.000
1.3 28 0.003129 0.000314 0.139371 0.000115 0.022 0.002
2.1 28 0.000117 0.000013 0.030623 0.000036 0.004 0.000
2.2 28 0.000543 0.000044 0.073981 0.000163 0.007 0.001
2.3 28 0.003783 0.000381 0.148158 0.000131 0.026 0.003
3.1 28 0.000242 0.000033 0.041053 0.000026 0.006 0.001
3.2 27 0.001269 0.000064 0.088283 0.000112 0.014 0.001
3.3 27 0.004590 0.000845 0.166806 0.000253 0.028 0.005

* The lactation period was divided into early-lactation (0–90 days: L1.1, L2.1, and L3.1), mid-lactation (91–299 days:
L1.2, L2.2, and L3.2), and late-lactation (300 days—next parity: L1.3, L2.3, and L3.3). S.D.: Standard Deviation.

Table 2 shows the genetic correlations among all traits. The results showed a strong
genetic correlation for each lactation period with a mean of 0.19–0.99 and a standard
deviation of 0.001–0.070 (0.63 ± 0.247). The mean genetic correlation between lactation
periods in the same parity was lower than 0.9, except for a genetic correlation coefficient
(0.94) between early-lactation (L1.1) and mid-lactation (L1.2) in the first parity (rg1.1,g1.2).
Moreover, the genetic correlation coefficient between the same periods in the subsequent
parity was estimated as 0.65–0.99, which was higher than that (0.19–0.85) between periods
in the same parity. Additionally, the genetic correlation coefficient between the same period
of the second and third parity was 0.96–0.99, which was higher than that (0.65–0.96) between
the same period of the first and second parity. The last period, late-lactation, showed a
strong correlation between 0.95 and 0.99. Heise [28] reported that the mean of all genetic
correlations was less than 0.9, and the genetic correlation in early-lactation was between
0.082 and 0.096 in each parity. It was also reported that the genetic correlation for each
lactation within the same parity was between 0.52 and 0.81. Additionally, it was reported
that the genetic correlation coefficients between the second parity and third parity were
higher than those between the first and second parities. Moreover, we identified strong
genetic correlations (0.93~0.95) among the last lactation periods in all parities. Previous
studies using multivariate analysis to evaluate survival traits suggested that survival in
the first lactation could be genetically differentiated from survival in later lactation [9–11].
Considering that the range of the genetic correlation between the same lactation of the first
parity and the second parity was between 0.65 and 0.96, which was lower than that between
the second and third parity (0.96–0.99), this result could support those assumptions.

https://www.vit.de/
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Table 2. Genetic correlation estimates with means, standard deviation, and number of contributing
runs (n).

Trait * Variable 1.2 1.3 2.1 2.2 2.3 3.1 3.2 3.3

1.1 Mean 0.94 0.19 0.77 0.65 0.25 0.48 0.71 0.16

S.D. 0.006 0.016 0.042 0.031 0.047 0.049 0.033 0.032

n 7 7 7 7 7 7 6 6

1.2 Mean 0.42 0.78 0.65 0.26 0.72 0.67 0.34

S.D. 0.041 0.045 0.024 0.044 0.062 0.032 0.034

n 7 7 7 7 7 7 7

1.3 Mean 0.19 0.57 0.96 0.65 0.50 0.95

S.D. 0.070 0.038 0.004 0.047 0.020 0.004

n 7 7 7 7 7 7

2.1 Mean 0.85 0.52 0.96 0.30 0.41

S.D. 0.046 0.038 0.037 0.026 0.066

n 7 7 7 7 7

2.2 Mean 0.67 0.92 0.99 0.68

S.D. 0.014 0.043 0.042 0.028

n 7 7 7 7

2.3 Mean 0.85 0.51 0.99

S.D. 0.024 0.021 0.002

n 7 7 7

3.1 Mean 0.57 0.77

S.D. 0.021 0.036

n 7 7

3.2 Mean 0.71

S.D. 0.045

n 6

* The lactation period was divided into early-lactation (0–90 days: L1.1, L2.1, and L3.1), mid-lactation (91–299 days:
L1.2, L2.2, and L3.2), and late-lactation (300 days—next parity: L1.3, L2.3, and L3.3). S.D.: Standard Deviation.

The multiple trait model is a method to utilize genetic and environmental correlations
between traits by analyzing two or more traits simultaneously. The multiple trait model
including traits with low heritability is useful when the difference between genetic and
environmental correlations is high (e.g., r ≥ 0.5) or when the heritability of one trait is
considerably higher than that of another trait [29]. In this study, when evaluating the
genetic parameters estimated using uncensored data, low heritability and strong genetic
correlations were estimated. Therefore, it was essential to use a multiple trait model. It is
also believed that it will be possible to estimate the breeding value for the survival traits
of individuals using censored data. For instance, although young bulls’ daughters are
disadvantageous for evaluation because of a large amount of censored data, young bulls,
which often have censored data, can be used for genetic evaluation using the characteristics
of the multiple trait model.

It is not easy to directly compare the genetic parameters of longevity between countries
because the lactation period is set differently between countries. Therefore, if the heritability
and genetic correlations by parity are unified, it will be possible to compare countries
directly and the results are shown in Table 3.
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Table 3. Genetic correlation (upper diagonal) and phenotypic correlation (below diagonal), heritability
(diagonal) per parity.

Parity 1 2 3

1 0.020 0.877 0.873
2 −0.027 0.028 0.947
3 −0.010 −0.043 0.039

When cows survived in all three parities, heritability was estimated as 0.085, and
it was 0.020, 0.028, and 0.039 in the first, second, and third parities, respectively. The
heritability of this study was lower than that of Boettcher, et al. [30], and Heise, Liu, Stock,
Rensing, Reinhardt and Simianer [21]. However, the genetic correlations of this study
were similar to that of Boettcher, Jairath and Dekkers [30] and Heise, Liu, Stock, Rensing,
Reinhardt and Simianer [21]. It is believed that heritability was estimated to be lower
because of the differences in the feeding environment owing to the relatively small size of
farms, considering that the heritability in late-lactation was similar but that in early- and
mid-lactation was lower (Table 1).

3.2. Breeding Value Estimation and Breeding Value Correlation

The correlation between the DHL and the breeding value for longevity of each parity
ranged between 0.76 and 0.96, showing a highly positive correlation. In all parities, the
breeding value correlation between late lactation and DHL was always 0.9 or higher, which
is a strong correlation (Table 4).

Table 4. Correlations among the nine traits and direct herd life for Korean Holstein.

Trait * 1.1 1.2 1.3 2.1 2.2 2.3 3.1 3.2 3.3

DHL 0.76 0.82 0.90 0.74 0.92 0.90 0.96 0.87 0.92

* DHL: Direct herd life.

Sewalem, Miglior, Kistemaker, Sullivan, Huapaya and Van Doormaal [25] reported
that the breeding value correlation of Canadian DHL with first calving to 120 days,
120–240 days, and 240 days to next calving was 0.978, 0.961, and 0.958, respectively. They
also reported that the breeding value correlation of DHL with the second and third parities
was 0.993 and 0.989, respectively, showing a strong correlation.

In this study, the correlation between early-lactation and mid-lactation in the first
parity, early-lactation in the second parity and mid-lactation in the third parity was 0.9
or lower, which was different to the results of the previous studies. However, it could be
explained by the differences in the culling rates in South Korea between early-, mid-, and
late-lactation periods. It could also be because the heritability of early- and mid-lactation
(0.003–0.014) was different to that of late-lactation (0.022–0.028). The analysis results of this
study indicated that DHL included survival rates for all lactation periods. Moreover, it
may be possible to compare different evaluation traits using these results.

In addition, this study analyzed the correlation of DHL with four traits related to
milk production evaluated in South Korea, the breeding value of conformation traits,
and four indices using these traits’ breeding value (Tables 5 and 6A–C). The breeding
value correlations of traits related to milk production with early- and mid-lactation were
between 0.24 and 0.27, which was relatively high in the first parity. However, the range
of breeding values after late lactation in the first parity was between −0.005 and 0.13,
indicating that it was relatively low or negligible. Somatic Cell Score (SCS) showed a
negative correlation with all lactation periods (−0.36 to −0.22). The breeding correlation
between DHL and SCS increased as parity increased. The correlation between DHL and
breeding values of milk production-related traits was weak (mostly between 0.13 and 0.15).
However, the correlation with SCS was −0.31, which was similar to the breeding value by
lactation period.
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Table 5. Breeding value correlations among the milk production traits and sires’ direct herd life for
Korean Holsteins.

Traits * Milk Fat Protein SCS

1.1 0.26 0.27 0.27 −0.22
1.2 0.25 0.24 0.24 −0.22
1.3 0.01 0.03 0.03 −0.25
2.1 0.12 0.15 0.11 −0.27
2.2 0.13 0.19 0.13 −0.36
2.3 −0.005 0.02 0.01 −0.28
3.1 0.08 0.12 0.08 −0.33
3.2 0.13 0.17 0.12 −0.35
3.3 0.01 0.04 0.02 −0.29

DHL 0.13 0.15 0.13 −0.31
* DHL: direct herd life; Milk: milk yield; Fat: milk fat; Protein; milk protein; SCS: somatic cell score.

The results of Heise, Liu, Stock, Rensing, Reinhardt and Simianer [21] showed that the
correlation between longevity and milk production traits ranged from 0.09 to 0.30. They
also showed that the correlation with late-lactation was lower than that with early- and mid-
lactation in all parities. However, in all parities, correlation with early- and mid-lactation,
except for late-lactation, was 0.20 higher in previous studies, which is different to the results
of this study. This could be because the culling rate in early- and mid-lactation were 17–24%
and 31–35%, respectively, in Germany, which was higher than 6–10.2% and 13.3–27.3%,
respectively, in South Korea. DHL and SCS showed the strongest negative correlation at
mid-lactation (91–299 days), in the second and third parities, except for the first parity.
Culling during this period is associated with milk production [14,31]. An association with
mastitis, which is genetically correlated with SCS [32], was also found [14,33]. The different
reasons for culling were consistent with previous studies showing a high frequency of
breast-related diseases during mid-lactation. Previous studies that conducted multivariate
analysis for survival-related traits showed that survival in the first lactation period was
genetically related to later survival [9,11,30]. Therefore, it is believed that the results of this
study can support these assumptions.

The breeding value correlation between DHL and conformation traits is shown in
Table 6.

The correlation between ST and breeding value by lactation was negative. Like milk
production-related traits, it showed the highest breeding value correlation in early and mid-
lactation of the first parity. However, the correlation between these traits was negative. The
breeding value correlations of lactation with CW, BD, AN, and RW were negative (−0.44
to −0.05). CW and BD showed a moderate negative correlation (−0.43 to −0.34) in all
parities. ANG also showed a negative correlation in all periods. In particular, correlations
in late-lactation showed relatively stronger negative relationships. Similar to ANG, RW also
showed a relatively high negative correlation in late-lactation of each parity. FA showed a
strong breeding value correlation with early-lactation in most parities.

Breeding value correlations of traits related to udders mostly showed moderate posi-
tive correlations. In FUA, early-lactation in all parities was the highest with 0.10, 0.17, and
0.14, respectively, and the breeding value in mid-lactation had the strongest correlation.
RUH, US, and UD showed positive correlations ranging from 0.22 to 0.52. In particular,
UD was 0.36–0.52, showing a moderate correlation. In addition, correlation tended to be
stronger in later lactation and later parity.
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Table 6. (A) Breeding value correlations among the conformation traits and sires’ direct herd life for Korean Holstein. (B) Breeding value correlations among the
conformation traits and sires’ direct herd life for Korean Holstein. (C) Breeding value correlations among the conformation traits and sires’ direct herd life for
Korean Holstein.

(A)

Traits Stature Chest Width Body Depth Angularity Rump Angle Rump Width Rear Leg Side View Foot Angle

1.1 −0.21 −0.40 −0.36 −0.12 −0.06 −0.14 0.04 0.19
1.2 −0.25 −0.40 −0.37 −0.12 −0.03 −0.14 −0.02 0.17
1.3 −0.14 −0.39 −0.42 −0.26 0.14 −0.25 −0.06 0.08
2.1 −0.13 −0.34 −0.34 −0.11 −0.02 −0.12 0.04 0.17
2.2 −0.16 −0.43 −0.41 −0.09 0.04 −0.17 0.00 0.09
2.3 −0.10 −0.39 −0.42 −0.23 0.14 −0.24 −0.04 0.09
3.1 −0.15 −0.43 −0.44 −0.18 0.07 −0.20 −0.01 0.14
3.2 −0.13 −0.43 −0.40 −0.05 0.05 −0.17 0.00 0.06
3.3 −0.10 −0.41 −0.43 −0.20 0.13 −0.24 −0.03 0.07

Direct Herd Life −0.19 −0.47 −0.47 −0.21 0.07 −0.24 −0.02 0.14

(B)

Traits Fore Udder
Attachment Rear Udder Height Rear Udder Width Udder Suspensory Udder Depth Front Teat

Placement Front Teat Length Overall
Conformation Score

1.1 0.10 0.22 −0.19 0.19 0.36 −0.11 −0.06 0.08
1.2 0.11 0.22 −0.17 0.19 0.36 −0.13 −0.06 0.08
1.3 0.06 0.27 −0.35 0.19 0.45 −0.09 −0.05 0.00
2.1 0.17 0.23 −0.24 0.26 0.42 −0.10 0.00 0.13
2.2 0.14 0.29 −0.31 0.27 0.50 −0.10 −0.08 0.12
2.3 0.08 0.29 −0.38 0.22 0.49 −0.09 −0.05 0.03
3.1 0.14 0.30 −0.34 0.28 0.52 −0.11 −0.04 0.10
3.2 0.13 0.29 −0.31 0.27 0.50 −0.10 −0.10 0.12
3.3 0.09 0.30 −0.38 0.24 0.51 −0.09 −0.06 0.04

Direct Herd Life 0.11 0.30 −0.35 0.25 0.52 −0.12 −0.06 0.06

(C)

Traits Loin Strength Udder Texture Rear Teat Placement Heel Depth Bone Quality Rear Leg Rear View Height at Front End Locomotion Body Condition
Score

1.1 −0.10 0.28 0.04 0.24 0.13 0.05 −0.35 0.19 −0.11
1.2 −0.11 0.26 0.09 0.22 0.14 0.07 −0.37 0.20 −0.11
1.3 −0.13 −0.01 0.10 0.12 0.07 0.04 −0.30 0.09 −0.02
2.1 −0.07 0.14 0.11 0.18 0.13 0.11 −0.29 0.16 −0.11
2.2 −0.10 0.20 0.08 0.15 0.25 0.01 −0.34 0.13 −0.16
2.3 −0.12 −0.01 0.11 0.11 0.09 0.04 −0.29 0.09 −0.04
3.1 −0.11 0.10 0.12 0.17 0.16 0.08 −0.34 0.14 −0.10
3.2 −0.10 0.22 0.07 0.13 0.29 −0.03 −0.31 0.11 −0.19
3.3 −0.12 0.03 0.10 0.11 0.14 0.02 −0.29 0.08 −0.07

Direct Herd Life −0.14 0.13 0.11 0.19 0.14 0.06 −0.38 0.16 −0.09
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In particular, the results of this study revealed that the breeding value correlations
with TL, OCS, and LS, which South Korean dairy farmers were keen on understanding,
were not high (−0.10 to 0.13), unlike the expectations previous to the study. LS showed a
negative correlation in the range of −0.12 to 0.07.

Moreover, UT was 0.28 (L1.1), 0.26 (L1.2), 0.14 (L2.1), 0.20 (L2.2), and 0.10 (L3.1) in
early- and late- lactation of each parity. In late-lactation, the correlations of the first parity,
second parity, and third parity were low with −0.01, −0.01, and 0.03, respectively. In RTP,
which farmers paid much attention to during milking, there were positive correlations in
all periods, but they were weak (0.04–0.12). HFE showed a negative correlation (−0.35 to
−0.29) in all parities and lactation periods.

This study calculated the breeding value correlations between longevity-related DHL
by applying UDC, FLC, MFP, and KTPI estimated by combining the breeding value esti-
mated from Korea Genetic Capacity Evaluation (Table 7).

Table 7. Breeding value correlations among the composite index and sires’ direct herd life for
Korean Holstein.

Traits * UDC FLC MFP KTPI

1.1 0.30 0.16 0.29 0.36
1.2 0.29 0.16 0.26 0.33
1.3 0.35 0.09 0.03 0.13
2.1 0.37 0.17 0.16 0.27
2.2 0.42 0.07 0.19 0.30
2.3 0.39 0.09 0.02 0.13
3.1 0.44 0.14 0.13 0.25
3.2 0.42 0.03 0.18 0.28
3.3 0.41 0.07 0.04 0.14

DHL 0.42 0.14 0.27 0.16
* UDC: udder composite index; FLC: feet and leg composite; MFP: milk, fat and protein composite; KTPI: Korean
type production index; DHL: direct herd life.

As shown above, along with the results showing relatively stronger positive corre-
lations with udder-related traits, the udder index calculated by combining udder traits
showed intermediate correlations in the range of 0.30–0.44. In addition, as parity increased,
the correlation between the breeding value and the udder index tended to increase from
0.29 to 0.44. FLC also showed a positive correlation. In the case of MFP, relatively high
breeding value correlations were found in early- and mid-lactation of the first parity, similar
to milk production traits. Lastly, KTPI, composited using milk production traits and body
shape-related traits, showed positive correlations (0.25–0.36) in early- and mid-lactation of
all parities with a small culling rate.

The breeding value correlation between DHL and conformation-related traits revealed
that the correlations with RUH, US, and UD among traits-related to udder were relatively
high (0.25– 0.52). In particular, the correlation with UD was the highest at 0.52. It appeared
to be related to the heritability of udder-related traits associated with milk production
after calving to the subsequent breeding. It is possible to improve the longevity of the
individuals by improving these traits.

In contrast, the results of this study showed that longevity had a negative correlation
with traits directly related to body size (STA, CW, BD, ANG, and HFE). Specht, et al. [34]
reported that the phenotypic correlation between the first linear examination score and
longevity was 0.2. Among the relationships between 66 conformation traits and longevity
measured in the first lactation using the information on sires’ daughters, RTP (0.38), impor-
tant traits (0.35), and US (0.26) were strongly correlated with longevity [35]. The US of this
study was 0.25, similar to the previous study. Although it was slightly lower, RTP (0.11)
was also similar to that observed in previous studies.

Vacek, et al. [36] reported that herd life and body shape traits had a generally weak
phenotypic correlation (−0.048 to 0.132). Among them, ANG, ST, CW, and BD were 0.094,
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0.087, 0.065, and 0.040, respectively, which were positive correlations that disagreed with
the results of this study. However, other traits were similar or lower than the results of
this study.

DHL showed positive correlations (0.14–0.42) with UDC, FLC, MFP, and KTPI, calcu-
lated by combining these traits. It is possible to, directly and indirectly, select the longevity
of Korean dairy cattle using these indices.

In addition, this study analyzed both censored and uncensored data. The results of
this study will provide baseline information for estimating life expectancy solely by using
censored data.

4. Conclusions

This study presented evidence that individuals’ genetic backgrounds differed with re-
spect to differences in the individuals’ survival period. It provides the basis for developing
a more accurate genetic evaluation model for traits related to longevity that will coherently
explain the genetic correlation structure. It will also be possible to provide information on
the economic aspects to Korean dairy farmers by comparing breeding value between milk
production-related traits, conformation-related traits, and reproduction-related traits.

DHL and each lactation period showed a strong correlation. Milk production traits,
udder-related traits, and composite indices (UDC, FLC, MFP, and KTPI) had positive
correlations. The results indicate that these traits are closely related to the longevity and
survival of cows. It is believed that it will be possible to select a sire based on these traits.

The results of this study may serve as the basis for developing a more accurate model
for evaluating longevity traits in South Korea.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/ani12060701/s1, Figure S1: South Korea culling rate by lactation
and parity; Table S1: Number of culls by year and culling reasons with uncensored data; Table S2:
Definition of each periods and parity for survival trait; Table S3: Basic statistics of sires which is result
of national evaluation from NIAS in April 2020.

Author Contributions: Conceptualization, J.S., J.L. (Jaegu Lee), J.L. (Jungjae Lee) and S.L.; methodol-
ogy, S.L. and J.C.; validation, J.S., S.L. and J.C.; formal analysis, S.L.; investigation, J.S. and J.L. (Jaegu
Lee); resources, J.L. (Jaegu Lee), C.D. (Changgwon Dang) and T.C.; data curation, J.L. (Jaegu Lee), C.D.
(Changgwon Dang) and T.C.; writing—original draft preparation, J.S.; writing—review and editing,
J.S., J.L. (Jaegu Lee) and J.L. (Jungjae Lee); visualization, J.S.; supervision, C.D. (Changhee Do), J.L.
(Jungjae Lee) and S.L.; project administration, J.L. (Jaegu Lee); funding acquisition, J.L. (Jaegu Lee),
C.D. (Changgwon Dang) and T.C. All authors have read and agreed to the published version of
the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: For sampling cattle breeds, the study protocol and standard
operating procedures were reviewed and approved by the National Institute of Animal Science’s
Institutional Animal Care and Use Committee (No. NIAS2016-189).

Informed Consent Statement: Not applicable.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Acknowledgments: This work was conducted with the support of “Development of the breeding
stock selection system based on big data analysis and the genetic improvement technology using ICT
convergence (Project No. PJ012606042021)” Rural Development Administration, Republic of Korea.

Conflicts of Interest: The authors declare no conflict of interest.

https://www.mdpi.com/article/10.3390/ani12060701/s1
https://www.mdpi.com/article/10.3390/ani12060701/s1


Animals 2022, 12, 701 12 of 13

References
1. Allaire, F.R.; Gibson, J.P. Genetic Value of Herd Life Adjusted for Milk Production. J. Dairy Sci. 1992, 75, 1349–1356. [CrossRef]
2. Congleton, W.R., Jr.; King, L.W. Profitability of Dairy Cow Herd Life. J. Dairy Sci. 1984, 67, 661–674. [CrossRef]
3. Dekkers, J.C.M. Theoretical Basis for Genetic Parameters of Herd Life and Effects on Response to Selection. J. Dairy Sci. 1993, 76,

1433–1443. [CrossRef]
4. Van Arendonk, J.A.M. Use of Profit Equations to Determine Relative Economic Value of Dairy Cattle Herd Life and Production

from Field Data. J. Dairy Sci. 1991, 74, 1101–1107. [CrossRef]
5. Miglior, F.; Muir, B.L.; van Doormaal, B.J. Selection Indices in Holstein Cattle of Various Countries. J. Dairy Sci. 2005, 88, 1255–1263.

[CrossRef]
6. Caraviello, D.Z.; Weigel, K.A.; Gianola, D. Comparison between a Weibull Proportional Hazards Model and a Linear Model for

Predicting the Genetic Merit of Us Jersey Sires for Daughter Longevity. J. Dairy Sci. 2004, 87, 1469–1476. [CrossRef]
7. Ducrocq, V. Statistical Analysis of Length of Productive Life for Dairy Cows of the Normande Breed. J. Dairy Sci. 1994, 77,

855–866. [CrossRef]
8. Pritchard, T.; Coffey, M.; Mrode, R.; Wall, E. Understanding the Genetics of Survival in Dairy Cows. J. Dairy Sci. 2013, 96,

3296–3309. [CrossRef]
9. Holtsmark, M.; Heringstad, B.; Ødegård, J. Predictive Abilities of Different Statistical Models for Analysis of Survival Data in

Dairy Cattle. J. Dairy Sci. 2009, 92, 5730–5738. [CrossRef]
10. Veerkamp, R.F.; Brotherstone, S.; Engel, B. Analysis of Censored Survival Data Using Random Regression Models. Anim. Sci.

2001, 72, 1–10. [CrossRef]
11. Visscher, P.M.; Goddard, M.E. Genetic Parameters for Milk Yield, Survival, Workability, and Type Traits for Australian Dairy

Cattle. J. Dairy Sci. 1995, 78, 205–220. [CrossRef]
12. Beaudeau, F.; Frankena, K.; Fourichon, C.; Seegers, H.; Faye, B.; Noordhuizen, J.P.T.M. Associations between Health Disorders of

French Dairy Cows and Early and Late Culling within the Lactation. Prev. Vet. Med. 1994, 19, 213–231. [CrossRef]
13. Bicalho, R.C.; Galvão, K.N.; Cheong, S.H.; Gilbert, R.O.; Warnick, L.D.; Guard, C.L. Effect of Stillbirths on Dam Survival and

Reproduction Performance in Holstein Dairy Cows. J. Dairy Sci. 2007, 90, 2797–2803. [CrossRef]
14. Rajala-Schultz, P.J.; Gröhn, Y.T. Culling of Dairy Cows. Part I. Effects of Diseases on Culling in Finnish Ayrshire Cows. Prev. Vet.

Med. 1999, 41, 195–208. [CrossRef]
15. Rilanto, T.; Reimus, K.; Orro, T.; Emanuelson, U.; Viltrop, A.; Mõtus, K. Culling Reasons and Risk Factors in Estonian Dairy Cows.

BMC Vet. Res. 2020, 16, 173. [CrossRef]
16. Ducrocq, V. Topics That May Deserve Further Attention in Survival Analysis Applied to Dairy Cattle Breeding: Some Suggestions.

Interbull Bull. 1999, 21, 181–189.
17. Seegers, H.; Beaudeau, F.; Fourichon, C.; Bareille, N. Reasons for Culling in French Holstein Cows. Prev. Vet. Med. 1998, 36,

257–271. [CrossRef]
18. Roxström, A.; Strandberg, E. Genetic Analysis of Functional, Fertility-, Mastitis-, and Production-Determined Length of Productive

Life in Swedish Dairy Cattle. Livest. Prod. Sci. 2002, 74, 125–135. [CrossRef]
19. Ducrocq, V. A Piecewise Weibull Mixed Model for the Analysis of Length of Productive Life of Dairy Cows. In Proceedings of the

7th WCGALP, Montpellier, France, 19–23 August 2002.
20. Van Pelt, M.L.; Meuwissen, T.H.E.; de Jong, G.; Veerkamp, R.F. Genetic Analysis of Longevity in Dutch Dairy Cattle Using

Random Regression. J. Dairy Sci. 2015, 98, 4117–4130. [CrossRef]
21. Heise, J.; Liu, Z.; Stock, K.F.; Rensing, S.; Reinhardt, F.; Simianer, H. The Genetic Structure of Longevity in Dairy Cows. J. Dairy

Sci. 2016, 99, 1253–1265. [CrossRef]
22. Nilforooshan, M.A. Contemporary Grouping in Mixed-Size Dairy Herds Experiencing Four Seasons. Turk. J. Vet. Anim. Sci. 2010,

34, 129–135.
23. Meyer, K. Wombat—A Tool for Mixed Model Analyses in Quantitative Genetics by Restricted Maximum Likelihood (Reml). J.

Zhejiang Univ. Sci. B 2007, 8, 815–821. [CrossRef] [PubMed]
24. Misztal, I.; Tsuruta, S.; Strabel, T.; Auvray, B.; Druet, T.; Lee, D.H. Blupf90 and Related Programs (Bgf90). In Proceedings of the

7th World Congress on Genetics Applied to Livestock Production, Montpellier, France, 19–23 August 2002.
25. Sewalem, A.; Miglior, F.; Kistemaker, G.J.; Sullivan, P.; Huapaya, G.; van Doormaal, B.J. Modification of Genetic Evaluation

of Herd Life from a Three-Trait to a Five-Trait Model in Canadian Dairy Cattle. J. Dairy Sci. 2007, 90, 2025–2028. [CrossRef]
[PubMed]

26. Stock, K.F.; Hamann, H.; Distl, O. Estimation of Genetic Parameters for the Prevalence of Osseous Fragments in Limb Joints of
Hanoverian Warmblood Horses. J. Anim. Breed. Genet. 2005, 122, 271–280. [CrossRef] [PubMed]

27. Sasaki, O.; Aihara, M.; Nishiura, A.; Takeda, H.; Satoh, M. Genetic Analysis of the Cumulative Pseudo-Survival Rate During
Lactation of Holstein Cattle in Japan by Using Random Regression Models. J. Dairy Sci. 2015, 98, 5781–5795. [CrossRef] [PubMed]

28. Heise, J. Genetic Evaluation of Longevity in Dairy Cattle-a New Model for an Old Trait. Niedersächsische Staats-und Univer-
sitätsbibliothek Göttingen. Ph.D. Thesis, Georg-August Universität, Göttingen, Germany, 2017.

29. Schaeffer, L.R. Animal Models; University of Guelph in Ontario: Guelph, ON, Canada, 2019.
30. Boettcher, P.J.; Jairath, L.K.; Dekkers, J.C.M. Comparison of Methods for Genetic Evaluation of Sires for Survival of Their

Daughters in the First Three Lactations. J. Dairy Sci. 1999, 82, 1034–1044. [CrossRef]

http://doi.org/10.3168/jds.S0022-0302(92)77886-2
http://doi.org/10.3168/jds.S0022-0302(84)81351-X
http://doi.org/10.3168/jds.S0022-0302(93)77474-3
http://doi.org/10.3168/jds.S0022-0302(91)78261-1
http://doi.org/10.3168/jds.S0022-0302(05)72792-2
http://doi.org/10.3168/jds.S0022-0302(04)73298-1
http://doi.org/10.3168/jds.S0022-0302(94)77020-X
http://doi.org/10.3168/jds.2012-6219
http://doi.org/10.3168/jds.2009-2132
http://doi.org/10.1017/S1357729800055491
http://doi.org/10.3168/jds.S0022-0302(95)76630-9
http://doi.org/10.1016/0167-5877(94)90090-6
http://doi.org/10.3168/jds.2006-504
http://doi.org/10.1016/S0167-5877(99)00046-X
http://doi.org/10.1186/s12917-020-02384-6
http://doi.org/10.1016/S0167-5877(98)00093-2
http://doi.org/10.1016/S0301-6226(01)00300-1
http://doi.org/10.3168/jds.2014-9090
http://doi.org/10.3168/jds.2015-10163
http://doi.org/10.1631/jzus.2007.B0815
http://www.ncbi.nlm.nih.gov/pubmed/17973343
http://doi.org/10.3168/jds.2006-719
http://www.ncbi.nlm.nih.gov/pubmed/17369244
http://doi.org/10.1111/j.1439-0388.2005.00527.x
http://www.ncbi.nlm.nih.gov/pubmed/16060495
http://doi.org/10.3168/jds.2014-9152
http://www.ncbi.nlm.nih.gov/pubmed/26004830
http://doi.org/10.3168/jds.S0022-0302(99)75324-5


Animals 2022, 12, 701 13 of 13

31. Armengol, R.; Fraile, L. Descriptive Study for Culling and Mortality in Five High-Producing Spanish Dairy Cattle Farms
(2006–2016). Acta Vet. Scand. 2018, 60, 1–11. [CrossRef]

32. Rupp, R.; Boichard, D. Genetic Parameters for Clinical Mastitis, Somatic Cell Score, Production, Udder Type Traits, and Milking
Ease in First Lactation Holsteins. J. Dairy Sci. 1999, 82, 2198–2204. [CrossRef]

33. Neerhof, H.J.; Madsen, P.; Ducrocq, V.P.; Vollema, A.R.; Jensen, J.; Korsgaard, I.R. Relationships between Mastitis and Functional
Longevity in Danish Black and White Dairy Cattle Estimated Using Survival Analysis. J. Dairy Sci. 2000, 83, 1064–1071. [CrossRef]

34. Specht, L.W.; Carter, H.W.; van Vleck, L.D. First Classification Score and Length of Herd Life. J. Dairy Sci. 1967, 50, 1690–1694.
[CrossRef]

35. Van Vleck, L.D. First Lactation Performance and Herd Life. J. Dairy Sci. 1964, 9, 1000–1003. [CrossRef]
36. Vacek, M.; Stipkova, M.; Nemcová, E.; Bouska, J. Relationships between Conformation Traits and Longevity of Holstein Cows in

the Czech Republic. Czech J. Anim. Sci. 2006, 51, 327. [CrossRef]

http://doi.org/10.1186/s13028-018-0399-z
http://doi.org/10.3168/jds.S0022-0302(99)75465-2
http://doi.org/10.3168/jds.S0022-0302(00)74970-8
http://doi.org/10.3168/jds.S0022-0302(67)87695-1
http://doi.org/10.3168/jds.S0022-0302(64)88827-5
http://doi.org/10.17221/3946-CJAS

	Introduction 
	Materials and Methods 
	Phenotypic Data 
	Analysis Model 
	Breeding Value Estimation 
	Combining Estimated Breeding Values 
	Comparing Breeding Value between Economic Lives, Production, and Conformation Trait 

	Results and Discussion 
	Estimation of Genetic Parameters 
	Breeding Value Estimation and Breeding Value Correlation 

	Conclusions 
	References

