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The dependence of cows lifespan of Ukrainian Black-and-White dairy (UBWD) and Holstein (H) breeds on the level
of evaluation of linear type traits that characterize udder morphological qualities in the general system of linear classification
was studied. Descriptive traits of the evaluated conformation type were: front udder parts attachment, height of rear
udder parts attachment, central ligament, udder depth, front teats placement and length. A certain correlative variability
was established between level of evaluation of linear type traits and lifespan of animals. The highly reliable difference
between evaluated cows for linear type trait of front udder parts attachment with 1 and 9 scores is significant and was 841
(UBWD; P<0.001) and 810 (H; P<0.001) days. An interbreed comparison of cows lifespan, depending on the evaluation,
testified in favor cows of Holstein breed with variability within 43-159 days by an unreliable difference. Difference between
the lowest and highest scores for type trait of height rear udder attachment in cows of experimental breeds was 740 (UBWD;
P<0.001) and 810 (H; P<0.001) days. Animals with an assessment for trait development of central udder ligament lower
than 1-3 scores live, according to evaluated breeds, from 2089 to 2401 (UBWD) and from 2154 to 2468 (H) days. Cows
with 9 scores for both breeds had the highest lifespan — 2663 days (UBWD), inferior to cows with the lowest score by 754
(P<0.001) and 2803 days (H) with significant increase on 649 days (P<0.001). Difference between the average lifespan in
cows of Ukrainian Black-and-White dairy breed with 9 and 1 scores for linear type trait of udder depth was 739 (P<0.001)
and 832 days (P<0.001) in Holstein cows. Lifespan of cows both breeds in the herd was characterized by slight curvilinear
variability, depending on the assessment of linear type trait of front teats placement. Consequently, cows of both breeds
with an average score of 7 were used in the herd for the longest period. Evaluation of correlative variability of the front teats
length with lifespan of cows in controlled breeds indicated that animals with an average score of 5, which was equal to their
teats length at 5 cm, had longer functional life. Research results showed that each of evaluated descriptive traits in cows
of both breeds has an impact on lifespan with different variability within individual body part, so better expression of linear
type trait can be a breeding trait as an indirect predictor of longevity.
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Introduction. The created Ukrainian Black-and-White
dairy breed at the current stage of breeding is absorbed
by the gene pool of Holstein breed of world selection.
Increasing the heredity of Holstein breed undoubtedly
leads to an increase in milk production, but high-blooded
cows are become more demanding on the conditions
of feeding and keeping. In addition, the high mechanization
of technological processes and increase in Holstein heredity,
according to research evidence (Klopenko and Stavetska,
2015; Novotny et al., 2017) affect the reduction of duration
productive life of cows. Therefore, in the modern conditions
of intensive milk production technologies, indicators of dairy
cows longevity occupy an important link in the economic
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chain of development the cattle breeding industry, since its
profitability significantly depends on them (Polupan, 2015).
Due to its high economic value, national dairy associations
have registered the longevity as a breeding trait (Miglior,
2005; Polupan, 2014).

According to  scientists  evidence  (Klopenko
and Stavetska, 2015; Polupan, 2000), the longevity of cows
should be considered as a complex and integral trait
determined by a number of hereditary and paratypic factors.
Since breeders are interested in linear traits that inherited,
solving the problem of longevity due to hereditary factors is
complicated precisely because of the low heritability of traits
characterizing it, especially with regard to lifespan. World
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studies confirm this property. According to authors of (Imba-
yarwo-Chikosi et al., 2015), the degree of variability in
the heritability of lifespan was within 0.01-0.36, depending
on the breed and research method. The authors of other
studies report that heritability of lifespan of Holstein cows
varied from 0.05 to 0.07 (Kern et al., 2015), heritability
coefficients in animals of Simmental breed of the Czech
Republic ranged from 0.04 to 0.05 (Zavadilova et al.,
2009), and Holstein cows — from 0.03 to 0.05 (Zavadilova
and Stipkova, 2012).

The problem of dairy cattle productive longevity in
the world has existed for a long time, so breeders are actively
searching for methods to solve it. One of the means to solve
the problem of lifespan is the selection of animals according
to traits of the conformation type. The motivation for this
activity is based on the existence of correlative variability
between body parts of the conformation and indicators
of the duration of productive use of cows. (Battagin et al.,
2013; Kadarmideen and Wegmann 2003; Kern et al., 2015;
Zavadilova et al., 2011; Zavadilova et al., 2009), including
between udder traits and longevity (Du Toit et al., 2013).

According to the linear evaluation of Jersey cows,
significant moderate and strong positive genetic correlations
were established between the majority of udder traits
and functional longevity of cows in the herd (from 0.23 to
0.63) (Du Toit et al., 2013). The authors of (Garcia-Ruiz et
al., 2016) based on studies of Mexican Holsteins propose
to include five linear type traits (chest width, teats length,
central ligament, texture and udder depth), which were
positively correlated with the length of productive lifespan,
as indirect predictors of longevity. Other researchers (Kern
et al., 2014) are convinced that indirect genetic selection for
linear type traits of height, body depth, chest width, bone
quality, angularity, udder depth, rear teats placement, udder
texture, central ligament, front and rear udder attachment
can lead to a correlated increase in the longevity of cows.

The introduction of linear classification method into
the breeding process of improving Ukrainian dairy breeds
makes it possible to identify the desired development of those
linear type traits that affect the lifespan of animals in order
to consider them in the selection process. The effectiveness
of breeding cows in the direction of longevity was confirmed
by a sufficient level of the heritability of linear type traits (Bilal
et al., 2016; Novakovi¢ et al., 2014; Zavadilova et al., 2009).

The aim of our research was to study the dependence
of lifespan of cows of the Ukrainian Black-and-White dairy
(UBWD) and Holstein (H) breeds on the level of evaluation
of linear type traits that characterize the udder morphological
qualities in the general system of linear classification
of the conformation type.

Materials and methods. Experimental studies
were carried out in the farm herd of the company
"Ukrlandfarming" PE "Burynske" of the Podlisniv branch in
the Sumy district for the breeding of Ukrainian Black-and-
White dairy (n=278) and Holstein (n=293) breeds. The
conformation type of the first-born cows was evaluated
using the linear classification method according to
the latest ICAR recommendations (ICAR, 2018) at the age
of 2-4 months after calving. Linear type traits characterizing

the development of udder were evaluated on a 9-score
scale. The lifespan of cows was determined by the number
of days between the dates of birth and culling from the herd.

Results and discussions. Evaluation of the udder mor-
phological traits cows of dairy breeds in the linear classifica-
tion system occupies a certain place, since in the final score
of type, its specific weight is 40 % in the most countries
of the world (Holstein UK, 2013). The scientific and prac-
tical experience in breeding dairy cattle has repeatedly
stated that the udder morphological traits are the most
important and reliable conformation indicators of high milk
yield and manufacturability of cows (Alphonsus et al., 2010;
Atkins et al., 2008; Campos et al., 2015). The desirable
udder of a dairy-type cow in the totality of morphological
traits should be large in volume, proportionally formed,
bath- or cup-shaped; the size is characterized by the devel-
opment both in width and in length, with parts spread far
forward along the belly and back beyond the hip line. The
bottom placed at a sufficient distance from the ground, front
udder part tightly attached to the belly, and the rear is high
and firmly attached with a well-defined, deep, highly raised
furrow of central ligament. The teats are located in the cen-
ter of udder parts at an optimal distance, cylindrical in shape,
of the desired length and thickness, directed vertically down
(ICAR, 2018).

Based on the results of linear classification of descriptive
traits of the conformation type that characterize the udder
morphological qualities of the first-born cows of experimen-
tal breeds in the herd: front udder parts attachment, height
of rear udder parts attachment, central ligament, udder
depth, front teats placement and length, a certain correla-
tive variability between the level of these traits evaluation
and the longevity of animals.

One of the important udder descriptive traits, front udder
part attachment to the cow's belly, measured by strength
that is characterized by the angle at this place of connection.
The highest score of 9 for this body part development is
given to an animal in which the udder differs by gradual
transition of the front part glandular tissue into the belly with
help of connective lateral ligaments and formation of obtuse
angle above 161° (Khmelnychyi et al., 2022). Strong udder
attachment usually has excellent fore parts development,
bath-like shape and according to scientific studies, reliably
correlated with milk production (Gibson and Dechow, 2018).
The functional feature of the strong attachment of udder
front parts is to prevent it from sagging with age (Atkins et
al., 2008).

The results of evaluation the udder front parts attachment
(Fig. 1) showed the presence of correlation between
this linear type trait development and lifespan of cows
of evaluated breeds. Reliable difference between cows rated
at 1 and 9 scores is quite significant and amounted to 841
(UBWD; P<0.001) and 810 (H; P<0.001) days. An interbreed
comparison of cows lifespan, depending on the assessment,
testified in favor of Holstein cows with variability within
43-159 days by unreliable difference. About significant
impact of this trait on the lifespan of cows is reported in
the studies of foreign authors. Thus, when evaluating Jersey
cows, high correlation was between the udder front parts
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attachment and functional life with genetic correlations for
the first three lactations 0.23; 0.63 and 0.33, respectively
(Du Toit et al., 2012). According to the assessment of genetic
parameters of Italian brown Swedish dairy cattle (Samoré et
al., 2010), a strong positive genetic correlation was between
the udder front parts attachment and milk yield (0.45), but
insignificant — with functional longevity (0.10).

The next linear type trait is the height of rear udder parts
attachment, similarly to the previous one performs supporting
function, preventing the udder from sagging with age. Desirable
development of this body part estimated with the highest
score. The difference between the lowest and highest scores
for this trait in cows of experimental breeds was 740 (UBWD;
P<0.001) and 810 (H; P<0.001) days (Fig. 2).
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Fig. 1. Correlative variability of the score assessment descriptive type trait «front udder parts attachment»
with lifespan of cows in controlled breeds

The central ligament next linear type trait
of the udder in dairy cows, which is also related to supporting
it at the appropriate height.The high placed udder above
the ground facilitates preparation of the operator for milking
process and prevents cooling and injury. A high udder
placement with a deep, strength, well defined and highly
raised central ligament is desirable development of the trait
with the highest score.

The histogram sleepers (Fig. 3) show that average
lifespan of cows of experimental breeds significantly
depends on the evaluation level of “central ligament” trait.
Animals with a score below 1-3 for development of the udder
central ligament live, according to the evaluated breeds,
from 2089 to 2401 (URWD) and of 2154 to 2468 (H) days.
Cows of both breeds with score of 9 are distinguished by
highest lifespan — 2663 days (URWD), giving way to cows
with the lowest score by 754 (P<0.001) and 2803 (H) days
with significant excess in 649 days (P<0.001).

Hence, consistent with our results, Schneider et al.
(2003) and Sewalem et al. (2004) found that supporting
ligament of Holstein cows is one of the most important
udder traits, The udder bottom placement relative to
the ground is a very important functional technological
trait of dairy cattle. According to the method of linear
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classification, udder depth is evaluted by the distance
between conditional line drawn at the hock joint level
and udder bottom. The udder bottom distance relative
to the ground significantly depends on the previous
three traits, which are responsible for the strength of its
attachment. The histogram indicators (Fig. 4) show that
cows with a high udder are much less exposed to diseases
and risks of being culled, therefore, they are used much
longer in the herd of controlled farm. The difference
between the average lifespan of cows with a score of 9
and 1 for udder depth is 739 days for Ukrainian Black-
and-White dairy cows (P<0.001), for Holstein cows -
832 days (P<0.001). An interbreed comparison shows
the advantage of Holstein cows over Ukrainian Black-
and-White dairy breed in terms of lifespan within all score
values for udder depth, and for some the difference in
their favor is significant. According to the average score
of 5 the difference was 170 days (P<0.05). A correlative
close relationship between udder depth and functional
longevity was found in the brown Swiss of ltaly with
genetic correlation of 0.42 £ 0.10 (Samoré et al., 2010),
which confirms results of our studies since animals with
lower scores (extremely weak ligaments) are almost twice
as likely to be culled than animals with higher scores.
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Fig. 2. Correlative variability of the score assessment descriptive type trait
«height of rear udder parts attachment» with lifespan of cows in controlled breeds
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with lifespan of cows in controlled breeds

Number of scoes

500

1000 1500 2000 2500 3000

UDDER DEPTH Very heigh

n=15; 2636+83,2
n=24; 2789+72,6
n=21; 2614+85.4
n=39; 2766+66,7
n=41; 2622+54,3
n=53; 2702+44,7
n=33; 2527+33,6

n=48; 2666+35,2
n=28; 2372+49,6

n=33; 2542+41,8

n=22; 2222+52,4

n=27; 2288+39,5

n=14; 2122+63,3

n=20; 2261+54,4

n=11; 2067+87,2

n=12; 2101+87,7

n=7; 1897+95,3
n=6; 1957+93,1 Very low

Average lifespan (days)

Fig. 4. Correlative variability of the score assessment descriptive type trait «udder depth»
with lifespan of cows in controlled breeds
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Anotherudderlineartraitisthe frontteats placement, which
is quite important both from the breeding and technological
point of view (Fig. 5).The teats placement on the udder
can be wide, almost square; wide front and narrow rear
placement; close lateral at normal distance between teats
of the left and right sides; close placement of all teats. Both
very close (up to 6 cm) and very large (more than 20 cm)
distance between teats top is undesirable. Teats located
at an optimal distance (12-16 c¢m), in the center of udder
parts, vertically directed downwards, cylindrical or conical
shaped — best meet to requirements of machine milking
(ICAR, 2018). In a linear classification system, very close
or wide front and rear teats placement is undesirable trait
development. However, if you choose from extreme options,
the best is wide placement than a narrow one.

The diagram results show that lifespan of cows
of both breeds in the herd of controlled farm, depending on
the evaluation of front teats placement and characterized
by slight curvilinear variability. Hence, cows of both breeds
with an average score of 7 were used the longest time in
the herd. In the future, there are deviations by an unreliable
difference, towards a decrease in lifespan with scores of 8-9
and 6-5 with advantage of Holstein cows. A significant
decrease in the lifespan of cows began with scores for this
trait from 4 to 1.

Animals of the Ukrainian Black-and-White dairy breed
rated at 7 score prevailed over five groups of cows with
scores of 5-1, that was from 202 (P<0.01) to 872 (P<0.001)
days and in cows of Holstein breed from 228 (P<0.01) to
891 (P<0.001) days.

Number of scores
3}
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Fig. 5. Correlative variability of the score assessment descriptive type trait «front teats placement»
with lifespan of cows in controlled breeds

The next linear udder trait is the teats length, which
refers to technological traits. Modern dairy cattle of different
breeds are characterized by different length indicators
of the front and rear teats. According to studies (Stavetska
and Klopenko, 2015), teats length in first-born cows
of Ukrainian Black-and-White dairy breed is 5.6 cm and in
Holstein breed 5.8 cm. By the data of researches (Pishchan,
2016) of morphological udder features of Swiss cows
of various ecological origins at the age of first lactation, it
was found that front teats length was 7.5 cm and rear teats
5.5 cm, teats length in cows imported from Austria was 6.7
and 5.8 cm, respectively. In Simmental first-born cows,
these indicators for the front teats length were 6.7-7.5 cm
and the rear 6.3-6.9 cm, depending on the year of evaluation
(Dankiv and Kohut, 2016). Studies of first-born cows
of the Ukrainian Black- and Red-and-White dairy breeds
(Kovalchuk, 2006) showed that front and rear teats length
was 5.6-4.7 and 5.8-4.6 cm, respectively. In first-born cows
of the Ukrainian Red dairy breed (Pronoza, 2014) front teats
length varied within 6.15-6.69 cm and the length of rear
ones —5.75-6.0 cm.
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Based on experimental data of linear evaluation
and correlations between them and milk yield, the desired
expression of the conformation type in first-born cows
of the created Ukrainian Black-and-White dairy breed, in
the general unity of the main descriptive body parts which
are included in the linear classification system, according to
which teats length should be 5 cm with a score of 5 (ICAR,
2018). Analyzing the studies indicators of cows of Ukrainian
dairy and Holstein breeds, we can conclude that front
and rear teats length likewise to the desired type, varying
within 5-6 cm, which corresponds to 5-6 scores of linear
evaluation.

Evaluation of the correlative variability of front teats
length with the lifespan of cows in controlled breeds indicates
that long functional life was in cows with an average score
5, which is equal to the teats length in 5 cm. An increase in
the score for this trait to 6-9 in cows of the Ukrainian Black-
and-White dairy breed had little effect on lifespan, from 42
to 269 days, with a minimum degree of reliability at P<0.05
compared with groups of animals rated at 8 and 9 scores.
A similar comparison of Holstein cows rated at 5 scores
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Fig. 6. Correlative variability of the score assessment descriptive type trait «teats length»
with lifespan of cows in controlled breeds

with groups of animals with 6-9 scores showed a difference
within 38-241 days with reliability only in comparison with
animals with 9 scores at P<0.05. The decrease in the evalu-
ation caused a slightly lower lifespan in cows of both breeds
with reliability only when compared with a group of ani-
mals rated at 1 score on 396 (UBWD; P<0.001) and 309
(H; P<0.001) days and 2 scores with a difference of 239
(UBWD; P<0.001) and 183 (H; P<0.05) days, respectively.

Summarizing the research results it is important to note
that each of the evaluated descriptive traits in cows of both
breeds has an impact on the lifespan with different variability
within each individual body part.

Conclusions. The correlative variability of the scoring
of linear traits characterizing the morphological structure

of the udder and the lifespan of cows in a comparative anal-
ysis of the Ukrainian Black-and-White Dairy and Holstein
breeds was established. With a slight advantage and, in
some cases, with a reliable difference, animals of the Holstein
breed had an advantage over the Ukrainian Black-and-White
dairy cattle in terms of lifespan, depending on the evaluation
of the udder linear traits. The degree of correlative variabil-
ity between the level of evaluation of the morphological body
parts of the udder and the lifespan of animals depended on
a individual linear trait, the best development of which may
be a trait of selection as an indirect predictor of longevity. To
increase the lifespan of dairy herd cows, it is important to select
sires with a high type score, especially considering the desired
development of udder linear traits in their daughters.
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Tpueanicmb umms Kopie MosI04HOI XyAobu 3anexHo eid pieHs1 OuiHKU NiHIlIHUX 03HaK eUMeHi

LocnidxeHo 3anexHicmb mpusanocmi Xummsi Kopig yKkpaiHCbKoi YopHO-psiboi MorouHoi (YYPM) ma eonwmutcskoi (I)
ropid 8id pigHs1 OUIHKU MIHIUHUX 03HaK, SKi Xapakmepu3ytomb MOPGhOsI0_iYHI SKOCMI BUMEHI y 3a2aribHill cucmemi niHiiHoI
Kknacudpikayii muny. OuiHroganu onucosi 03HaKu ekcmep’epHo20 mury: MPUKPINAeHHAM nepedHix Yacmok 8UMeEHI, sucomy
MPUKpINneHHs1 3a0HIX YacmoK, UeHmparbHy 38 ’s3Ky, 2&lubUHy 8UMEHI, posmaulysaHHs ma 008XUHy rnepedHix ditiok. Bcma-
HOB/TeHO eaHy Criig8iOHOCHY MIHMUBICMb MiX PIBHEM OUiHKU MiHIGHUX 03HaK ma mpusanicmio Xummsi meapuH. Bucoko-
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docmosipHa pi3HUUs MiX KoposaMu, OUiHEHUMU 3a O3HaKy MPUKPInieHHs nepedHix Y4acmok euMeHi 8 00uUH ma 0e8’simb
6anie, documb 3Ha4yHa i cmaHosuna 841 (YHPM; P<0,001) ma 810 (I'; P<0,001) OHig. MixnopodHe rnopigHsiHHS mpusanocmi
KUMmMS1 Kopig, 3arexHO 8i0 OUiHKU, C8i04UMb Ha KOPUCMb KOpig 20iWMUHCLKOI Topodu 3 MiHugicmio y mexax 43-159 OHie
3a HeAOCMOBIPHOI Pi3HUY. Pi3HUUS MiX HaUHUXYO ma Hal8UWOK OUiHKaMU 3a 03HaKy eucomu 3adHb020 MPUKPIMIeHHS
sumeHi y kopig niddocnidHux nopid cmarHosuna 740 (YHYPM; P<0,001) ma 810 (I; P<0,001) OHis. TeapuHu 3 OUHKOI 3a
PO38UMOK UEHMPasbHOI 368’A3KU BUMEHI HUXHOI0 3a 1-3 banu xueyms, 8idrnogidHo Ao ouiHroeaHux nopid, eid 2089 do 2401
(YYPM) ma eid 2154 do 2468 (I') dHie. Koposu 3 ouiHkoro Oes’asmb barnie 060X nopid 8idpi3HsAoMbCS Haliguuwjor mpuearii-
cmio xummsi — 2663 dHi (YHPM), nocmynatoduchb Koposam 3 caMoto HU3BKOK OUiHKOK Ha 754 OHi (P<0,001) ma 2803 dHi
(') 3 docmosipHuM nepesuweHHsM Ha 649 OHie (P<0,001). PisHUUs MiX cepedHbOK mpusanicmio Xummsi KOpig 3 OUiHKOI
Oeg’ssamb barlie ma ouiHKoK 8 00UH ban 3a eflubUHY 8UMEHI CMaHOo8UMb y KOPI8 yKpaiHCbKOI YOpHO-psi60i MO104HOI nopodu
739 dHie (P<0,001), y kopie eonwmutcbkoi — 832 Ori (P<0,001). Tpusanicme xummsi kopige 060x nopid y cmadi 3a51exHo 8id
OUiHKU 3a posmatuysaHHs nepedHix Oiliok Xapakmepu3yembCsi He3Ha4HOK KpUBOMIHItHOK MiHusicmio. Tobmo, Hatidoswe
sukopucmosyromscs y cmadi kopogu 060x nopid 3 cepedHbOot0 ouiHKoK 7 banie. OuiHka cniggiOHOCHOI MiHIUBOCMi QO8XUHU
repedHix Qitiok 3 mpueasnicmio Xumms Kopie niGKOHMPOIbHUX opid c8iddums npo me, wo 0o8we yHKUIOHambHe Xumms
6yrno y Kopie 3 cepedHbOK OUjHKOK M’amb barig, ujo OopieHIOE ixHIli 008XUHI Ha pieHi 5 cMm. Pedynbmamu docnioxeHb
cg8id4amsb, WO KOXHa i3 OUHKBaHUX OMNUCOBUX 03HaK Y Kopie 000X nopid YUHUMb U8 Ha mpueasnicmb Xumms 3 Pi3HOK
MIHUBICMIO y Mexax KOHKPemHoi cmami, momy Kpauje 8UPaxxeHHs1 03HaKu Moxe bymu 03Hakot Aobopy y sskocmi Henpsi-
M020 npedukmopy 0o820imms.

Knrovoei cniosa: ykpaiHcbka YopHO-psiba MosioyHa nopoda, 20AWMUHChKa, MiHIGHI 03HaKu mury, mpueasnicms Xumms.
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