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Abstract. The purpose of the study was to analyze the udder and teat dimensions of primiparous 
cows, taking into account the influence of the country of origin of their fathers kept on a large-scale 
dairy farm. The cows included in the study (n = 99) of the Holstein-Friesian Black-and-White breed 
were divided into 3 paternal groups: daughters of bulls from Belgium (n = 20), Denmark (n = 28) and 
the USA (n = 51). Significant (p ≤ 0.05) differences were found between the country of origin of the 
fathers and the hind teat length and front teat thickness of their daughters. The selection effects of the 
cows studied for improving udder suspension height (66 cm) were satisfactory The average length 
of the front teats ranged from 4.20 (daughters of bulls from Denmark) to 4.50 cm (daughters of bulls 
from Belgium) and the length of the rear teats ranged from 3.38 (daughters of bulls from Denmark) to 
3.88 cm (daughters of bulls from Belgium). Average front teat thickness ranged from 2.34 (daughters 
of bulls from the US) to 2.54 cm (daughters of bulls from Belgium), and rear teat thickness ranged 
from 2.23 (daughters of bulls from Denmark) to 2.34 cm (daughters of bulls from Belgium). Average 
front teat spacing ranged from 12.70 (Belgian bull daughters) to 14.20 cm (US bull daughters), rear 
teat spacing ranged from 5.29 (Danish bull daughters) to 5.77 cm (US bull daughters), and lateral 
spacing ranged from 11.10 (Belgian bull daughters) to 11.75 (US bull daughters). The systematics 
of box, round and flat udders in all the primiparous cows studied was 51.5, 37.4 and 11.1%, respec-
tively. The incidence of cylindrical, funnel-shaped and bottle-shaped teats was 72.7, 27.3 and 0.0%, 
respectively. Teats with a round end were much more common (63.6%) than those with a pointed 
(21.2%) and flat (15.2%) end. Selection of cows for milk production traits should take into account 
the size and shape of the udder and teats. 
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INTRODUCTION

Conformation traits of udder and teat size and shape can play an important role in their 
suitability for easy milking and economic milk production and should be taken into account 
when selecting cows for dairy use. In leading dairy farming countries, a linear evaluation of 
type and conformation is conducted according to the recommendations of the International 
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Committee for Animal Recording (ICAR 2023). In the overall evaluation of type and confor-
mation of dairy cows on a 100-point scale, the trait weight for udder conformation is 40% 
(PFHBiPM 2024). Therefore, the selection of cows for suitability for machine milking creates 
the need for breeding work based on properly managed selection.

A cow’s functional udder should allow easy milking and should not have disqualifying 
defects. Irregularities in teat and udder structure make it difficult (or even impossible) to carry 
out machine milking in both the conventional system (conventional milking system, CMS) and 
the automated milking system (automated milking system, AMS). Matching the liners to the 
dimensions of the cow’s teats has a significant impact on the quality of the milking apparatus 
while ensuring that the teats are milked properly (Luberański et al. 2011). Both the shape of 
the udder and the shape of the teat and its tips are among the factors that can predispose 
to the development of mastitis, so it is important that they have a desirable morphological 
structure so that they are less susceptible to pathogens (Kuczaj 2002, 2003; Uzmay et al. 
2003; Haghkhah et al. 2011; Saleh et al. 2023).

Udder and teat conformation traits are highly heritable (h2 = 0.28–0.32) and can serve 
as marker traits for selection to reduce mastitis in dairy cattle (Bradford et al. 2015). It has 
been observed that teats that are too thin or too short cause the milking apparatus to fall 
off, teats that are too thick or too long are heavily compressed by the milking cups, which 
can result in damage to the mammary gland. Also, a sagging udder makes machine milking 
and all zoohygienic procedures more difficult and less resistant to any mechanical trauma 
(Kuczaj 2002). The body of knowledge presented here can help veterinarians outline a more 
reliable prognosis for the future health of the udder and the continued dairy use of cows. The 
results of udder and teat morphometry tests as selection criteria can provide dairy farmers 
with practical information in the implementation of breeding work in the barn. 

The purpose of this study was to make a zootechnical evaluation of the external structure 
of the udder and teats of primiparous cows, taking into account the influence of the country 
of origin of their fathers.

MATERIAL AND METHODS

The study included 99 primiparous cows of the Polish Holstein-Friesian Black-and-White 
(phf HO) breed used in a large-scale dairy farm located in southwestern Poland. The exper-
imental cows were daughters of bulls from Belgium (n = 20), Denmark (n = 28) and the USA 
(n = 51). The cows were kept in an alcove, free-stall system and fed a Total Mixed Ration 
(TMR) ration system. Milking was carried out twice a day in a side-by-side milking parlor. 
The entire cow herd was healthy, had correct welfare conditions and was under constant 
veterinary supervision.

The external structure of the udder and teats was determined by a single measurement on 
approximately the 100th day of lactation just before the evening milking at the milking parlor 
stand. Cows free of clinical signs of mastitis (milk of normal consistency and a mammary 
gland without pathological changes such as swelling, redness or signals of pain sensation 
during pre-milking routines) were qualified for the study. 

Zoometric measurements of the udder were taken using a zoometric tape, a ruler and 
a universal caliper. The study included, among others:

1. Udder measurements in cm: suspension height, front and rear teat length, front and 
rear teat thickness, lateral, front and rear teat spacing; measurements were made 
according to Kuczaj’s (2003) methodology, according to the scheme (Fig. 1).
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2. Udder and teat structure characteristics: teat shape (cylindrical, funnel-shaped, bot-
tle-shaped), teat end (round, flat, pointed), udder construction (box-shaped, round, 
flat) based on visual inspection.

Fig. 1.  Diagram of udder measurement of cows: 7 – rear teat spacing, 8 – front teat spacing, 
9 – lateral spacing (front to back), 10 – front teat length, 11 – rear teat length, 12 – front 
teat thickness, 13 – rear teat thickness, 14 – udder suspension height.  
Source: Kuczaj (2003)

In the study of udder and teat dimensions, their mean values (𝑥̅ ) and standard deviation 
(SD) were determined. The chi-square test of independence was used to determine the 
presence of statistically significant differences. Differences between means were considered 
significant at p ≤ 0.05. 

The reported relative and absolute advantages of the udder and teat parameters stud-
ied were referred to the group of progeny by US bulls (taken as 100%). The systematics of 
different – types – of udder and teat conformation is presented, giving their abundance and 
frequency of evaluation (in %).

RESULTS AND DISCUSSION

Table 1 summarizes the differences in external udder and teat morphometric traits of prim-
iparous cows depending on the country of origin of their fathers. 

The analysis showed a statistically significant effect of the bull’s country of origin  
(p ≤ 0.05) on hind teat length and front teat thickness in their daughters. With regard to the 
other analyzed parameters of udder and teat conformation, no significant differences were 
shown. Selection for improved udder-to-floor distance (more than 66 cm) proved effective. 
Daughters by fathers from the USA had udders hanging minimally lower than peers by bulls 
from Denmark (by 0.03 cm, relative difference 0.4%), and significantly higher than daughters 
by bulls from Belgium (by 0.33 cm; relative difference 0.50%). 

The results of self-reported measurements of the udder distance from the ground (>66 
cm) are significantly higher than those found previously; 51.4 cm in primiparous phf cows 
with a black and white coat and 45.4 cm in Holstein-Friesian peers with a red and white coat 
(Kuczaj 2002). The presence of high and tightly hung udders in dairy cows is associated 
with the occurrence of fewer somatic cells (SCCs) in milk and reduces the susceptibility to 
developing mastitis (Singh et al. 2013; Bansal 2024; Sharma and Singh 2024).
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Table 1.  The effect of the country of origin of the bull on the udder and teat morphometry of 
primiparous cows 

Traits
Country of origin of the sire

pBelgium  
(n = 20)

Denmark
(n = 28)

USA
(n = 51)

Height of udder suspension [cm]
66.05 66.41 66.38

0.934
SD 3.48 3.42 3.97

Front teat length [cm]
4.50 4.20 4.34

0.441
SD 0.95 0.84 0.73

Rear teat length [cm]
3.88a 3.38b 3.64

0.039
SD 0.79 0.60 0.65

Thickness of front teats [cm]
 2.54a 2.37  2.34b

0.019
SD 0.36 0.24 0.22

Rear teat thickness [cm]
2.34 2.23 2.25

0.208
SD 0.25 0.20 0.24

Front teat spacing [cm]
12.70 13.59 14.20

0.109
SD 2.84 2.85 2.54

Rear teat spacing [cm]
5.40 5.29 5.77

0.620
SD 2.51 2.14 2.25

Lateral teat spacing: front to back [cm]
11.10 11.57 11.75

0.523
SD 1.61 2.01 2.37

a, b – determination of means in rows statistically significantly different at p ≤ 0.05.

The length of the front teats in cow-daughters by US fathers was greater than peers by 
bulls from Denmark (by 0.14 cm; a relative difference of 3.23%) and less than peers by bulls 
from Belgium (by 0.16 cm; a relative difference of 3.69%). Primiparous females by fathers 
from the US had hind teats longer compared to cows by fathers from Denmark (by 0.26 cm; 
relative difference 7.14%), and shorter compared to daughters by fathers from Belgium (by 
0.24 cm; relative difference 6.59%).

The results of our own measurements are significantly smaller to the literature data; the 
average length of the front and rear teats ranged from 5.3 and 4.5 cm, respectively (Luber-
ański et al. 2011) to 6.06 and 4.94 cm (Kuczaj 2002). Tilki et al. (2005) found a negative 
correlation between milk yield and front and rear teat length (milk yield of cows decreased 
as teat length increased). Porcionato et al. (2010) observed rapid milk flow in cows having 
teat canals of shorter length. A similar trend was found by Saleh et al. (2023) that teat mor-
phology is part of a passive defense mechanism against intra-exchange infection, so short 
teats are more favorable for cows with high milk production than long teats.

The average thickness of front teats in cow-daughters by US sire was minimally less than 
peers by bulls from Denmark (by 0.03 cm; a relative difference of 1.28%) and significantly less 
than peers by bulls from Belgium (by 0.20 cm; a relative difference of 8.5%). The average 
thickness of the hind teats of cows by sire bulls from the US was minimally greater than the 
peers sired by bulls from Denmark (by 0.02 cm; a relative difference of 0.9%) and slightly 
lower than peers sired by bulls from Belgium (by 0.09 cm; a relative difference of 4.0%). 

The results of our own measurements were slightly lower than those found previously in 
other studies of the national population of Holstein-Friesian cows, i.e. from 2.6 cm (Luberański 
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et al. 2011) to 3.0 cm (Kuczaj 2002). According to Sharma and Singh (2024), teat thickness 
and length are traits that have a significant impact on milk yield (they affect daily milk yield, 
milk flow and mammary gland infections). According to the cited authors, shorter teats are 
desirable because cows with long teats experience difficulties during mechanical milking 
and are more susceptible to injury. Uzmay et al. (2003) showed that the risk of subclinical 
mastitis was highest in hf cows having long and thick teats. According to other researchers 
(Haghkhah et al. 2011; Bansal 2024), mastitis occurs less frequently in cows with small-
er-diameter teats. According to Singh et al. (2013), cows with teat lengths >4.5 cm and teat 
diameters ≥3.0 cm had significantly more quarters affected by mastitis.

The distance between the front teats was more than double that of the rear teats. The 
average front teat spacing in cow-daughters by US sire was slightly greater than peers by 
bulls from Denmark (by 0.61 cm; a relative difference of 4.49%) and significantly greater 
than peers by bulls from Belgium (by 1.50 cm; a relative difference of 11.81%). The average 
posterior teat spacing of cows-daughters by US sires was slightly larger than peers by bulls 
from Denmark (by 0.48 cm; relative difference 8.32%) and minimally larger than peers by 
bulls from Belgium (by 0.37 cm; relative difference 6.41%). The average lateral teat spacing 
in cows-daughters by US sire was minimally larger than peers by bulls from Denmark (by 0.22 
cm; relative difference 1.53%) and significantly larger than peers by bulls from Belgium (by 
0.65 cm; relative difference 5.53%). In other studies in phf HO cows, the front and rear teat 
spacing and their lateral spacing were 19.1 10.9 and 13.3 cm, respectively (Kuczaj 2002).

According to Tilki et al. (2005), the distances between the front teats, the rear teats and 
the lateral distance of the teats are positively correlated with the milk yield of cows (their milk 
yield increased with increasing the distance between the teats). Kuczaj (2003) found a small 
positive correlation coefficient between the number of somatic cells in milk and the distance 
between the rear teats (milk hygienic quality increased with increasing side teat spacing). 
In another study (Bansal 2024), no significant relationship was found between udder health 
and teat spacing, despite the fact that teat spacing was slightly smaller for individuals more 
likely to develop mastitis.

Table 2 shows the systematics of udder shape types in primiparous cows by country of 
origin of their sire.

Table 2. Influence of a bull’s country of origin on the udder conformation type of his daughters

Country of origin  
of bulls

Type of udder structure
Total
n, %boxed round flat

n % n % n %

Belgium 8 40.0 7 35.0 5 25.0 20 (20.2)

Denmark 20 71.4 6 21.4 2 7.2 28 (28.3)

USA 23 45.1 24 47.1 4 7.8 51 (51.5)

Total 51 51.5 37 37.4 11 11.1 99 (100)

The systematics of the different types of udder conformation of the 99 cows studied: boxy, 
round and flat were 51.5, 37.4 and 11.1%, respectively. The highest percentage of cows 
with the desired boxy udder conformation was sired by bulls from Denmark (71.43%) and 
compared to peers sired by bulls from the US and Belgium, it was 26.3 and 31.4% higher, 



42 M. Kuczaj

respectively. The highest percentage of cows with round udder conformation had cows, 
daughters sired by bulls from the USA (47.1%) and compared to peers sired by bulls from 
Belgium and Denmark was higher by 12.1 and 25.7%, respectively. The highest percentage 
of cows with flat udder conformation came from bulls from Belgium (25.0%) and compared to 
peers sired by bulls from Denmark and the US was higher by 17.8 and 17.2%, respectively.

The results of Uzmay et al. (2003) indicate that cows with box-shaped udders had the 
lowest risk of subclinical mastitis, while cows with round udders had the highest risk. Also, 
Bansal (2024) found that the shape of the udder was significantly related to the incidence 
of mastitis; cows with round udders were more susceptible to infection compared to udders 
of other conformation. Brzozowski (2003), on the other hand, showed that udder infections 
were least common in cows with box-shaped udders.

Table 3 shows the results on the frequency of different teat shapes in daughters by bulls 
from Belgium, Denmark and the USA.

Table 3. Influence of a bull’s country of origin on the teat shape of his daughters

Country of origin  
of bulls

Types of teat structures
Total
n, %cylindrical funnelled bottle

n % n % n %

Belgium 16 80.0 4 20.0 0 0.0 20 (20.2)

Denmark 18 64.3 10 35.7 0 0.0 28 (28.3)

USA 38 74.5 13 25.5 0 0.0 51 (51.5)

Total 72 72.7 27 27.3 0 0.0 99 (100)

It was found that among all 99 cows studied, the desired cylindrical teat shape was most 
common (72.7%), while funnel-shaped teats were much less common (27.3%). Cylindrical 
teats were more common in daughters sired by fathers from Belgium (80.0%) than in peers 
sired by bulls from the US and Denmark by 5.5 and 15.7%, respectively.

Table 4 shows data on the incidence of different types of teat ends in daughters by bulls 
of Belgium, Danish and US origin.

Table 4. Influence of a bull’s country of origin on the teat end type of his daughters

Country of origin  
of bulls

Types of teat structures
Total
n, %round flat pointed

n % n % n %
Belgium 12 60.0 2 10.0 6 30.0 20 (20.2)

Denmark 17 60.7 6 21.4 5 17.9 28 (28.3)

USA 34 66.7 7 13.7 10 19.6 51 (51.5)

Total 63 63.6 15 15.2 21 21.2 99 (100)

In the studied population of cows, round teat end was three times more common (63.6%) 
than those with a pointed end (21.2%) and almost four times more common than those with 
a flat end (15.2%). The typical round teat end in cow-daughters by US fathers (66.7%) was 
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more common than in peers by fathers from Denmark and Belgium by 6.0 and 6.7%, re-
spectively. The incidence of flat-tipped teats in daughters by bulls from Belgium (10.0%) was 
3.7 and 11.4% lower than in peers sired by bulls from the US and Denmark, respectively. In 
primiparous females by fathers from Belgium, pointed teat ends (30.0%) were more common 
by 10.4 and 12.1%, respectively, compared to peers by bulls from Denmark and the US.

In a study by Singh et al. (2017), Holstein-Friesian cows had almost twice as many teats 
with a round end (59.3%) as with a flat end (33.0%). The cited authors noted that the inci-
dence of mastitis was higher for bottle-shaped, conical and normal teats than for very thin 
(pencil-shaped) teats. Bansal (2024) found that the teat end has a significant effect on the 
incidence of mechanical damage. There is a higher risk of damage in cows for teats with 
a pointed end compared to teats with round and flat ends, which could possibly be due to the 
stress on a smaller teat surface during milking and thus the difficulty of milking. According to 
Haghkhah et al. (2011), pointy-tipped teats have more excessive keratinization and lesions, 
while flat-tipped teats tend to milk slower but cause less infection.

CONCLUSIONS

The demonstrated variation in the udder conformation of cows and in the size and shape of 
both front and rear teats is probably a genetic effect resulting from the diversity of breeding 
programs used in the various countries from which sire semen straws are imported. The 
results of the study provide valuable information (as selection criteria) for use in improving 
dairy cattle using semen from bulls from Belgium, Denmark and the US. 

Based on the study, the following conclusions can be made:
1. The country of origin of the sire differentiates statistically significantly at p ≤ 0.05 be-

tween the studied groups of cows in terms of hind teat length and front teat thickness.
2. Selection of cows for optimal udder and teat morphometry in breeding programs is 

possible.
3. In the studied herd of primiparous cows, improvement of udder suspension height 

(66 cm from the ground) was effective.
4. In order to standardize teat length and thickness, stabilizing selection should be carried 

out by using in breeding bulls whose daughters, primiparous cows have front and rear 
teat lengths of 4.50 and 3.90 cm, respectively, and front and rear teat thicknesses of 
2.55 and 2.35 cm, respectively.
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ANALIZA WYMIARÓW WYMION I STRZYKÓW KRÓW PIERWIASTEK 
Z UWZGLĘDNIENIEM KRAJU POCHODZENIA ICH OJCÓW

Streszczenie. Celem badań była analiza wymiarów wymion i strzyków krów pierwiastek z uwzględnie-
niem wpływu kraju pochodzenia ich ojców utrzymywanych w wielkostadnej fermie bydła mlecznego. 
Objęte badaniami krowy (n = 99) rasy holsztyńsko-fryzyjskiej odmiany czarno-białej podzielono na 
3 grupy ojcowskie: córki buhajów pochodzących z Belgii (n = 20), Danii (n = 28) oraz z USA (n = 51). 
Stwierdzono występowanie istotnych (p ≤ 0,05) różnic między krajem pochodzenia ojców a długością 
strzyków tylnych i grubością strzyków przednich u ich córek. Efekty selekcji badanych krów w kierunku 
poprawy wysokości zawieszenia wymion (66 cm) były zadowalające. Średnia długość strzyków przednich 

https://pfhb.pl/hodowla/ocena-typu-i-budowy-bydla-mlecznego/ocena-typu-i-budowy-krow-ras-mlecznych
http://dx.doi.org/10.1007/s11250-013-0454-8


45Analysis of udder and teat dimensions of primiparous cows...

mieściła się w zakresie od 4,20 (córki buhajów z Danii) do 4,50 cm (córki buhajów z Belgii), a długość 
strzyków tylnych od 3,38 (córki buhajów z Danii) do 3,88 cm (córki buhajów z Belgii). Średnia grubość 
strzyków przednich wynosiła od 2,34 (córki buhajów z USA) do 2,54 cm (córki buhajów z Belgii), grubość 
strzyków tylnych od 2,23 (córki buhajów z Danii) do 2,34 cm (córki buhajów z Belgii). Średni rozstaw 
strzyków przednich wynosił od 12,70 (córki buhajów z Belgii) do 14,20 cm (córki buhajów z USA), 
rozstaw strzyków tylnych od 5,29 (córki buhajów z Danii) do 5,77 cm (córki buhajów z USA), a rozstaw 
boczny – od 11,10 (córki buhajów z Belgii) do 11,75 (córki buhajów z USA). Systematyka wymion skrzyn-
kowatych, okrągłych i płaskich u wszystkich badanych krów pierwiastek wynosiła odpowiednio 51,5%, 
37,4% i 11,1%. Frekwencja występowania strzyków o kształcie cylindrycznym, lejkowatym i butelkowym 
wyniosła odpowiednio 72,7%, 27,3% i 0,0%. Strzyki o zakończeniu okrągłym występowały znacznie 
częściej (63,6%) niż o zakończeniu spiczastym (21,2%) i płaskim (15,2%). Selekcja krów pod kątem 
cech produkcji mleka powinna uwzględniać wymiary i kształt wymienia oraz strzyków.

Słowa kluczowe: wymiary i kształt wymion i strzyków, kraj pochodzenia reproduktora, krowy pierwiastki.
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