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that calved in the autumn months (332.9 days), while the highest values were recorded in cows that calved in
winter or autumn (ranging from 386.3 to 397.0 days). Lactation length was significantly associated with total milk
yield (P<0.001), whereas a significant correlation with 305-day milk yield was established only in multiparous
cows (P=0.036). The fat and protein milk percentages of the studied cows were also significant (P<0.001-0.020)
but negatively associated with lactation length. When approximating the lactation curves of the studied cows
using Wood’s model, it was found that as lactation length increased, the estimated value of coefficient “a” in Wood’s
model also increased, whereas the estimated values of coefficients “b” and “c” decreased. Overall, longer lactation
length was associated with an increase in daily milk yield estimates for months 8-10, contributing to improved

lactation curve persistency

Keywords: extended lactation; genotypic and environmental factors; lactation curve persistency

INTRODUCTION
Traditionally, the lactation cycle of a dairy cow is based
on a 12-month interval between calvings, which in-
cludes 10 months of lactation and a two-month dry
period. This means that a cow must be inseminated
within two to three months after calving when she is at
peak lactation and metabolically in a negative energy
balance. However, due to these complex physiological
conditions, it is difficult for a cow to conceive at this
time, and therefore, delaying insemination after peak
production and, as a result, extending lactation beyond
10 months, may be the most optimal solution to this
problem. In addition, extended lactation may have oth-
er benefits, such as reducing the number of newborn
calves that need to be culled at a young age, reducing
health and welfare problems, and finally, improving en-
vironmental impacts (reducing greenhouse gas emis-
sions or reducing the use of antibiotics) throughout the
animal’s life (Stelwagen et al., 2024).

A range of both genotypic and environmental
factors influence the lactation length in dairy cows.
Among the genotypic factors, the breed of the cow
and the breeding bull are primary influences (Alfon-
so et al., 2024). As noted in the study of A. Toure et
al. (2019), this factor is particularly significant for the
offspring of crosses between dairy breeds of Europe-
an and/or American origin and various zebu breeds.
Among the environmental factors, the year and sea-
son of calving are influential. In addition, as indicat-
ed by N.S. Dangar and P.H. Vataliya (2021), the age
of the cow (in lactation) also affects the variation in
lactation length. However, in addition to these factors,
it has also been noted that other factors can influ-
ence lactation length, such as the sex of the newborn
calf. For example, in the research of S.K. Genena and
M.H. ElSawy (2024), a significant (P < 0.05) predom-
inance of the average lactation length of Friesian
cows (Egypt) that calved heifers over the estimates
obtained for cows that calved bull calves (318.9 and
268.9 days, respectively) was demonstrated.

The study of R. Kumar et al. (2023) demonstrates
the complex and multifaceted relationship between
the occurrence of subclinical mastitis (SCM) and lac-
tation length in Jersey crossbred dairy cows in India.
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Increased SCM indicators were often associated with
intramammary infection, including subclinical masti-
tis. Consequently, cows with persistent or severe mas-
titis experienced shortened lactation lengths due to
reduced milk production increased culling rates, or
veterinary care issues. In contrast, Friesian cows with
a cup-shaped udder in Egypt exhibited higher milk
production and lactation lengths (averaging 480.7
days) compared to cows with other udder shapes
(Saleh et al., 2023).

Finally, in Karan Fries cows (Bos taurus x Bos in-
dicus) in India (Magotra et al, 2020), a significant
(P < 0.05) association between lactation length and
the SNP G43737229T of the breast cancer 1 gene
(BRCA1) was demonstrated, while in the research of
D. Worku et al. (2022a) on the Sahiwal dairy breed, a
significant (P < 0.05) association was noted between
lactation length and the SNP g.306T > C of the SIRT1
gene. In addition, in animals of this breed, a signifi-
cant (P < 0.05) association was established between
lactation length and the SNP rs41255599: C>T of
the LAP3 gene (Worku et al., 2022b). Several positive
and negative effects of extending lactation length
for dairy cattle have been identified. For example, the
study of J. Sehested et al. (2019) showed that delay-
ing insemination by extending the voluntary waiting
period improves the cow’s sexual behaviour and en-
sures her conception after the cow’s energy balance
becomes positive. Overall, the strategy of prolonging
the lactation length of dairy cows leads to fewer calv-
ings during their productive lifespan, and therefore, to
a reduction in morbidity, a reduction in the number of
replacement heifers, and a reduction in the number of
dry days per cow per year.

When analysing the effects of extending lacta-
tion length in high-yielding cows in Mexico, I.J. Rodri-
guez-Godina et al. (2021) found that the average milk
yield per lactation increased linearly with the num-
ber of prolonged lactations during the productive life,
with a maximum vyield of 19,099 kg of milk per lac-
tation for cows with five prolonged lactations. At the
same time, the average daily milk yield per day of pro-
ductive use was significantly (P<0.01) lower in cows




that did not have any prolonged lactation (30.2 kg)
compared to animals that had all five lactations pro-
longed (32.1 kg).

On the other hand, the implementation of a pro-
longed lactation length strategy has negative con-
sequences. For example, the study of J.B. Clasen et
al. (2019) showed that this strategy means an increase
in calving intervals, which can have an inhibitory effect
on the level of genetic variation in the herd. This occurs
primarily due to the genetic lag between the additive
genetic level of the cow population relative to the bull
sire population. In the research of K. Reindl et al. (2024)
on Holstein cows, Czech Fleckvieh cows and their cross-
es, it was shown that extended lactation in high-yield-
ing dairy cows is as demanding on energy metabolism
as the initial stages of lactation. In both cases, a signif-
icantly (P<0.001) higher content of ketone bodies in
milk was found than during the middle (101-200 days)
and late (201-305 days) lactation periods.

Negative consequences of extending lactation
length, in addition, include the fact that milk yields
gradually decrease, which may be associated with an
increased risk of cow obesity at the end of lactation.
There is limited information on the consequences for
cow productivity when lactation is prolonged and for
calves born to cows with prolonged lactation. Therefore,
a strategy based on individual cow characteristics may
become the future approach to selecting high-yielding
cows with persistent lactation curves when extending
lactation length. This will make it possible to limit the
risk of obesity and reduce milk yields at the end of lac-
tation while benefiting from reducing the consequenc-
es of calving complications (van Knegsel et al., 2022).

Therefore,the main goal of this study was to analyse
the dependence of lactation length variability on gen-
otypic (bull sire) and environmental (lactation number,
year and season of calving) factors and to assess its ef-
fect on the formation of milk productivity of dairy cows.

MATERIALS AND METHODS

The study utilised data from 604 complete lactations of
cows that calved at PJSC “Plemzavod “Stepnoi” (Zapor-
izhzhia Region, Ukraine) between 2014 and 2017. All
animals were descendants of 231 cows and 14 Holstein
bull sires, belonging to five lines (Starbuck, Bell, Chief,
Vaillant and Elevation) and had an average of 1.9%0.8
(Mean £ SD) lactations, ranging from 1 to 4 lactations.
For each animal, the following data on their milk pro-
duction were used: total milk yield for the entire lac-
tation (TMY), 305 days milk yield (MY305), fat milk
percentage (FP), protein milk percentage (PP), as well
as daily milk yield for the test days 1-10 (TD1-TD10),
which corresponded to 30, 60, ... 300 days of lactation.

The following factors were selected for the in-
vestigation of their influence on the lactation length
of the cows in the study group: sire origin (14 sub-
groups), age in lactations (two subgroups: primiparous
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cows and multiparous cows with > 2 calvings), year of
calving (three subgroups: 20142016 for primiparous
cows and 2015-2017 for multiparous cows), season of
calving (four subgroups: winter (December-February),
spring (March-May), summer (June-August) and autumn
(September-November)). For each subgroup, the least
squares mean (LSM) estimates for lactation length were
calculated based on the General Linear Model (GLM)
(Al-Murrani, 2024; Atamanyuk et al., 2019):

Y, =u+Parity, +5G+e,, (1)
where Y, is the L5M estimate of lactation length; u is
the overall arithmetic mean; Parity, is the fixed factor
of lactation number (two gradations); SGJ. is the fixed
factor of subgroup, depending on origin, year or season
of calving; e, is the random error.

Pairwise comparisons of the means of individual
subgroups were performed based on Tukey’s HSD test
(for groups of unequal size). To analyse the relationship
between lactation length and milk production charac-
teristics of cows, Spearman’s rank correlation coeffi-
cient (Rs) was calculated. To approximate the lactation
curves for the first 305 days of lactation of cows from
different subgroups, based on the average daily milk
yield estimates for TD 1-10, Wood’s model was used:

Yt =atbe, (2)

where Yt is the daily milk yield at time t (30%, 60,
90, ... 300* day of lactation); a, b, and ¢ are Wood’s
model coefficients. The adequacy of Wood’s model to
the original data was assessed based on the coefficient
of determination (R?).

In addition, based on the obtained estimates of
Wood’s model coefficients, Wood’s model parameters
were also calculated using the following formulas (Kra-
marenko et al., 2022):

i~

Ymax = a(g) e’ P, (3)
b

Tmax = - 4)

Persistency=c®*Y, (5)

where Ymax is the estimate of peak (maximum) 305
days milk yield; Tmax is the time to reach peak milk
yield of lactation; Persistency is the estimate of lacta-
tion persistency, which characterises the rate of decline
in milk production from the moment of reaching peak
milk yield to the 305t day of lactation.

All mathematical and statistical analysis of the orig-
inal data was performed using STATISTICA v.7 software
(Stat Soft Inc.). When keeping experimental animals on
the farm and during all manipulations with them, the
provisions of the Law of Ukraine No. 249 (2012) and the
European Convention for the Protection of Vertebrate
Animals Used for Experimental and Other Scientific
Purposes (1986) were observed.
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RESULTS AND DISCUSSION

General characteristics of lactation length variability.
In the study group of cows, lactation length ranged
from 173 to 1,150 days, with an average of 356.1+4.1
(Mean = SE) days. Analysis of their distribution on nor-
mal probability paper revealed that the original data
sample consists of four subgroups, characterised
by a more or less normal distribution, which can be
approximated by straight lines on probability paper.
The intersection points of these four approximating
straight lines correspond to 285, 365 and 435 days of
lactation (Fig. 1).

Thus, all original data were divided into four sub-
groups according to lactation length: short lactation
(less than 285 days), normal lactation (286-365 days),
prolonged lactation (366-435 days) and extremely
prolonged lactation (more than 436 days). The main
indicators of variability of individual subgroups of Hol-
stein cows by lactation length are shown in Table 1.

Expected Normal Value

0 200 400 600 800 1000 1200

Lactation length, day

Figure 1. Distribution of Holstein cows
by lactation length on normal probability paper
Note: different colours indicate straight lines approximating
individual lactation length subgroups. 285 d, 365 d,and 435
d - boundary limits for identifying individual subgroups
Source: developed by the authors

Table 1. Variability indicators of individual subgroups of Holstein cows by lactation length

Lactation length subgroup Lactation length limits (days) n Mean % SE (days) SD (days)
Short lactation <285 118 237.6%1.8 19.1
Normal lactation 286-365 300 319714 244
Prolonged lactation 366-435 106 398.1+£19 20.0
Extremely prolonged lactation >436 80 558.9+13.7 122.7
Overall 173-1,150 604 356.1+4.1 100.8
F,(3; 600), P - - - 134.13; P<0.001

Note: n - number of records; FL - Levene’s test estimate for homogeneity of subgroup variances; P - significance level;
Mean £ SE - estimate of the subgroup arithmetic mean and its statistical error; SD - subgroup standard deviation

Source: developed by the authors

Earlier, in the study of H. Mehta et al. (2021), Red
Dane x Sahiwal x Holstein-Friesian crossbred cows (In-
dia) were also divided into subgroups according to their
lactation length: short lactation (102-179 days), normal
lactation (180-483 days), prolonged lactation (484-
560 days) and extremely prolonged lactation (more
than 560 days).

Table 2 shows the LSM estimates (* SE) of lactation
length depending on the breed/crossbreed of Europe-
an/American dairy cattle and the country of breeding. It
can be noted that a significant number of the obtained

estimates significantly exceeded the traditional 305
days of lactation, which is accepted as the standard. For
example, in the research of K. El-Den et al. (2020) for
Friesian cows, the LSM estimate of lactation length in
Egypt was 358.3 days, and for Swedish Red cows in Tur-
key, it reached 361.0 days (Geng & Mendes, 2021).At the
same time, for HolsteinFriesian cows and their crosses
with Jersey cows in New Zealand, the LSM estimates of
lactation length were shortest - only about 8 months,
which is probably due to a certain technology of the
dairy cattle industry in these farms (Curry et al., 2024).

Table 2. Lactation length depending on the breed/crossbreed
of European/American dairy cattle and the country of breeding, days

Breed/crossbreed Country n LSMxSE Source
Friesian Egypt 1,018 301.0£3.5 A.A.Badr & A.A. Amer (2020)
Friesian Egypt 1,630 358323 K.El-Den et al. (2020)
Friesian Egypt 4,413 319.9%0.3 S.K.Genena & S.Z.Ebrahim (2023)
Friesian Egypt 1,976 310.1%25 S.S.Sanad et al. (2020)
Holstein Costa Rica 17,269 333.0%0.6 B.Vargas-Leitdn et al. (2024)
Holstein Morocco 4,737 347.1%0.8 |. Boujenane (2019)
Holstein Ukraine 604 356.1+4.1 own data
Holstein Turkey 823 350.0%2.6 S. Geng and M. Mendes (2021)
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Table 1. Continued

Breed/crossbreed Country n LSMxSE Source
Holstein Turkey 2,936 357.6%1.3 S. Geng (2022)
Holstein Turkey 530 316.5%6.9 M. Ozdemir et al. (2021)
Holstein-Friesian New Zealand 231 244.0+1.0 B.A. Curry et al. (2024)
Holstein-Friesian Pakistan 66 285.9+31.8 I.Ali et al. (2019)
Holstein-Friesian Turkey 9,844 350.9+0.8 Y. Oztiirk et al. (2021)
Holstein-Friesian Egypt 937 301.0£3.6 A.S.Khattab et al. (2021)
Holstein-Friesian Pakistan 610 278.2+10.9 M. Khalil et al. (2021)
Holstein-Friesian = Jersey New Zealand 84 248.0%2.0 B.A. Curry et al. (2024)
Jersey Ethiopia 2,912 3449+38 N. Beneberu et al. (2020)
Jersey Turkey 824 328.0%2.2 S.Genc & M. Mendes (2021)
Jersey Pakistan 39 290.5+40.6 I.Ali et al. (2019)
Jersey Ethiopia 3,495 352909 K.Abera et al. (2023)
Montbeliarde Turkey 1,448 333.0%3.6 S.Genc & M. Mendes (2021)
Swedish Red Turkey 36 361.0%£15.3 S.Genc & M. Mendes (2021)

Note: n - number of records; LSM * SE - least squares mean estimate and its statistical error
Source: created by the authors based on literature and their own results

In general, the lactation length is influenced by
both the breed of the animals and the technology cho-
sen in a particular country (or on a particular farm).
The lactation length can be affected by the adapta-
tion process. For example, the study of N. Beneberu et
al. (2020) found that when breeding the Jersey breed,
the average lactation length of imported individu-
als, which were imported from Denmark as pregnant
heifers, was significantly (P<0.001) longer than in the
offspring of imported animals that were raised in Ethi-
opia (361.3 and 328.6 days, respectively). In addition,
the research of R.E. Alfonso et al. (2024) showed that
when crossing dairy cows with beef sire bulls, their av-
erage lactation length was shorter than when using
dairy sire bulls for breeding.

The maximum possible lactation lengths can also
vary significantly. For example, the study of J. Mellado et
al. (2021) noted that in the hot climate of Mexico, Hol-
stein cows are effectively fertilised more than 300 days
after calving. Therefore, they are characterised by pro-
longed lactation with an average length of 696 days.
In another research on Holstein cows in Mexico, it was
noted that the maximum lactation length could reach
1018 days (Rodriguez-Godina et al., 2021). In Europe,
the maximum length of prolonged lactation of Hol-
stein-Friesian cows (Poland) reached 622 days (Salam-
onczyk, 2023),and in Holstein cows in Turkey - 550 days.
Finally, in the study of T. Kopec et al. (2020), primiparous
Simmental cows were studied, the lactation length of
which maximally reached 1,348 days.

Analysis of the effect of cow age on their lactation
length. The age of the cows (in lactations) significant-
ly affected lactation length (one-way analysis of var-
iance: Fy ., = 8.04; P<0.001). LSM estimates for prim-
iparous cows and multiparous cows for the 2™, 3 and
4t lactations were 337.9 £6.4, 377.8 6.4, 357.7 £ 9.6
and 310.5+21.1 days, respectively. Using Tukey’s HSD
test, significant differences were noted only between

the lactation length of primiparous cows and animals
for the 2" lactation. Therefore, in further analysis, only
two age groups were considered according to lacta-
tion length - primiparous cows and multiparous cows,
which had two or more lactations. In general, the age of
the cows significantly affected the ratio of subgroups by
lactation length (Pearson’s chi-square test: x> =10.58;
df=3; P=0.014). At the same time, the longer lactation
period of multiparous cows was due to an almost twice
higher proportion of animals among them that belong
to the subgroup with extremely prolonged lactation
(>436 days) and, accordingly, a low proportion of ani-
mals with short and normal lactation (Fig. 2).

337.9a

LSM (days): 367.9b
100% -
90% -
80% -
70%
60%
50% -
40% -
30% -
20% -
10%
0% +—

Primiparous cows

#>436 days
366-435 days
7.286-365 days

Frequency, %

W <285 days

Multiparous cows

Figure 2. Distribution by lactation length of primiparous
cows and multiparous cows of the Holstein breed
Note: LSM estimates for the corresponding subgroups
are shown. Significant differences between the means
of individual subgroups (P < 0.05) based on Tukey’s HSD
multiple comparison test are indicated by different letters

Source: developed by the authors

The obtained results are consistent with data pre-

viously obtained in studies analysing the influence of
cow age on lactation length. Of the 14 studies reviewed,
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which investigated dairy cattle of European/American
origin and crossbred animals, nine reported a signifi-
cant effect (P<0.001 to 0.05), while the remaining five
did not find a significant effect (Table 3). Regarding the
pattern of lactation length changes across cows of dif-
ferent ages, it was inconsistent, ranging from a gradual
increase in lactation length with each subsequent lacta-
tion (as observed in Holstein cows in Turkey (Ozdemir et
al., 2021)) to complete similarity in the respective lac-
tation length estimates during the first four lactations,

with a significant increase only in the 5th lactation (as
seen in Jersey cows in Ethiopia (Abera et al., 2023)).

The most common pattern was characterised by the
same lactation length during the 1%t and 2" lactations,
but a significant increase during the 3 lactation. While
in the current study, on the contrary, lactation length
significantly increased between the 1%t and 2™ lacta-
tions, but then almost did not change. A similar pattern
was also noted for crossbred animals (HolsteinFrie-
sian x Sahiwal) in India (Chopade et al., 2023).

Table 3. Results of the effect of cow age (in lactations) on lactation length depending
on the breedy/crossbreed of European/American dairy cattle and the country of breeding

Breed/crossbreed Country n ity Lactation order Source
Friesian Egypt 1,018 <0.01 - A.A.Badr & A.A. Amer (2020)
Friesian Egypt 1,630 <0.05 1=2>3<4 K.ELl-Den et al. (2020)
Friesian Egypt 1,300 ns - A.A.Saleh et al. (2023)
Friesian Egypt 4,913 <0.001 1=2>3=4 S.K.Genena and M.H. ElSawy (2024)
Friesian Egypt 1,976 <0.001 1=2=3<4 S.S.Sanad et al. (2020)
Friesian Pakistan 608 ns - M. Khalil et al. (2021)
Holstein Turkey 530 <0.05 1<2<3>4 M. Ozdemir et al. (2021
Holstein Ukraine 604 <0.001 1<2=3=4 own data
Holstein-Friesian Turkey 796 ns - C.Sipahi (2022)
Holstein-Friesian Egypt 937 ns - A.S.Khattab et al. (2021)
Holstein-Friesian x Sahiwal Pakistan 641 ns - M.N. Tahir et al. (2023)
Holstein-Friesian x Sahiwal India 9,094 <0.01 1<2=3=4 M.M. Chopade et al. (2023)
Jersey Ethiopia 2,912 <0.001 1=2>3=4 N. Beneberu et al. (2020)
Jersey Ethiopia 3,495 <0.01 1=2=3=4<5 K.Abera et al. (2023)

Note: n — number of records; PParity - significance level of the effect of lactation number (according to GLM results); ns -
P_ >0.05. Lactation order - the presence of significant differences between LSM estimates for different lactations. The

sire P
signs <" or ">"
significant differences are absent

>"mean that significant differences between adjacent lactations are established, and the sign "=

“_ 9

means that

Source: created by the authors based on literature and their own results

Analysis of the influence of the bull sire on the lacta-
tion length in cows. No significant influence of the bull
sire on the lactation length of primiparous cows was
found. However, when considering all lactations to-
gether, a significant effect of the bull sire on lactation
length was established (one-way ANOVA: F , . =2.33;
P =0.005). These results are consistent with earlier
findings on the impact of the bull sire on the lactation
length of dairy cows of different breeds (Table 4). Fur-

thermore, the results of an analysis conducted during

18 independent studies on dairy cows or crossbred an-
imals (nine of which considered only the 1% lactation
and another nine analysed all lactations) indicate a sig-
nificant relationship between the lactation number and
the influence of the bull sire on lactation length (odds
ratio: OR ,  ~.=0.082; P=0.027). Thus, the influence of
the bull sire on lactation length was more likely to be
observed when analysing cows of all age groups, com-
pared to when only primiparous cows were included in

the analysis.

Table 4. Results of the bull sire’s influence on lactation length based on breed/origin and country of dairy cattle breeding

Breed/crossbreed Country n e e Source
1% lactation
Holstein Ukraine 237 14 ns own data
Holstein-Friesian India 973 42 ns V.K.Singh et al. (2020)
Holstein-Friesian x Gir India 421 48 ns S.S.Jadhav et al. (2019)
Kankrej India 291 66 ns N.K. Thakkar et al. (2021)
Kankrej India 475 75 ns K. Ankuya et al. (2020)
Sahiwal + Crossbreds India 965 78 <0.05 D.G. Girimal et al. (2020)
Crossbreds India 2,204 54 <0.05 V.AR. Panwar et al. (2022)
Crossbreds India 529 79 ns S.Kaur et al. (2023)

Scientific Horizons, 2025, Vol. 28, No. 3
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Table 4. Continued

Breed/crossbreed Country n e e Source
Crossbreds India 1,029 107 ns M. Dangi et al. (2021)
All lactations
Friesian Egypt 1,018 54 <0.01 A.A.Badr and A.A. Amer (2020)
Friesian Egypt 1,300 180 ns A.A.Saleh et al. (2023)
Friesian Egypt 1,976 117 <0.001 S.S.Sanad et al. (2020)
Holstein Ukraine 604 14 <0.01 own data
Holstein-Friesian Egypt 937 50 <0.01 A.S.Khattab et al. (2021)
Crossbreds India 529 79 ns S.Kaur et al. (2023)
Holstein-Friesian x Sahiwal India 9,094 239 <0.01 M.M. Chopade et al. (2023)
Sahiwal India 567 42 <0.01 P.Ratwan et al. (2019)
Tharparkar India 284 - <0.01 G. Choudhary et al. (2019)

Note: n - number of records; n_, . — number of bull sires used in the analysis; P, - significance level of the bull sire’s
influence (according to GLM results); ns - P>0.05. Crossbreds - crosses between local breeds and breeds of European

origin

Source: created by the authors based on literature and their own results

Analysis of the influence of calving year and season
on the lactation length in cows. It was found that the
variability in lactation length among cows in the study
group depended on the calving year. The calving year
significantly influenced the distribution of lactation
length subgroups for both primiparous cows (Pear-
son’s chi-square test: y*=16.22; df=6; P=0.013) and
multiparous cows (Pearson’s chi-square test: y?=38.64;
df=6; P<0.001). In general, the lowest LSM estimate

LSM (days):
100% A

349.8a

335.6a

of lactation length was observed for multiparous cows
that calved in 2017 (329.2 days) and primiparous cows
that calved in 2016 (330.3 days). The highest lactation
length was recorded for multiparous cows that calved
in 2016 (401.6 days). This prolonged lactation period
was mainly due to a significant proportion of animals
in the extremely prolonged lactation subgroup (> 436
days) and a correspondingly lower proportion of ani-
mals with normal lactation (Fig. 3).

378.6ab 401.6b 329.2a
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Frequency, %
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Calving year

tH >436 days

366-435 days
7 286-365 days
MW <285 days

2015 2016

Multiparous cows

2017

Figure 3. Distribution of lactation length for primiparous cows

and multiparous cows of Holstein breed based on calving year
Note: LSM estimates for the corresponding subgroups are shown. Significant differences between the means of individual
subgroups (P<0.05) based on Tukey’s HSD multiple comparison test are indicated by different letters

Source: developed by the authors

It was also found that the variability in lactation
length among cows in the study group depended
on the calving season. Similarly, the calving season
significantly influenced the distribution of lactation
length subgroups only for multiparous cows (Pear-
son’s chi-square test: y? = 54.95; df=9; P < 0.001),
while no significant influence of calving season was
found for primiparous cows (Pearson’s chi-square
test: y2=8.98; df=9; P=0.429). Overall, the lowest

LSM estimate for lactation length was observed for
multiparous cows that calved in the autumn months
(332.9 days), while the highest estimates were re-
corded for animals that calved in winter or autumn
(386.3 to 397.0 days). Animals that calved in the
summer had intermediate lactation length. Notably,
among the multiparous cows that calved in summer,
the highest proportion of animals had normal lacta-
tion length (Fig. 4).
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Figure 4. Distribution of lactation length for primiparous cows
and multiparous cows of Holstein breed based on calving season
Note: LSM estimates for the corresponding subgroups are shown. Significant differences between the means of individual
subgroups (P<0.05) based on Tukey’s HSD multiple comparison test are indicated by different letters

Source: developed by the authors

The results, in general, are consistent with previ-
ously obtained results of the analysis of the effect of
year and season of calving on the lactation length of
dairy cows of different breeds (Table 5). Of the 15 ana-
lysed studies in which European/American dairy cattle
and crossbred animals were studied, 12 cases showed
a significant effect (P<0.001 to 0.05) of calving year
(Table 5). At the same time, the chance of establishing
a significant effect of the year of calving on lactation
length was not related to either the length of the study
period (in years) or the number of periods into which
the study period was divided. However, this change had
a significant relationship with the total number of an-
imals included in the analysis (non-parametric Mann-
Whitney test: Z=-2.02; P=0.044). Thus, with an increase
in sample size, the chance of obtaining confirmation of
the hypothesis regarding the significant effect of the
year of calving on the lactation length of cows increased.

On the other hand, out of the 15 analysed studies
in which European/American dairy cattle and crossbred

animals were studied, nine cases showed a significant
effect (P<0.001 to 0.05) of the season of calving (Ta-
ble 5). In this case, the chance of establishing a signifi-
cant effect of the season of calving on lactation length
was not related to the total number of animals includ-
ed in the analysis (non-parametric Mann-Whitney test:
Z=0.72; P=0.514).

In general, studies by other authors confirmed
the results obtained regarding the longest lactation
length of cows that calved in winter or spring, in con-
trast to animals that calved in autumn and/or summer
(Fig. 4). Similar results were obtained for Friesian cows
in Egypt (ELDen et al., 2020; Genena & ElSawy, 2024)
and for crossbred cows based on the HolsteinFriesian
Crossbreds in Pakistan (lhsanullah et al., 2020; Tahir et
al.,2023). In countries with very hot climates, the lacta-
tion length of cows that calved during the wet season
of the year was also longer than in animals that calved
during the dry season of the year (Hakoueu et al., 2022;
Chopade et al., 2023)

Table 5. Results of the effect of year and season of calving on lactation length depending
on the breed/crossbreed of European/American dairy cattle and the country of breeding

Breed/crossbreed Country n ny, P, P, . Order of the seasons Source
Friesian Egypt 1018 6/6 <0.01 <0.01 na A.A.Badr & A.A. Amer (2020)
Friesian Egypt 1,630 10/10 <0.01 <0.01 (win + spr) > aut K.EL-Den et al. (2020)
Friesian Egypt 4913 36/5 <0001 <0.05 ((v:U:n++SZL)t)> o M?‘H'f'EGlS;‘@’;E’(ZOZ "
Friesian Egypt 1976 12/12 <0.001 ns - S.S.Sanad et al. (2020)
Friesian Pakistan 608 16/16 <0.001 na na M.Khalil et al. (2021)
Holstein Ukraine 604 4/4 <0.001 0.003 (win + spr) > aut own data

Holstein-Friesian Turkey 796 7/7 ns < 0.05 sum > win C.Sipahi (2022)

Holstein-Friesian Egypt 937 6/6 <0.01 na na A.S.Khattab et al. (2021)

HOlCStei”'F”ESia” India 529 30/6 <001 ns - S. Kaur et al. (2023)
rossbreds

Holstein-Friesian x Gir India 161 10/2 ns ns - M.G. Mote et al. (2020)
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Table 5. Continued

Breed/crossbreed Country n ny, P, P..  Order of the seasons Source
Holstein-Friesian >\ qia 114 82 ns  ns : M.G. Mote et al. (2020)
Jersey x Gir
H°lSt§':r;iFv:/'aels'a” * India 9,094 36/4 <001 <005 rainy > sum M.M. Chopade et al. (2023)
Hm“‘;‘:r;rv:/':f'a” * Pakistan 641 20/4 <0001 <0.001 win > sum M.N. Tahir et al. (2023)
Holstein-Friesian o icion 1431 17/~ na 001 WINFSPO> (UM o 6 ihsanullah et al. (2020)
Crossbred +aut)
Holstein-Friesian
Crossbred, Cameroon 403 14/- na <0.05 rainy > dry F. Hakoueu et al. (2022)
Jersey Crossbred
Jersey Ethiopia 2,912 31/11 <0.001 ns - N. Beneberu et al. (2020)
Jersey Ethiopia 3,495 17/6 <0.01 ns - K.Abera et al. (2023)

- number of years and study periods; P, . - significance level of the effect of the year/
- significance level of the effect of the season of calving (according

Note: n - number of records; n, ,
period of calving (according to GLM results); P .

to GLM results); ns - P>0.05; na - data not available. The sign “>” means that significant differences between the
corresponding calving seasons are established. win, spr, sum, aut - winter, spring, summer and autumn calving season;
rainy, dry - wet and dry calving season

Source: created by the authors based on literature and their own results

coefficient (Rs=0.169; P=0.024) was found only for
milk yield on the TD9 (Table 6). The fat and protein
milk percentage of the cows in the study group were
also significantly (in all cases: P<0.001 to 0.020) asso-
ciated with lactation length, but unlike the quantita-
tive characteristics of milk production, for qualitative

Analysis of the effect of lactation length on cow milk
production. Lactation length was significantly associ-
ated with total milk yield in both primiparous cows
and multiparous cows (Spearman’s rank correlation
coefficient: P<0.001 in both cases). As for 305 days of
milk yield, a significant correlation was found only for

multiparous cows (Spearman’s rank correlation coef-
ficient: Rs=0.109; Rs=0.036). In addition, milk yields
for the TD6-TD10 were also significantly (in all cases:
P<0.001 to 0.030) correlated with the lactation length
of multiparous cows, while in primiparous cows a sig-
nificant estimate of the Spearman’s rank correlation

characteristics, the Spearman’s rank correlation coeffi-
cient estimates had a negative sign. At the same time,
in multiparous cows, the strength of the relationship
between fat and protein milk percentage depending
on lactation length was more pronounced than in
primiparous cows.

Table 6. Spearman’s rank correlation coefficient (Rs) estimates of lactation length
of primiparous cows and multiparous cows with milk production traits

Primiparous cows

Multiparous cows

Traits

n Rs (P) n Rs (P)
T™Y 237 0.692 (P<0.001) 367 0.602 (P<0.001)
MY305 237 0.064 (ns) 367 0.109 (P=0.036)
FP 237 -0.251 (P<0.001) 367 -0.475 (P<0.001)
PP 237 -0.151 (P=0.020) 367 -0.341 (P<0.001)
TD1 176 0.028 (ns) 364 -0.013 (ns)
TD2 179 -0.051 (ns) 364 -0.090 (ns)
TD3 180 -0.074 (ns) 363 -0.080 (ns)
TD4 180 -0.062 (ns) 363 -0.024 (ns)
TD5 180 -0.042 (ns) 363 0.047 (ns)
TD6 180 -0.047 (ns) 362 0.121 (P=0.022)
TD7 180 -0.044 (ns) 359 0.114 (P=0.030)
TD8 179 0.014 (ns) 360 0.186 (P<0.001)
TD9 178 0.169 (P=0.024) 338 0.244 (P<0.001)
TD10 103 0.072 (ns) 275 0.234 (P<0.001)

Note: TMY - total milk yield for the entire lactation; MY305 - 305 days milk yield; FP - fat milk percentage; PP - protein
milk percentage; TD1-TD10 - average daily milk yield estimates for test days 1-10. Rs - Spearman’s rank correlation

coefficient estimate; P - significance level; ns - P>0.05
Source: developed by the authors
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A high level of correlation between lactation length
and total milk yield has already been noted in various
studies. For example, in the research of D. Hunde et
al. (2022) in crossbred cows between the Friesian and
Jersey breeds with the local cattle breed Boran (Ethio-
pia), the corresponding estimate was 0.55 (P<0.001). In
crossbred animals based on the Holstein-Friesian Cross-
breds in India, it was 0.72 (P<0.001) (Kaur et al., 2023).
The article of D. Worku et al. (2022a) noted that in ze-
bu-like cattle of the Sahiwal breed (Ethiopia), the cor-
relation coefficient between lactation length and total
milk yield was very high - 0.92 (P<0.001). The correla-
tion estimates between lactation length and 305 days
milk yield were significantly lower - for Friesian cows

in Egypt, it was only 0.159 (P<0.05) (Sanad et al., 2020).

Regarding the fat and protein milk percentage, a
study by I. Boujenane (2019) on Holstein animals in Mo-
rocco obtained significant but positive correlation coef-
ficient estimates with lactation length (0.425 and 0.768;
P<0.001 in both cases), while in the current study, the
corresponding estimates had a negative sign. In the

35 4

research of A.S. Khattab et al. (2021) on Holstein-Frie-
sian cattle in Egypt, no significant relationship was
found between lactation length and fat milk percent-
age. Thus, for the qualitative traits of milk production,
their relationship with lactation length is inconsistent
for different breeds kept in different conditions.

Analysis of the effect of lactation length on cow lac-
tation curves. Figure 5 shows the lactation curves for
the first 305 days of lactation of cows from different
subgroups depending on their lactation length. Among
primiparous cows, daily milk yield estimates for TD1-
TD10 did not differ significantly between animals with
different lactation lengths, and accordingly, their lac-
tation curves were similar in shape. At the same time,
among multiparous cows, daily milk yield estimates for
the last three months of lactation significantly depend-
ed on the lactation length subgroup. In general, with
increasing lactation length, the corresponding daily
milk yield estimates for TD8TD10 increased, which en-
sured an increase in the persistency of the lactation
curve (Fig. 5B).
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Figure 5. Lactation curves for the first 305 days of lactation of cows
from different subgroups depending on lactation length: A - primiparous cows; B — multiparous cows
Note: the results of the Fisher’s test for homogeneity of subgroup means are shown. ns - P> 0.05. TD1-TD10 - average

daily milk yield estimates for test days 1-10
Source: developed by the authors

When approximating the lactation curves of the
cows in the study group with the Wood’s model, it
was found that with increasing lactation length, the
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estimates of the Wood’s model coefficient “a” increased,
while the estimates of the coefficients “b” and “c”, on
the contrary, decreased (Table 7). The obtained patterns




had a similar character in both primiparous cows and
multiparous cows. This caused a gradual increase in
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the estimate of the persistency of the lactation curve of
cows with increasing lactation length.

Table 7. Estimates of Wood’s model coefficients and parameters of the lactation curve of primiparous cows
and multiparous cows of different subgroups depending on lactation length

Subgroup by lactation

Wood’s model coefficient

Wood’s model parameter

length a*SE b*SE c*SE R,%  Ymax,kg Tmax,days Persistency

Primiparous cow

Short lactation  14.641*1.629 0.2351+0.0308 0.00239+0.00027  93.73 34.0 98.4 -0.00988

Normal lactation  20.416+0.830 0.1428+0.0111 0.00164+0.00009  98.73 335 87.1 -0.00410

Prolonged lactation  21.591£1.150 0.1167+0.0144 0.00121%0.00012  95.33 327 96.4 -0.00265

EXtreTaecltyai’ifrlf”ge‘j 249164207 0.0809+0.0461 0.00102+0.00038  67.62 327 79.3 -0.00178
Multiparous cow

Short lactation ~ 21.120%2724 0.2392%0.0366 0.00439+0.00035  98.94 433 545 -0.01608

Normal lactation  20.164+1.074 0.2400+0.0148 0.00388+0.00013  99.75 427 61.9 -0.01471

Prolonged lactation  25.974+2.055 0.1599+0.0219 0.00294%0.00019  99.22 419 54.6 -0.00747

Extremely prolonged ¢ 29541 997 01389400209 000233000018 9878  40.5 59.6 -0.00541

lactation

Note: a, b, c - estimates of Wood’s model coefficients of the lactation curve; R2 - coefficient of determination. Ymax - peak
milk yield of lactation; Tmax - time to reach peak milk yield of lactation; Persistency — estimate of lactation persistency

Source: developed by the authors

From the point of view of the shape of the lactation
curve, multiparous cows, unlike primiparous cows, show
higher estimates of peak milk yield (Ymax =40.5 to
43,3 kg for different subgroups by lactation length) with
earlier achievement of peak milk yield (Tmax =54.5 to
61.9 days for different subgroups by lactation length).
Earlier, the research of T. Kopec et al. (2020) also found
that the smallest value of parameter “a” (15.2317) of
Wood’s model of the lactation curve of Simmental prim-
iparous cows was found for lactations lasting up to 305
days, in contrast to parameters “b” and “c”, which had
the highest estimates for these lactations (0.1029 and
0.0015, respectively). The maximum value of parame-
ter “a” (17.4329) was found in animals with prolonged
lactations (up to 640 days), in contrast to parameters
“b” and “c”, which had the minimum estimates for this
lactation length (0.0603 and 0.0010, respectively).

Thus, the formation of a lactation curve shape spe-
cific to prolonged lactation manifests itself already dur-
ing the 8™-10™ months of lactation. In general, lactation
length is determined by the influence of both genotypic
(breed, crossbreed, bull sire) and environmental factors
(Lactation number, year and season of calving) and, in
turn, affects the formation of a specific lactation curve
shape and the level of milk production of dairy cows.

CONCLUSIONS

In Holstein cows at PJSC “Plemzavod “Stepnoi” (Zapor-
izhzhiaRegion,Ukraine),lactation lengthvaried from173
to 1,150 days and averaged 356.1£4.1 days. The lacta-
tion length of multiparous cows significantly P<0.001)
exceeded the corresponding estimate for primiparous
cows. Significant (P = 0.005) differences in lactation
length estimates were found among the offspring of

different bull sires only for multiparous cows. Environ-
mental factors (year and season of calving) significantly
affected the variability of lactation length in the study
group of cows. The shortest lactation length was noted
for multiparous cows that calved in the autumn months
(332.9 days),and the highest estimates were for animals
that calved in winter or autumn (386.3 to 397.0 days).

It was established that lactation length is signifi-
cantly (P<0.001) associated with total milk yield, but
only for multiparous cows was a significant (P=0.036)
correlation established between lactation length and
305 days milk yield. On the other hand, a significant
(P <0.001 to 0.020) but negative correlation was es-
tablished between lactation length and fat and protein
milk percentage. Using Wood’s model to approximate
the lactation curve for TD1-TD10, it was found that with
increasing lactation length, the estimates of the “a” co-
efficient increased, while the estimates of the “b” and
“c” coefficients, on the contrary, decreased. In general,
animals with prolonged lactation showed an increase
in daily milk yield for TD8-TD10, which ensured an in-
crease in the persistence of the lactation curve.
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AHoTauif. TpuBanictb nakrauii € BaXKIMBOK O3HAKOM, WO TICHO NOB’A3aHa 9K i3 piBHEM MPOAYKTUBHOCTI, TaK i
BiATBOPIOBASIbHUMM SIKOCTAMM MOJOYHOI XyA06u. T0ONI0BHOK METOH AAHOr0 AOC/IIKEHHS CTAaB aHani3 gakTopis,
Wwo 0ByMOBNIOKTb MIHAMBICTb TPMBANOCTI NakTauii Ta ii BNAMB Ha GOPMYyBaHHS NakKTaLiMHOI KPMBOI, KiNbKiCcHI Ta
SKICHI 03HaKM MOJIOYHOI NPOAYKTUBHOCTI KOpiB AilHOro ctapa. B poboti 6yno BukopucraHo aaHi wono 604 noBHMX
nakTauin kopis, siki otenunucsa y MpAT «Mnem3asop «CrenHoi» (3anopisbka obnactb, YkpaiHa) npotarom 2014-
2017 pokiB. Y nippocnigHWx KopiB TpMBanicTb NakTauii konnsanacs B Mexax Big 173 po 1150 pHiB i3 cepefiHboO
ouiHkow 356,1+4,1 nHis. Bik KopiB (y nakTauisx) BiporiaHO BNAMBAB HA TpMBanicTb naktauii (P<0,001). Ansa kopis-
nepeicTOK He ByN10 BCTAHOBIEHO BipOrigHOro BNAMBY Oyras-nnifHUKA Ha TPMBANicTb NakTauii. Ane npu po3rsai BCix
NaKTauiv pasom, byno noeeaneHo BiporigHuii Bnaue (P=0,005) 6yras-nnigHmKa Ha ix TpuBanicTb. TaKOX BCTaHOBNEHO,
WO MiHAMBICTb TPUBANOCTI NaKTaLil KOpiB AOCNIAHOI rpynu 3anexana Bif pPoOKy Ta CE30HY iX OoTeneHHs. B uinomy,
HalHWx4oto LSM-ouiHKo TpMBANoOCTi NakTauii XapakTepusyBanucs NOBHOBIKOBI KOPOBM, SKi OTEAUANCS B OCIHHI
Micaui poky (332,9 oHiB), @ HalBULLI BiANOBIAHI OLUiHKM BYN0 BiAMiYeHO cepef TBApUH, SKi OTeNUIUCS B3UMKY abo
BoceHM (386,3...397,0 pHiB). Tpusanictb nakrauii 6yna BiporigHo noe’a3aHa i3 cymapHuM Hapoem (P < 0,001), y
TOM Yac 9K ona Hagot 33 305 oHiB nakTauii BiporigHy Kopensuito 6yno BCTaHOBAEHO WLie A5 NMOBHOBIKOBUX
kopiB (P=0,036). BmicT >xupy i 6inka B MonioLi kopiB gocnigHoi rpynu 6ynm Takox BiporigHo (P<0,001...0,020), ane
BiJ’EMHO MOB'A3aHi i3 TpMBaNicTIo NakTauii. [lpn anpokcMmauii nakTauinHUX KpUBUX KOPiB AOCNIAHOT rpynu MOAENI0
Byaa 6yno BCTaHOB/EHO, LU0 3i 3pOCTaHHAM TPMBANOCTI NaKTauii ouiHKKM KoedilieHTa “a” Mogeni Byaa 36inbluysanucs,
y TOM Yac 9K OLiHKM KoediuieHTiB “b” Ta “c”, HaBMaKK, 3MeHLIYBanuca. B Linomy, 3i 3pocTaHHAM TpUBANOCTi nakrtawii
BiANOBiAHI ouUiHKM foboBoro Hagow 3a 8-10-i Micaui 36inbwyBanmcs, wo 3abesnevyBano MiABWLLEHHS CTaNOCTi
NaKTauinHOT KpUBOI

KntouoBi cnoBa: nogoBxeHa NakTaLlig; reHOTUMNOBI Ta NapaTUnoBi GakTopu; CTaniCTb NakTaLiMHOI KpUBOI
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