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Abstract
Persistency of lactation is a trait of economic importance in any dairy production system. The objective was to investigate the 
effect of concurrent pregnancy on the persistency of lactation in a commercial herd of dairy cows milked once a day. The data set 
included 1962 monthly herd-test records (total 8-9 tests per cow) of milk, fat, protein and lactose yield from 219 pregnant cows 
and 23 non-pregnant cows of different breeds and lactation number. The records were used to model lactation curves for pregnant 
and non-pregnant cows using random regression with a linear model (Wilmink function). This was not an experiment initially 
designed to examine the effects of pregnancy on persistency of lactation in dairy cows. Rather, in the course of normal farm 
operations, some cows became pregnant during lactation and others did not. Pregnancy did not affect the persistency of lactation 
of cows milked OAD. After conception, there was no difference in total yields between the two groups, but there was a trend that 
pregnant cows produced lower yields of fat (P=0.0519) and lactose (P=0.0884). This difference between our results and those of 
previous studies was probably because our cows were only milked once a day or because the data set was not suitable for testing 
the hypothesis. Further study is required to investigate persistence of lactation in pregnant and non-pregnant cows milked OAD.
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Introduction
The majority (95%) of milk produced in New Zealand 

is based on a spring-calving, pasture-based dairy system 
(Blackwell et al. 2010; Lembeye et al. 2016). Dairy cows 
are pregnant for much of their lactation in this seasonal-
calving system (Roche 2003; Penasa et al. 2016). The 
gestation length of a cow is approximately 280 days, 
which leaves a maximum of 85 days for the cow to resume 
ovarian cycling, be mated and conceive, if the cow is not 
to calve later each year (Blackwell et al. 2010; Yamazaki 
et al. 2016).  

Although most dairy farmers milk their cows twice a 
day (TAD), milking cows once a day (OAD) for the entire 
season has been adopted by many farmers in New Zealand 
as a strategy to reduce labour requirements, improve 
animal welfare, and reduce milking costs (Tong et al. 2002; 
Lembeye et al. 2016). However, compared with TAD 
milking, the major disadvantage of OAD milking is 15 to 
35% lower milk production in a full lactation (Hickson et 
al. 2006; Clark et al. 2006; Lembeye et al. 2016). Since 
milk yield is dependent on the persistency of lactation in 
dairy cows (Stefanon et al. 2002), increasing persistency 
of lactation is a way to reduce production losses in OAD 
systems by decreasing the rate of production decline after 
the peak, or extending the length of lactation (Harding 
2002).

Lactation persistency is defined as the ability of an 
animal to maintain milk yield at a high level after the peak 
yield (Strapáková et al. 2016; Hermiz & Ahmed 2020). 
Concurrent pregnancy has been reported to have a negative 
effect on persistency of lactation of dairy cows milked TAD 
due to hormonal changes (Stefanon et al. 2002; Salama 
et al. 2005; Yart et al. 2012), causing regression of the 
mammary secretory tissue (Akers et al. 2006; Nørgaard 
et al. 2008), and also due to the nutrient requirements of 

the developing conceptus, significantly in the last stage of 
the pregnancy period, reducing nutrients available for milk 
production (Bell et al. 1995; Pesántez-Pacheco et al. 2019).

The combined exponential and linear model of Wilmink 
(1987) is one of the mathematical functions used to model 
the lactation curve. The Wilmink function consists of three 
terms that are combined additively, enhancing flexibility 
(Macciotta et al. 2011). Also, the Wilmink function can be 
easily linearized by setting the “k” parameter to a suitable 
fixed value and its parameters still maintain a relationship 
with shape of the lactation curve (Brotherstone et al. 2000). 
This model has been successfully used to fit individual 
lactation curves and was implemented in the earlier versions 
of random models (Olori et al. 1999; Silvestre et al. 2006). 

Pregnancy affecting the persistency of lactation 
in dairy cows milked TAD has been reported in many 
previous studies, but no study has reported the effects of 
pregnancy on persistency of lactation in dairy cows milked 
OAD. With the possible introduction of extended lactation 
(no mating and no dry period), the effects of pregnancy, 
or lack of it, on lactation takes on a new importance. 
Therefore, the objective was to investigate the effect of 
concurrent pregnancy on persistency of lactation in a herd 
of commercial dairy cows milked OAD, modelled using a 
linear regression model with the Wilmink function. 

Materials and methods
Data

The data set included 1962 monthly herd-test records 
for daily milk yield (MY), fat yield (FY), protein yield 
(PY) and lactose yield (LY) obtained from 242 cows 
milked OAD at Massey University Dairy 1 during the 
2018-19 season. The herd tests began on 29 August 2018, 
and were completed on 23 April 2019. The herd included 
219 pregnant cows and 23 non-pregnant cows.
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Animal management and feeding system
All cows were milked OAD at 6:30 AM. From August 

to April, MY was determined at each monthly herd test 
throughout the lactation, using mechanical milk meters 
(Tru-Test Field Collection meter WB HI / Pullout) provided 
by Livestock Improvement Corporation (Hamilton, New 
Zealand). Percentages of fat (FP), lactose (LP) and protein 
(PP) were determined at each herd test using a FossomaticTM 
MilkoScan FT 120 instrument (Foss Electric, Hillerød, 
Denmark). There were only morning samples, since cows 
were milked OAD. Yields of fat (FY), lactose (LY) and 
protein (PY) were calculated using daily MY along with 
FP, LP and PP, respectively.

Calving spread was from 8 July to 2 October 2018. 
Artificial insemination was from 20 October 2018 to 28 
December 2018, and all cows were dried off before May 
2019. Cows which failed to conceive (empty), or which 
were culled due to some other reason, such as mastitis, leg 
problems or temperament, were defined as non-pregnant 
cows (NONPREG) in this data set. Cows that conceived 
were classified as pregnant cows (PREG). 

All cows were grazed together on fresh perennial 
ryegrass (Lolium perenne) and white clover (Trifolium 
repens) pasture, though the composition of the diet differed 
among months during the whole production season. Cows 
had 100% fresh perennial ryegrass (Lolium perenne) and 
white clover (Trifolium repens) only, during September and 
December. In October, November and February, mixtures 
of plantain (Plantago lanceolata) and chicory (Cichorium 
intybus) were offered to the cows, accounting for 13%, 33% 
and 23% of the diet, respectively. In January, all cows had 
access to turnips (Brassica campestris ssp. rapifera) which 
accounted for 63% of the diet. Since a severe shortage of 
pasture occurred, in February, March and April, pasture 
silage was offered directly on the paddock at a percentage 
of 34%, 67% and 14% of the diet, respectively. Similarly, 
maize silage was offered at 25% and 32% of the diet in 
August and April, respectively. No estimates of pasture 
intake were made.

Modelling lactation curves
Lactation curves for the population, and for each cow, 

were modelled with a linear random regression model 
based on the Wilmink function (Wilmink 1987) using the 
MIXED procedure of SAS version 9.4 (SAS Institute Inc.), 
which was represented as,

yti= (A + Bekt + Ct)+(ai + bie
kt+ cit) + eti

where y is the yield of the cow (i) at day t, parameter 
A, B and C are the fixed regression coefficients for the 
population, parameter ai, bi, ci are the random regression 
coefficients as a deviation from the population for each 
cow, k is a fixed value and eti is the random error.

Total MY, FY, PY and LY were estimated from the 
herd-test values using the predicted daily yields for both 
pregnant and non-pregnant cows from the linear random 
regression model with the Wilmink function.

Persistency of lactation
Parameter (C + ci) of the Wilmink function was 

chosen to measure persistency of lactation, because of its 
interpretation as the slope of the lactation curve after peak 
milk yield.

Statistical analyses
This was not an experiment initially designed to 

examine the effects of pregnancy on milk yield in dairy 
cows. Rather it was a retrospective analysis of data from 
a herd in which most of the cows became pregnant during 
their lactation and some did not do so. The mean conception 
date of those that conceived was day 88 of the lactation, and 
the whole lactation length was 205 days (the mean lactation 
length of NONPREG cows), Accordingly, the statistical 
analysis was divided into two parts for modeling.

Comparison made over the whole lactation
Estimates of random regression coefficients for each 

cow obtained from the random regression linear model and 
measures of persistency of lactation and total yields for 
MY, FY, LY and PY over the whole lactation were analysed 
with a mixed linear model with the MIXED procedure of 
SAS version 9.4. The linear model was the following:

yijmk= µ + Bi + Lj + Rm +β1dijmk+ eijmk

where yijmx is the dependent variable measured in cow k, 
µ is the population mean; Bi is the fixed effect of breed 
i; Lj is the fixed effect of parity j; Rm is the fixed effect of 
reproductive status m, β1 is the regression coefficient of the 
dependent variable on deviation from median herd calving 
date of cow k; eijmk is the residual random error associated 
with the observation y. 

Comparison made after the mean conception date
Yields from day 88 to 205 days were analysed with 

the same mixed linear model, as described above, including 
yield from day 1 to 87 as covariate. 

For both models, least-squares means and standard 
errors of the mean (SEM) for the fixed effects were 
obtained and used for multiple mean comparisons using 
Fisher’s Least Significant Difference as implemented in the 
LSMEANS option of the MIXED procedure. Significant 
differences between means were declared at P<0.05, and 
trends declared at 0.05<P<0.10.

Results
Parameters “b” of MY, FY and LY for PREG cows 

were larger than those for NONPREG cows (Table 1), 
indicating that PREG cows increased to peak yields of milk, 
protein, fat and lactose more quickly than did NONPREG 
cows (Fig. 1). However, reproductive status did not affect 
parameters “a” and “c” for the lactation curves for MY, 
FY, PY and LY of cows milked OAD (Table 1). Since 
parameter “c” is related to lactation persistency (Mikhchi 
et al. 2015), persistency of lactation for MY, PY, FY and 
LY were similar in PREG and NONPREG cows (Fig. 1). 
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Table 1 Parameters (a, b and c) used in the model for the lactation curves of total yields of milk, protein, fat and lactose, using 
linear random regression with the Wilmink function fitted to PREG and NONPREG cows, and significance of reproductive 
status on each of parameters a, b and c. Values presented are the least-squares means ± SEM and significance of difference 
in each parameter.
Yield Reproductive status Curve Parameters

a b c
Milk PREG 22.2556 ± 0.26 -6.6665a ± 0.34 -0.05129 ± 0.00

NONPREG 21.7086 ± 0.74 -8.6407b ± 0.95 -0.04865 ± 0.00
P value 0.4709 0.0435 0.3037

Protein PREG 0.7906 ± 0.01 -0.1308 ± 0.01 -0.00139 ± 0.00
NONPREG 0.7943 ± 0.02 -0.1822 ± 0.04 -0.00138 ± 0.00
P value 0.8790 0.1638 0.9656

Fat PREG 1.0896 ± 0.01 -0.1960a ± 0.02 -0.00227 ± 0.00
NONPREG 1.1066 ± 0.03 -0.3442b ± 0.06 -0.00232 ± 0.00
P value 0.6344 0.0172 0.6508

Lactose PREG 1.1414 ± 0.01 -0.3763b ± 0.02 -0.00281 ± 0.00
NONPREG 1.1047 ± 0.04 -0.5257a ± 0.05 -0.00263 ± 0.00
P value 0.3600 0.0072 0.2058

a,bLeast-squares means with different superscripts in each column are significantly different (P<0.05). PREG: pregnant cows 
milked once a day, NONPREG: non-pregnant cows milked once a day. 

Figure 1 Lactation curves for milk yield (a), protein yield (b), fat yield (c) and lactose yield (d) in pregnant (PREG: dash 
line) and non-pregnant (NONPREG: solid line) cows milked OAD, modelled with a linear random regression model using 
the Wilmink function. Day 88 of the lactation (the mean time of the pregnant cows from calving date to conception date) was 
assumed as the first day of pregnancy for PREG cows. Since parameters “b” of MY, FY and LY for PREG cows were larger 
than those for NONPREG cows, PREG cows increased to the peak yields of milk, protein, fat and lactose more quickly 
than did NONPREG cows. However, persistency of lactation between two groups were nearly the same. Data include 23 
NONPREG cows milked OAD and 219 PREG cows milked OAD.

a) b)

c) d)
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Table 2 Effect of reproductive status on total yields (kg/cow) of milk, fat, lactose and protein over the actual whole lactation, 
or at the same lactation length (205 days), or including only data from the start of conception (day 88 of the lactation length), 
modelled using linear random regression with the Wilmink function. Values presented are the least-square means±SEM 
and significance of each factor. The cows milked OAD were in a commercial herd at Massey University Dairy 1 during the 
2018-19 season.
Period Reproductive 

status
Number of 

cows
Total yields

Milk Fat Lactose Protein
Whole lactation
(actual days)

PREG 219 3798.78b±46.09 196.43b ± 2.23 188.68b±2.33 150.58b ± 1.72
NONPREG 23 3211.85a±130.54 168.34a ± 6.31 158.64a±6.60 128.17a ± 4.88
P value <0.0001 <0.0001 <0.0001 <0.0001

Same lactation length 
(205 days)

PREG 219 3349.30±36.67 171.69±1.68 167.35±1.90 130.21±1.29
NONPREG 23 3254.53±103.86 171.20±4.75 160.63±5.37 130.05±3.65
P value 0.3736 0.9199 0.2225 0.9665

After conception
(117 days)

PREG 219 1815.15±9.73 94.38±0.45 89.65±0.53 72.50±0.34
NONPREG 23 1851.88±26.19 96.64±1.16 92.11±1.44 73.37±0.88
P value 0.1632 0.0519 0.0884 0.3322

a,b Least-squares means with different superscripts within each time are significantly different (P<0.05). PREG: pregnant 
cows, NONPREG: non-pregnant cows. 

Table 3 Effects of reproductive status, lactation number and breed on lactation length (days) modelled using linear random 
regression with the Wilmink function. Values presented are the least-squares means±SEM and significance of each factor. 
The cows milked OAD were in a commercial herd at Massey University Dairy 1 during the 2018-19 season.

Factor Number of cows Lactation length P value
Reproductive

status
NONPREG   23 204.05a ± 4.24 <.0001

PREG 219 248.82b ± 1.50
Lactation
number

1   58 228.43a ± 2.32 0.2158
2   45 228.63a ± 2.55
3 139 224.92a ± 1.60

Breed F   54 229.13a ± 2.30 0.2388
F×J   49 228.26a ± 1.86

J 115 224.60a ± 2.29
a,b Least-squares means with different superscripts within each effect are significantly different (P<0.05). PREG: pregnant 
cows, NONPREG: non-pregnant cows. Lactation number 1: cows with only 1 previous lactation, 2: cows with two previous 
lactations, 3: cows with three or more previous lactations. F: Holstein-Friesian cows, J: Jersey cows. F×J: crossbreed cows 
of Holstein-Friesian and Jersey.

Over the whole lactation, PREG cows had higher 
total MY, FY, LY and PY than did NONPREG cows (Table 
2). However, PREG cows had longer lactation length 
than did NONPREG cows (Table 3), and when all cows 
were compared at the same lactation length (205 days), 
reproductive status did not affect total yields (Table 2). 
When including only data collected after the mean date of 
conception, pregnancy did not affect total yields of milk and 
protein (Table 2). However, PREG cows tended to produce 
lower yields of fat (P=0.0519) and lactose (P=0.0884).

Discussion
Lactation curves for MY, LY, PY and FY modelled 

with the Wilmink function were of standard shape for 
both PREG and NONPREG cows milked OAD, and were 
consistent with previous studies in which cows were milked 
TAD (Macciotta et al. 2005; Mikhchi et al. 2015). 

Parameter “a” of the Wilmink function is associated 
with the level of milk production at the start of the 
lactation (day 1 of the lactation). The higher the value of 

“a”, the higher the level of milk production at the start 
of the lactation. Parameter “b” is associated with the rate 
of variation of milk yield in the first part of the lactation 
curve (higher absolute values of parameter “b” indicate 
faster increasing values). Parameter “c” is mainly related 
to the rate of decline after peak yield (the lower the value 
of parameter “c”, the lower the persistency of lactation) 
(Macciotta et al. 2005; Mikhchi et al. 2015; Otwinowska-
Mindur et al. 2016). In the current study, there was 
no difference in parameter “c” of MY, FY, PY and LY 
between PREG and NONPREG cows (Table1), and as it is 
presented in Figure 1, PREG cows had similar persistency 
of MY, PY, FY and LY. PREG cows increased to the peak 
yields of milk, protein, fat and lactose more quickly than 
did NONPREG cows (Fig. 1), as indicated by parameters 
“b” of lactation curves for MY, FY, PY and LY of PREG 
cows were greater than those NONPREG cows (Table 1). 
This was probably because PREG cows had better body 
condition. This is consistent with previous studies in which 
parameter “b” was associated with the rate of variation of 
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milk yield in the first part of the lactation curve of cows 
milked TAD (Macciotta et al. 2005; Mikhchi et al. 2015; 
Otwinowska-Mindur et al. 2016).

Most previous studies indicated that pregnant cows 
had lower total yields of milk, fat, protein and lactose 
(Olori et al. 1997; Brotherstone et al. 2004; Penasa et al. 
2016), although all of those experiments used cows milked 
TAD. Unlike the previous studies, in the present study, over 
the whole lactation, PREG cows had higher total MY, FY, 
LY and PY than did NONPREG cows. A likely reason was 
that the non-pregnant cows had shorter lactation lengths 
because they were culled. The mean date of removal of non-
pregnant cows was 26 February 2019, which was nearly 60 
days earlier than the mean dry-off date of the herd. Hence, 
we needed to exclude the possibility that pregnant cows 
tended to have higher total milk yield simply because they 
had longer lactation length.

To determine whether total MY, FY, LY and PY 
of cows was dependent on the lactation length of cows, 
we analysed the effects of reproductive status, lactation 
number and breed on the lactation length, corrected for 
the deviation of median calving date (Table 3). Only 
reproductive status significantly affected lactation length, 
pregnant cows having longer lactation length. Thus, longer 
lactation length most likely resulted in the higher total 
yields in PREG cows.

To determine whether the higher total yields in 
PREG cows were due only to the longer lactation length, 
we re-analysed the data, assuming that PREG cows and 
NONPREG cows had the same lactation length (205 days: 
the mean lactation lengths of NONPREG cows). There 
were no significant differences in total yields between 
PREG and NONPREG cows when compared at the same 
lactation length (Table 3). Thus, a major reason why 
pregnant cows had higher total milk yield was due to the 
longer lactation lengths; non-pregnant cows had lower total 
milk yield because they were culled before the pregnant 
cows ceased lactation.

Since the cows became pregnant after approximately 
88 days of the lactation, assuming the lactation length was 
205 days and excluding the effect of previous total yields 
of cows (day 1 to 87 of the lactation), we re-analysed the 
effect of concurrent pregnancy on total MY, FY, LY and PY 
of cows milked OAD after day 88 of the lactation, modelled 
using the Wilmink function. There were still no differences 
in total yields of cows milked OAD (Table 2), but there was 
a trend that PREG cows produced lower FY and LY than 
did NONPREG cows. One likely reason why there was no 
difference in total MY is that cows were only milked OAD 
in this study, and pregnant cows were perhaps better able 
to maintain yields relative to non-pregnant cows when the 
metabolic challenge was lower than that imposed by TAD 
milking and associated higher yields. Previous studies that 
demonstrated differences in persistency between pregnant 
and non-pregnant cows all used cows milked TAD (Olori 
et al. 1997; Brotherstone et al. 2004; Penasa et al. 2016). 
Another possibility is that the data set in this study is 

unsuitable for testing the hypothesis of this study, since 
there was no randomized allocation of cows to treatment 
groups. Also, the number of cows in this study was small, 
including only 23 NONPREG cows and 219 PREG cows, 
limiting the statistical power of the study. 

According to the hormonal explanation, pregnant 
cows should have lower total milk yield due to increasing 
concentrations of estrogen and progesterone which interferes 
with prolactin binding to the receptors on the mammary 
epithelial cell (Stefanon et al. 2002; Yart et al. 2012). 
However, the concentration of estrogen remains low during 
the first two-thirds of pregnancy and rises during the third 
trimester (Henricks et al. 1972; Davis 2017). Since PREG 
cows in this study were mated at day 88 of the lactation and 
the lactation length considered was limited to 205 days to 
avoid inducing a large error by extrapolating far beyond the 
lactation length of NONPREG cows, the third trimester of 
gestation was not included in the lactation curves, which 
could partly explain why the PREG cows had similar total 
yields to NONPREG cows after the mean mating date in 
this study. Also, since NONPREG cows in this study were 
those which had failed to conceive, lower body condition 
of NONPREG cows was probably one of the factors which 
caused them not to conceive and also prevented them from 
producing well (Domecq et al. 1997; Haresign & Cole 
2013), and could also explain why there were no differences 
of total yields between PREG and NONPREG cows from 
day 88 to day 205 of the lactation. The non-pregnant cows 
may not have had sufficient body condition to maintain 
yields at higher values than those of the pregnant cows. 

Conclusion
The objectives of this study were to investigate the 

effect of concurrent pregnancy on persistency of lactation in 
dairy cows milked OAD modelled using a linear regression 
model with the Wilmink function. There was no significant 
difference in persistency of lactation for milk, fat, lactose 
and protein between PREG and NONPREG cows milked 
OAD. After conception, there were no differences in total 
yields between the two groups, but pregnant cows tended 
to produce lower yields of fat (P=0.0519) and lactose 
(P=0.0884). This difference between our results and those 
of previous studies, was probably because our cows were 
only milked once a day, or because the data set was not 
suitable for testing the hypothesis. Further study is required 
to investigate persistence of lactation in pregnant and non-
pregnant cows milked OAD.
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