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ABSTRACT

This study aimed to assess the milk production data
for New Zealand dairy goats in either a standard lacta-
tion (SL; <305 d in milk [DIM]) or extended lactation
(EL; >305 and <670 DIM) using a random regression
(RR) with third- and fifth-order Legendre polynomials,
respectively. Persistency of EL was defined as (B/A) x
100, where A was the accumulated yield from d 1 to
305, and B was the accumulated yield from d 366 to
670. On average, goats in SL produced 1,183 kg of milk,
37 kg of fat, 37 kg of protein, and 54 kg of lactose. The
average production of milk, fat, protein, and lactose in
EL were 2,473 kg, 78 kg, 79 kg, and 112 kg, respectively.
The average persistences for milk, fat, protein, and lac-
tose yields during EL were 98%, 98%, 102%, and 96%,
respectively. The relative prediction errors were close
to 10% and the concordance correlation coefficients
>0.92, indicating that the RR model with Legendre
polynomials is adequate for modeling lactation curves
for both SL and EL. Total yields and persistency were
analyzed with a mixed model that included the fixed ef-
fects (year, month of kidding, parity, and proportion of
Saanen) as covariates and the random effects of animal
and residual errors. Effects of year, month of kidding,
and parity were significant on the total yields of milk,
fat, protein, and lactose for both SL and EL. The total
milk yield of first-parity goats with SL was 946 kg and
the total milk yield of second-parity goats with SL was
1,284 kg, making a total of 2,230 kg over 2 years. The
total milk yield of a first-parity goat with EL was 2,140
kg. Thus, on average, a goat with SL for the first and
second parity produced 90 kg more milk than a first-
parity goat subjected to EL. However, a second-parity
goat subjected to EL produced 43 kg more milk (2,639
kg) than a goat with SL following the second and third
parity (1,284 kg + 1,312 kg). These data, along with
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the various other benefits of EL (e.g., fewer offspring
born and reduced risk of mastitis, lameness, and meta-
bolic problems in early lactation), indicate that EL as
a management strategy holds the potential to improve
dairy goat longevity and lifetime efficiency without
compromising milk production.
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INTRODUCTION

The lactation curve is defined as a 2-dimensional
graphic representation of daily milk yield throughout
an animal’s lactation. The x-axis represents the days
after parturition (defined as DIM) and the y-axis
represents the daily yield of milk, fat, protein, or lac-
tose. The shape of a typical lactation curve is usually
described as increasing at a relatively high rate until
peak production is reached, after which it declines at
a slower rate until the end of the lactation. Numerous
mathematical models have been developed to describe
the lactation curves of dairy cows (Macciotta et al.,
2011) and goats (Groenewald and Viljoen, 2003; Mac-
ciotta et al., 2008; Brito et al., 2017). As described by
Macciotta et al. (2008), the main parameters of the lac-
tation curve are the day of peak lactation, daily yield
at peak, rate of decrease in yield after the peak (the
inverse of which is known as persistency of lactation
and measures the ability of the animal to maintain a
constant yield after the lactation peak), and total lacta-
tion yield (which can be estimated from the area under
the lactation curve). The prediction of total milk yield
from a few herd tests in early lactation allows farmers
to identify low-producing animals that may be culled
from the herd at the end of lactation, and the detection
of perturbations of the standard lactation (SL) curve
can allow the identification of animals suffering from
disorders that affect milk production long before any
clinical signs appear (Ben Abdelkrim et al., 2021). Fur-
thermore, knowledge of the parameters of the lactation
curve is also useful for evaluating overall farm produc-
tivity and profitability (Butler et al., 2010; Lehmann et
al., 2019), and to inform breeding decisions (Douhard
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et al., 2014). Since 1980, genetic evaluation of dairy
cattle has been performed accounting for the shape of
the lactation curve of individual cows using random
linear regression (Jamrozik and Schaeffer, 1997).

In a random regression (RR), a fixed curve for the
population is calculated and individual curves are fitted
as deviations from the population curve. This technique
models the covariance between repeated records taken
on the same animal over time and allows the predic-
tion of variances and covariances for time points along
the trajectory, even though few observations are made,
but using information from all other measurements
(van der Werf et al., 1998). Furthermore, RR using or-
thogonal Legendre polynomials have been reported as a
suitable method to model the lactation curves of dairy
goats (Brito et al., 2017; Arnal et al., 2019) and sheep
(Kominakis et al., 2001; Marshall et al., 2023). These
models are useful for comparing the efficacy of different
management strategies in milk production systems.

Extending the lactation of dairy cows beyond 305
d is a management strategy of many dairy cattle sys-
tems when cows fail to become pregnant (Dematawewa
et al., 2007; Steri et al., 2012) or to reduce calving
frequency and take advantage of high-yielding cows
through prolonged lactation (Lehmann et al., 2019).
It is frequently reported that, even under nonlimiting
nutritional conditions, milk yield continuously de-
creases after the standard 305-d period in dairy cows
(Grainger et al., 2009). Although the typical lactation
curve (increase phase, peak, and decrease phase) is
still observed, it occurs over a longer period (Grainger
et al., 2009). Dematawewa et al. (2007) compared 9
models for their suitability for modeling 999-d extended
lactations (EL) of US Holstein cows. The conclusion
of the study was that the Rook et al. (1993), Dijkstra
et al. (1997), and Wood (1967) models were adequate
to describe the lactation curves of 999-d EL of daily
yields of milk, fat, and protein. Steri et al. (2012) con-
cluded that polynomial models showed better fitting
performances for average patterns in Italian Holstein
cows when compared with 3 or 4 parameter models but
showed poor prediction ability at the extremes of the
lactation trajectory.

In dairy goat systems, which are rapidly expanding
globally due to the increased demand for nonbovine
milk, EL has been associated with a similar or even a
higher milk production than SL (Gendron and Reveau,
1995; Salama et al., 2005; Goetsch et al., 2011). Dutch
farmers have thus increased the number of goats with
EL (production of milk for more than 12 mo without
kidding) as an intentional management decision (Van
den Brom et al., 2019). This management tool has been
also practiced by New Zealand dairy goat farmers. Lac-
tation curves within a prolonged lactation in goats are
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highly persistent, and goats may continue to be milked
for 2 to 4 years and sometimes bred only once during
a lifetime (Linzell, 1973). High-producing goats could
maintain lactation up to 2 years with production level
upwards of 3 to 4 L/d (Salama et al., 2005). As such, EL
may be of particular interest to the dairy goat industry,
especially given the drive to reduce the production of
surplus young in many countries. However, modeling
and comparing the lactation curves of goats in EL and
SL are needed to accurately assess the efficacy of this
management strategy. Gaining an understanding of
the lactation curve of goats would aid in determining
whether EL is accompanied by a progressive decrease
in milk yield, akin to cattle, or whether milk yield re-
mains stable or recovers from any initial decline during
the following season (not seen in cattle).

As far as the authors are aware, no previously pub-
lished studies have reported on the modeling of EL in
dairy goats. Therefore, the objective of this study was
to describe the lactation curves for milk, fat, protein,
and lactose of dairy goats subjected to SL (305-d) and
EL (670-d) of different parities in a large commercial
herd in New Zealand.

MATERIALS AND METHODS

Ethics Statement

The present study was conducted using existing
phenotypic and pedigree information from a large com-
mercial herd, which is a supplier of the Dairy Goat Co-
operative (NZ) Ltd. Therefore, no animal experiments
were carried out, and animal care committee approval
was not needed.

Data

A dataset with herd test records and animal infor-
mation was obtained from the Livestock Improvement
Corporation Ltd. database. The dataset comprised
35,053 herd test records for daily yields of milk and
percentages of fat, protein, and lactose from 5,054 lac-
tations of 2,920 dairy goats kidding between 2015 and
2020 in a large commercial herd in New Zealand. Daily
yields of fat, protein, and lactose were obtained by mul-
tiplying daily milk yields by the respective component
percentages.

The animal information included unique identifica-
tion of animal, sire and dam, date of birth and parturi-
tion, parity number in which the lactation started, and
proportion of Saanen, Toggenburg, Alpine, Nubian, and
“unknown” and “other” breeds. Crossbreeding occurred,
with very few first-cross or purebred animals. The struc-
ture of the dataset is provided in more detail in Table 1.
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Table 1. Number of animals, lactations, and herd test records, and average breed composition of the studied population of New Zealand dairy

goats classified by proportion of Saanen

Number! Breed

Proportion of Saanen (%) Anim Lact HT Saanen Toggenburg Alpine Nubian Other Unknown
>87.5 44 85 509 0.990 0.002 0.000 0.000 0.002 0.005
>75.0 to <87.5 25 35 231 0.841 0.014 0.000 0.000 0.032 0.113
>50.0 to <75.0 277 474 3,355 0.623 0.015 0.000 0.000 0.021 0.341
>25.0 to <50.0 1,011 1,725 12,414 0.390 0.015 0.000 0.001 0.026 0.567
>12.5 to <25.0 856 1,422 9,881 0.222 0.011 0.000 0.001 0.027 0.739
>0.0 to <12.5 700 1,298 8,564 0.103 0.006 0.001 0.001 0.032 0.857
0 7 15 99 0.000 0.225 0.004 0.000 0.008 0.763
Total 2,920 5,054 35,053

!Anim = number of animals; Lact = number of lactations; HT = number of herd test records.

The data were split into 2 datasets, one with SL (up
to 305 DIM) and the other with EL (up to 670 DIM).
A lactation was considered to be “standard” when herd
tests occurred between 15 and 305 DIM and the animal
in that lactation did not have herd tests after 305 DIM.
To standardize lactation length, SL that ended before
305 d were predicted forward to “complete” a 305-d
lactation, and lactations that exceeded 305 d by up
to 20 d were truncated to 305 d. This resulted in a
dataset that contained 8,542 herd tests corresponding
to 2,132 SL. On average, 4 herd tests were carried out
each year by the farm with bimonthly intervals (except
in January) to cover the production season (September,
November, February and May).

A lactation was considered to be “extended” when
the herd tests occurred between 15 and 670 DIM. As
with the SL, the length of lactation was standardized
by either predicting forward or truncating the lactation
curve to 670 d. This dataset for EL contained 26,493
herd test records corresponding to 2,922 lactations. On
average, 9 herd tests were carried out to cover the yields
of goats undergoing EL (September, November, Febru-
ary, May, and June of the first year, and September,
November, February and May of the following year).

Modeling Lactation Curves

Modeling of 2,922 EL up to 670 d was based on 26,499
herd tests for daily yields of milk, fat, protein, and
lactose using a RR model fitting a fifth-order Legendre
polynomial. The RR model was represented as follows:

Vit = (BoPo + B1P1y + BoPoy + B3Py, 4 B4Py + B5P5)
+ (oiPy + Py 4 Py + Py + ogjPyy + asiPsy)
+ Cit,

where y;; represents the daily yield for doe parity j in
day t of the lactation after kidding, B, to 5 are fixed
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regression coefficients representing the lactation curve
of the population, oy to a; are RR coefficients for doe
parity j, Py to Py, are orthogonal polynomial functions
of order 0 to 5 as defined below, and e;, is the random
residual error. Coefficients of the orthogonal polyno-
mial at day t were calculated as follows:

P, = %(5}(3 ~3x),
P, = %(35{* ~30x” +3), and
P, = %(63}(5 —70x" +15%),

where x = —1+ QM. Modeling of 2,132 SL up to
(1-670)

305 DIM was based on 8,554 herd tests for daily yields
of milk, fat, protein, and lactose using a RR model fit-
ting a third-order Legendre polynomial. The estimates
of B’s and «a’s were obtained using the Restricted
Maximum Likelihood procedure in ASReml version 4.2
(Gilmour et al., 2021). The polynomials of order 2, 3, 4,
5, and 6 were tested. Based on the Akaike information
criterion (smallest is best), an orthogonal polynomial of
order 3 was considered the best fit for modeling lacta-
tion curves of milk, fat, protein, and lactose for SL. An
orthogonal polynomial of order 5 was considered the
best fit for modeling lactation curves of milk, fat, pro-
tein, and lactose for EL.
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Estimates of random regressor coefficients (o to o
or o to o, depending on the trait) of each doe parity
were used to estimate the daily yields at each day of
the lactation; 1 to 305 d for SL and 1 to 670 d for EL.
Then, the predicted yields at each day of the lactation
were summed to obtain an estimated total milk yield
produced by each doe in the corresponding parity.

The definition of persistency according to Macciotta
et al. (2008) is the rate of decline after peak yield;
however, this is not suitable in the present study due
to the highly variable lactation curves of goats in EL.
Thus, the measure used for the persistency of EL was
defined as the estimated yield produced from d 366 to
d 670 divided by the estimated yield produced from d
1 to d 305 and expressed as a percentage. The higher
this ratio, the higher the persistency. A more persistent
lactation will have a flatter curve, with the persistency
proportion approaching 100%.

Measures of Goodness of Fit

Different measures of goodness of fit were obtained
using the GLM procedure of SAS version 9.4 (SAS In-
stitute Inc.). The first measure was the bias between
the means of actual (A) and predicted (Pr) values. The
second measures were the intercept, slope, and R* of
the regression line of the A on Pr values for daily yields
of milk, fat, protein, and lactose. The third measure of
goodness of fit was the relative prediction error (RPE)
calculated as the square root of the mean squares of the
errors (MSE) divided by the mean of the actual values
(a), multiplied by 100, as follows, RPE = (/MSE/j1,)
x 100. Two other measures of goodness of fit were the
Pearson correlation coefficient and the Lin’s concor-
dance correlation coefficient (Lin, 1989) between A and
Pr values. The Lin’s concordance correlation coefficient
(pece) Was calculated as follows:

QO-PI“A

pCCC = ?

O-%r + O-ZA—’_(HPr - HA)

where op,, is the covariance, 0'12—)r and oi are the vari-

ances, and pp, and p are the means of A and Pr values.

Statistical Analysis

The datasets of SL and EL were analyzed separately.
All statistical analyses were performed using the sta-
tistical package SAS version 9.4. Descriptive statistics
(mean, standard deviation, and coefficient of variation)
for total yields and persistence were obtained with the
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MEANS procedure. We performed ANOVA for the esti-
mated total yields, persistence, and estimates of regres-
sion coefficients using the GLIMMIX procedure of SAS
with a linear model that included the fixed effects of
year (2015-2020) and month (June, July, August, and
September—October) of parturition and parity as class
effects and proportion of Saanen as covariate, and the
random effect of doe to account for repeated lactations
in the same dataset. Least squares means for each class
of the fixed effects and standard errors were obtained
and used for mean comparisons using Fisher’s least
significant different test.

RESULTS

Descriptive statistics of total production of milk, fat,
protein, and lactose in standard 305-d and extended
670-d lactations are presented in Table 2. The lactation
curves for daily milk production of first- and second-
parity goats subjected to 2 standard 305-d lactations
are compared with the lactation curve of first-parity
goats subjected to an extended 670-d lactation (Figure
1). Similarly, Figure 2 presents the lactation curves for
daily milk production of second- and third-parity goats
subjected to 2 standard 305-d lactations compared with
the lactation curve of second-parity goats subjected to
an extended 670-d lactation.

The measures of goodness of fit are presented in
Tables 3 and 4 for the modeling of lactation curves for
daily yields in SL and EL, respectively. The biases in
the means of actual and predicted values was zero. In
all cases, the intercepts of the regression lines of the
actual on predicted values were negative but did not
depart significantly from zero, and the slopes were all
>1.0. The R? values in the modeling of SL were slightly
greater than the R® values observed in the modeling
of EL, which are reflected in lower RPE values for SL
than for EL. However, all RPE values were close to
10%. The correlation and concordance correlation coef-
ficients were >0.92 and close to 1.0.

The effects of year and month of parturition, parity
number, and proportion of Saanen on 305-d and 670-d
yields and persistency in EL are presented in Table 5.
Parity number had the largest significant effect (P <
0.001) followed by parturition year (P < 0.001). Effect
of parturition month was not significant on 305-d fat
yield and persistency of EL for all production traits.
The effect of proportion of Saanen fitted as a covariate
was not significant.

Least squares means for total yields for each parity
and month of calving are presented for SL in Table 6
and for EL in Table 7.
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Table 2. Number of lactations (n), mean, SD, and CV for standard (up to 305 DIM) and extended (up to 670
DIM) lactations for yields of milk, fat, protein, and lactose and persistency in New Zealand dairy goats from

2015 to 2020

Trait' n Mean SD (2%
Standard lactation yields up to 305 d 2,922
Lactation length (d) 281 16 6
Milk (kg) 1,183 282 24
Fat (kg) 37 9 24
Protein (kg) 37 9 23
Lactose (kg) 54 13 23
Extended lactation yields up to 670 d 2,468
Lactation length (d) 560 141 25
Milk (kg)
d 1-305 1,152 266 23
d 366-67 1,112 247 22
d 1-670 2,473 513 21
Persistency (%) 98 19 19
Fat (kg)
d 1-305 37 9 26
d 366670 35 8 24
d 1-670 78 17 22
Persistency (%) 98 24 24
Protein (kg)
d 1-305 36 9 24
d 366-670 36 8 22
d 1-670 79 16 21
Persistency (%) 102 23 23
Lactose (kg)
d 1-305 53 13 25
d 366670 49 12 25
d 1-670 112 25 22
Persistency (%) 96 23 24

Lactation persistency is defined as the yield from d 366 to 670 divided by yield from d 1 to 305, expressed as

a percentage.

DISCUSSION

Measures of goodness of fit presented in Table 3 in-
dicate that RR with a third-order Legendre polynomial
is an adequate technique for modeling the SL curves

50 r

40 F /\_
o
530 L
s ——Parity 1 extended
el
20 f ——Parity 1 standard
= ——Parity 2 standard
>

1.0 F

0.0 L L L L I L 1 1 ! | L

0 60 120 180 240 300 360 420 480 540 600 660

Days in milk

Figure 1. Examples of lactation curves in New Zealand dairy goats
comparing a representative goat of parity 1 undergoing extended lacta-
tion and a representative goat of parity 1 and parity 2 undergoing 2
standard lactations.
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for the milk, fat, protein, and lactose yields of dairy
goats in this commercial flock (Table 3). The biases in
means were zero, the estimates of the intercepts were
close to zero, and the slopes were all slightly greater
than 1.0. This suggests that the models tended to over-

50 r
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Figure 2. Examples of lactation curves in New Zealand dairy goats
comparing a representative goat of parity 2 undergoing extended lacta-
tion and a representative goat of parity 2 and parity 3 undergoing 2
standard lactations.
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Table 3. Measures of goodness of fit of the modeling of the actual (A) and predicted (Pr) 305-d lactation curves for yields of milk, fat, protein,
and lactose, using random regression with a third-order Legendre polynomial (n = 13,991)"

Mean Regression of A on Pr
Trait A Pr Bias Intercept (£SE) Slope (+SE) R? RPE (%) r Pece
Milk (kg/d) 3.87 3.87 0.00 —0.52 £ 0.01 1.13 + 0.01 0.93 8.32 0.96 0.95
Fat (kg/d) 0.12 0.12 0.00 —0.02 £ 0.00 1.18 £ 0.01 0.91 10.49 0.96 0.93
Protein (kg/d) 0.12 0.12 0.00 —0.02 £ 0.00 1.14 £ 0.01 0.93 8.10 0.97 0.95
Lactose (kg/d) 0.18 0.18 0.00 —0.02 = 0.00 1.13 £ 0.01 0.93 8.29 0.97 0.95

RPE = relative predicted error; r = correlation coefficient; p... = concordance correlation coefficient.

predict low actual values and under-predict high actual
values, but the RPE were close to or less than 10%.
According to Fuentes-Pila et al. (1996), an RPE <10%
is considered satisfactory, and an RPE between 10%
and 20% is relatively good for prediction models. How-
ever, a Lin’s concordance correlation (Lin, 1989) close
to 1 indicated that the actual and predicted values were
in high agreement, with low biases in the mean and
regression line of the predicted on the actual values. For
670-d EL, RR with a fifth-order Legendre polynomial
was an adequate technique for modeling the EL curves
of milk, fat, protein, and lactose yield. The RPE values
obtained in the modeling of SL were lower than the
values obtained in the modeling of 670-d EL, and the
concordance correlation coefficient values obtained in
the modeling of standard curves were stronger than in
the modeling of the extended curves. This means that
the modeling of SL tends to be more accurate than the
modeling of EL, probably because EL was much longer,
had 2 peaks, and had more variable lactation curves.
The 305-d (SL) milk, fat, and protein yields of the
herd in the present study were higher than the overall
averages reported for a total of 21 other dairy goat
herds in New Zealand (Scholtens et al., 2020). The av-
erage production yields for SL were also greater than
those reported for Alpine and Saanen goats in France
(Bélichon et al., 1998), and both Maltese and Jonica
goats in Italy (Pesce Delfino et al., 2011; Selvaggi and
Dario, 2015). However, the production figures of this
herd were similar to those reported for goats in the
United States (Garcia-Peniche et al., 2012; Castaneda-

Bustos et al., 2014). Differences in the mean milk pro-
duction values of dairy goat herds have previously been
attributed to differences in breed, climate, seasonality
(Montaldo et al., 2010), nutrition (Selvaggi and Dario,
2015), and other management factors (e.g., housing
method; Castaneda-Bustos et al., 2014). This is also
likely for the present study, with this herd being par-
ticularly high producing compared with other herds in
New Zealand.

Scholtens et al. (2020), using a much greater sample
size (n = 23,583 does), found that the Saanen breed
had a significant effect on milk production traits. How-
ever, milk, fat, and protein yields for both SL and EL
were unaffected by Saanen breed in the present study.
This was probably because the herd was dominated by
Saanen-crossbred animals with few purebred animals
or other breeds (Table 1). Thus, due to low sample
sizes for other breeds (e.g., Toggenburg, Alpine, and
Nubian), the model was unlikely to be able to identify a
breed effect such as reported by Scholtens et al. (2020)
in New Zealand dairy goats.

We found that month of kidding, parity, and year
had significant effects on the milk production of goats
in both SL and EL. Similar effects of parity, season,
and year have also been reported for Saanen goats in
Mexico (Valencia et al., 2007), and both Alpine and
Saanen breeds in Brazil (Brito et al., 2011). In the pres-
ent study, goats kidding in June or July (winter) had
a lower milk yield than those kidding from August to
October (late winter and early spring), irrespective of
whether they were in SL or EL. Given that the goats

Table 4. Measures of goodness of fit of the modeling of the actual (A) and predicted (Pr) 670-d lactation curves for milk and lactose, using

random regression with a fifth-order Legendre polynomial (n = 22,378)"

Mean Regression of A on Pr
Trait A Pr Bias Intercept (£SE) Slope (£SE) R? RPE (%) T Pece
Milk (kg/d) 3.71 3.71 0.00 —0.48 £ 0.01 1.13 4+ 0.001 0.87 11.02 0.93 0.92
Fat (kg/d) 0.12 0.12 0.00 —0.01 £ 0.00 1.05 + 0.001 0.88 11.27 0.94 0.93
Protein (kg/d) 0.12 0.12 0.00 —0.01 £ 0.00 1.06 &+ 0.001 0.89 9.74 0.94 0.94
Lactose (kg/d) 0.17 0.17 0.00 —0.01 £ 0.00 1.03 + 0.001 0.91 9.57 0.95 0.95

RPE = relative predicted error; r = correlation coefficient; p... = concordance correlation coefficient.
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Table 5. F-values for effects of year and month of parturition, lactation number, and proportion of Saanen
for milk production traits in New Zealand dairy goats in a large commercial herd in the production seasons

from 2015 to 2020

Trait Year Parity Month Saanen  Repeatability
Standard lactation yields up to 305 d
Milk 73.49%H* 289.52%** 6.46%* 0.26 0.40
Fat 47.3TFF* 203.62%** 2.61 0.00 0.44
Protein 84.07HH* 372.76%** 6.607%+* 0.00 0.41
Lactose 56.84%** 273.18%** 5.12%* 0.05 0.41
Extended lactation yields up to 670 d
Milk 35.23%F* 97.76++* 8.20%F* 1.72 0.49
Fat 9.997%H* 62.007%+* 7.22%HK 0.25 0.50
Protein 30.59%** 109.95%** 8.86%*** 1.65 0.45
Lactose 20.68%+* 86.417%+* 6.937H* 1.05 0.43
Persistency' (%)
Milk 35.15%%* 162.89%** 0.72 0.11 0.15
Fat 31.88%** 167.59%** 0.77 0.02 0.23
Protein 42.99%F* 240.92%** 0.31 0.12 0.13
Lactose 24.12%F* 145.91%** 1.01 0.02 0.15

"Lactation persistency is defined as the yield from d 366 to 670 divided by yield from d 1 to 305, expressed as

a percentage.
P < 0.01; ¥FFP < 0.001.

in the present study were housed indoors and lactation
yields were standardized to either 305-d or 670-d, this
effect of month of kidding was likely due to the photo-
period. Several studies have also found that a longer or
increasing photoperiod (such as June-October in this
study) is linked to increased milk production in goats
(Garcia-Hernandez et al., 2007; Flores et al., 2011;
Leén et al., 2012; Russo et al., 2013; Zamuner et al.,
2020). This was probably due to photoperiodic effects
on mammary gland development, mammary activity,
and voluntary feed intake (Dunshea et al., 1990; Nev-
ille et al., 2002; Garcia-Hernandez et al., 2007; Lacasse
et al., 2014), although further research is required to
confirm this.

Parity affected the milk, fat, protein, and lactose
yields of goats, with first-parity goats producing 26%
to 30% less than goats in their fourth parity when
subjected to SL, and 18% to 20% less for EL. One
explanation for milk production being lower during the
first lactation is that does are still growing (McGregor
and Butler, 2010). Growth and development partitions
nutrient resources away from lactation; thus, peak milk
production normally occurs when mature body weight
has been reached (Sevi et al., 2000), which in goats
occurs at 4 to 5 years of age (McGregor and Butler,
2010). An alternative, but not mutually exclusive,
cause for increased milk production from parity 1 to
4 may be changes in the number or activity of mam-

Table 6. Least squares means and SE of 305-d lactation yields (kg) of milk, fat, protein, and lactose for parity
and month of kidding of New Zealand dairy goats in a large commercial herd in the production seasons from

2015 to 2020

305-d milk 305-d fat 305-d protein 305-d lactose
Effect n LSM  SE LSM SE LSM SE LSM SE
Parity
1 1,122 9461 8 314 0.3 294 0.2 444 0.4
2 559  1,284° 10 40 0.3 41° 0.3 59" 0.5
3 494 1,312 11 41™ 0.4 42" 0.3 60" 0.5
4 430 1,351% 12 42° 0.4 43 0.3 61° 0.5
5 210 1,328 16 40° 0.5 42 0.5 60™ 0.7
6 107 1,275° 21 39¢ 0.7 40° 0.6 58° 1.0
Month of kidding
Jun. 153 1,202° 17 38 0.6 38" 0.5 55" 0.8
Jul. 1,721 1,237" 7 38 0.2 39" 0.2 56" 0.3
Aug. 855 1,278 10 39 0.3 40° 0.3 58" 0.5
Sep.—Oct. 193 1,279° 17 40 0.6 40° 0.5 58" 0.8

* 4] east squares means with different superscripts, within effect, are significantly different (P < 0.05).

'n = number of does within each category.
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< | w WO 0o OO i mary epithelial cells. Although mammary epithelial cell
& 2| @ SO m o He o numbers have been shown to increase with parity in
o |2 parity
I =N N cattle (Miller et al., 2006), data for goats is lacking. It
2 QE:» § 2] 58233 g8 . was interesting to find that the effect of parity on goats
E & in extended and SL was similar, with peak lactation
E 5 , p
S g occurring following the fourth parity for both lactation
N 9 SN MM 00 N g
3 2|8 S G SN G P types.
%) = =)
z ks g On average, goats subjected to EL for their first par-
o |22 rhonte “ais £ ity produced 90 kg less milk than goats that had 2
§ §|7| TRERSR SEES| 3 SL for their first and second parities (Tables 6 and
i 8 7). During their second parity, goats subjected to EL
“§ | e oS mT —wwon Eo produced 43 kg more milk than goats that experienced
E S|P S-eAAA HSS ; SL for their second and third parity (Tables 6 and 7).
g z 2 Across all subsequent parities, we observed minimal
& = QL o T Y T S . . ) | ;
E | & ARAPBR 2818Y ! differences (less than 25 kg) in the total milk yields of
= A4 y g y
z I goats in one EL or 2 SL. Total fat, protein, and lactose
g j yields were similar when comparing a single EL: against
5 EJ @ g®eR®eow oXeal & 2 SL for all yields and parities (<5 kg difference; Tables
> g g 6 and 7). A similar pattern has also been reported by
g || = g Salama et al. (2005). Thus, it seems that EL can be
A7 L = -5 R R s o o o v o= . . ’ . .
'z E « LYLEII IR = implemented without greatly affecting overall milk pro-
é = duction or composition. Although further investigation
5}
= 2 into whether the preceding lactation type affects milk
< —~ . € . o . S .
g § 2 S32CT3I3 Z825 |2 2 yield and composition during SL or EL is still required.
[es] o
2 < = In addition, EL has a number of advantages that
< = 0 g
= g2l s s e o o N are independent of milk production. Sehested et al.
= U SR8 SIS |%
R R = 8 (2019) reviewed the implications of EL in dairy cattle
g g 5 and highlighted that it will decrease the number of
3 ol rowoar mwan % g calvings per year (at the farm level) and reduce the
=~ = | » SSSSaa ASSa| = many health risks associated with calving (e.g., mas-
i = 2 g y g (e.g,
&G: T = E titis, lameness, and metabolic problems in early lacta-
=R = = A - I tion). Therefore, an EL management strategy holds the
=R n o < 10— I~ W — I [g 2 . . . . . .
w9 — © 00000 I=1=000 | 5 g potential to improve dairy cow longevity and lifetime
o+ % g ( Yy ) g Yy
=32 o 2 efficiency (Sehested et al., 2019). If longevity of cows
%8 ~ f = or goats increases with EL, then the number of replace-
=) 5% . .
CE|E|B| fgzzne 2Zz2|£E ment animals required each year may also be reduced
gLl = E= N y )
Dz % = g thus enabling herd managers to be more selective of
2321 2| < = the replacement animals selected for genetic gain. Ad-
2| 2| = E® .
% f 14 M o BT o o i "; ditionally, EL would have several welfare implications,
=8 Toower seesas including reductions in the number of surplus offspring
Eé - 3 annually, an effect that would be greater in goats than
— <5} ..
=2 = | @ ZIJEIRE BIST|&E cattle, as they are polytocous (Meijer et al., 2021).
S o = = © y y .] )
Hel| 2 L - *2 = Farm profitability could also benefit from EL through
=l lg| Ba3dky 2HIR|c % reduced costs of rearing replacement offspring, which
FEls | 8| 2223883 ITRI|E g
o= NeaNaN SNaa|ET represents the second largest annual expense after feed
2 B =g g P
g0 s mee mwowm|E kS costs (Bach et al., 2008). Given that pregnant goats
; g = BREI[O KBTI E z have higher feed requirements than nonpregnant goats
57 - - (Castagnino et al., 2015), it is also likely that annual
(] .
z 5 o i Z feed costs (the largest cost for dairy goat farms) would
%2 g g be reduced with EL, as goats in EL would spend fewer
S 8 i - days pregnant. However, it was not possible to assess
- O - w . .
e _ ° oT = % the effect of pregnancy on feed intake and lactation
%T@ E 2 EEEEE § g yields in the present study, as pregnancy diagnoses and
S= G| E-amewesssalr 3 mating records were not available.
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In goats, EL has the potential to reduce operation
costs along with maintaining or only slight reducing
milk production, making it a promising system for the
dairy goat industry. This strategy may not be as effec-
tive for dairy cattle systems due to modeled lactation
curves showing a progressive, but gradual, reduction
in milk production as EL continues (Steri et al., 2012;
Kok et al., 2019; Lehmann et al., 2019; Niozas et al.,
2019). However, a simulation study by Butler et al.
(2010) reported that in a seasonal pasture-based sys-
tem, an EL strategy with a 24-mo calving interval may
be a viable alternative to culling nonpregnant cows
and economically more suited to high-producing cows.
Although situations exist where EL could be beneficial
in the dairy cow industry, further research is needed to
determine the cost-to-benefit ratio of this system before
it is widely implemented. This is also the case for goats,
where further research into the economic and welfare
benefits of EL is needed.

CONCLUSIONS

This study is the first to assess and compare the
lactation curves of goats in SL and EL. Our results in-
dicate that the persistency of EL is high and that goats
subjected to a 670-d EL will produce similar amounts
of milk, fat, protein, and lactose compared with goats
subjected to two 305-d SL. Further studies are required
to evaluate the economic benefit of EL, accounting for
a potential increase in goat longevity, lower replace-
ment rate, and improved animal welfare, due to the
smaller number of young offspring produced.
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