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Summary

Milk production records of New Zealand crossbred dairy goats were analysed to estimate genetic parameters
for lactation yields of milk (MY), fat (FY) and protein (PY), and for somatic cell score (SCS). A total of
116,535 lactation records obtained from 61,249 does kidding between 2004 and 2015 were analysed. A
multiple-trait repeatability animal model was used to estimate variance components and related genetic
parameters. The model included herd-year-month and doe age as class effects, kidding day as a covariate,
proportion of genes from each of Alpine, Nubian, Saanen, Toggenburg and “unknown” breeds, and a single
covariate for general heterosis. Estimates of heritabilities and repeatabilities were 0.27 and 0.41 for MY,
0.26 and 0.40 for FY, 0.27 and 0.40 for PY and 0.33 and 0.53 for SCS. Genetic and phenotypic correlations
were 0.89 and 0.91 between MY and FY, 0.97 and 0.97 between MY and PY, 0.93 and 0.93 between FY
and PY, -0.02 and -0.10 between SCS and MY, -0.06 and -0.13 between SCS and FY, and -0.04 and -0.08
between SCS and PY. All traits exhibit useful heritable variation and selection on an index would improve
both milk quality and quantity produced from successive generations of New Zealand dairy goats.
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Introduction

The New Zealand dairy goat industry has exported milk products to niche markets around the world since
the late 1970’s. Milk solids including fat and protein are the base for milk powder production. These, along
with a low somatic count should be included in a breeding program to ensure the industry continues to
develop high quality goat milk products. Most New Zealand dairy goat farmers are currently selecting
replacement animals based on raw phenotypic records, instead of using a selection index weighting
estimates of genetic merit. A breeding program incorporating an appropriate index would enable the
selection of genetically superior animals which would improve the quantity and quality of milk produced
from New Zealand dairy goats and result in improved profits for farmers.

Modern breeding programs use routine genetic evaluation to identify the best parents for selection so
as to produce the next generation of animals. Solis-Ramirez et al. (2012) developed economic values for
important traits, but the estimation of breeding values requires estimates of heritabilities, repeatabilities and
phenotypic and genetic correlations. Knowledge of variance components enables the design of an effective
genetic evaluation strategy, allowing the selection of animals with superior overall genetic merit. Thereby
optimizing selection responses for traits of economic importance (Barillet, 2007). Such procedures are
routinely performed on dairy goats around the world (Belichon et al., 1999; McLaren et al., 2016), but have
not yet gained traction in the New Zealand dairy goat industry.

Genetic parameters have previously been estimated for milking traits for dairy goats in New Zealand
(Morris et al., 1997; 2006; Apodaca-Sarabia et al., 2009), using much smaller datasets and simpler
univariate or bivariate-trait animal models. The aim of this study was to estimate genetic parameters for
milk, fat and protein yield and somatic cell score using a multiple-trait repeatability animal model.

Materials and methods

The data was provided by Livestock Improvement Corporation (LIC) and included pedigree and lactation
records from 61,249 Alpine, Nubian, Saanen, Toggenburg and crossbred dairy goats kidding between 2004
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and 2015. Lactation yields of milk (MY), fat (FY) and protein (PY) were predicted at actual days in milk or
up to 305 days for those animals with lactation lengths over 305 days, using the test interval method (TIM),
which has a high accuracy (0.96-0.97) for estimating lactation yields from test-day records (Norman et al.,
1999). Current practice for dairy goat farms is to undergo herd-testing every two months throughout
lactation. Average somatic cell score (SCS = log2 of somatic cell count) over the lactation was calculated as
the mean of the SCS from each herd-test. Data were included in this analysis after the following criteria;
lactation length between 60 and 700 days, milk yields between 10 and 3,000 kg, and fat and protein yields
between 1 and 200 kg. After editing, the data set comprised 116,535 lactation records from 61,249 does
distributed in 65 herds across the North Island of New Zealand. The recorded goats were descendants of 766
sires and the pedigree spanned up to 8 generations. There was a total of 646 contemporary groups and 10
different age classes.

Descriptive statistics were obtained using the MEAN procedure of Statistical Analysis System version
9.4 (SAS Institute Inc., Cary, NC, USA). Variance components and genetic parameters were obtained using
ASReml version 3 (Gilmour et al., 2009). Fixed effects were contemporary group (does kidding in the same
herd, month and year) and age of the doe (in years) as class effects, and as covariables day of kidding,
proportion of genes from Alpine, Nubian, Toggenburg and “unknown” breeds, and heterosis. The numbers
of crossbred animals were insufficient to determine heterosis for specific breed combinations. Proportion of
Saanen was not fitted to avoid linear dependence and was used as a base for comparison. Random effects
included in the model were additive genetic and permanent animal effects.

Results and discussion

Descriptive statistics (Table 1) indicate the average New Zealand dairy goat produced 639.6 kg milk, 21.5
kg fat and 19.8 kg protein over an average lactation length of 207 days. These values are greater than those
previously reported by Singireddy et al. (1997) using a similar data set from earlier years. The coefficients
of variation for lactation length and milk production traits were high, which are due the large phenotypic
variation in lactation length. Comparison of SCS with similar studies is difficult because SCS is calculated
using different scales, such as log2, log10 and natural logarithm. However, in this study, SCS was calculated
using log2 giving an average SCS of 9.1 ± 1.4. Although this value is high, SCC in dairy goats are greater
than those reported in dairy cattle or sheep (Rupp et al., 2011).

Table 1. Descriptive statistics of milking traits of New Zealand dairy goats kidding between 2004 and 2015.

Trait n Mean SD1 Min Max CV2

Lactation length (days) 116,535 206.5 81.1 60.0 695.0 39

Lactation yields
Milk (kg) 116,535 639.6 320.7 30.0 2,345.0 50

Fat (kg) 116,535 21.5 11.0 1.0 84.1 51

Protein (kg) 116,535 19.8 9.8 1.0 70.6 50

SCS3 111,348 9.1 1.4 2.8 14.9 16
1SD = raw standard deviation across herds. 2CV = coefficient of variation. 3SCS = somatic cell score as log2(somatic cell count).

Estimates of breed effects and general heterosis on milking traits are in Table 2 after constraining
effects of Saanen does to 0. Breed had significant effects (p<0.0001) on milk production and SCS. Saanen
and crossbred does produced the greatest MY while Toggenburg produced the lowest. Therefore, it is not
surprising that most dairy goats milked in New Zealand are either Saanen breed or Saanen crossbred
(Scholtens et al., 2017). Nubian and crossbred does produced the greatest FY. Despite relatively large breed
effects on milk yield, there were no significant differences between SCS for Alpine, Nubian and Saanen
does, which is consistent with Apodaca-Sarabia et al. (2009). Significant (p<0.05) heterotic effects were
found for milking traits, suggesting that crossbreeding could increase production of milk, fat and protein
yields. Heterosis values were lower than those reported by Singireddy et al. (1997) and Apodaca-Sarabia et
al. (2009).

Table 2. Effect (±standard error) of doe breed relative to Saanen, and heterosis for milking traits in New
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Zealand dairy goats kidding between 2004 and 2015.

Milk yield (kg) Fat yield (kg) Protein yield (kg) Somatic cell score

Mean SE Mean SE Mean SE Mean SE

Breed

Alpine -29.06 18.20 -0.49 0.63 -0.70 0.54 -0.05 0.12

Nubian -36.76 14.16 0.44 0.49 -0.19 0.42 -0.08 0.09
Toggenburg -45.17 6.46 -1.21 0.22 -0.89 0.19 0.14 0.04
Unknown 12.56 4.55 0.59 0.16 0.51 0.14 -0.23 0.03
Heterosis 21.36 3.07 0.71 0.12 0.68 0.09 0.01 0.02

Genetic parameters have previously been estimated for dairy goats in New Zealand (Morris et al.,
1997; 2006; Apodaca-Sarabia et al., 2009), but not with such a large data set and a multiple-trait animal
repeatability model, which enables more precise estimates of genetic parameters for MY and SCS to be
calculated.

Table 3 shows the variances (additive and phenotypic), heritabilities and repeatabilities estimated
with the multiple-trait animal model for MY, FY, PY, and SCS. Heritability estimates for MY, FY, PY and
SCS were between 0.26 and 0.33, all being within the range of those published from New Zealand and goat
populations worldwide (0.04-0.40; Morris et al., 2006; Apodaca-Sarabia et al., 2009; Rupp et al., 2011;
Garcia-Peniche et al., 2012). These heritabilities show there is potential for improving lactation yields in
this mixed-breed population through selection. Clinical and subclinical mastitis would need to be
ameliorated by including a breeding value for SCS in a selection index (Bagnicka et al., 2016).

All repeatability estimates for the traits were within the range of literature values (e.g. Apodaca-
Sarabia et al., 2009; Garcia-Peniche et al., 2012) and were generally about twice the magnitude of the
estimated heritabilities. The difference between heritability and repeatability estimates for milk production
traits in goats suggests there are significant permanent environmental effects that might be useful when
making management decisions.

Table 3. Estimates of additive and phenotypic variances, heritability and repeatability and their
corresponding standard errors for milking traits in New Zealand dairy goats kidding between 2004 and
2015.

Trait
Additive

variance (se)
Phenotypic
variance (se) Heritability Repeatability

Milk yield (kg) 1,9055.00 (228.33) 46,143.00 (217.61) 0.27 (0.01) 0.41 (0.00)
Fat yield (kg) 21.94 (0.27) 54.70 (0.26) 0.26 (0.01) 0.40 (0.00)
Protein yield (kg) 16.34 (0.20) 41.24 (0.19) 0.27 (0.01) 0.40 (0.00)
Somatic cell score 0.91 (0.01) 1.72 (0.01) 0.33 (0.02) 0.53 (0.00)

Estimates of genetic and phenotypic correlations between milk production traits and SCS for mixed-
breed dairy goats in New Zealand are in Table 4. The high and positive genetic correlations between MY
and FY and PY traits suggest a favourable genetic correlated response can be expected for FY and PY, if
selection is practised on MY alone. The near zero genetic correlations between SCS and milk yield traits
indicate that the quality of milk will not be decreased if selection is based on high-yielding animals.
However, a study has shown that does selected for low somatic cell count estimated breeding values had
lower prevalence of intramammary infection compared to does selected for high somatic cell count
estimated breeding values (McDougall et al., 2011). These favourable genetic correlations support the use of
a selection index which will appropriately weight these traits in order to maximise the economic response
for the farmers.

The estimated phenotypic correlations were consistent with those published in literature. Phenotypic
correlations of FY with MY and PY were within range of those obtained in other dairy goat populations
(Boichard et al., 1989; Belichon et al., 1999). The only value published for the phenotypic correlation
between SCS and MY was 0.88 (Boichard et al., 1989), much greater than -0.10 obtained in the current
study.
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Table 4. Estimates of genetic (below diagonal) and phenotypic (above diagonal) correlations and standard
errors, obtained using a multiple-trait analysis.
Trait Milk yield Fat yield Protein yield Somatic cell score
Milk yield 0.91 (0.001) 0.97 (0.000) -0.10 (0.004)
Fat yield 0.89 (0.007) 0.93 (0.001) -0.13 (0.004)
Protein yield 0.97 (0.002) 0.93 (0.005) -0.08 (0.004)

Somatic cell score
-0.02
(0.035) -0.06 (0.035) -0.04 (0.035)

Overall, the genetic parameters estimated for MY, FY, PY and SCS in mixed-breed dairy goats in
New Zealand are consistent with reported values for other goat populations. Compared to previous New
Zealand studies, the genetic parameters estimated in the current study are more accurate, because of the
larger, structured, data set and the use of a multiple-trait animal repeatability model.

Conclusion

Using an across-breed repeatability animal model, this study produced more precise estimates than earlier
studies of heritability, repeatability, genetic and phenotypic correlations for lactation yields of milk, fat and
protein and SCS for dairy goats in New Zealand. These results suggest considerable variation exists within
mixed-breed dairy goats farmed in New Zealand, and that goat milk production can be increased through
selection for these traits. These genetic parameters can be used to estimate breeding values and included in
routine genetic evaluation to select animals with superior genetic merit to improve the quantity and quality
of milk produced from future generations of New Zealand dairy goats.
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