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Introduction

ABSTRACT. The objectives of this study were to assess the effect of some
non-genetic factors, breed and heterosis on birth weight and weaning weight in
crossbred dairy kids, and to estimate genetic parameters of these traits in a multi-
breed dairy goat farm. Non-genetic analysis revealed that sex, year and season
of birth and litter size are important factors that affect birth and weaning weights.
Estimates of heritabilities for direct genetic effects were moderate at birth and
weaning (0.25 £+ 0.06 and 0.24 + 0.10, respectively). Heritability of maternal
genetic effect for birth weight was 0.26 + 0.03. The bivariate analysis also
revealed that permanent maternal effects are significant for birth and weaning
weights indicating that this component should be considered in management
strategies. These results highlight the importance of considering non-genetic
factors to design management strategies in combination with genetic selection
strategies to improve the future performance of replacement of does.

tory in Latin America, with a population close to
2.2 million heads, managed at meat, meat and milk,

Dairy goat production is a socially, economi-
cally and culturally important part of the livestock
industry in America (Lu and Miller, 2019). Milk,
cheese and other dairy products are obtained from
goat production systems as food products of high
nutritional value (Lu and Miller, 2019). The goat
population in Latin America comprises approxi-
mately 3.5% of the world goat population, and of
this proportion, 20% are dairy goats that are ex-
ploited in intensive production systems (Andrade-
Montemayor et al., 2019).

In Venezuela, goats were introduced during the
Spanish colonization in the XV century and cur-
rently this country has the fourth-largest goat inven-

and specialized milk production systems (Dickson
et al., 2019). The main breeds used for these spe-
cialized production systems are Alpine, Nubian and
Canary’s breeds (Dickson et al., 2019).

One of the most important limitations identified
in these systems is the absence of genetic improve-
ment programmes and access to high genetic merit
animals (Dickson et al., 2019). Genetic parameters
(genetic variances, heritabilities and genetic correla-
tions) are required to design breeding programmes
with a systematic approach (Harris et al., 1984).
These genetic parameters are specific to breeds and
populations (Jembere et al., 2017). Birth and wean-
ing weights are two of the most available traits in


https://doi.org/10.22358/jafs/133151/2021

166

Factors affecting live weight in crossbred dairy goats

these goat production systems given that they are
easy to measure and record. Mature live weight
has been positively associated with milk yield and
composition in dairy goats (Morris et al., 2011) and
growth traits because birth weight is genetically as-
sociated with later live weight traits and adult size
(Jembere et al., 2017).

So, the objectives of the study were to assess
the effects of some non-genetic factors, breed and
heterosis on birth weight (BW) and weaning weight
(WW) in crossbred dairy kids and to estimate genetic
parameters of these traits in a multi-breed dairy goat
farm of Venezuela.

Material and methods

Ethical aspects

The data used in this study were collected during
normal animal management practices and approval
from an Animal Ethics Committee was not required.

Source of data

A database from a private intensive dairy farm
‘Agroinversiones Los Islefios C.A.,” located in the
town of Magdaleno, Zamora municipality, Aragua
state, Venezuela, at 10°07' N and 67°35’ W, was made
available for this study. The climate of the location is
tropical savannah, with high humidity (around 80%)
due to its proximity to Lake Valencia, with an average
temperature of 24.5 °C and an average annual rainfall
of 1200 mm as maximum (INE, 2011).

Records from 3782 kids collected from the year
2014 to the year 2018 were analysed. Each record
included animal identification, BW and WW, dates
of birth and weaning, sex of the kid, type of birth
(single, twin and triplets), sire and dam identifi-
cation and breed composition of the kid, sire and
dam. The breeds present in the flock were Alpine,
Canary, Saanen, Nubian and other breeds with mi-
nor representation. The proportion of each breed in
the animal, sire and dam was not complete and es-
timation of specific heterosis between each pair of
breeds was not possible, so a coefficient of general
heterosis was derived for each animal following the
approach given by Gregory and Cundiff (1980).

Kids management consisted primarily of om-
phalic prophylaxis and pasteurized colostrum
administration, and a posterior daily artificial feed-
ing with approximately 1 1 of milk until weaning
on day 60. Generally, male kids were separated ap-
proximately two days after birth and slaughtered
for sale. Only purebred or 15/16 of crossbreeding

proportion males were maintained in the flock.
Most females were used as replacements depending
on their genotype.

Statistical analysis

Analyses of variance for BW and WW adjusted
to 60 day of age (WW60) were performed using
a SAS Software (SAS Institute Inc., Cary, NC,
USA). The general linear model was:

Yyu =M S, A FM AL+ Bptt Bpt+Bpt+
B4pN + Bsh + i

where: y;; — BW or WW60; u — overall mean;
S, — fixed effect of sex i of the kid; a — fixed effect
of the j year of birth; M, — fixed effect of k™ season
of birth; L, — fixed effect of /™ litter size; p*, p°, p©
and pN — proportion of Alpine, Saanen, Canary and
Nubian breed in the kid; h — coefficient of general het-
erosis; B, B,, B, B, and B, — regression coefficients
of BW or WW on a proportion of Alpine, Saanen,
Canary and Nubian, and heterosis, respectively; and
€;, — residual error. The proportion of other breeds
plus the proportion of unknown breed was not fitted in
the model to constrain the regression coefficients for
orthogonality and used as a base for comparison. Ani-
mals born as twins or triplets were considered in one
class for the analysis. Four birth seasons were defined:
from January to March, from April to June, from July
to September, and from October to December. Least-
squares means for sex (only for BW), year, season and
litter size were estimated and used for multiple mean
comparisons using the Tukey test adjusted with a Bon-
ferroni correction by the number of comparisons.

Estimates of variance components required for
the estimation of genetic parameters were obtained
using the MTDFREML software package (Van Vleck
and Boldman, 1993) in which the convergence cri-
terion used for all models was —2Log L =1 x 10",
The pedigree consisted of 5145 total animals, with
137 sires and 1727 does.

The model for BW was expressed as:

i~ lel +Za +Wm +Cp +e,

where: y, — vector of BW values; b, — vector of fixed
effects (contemporary group of animals born of the
same litter size, year and season, sex and coeffi-
cient of general heterosis as a covariate); a, — vec-
tor of random direct animal genetic additive effects;
m, — vector of random maternal genetic additive ef-
fects; p, — vector of random permanent environmen-
tal maternal effects; e, — vector of random residual
effects; X, Z,, W, and C, — design matrices of the
corresponding effects. The distributional properties
of the elements in the model with E and V indicating
the expectation and variance were as follows:
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where: a — numerator relationship matrix of order
5145, the total number of animals in the pedigree
file; I, — identity matrix of order 1727, the number
of does with offspring BW records; I, — identity rna—
trix of order 3782, the number of BW records; cra1

variance of direct animal genetic additive effects for
BW; 62, ,— variance of maternal genetic effects for
BW; 04, m, — covariance between direct animal ge-
netic additive and maternal genetic effects for BW;

0'123 ,— variance of maternal permanent environment
effects; and cﬁl — variance of residual effects for BW.
Estimates of heritability of direct additive genetic
(h}) and maternal genetic (m?) effects and proportion
of maternal permanent environment effects relative
to phenotypic variance for BW were estimated as:

2

2_ Gal m2=
1= mi= T and pl= 2,
T1 oTy

=24 2 2L 2
where o1, = 63, + opp + Oaym, T Op, T T¢, -

Total heritability (H,) for BW was estimated as:
0a1+ 1.5 Oaym, + 0.5 cml

1= 2

The correlation between direct additive genetic and
maternal genetic effects (ry, m,) Was estimated as:

r — Oaymy

ajmq Gal O_ml

with 6,, and Oy, the standard deviations of direct

additive genetic and maternal genetic effects,
respectively.

The model to obtain variance components for

WW60 was the following:
y2 = X2b2 T ZZaZ T C2p2 T

where: b, — vector of fixed effects including the
effects of contemporary group and coefficient
of general heterosis as a covariate; a,, p,, Z, and
C, — vectors and matrices as defined as above but
for WW records. The distributional properties of the
elements in the model for analysis of WW60 were as
follows:
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where: I, — identity matrix of order 987, the
number of does with offspring WW60 records;
I, — identity matrix of order 987, the number of
WW6O records; 632 variance of direct animal
genetic additive effects for WW60; 0p2 — vari-
ance of maternal permanent environment effects;
and (562 variance of residual effects for WW60.
Estimates of heritability of direct additive genetic
(h) and proportion of maternal permanent environ-
ment effects relative to phenotypic variance for
WW60 were estimated as:
2 2
h3 =22 and p3 =2, where o1,= 03+ op + GF -
°Ty oty

These univariate models described above were
selected by a formerly exploratory comparison
between models computed using a likelihood ratio test
(Lynch and Walsh, 1998) as, A =—2(Log L Mmodel —
Log L Umodel), where Mmodel is the complete
multivariate model and Umodel is the reduced
multivariate model with covariance values of
traits fixed to zero. Test statistic was considered as
approximately distributed chi-square, with degrees
of freedom equal to the difference in parameters
between models, and an o= 0.01.

From univariate selected models a bivariate
analysis of BW and WW was fitted, and the model
was as follows:

o A | S 1 R e A
[0 el

The distributional properties of the elements in

the model with E and V indicating the expectation
and variance were as follows:

Y ‘lel'
y2 Xzbz
]
a
E ml =
P
P,
€]
_62_

S OO OO
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Estimates of variance and covariance compo-
nents were used to compute heritabilities for direct
and maternal (only for BW) effects, permanent and
environmental effects of the studied traits. Estimates
of heritability for direct (h?) and maternal (m?) ge-
netic effects (for BW only), the genetic correlation
between direct effects of BW and WW60, the ge-
netic correlation between maternal (BW) and direct
BW and WW60 effects, the proportion of permanent
maternal effects relative to phenotypic variance (p?)
for BW and WW60 and their correlation, and the
proportion of environmental effects relative to phe-
notypic variance (e?) for BW and WW60 and their
correlation.

Results

The least-squares means for sex, year of birth,
season and litter size for BW and WW60 are
presented in Table 1. The effects of all fixed factors
considered in the analysis of variance for BW were
significant (P < 0.5). Male kids were heavier at birth
(P < 0.001) than female kids. Birth weight varied
across years with kids born in the year 2014 showing
the highest BW. For litter size, 75% of births were
singlets and 25% were multiples. Differences in BW
were significant among single and multiple litter
kids; kids born as singlets were 0.320 kg heavier
than kids born as twins or triplets (P < 0.001).

Table 1. Least-squares means + standard error (SE) for birth weight
(BW) and weaning weight at day 60 of age (WW60) in crossbred dairy
goat neonates by sex, year, season and litter size

Source of

Variation BW, kg n WW60, kg
Sex P <0.001
male 1534 2.3212 £ 0.021
female 1904  1.996° + 0.020
Year P <0.001 P<0.001
2014 948 2.4382+0.029
2015 763 2.187°+£0.030 296 10.0172 £ 0.128
2016 656 2.116°+ 0.031 255 9.299° +0.126
2017 631 1.912°+£0.032 273 7.8949 +0.114
2018 440 2.137°+0.040 158 8.752° £ 0.146
Season P=0.012 P=0.601
Jan-Mar 1019 2.117%+ 0.025 338 9.016 £ 0.191
Apr-Jun 871 2.107° +£0.027 195 8.998 + 0.208
Jul-Sep 700 2.2122+0.031 198 8.940 + 0.203
Oct-Dec 848 2.198*+0.029 256 8.801 £ 0.186
Litter size P<0.001 P <0.001
1 2577 23202 +0.016 779 9.2212+ 0.167
2and3 861 1.997°+0.026 208 8.657°+ 0.194

n —number of observations varied among sources of variation because
of missing information; *¢ — means within each factor with different
superscrips are statistically different at P < 0.05

Only female kids were raised and therefore
a significant reduction (>70%) in the number of
records with WW60 was observed. Mean WW60
was significantly reduced from 2015 to 2017.
Female kids born as singlets were 0.566 kg heavier
(P < 0.001) at weaning than females kids born as
twins or triplets. Effect of season of kidding was
significant on BW (P = 0.012), but not on WW60.
Kids born from July to September were heavier than
kids born from April to June.

The breed and heterosis effects on BW and
WW60 are presented in Table 2. Effects of Saanen
and Nubian breeds were negative and significant
(P <0.001) on BW. Breed effects on WW60 were
not significant. Heterosis effects on BW and WW60
were not significant.

Table 2. Breed and heterosis effects + standard error (SE) for birth
weight (BW) and weaning weight at day 60 of age (WW60) of dairy
goat neonates

Breed effects BW WV.V60
estimate  SE estimate  SE

Mean 2.244 0.750 9.201 1.726
Alpine -0.113 0.079 0.241 0.504
Canary -0.147 0.083 -0.623 0.539
Saanen -0.288**  0.084 0.425 0.510
Nubian -0.312**  0.104 0.092 0.537
Heterosis -0.023 0.041 0.102 0.225
** - P<0.001

Estimates of variance components and genetic
parameters for BW and WW obtained from univari-
ate models are presented in Table 3. In the univari-
ate analysis for both BW and WW60, the estimates
of heritabilities for the direct additive genetic were
moderate. For BW, the estimate of heritability for
maternal additive genetic effect was moderate.

Table 3. Variance components and genetic parameters for birth weight
(BW) and weaning weight at day 60 of age (WW60) of crossbred kids
from univariate analyses

Variance components

Genetic parameters

Indices BW WW60  Indices BW WW60

0%, 0.118 0589 A’ 0.25+0.064 0.24 £0.100
o2 0.168 - m? 0.35+0.031 -

g, -0.078 - Lo -0.55+0.067 -

02p 0.018 0410 p? 0.038 £0.001 0.16 +0.064
0% 0.254 1.501 e? 0.55+0.047 0.60 +0.096
0? 0.481 2501 H? 0.18 0.24

.
0’, — direct additive genetic variance; 0° - maternal additive
genetic variance; 02p - maternal permanent environment variance;
o?, - environmental variance; o - total phenotypic variance;
h? - direct heritability; m? — maternal heritability; r, —genetic correlation
between direct and maternal effects; p? — proportion of maternal
permanent environment effects relative to phenotypic variance;
e? — environmental effects relative to phenotypic variance; total
heritability: H?= (0% + 1.50%n, + 0.50%,) / 0% (Willham, 1972)
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The estimate of genetic correlation between direct
and maternal genetic effects for BW was negative
but close to zero. The proportion of the total vari-
ance explained by the variance of maternal per-
manent (p?) effects for BW was small and slightly
greater for WW60. Conversely, environmental re-
sidual effects explained most proportion of pheno-
typic variance for both traits (Table 3).

Estimates of genetic parameters for BW and
WW60 obtained from the bivariate analysis are pre-
sented in Table 4. The bivariate analysis produced
similar estimates of heritability for direct additive ge-
netic effects for BW to the estimates from the uni-
variate analysis. However, the estimate of heritability
of direct additive genetic effects for WW60
from the bivariate analysis was slightly smaller com-
pared to the estimate from the univariate analysis.

Table 4. Heritabilities and genetic and phenotypic correlations for
birth weight (BW) and weaning weight at day 60 of age (WW60) of
crossbred kids from bivariate analyses

Trait BWa BWm WW60a
BWa 0.24 £ 0.001 0.47

BWm -0.21 £ 0.001 0.14 £ 0.001

WW60a 0.50+0.001 -0.10+£0.001  0.18 £0.001

BWa - direct genetic additive effect for BW; BWm — maternal genetic
effect for BW; WW60a - direct genetic additive effect for WW60;
Heritabilities are on the diagonal, genetic correlations are below the
diagonal and phenotypic correlation is above the diagonal

The estimate of heritability of maternal genetic ef-
fects for BW was 0.140 = 0.001 from the bivariate
analysis, which was slightly smaller (0.17) than the
estimate obtained from the univariate analysis. The
genetic correlation between direct genetic additive
effects for BW and WW60 was positively moderate
(0.50 + 0.001). The estimate of genetic correlation
between the direct genetic additive effects for BW
and maternal genetic effects for BW was negative
(—0.21), which was greater than the estimate ob-
tained from the univariate analysis (—0.078). The
estimate of genetic correlation between the maternal
genetic effects for BW and direct genetic additive
effects for WW60 was low negative (—0.10). The es-
timates of the proportion of maternal permanent ef-
fects with respect to the total variance obtained from
the bivariate analysis were 0.13 and 0.21 for BW
and WW60, respectively (estimates not shown),
which were slightly greater than the estimates from
univariate analysis (0.038 and 0.16 for BW and
WW60, respectively). The estimate of the correla-
tion between maternal permanent effects for BW
and WW60 was strong positive (0.96 + 0.001).

Discussion

Effects of environmental and genetic factors on
BW and WW60 of kids from does in an intensive
dairy goat production from Venezuela were evalu-
ated. Both traits were significantly affected by the
birth year and litter size. Breed and season effects
were significant only on BW.

The importance of these live weight traits are
not evident for dairy goat farms; however, the birth
conditions are related to survival and milk produc-
tion when the kids become milk producers. Dwyer
et al. (2016) indicated that the main risk factors for
mortality in small ruminants are low birth weight,
particularly owing to poor maternal nutrition during
gestation, dystocia, litter size and genetics. More-
over, the genetic correlations among the live weight
measures at different ages of the animals are strong
positive (Jembere et al., 2017), and the genetic cor-
relations between live weight and milk production
in dairy goats have been reported moderate positive
(0.47) (Morris et al., 2011; Scholtens et al., 2018).
Additionally, quantification of the pre-weaning per-
formance of small ruminants from different birth
and rearing types has multiple uses including pro-
viding informative biological parameters for the de-
velopment of bioeconomic models but also in farm-
based real-time decision support tools (McHugh
etal., 2017).

Differences in BW by sex have been reported in
several studies indicating that male kids are heavier
than female kids in different goat breeds (Boujenane
and El Hazzab, 2008; Zhang et al., 2008; Menezes
et al., 2016), which is also confirmed in the present
study.

The effect of birth year is related mostly to man-
agement and other environmental conditions which
are specific for each year. The importance of this
source of variation has been associated with chang-
es in weather conditions during the years, which
might affect feed availability and quality and animal
welfare (Menezes et al., 2016). Although no infor-
mation was available to justify between-year varia-
tions, it is very likely that management could have
an influence on these changes.

Type of birth (single or multiple) recurrently is
reported as an important factor affecting BW and
other live weight traits in different studies assessing
goat performance (Boujenane and El Hazzab, 2008;
Zhang et al., 2008; Menezes et al., 2016), which was
also found in this study.

Breed effects were only significant on BW.
A pure Saanen kid was 0.288 kg lighter at birth
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compared to the average of the population, and
a pure Nubian kid would be 0.312 kg lighter than
the average of the population. Crossbreeding,
considering either terminal or rotational crossing,
synthetic breed creation or breed replacement, is
often used to increase farmers’ income through
the improvement of productivity of local livestock
(Leroy et al., 2016). Most production systems use
crossbreeding to influence animal performance
by heterosis giving priority to milk yield. The
heterosis effects for BW and WW60 were not
significantly different from zero. Although not
enough documented some available evidence on
heterosis for BW in a multi-breed herd in Mexico
are positive and significant (Meza-Herrera et al.,
2019). Given the priority of this production system,
consideration of early growth performance would
be important in order to guarantee the survival of
replacement animals for posterior milk production
putting an emphasis on complete records that may
allow a more complete evaluation of performance
among the crossbred genetic groups and support
management of the best genetic groups.

The estimate of h? for direct additive genetic
BW was moderate and similar to the estimates
reported by Meza-Herrera et al. (2019) in the
multi-breed goat population (0.20-1.25). Estimates
from other studies in other domestic animals have
found that BW is from a moderately to a highly
heritable trait (Koots et al., 1994; Gowane et al.,
2010; Shokrollahi and Baneh, 2012). Jembere et al.
(2017) reported from a large review a mean value of
0.16 for h? of direct additive genetic effects for BW,
and Visser (2019) reported a moderate heritability
(0.15-0.16) for BW in different goat meat breeds of
Africa. The estimate of h? for direct additive genetic
effects for WW60 was moderate and was equal to
the mean value presented by Jambere et al. (2017)
for live weight at two months of age in different
goat breeds. The estimate of heritability of maternal
genetic effects for BW from the univariate analysis
was low but within the range reported in several
studies (0.05-0.28) in different breeds (Zhang et al.,
2008; Jembere et al., 2017, Menezes et al., 2018;
Meza-Herrera et al., 2019). The estimates of h? for
maternal genetic effects for BW found in the literature
(m? = 0.27, Jamebere et al. (2017)) is smaller than
the estimate obtained from the univariate analysis
but greater than the estimate obtained from the
bivariate analysis of this study, perhaps influenced
by the reduction of the observations compared by
the univariate analysis.

In general, the estimates of genetic correlations
between direct additive genetic and maternal genet-
ic effects have been reported negative for BW and
other preweaning growth traits ranging from —0.07
to —0.89 (Boujenane and El Hazzab et al., 2008;
Zhang et al., 2008; Meza-Herrera et al., 2019). This
effect has been attributed to the data structure and
availability and repeated maternal allowing the ac-
curate partition of the phenotypic variance into all
maternal (co)variance components (Maniatis and
Pollott, 2003), in the present study although enough
information of sire was available (average 25 kids
per sire), information of dam was reduced (average
1.9 kid per doe).

The estimates of p* for BW and WW60 were
low (0.04 and 0.16, respectively). Zhang et al.
(2008) reported higher p? estimates for BW in Boer
kids, and Barazandeh et al. (2012) reported higher
estimates for BW but similar for WW60 in Raini
Cashmere kids. Similarly, Jembere et al. (2017) re-
ported a slightly larger estimate of p? for BW (0.09)
but lower for WW60 (0.04). Even when the reports
define this effect as permanent for BW, it must be
considered as a special case of a maternal effect due
to common maternal effects on the progeny (Kruuk
and Hadfield, 2007). This important effect is mostly
conditioned by different factors related to the moth-
ering ability and capacity during the gestational pe-
riod (Matika et al., 2003; Rasanen and Kruuk, 2007;
Mrode, 2014). It has been suggested that maternal
environmental influence is overall produced by ges-
tational conditions, which are closely tied to passive
immunity, cytoplasmic inheritance, nutrition and
maternal constraints on foetal growth and maternal
intrauterine environment, as well as pre-weaning
nutrition (Bradford, 1972; Cundiff, 1972; Matika
et al., 2003). In this study, the model for WW60 did
not consider the genetic maternal effects because the
kids were separated from the mothers and raised in
an artificial feeding system. However, the estimate
of p? for WW60 was moderate (0.16) indicating that
the maternal permanent environment provided dur-
ing gestation may remain until weaning even when
the mothers lost contact with the progeny.

Determining the actual genetic sources of varia-
tion of different productive traits relies on the pos-
sibility of unravelling confounding environmental
effects from direct additive genetic effects based on
good data and effective statistical models (Kruuk
and Hadfield, 2007). A data structure can be limit-
ing when fitting complex models and determining
unbiased estimators (Bijma, 2006). In the present
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study, also the reduced WW60 observations perhaps
influenced the possible isolation of genetic effects.

The genetic parameters estimated in this study
indicate that selection responses for BW and WW60
can be obtained if the selection is based on direct
genetic additive and maternal genetic effects for
BW and direct genetic additive for WW60. Further
analysis including other productive traits might cor-
roborate a positive correlation among preweaning
growth size and milk yield potential in this multi-
bred population.

Conclusions

Under the conditions of the dairy goat farm con-
sidered in this study the sex of the kid, year and season
of birth, litter size and breed were important factors
affecting early live weight traits. Therefore it would
be important to consider these parameters in manage-
ment decisions. Estimates of heritability for direct
genetic additive effects for birth and weaning weights
are moderate suggesting positive genetic responses
to selection for these traits. Permanent maternal en-
vironmental effects were present for birth and wean-
ing weights suggesting that this component should be
considered in management strategies. This study also
highlights the importance of using a more precise re-
cording system for birth- and weaning-related data to
generate accurate genetic evaluations.
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