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SUMMARY

Data relevant to 573 Anglo-Nubian and 318 Baladi kids born at Alexandria University Experimental Station
between 1997-2014 were utilized in this investigation to estimate variance components and heritabilities of
birth weight (BW), weaning weight (WW) and average daily gain (ADG). In addition, effects of season and year
of birth, sex of kid, type of birth and parity on the previous studied traits were investigated.

The least squares analysis with unequal subclass numbers showed that the overall means of BW, WW and
ADG of Anglo-Nubian kids were 2.55 kg, 13.18 kg and 87.14 g, respectively, whereas they were for Baladi kids
2.25 kg, 10.19 kg and 64.74 g, respectively. On the other hand, the statistical analyses showed that fixed effects
on all studied traits were generally significant (P<0.01or P<0.05), except for effects of season of birth on BW of
Baladi and WW of Anglo-Nubian kids, and effects of parity on WW and ADG of Baladi breed.

Estimates of the direct heritability (h’,) and maternal heritability (h’,) ranged from 0.36-0.58 and 0.05-0.30,
from 0.01-0.38 and 0-0.18 and from 0.08-0.46 and 0-0.17 for BW, WW and ADG of Anglo-Nubian kids,
respectively. The corresponding values for Baladi Kids ranged from 0.26-0.45 and 0.12-0.29, from 0.28-0.39
and 0.03-0.19 and from 0.21-0.31 and 0.03-0.18, respectively. Furthermore, estimates of the total heritability
(h’) were moderate to high for BW in both breeds, and low to moderate for WW and ADG of Anglo-Nubian,
and moderate for WW and ADG of Baladi breed. Estimates of the total maternal effects (t,) were considerable
for all the studied traits of both breeds. The results in general showed that maternal effects were significant
source of variation for pre-weaning growth traits of Anglo-Nubian and Baladi kids. Therefore, these effects
should be taken into consideration when carrying out genetic evaluations of pre-weaning growth traits of both
Anglo-Nubian and Baladi kids in their herd.
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INTRODUCTION

Goats’ population in Egypt was 4350000 heads in
2013, and they contribute about 5.34 % of the
national total red meat production and about 3.56 %
of total milk production (FAO, 2015). They have
good potential as a meat producing farm animal,
especially when their reproductive and productive
efficiencies are considered. Pre-weaning growth traits
of kids are important in determining profitability of
any goat production enterprise (Boujenane and El
Hazzab 2008, Supakorn and Pralomkarn 2009, Zhang
et al. 2009, Gowane et al. 2011, Mohammadi et al.
2012, Bazzi 2013 and Gupta et al. 2016).

Pre-weaning growth traits of goats are determined
not only by the kid's genetic potential for growth, but
also by the maternal genetic effects and
environmental factors (Supakorn and Pralomkarn
2009, Zhang et al. 2009, Assan 2013 and Gupta ef al.
2016). Many researchers found that pre-weaning
growth traits of kids were most affected by maternal
effects (Boujenane and El Hazzab 2008, Rashidi et
al. 2008, Zhang et al. 2009, Supakorn and
Pralomkarn 2009, Gholizadeh ef al. 2010, Gowane et
al. 2011, Mohammadi, ef al. 2012 and Sadegh et al.
2013). Therefore, when these traits are included in

the breeding programs, both the direct and maternal
component should be taken into consideration in
order to achieve an optimum progress from the
selection (Boujenane and El Hazzab 2008, Rashidi et
al. 2008, Gholizadeh et al. 2010, Osman 2013 and
Rout et al. 2018).

This investigation was carried out to estimate
variance components and heritabilities (direct and
maternal) of birth weight, weaning weight and average
daily gain from birth to weaning of Anglo-Nubian and
Baladi kids in an experimental herd of goats.

MATERIALS AND METHODS

Source of data:

Data used for this study were collected from the
records of the goats’ herd of the Experimental Station,
Faculty of Agriculture, Alexandria University. The
records covered the period from 1997 to 2014 and
included 573 and 318 Anglo-Nubian and Baladi kids
presenting 20 and 18 sires and 125 and 84 dams,
respectively. The structures of data are found in Table

(D).
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Table 1: Means, standard deviations (SD), coefficient of variation (CV %) and distribution of the data for birth
weight (BW), weaning weight (WW) and average daily gain (ADG) of Anglo-Nubian and Baladi kids.

Animals were housed in semi closed pens, fed on
Berseem (Trifolium alexandrinum) during winter and
spring and on stubble and Berseem hay and/or fodder
sorghum (Sorghum bicolor) during summer and
autumn. Supplementary concentrate ration of about
0.25 kg / head was offered daily along the year.

Kidding of the herd was managed all year around.
Females were first mated at about 18 months of age.
Sires and dams were selected as yearlings on the basis
of visual appraisal for type and size rather than on a

Anglo-Nubian Baladi
Items

BW WwWWwW ADG BW WwWw ADG
Mean, (kg or gm) 2.55 13.18. 87.14 2.25 10.19 64.74
SD, (kg or gm) 0.54 3.43 27.42 0.43 2.59 19.56
CV (%) 21.18 26.02 31.47 19.11 25.42 30.21
No. of records 573 446 446 318 266 266
No. of sires 20 19 19 18 17 17
No. of dams 125 90 90 84 79 79
No. of buck kids 279 215 215 159 127 127
No. of doe kids 294 231 231 159 139 139
No. of single kids 128 100 100 95 81 81
No. of twin kids 374 290 290 205 170 170
No. of triplet kids 71 56 56 18 15 15

Flock management: the fixed effect of j" year of birth (j=1,2,3...... 6); Cyi:

the fixed effect of k™ sex (k=1 and 2); Dy: the fixed
effect of 1™ type of birth (I=1 and 2); P,: the fixed
effect of m" parity (m=1,2,3.....6) and ejjmn: random
residual assumed to be independent normally

. . . . 2
distributed with mean zero and variance o, .

Univariate animal models were fitted to estimate
(co)variance components and heritabilities for each
trait using Wombat program (Meyer, 2006). The
following four models were used:

pre-set intensive selection programme. Once the doe y i Xb+Za+te, (D
entered the breeding flock, there is no chance for y=Xb+Za+Zc+te, @)
y=Xb+Za+Z,m+e 3)

culling until the end of its productive life.

Statistical procedures:

Least squares of GLM procedure (SAS 2008)
were utilize to test the significance of the fixed
effects of season of birth (4 seasons), year of birth (6
periods), sex (male and female), type of birth (single,
twin and triplet) and parity (7 parities) on birth weight
(BW), weaning weight (WW) and average daily gain
(ADG) from birth to weaning of kids. Months of birth
were classified by season into autumn births between
September and November, winter births between
December and February, spring births between March
and May and summer births between June and August.
Years of birth from 1997-2014 were classified to six
periods (1= 1997-1999, 2= 2000-2002, 3=2003-
2005, 4= 2006-2008, 5= 2009-2011and 6= 2012-
2014). Parity was between 1 and 6 or over. Each breed
data were analyzed separately. The statistical model
fitted was:

Yijklmn =u-+ Ai + Bj + Ck+ D] + Pm + €ijkimn Where,

Yijumn: €ither BW, WW or ADG ftraits; p: an
underlying constant specific to each trait; A;: the
fixed effect of i™ season of birth (i=1,2,3 and 4); B;:

y=Xb+Za+Zm+Zc+e 4)

where y is a n x 1 vector of observations for each
trait; b, a, m, ¢ and e are vectors of fixed effects
(season of birth, year of birth, sex, type of birth and
parity), direct additive genetic effects, maternal
additive genetic effects, maternal permanent
environmental effects and the residual effects,
respectively; X, Za, Zm, Zc are the incidence
matrices of fixed effects, direct additive genetic
effects, maternal genetic effects and maternal
permanent environmental effect; A is the numerator
relationship matrix between animals; and oy, is the
covariance between additive direct and maternal
genetic effects. The (co)variance structure for the
model was:

V(a) = Ao’ V(m) = A 6%, V(c) =1 6%, V(e) =1y
o% and Cov (a, m)=A o,

where Ip and Iy are identity matrices with orders equal
to the number of dams and the number of kids,
respectively and cza, czm, czc, and csze are direct
additive genetic variance, maternal additive genetic
variance, maternal permanent environmental
variance, and residual variance, respectively.
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Estimates of direct heritability (h?), maternal
heritability ~ (h®,) and permanent  maternal
environmental effects (c*) were calculated as ratios of
estimates of 023, czm, and czc, respectively, to the
phenotypic  variance czp). The direct-maternal
correlation (r,,) was computed as the ratio of the
estimates of direct-maternal covariance (G,y,) to the
product of the square roots of estimates of o%, and
czm. The total heritability for each trait was estimated
(Willham, 1972) as h?, = h%, + 0.5 h%,, + 1.5 hy, Ty hy,
which predicts the expected response to phenotypic
selection. The total maternal effect, t,, = ¥ h%, + h%,
+ ¢ + hy ry, h, was calculated to estimate
repeatability of doe performance.

RESULTS AND DISCUSSION

The means, standard deviation (SD) and
coefficient of variation (CV %) of the studied traits
are shown in Table 1.The overall means of BW, WW
and ADG of Anglo-Nubian kids were 2.55 kg, 13.18
kg and 87.14 g, respectively, their corresponding
values for Baladi kids were 2.25 kg, 10.19 kg and
64.74 g, respectively. Although Anglo-Nubian breed
had more twin and triplet births, higher BW means of
kids of that breed were attained. Anglo-Nubian does
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are larger in size and BW of their kids was slightly
higher than that of Baladi with differences remaining
consistent for WW. High ADG of Anglo-Nubian
reflects the genetic potential of the kids and the
mothering ability of the does and caused an increase
in WW of Anglo-Nubian kids over Baladi kids.

Fixed effects:

The results of analysis of variance in Table 2
show that fixed effects on all studied traits were
generally significant (P<0.0lor P<0.05) except for
effects of season of birth on BW of Baladi and WW of
Anglo-Nubian kids and effects of parity on WW and
ADG of Baladi breed. Fixed effects on pre-weaning
growth traits of kids of different goat breeds along
with the world have been well depicted in the
literature (Boujenane and El Hazzab 2008, Otuma
and Osakwe 2008, Rashidi et al. 2008, Hermiz et al.
2009, Zhang et al. 2009, Mohammadi et al. 2012,
Bedhane et al. 2013, Deribe and Taye 2013, Osman
2013, Bingol et al. 2014, Paul et al. 2014, Ray et al.
2015, Syahirah et al. 2016, Gupta et al. 2016 and Rout
et al. 2018).

Table 2: Effects of season and year birth, sex of kid, type of birth and parity on birth weight (BW),
weaning weight (WW) and pre-weaning average daily gain (ADG) of Anglo-Nubian and Baladi kids.

Anglo-Nubian Baladi

Source of variation

ar* BW WwWwW ADG BW WwWWwW ADG
Season of birth 3 L NS * NS *% s
Year of birth 5 % * * ek St s
Sex of kid 1 % *% ok o *% s
Type of birth 2 s s s s s s
Parity 5 s s s s NS NS
Error (556) (429) (429) 301) (249 (249)

NS: Not significant (P>0.05); *: Significant (P< 0.05); **: Highly significant (P< 0.01)
Figures within parentheses are the degree of freedom (df) for error.

Variance components and heritabilities:

Estimates of variance components (Gza, czm, 620,
o’ and 6°,), heritabilities (h*,, h*,and h%), fraction of
variance due to maternal permanent environmental
effects (c?), total maternal effect (t,) and log-
likelihood (Log L) for BW, WW and ADG of Anglo-
Nubian and Baladi kids are shown in Table 3.

Model 1, which ignored the permanent
environmental and additive maternal effects, had the
lowest Log Likelihood values (Log L) for all studied
traits of both Anglo-Nubian and Baladi kids.
However, model 4 that included direct and maternal
genetic and permanent environmental effects was the
most appropriate model for BW of both breeds and
for WW and ADG of Baladi and model 2 that
included  direct and  maternal  permanent

environmental effects was the most appropriate
model for WW and ADG of Anglo-Nubian. Hence,
the genetic and permanent maternal environmental
effects were important for BW of kids of both breeds
and for WW and ADG of Baladi kids. For Anglo-
Nubian, model 2 was considered to be better than
model 4 for WW and ADG, because the maternal
genetic effects in model 4 were approximately zero.
On the other hand, model 4 was the best model for
WW and ADG of Baladi kids. Generally, the
permanent environmental effect was determined to be
more important than maternal additive effect for WW
and ADG of kids of both breeds in this herd.
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Table 3: Estimates of variance components and genetic parameters for birth weight (BW), weaning
weights (WW), and average daily gain (ADG) of Anglo-Nubian (A) and Baladi (B) and kids.

Breed Trait Model % P 6% 6% czp h2, h2. c? h% tm Log-1
M1 0.19 - - 0.14 034 0.58(0.11) - - 0.58 0.14 13.31
BW M2 0.13 - 008 0.12 034 0.39(0.14) - 0.24 039 0.34 26.99
(0.07)
A M3 0.13 0.12 - 0.13 037 0.36(0.14) 0.30 - 051 039 24.56
(0.08)

M4 013 002 007 012 034 038(0.15)  0.05 020 041 035 2720
(0.10)  (0.09)

Ml 481 - - 783 127 038(0.14) - - 038 0.0 -772.26
wWwW M2 0.12 - 233 975 122 0.01(0.07) - 019 001 0.9 -767.92
(0.06)
M3 024 221 - 976 122 0.02(0.08)  0.18 - 011 019  -768.65
(0.06)

M4 012 000 233 975 122 0.01(0.07) 0000 019 001 019  -767.92
(0.40)  (0.39)

Ml 38.4 - - 4463 827.8  0.46(0.14) - - 046 012  -1663.69
ADG M2 65.3 - 1346 589.5 7893 0.08(0.11) - 0.17 008 0.19 -1660.73
(0.07)
M3 697 1303 - 5903 9703 0.09(0.17)  0.17 - 017 019 -1661.13
(0.07)

M4 74.5 0.10 1432 583.1 800.8 0.09(0.12) 0.00 0.18 0.09 020 -1660.75
0.47) 0.47)

M1 0.10 - - 012 022 045(0.12) - - 045 0.1 58.19
BW M2 0.06 - 005 010 022 029(0.14) - 025 026 032 6581
(0.08)
B M3 006 007 - 011 023 026(0.14) 029 - 040 036 6545
(0.09)

M4 006 003 003 010 022 027(0.14) 0.2 014 033 033  66.08
0.16)  (0.13)

M1 2.72 - - 418 689  0.39(0.13) . . 039 010 -39223
WW M2 2.27 - 107 365 699 0.32(0.15) - 015 032 024  -388.79
(0.07)
M3 204 138 - 384 726 028(0.15  0.19 - 038 026  -389.50
(0.09)

M4 222 024 091 3.66 7.03 032(0.16)  0.03 013 033 024  -388.75
(0.13)  (0.11)

Ml 124.2 - - 2826 4068 0.31(0.13) - - 031 008 -922.84
ADG M2 94.7 - 642 2517 4106 023 (0.14) . 016 023 021  -919.46
(0.07)
M3 885 785 - 2600 4270 021(0.14)  0.18 . 030 024  -920.10
(0.09)

M4 940 126 548 2515 4130 023(0.15  0.03 013 024 022 -919.43
(0.13)  (0.12)

6%, direct additive genetic variance, %, maternal genetic variance, 6°.: maternal permanent environmental variance,
o’ residual variance, czp: phenotypic variance, h%,;: direct heritability, h?,; maternal heritability, ¢% fraction of
phenotypic variance due to maternal permanent environmental effects, h?: total heritability (h®=h%+ 0.5 h%, + 1.5
mr,,h), t,.: total maternal effect (t,= % h% + h?, + ¢+ mr,,h) and log-1: log- likelihood values.
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In addition, model 1 had the highest estimates of
cza and h2a for BW, WW and ADG of both breeds.
The addition of the maternal effects in the models
reduced the values of both cza and hza compared to
model 1for all studied traits in both breeds. Several
studies showed that including of the maternal effects
in the models resulted in more accurate estimation of
(co)variance and genetic parameters of growth traits
of kids (Gholizadeh et al. 2010, Gowane ef al. 2011
and Osman 2013 and Rout ef al. 2018). The current
estimates of h’ and h’,, varied from 0.36-0.58 and
0.05-0.30, from 0.01-0.38 and 0-0.18 and from 0.08-
0.46 and 0-0.17 for BW, WW and ADG of Anglo-
Nubian kids, respectively, the corresponding values for
Baladi kids were varied from 0.26-0.45 and 0.12-0.29,
from 0.28-0.39 and 0.03-0.19 and from 0.21-0.31 and
0.03-0.18, respectively. These estimates of hza and
h?,, for body weights showed a tendency to decrease
with advanced in ages. This tendency has also been
documented in several studies (Assan, 2013, Osman
2013 and Gupta et al. 2016). The moderate to high
h?, estimates obtained in this study for BW of both
breeds indicated that direct genetic effects constitute
a large portion of the phenotypic variances for this
trait. The low h?, estimates obtained in this study for
WW and ADG of Anglo-Nubian kids except in
model 1 indicated that direct genetic -effects
constitute a little portion of the phenotypic variances
for these traits of this breed. Hence, slow genetic
response would be expected through direct selection
for these traits in Anglo-Nubian kids. This may be
attributed to the low nutritional levels and the
differences in managing practices at the goats
breeding station, creating large environmental
variations. However, moderate h?, estimates for WW
and ADG of Baladi kids suggested that efforts could
be made, thus, in bringing about improvement in
these traits through selection, as well as managerial
practices. The estimates of h%, for BW were higher
than for WW and ADG for Anglo-Nubian and Baladi
kids. Hence, maternal additive effects constitute an
important part of variation for BW of both breeds.
The low th estimates for WW and ADG of Anglo-
Nubian and Baladi kids in model 2 and very low in
model 4 indicated that genetic effects constitute a
little portion of the phenotypic variances for these
traits of both breeds. Hence, the maternal genetic
effect was determined to be lower important than
permanent environmental effect for WW and ADG of
Anglo-Nubian and Baladi kids in this herd.

The estimates of hza and h2m in the literature were
ranged from 0.04 to 0.54 and 0.04 to 0.33 for BW,
from 0.02 to 0.51 and 0 to 0.30 for WW and from
0.04 to 0.39 and 0.01 to 0.52 for ADG, respectively
depending on the model used and the breed of kids
(Shaat et al. 2007,Boujenane and El Hazzab2008,
Kantanamalakul ez al. 2008, McManus et al. 2008,
Rashidi et al. 2008, Hermiz et al. 2009,Supakorn and
Pralomkarn 2009, Zhang et al. 2009, Alade et al. 2010,
Gholizadeh et al 2010, Gowane et al 2011,
Mohammadi et al. 2012, Snyman2012, Bedhane et al.

2013, Osman 2013, Sadegh et al. 2013, Kuthu et al.
2017 and Rout et al 2018). Hence, the current
estimates of hza and h2m for all studied traits are
generally in agreement with those reported in the
literature on several breeds of goats.

The present estimates of (c’) obtained from
models 2 and 4 were relatively important for all
studied traits for Anglo-Nubian and Baladi kids. The
estimates of ¢ were varied from 0.20-0.24, 0.19-0.19
and 0.17-0.18 for BW, WW and ADG of Anglo-
Nubian kids, respectively, the corresponding values for
Baladi kids were varied from 0.14-0.25, 0.13-0.15 and
0.13-0.16, respectively. These estimates indicated
that maternal permanent environmental effects were a
significant source of variation for pre-weaning
growth traits of Anglo-Nubian and Baladi kids.
Hence, maternal permanent environmental effects
should be taken into consideration when carrying out
strategies for long term selection programmes for
both breeds. Estimates of ¢ for all studied traits for
Anglo-Nubian were relatively higher than those for
Baladi kids. These estimates are in agreement with
those documented in different goat breeds in many
countries of the world by Boujenane and El
Hazzab2008, Kantanamalakul et al. 2008, McManus
et al. 2008, Rashidi et al. 2008, Gholizadeh ez al. 2010,
Gowane et al. 2011, Mohammadi et al, 2012,
Snyman 2012, Bedhane et al 2013, Osman 2013,
Sadegh et al. 2013 and Rout et al. 2018. Maternal
permanent environmental effects probably reflected
differences in the uterine capacity of the does for
growth of the fetus and the effect of multiple births.

The current estimates of the total heritability (h?)
were ranged from 0.39-0.58, 0.01-0.38 and 0.08-0.46
for BW, WW and ADG of Anglo-Nubian kids,
respectively, the corresponding values for Baladi kids
were ranged from 0.29-0.45, 0.32-0.39 and 0.23-0.31,
respectively. The estimates of h?, for BW and WW
are generally in agreement with those (0.22-0.35 and
0.16-0.23) and those (0.08-0.32 and 0.05-0.23)
estimated values for BW and WW reported by
Rashidi ef al. (2008) and Gholizadeh et al. (2010) in
Markhoz and Raeini goats in Iran, respectively.
Estimates of h% (0.21-0.39, 0.08-0.12 and 0.07-11,
respectively) for BW, WW and ADG were higher
than those reported by Gowane ef al. (2011) in Sirohi
goat in India. Mohammadi et al (2012) reported
estimates of hzl (0.17, 0.30 and 0.12) for BW, WW
and ADG in Raeini Cashmere goats in Iran. Gowane
et al. (2011) pointed out that the estimates of h% are
model sensitive. When maternal effects are important
in the expression of a trait, h2t 1s of crucial
importance in terms breeding and is useful in
selection response based on phenotypic values.

Estimates of the total maternal effect (t,,)obtained
in this study were ranged from 0.14-0.39, 0.10-0.19 and
0.12- 0.20 for BW, WW and ADG of Anglo-Nubian
kids, respectively, the corresponding values for Baladi
kids were varied from 0.11-0.36, 0.10-0.26 and 0.08-
0.24, respectively. These estimates showed that
maternal effects were a significant source of variation
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for pre-weaning growth traits of Anglo-Nubian and
Baladi kids. Therefore, maternal effects should be
considered when carrying out genetic evaluations of
pre-weaning growth traits of kids of both breeds in
this herd. Gowane et al (2011) reported lower
estimates of t; (0.10-0.18, 0.03-0.10 and 0.03-0.16)
for BW, WW and ADG in Sirohi goat in India than
the current findings.

CONCLUSIONS

The low genetic variations in WW and ADG of
Anglo-Nubian kids proved that selection occurred in a
slow genetic response. On the other side, the
moderate genetic variations in WW and ADG of
Baladi proved that selection resulted in a considerable
genetic response. The results of this study showed the
importance of inclusion of the maternal effects in the
model of analysis, since the inclusion of these effects
leads to more accurate estimation of variance
component and heritabilities for pre-weaning growth
traits of both breeds. Therefore, these effects should be
taken into consideration when carrying out genetic
selection strategies for long term breeding programs
of pre-weaning growth traits for both Anglo-Nubian
and Baladi kids in this flock.
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