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ABSTRACT

Body weights at birth (469), weaning (394) and at six month of age (358) for kids utilized in this study were raised at private
project in Duhok governorate, Iraq during two kidding season (2016-2017) and (2017-2018). GLM within SAS programme
was used to analyze the data which include the fixed effects (age of doe, year and season of kidding, sex of kid and type of
birth, regression on doe weight at kidding, and the regression of later weights of kids on earlier weights) influencing the
studied traits. Restricted Maximum Likelihood Method was used to estimate repeatability, heritability, genetic and
phenotypic correlations after adjusting the records for fixed effects. Variance components of random effects were tested for
positive definite. Overall mean of weights at birth (BWT), weaning (WWT) and 6 month of age (WT6M) were 2.92, 15.32 and
24.45 kg, respectively. Differences among groups of age of doe in all studied traits were not significant, while year of kidding
and sex of kid affect all traits significantly (p<0.01). Season of kidding affect BWT and WWT significantly (P<0.01). Single
born kids were heavier (P<0.01) than twins in BWT only. Regression of BWT on doe weight at kidding (0.033 kg/kg) was
significant (P<0.01), while the regressions of WWT and WT6M were not significant. The regression coefficients of WWT on
BWT (1.906 kg/kg) and of WT6M on WWT (0.835 kg/kg) were highly significant (P<0.01). Repeatability estimates for BWT,
WWT and WT6M were 0.47, 0.45 and 0.35, respectively; on the same order the estimates of heritability were 0.41, 0.61 and
0.79. Genetic correlations between BWT with each of WWT (0.45) and WT6M (0.55), and between WWT and WT6M (0.68)
were highly significant. All phenotypic correlations between each pair of body weights were higher than genetic correlations
and ranged between 0.48 and 0.73.
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INTRODUCTION

Goat is an important multipurpose animals and
there are no religious barriers to the
consumption of goat meat and skins are very
valuable by product (52), and considered as
important domestic animals in many parts of
the world, including Irag, because of their
adaptability to different environmental
conditions (19), and utilizing poor quality feed
stuffs (15). Growth of kids from birth to
marketing age or for replacement is trait of
great economic importance and required
particular attention for increasing total goat
productivity (27). Goat had received relatively
little scientific attention when compared with
sheep and cattle (58). However, there is a
worldwide tendency for rapid increase in
demand for goat meat (54) due to several
reasons including the desire for leaner meat by
consumers compared with other types of red
meat (45), development of subcutaneous fat is
slow in goat (58), a good source of desirable
fatty acids, since goat deposit higher
polyunsaturated fatty acids than other
ruminants (8) and consequently reducing the
risk of cardiovascular disease (54). Weight is
an important objective in selection, knowledge
of the genetic and phenotypic parameters of
growth traits upon which selection based, is of
great importance (14). The potential for
genetic improvement is largely dependent on
the heritability of the trait and its genetic
relationship with other traits of economic
importance upon which some of selection
pressure may be applied (14). The accuracy of
genetic evaluation of animals can be improved
by evaluating animals under standard
environmental conditions (23). Breeders aim is
to improve animals genetically to increase
their income, and this can be achieved by
arranging pedigree record, testing the
performance and genetic  evaluation
individually to have the correct decisions in
selecting the best animals to be parents of the
next generation (37). Estimating of heritability
and repeatability after adjusting records of
body weight for the fixed effects, and using
the relationship matrix is very necessary to
maximize the accuracy of predicting values
(18, 49). The objectives of this study were to
analyze non-genetic factors affecting body
weights of mountain kids in a flock of local
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goat raised at Akre, Kurdistan Region, and to
estimate the genetic parameters using an
accurate method to be able to improve their
productivity by breeding beside the suitable
management.

MATERIALS AND METHODS

Records of mountain kids used in this study
were obtained from kids born at private project
in Raselain Village/ Akre Region/ Duhok
governorate, Iraq during two kidding season
(2016-2017) and (2017-2018). Body weights
of 469, 394 and 358 kids were measured at
birth (BWT), weaning (WWT) and 6 month of
age (WT6M), respectively. The animals were
allowed to graze natural pasture and stubble,
straw and ground oak acorns (Quercus
aegilops) were providing whenever required.
Does were flushed 2 weeks prior to mating
season and 2 week prior to the kidding season.
While the bucks were insulated from flock and
flushed 4 week prior to mating season. The
flock was placed on a regular health program
including vaccination, drenching and dipping.
New born kids were weighted within 24 hours
after birth. Data of new born, body weight and
age of doe at kidding, sex of kid and type of
birth were recorded. Kids were left with their
does till weaning (3 months) and their monthly
body weight till marketing age at 6 month
recorded. General Linear Model (GLM)
within the statistical programme SAS
(50) used to analyze the collected data to
estimate the Best Linear Unbiased Estimates
(BLUE) of fixed effects, as well as
Restricted Maximum Likelihood (REML)
method (44) to estimate the Best Linear
Unbiased Predictions (BLUP) of variance
components for random effects. The
following mixed model assumed for kid's
body weight at birth, weaning and at 6-
months old expressed in matrix notation:

7
Y=X Xibi+Zu + e
i=1

Where:

Y:is N * 1 vector of observation,

;

> Xibi is the fixed effects, and it's
components

iz as follows:

X1: is a vector of ones of length equal to

the number of observation,
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X2: is a matrix consisting of 0 and 1,
represent presence or absence the age of doe
with dimension of N*4 (2.5, 3.5, 4.5 and 5.5
year),=

X3: is a matrix consisting of 0 and 1,
represent presence or absence the year of
kidding with dimension of N*2 (2016-2017
and 2017-2018),

X4: is a matrix consisting of 0 and 1,
represent presence or absence the season of
kidding with dimension of N*2 (winter and
spring),

X5: is a matrix consisting of 0 and 1,
represent presence or absence the sex of kid
with dimension of N*2 (male and female),

X6: is a matrix consisting of 0 and 1,
represent presence or absence the type of birth
with dimension of N*2 (single and twin),

X7: is a matrix with dimension of N*1,
represent the regression on doe weight at
kidding

bl:  represents the overall mean of the flock
b2: is a vector of age of doe effects

b3: is a vector of year of kidding effects

b4: is a vector of season of kidding effects
b5: is a vector of type of birth effects

b6: is a vector of sex of kid effects

b7: is a constant for regression of weight of
doe at kidding.

Zu: is the random effect, and it's

components as follows:

Z: is a matrix (N*S) representing the
presence of the random effect of buck, Where
S is the number of bucks (23) to estimate
genetic and phenotypic variance covariance.
Or N*D matrix represents the presence of does
random effects, and D referred to the number
of does (336) to estimate the repeatability of
the traits,

U: is a vector (S*1), represents the effects
of the random variable (buck), or (D*1) vector
represents the effects of the random variable
(doe).

e: is an unknown non-observable N*1
vector of error effects associated with each
observation assumed to be NID (0, lc%).

The regression of weaning weight on birth
weight and of weight at 6 month on weaning
weight were added to the models of weaning
weight and 6-month weight, respectively.
From solving the above equations, Best Linear
Unbiased Estimate (BLUE) and Best Linear
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Unbiased Prediction (BLUP) were obtained
for the fixed and random effects respectively.
The Common Intercept Approach (CIA) used
to speed the convergence of the REML
procedure (51). Variance-covariance (VCV)
matrices were built from random effects (buck
and error) and tested for positive definiteness,
in order to develop reliable estimates and VCV
used for genetic parameters should be within
the allowable range (22). Repeatability of
BWT, WWT and WT6M were also estimated.

RESULTS AND DISCUSSION

Overall means of BWT, WWT and WT6M
were 2.92+0.03, 15.32+0.14 and 24.45+0.22
kg, respectively (Table 1). Variation in body
weight of kids in different breeds could be
attributed to the genetic content of parents due
to their affect by the doe breed (20) and sire
breed (40). Body weights of kids revealed in
this study lay within the range (1.09-4.42 kg)
for BWT, (4.8-23.0 kg) for WWT, and (7.35-
26.72 kg) for WT6M which found by earlier
studies conducted at several countries using
different breeds (5, 13, 21, 26, 28, 29, 30, 31,
33, 34, 35, 38, 41, 46, 55, 57). Although there
was no significant effect for age of doe on all
studied traits (Table 2), however with using
Scheffe's test to diagnosing the significant
differences between the levels of age of doe, it
appears that does aging 3.5 years gives kids
having significantly higher BWT, while the
differences among the kids born from does
with different ages were not significant in their
WWT and WT6M (Table 1). Such influences
could be due to the differences of the doe
uterine size (43), as well to the intra-uterine
environment, stage of maturation and the size
of doe (11). Previously, some studies
presented that the effect of doe age on birth
weight of their kids was significant, where
kids produced by does aged two years were
lighter than those produced by older ones until
five year (27, 28, 29, 34). On the other hand,
other authors reported that there was no
significant effect of age of doe on birth weight
(5, 32, 55). The non-significant differences in
WWT and WT6M due to age of doe found in
this study were similar to those found by
Alkass et al. (5), Ince and Koker (32), Hermiz
et al. (28 and 29) and Taher (55) in WWT and
by Alkass et al. (5), Bingol et al. (12) and
Taher (55) in WT6M. Whereas, several
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authors showed that age of doe had significant
effect on both WWT and WT6M (27, 34, 46)
using different breeds in several countries, and
this effect could be attributed to variation in
milk yield and birth weight (43). Kids born
during 2017-2018 have significantly (P<0.01)
higher body weights at all ages included in this
study (Tables 1 and 2). Such effect could be
attributed to availability of quality and
quantity of forage as well as some
environmental effects like temperature and
humidity over years. Earlier studies conducted
in several countries using different breeds of
goat noticed that year of kidding affect body
weights of kids significantly (7, 17, 27, 34,
57). However, Bingol et al. (12) reported that
the effect of year of kidding on BWT, WWT
and WT6M was not significant. Season of
kidding affect BWT and WWT significantly
(p<0.01), while its effect on WT6M was not
significant (Table 2). From table (1), it was
shown that kids born in spring have
significantly higher BWT, while kids born in
winter have significantly higher WWT. Such
effects of season of kidding reflect the
differences in the availability of good quality
and quantity of feeds during gestation period
(56) and lactation period. The kids born in
cool and wet season of the year were
significantly heavier in weight than those born
in the hot season (16). The most desirable
season of kidding is from January to April;
which coincides with winter and spring
seasons where the temperatures are
appropriate and natural grazing land are
available. Similarly many authors used various
breeds of goat and found that season of
kidding had a significant effect on BWT (10,
28), as well on WWT (13, 21, 35, 42). Also,
Al-Barzinji (2) founded that, Maraz Cashmere
kids at weaning weight in spring are heavier
(16.08 kg) than those born in winter (10.436
kg). On other hand, other studies recorded that
kidding season had no-significant effect on
BWT (1, 21, 56), and on WWT (10, 14). The
non-significant effect of season on WT6M also
noticed earlier by Bedhane et al. (10) and
Hermiz et al. (28). However, it supposed that
weight of kids at 6 months expressed to be
affected significantly by kidding season
according to Hasan et al. (21). Sex of kidding
had a significant effect on all studied traits
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(P<0.01), where males surpassed the females
by 0.16, 0.96 and 1.84 kg in their BWT, WWT
and WT6M respectively (Tables 1 and 2).
Such differences in the birth weight could be
due to the characteristic that weight of
cotyledons in males were 10.5 % heavier than
females (47), and the differences in WWT and
WT6M could be attributed to hormonal
differences between them and their resultant
effects on growth (43). It is generally accepted
by many researchers that male kids were
greater than female kids significantly in their
body weights at birth (5, 12, 13, 17, 21, 25, 27,
29, 33, 41, 42, 46, 57); and at weaning (2, 13,
17, 27, 29, 33, 41, 46); as well at 6 month old
(5, 24, 27, 29, 38, 41, 46, 55). On the other
hand, many researchers showed that the
differences between male and female kids
were not significant at birth (26, 36); and at
weaning (3, 5, 9, 28, 36); as well at 6 months
of age (3, 28). Type of birth had significant
(P<0.01) effect on BWT only, and single born
kids where heavier than twins in their BWT by
0.79 kg, while the differences between both at
WWT and WT6M didn’t reveal to the
significance level (Tables 1 and 2). In general,
kids body weights decreased as litter size
increase due to the existence of competition
between twins in utero within litters (5).
Heaviest weights of single births at later
weights in comparison with twin and triple
births could be related to their weights at birth
(48). Earlier studies reported that single born
kids are significantly heavier than twin born
kids at birth (21, 25, 26, 27, 41, 46, 57). While
other studies didn’t noticed the significant
effect of type of birth on birth weight of kids
(13, 55). At weaning, several studies showed
the same effect of type of birth as in this study,
where differences between singles and twins
were not significant (3, 32, 36, 38, 55).
Whereas, Rashidi et al. (46), Hermiz et al. (27
and 29), Al-Barzinji (2), and Tyagi et al. (57)
found that type of birth has significant impact
on WWT. The non-significant effect of type of
birth on kids body weight at 6 month were
showed by many researchers (27, 29, 38, 55).
On other hand, Hermiz et al. (26) and Tyagi et
al. (57) reported that type of birth affect
WTG6EM significantly. Weight of doe at kidding
had a significant effect (P<0.01) on BWT with
a regression coefficient of 0.033 = 0.006
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(Tables 1 and 2), and agreement with that
reported earlier in the significant effect (4, 53),
while other researchers didn’t found any effect
of dam at kidding on birth weight (28, 55).
The effects of doe at kidding on WWT and
WT6M were not significant with a regression
coefficient of 0.025 + 0.002 and 0.012 + 0.003
kg/kg respectively (Tables 1 and 2), and were
in agreement with that reported by Hermiz et
al. (28), while others noticed that dam weight
at kidding had significant effect on WWT (27,
34) and on WT6M (9, 20). The effect of doe
weight on growth traits could be described by
the dam uterus size or the maturation state of
the dam, and through the quantity of milk
produced by dam and her ability to nurse her
kid(s), and the carry over effect of weight at
birth and weight at weaning to subsequent
ages (6). Kids birth weight had significant
(P<0.01) effect on WWT with a regression
coefficient of 1.906 + 0.204 kg/kg, also kids
weaning weight affect WT6M significantly
(P<0.01) and the regression coefficient being
0.835 = 0.053 (Table 1), the positive and
significant regressions were in accordance
with those reported earlier by Hermiz et al.
(27, 28, 29) and Taher, (55). Repeatability
estimates for BWT, WWT and WT6M were
0.47, 0.45 and 0.35 respectively (Table 3),
these finding were lower to that reported by
Hermiz et al. (27), Hasan et al. (21) and

Hermiz et al. (28). However, the values
revealed in this study indicated that they can
be used to improve the body weights of the
next productive seasons and it can predict the
subsequent performance of animal under
stable  environmental  conditions  (39).
Estimates of heritability obtained in this study
for BWT, WWT and WT6M were 0.41, 0.61
and 0.79, respectively (Table 3), and were
within the range reported by Hermiz et al. (27
and 28). Genetic correlations between BWT
with each of WWT (0.45) and WT6M (0.55),
and between WWT and WT6M (0.68) were all
highly significant, also phenotypic correlations
between each pair of body weights were
higher than genetic correlations and highly
significant and ranged between 0.48 and 0.73
(Table 3), the positive and significant genetic
and phenotypic  correlations were in
accordance with those reported earlier (10; 21,
28). It can be concluded that fixed effects need
to be adjusted before estimating genetic
parameters in order to perform unbiased
comparisons between kids. The positive and
high estimates of genetic parameters at early
ages indicate that selection of kids depending
on their early body weights will improve their
body weights at later ages. Hence selection, on
the basis of one trait will be expected to cause
a positive correlated response to other traits.

Table 1. Least square means * standard errors for the effects on body weights at birth,
weaning and 6-month old in Mountain kids

Factors Birth Weight (kg) Weaning Weight (kg) 6-month weight (kg)
No Meanst S.E. No Meanst S.E. No Meanst S.E.

Overall mean 469 2.92+0.03 394 15.32+0.14 358 24.45+0.22
Age of doe(years):

25 53 2.7140.08ab 44 14.04+0.38 a 43 2417+042a

35 146 2.73+0.05 a 123 14.59+0.23 a 112 2435+ 0.27 a

45 184 2.61+0.05 b 155 14.63+0.22 a 138 2444+ 0.25a

55 86 2.55+0.07 b 72 14.6740.32 a 65 2462+ 0.36 a
Year of kidding:

2016-2017 196 2.5140.05 b 164 13.2440.25 b 163 22.82+0.29b

2017-2018 273 2.7940.05 a 230 15.73+0.23 a 195 2597+ 0.27 a
Season of kidding:

Winter 382 2.57+0.04 b 323 15.00+ 0.19a 288 2434+ 0.20 a

Spring 87 2.73+0.06 a 71 13.96+0.28 b 70 2444+ 0.32 a
Sex of kid:

Male 243 2.73+0.04 a 191 1496+ 0.21a 160 2531+ 0.25a

Female 226 2.57+0.04 b 203 14.00+£0.22 b 198 23.47£0.26 b
Type of birth :

Single 412 3.04+0.03 a 350 1478+ 0.14 a 318 2443+ 0.15a

Twin 57 2.25+0.07 b 44 14.18+0.35a 40 24.36£0.38 a
Regression on :

Doe weight at kidding 469 0.033+0.006 394 0.025+0.002 358 0.012+0.003

Kid birth weight - - 394 1.906+ 0.204 - -

Kid weaning weight - - - 358 0.835+0.053

Means having different letters within each factor/column differ significantly (P<0.05) according
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Table 2. Mean squares and test of significance for factors affecting body weights at birth,
weaning and 6-month old in Mountain Kids.

Factors Birth Weight Weaning Weight 6-month weight
d.f. Meansquares d.f. Meansquares d.f. Mean squares
Age of doe(years) 3 0.516 3 3.085 3 1.149
Year of kidding 1 4.798 ** 1 294.186 ** 1 359.364 **
Season of kidding 1 1.639 ** 1 56.509 ** 1 0.533
Sex of kid 1 2.811 ** 1 86.834 ** 1 261.146 **
Type of birth 1 29.38 ** 1 10.748 1 0.158
Regression on :
Doe weight at kidding 1 8.170 ** 1 3.66 1 0.762
kid birth weight - 1 319.926 ** - -
kid weaning weight - - - 1 1080.68 **
Residual 460 0.245 384 3.681 348 4.376

** P<0.01
Table 3. Genetic parameters for the body weights at birth, weaning and 6-month old in kids of
Mountain Goat

Traits Birth weight Weaning weight 6-month weight
Birth weight 0.41 0.45 ** 0.55 **
Weaning weight 0.48 ** 0.61 0.68 **
6-month weight 0.57 ** 0.73 ** 0.79
Repeatability 0.47 0.45 0.35

The values on, above, and below the diagonal are estimates of heritability, genetic and phenotypic correlations
among traits, respectively.
** P<0.01
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