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Abstract

HIS STUDY conducted a crossbreeding experiment involving Gabali bucks (GB) and New

Zealand White (NZW) rabbits to assess the impact of crossbreeding on post-weaning body
weights at 4, 6, 8, 10, and 12 weeks of age. Additionally, daily gain in weight (DG) was computed at
intervals of 4-6, 6-8, 8-10, and 10-12 weeks. The crossbreeding genetic parameters (direct additive,
maternal effects, and direct heterotic effect) of different traits were estimated. Significant differences
(P<0.001) between genetic groups were observed for all BW and DG4-6. The estimates of direct
additive genetic reveal that GB rabbits are significantly superior (p<0.01) to NZW rabbits in post-
weaning growth body weight (BW6, BW8, BW10) traits at most ages and DGy, with an increase in
BW representing a percentage ranging from 8 to 16.8%, and for DG ranging from 3.2 to 28.1%. The
estimates of maternal effect (G™) reveal that the GB breed had a preference significant GM (p<0.01)
compared with the NZW breed at BW6(78.62g) and DG4-6(4.28 g/d), with an increase represented
percentages of 9.9 and 19.54% for BW6 and DG4-6, respectively. The NZW breed had a preference
GM (p<0.01) for DG traits in the last three intervals (DG6-8, DGS8-10, and DG10-12), with
percentages ranging from 8.2 to 17.6%. The analysis revealed positive and significant (P<0. 001)
effects of direct heterosis, ranging from 13.2 to 28.5% for BW traits and ranging from 6.2 to 27.9%
for DG traits. Crossbreeding GB and NZW rabbits can improve post-weaning growth and contribute
to creating high-growth lines for smallholder breeders.
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Introduction

In Egypt, rabbits are bred to provide protein and
generate income for families. However, this has
resulted in a decline in the economic value of rabbits
because most of the rabbit production is done by
small producers, some of whom may not be
adequately skilled in raising rabbits. Therefore, the
rabbit farming industry must expand to meet current
demands, requiring small breeders to shift their
objectives and practices [1,2].

There are notable differences in the fattening
period, carcass characteristics, and the quality of
meat among rabbit breeds. In commercial rabbit

breeding, crossbreeding between medium and large
breeds can be a beneficial option, as it can have a
positive impact on the quantity and quality of the
final product [3-5].

Benefiting  from  breed complementarity,
maximizing heterosis effects, increasing fertility,
improving fitness, and avoiding the negative
consequences of inbreeding depression are the
primary goals of crossbreeding livestock animals [6-
8].

In comparison to other livestock, rabbits possess
unique characteristics, including a short generation
interval, high production potential, rapid growth rate,
and most importantly substantial genetic diversity
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among strains, relative to genetic variation within
breeds [9,10]. Therefore, crossbreeding systems can
be employed in rabbits to enhance production
through the utilization of complementary breed
effects, heterosis and the ability to compare the
performance of different breeds and their crosses
[11,12].

In most rabbit breeding programs, sire lines are
selected based on post-weaning daily weight gain or
weight at the end of the fattening period. This is
because heavier market weight is crucial for
profitability in rabbit farms, as it allows for selling
more kilograms of rabbit and increasing profit [13-
15].

Various genetic projects and experiments were
conducted under Egyptian conditions to exploit
genetic variation through crossbreeding between
local breeds and different standard exotic breeds to
enhance the most important economic traits [16-19].
Most previous studies were accompanied by positive
results of significant heterosis effects, as well as
direct additive genetic and maternal effects, on the
growth performance of offspring at various ages,
specifically regarding body weights and gains at
different intervals [20].

In most instances of crossing between Gabali and
exotic breeds or synthetic lines of rabbits, positive
direct heterosis has been observed in traits such as
body weight, daily gain, and survival from weaning
to marketing age [15,16,21].

Considering this, the main objectives of this study
are to evaluate the effects of crossbreeding, including
direct additive genetic, maternal, and direct heterosis
effects, on post-weaning growth traits, through a
simple crossbreeding experiment involving Gabali
bucks (GB) and New Zealand White (NZW) rabbits
does.

Experimental

Location

The study was conducted at the rabbitry of the
Faculty of Agriculture, Al-Azhar University in Nasr
City, Cairo, Egypt, and lasted for two consecutive
years.

Breeding plane

The breeding plan allowed for the simultaneous
production of three genetic groups: two purebred
Gabali (GB) and New Zealand White (NZW) rabbits,
as well as one F1 crossbred (*2GB2NZW) offspring
result of mating a GB buck with NZW does.

Management

Male and female rabbits were kept separately in
wire cages of a standard size in a pyramidal rabbit
battery. The battery was arranged in two rows with

service passageways. Each male rabbit in the
purebred groups was randomly assigned to mate with
3-5 female rabbits at sexual maturity, (6 months).
However, they were not allowed to mate with their
full siblings, half-siblings, or their offspring. The
female rabbits were checked for pregnancy ten days
after mating. If they did not conceive, they were
returned to their assigned male rabbit for re-mating.
On the 27th day of pregnancy, nest boxes were
provided with rice straw. The litter was inspected 12
hours after giving birth, and any dead bunnies were
removed from the nest during daily morning checks.
When the young rabbits were 4 weeks old, they were
weaned, ear-tagged, sexed and transferred to
standard progeny wire cages, which were equipped
with feeding hoppers and drinking nipples, by 3-4
rabbits per cage. During the experimental period,
breeding animals were fed ad libitum with a pelleted
commercial ration containing 18% crude protein,
11.5% crude fiber, and 2560 kcal’kg feed in
digestible energy.

Traits studied

Post-weaning traits including both of the
individual body weights (BW) of 1654 of rabbits
recorded at 4 (BW4), 6 (BW6), 8 (BWS),10 (BW10),
and 12 weeks (BW12) of age, expressed in grams(g),
along with the daily gain in weight (DG) computed at
intervals of 4-6 (DG4-6), 6-8 (DG6-8), 8-10 (DGS8-
10), and 10-12 (DG10-12)of age, expressed in grams
/day( g/d).

Statistical analyses

To detect the effect of the genetic group and
estimate the least squares mean (LSM) of each
genetic group, pooled data of individual body weight
and daily gain were analyzed using the general linear
model (GLM) procedure SAS [22] according to the
following statistical model.

Yijklmn =p+Gi + Pj+ yk + Sel+ Sxm+ eijklmn......
Where:

Yijklmn = the observation on the ijklmnth growth
trait; @ = overall mean, Gi = random effect of ith
breed group; Pj = the fixed effect of the jth
parity(the parity which the individual was born); Yk
= the fixed effect of the kth year; Sel=the fixed effect
of the Ith season; Sxm=the fixed effect of the mth
sex, and eijklmn =a random deviation particular to
growth trait and assumed to be independently
randomly distributed with zero means and variances
cZe.

The estimated least-squares means used as input
data for the program package CBE, version 4.0 Wolf
[23] used for estimating the crossbreeding genetic
parameters (direct additive, maternal effects, and
direct heterotic effect) of different
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traits. The estimation was conducted by weighted
least squares means.

However, coefficients of expected contribution for
genetic effects in the three genetic groups computed
by Dickerson [24] are illustrated in Table (1).

The following linear contrast of mating type least
squares means were computed to quantify differences
attributable to the crossbreeding genetic parameters
as follows:

Direct additive genetic effects: GI= GI GB - GI
NZW

Maternal effects: GM= GM GB - GM NZW

Direct heterosis (units): HI=[(*2GB2NZW) - Y%(GB)
-YA(NZW)]

Results and Discussion

Means and variation

Table 2 presents the post-weaning performance
along with their corresponding standard deviations
(SD) and coefficients of variation (CV%), for each
genetic group.

Means of BW and DG of some breeds of rabbits
adapted to Egyptian conditions recorded at different
ages are within the ranges reported in the Egyptian
literature by [7,17-19,24,25].

Based on estimates of CV% of growth traits, it
appears that the CV% across all genetic groups tend
to decrease as rabbits age. This suggests that young
rabbits are more susceptible to non-genetic maternal
factors like lactation, mothering ability, litter size,
and weight, which tend to decline over time.
Moreover, the combination of these non-genetic
maternal factors also plays a role in this outcome
[25,26].

The estimates for CV% of BW traits ranged from
12.4% to 28.4%. For DG traits, CV% fell within the
moderate to high range between 24.2% and 35.4%.

The CV% for DG was consistently higher than that
for BW across all intervals. This indicates that
phenotype selection may be a more accessible
method of enhancing such traits, especially under
commercial systems.

Genetic group means

Genetic group least-square means (GLM) of post-
weaning growth (BW and DQG) traits are given in
Table (3). Differences between genetic groups were
significant (P<0.001) for all BW and DG during the
intervals of 4-6 (DG4-6). While it was significant
(P<0.05 and P<0.01) at the age intervals of 6-8, 8-10
and 10-12.

According to the GLM, the F1 showed superiority
over the mean of its purebred parents in terms of all
BW and most DG, especially, in average weight of

the 12-week (1945 gm) with evidence for significant
positive heterosis noted for growth traits (18.3%,
table 6).

Crossbreeding experiments conducted by Abou-
Khadiga [24], Gharib [27], Medellin and Lukefahr
[20], and Shehab El-Din [19] demonstrated that
crossbreeding among breeds have a positive impact
on body weight and daily gain at different ages and
stages of growth. So, from this standpoint, it could be
concluded that the breeders would get better meat
production by applying a simple crossing between
GB bucks and NZW does.

Direct additive genetic effects (GYH

Table 4 displays the GLM for direct additive genetic
effects (GI) and their percentages for post-weaning
growth traits. These estimates reveal that GB sires
are significantly superior (p<0.01) to NZW sires in
post-weaning growth BW traits at most ages (BW6,
BWS8, BW10) and DG4-6. However, NZW sires
outperformed GB of BW12, DG6-8 and DG10-12.

The increase in BW, ranging from 111.99 to 133.99
g, represents a percentage increase ranging from 8 to
16.8%, and for DG ranging from 0.69 to 6.9 g,
represents a percentage increase ranging from 3.2 to
28.1%. According to current results, the GB sires
outperform the NZW sires in terms of growth traits
due to their GI. Therefore, it is highly recommended
to incorporate the sires of the GB breed into
crossbreeding programs to improve growth
performance.

In this respect, an experiment conducted by Ahmed
[28] reported that GB rabbits had a higher estimate of
GI compared with NZW rabbits. Specifically, GB
rabbits had a significant advantage of 7.07%,
15.33%, 30.88%, and 61.61% for BW at 6, 8, 10, and
12 weeks of age, and a remarkable advantage of
2.13%, 20.60%, 24.57%, and 49.10% for DG at 4-6,
8-10, 10-12, and 4-12 weeks of age.

Moreover, Sanad et al., [21] in a crossbreeding
experimental among GB buck and Hyplus line does
reveal that the GB breed displayed a significant
advantage (p<0.01) over Hyplus lines, with a weight
of 125-450 g (22.1-32.8%) and a DG increase of
0.90-7.8 g (3.7-38.1%). Iraqi et al., [10] noted that
the GB breed was superior to the V -line for GI for
both BW (BW8 and BW12) and DG traits (DG4-8
and DGS8-12), their estimates presenting an
advantage in favour of the GB breed ranged from 5.2
to 21.3%.

Maternal effects (GV)

Table 5 displays the GLM for maternal effects
(GM) and their percentages for body weights and
daily weight gains.

The GB dams had a preference significant GM
(p<0.01) compared with the NZW dams at
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BW6(78.62g) and DG4-6(4.28g/d), with an increase
represented percentages of 9.9 and 19.5.4% for BW6
and DG4-6, respectively. The NZW dams had a
preference GM (p<0.01) for DG traits in the last
three intervals (DG6-8, DGS8-10, and DG10-12), with
preference ranging from 1.88 to 3.97 g, with
percentages ranging from 8.2 to 17.6%.

Maternal effects for the rest of the studied traits
were insignificant, although the GB dams preferred
BW10 (13.63 g) and the NZW dams preferred BW12
(128.3 g).

Negative GM (Table 5) for most traits, indicates a
preference for kittens that are mothered by the NZW
dams rather than the GB dams. Thus, when
considering these specific traits, it is recommended
that NZW dams be included in crossbreeding
programs to take full advantage of maternal
capabilities.

In a crossbreeding experiment between NZW and
GB rabbits, Abdel-Aziz [29] reported that GM
positively (p<0.01) influenced post-weaning growth
traits, with a preference for GB dams. Abou-Khadiga
et al., [17] found that the V-line dams significantly
outperformed the Baladi Black rabbits in a
crossbreeding experiment, with exhibited
percentages of GM, by 4.4 and 5.9% of BW at 8 and
12 weeks, respectively. Moreover, Sanad et al., [21]
reported that the estimates of GM were significantly
(p<0.01) in favor of the GB breed by 125-481.5g
with percentages ranging from 22 to 34.8% for BW
growth traits (from 5 and 13 weeks), and by 1.1-8.9
g for DG with percentages ranging from 4.7 to
43.4%, respectively.

In terms of the complementarity effect and
response for crossbreeding among breeds, certain
crosses may show much more maternal effect than
others depending on the differences in reproductive
and production performance between the purebreds
involved in crossbreeding. These differences in
maternal effect refer to the additive maternal and
cytoplasmic inheritance for each breed [30].

Direct Heterosis (H")

Table 6 represents estimates of direct heterosis
(HI) (calculated in actual units and as percentages)
for different traits. These estimates indicated that
crossbreeding between GB and NZW rabbits was
usually associated with the existence of heterosis
effects on all post-weaning growth traits (except at
DG10-12). HI estimates were positive and had
significant effects (P<0.001) ranging from 13.2 to
28.5% for BW and ranging from 6.2 to 27.9% for
DG. The F1 combination (GG x NZW) showed
superiority over the mean of its purebred parents in
all traits. Similar heterotic effects were evident in
most of the possible crossbred combinations for
growth traits [7,8,16,17,19,24,28,31,32]. Most
studies under Egyptian conditions or in the Arab

region indicated that the BW and DG of crossbred
rabbits obtained from mating sires of native local
breeds with dams from exotic ones surpassed those
of crossbred ones obtained from the reverse mating
and observed the presence of heterotic effects. This
could be explained on the basis that the exotic dams
(e.g., NZW, V-Line) were superior in their mothering
and milking abilities to the dams of local Egyptian
breeds. In a study conducted by Iraqi et al., [16]
crossbreeding between Sinai GB buck and V- line
rabbits resulted in HI estimates ranging from 33 to 94
g for BW, and for DG from 4 - 8 and 8- 12 weeks of
age showed estimates of 2.2 and 1.4 g, respectively.
Abou-Khadiga et al., [24] reported positive
percentages of HI in a crossbreeding experiment
involving Baladi black buck and V-line rabbits. The
percentages for HI ranged from 8.0 to 10.8% for BW
and from 7.0 to 11.8% for DG. Also, Youssef et al.,
[18] reported positive HI estimates in a crossbreeding
experiment involving Baladi black buck and V-line
rabbits. Their estimates ranged from 4.9 to 16.7% for
BW and from 14.4 to 29.5% for DG. Khalil and Al-
Homidan [30] reported significantly positive HI
when crossing Saudi GB buck with V-line rabbits.
The HI ranged from 4.5 to 5.4% for BW and 6.6 to
9.6% for DG. Shehab El-Din [19] reported positive
percentages of HI in a crossbreeding experiment
involving Baladi red and V-line rabbits. The
estimates ranged from 3.60 to 10.91 for BW. For DG
traits the estimates ranged from 0.78 to 18.35. Most
of the studies mentioned above indicated that the
reason for those improved results of crossbreeding
may be due to the existence of non-additive inter-
breed genetic effects. The F1 combination (GB x
NZW) showed superiority over the mean of its
purebred parents in average weight of the 12-week
(301 gm) with evidence for heterosis percentage
(18.3%). Hence, the breeders would get better meat
production by applying a simple crossing between
GG bucks and NZW does. Farg ef al., [33] reported
that to improve rabbit growth rate and save time and
cost, crossbreeding Flemish Giant as sire breed and
NZW as dam breed is recommended. Abd El-Latif
et al., [34] noted that crossbreeding between the Alex
line (paternal) and the V-line (maternal) may be
beneficial for the growth, feed intake, survivability,
and economics of rabbit breeding.

Conclusions

The crossbreeding of Gabali rabbits adapted to
the native environment with the NZW breed yields
favorable outcomes in post-weaning growth traits. In
Egypt, the preference is for male Gabali rabbits as
sires and female NZW rabbits as dames to initiate
novel rabbit lines showcasing enhanced growth
performance. The resulting F1 offspring from these
crosses can be accessible to smallholder breeders,
who dominate the rabbit industry in Egyptian
conditions and commonly opt for breeding hybrid
rabbits. Nevertheless, additional research is essential
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to assessing the performance of the F1 generation
under diverse farm conditions, encompassing varying
economic and rearing situations.
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TABLE 1. Genetic groups of rabbits with their sires and dams and coefficients of the matrix relating
genetic group means of rabbits with crossbreeding parameters.

COEFFICIENT OF THE MATRIX

RABBIT GENETIC
GROUP SIRE DAM MEAN G' GM 1
GB NZW GB NZW .
Gabali (GB) GB GB 1 1 0 1 0 0
New-Zealand (NZW) NZW NZW 1 0 1 0 1 0
F1(GB:NZW) GB NZW 1 0.5 0.5 0 1 1

G' =direct additive genetic effects, G™ =maternal genetic and H'=direct heterosis; GB= Gabali breed; NZW: New-Zealand
breed; F, crossbred (GB & X NZW Q)

TABLE 2. Actual means, standard deviations (SD) and coefficients of variation (CV %) for post-weaning
growth traits in different genetic groups.

Gabali New Zealand F *
Traits No. Mean SD CvV No. Mean SD CV % No. Mean SD CV %
%
Body weight(g):
BW, 198 505.9 113.1 224 1041 492.7 123.5 25.1 415 565.6 160.8 28.4
BW; 195 878.4 1754 20.0 1039 745.2 159.2 214 409 896.2 199.6 223
BW; 192 1219.2 2015 165 1027 1081.8 199.7 18.5 401 12952 2528 19.5

BW;, 185 15022 2358 157 1005 1364.5 218.4 16.0 399 16972 2975 17.5

BW, 179 1817.6 2255 124 985 1696.4  246.5 14.5 372 20094 2964 14.8

Daily gain (g/d):

DGy 195 25.6 8.5 332 1039 18.04 6.1 34 409 23.6 8.4 354
DGg 192 239 7.1 295 1027 24.04 7.2 30.02 401 28.5 9.3 32.7
DGg_ o 185 20.5 5.6 273 1005 20.19 5.5 273 399 28.7 9.2 319
DGyy.12 179 21.5 5.8 272 985 23.71 5.7 242 372 22.3 6.7 30.07

* F, crossbred (GB & X NZW Q)
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TABLE 3. Generalized least square means (GLM) + standard errors (SE) of genetic group for post-

weaning growth traits.

Purebreds

TRAITS GB New-Zealand Fy SIG.
Body weight(g)
BW, 498 +9.7 491 +6.9 569+9.3 ok
BW; 864 +13.6 730 +£8.2 902+ 11.9 ok
BW; 1182 £20.7 1059 + 14.7 1440 +20.8 ok
BW,, 1461 +£32.1 1349 +22.4 1657 +32.7 Hokk
BW,, 1622 +57.3 1666 +33.9 1945 £51.5 Hrx
Daily gain(g/day)
DGy 25.1+0.6 18.9+0.4 23.8+0.5 Hokk
DGgs 234+0.8 25+0.52 28.8+0.7 *
DGg 1o 21.7+0.9 21405 273+0.6 ok
DGyo.12 2051 24.8 £0.6 20.04 £0.7 Hx

*=P<0.05, **=P<0.01 and ***=P<0.001.

TABLE 4 .Estimates of direct additive effect (G") and their standard errors (SE) for post-weaning growth

traits.
GI
TRAITS Unit +SE % SIG.
Body weight(g)
BW, 6.99+1.9 1.4 NS
BW; 133.99 + 15.88 16.8 *k
BW; 122.99 +25.38 11.0 **
BW;, 111.99 +39.14 8.0 **
BW, -43.99 + 66.57 2.7 NS
Daily gain(g/day)
DGy 6.19+0.72 28.1 **
DGg -1.6 £ 0.95 -4.5 NS
DGs 1o 0.69 +1.02 32 NS
DGyy.12 -429+1.16 -19.0 **

G'%=[ G in units/ Average sum of the two purebreds] x100; NS =not significant, and **p<0.01.

TABLE 5. Estimates of maternal effect (G™) and their standard errors (SE) for post-weaning growth

traits.
GM
TRAITS Unit = SE % SIG.
Body weight(g)
BW, -20.69 £ 7.11 -4.2 NS
BW; 78.62+£15.1 9.9 ok
BWg -3.90+29 -0.3 NS
BW;, 13.63+£7.0 1.0 NS
BW;, -128.34 £ 63.9 -7.8 NS
Daily gain(g/day)
DGy 428 £0.67 19.5 o
DGg s -2.95+£0.90 -8.2 ok
DGs 9 -1.88 £0.97 -8.8 ok
DGip.12 -3.97£1.09 -17.6 o

GM%=[ GM in units/ Average sum of the two purebreds] x100.
NS =not significant, and **p<0.01.
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TABLE 6. Estimates of heterosis (H" effects and their standard errors (SE) for post-weaning growth

traits.
H
TRAITS UNIT = SE % SIG.
Body weight(g)
BW, 74.5 £ 11.04 15.1 **
BW; 105.5 +14.30 13.2 **
BW; 319.5+24.36 28.5 **
BW,, 252.0 £ 38.10 17.9 **
BW,, 301.0+61.32 18.3 **
Daily gain(g/day)
DGy 1.80+£0.72 8.2 **
DGg 4.6 £0.95 12.8 **
DGg_ 1o 5.95+1.02 27.9 **
DGyy.12 1.39+1.16 6.2 NS

H'%=[H' in units/ Average sum of the two purebreds] x100; **p<0.01, and NS =not significant
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