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Abstract:This study was conducted to evaluate the effect of crossing rabbit
breeds in a complete 4x4 diallel crossbreeding experiment [New Zealand
White (N), Californian (C), V-Line (V) and El-Gabali (G)] on some
productive traits including relative growth rate (RGR), average daily gain
(ADG), and carcass traits, as well as heterosis and combining abilities of
such traits.

Results showed that V-Line rabbits had significant (p < 0.05) higher
relative growth rate at 4-6 (75.49 %), 10-12 (18.48 %) and 4-12 (129.34 %)
weeks of age than other purebreds. GC crossbreds showed the highest RGR
% at 4-6 weeks of age (50.24 %), while its reciprocal CG was superior at 6-
8 weeks of age (71.77 %). NV crossbreds had the highest values of ADG at
4-6 and 4-12 weeks of age (45.88 and 28.19 g). At 8-10 week of age VN
crossbred had high positive H % for RGR and ADG (20.48, 15.38 %).

V-Line rabbits had the highest values for hind and intermediate part
% (21.38 and 13.38). NV crossbreds recorded the superior estimate for
intermediate part % (12.83). Also, GV and GN crossbreds showed higher
significant values for giblet % (4.74, 4.74). GV crossbreds recorded high
positive heterosis (H%) for giblet % (14.80), while NV recorded the highest
negative one. The effect of general combining ability on all studied traits
was non-significant (p > 0.05). On the contrary, the effect of specific
combining ability was highly significant (p < 0.01). Gabali rabbit showed
high positive general combining ability for most of carcass traits, while GV
crossbreds recorded high positive estimate of specific combining ability for
the same traits



Kh. M . El-Bayomi, et al

INTRODUCTION

In comparison to common livestock species virtues of rabbits are
small body size, limited cost of the animals and of the housing structures,
efficient reproductive ability, early age of sexual maturity (4-5 months),
short fattening period (less than two months from weaning) and meat quality
of rabbits is similar to that of fowl and meat yield are high. They have a
good meat to bone ratio compared with other livestock. The rabbit meat
shown to be very high in protein, low in fat, triglyceride and cholesterol,
low in energy value and have a mineral percentage higher than other meats
(Schlolaut, 1992). Crossbreeding has an advantage over the synthesis of the
breed in utilizing the breed differences due to the expected segregation
along with the recombination (Dickerson, 1969). Moreover, crossing
between exotic and local breeds can be also done to take advantage of the
existence of heterosis or hybrid vigor in most of economic traits (Yossef,
1992).

The objective of this work is to investigate the effect of purebred
rabbit versus crossbreds and their reciprocal crosses on some productive
traits including relative growth rate (RGR), average daily gain (ADG), and
carcass traits (slaughter weight, dressing percentage, hot carcass weight,
giblet percentage, carcass cuts including forepart, intermediate part and hind
part), as well as heterosis and combining abilities of such traits.

MATERIALS AND METHODS

This study was conducted at the rabbit farm belongs to Department
of Animal Wealth Development, Faculty of Veterinary Medicine, Zagazig
University.

. Experimental flock:

The flock composed of four rabbit breeds New Zealand White,
Californian, V-Line and El-Gabali . Two bucks and five does from each
breed were used in the experiment. Mature bucks and does were mated in a
full 4 x 4 diallel design

Bucks and does were apparently healthy and vaccinated against
pasteurllosis and rabbit viral hemorrhagic disease (RVHD).

1. Flock management:

Rabbits were housed in an open sided house. Breeding animals were
kept individually in triangular galvanized wire Cages (40 x 60 x 50 cm)
provided with nipple system for watering and manual feeder. Metal nest box
(40 x 40 x 40 cm) was attached to the doe's cage.
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Litters were weaned, ear tagged and separated in cages at 4 weeks of
age. They were raised identically under the same managerial and nutritional
conditions. Individual records were established for each breeding animal for
recording all the data needed for the investigation.

a. Feeding and watering:

Rabbits of all ages were fed commercial pelleted ration obtained
from ATEMEDA Company. The ration contains Crude protein (not less
than) 18.5 %.

Clean fresh water was available all times to rabbits. Prophylactic
antibiotics and anticoccidial drugs were supplied to water just after weaning
for 3 to 5 days. Also vitamin E, Selenium, AD3E to cover any deficiencies.
Pregnant, lactating does and young rabbits fed ad-libitum, while empty does
and bucks fed 130-150 g daily to avoid over fattening and consequently
poor productive and reproductive performance.

b. Doe management:

Each doe was introduced to the buck's cage. Doe, buck number and
date of mating were recorded, then each doe palpated for pregnancy 14 days
after service. For positively palpated does, the expected date of kindling is
recorded, while, negatively palpated does were remated. At 26" or 27" day
of gestation, clean disinfected with some rice straw kindling box is provided
for each doe's cage. Moreover, fourteen hours light per day were provided.

c. Litter management:

Examination of litter, just after kindling was carried out and dead
kits were removed. Moreover, Litter size, born alive and born dead were
also recorded. Each litter is weighed. The litter was inspected daily and dead
ones were removed and recorded till weaning at 4 weeks of age.

I11. Studied traits:
1. Average daily gain:

Individual body weights were recorded at different ages, first at
weaning (4 weeks of age). Then the weights were recorded biweekly till
market age (12 weeks of age). Average daily gain is the weight gain related
to the number of days calculated.
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2. Relative growth rate: It was calculated according to Broody (1945).

3. Carcass traits:

At three months of ages (Marketing age), (Amal., 2000), five males
and five females were randomly assigned from each genetic group, fastened
for 6 hours and weighed to the nearest gram before slaughtering.
Slaughtered rabbits were allowed to bleed freely.

a. Organ weights:

Liver, heart and kidney (giblets), perirenal fat and periscapular fat
were weighed as a percentage of live body weight.

b. Hot carcass weight:

Hot carcass weight: carcass is weighed with head, without any
organs, 15-30 minute after slaughter.

c. Dressing out percentage:

Hot carcassweight

. _ X100
Live weight

Dressing out percentage =
d. Carcass cuts:

Chilled carcass was weighed and then cut in to the anatomical cuts
(Forepart, Intermediate part and Hind part). Percentage of each cut was
calculated in relation to slaughter weight.

1VV. Data handling and statistical analysis:

Data were analyzed by the General Linear Model (GLM) procedure
of the SAS statistical analysis system package (SAS, 2002).

Least Squares Means (LSM) * standard errors were calculated and
tested for significance using "T" test (Steel and Torrie, 1960).

The data were analyzed using different statistical models as following:
Yijk =M + Bi+ Cj+ eijk

Yijk = any observed value.

L = overall mean.

Bi = effect of breed (i = 1, 2, 3, and 4, i.e. New Zealand White, Californian,
V-Line and EI-Gabali).

Cj = effect of crossing =1, 2, 3... 12).

€ijk = random deviation due to unexplained source.
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Heterosis (Hybrid Vigor)

Heterosis or hybrid vigor will be estimated for the different
crossbreds and reciprocal crossbreds based on the following formula
(Legates and Warwick, 1990)

Where:

_XF-12(XP + XPy)

H% X100

12(XP, +XP,)
xF, = actual heterozygote mean of the first generation

§<p1 , xp,= mean of the parents breed.

General and specific combining abilities:

The following model was used for analysis of general and specific
combining abilities (Martinez-Garza, 1983, 1991).

Yijk =H+ gi+ gj+ Sij+ Mi - Mj + rij+ ijk
Where:
Yijk: variable analyzed.
M : overall mean.
gi: effect of the general combining ability of the i"" breed.
g;j: effect of the general combining ability of the j™ breed.
Sjj: effect of the specific combining ability of the cross (i, j).
mi: maternal effect of the i*" breed.
mj: maternal effect of the j breed.
rij: reciprocal (sex-linked) effect of the cross (i, j).
eijk: random error.

RESULT AND DISCUSSION
I. Relative Growth Rate (RGR %):

Least squares means + standard errors of relative growth rate
percentages as well as the heterosis % at different age intervals due to
crossing of New Zealand white, Californian, V-Line and Gabali rabbit are
shown in Tables (1 and 2).
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I. A Purebreds:

V-Line rabbit had significant (p < 0.05) higher relative growth rate
at 4-6 weeks (75.49 %) compared to other purebreds. V-Line rabbit
followed by Gabali rabbit (60.54 %), while Californian rabbits recorded the
lowest estimate (47.85 %).on the other hand, Californian rabbit showed
significant (p < 0.05) higher relative growth rate at 6-8 weeks (55.26 %)
compared to other purebreds. V-Line rabbit had significant (p < 0.05) higher
relative growth rate at 10-12 weeks (24.5 %) than other purebreds, while
Californian rabbit showed the lowest estimate (10.61 %).

The obtained results of RGR agreed those obtained by Heba (2004).
She found that, VV-Line had higher RGR at 4-6 and 6-8 weeks of age (50.60
and 42.00 %) than New Zealand white and Californian. The New Zealand
white RGR at 8-10 weeks of age was significantly higher than Californian
(17.20 %). On the contrary, Youssef (1992) and Afifi et al. (1994) found
that New Zealand white rabbit surpassed non-significantly Baladi Red rabbit
in body weight and daily gain traits.

The overall mean of crossbreds and reciprocal crossbreds (64.88 %)
significantly (p < 0.05) exceed that of purebreds (59.23 %) at 4-6 weeks of
age, the reverse results observed at 6-8 weeks of age (38.29 vs. 34.98 %)
where purebreds significantly (p < 0.05) exceed crossbreds and reciprocal
crossbreds (Table 1).

I. B Crossbreds and reciprocal crossbreds:

The reciprocal crossbreds (CG, CV, NC, NG, and NV) showed high
significant (p < 0.05) RGR at 4-6 weeks of age (71.77, 71.24, 70.97, 70.49
and 69.19 %: respectively) over the crossbreds GC, VC, CN, GN and VN
(56.76, 61.74, 54.22, 56.76 and 61.77 %: respectively). On the contrary,
crossbred GV rabbits (69.62 %) was significantly (p < 0.05) higher over
reciprocal crossbreds VG (60.79 %). At 6-8 weeks of age GC crossbred
rabbits were significantly higher (p < 0.05) than all crossbreds and
reciprocal crossbreds (50.24 %).

These obtained results agreed with those reported by Heba (2004).
She found that, VN crossbred had the highest RGR at 8-10 weeks of age.
Skrivanova et al. (2000) indicated that significantly higher (p < 0.05) daily
weight gains were observed in the New Zealand white x Californian (34.5 g)
at the age between 30-80 days.
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I. C. Heterosis %:

NC, CG and NG crossbreds showed high positive Heterosis % at 4-6
weeks of age (42.08, 32.44 and 25.22 %; respectively), while VG crossbreds
showed the highest negative estimate (-10.61 %). At 8-10 week of age VN
crossbred had high positive H % (20.48 %) and its reciprocal NV had high
negative H % at 8-10, 10-12 weeks of age (-16.87, -27.66 %). The estimated
values of heterosis percentage for NC, CN, VN, NV is close to those estimated
by Heba (2004) with exception that she estimate high negative H % for CN
crossbred at 10-12 weeks of age (-38.18 %). Also, the results agreed with those
obtained by (Gad, 1998). Who reported that Crossing between Gabali and
Californian rabbits evidenced the presence of Positive significant direct
heterosis for body weight, daily gain till 16 weeks of age.

II. Average Daily Gain (ADG):

Least squares means +* standard errors of average daily gain as well
as heterosis % at different age intervals due to crossing of New Zealand
white, Californian, V-Line and Gabali rabbit are shown in Tables (1 and 2).

II. A Purebreds:

Gabali rabbit had significantly higher (p < 0.05) ADG at 4-6 weeks of
age (40.89 g) than New Zealand White and Californian, but it was non
significantly (p > 0.05) higher compared with V-Line (38.32 g/d). New Zealand
White (34.46 g/d) is significantly higher (p < 0.05) than Californian (26.66 g/d).
Californian rabbits were significantly higher than other pure lines (52.53 g/d) at
6-8 weeks of age. Also, there is a non significant difference among Gabali, New
Zealand White and V-Line at the same age interval. The superiority of Gabali
rabbit over other exotic breeds is also reported by Abdel-Aziz (1998). Who
found that, Gabali rabbit excelled NZW for daily gain during most age-intervals
but non-significantly. On the contrary, Youssef (1992) and Afifi et al. (1994)
found that New Zealand white rabbit surpassed Baladi Red rabbit for body
weight and daily gain traits.

I1. B. Crossbreds and reciprocal crossbreds:

NV, NC and GV crossbreds had the highest values of ADG at 4-6
weeks of age (45.88, 43.18 and 42.73 g/d: respectively). On the other hand
GC crossbred being the lowest (30.75 g/d), but significantly (p < 0.05)
higher at 6-8 weeks of age (44.43 g/d). VN crossbreds showed the highest
significant value at 8-10 weeks of age (27.75 g/d) and GN crossbred had the
lowest value (18.54 g/d). CN crossbred was inferior at most of age interval
studied (Table 1). The superiority of NV, NC and VN crossbreds at 4- 6, 8-
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10 weeks of age was also reported by Heba (2004). Superiority of CG
crossbred over the reciprocal GC was also agreed with Gad (1998).

I1. C. Heterosis %:

NC, NV, CG and VC crossbreds showed high positive H % at 4-6
weeks of age (41.29, 26.07, 21.05 and 23.80 %; respectively), While VN
had the highest negative H % (-10.19 %). At 6-8 weeks of age GN and VG
crossbreds had high positive H % (24.98 and 22.35 %), while the reciprocal
CV showed the highest negative H % (-44.45 %).

The estimated values of heterosis % agreed with that recorded by
Heba (2004). She found that, NC crossbreds showed high positive % for
average daily gain at 4-6 weeks of age; also she found that, VN crossbred
showed high positive % for average daily gain at 10-12 weeks of age. Also,
the results agreed with (Gad, 1998). Who reported that Crossing between
Gabali and Californian rabbits evidenced the presence of Positive significant
direct heterosis in body weight daily gain till 16 weeks of age.

Combining ability of Relative Growth Rate (RGR %) and Average
Daily Gain (ADG):

The effect of general combining ability on the RGR % and ADG of
rabbits was non-significant (p > 0.05) at most age intervals. On the contrary,
the effect of specific combining ability was highly significant (p < 0.01) at
all age intervals (Table 3 and 4). Similar results were recorded by Hemeda
et al. (1992).

GC crossbreds showed the highest positive value of specific
combining ability for RGR % at 4-6 (5.01) and 4-12 (5.02) weeks age
intervals. GN crossbreds had the highest positive value at 6-8 (3.22) and 10-
12 (1.90) age intervals. CN crossbreds showed high positive value at 4-6
weeks age intervals (4.29) for RGR %, also CN crossbreds showed high
positive value of SCA for ADG at 4-6 (3.23) and 10-12 (2.15) weeks age
intervals. VN, GN and GV crossbreds showed high positive value for ADG
at 6-8 weeks of age (2.77, 2.69 and 2.51; respectively. These results
confirmed those obtained by Hemeda et al. (1992). They found that,
crossing of Californian to New Zealand white showed high positive SCA
value for body gain (3.48) at 1-4 weeks and 8-10 weeks (3.83) after weaning
and crossing of Baladi with New Zealand white had positive values at 1-4
weeks (0.59) and 4-8 weeks after weaning.
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II1. Carcass traits:

1. Slaughter weight:

Least squares means + standard errors of slaughter weight, hot
carcass weight, dressing percentage, Carcass cuts and giblet weight
percentages as well as heterosis % due to crossing of New Zealand white ,
Californian, V-Line and Gabali rabbit are shown in Tables (5 and 6).

1. a. Purebreds:

There was no significant difference (p < 0.05) among the pure lines
studied. Gabali rabbit surpassed other purebreds (2242 g), V-Line purebred
rabbit showed the lowest LBW (2045 g), Californian rabbits showed higher
slaughter weight than that of New Zealand White (2165.5 & 2121 g). These
results agreed with those obtained by Heba (2004). She recorded non-
significant difference among purebreds studied; also found that, Californian
rabbits showed higher slaughter weight than the New Zealand White (1450
& 1380 g). Gomez et al. (1998) and Pl et al. (1996) found that, the means
of Line V for slaughter weight (2040 g) at 9 weeks of age.

1. b. Crossbreds and reciprocal crossbreds:

VG, GN and NV crossbreds showed higher significant (p < 0.05)
slaughter weight (2425, 2366 and 2346 g; respectively) than other purebreds
and crossbreds except GV crossbreds the differences were non-significant
(2313 g). The results agreed with Toson et al. (1999). They found that,
crossbred rabbits had higher average for slaughter weight. Baladi x New
Zealand White crossbred rabbits had higher slaughter weight. Also, Ozimba
and Lukefahr (1991) found that, Purebreds were lighter for preslaughter
than were C x N crossbreds.

1. c. Heterosis %:

VG, NV and GN showed the same trend of their superiority
recording positive heterosis % (13.13, 12.62 and 8.45 %), while CV showed
the highest negative H % (-17.34 %) (Table 6). This agreed with Abdel-
Aziz (1998). He reported that crossing between Gabali and New Zealand
White rabbits showed positive direct heterosis in most carcass traits (weight
of fasted rabbits).

719



Kh. M . El-Bayomi, et al

2. Hot Carcass weight:

2. a. Purebreds:

Hot carcass weight followed the same trend of slaughter weight
where Gabali rabbit had the highest value of the hot carcass weight (1368 Q)
which is significantly higher than V-Line (1236.5 g) but recorded non-
significant higher values compared those of Californian (1301.5 g) and New
Zealand White (1285 g). Californian is higher non-significantly over New
Zealand White. This agreed with Abdel-Aziz (1998) and Gad (1998). They
reported that, Gabali rabbits approximate or slightly excel New Zealand
White and Californian in all carcass traits. Gomez et al. (1998) and Pla et
al. (1996) founded that the means of V-Line for hot carcass weight (1214 g).

2. b. Crossbreds and reciprocal crossbreds:

VG, GN and NV crossbreds followed the same trend as LBW,
recording higher hot carcass weight (1544.5, 1425 and 1420.5 g;
respectively) than other purebreds and crossbreds, GV crossbred rabbits
showed the lowest significant value (1350 g) compared with its reciprocal,
on the other hand the reciprocal CV showed the lowest value of hot carcass
weight (1068 g).

The results agreed with Toson et al. (1999). They found that,
crossbred rabbits had higher average for carcass weight. Baladi x New
Zealand White crossbred rabbits had higher carcass weight. Zaky et al.
(2001) found that Californian x New Zealand white crossbreds showed
higher value for carcass traits than other crosses and purebred. Superiority
of GN crossbred rabbits over the reciprocal NG in favour of New Zealand
White maternity over Gabali; this agreed with Khalil (1996), but disagreed
with Abdel-Aziz (1998) who found the opposite.

2. c. Heterosis %:

VG, NV and GN showed the same trend of their superiority,
recording high positive heterosis % (18.60, 12.75 and 7.42 %), while CV
showed the highest negative value (-15.83 %) (Table 6). These results
agreed with those obtained by Abdel-Aziz (1998). He reported that crossing
between Gabali and New Zealand White rabbits showed Positive direct
heterosis in most carcass traits. Also, Gad (1998) reported that crossing
between Gabali and Californian rabbits evidenced the presence of Positive
direct heterosis in most carcass traits at 12 and 16 weeks of age. Also,
Toson et al. (1999) reported high positive heterosis % due to crossing
between Baladi and New Zealand White.
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3. Dressing Percentage:

3. a. Purebreds:

Table (5) showed that, the differences among purebreds were non-
significant (p > 0.05). Gabali rabbits had the highest dressing % (61.05 %)
followed by New Zealand white (60.57 %), while Californian showed the
lowest percentage (60.13 %). This agreed with Abdel-Aziz (1998) and Gad
(1998). They reported that, Gabali rabbits approximate or slightly excel
New Zealand White and Californian in all carcass traits. Abd EI-Galil and
Khidr (2000) found that dressing percentage as proportion of live body
weight for New Zealand white rabbits were (55.61). Amber et al. (2002)
reported that dressing percentage of the carcass without head was 56.7% in
New Zealand white rabbits.

3. b. Crossbreds and reciprocal crossbreds:

There were non-significant differences in dressing percentage. VG
crossbred rabbits followed their superiority over other purebreds and
crossbreds (63.16 %) followed by VN crossbreds (62.25 %). Also CN
crossbreds (61.90 %) and reciprocal NC (61.55 %) being superior over their
parental purebreds. GV crossbred rabbits show the lowest percentage
(58.37) (Table 5). This agreed with Heba (2004). She found that, CN and
NC showed high dressing % over other crossbreds and parental lines (50.08
& 50.21 %).

3. c. Heterosis %:

VG showed the highest positive H % (3.91) followed by VN (2.82)
and GV had the highest negative estimate (-3.96) (Table 6). This agreed
with Abdel-Aziz (1998). He reported that crossing between Gabali and New
Zealand White rabbits showed Positive direct heterosis for dressing %.
Also, Gad (1998) reported that crossing between Gabali and Californian
rabbits evidenced the presence of positive direct heterosis for dressing % at
12 and 16 weeks of age. Also, Toson et al. (1999) reported high positive
heterosis % due to crossing between Baladi and New Zealand White for
dressing %.
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4. Carcass cuts (Forepart, Intermediate part and Hind part

Percentages):

4. a. Purebreds:

Table (5) showed that, the difference among purebreds for
intermediate part and hind part % were non significant (p > 0.05). V-Line
rabbits had the highest values for hind part % (21.38) and intermediate part
% (13.38). Gabali rabbits (20.69) exceed New Zealand white (20.58) and
Californian (20.64 %) for hind part %, but New Zealand white exceed
(11.57) Gabali rabbits (11.05) and Californian (10.75) for intermediate part
%. This agreed with Rania (2005). She reported non significant differences
among purebreds for carcass cuts.

4. b. Crossbreds and reciprocal crossbreds:

Table (5) showed that, there were significant differences among
different crossbreds and reciprocal crossbreds for intermediate part %, with
NV crossbreds showed the highest value (12.83) and were higher
significantly over its reciprocal VN (11.02) and GC crossbred had the
lowest value (9.94).

There were no significant differences among different crossbreds and
reciprocal crossbreds for forepart and hind part %, while CN crossbreds
showed the highest value for forepart (22.36) over other purebreds and
crossbreds, and GC crossbreds showed the highest value for hind part %
(22.37). This agreed with Heba (2004). She founded that, there was a
significant difference among crossbreds for carcass cuts. CV crossbred rabbits
showed the highest hind part % (19.03) followed by NV crossbreds (18.99)..

4. c. Heterosis %:

The estimated values of forepart % were positive for all crossbreds
except VG. CG crossbreds showed the highest positive heterosis % (13.22)
followed by VN (13.14). The estimated H % for hind part % showed that
VG crossbreds showed high positive value (22.35) and CG crossbreds
showed high negative value (-22.63). CG crossbreds showed high positive
value (23.80) for intermediate part % and CV crossbreds showed high
negative value (-12.68) (Table 6). This agreed with Abdel-Aziz (1998) and
Gad (1998). They reported that, crossing between Gabali and Californian
rabbits evidenced the presence of Positive direct heterosis in most carcass
traits at 12 and 16 weeks of age.
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5. Giblet weights %o:
5. a. Purebreds:

There were non significant differences (p > 0.05) among purebreds for
giblet %. Californian and Gabali rabbits showed the highest values (4.18,
4.17), while New Zealand White showed the lowest one (3.97) (Table 5).
Akinici et al. (1998) showed that genotype has a significant effect on
slaughter traits and carcass characters (p < 0.01) except liver, kidney, and
stomach weight percentage. Rania (2005) found significant difference (P <
0.05) among purebreds for organ weight % except for heart and edible part %.

5. b. Crossbreds and reciprocal crossbreds:

GV and GN crossbreds showed higher significant values for giblet %
(4.74, 4.74), while NV crossbreds had the lowest giblet % (3.57).). Rania
(2005) found that, Flander x New Zealand white showed high periscapular
fat % and the reciprocal showed the highest liver %.

5. c. Heterosis %:

GN and GV crossbreds showed higher positive H % for giblet %
(16.21, 14.80) (Table 6). These results agreed with those obtained by Abdel-
Aziz (1998). He reported that crossing between Gabali and New Zealand
White rabbits showed Positive direct heterosis in most carcass traits. The
existence of negative heterotic effect for CV crossbreds for and periscapular
fat % and perirenal fat % was also reported by Heba (2004), and this could
be utilized in breeding program to avoid obesity as pointed by Zaky et al.
(2001). From the estimated heterosis %, it is cleared that Gabali breed could
be used as sire breed for increasing organs weight %.

Combining ability for Carcass traits:

1. Slaughter weight, Hot carcass weight, Dressing %:

Table (8) showed that, the effect of general combining ability on
these traits was non-significant (p > 0.05) with exception of hot carcass
weight was highly significant (p < 0.01). On the contrary the effect of
specific combining ability, it was highly significant (p < 0.01) for all these
traits. Gabali breed showed high positive GCA for live body weight (90.55)
and hot carcass weight (50.91). New Zealand white had positive value for
the both traits (9.74, 9.81). El-Sheikh et al. (1992) recorded that, New
Zealand white had positive value for GCA for body weight (0.16) and hot
carcass weight (0.05), while Baladi showed high positive value for dressing
% (2.74), but showed negative value to live body weight and carcass weight.
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GV crossbred rabbits had the highest positive value of specific
combining ability for live body weight (152.63) and hot carcass weight (97.58).
GN crossbreds showed high positive estimate for live body weight (18.46). CN
crossbreds had high positive estimate to hot carcass weight (15.39) (Table 7).
El-Sheikh et al. (1992) found that, Californian x New Zealand white showed
high positive SCA value for live body weight. Also, Baladi x Californian were
being superior in SCA effect for dressing % (0.44).

2. Carcass cuts:

The effect of general combining ability on carcass cuts was highly
significant (p < 0.01) for forepart % and significant (p < 0.05) for
intermediate part %. For hind part %, it was non-significant (p > 0.05). On
the contrary, the effect of specific combining ability was highly significant
(p < 0.01) for all carcass cuts (Table 8). Similar results were recorded by
El-Sheikh et al. (1992) and Jakubec et al. (1988). They observed that,
general combining ability was significant for carcass, giblet weight, breast
and leg muscles weights.

Californian showed the highest positive GCA for forepart % (0.55)
and hind part % (0.22), while V-Line showed the highest positive value for
intermediate part % (0.57) followed by New Zealand white (0.29). For
specific combining ability, GC crossbred rabbits showed the highest
positive (SCA) for hind part % (0.75), while GN crossbred rabbits had the
highest positive (SCA) for intermediate part % (0.44), for forepart % VN
crossbred rabbits had the highest positive value (0.89).

El-Sheikh et al. (1992) found that, New Zealand white showed high
positive (GCA) for middle part % (0.56). They reported that Baladi x
Californian being superior in SCA effect for rear part % (0.63).

3. Giblet weight %:

The effect of general combining ability on giblet weight % was non-
significant (p > 0.05). On the contrary, the effect of specific combining
ability. was highly significant (p < 0.01) (Table 8). Gabali rabbits showed
the highest positive GCA for giblet % (0.19). GV crossbred rabbits showed
the highest positive SCA for giblet % (0.27). Also GN crossbred rabbits had
high positive value for giblet % (0.11). Similar results were recorded by El-
Sheikh et al. (1992). They found that, New Zealand white showed high
positive (GCA) for liver % (0.29),
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Table (1): Least square means + standard errors (LSM * SE) of average daily
gain and relative growth rate at different age intervals due to
crossing of New Zealand white (N), Californian (C), V- Line (V)
and Gabali (G) breeds.

‘ Relative growth rate Average daily gain

. 4-6

6 - 8 weeks

8-10

10-12

6-8 8-10 10- 12 4-6 i - -
weeks weeks weeks weeks

weeks

weeks

NN
cc
\AY;
GG
23.54 +
Mean |i| 1.16° 165" 0.96" 0.70"
32.47 + 26.61 + 20.19 + 14.32 +
1.15% 2.98% 1.02% 1.62°
32.68 + 2950 + 27.75 + 9.98 +
0.96% 2.40% 1.16 1.17%
35.49 + 39.97 + 18.54 + 1251+
2.26% 2.40® 1.96° 0.99°
39.33 ¢ 3142 + 26.02 + 11.62 +
1.30% 1.94% 1.30% 1,238
30.75 + 44.43 + 24.84 + 10.25 +
0.66° 2.99% 1,247 0.76%
4273 + 3212+ 26.38 + 1257 +
1.81% 1.70% 2.23% 0.73%cd
43.18 + 3197+ 21.86 + 9.21 +
2.42% 1.94% 2.62°% 1.19°
45.88 + 3537 + 23.40 + 10.38 +
0.92° 0.97™ 1.652bcde 0.88%0%
39.64 + 3357+ 25.30 + 13.69 +
1.18" 2.01°« 1.35%¢ 1.04%®
3473 + 2253+ 24.78 + 1433 +
1.15% 1.98° 1.27%cd 1.04°
4181+ 31.92 + 20.98 + 10.02 +
2.61% 2.05% 1.22°%% 0.82%¢
26.14 +
1.15%
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Table (2): Heterosis % of average daily gain and relative growth rate % for
crossbreds and reciprocal crossbreds due to crossing of New
Zealand, Californian, V- Line and Gabali rabbits.

Trait Relative growth rate Average daily gain

39¢ | 4.6weeks | 6-8weeks | 8-10 weeks 10-12 4-6weeks | 6-8 weeks | S0 10-12
Genotype weeks weeks | weeks
CN 8.54 -37.87 7.83 64.40 6.25 -38.45 -9.13 41.27
VN -3.13 1.45 20.48 -30.45 -10.19 -5.40 1538 | -32.35
GN 0.83 20.59 -22.61 20.63 -5.78 24.98 -24.17 | 11.13
VC 0.11 -29.47 11.37 -9.43 21.05 -22.53 14.77 -2.10
GC 12.23 18.54 12.09 15.81 -8.94 7.68 7.62 5.85
GV 2.36 3.61 -2.03 -13.25 7.90 9.62 5.94 -8.53
NC 42.08 -27.57 2.03 5.74 41.29 -26.06 -1.62 1.79
NV 8.49 -2.55 -16.87 -27.66 26.07 13.07 -2.70 -18.14
NG 25.22 10.21 8.61 32.01 5.22 7.32 3.47 -7.29
CcVv 15.51 -27.71 12.16 11.69 5.78 -44.45 9.30 -1.65
CG 32.44 -20.90 -1.90 13.22 23.80 -22.63 -9.09 3.29
VG -10.61 9.80 -8.58 -10.21 1.64 22.35 4.97 -0.43
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Table (3): General and specific combining ability for relative growth rate
and average daily gain at different age intervals due to crossing
of New Zealand white (N), Californian (C), V-Line (V) and
Gabali (G) breeds.

Trait Relative growth rate Average daily gain
Age period | 4 - 6 weeks 6-8 8-10 10-12 4-6 6-8 8-10 10-12
weeks weeks weeks weeks weeks weeks weeks
General combining ability
NN -2.51 -1.44 -0.58 -0.44 -0.47 -0.65 -0.74 -0.98
CcC -2.64 4.1 -0.83 1.24 -0.68 2.96 -1.22 -1.96
\AY% 4.71 -2.51 1.75 1.84 1.89 -3.26 1.66 2.65
GG 0.46 -0.12 -0.30 -0.126 1.29 0.95 0.33 0.33
Specific combining ability
CN 4.29 -7.92 0.1 1.68 3.23 -6.8 -0.78 2.15
VN -0.17 2.23 0.25 -2.98 0.11 2.77 0.87 -3.28
GN 2.21 3.22 -0.69 1.90 -1.01 2.69 -1.44 0.45
VC 0.96 -5.61 1.10 0.60 2.57 -6.49 1.19 0.137
GC 5.01 2.18 0.52 -0.26 -0.09 0.47 0.03 -0.47
GV -3.43 0.53 -0.87 -0.69 0.54 2.51 0.5 0.3

Table (4): The analysis of variance for general and specific combining
ability for relative growth rate and average daily gain at
different age intervals due to crossing of New Zealand white
(N), Californian (C), V-Line (V) and Gabali (G) breeds.

Trait Relative growth rate Average daily gain
sovVv |DF 4-6 6-8 8-10 | 10-12 | 4-6 6-8 | 8-10 | 10-12
weeks | weeks | weeks | weeks | weeks | weeks | weeks | weeks
G.
Combining| 3 0.94 | 62.93**| 39.72**| 3.12 0.62 2.72 | 73.5** | 567
ability
S.
Combining| 4 | 74.41**| 59.1** | 38.66**| 69.31**| 45.65**| 2.0 | 62.78**| 111.5**
ability
Error 4 | 10153 | 40.01 12.91 441 5434 | 2441 | 10.48 5.62

** Highly significant at level (0.01)
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Table (5): Least square means + standard errors (LSM = SE) of carcass
traits due to crossing of New Zealand white (N), Californian (C),
V- Line (V) and Gabali (G) breeds.

Trait Slv?/l;?ghhtte ' wg;[g%a}[rcass Dr%jzing For(%) art Intermediate part % Hin&)part Giblet %
Genotype | N | Mean +SE Mean + SE MgaEn:r Mgz?zn:r Mean + SE Mean £ SE | Mean +SE
w | e | e TR T BT | useom | mr | awreom
co |w] A [ RBr Twis AN | om0z | B | aisorm
v | Eeme s Tes B0 | i | A% | ameom
oo || ZEme | Tmms [ns AN | umeome | Smr | awreos
ven | 0| ASSE | BEE [0S BB T saown | B | aioe
on o] M [ TR AT [ o | G |
o] s [ mms [ Rns AR | o | 287 | 3%
on || Gmer | umms [0ss AT o | A0 | amseom
ve |10 | 2HS90E | 1ag0E | OLI0E | 20 11.53 + 0.49hc 22 | 4210160
co |w| Mmo | Hmeer o [ A0r | guome | ZmF | o
ov |o | GmEr | s Tmar B | ngeome | BEE | ensom
o o] e e s AR oowee | 4000 | o2
w o] B mes Ros s AR g | SRS | sersome
v |o | amer [ e s [ AR | umeome | Bur | o
ov o] | TRS R | osoge | %8S | e
co |w| B | Hmees Twus AR | oo | AT | 0%
VG |10 | FE00% | DASRE | 6310k | 210 11.29 + 0.31bcd 2050% | 43020150
ERHE AR A AR A

* Means of purebreds, and crosshreds & its reciprocal within the same category having different superscripts
(small letters) are significantly different al level (p <0.05).

* Means of purebreds versus crossbreds & its reciprocal within the same column having different superscripts
(capital litters) are significantly different al level (p <0.05).
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Table (6): Heterosis % of carcass traits for crossbreds and reciprocal
crossbreds due to crossing of New Zealand, Californian, V- Line
and Gabali rabbits.

GenotypeTralt Sﬁ:?gr;:te r Hovf,g%rﬁf s Dressing % | Forepart % | Intermediate part % Hlng;)part Giblet %
CN -6.03 -3.34 2.56 7.29 1.79 6.55 0.85
VN -5.06 -2.51 2.82 13.14 -11.62 5.00 -8.45
GN 8.45 7.42 -0.46 4.52 4.33 5.81 16.21
VC 0.46 2.75 2.28 8.15 -4.47 1.99 2.18
GC -6.06 -4.88 1.40 1.65 -8.80 8.27 5.27
GV -0.68 3.66 -3.96 1.83 -8.19 -4.69 14.80
NC -3.74 -1.68 1.98 5.51 -1.43 0.38 -6.25
NV 12.62 12.75 00.00 11.27 2.88 0.61 -11.19
NG -1.95 -3.28 1.36 3.33 4.06 -0.58 -7.12
CVv -17.34 -15.83 1.67 10.34 -12.68 5.66 -1.47
CG -9.38 -10.32 -0.69 13.22 23.80 -22.63 -3.83
VG 13.13 18.60 3.91 -10.21 1.64 22.35 4.12
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Table (7): General and specific combining ability for carcass traits due to
crossing of New Zealand white (N), Californian (C), V-Line (V)
and Gabali (G) breeds.

. : Hot carcass S o Intermediate part | Hind part | Giblet
trait Slaughter weight weight Dressing % | Forepart % % % %
General combining ability
NN 9.74 9.81 0.14 -0.07 0.29 -0.05 -0.136
cc -92.43 -55.40 -6.25 x 10-3 0.55 -0.55 0.22 'f67_3x
A% -7.86 -5.31 -2.5x10-3 -0.64 0.57 0.03 -0.043
GG 90.55 50.91 -0.12 0.17 -0.27 -0.19 0.19
Specific combining ability
CN -12.49 15.39 0.53 0.27 0.12 -0.06 0.02
VN 26.19 16.68 0.19 0.89 -0.27 0.37 -0.029
GN 18.46 6.59 0.01 0.09 0.44 -0.02 0.11
VC -105.88 -57.34 0.46 0.08 -0.31 0.32 0.057
GC -98.30 -66.31 0.12 -0.13 -0.39 0.75 -0.07
GV 152.63 97.58 0.16 -0.36 -0.36 -0.81 0.27
Table (8): The analysis of variance for general and specific combining
ability for carcass traits due to crossing of New Zealand white
(N), Californian (C), V-Line (V) and Gabali (G) breeds.
Slaughter Hot Dressin Forepart Hind part part
S.0.V D.F g carcass g p Intermediate part p Giblet %
weight weight % % %%
G. Combining ability | 3 1.035 237** 0.025 128.54** 7.66* 0.35 0.8
S. Combining ability | 4 | 210.87** | 19859.7** | 2037.26**| 5049.65**|  910.64** 2717.6** 202.05**
Error 4 43534.34 18722.85 3.62 0.187 0.28 0.67 0.19

" Significant at level (0.05)
** Highly significant at level (0.01)
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