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ABSTRACT

New Zealand White rabbits (NN) are known as broiler rabbits that are well adapted to the
Indonesian environment. HyLa rabbits are rabbits imported from China that were selected for high
reproduction and growth rates. The increased productivity of NN rabbits was achieved by crossing to
HyLa rabbits. This study was aimed to evaluate HyLa and NN rabbits” productivity and their recipro-
cal crosses to develop a broiler rabbit adaptive to tropical climate. Forty heads of does and 20 heads
of bucks of HyLa rabbit, 30 heads of does, and 6 heads of bucks of New Zealand White rabbits (NN)
were used. Reproductive performance of does (litter size at birth, litter size at weaning, mortality,
and weekly does body weight) and the kit’s growth performance (weekly body weight from weaning
until the age of 20 weeks) was evaluated. Data were analyzed using the SAS program, FactoMineR,
and factoextra package in R 4.0.0. Rabbit’s growth data were periodically analyzed by the Gompertz
model. At the age of 10 weeks, HyLa had a body weight of 1459.7 + 373.1 g greater than HyLa x NN
(1380.1 * 389.9 g), NN x HyLa (1225.7 + 263.4 g), and NN (985.0 = 234.4 g). Based on the Gompertz
model, NN x HyLa had an inflection point at a weight of 1,977.7 at 12 weeks. Furthermore, NN x HyLa
had a better litter size than HyLa x NN. NN bucks x HyLa does have the potential to be developed as

a superior rabbit adaptive to tropical climate.
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INTRODUCTION

Rabbitry has industrial-scale production in the
developed countries using three-way crossbreeding to
develop their broiler rabbits. Heterosis affects reproduc-
tion by crossing two breeds of rabbits, then crossbred
with a male line with a rapid growth rate to produce
broiler rabbits with high reproductivity and growth
rate (Ragab et al.,, 2016). Characteristics of growth rate
(before and after kindling), feed consumption, and feed
conversion ratio have economic value to calculate rabbit
productivity.

Traits of rabbits used to select broiler rabbits to be
raised are early slaughter age, feed efficiency, with high
carcass percentage, and carcass production (Paci et al.,
2012). Broiler rabbits can be developed by selecting
their meat production traits and conducting the crossing
methods (Belabbas et al., 2019). Crossing methods are
popularly used to create broiler rabbits because they can
insert many characteristics.

Indonesian  Research Institute for Animal
Production (IRIAP) imported 40 heads of Doe and 20
heads of HyLa rabbit buck from China in 2012. HyLa
rabbits were known as broiler rabbits that have good
parameters of production on litter size (9.5-10.6 kits per
birth), mortality by four weeks of age (0.2%-4.8%), mor-

tality to slaughter weight on ten weeks of age (5.0%),
and reached 2.6 kg/heads of body weight at slaughter.
HyLa rabbits had mature weight (6.5 kg/heads-7.0 kg/
heads) with five pairs of nipples on more than 50% of
the Doe population. IRIAP also nurtured New Zealand
White (NN) rabbits as a genetic resource for the breed-
ing program. Mohammed & Nasr (2017) describe that
NN has rapid growth with an average daily gain of
21.87 g and lives bodyweight at the slaughter of 2,591 g.
Producing broiler rabbits by crossing using NN
rabbits as a genetic source was popular. NN and
Californian crossbred rabbits had a higher rate than
NN and Californian as purebred on weaning weight to
slaughter. The 70-day bodyweight of NN x Californian
crossbred was higher than that of Californian x NN.
Californian rabbits had the lowest body weight. Broiler-
rabbit production was always developed by a three-way
cross (Ragab et al., 2016), with a female line from a
crossbred line selected on litter size and terminal Bucks
from the male line selected on the growth rate. The
growth model can be a benchmark in supporting selec-
tion for body weight. Sariyel et al. (2017) stated that the
Gompertz model was a suitable model of body weight.
The Gompertz model was also used in the analysis
of the development of chicken (Koncagul & Cadirci,
2010), sheep (De Paz et al., 2018), and cattle (Bahashwan
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et al., 2015). Moreover, Lenart (2012) reported that the
Gompertz model was applied in the actuarial field.
Goshu & Koya (2013) also stated that Gompertz's was
one of the growth curves used widely along with the
other growth curves.

In order to form a crossbreed from three breeds, it
is necessary to determine the male line and female line
based on the results of the crossings and their reciproci-
ties. Previous research using Hycole and NN crosses
found that the Hycole (Male) x NN (Female) cross was
better used as a female line (Brahmantiyo et al., 2017).
Therefore in this study, the male line was determined
based on growth performance. The crosses of the male
line and female line that have been selected are expected
to be superior tropical rabbits. This study was aimed to
evaluate HyLa and NN rabbits’” productivity and their
reciprocal crosses as the basis for broiler rabbits” devel-
opment, which has superiority to be adaptive to tropical
climate.

MATERIALS AND METHODS

This experiment was approved by the animal ethics
committee of the Indonesian Agency for Agricultural
Research and Development, Ministry of Agriculture
(Registration Number: Balitbangtan/Balitnak/
Rd/01/2016). The number of rabbits used was 96 heads
consisting of 20 Bucks (8 months old) and 40 Does (5-6
months old) of HyLa rabbits; 6 Bucks (8 months old),
and 30 Does (5-6 months old) of NN rabbits. The mating
process resulted in 48 mates of HyLa, 26 mates of NN,
17 mates of HyLa x NN, and 19 mates of NN x HyLa.
These mates resulted in HyLa, NN, Hyla x NN, and NN
x HyLa, by 378 heads, 107 heads, 161 heads, and 185
heads, respectively. The crossbreeding scheme is pre-
sented in Figure 1. The crossbreeding research was car-
ried out at the Indonesian Research Institute for Animal
Production for 18 months.

The mating with a ratio of one Buck for 4-5 Does
was conducted until three parities. The Does were
mated after 5-6 months old, and the Bucks were eight
months of age. The Does were mated when estrus was
shown by evaluating the vulva. Redden vulva showed
signs of estrus. The palpation was conducted on the
12" day after the mating to determine the success of the
pregnancy. The Does who were not pregnant were re-
mated. The nest box for pregnant Does was prepared on

the 28" day of pregnancy. The mating was immediately
performed two weeks after giving birth and showing
estrus. The mating system was adjusted to pedigree.

The cages were individual wire cages with the size
according to the age. The cage height from the floor
was 100 cm. Each cage was equipped with a diet trough
made from pottery by 15 cm x 12 cm x 60 cm, and drink-
ing water was provided in the nipple made from metal.
The size of the Does cage was 60 cm x 75 cm x 40 cm,
while the Buck cage size was 75 cm x 45 cm x40 cm.

The nesting cage size was 40 cm x 30 cm x 25 cm.
The sawdust was used as flooring. The dams would
shed their hairs that would be used as a nest for their
kits. The nesting cage was cleaned when the kits reached
4-5 weeks old and were prepared for the next kits. The
kits were weaned at five weeks old and maintained in a
45 cm x 75 cm x 45 cm cage made from wood.

The diet used in this study contained crude protein
by 18%, metabolic energy by 2500 kcal/kg, and crude
fiber by 14%. The diet was made in the form of a pellet.
The pellet was delivered in the morning and in the eve-
ning while the drinking water was provided ad libitum.

The parameters measured in this study were repro-
duction performance (birth litter size, weaned litter size,
mortality), dam body weight (from the beginning of giv-
ing birth up to the next five weeks), and kit growth per-
formance (weekly bodyweight from after the weaned up
to 20 weeks). The weight data and reproductivity data
were analyzed using SAS program with the general lin-
ear model (SAS 9.1, 2011). The Gompertz model’s non-
linear growth curve based on Blasco & Gdémez (1993)
proved to be the best model to describe rabbit growth.

Principle component analysis (PCA) with correla-
tion circle was generated by FactoMineR (Husson ef
al., 2015) and factoextra (Kassambara & Mundt, 2020)
package in R 4.0.0 (R Core, 2020). PCA with correlation
circles was made to determine the relationship between
breed and crossbreed on the observed variables.

RESULTS
Growth Performance of HyLa, NN, and its Reciprocal
The kits of HyLa rabbits had faster growth rates
than those of NN, HyLa x NN, and NN x HyLa rabbits.

The kits were weaned at the age of 5 weeks. Birth and
weaning weights of HyLa kits were 57.8 + 11 g/head and

HyLa (20 heads) X HyLa (40 heads)

New Zealand White (6 heads)

X New Zealand White (20 heads)

CaxCip CorCop NN NN
| | l 7 ]
HyLa (48 mates) HyLa (48 mates)
C,5Ccp (378 heads) C,5Ccp (378 heads)
New Zealand White X HyLa HyLA X New Zealand White
NN CenCop CasCas NN
| ] | ]
! |
Cross (19 mates) Cross (17 mates)
NCp (185 heads) C,N (161 heads)

Figure 1. Diagram of the mate of HyLa dan New Zealand White rabbits
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Figure 2. Principle component analysis with correlation circle based on weekly body weight gain of kits. NN= New Zealand White;

bb0-bb20= bodyweight of 0-20 weeks old kits.

3500.0 ~
3000.0 ~
2500.0 ~
2000.0 ~

1500.0 -

Body weight (g)

1000.0 -

500.0 ~

0.0 T T T T T T T

T T T T T T T 1
1 23 45 6 7 8 9 10111213 14 15 16 17 18 19 20 21

Age (week)

Figure 3. Graph of growth curve estimation of Gompertz model (-¢-, CC; -m-, CN;
-A-, NGC; -x-, NN). HyLa= CC; New Zealand White= NN.

Table 2. Estimation of the inflection point of body weight and
age of HyLa, New Zealand White, and it's reciprocal

Inflection point of Inflection point of

Breeds

body weight (g) age (week)
HyLa 1965.2 10.5
HyLa x NN 1646.5 10.1
NN x HyLa 1977.7 12.0
NN 1964.2 14.6

Note: NN= New Zealand White.
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ductivities in humid tropical countries like Indonesia.
The performances of the Does of HyLa, NN, and their
reciprocals were presented in Table 3. PCA with correla-
tion circle showed that NN x HyLa Does have good per-
formance in litter size (Figure 4). In contrast, HyLa x NN
Does have a smaller litter size with the lowest mortality.

The interaction between genetics and environment
influenced the mortality of kits. High mortality in this
period was apparently due to the environmental effect
(climate, wind, and ambient temperature), aeration, and
hygiene inside the cage, and its surroundings, causing
stress to the kits. Environmental hygiene was a crucial
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factor influencing the mortality of kits in this study. The
mortality in this study was highly caused by diarrhea
and mastitis. Rabbit rearing needed hygiene, sanitation,
smooth airflow, and appropriate treatment highly.

DISCUSSION
Growth Performance of HyLa, NN, and its Reciprocal

We found that crossing of HyLa with New Zealand
White (NN) rabbit resulted in an earlier age of inflec-
tion point compared to New Zealand White (NN). This
research found a positive effect of heterosis caused
by HyLa. Maj et al. (2009) reported that crossing of
California (CAL) with New Zealand White (NN) rab-
bit resulted in crossbreds having earlier slaughter age
compared to its elder, i.e., 97+14 days in NN x NN,
10517 days in CAL x CAL, 96+13 days in CAL x NN,

Table 3. Does performances of HyLa, New Zealand White, and
its reciprocal

Breeds LS birth LS wean Mortality
(heads) (heads) (%)

HyLa (CC) (48 8.1 +2.40 58+172  31.2+221a
heads)

HyLa (CC) x NN 59+1.8 48+14>  231+21.8
(17 heads)

NN x HyLa (CC) 85+1.72 65+1.32  272+1392
(19 heads)

NN (26 heads) 73+1.92 55+232 34.6 £21.72

Note: Means in the same column with different superscripts differ sig-
nificantly (p<0.05). NN= New Zealand White.

PCA - Biplot

0.5-

Dim2 (26.2%)

-05-

Dim1 (73.1%)

and 94+12 days in NN x CAL. Brahmantiyo ef al. (2017)
reported that crossing of HyCole (imported rabbit from
France) with NN rabbits showed that HyCole (P,P;)
reached the slaughter weight of 2,111.9+462.3 g/head at
the age of 14 weeks old, while the HyCole x NN rabbit
reached the slaughter weight of 2 kg at the age of 16
weeks, and the NN x HyLa and NN rabbits reached the
slaughter age at 17 weeks old with the slaughter weights
of 2,086.0+511.9 g/head and 2,027.7#251.3 g/head,
respectively.

Goshu & Koya (2013) described that the inflection
point was a trait of growth curves such as Richard
Model, Von Bertalanffy, Brondy, logistic, and Gompertz.
The inflection point of growth curve was a curve where
the growth rate reached a maximum value and showed
a crucial physical interpretation (Goshu & Koya, 2013).
The inflection point was related to age and body weight.
On this point, the auto acceleration step was replaced
by the auto retardation step (Setiaji et al., 2013). The
inflection points of bodyweights of the HyLa, NN, HyLa
x NN, and NN x HyLa were 1,965.2 g/head, 1,964.2 g/
head, 1,646.5 g/head, and 1,977.7 g/head, respectively.
This inflection point was highly influenced by breed.
Brahmantiyo & Raharjo (2011) reported that Rex and
Satin’s rabbits reached adult age by 8.6 weeks and 10.3
weeks, respectively. The inflection point in the growth
curve had high statistical attractiveness (Goshu & Koya,
2013).

Brahmantiyo & Raharjo (2011) reported that the
change of growth curve caused by the selection of wean-
ing weight of Satin rabbit (SS) increased its puberty
weight from 1,301.12 g to 1,451.05 g at the same age of
10.3 weeks. In contrast, the selection of weaning weight

Breed
® Hyla
HyLa x NN

”””” e H NN

- NNxHyLa

LS. birth

LS.wean

Figure 4. Principle component analysis with correlation circle based on does performance. NN= New Zealand White; bb0-bb20= body-

weight of 0-20 weeks old kits.
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of Rex rabbit (RR) and Reza rabbit (RS) increased their
puberty weights and time from 1,135.87 g at 8.6 weeks
of age to 1,446.22 g at 10.1 weeks of age of RR and from
1,080.79 g on 8.0 weeks of age to 1,571.86 g on 10.5
weeks of age of RS. Brahmantiyo et al. (2017) reported
HyCole imported rabbits from France were crossed
with New Zealand White, and their reciprocals had
influenced their puberty weights and ages. Larzul & De
Rochambeau (2004) stated that selection on growth rate
would decrease adult age when the animal was slaugh-
tered on the appointed weight (constant), which was
reached in a shorter time. They also stated that the selec-
tion of a growth rate influenced the growth path of the
rabbit. Ouyed & Brun (2008) revealed that the formation
of broiler rabbits should follow the three-way cross with
the dam of crossbred Californian x New Zealand White
(CAL x NN), which was mated with the sire Giant Blanc
du Bouscat (GB). Then, the evaluation result of produc-
tivity of the HyLa and HyLa x NN and NN x HyLa with
NN might have been a basis of broiler rabbit formation
by adding the 3" HyCole breed.

Does Performance of HyLa, NN, and its Reciprocal

In this study, the litter size of HyLa was 8.1+2.4
heads, and this result was lower than the result reported
by Lenoir ef al. (2012) that litter size was more than nine
kits. Mortalities of kits of the HyLa, HyLa x NN, NN x
HyLa and NN rabbits were 31.2+22.1%, 23.1+21.8%, 27.2
+13.9%, and 34.6 + 21.7%, respectively. Olowofeso et al.
(2012) reported that the mortalities of kits in the crossed
rex (RX), Flemish Giant (GF), and Chinchilla (CH) rab-
bits reared in Southwest Nigeria were 18.26 % (CH x
GF) to 30.03% (GF x RX). Rabbit mortality rates in tropi-
cal countries are higher due to a high ambient tempera-
ture and humidity causing heat stress. According to our
experience in the field, diarrhea is a disease with high
mortality in rabbits. Jimoh & Ewuola (2018) described
that rabbits raised in the tropical region are prone
to heat stress due to the high ambient temperature.
Appropriate management is required to monitor the
mating, earlier disease outbreak, patience and attention,
and much knowledge about the rabbit.

CONCLUSION

HyLa rabbits which were developed in Indonesia,
have a better productive performance of Does (litter
size at birth, litter size at wean, mortality, and weekly
does bodyweight) and the kit's growth performance
(weekly body weight from weaning until the age of 20
weeks) than NN rabbits. The crossing of NN bucks with
HyLa does have the potential to be developed as genetic
resources as the male line for forming superior rabbit
adaptive to the tropical condition based on litter size
and growth performance.
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