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VIRAL HAEMORRHAGIC DISEASE: RHDV TYPE 2 TEN YEARS LATER
Lorenzo Capucci , Patrizia Cavadini , Antonio Lavazza
OIE Reference Laboratory for RHD - Istituto Zooprofilattico Sperimentale della Lombardia e dell’Emilia Romagna “Bruno Ubertini”,
Via Antonio Bianchi 7/9, 25124, Brescia, Italy.
Abstract: Until the early 1980s, it was totally unknown that lagomorphs were the hosts of several caliciviruses,
which were included in the genus Lagovirus by the International Committee on Taxonomy of Viruses (ICTV)
in 2000. In those years, two new diseases appeared, with very similar clinical and pathological profiles and
associated high mortality rates: rabbit haemorrhagic disease (RHD) in rabbits and European Brown Hare
Syndrome (EBHS) in European brown hares. It took a few years to ascertain that both diseases, actually
acute and fatal forms of hepatitis, were caused by two genetically related caliciviruses, but they were
finally classified by ICTV into two distinct viral species on the basis of their molecular characterisation and
epidemiological data: RHDV in rabbit and EBHSV in brown hare. RHD has had a devastating effect on rabbit
farms, causing great economic damage, especially in China, where RHD was first noticed around 1982, and
in Europe. RHD has also severely affected wild rabbit populations, whose drastic decline has caused serious
ecological imbalances in territories such as Spain, where rabbits are a central link in the wildlife food chain.
Since the early 1990s, with the increased availability on the market of RHDV vaccines effective in protecting
rabbits from RHD, the impact of the disease on rabbit farms has been significantly reduced. In the following
years, also considering that RHDV is an endemic virus that cannot be eradicated, farmers learned how to
manage the continuous use of RHDV vaccine in relation to the epidemiological situation, the type of breeding
farm and the costs of vaccination prophylaxis. Although precarious, management of the RHD risk for rabbit
farmers reached an acceptable equilibrium, which was, however, completely upset starting from 2010 by the
emergence of another lagovirus also causing RHD. The genome of the newly emerged virus shows limited
differences from that of RHDV, but the phenotypic traits of the two viruses are distinctive in at least three main
respects: 1) The antigenic profile of the virus (the “face” of the virus recognised by the antibodies) is largely
different from that of RHDV. 2) Newborn rabbits only a couple of weeks old die of RHD when infected with
the new virus, while RHDV infections run asymptomatic until 7-8 wk of age. 3) The new virus, which started
in Europe, has spread over the years to several continents, affecting wild and/or domestic rabbit populations.
During this worldwide distribution, the new virus infected several lagomorph species and was shown to cause
RHD in most of them. Considering these marked differences and the fact that the new virus is not a variant of
RHDV, we proposed the name RHDV type 2 (RHDV2). All these main distinctive traits that differentiate RHDV
from RHDV2 have the following consequences in practice: 1) The antigenic difference between RHDV and
RHDV2 (their ‘faces’) is so great that we need “new” specific vaccines to control RHDV2 (i.e. RHDV2 is a new
serotype). 2) In the event of an RHDV2 infection in suckling rabbits, the presence of maternal antibodies to
RHDV2 in the blood is the only way to prevent RHD. In contrast, newborns are naturally resistant to RHD if
infected with RHDV and therefore, in terms of protection, the presence of maternal antibodies is useless. 3)
When RHD outbreaks occur in territories where rabbits live in sympatry with populations of other lagomorphs,
viral contamination in the environment reaches sufficiently high levels to facilitate the transmission of RHDV2
to other lagomorphs, including those with a lower susceptibility to infection than the rabbit. Taken together,
these phenotypic traits characteristic of RHDV2 are the reason for its rapid spread across the territory

Correspondence: L. Capucci, lorenzo.capucci@izsler.it. Received October 2021 - Accepted October 2021.
https://doi.org/10.4995/wrs.2022.16505
This work has been presented as guest talk at the 12th World Rabbit Congress (Nov 3rd-5th, 2021, Nantes, France).
Cite as: Capucci L., Cavadini P., Lavazza A. 2022. Viral haemorrhagic disease: RHDV type 2 ten years later. World Rabbit Sci., 30:
1-11. https://doi.org/10.4995/wrs.2022.16505

World Rabbit Sci. 30: 1-11

1

Capucci et al.
and the concomitant disappearance of RHDV. Probably the most striking example of the epidemiological
consequences related to the peculiar features of RHDV2 is its rapid spread in the USA and Mexico, where
it is now practically endemic. There, despite repeated isolated outbreaks of RHD caused by RHDV from
2000 onwards in small rabbit farms, RHDV has never been able to become endemic.
Key Words: rabbit haemorrhagic disease, virology, serotype, serology, diagnosis, prophylaxis.

INTRODUCTION
Introduction to virology
How many viruses on Earth? To this question Vincent Racaniello, one of the most eminent virologists, answers that
“The number rises to 100 939 140 viruses if we include the 1 740 330 known species of vertebrates, invertebrates,
plants, lichens, mushrooms and brown algae. This number does not include viruses of bacteria, archaea and other
single-celled organisms.” (Racaniello, 2013). Racaniello obtained this rough estimate starting from a recent work
(Anthony et al., 2013) which, using a metagenomic approach, found 58 distinct viral sequences belonging to seven
virus families in the Indian flying fox, Pteropus giganteus. Although these estimates are obviously very rough, each
animal species likely harbours dozens of distinct viruses, belonging to several different families, with which they have
“lived together” for thousands of years, through a continuous evolutionary process. Currently, the vast majority of
these viruses do not cause disease (i.e. they are not pathogenic) or, at most, cause mild diseases.
Although there is a close relation between a virus and its host species (but some viruses “live” in more than one host)
it must be kept in mind that both the virus and the host live in a specific and complex ecological niche. In addition,
it should be also considered that viruses, especially those with few proteins that wrap around an RNA genome, have
a huge capacity to evolve, and to change their phenotype, in very short time, in spite of the very low evolutionary
possibilities of the host, practically none in comparison with the virus. Luckily for the host: a) Viruses cannot live
without a host, therefore the evolution usually selects for strains as contagious as possible but also less pathogenic, to
avoid the “suicide” of the virus itself. b) Importantly, the host is protected from viral infections by an “almost perfect”
immune system, so often the outcome of an infection is the result of the struggle between the host and the virus.
Moreover, it must be always considered that whenever the interaction between the single host and the virus is
the necessary step for the virus replication and spread, the actual outcome of the infection and the related effect
and damages caused strictly depend on the degree of immunity at the host population level. In other words, in a
population largely vaccinated or which experienced infections many years before due to a specific virus, the virus
spread is very limited, with a relatively low rate of infections in the specific host.
Finally, the first condition for a virus to infect the host is close contact. Indeed, in recent decades, globalisation
worldwide has increased greatly, with the consequence of consistently higher possibilities for a virus to come into
contact with new potential hosts.
As we write this article, the Covid-19 pandemic caused by SARS-CoV-2, a virus belonging to the Coronaviridae
family, is in full swing, having caused millions of deaths around the world and forcing a large part of the human
populations to be isolated in their houses, in order to prevent the “virus-host” contact and thus slow down the
virus spread as far as possible. Today, more than a year after the onset of the pandemic, the use of vaccines in
developed countries is allowing us to return to an almost normal life, although this prospect remains far away for
people living in poor countries. To note that this is not the first “spillover” of a coronavirus into humans. In November
2002, a viral respiratory disease first appeared in southern China and quickly spread to other countries, leading
to over 8,000 confirmed cases and causing around 800 deaths. The aetiological agent was identified as SARSCoV, a β-coronavirus, which disappeared completely, also thanks to the epidemic containment measures, within
a year. Again, ten years later another β-coronavirus, called MERS-CoV, emerged in Saudi Arabia as the causative
agent of a SARS-like respiratory disease, with over 2,000 confirmed cases and a mortality rate of ~35%. Genetic
studies demonstrated that SARS-CoV and MERS-CoV originated in bats, jumping to humans through a passage
2
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in intermediate vertebrate hosts, palm civet and camelids, respectively. Similar preliminary studies indicated that
Covid-19 (named SARS-CoV-2) is probably also a zoonotic coronavirus that jumped from bats, after a probable
passage into an unknown intermediate host.
These three events occurred at almost ten year-period intervals, clearly showing that, for a complex of related causes,
not so easy to fully discover, bat coronaviruses evolution has “opened a door” to a new host (humans), i.e. a way
that allows them to fully infect humans, thus attempting to “recruit” a new host species accounting for over 7 billion
individuals, half of which are amassed in dozens of megacities with millions of citizens. The flare-up of the pandemic
is evidence that the initial spillover of Covid-19 was successful, unlike the previous two, resulting in a definitive
“species jump”. Today, it is obvious to everyone that Covid-19 is a new virus of the human species and will remain
so forever.

The “killer” viruses of rabbits: Myxoma virus (MYXV)
The European rabbit (Oryctolagus cuniculus) hosts several viruses belonging to different families (rotavirus, coronavirus,
calicivirus, parvovirus, herpesvirus, papillomavirus, etc.) most of which are only mildly pathogenic. However, two of
them —myxoma virus (a poxvirus causing myxomatosis) and rabbit haemorrhagic disease virus (RHDV, a calicivirus
causing RHD)— are likely among the worst existing animal viruses, being highly contagious and causing mortality
of over 90%.
Interestingly, the existence of the myxoma virus, one of the first virus ever discovered, was first identified in 1889,
when Sanarelli observed the disease inside a small group of European rabbits imported to Brazil from Europe for
breeding and laboratory purposes. Actually, this is one of the many examples of the “globalisation effect”, whereby
one species, the rabbit, is translocated from its usual ecological niche (Europe) into a totally new environment, where
it came into contact with new microorganisms. Indeed, Sylvilagus brasiliensis, a lagomorph living in South America,
is the natural host of myxoma virus, in which it either causes few signs or a very mild disease. Therefore, the
European rabbit encountered the myxoma virus, till then totally unknown, and the resulting spillover from Syilvilagus
was immediately successful, inducing an overt and highly pathogenic disease in European rabbits. Since then, the
history of the relationship between the European rabbit and myxoma virus has been well known; in particular, around
1950, myxoma virus was inappropriately exported by humans from South America to France in an attempt to control
one wild rabbit population, but from there it rapidly spread over all Europe, killing tens of millions of the animals, and
then to Australia, to be used as biological agent in order to limit the damage caused by rabbits to agriculture and the
environment (Kerr et al., 2012).

The “killer” viruses of rabbits: Rabbit haemorrhagic disease virus (RHDV)
It was in autumn 1986 when rabbit breeders in northern Italy would leave their healthy animals in the evening, only
to find in the morning that sometimes more than half were dead, many with nosebleeds. Since then, all over Europe
there has been a “massacre” of rabbits, both farmed and wild. In May 1989, the World Animal Health Organisation
(OIE) named the new illness rabbit viral haemorrhagic disease of rabbits (RHDV) and added it to the B List of the
International Animal Health Code. As is often the case when faced with a new disease, it took the scientific community
2 yr to agree that RHDV belonged to the Caliciviridae family, viruses with a positive strand RNA genome of about
7.5 kb, enclosed within a capsid consisting of 180 copies of a single protein (molecular weight 60 kd) (Capucci et al.,
1991; Ohlinger et al., 1990).
This conclusive statement regarding viral classification and aetiology of RHD, beyond its intrinsic scientific value, paved
the way to the development and use of safe and effective vaccines. The availability of the vaccine was a key step in
greatly reducing the negative impact of RHD on farmed rabbits: in fact, when and where the indirect prophylaxis is
used properly, the risk of RHD to farms drops to a level of “almost negligible”. However, the huge populations acting
as reservoirs for RHDV, constituted by wild rabbits and backyard farms, makes eradication of the virus impossible, and
therefore, to keep the risk of RHD low, a continuous use of the vaccine over time is also essential. As a result, since
about the mid-90s, RHD, although not eradicated, has at least become a manageable health issue, subject of course
to the negative impact on the economic balance of the farms related to the cost of vaccines used for prophylaxis.
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Lagovirus family gets bigger: RHDV has good ‘relatives’
In the early 1990s, with RHD already widespread throughout Europe, some laboratories developed serological ELISA
methods. One of the first large sero-epidemiological surveys was reported by Rodak et al. (1990) in Czechoslovakia.
They examined 43 rabbit farms and, surprisingly, only 25% of the farms were completely negative, although they
were never affected by RHD or had never been vaccinated. At that time, we also found that the rabbits reared in
the experimental enclosure at our institution were ELISA positive for RHD antibodies, although they had never been
affected by RHD or vaccinated. Very interestingly, in both cases the seropositive animals were resistant to RHDV
challenge, showing no signs of disease or mortality. A few years later, we showed that the origin of these antibodies
was due to the presence in the farm of a calicivirus strictly related with RHDV but not photogenic. We named this virus
Rabbit Calicivirus (RCV) (Capucci et al., 1996). In subsequent years, two additional RCVs were identified: one (RCV-A1)
in Australian wild rabbits (Strive et al., 2009) and a second in wild rabbits in France (RCV-Fra) (Marchandeau et al.,
2005; Le Gall-Reculé et al., 2011b). Actually, RCV-A1 is also present in European farms but, although genetically
related to RCV-Ita, the outer shell of the virus, i.e. the external “face” of the virus recognised by the rabbit antibodies,
is quite different from that of the European RCVs. Consequently, the vast majority of RCV-A1 infected rabbits die as
a result of challenge with RHDV.
Indeed, genetic and serological data indicate that the viral members of the RCV group were hosted by the rabbit
population well before the emergence of RHDV, probably for centuries. Note that similar non-pathogenic caliciviruses
have also been found more recently in hares, both in Europe (Cavadini et al., 2015, 2020; Droillard et al., 2018) and
Australia (Mahar et al., 2009).

RHDV2: A NEW PATHOGENIC LAGOVIRUS
France 2010: The emergence of RHDV2
In February 2011, people working in the rabbit sector were informed by a paper authored by Le Gall et al (2011a)
that abnormal RHD cases had been identified in France in late 2010. Two main anomalies with regard to the “classic”
RHD were alarming the researchers: a) Farmed rabbits properly vaccinated with RHDV were not protected and were
dying with a typical course and lesions, as well as wild non-vaccinated rabbits. b) RHD deaths included kits as
young as 2-3 wk old, which were hitherto universally known as not susceptible to RHD. Thus, the authors carried
out a preliminary study on the virus agent of this “new” form of RHD and showed that it represented a “new genetic
group”. Two years later, the same authors published a further article together with us (Le Gall-Reculé et al., 2013)
that included three further relevant findings: a) The antigenic surface (i.e. the “print and face of the virus”) was quite
distinct from that of RHDV. b) The haemagglutination (HA) properties of the virus were similar to those of RHDV. c) The
degree of pathogenicity of the virus was lower than that of RHDV, as average mortality in experimental studies was
around 20%, but ranging from 0 to 50% in relation to rabbits and the isolated strain used for the challenge. In that
paper, we concluded that the virus was not a simply “variant of RHDV”, evolved from the previous RHDV, but a real
new viral emergence. In addition, since 2011 several studies have reported the identification of this “new” RHDV in
more lagomorph species, especially in hares, demonstrating a further difference with respect to RHDV that has been
identified almost exclusively in rabbits demonstrating a high species-specificity. For all these reasons, we decided to
name the virus RHDV type 2 (RHDV2) (Le Gall-Reculé et al., 2013; OIE, 2021).

RHDV2 diffusion in the world: Why has RHDV2 rapidly replaced RHDV?
In the span of a decade, RHDV2 has spread to all countries in the world where populations of lagomorphs are present
(and not only rabbits, see “Host range of lagoviruses” below). To date, except for rare cases of the subtype a (RHDVa),
i.e. the most important and consistent variant of RHDV, identified in the mid-90s (Capucci et al., 1998), all reported
cases of RHD have been caused by RHDV2. The main phenotypic characteristics which, being different from those of
RHDV, allowed the “success” of RHDV2, are detailed below.

4
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Antigenic profile of RHDV2 and immune response to RHDVs
The calicivirus structure consists of 180 copies of one main protein of about 60 kd that folds to form a capsid with
inside the RNA genome. The outer shell of the capsids is the “face” of the virus. Actually, it is formed by a limited
number of amino acids codified by the VP60 gene.
In addition to hosting the site of binding to the cell receptor, the outer shell is recognised by the antibodies produced
by the animal in response to the infection. A portion of these antibodies binds to the “face” of the virus, stopping its
replication and therefore preventing the disease: they are called “protective antibodies”. Following genetic modification
of the VP60 gene, some or several amino acids of the viral surface may change (i.e. the virus more or less changes
its “face”). If the change is limited, we have a variant classified as “subtype”. In practice, this means that if rabbits
previously infected (or vaccinated) with the original virus are then infected with the “variant”, a high percentage of
them do not develop RHD. This because a subset of the antibodies produced targeting the original virus still recognise
and so neutralise the variant. On the contrary, if the number of modified amino acids exceeds a certain threshold,
the variant virus changes its ‘face’ completely, and the antibodies induced by the original virus are no longer able
to recognise and neutralise it. In this case, the variant is classified as a “new serotype”. In practice, this means that
rabbits previously infected or vaccinated with the original virus are “almost” fully susceptible to develop the typical
signs and lesions of RHD, with a high percentage of mortality.
The genetic and antigenic data available on RHDV2 indicate that its “face” largely changed in comparison with that
of RHDV (Capucci et al., 1995; Le Gall-Reculé et al., 2013). In consequence, a rabbit immune system “alerted”
towards RHDV (by previous infection or vaccination) is not able to stop the RHDV2 infection, and in most cases
to prevent clinical RHD. This happens because the humoral response (i.e. presence of specific antibodies) is the
immune system’s main weapon of defence against lagovirus if compared to the adaptive cellular immunity and innate
immunity. In fact, it is well known that even very low levels of specific antibodies (anti-RHDV or anti-RHDV2) circulating
in the blood stream could stop the virus replication and prevent RHD.
All pathogenic RHDVs replicate in the liver, causing a lethal and acute hepatitis. After the initial infection, which
presumably starts at the mucosal level of the gastro-intestinal apparatus, RHDVs reach the liver through the blood
stream. There, the amount of RHDV virions rapidly increases in a few hours, with two consequences: serious damage
to liver function, but also a huge input to the adaptive immune system, which very quickly activates the production
mechanisms of anti-RHDVs IgM. In experimental trials, after 36-60 h post infection using the oral route, there is a
huge level of RHDV in the blood and most of the rabbits die from RHD. However, in a few rabbits, RHDVs replicate and
increase slightly more slowly (Just by chance? Or due to an innate immune system more able to contrast RHDVs?
Likely as effect of an intra-species genetic variability), in just the time necessary for the rabbits to produce a first
peak of IgM (around 72-84 h post infection). In about half of these rabbits, the “battle” between RHDV and the IgM
binding them is won by the IgM: within a few hours, RHDVs disappear from the blood and in few days these rabbits,
sometimes after passing through a short state of agony, recover from RHD. This shows the paramount importance
that antibodies have in contrasting the RHDVs infection and for saving rabbits from RHD.
In 2010, a large part of the rabbit populations, both wild and farmed, had from moderate to high levels of RHDV
antibodies (so-called “herd immunity”). In addition, in the areas where wild rabbit populations were present with
good consistency (e.g. in some regions of France) they endemically hosted European RCV (Stephane Marchandeau,
personal communication) and therefore had additional antibodies that protected them, at least partially, against RHDV.
In other words, after about 25 yr from its first occurrence in Europe, the rabbit populations had achieved a fairly good
level of herd immunity to RHDV. However, this immunity had limited effect against RHDV2, due to the change in its
“face”, and this was surely one of the main factors that allowed RHDV2 to rapidly diffuse all over the world, causing
the second wave of a devastating pandemic of RHD.

RHDV2 also causes RHD in young rabbits
During the first pandemic of RHD due to RHDV, young rabbits (rabbits less than 7-8 wk old) had two defence
mechanisms against RHD: anti-RHDV antibodies in the blood, eventually inherited from the mother, and a natural
resistance to RHD, with subclinical RHDV infection. There are several evidences that indicate this is due to the ability,
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which is lost when the animal grows, of the innate immune systems of young rabbits to prevent and/or compensate
the RHDV replication in the liver by the rapid regeneration of liver cells. Importantly, if rabbits are infected with RHDV
at a young age, they develop a specific immune response with good levels of antibodies in the blood. In practice, they
are “naturally vaccinated” and are most likely protected for life by RHD. According to several data sources, the first
already reported by Le Gall-Reculé et al. (2011a), RHDV2 is able to overcome the innate immune response, replicating
at high level also in the liver of kits, so causing RHD.
This distinctive feature of RHDV2 considerably increases the number of animals susceptible to RHD, thereby
increasing the viral load in the environment and facilitating the spread of RHDV2. This has been clearly demonstrated
in a recent study on the diffusion of RHDV2 in Australia (Taggart et al., 2021). Using a serological approach, these
authors showed that RHDV2 outbreaks usually begin around the same time as the commencement of annual breeding
cycles. Indeed, a large proportion of adult breeding rabbits are serologically positive for RHDVs because of infections
acquired in previous years. Consequently, it is the emergence of newborns, i.e. of non-immune animals, that gives
the virus the opportunity to cause the disease and the high viral load on the territory that is essential for its spread.
The authors showed that this is the key point whereby RHDV2 has a considerable advantage over RHDV. Indeed,
whereas RHDV2 causes RHD, RHDV only causes a subclinical infection with very limited viral excretion in the field
contamination (contaminated faeces excreted for 1-2 wk), certainly not comparable in quantity to that caused by a
dead rabbit carcass with a ‘full’ virus load.

What about maternal antibodies?
In rabbits, maternal antibodies are transmitted from mothers to offspring during gestation and/or lactation to protect
them during their early life. Maternal IgG is transmitted directly from the mother to the offspring through placenta.
In this way, newborns are passively protected from RHDVs which, once replicated at mucosal level, fail to initiate a
systemic infection. On the other hand, maternal immunoglobulin (mainly IgA) antibodies present in the milk passively
protect the mucosa from infection during the lactation period.
Available data indicate that anti-RHDV antibody titres are detectable in the blood up to 6-7 wk of age, although
depending strictly on the value of the titres of the mother (Baratelli et al., 2020). In the light of the different susceptibility
of young rabbits to RHDV and RHDV2, the importance of the contribute of maternal antibodies to the protection from
RHD consistently changes. Indeed, as young animals are resistant to RHD until around 7-8 wk of age, the presence or
absence of maternal RHDV antibodies provides little, if any, advantage. Conversely, as young rabbits are susceptible
to RHD if infected with RHDV2, the presence of maternal antibodies against RHDV2 is of paramount importance
to protect them from RHD during the first weeks of life. In consequence, in farmed rabbits it should be of primary
importance to keep the anti-RHDV2 antibody titre in the does as high as possible over time, to extend the presence
of IgG in the serum for several weeks. This is in recognition of the fact that even minimal levels of specific antibodies
in the blood protect rabbits from RHD.

Host range of lagoviruses
In the late 1990s, when the ‘story’ of pathogenic lagoviruses began, many people assumed that RHD in the rabbit
and European Brown Hare Syndrome (EBHS) in the European brown hare were diseases caused by the same virus.
Those who thought so had more than one reason: a) The two diseases emerged more or less at the same time. b) The
clinical and pathological findings were very similar. c) The two affected animal species belonged to the same family
(Leporidae). d) The aetiological agent identified was a calicivirus in both cases. However, early studies of the genetic
and antigenic characterisation of the two viral agents showed that they were distinct, even if antigenically correlated,
caliciviruses (Capucci et al., 1991; Wirblich et al., 1994). It is important to note that in subsequent years and up to
the present day, experimental replications of the two diseases in rabbits and hare, as well as epidemiological data
collected from both virological diagnosis and serological investigations have shown that RHDV infects and causes
RHD only in rabbits and EBHSV infects and causes EBHS mainly in brown hares (Lavazza et al., 1996) and to a limited
extent could also cause disease in cottontails (Sylvilagus floridanus) (Lavazza et al., 2015). At the light of these results,
in 2000 the ICTV created a new genus in the calicivirus family designated Lagovirus that includes two viral species:
RHDV and EBHSV (ICTV, 2019).
6
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However, just few years after RHDV2 emergence, it became clear that, although the rabbit remains the main
host species, also several species of hares i.e. Lepus capensis var. mediterraneus (Puggioni et al., 2013), Lepus
corsicanus (Camarda et al., 2014), Lepus europaeus (Velarde et al., 2016), Lepus timidus (Neimanis et al., 2018)
could be infected developing an EBHSV-like disease. Moreover, epidemiological data, unequivocally indicated that
RHDV2 cases mainly occur in hare populations living in sympathy with high-density rabbit populations, when they are
affected by RHDV2 outbreaks.
To fully understand the relevance of this differential trait between RHDV and RHDV2, we must consider what is
happening in North America (Javier Asin Ros and David L. Bergman, personal communications). Until 2018, the cases
of RHD in North America were very few, mostly of them presumably due to introduction of rabbits from countries where
RHD is endemic. The first cases of RHDV2 in North America date back to 2016 in Quebec, Canada. Then, in 2018,
RHDV2 occurred in Vancouver Province, British Columbia, Canada with numerous outbreaks and a rapid spread, also
favoured by the presence of large populations of feral European rabbits. Several other detections, between 2018
and 2019 were in Washington State and Ohio, USA, in 2018 and 2019; and New York, USA, in 2020. However, the
most widespread outbreak commenced in 2020 in the south-western USA and northern Mexico, with detections
in multiple states of the USA to date. During this overwhelming spread into new territories, RHDV2 caused RHD in
several leporid species, including Antelope rabbit (Lepus alleni), Desert cottontail (Sylvilagus audubonii), Mountain
cottontail (Sylvilagus nuttallii) and Eastern cottontail (Sylvilagus floridanus). Thus, the total epidemiological data on
RHD in North America indicate that, despite several introductions, RHDV failed to become endemic, whereas RHDV2
became endemic after only few attempts.
Finally, the epidemiological and genetic data on RHDV2, particularly those collected in Europe till now, suggest that,
from the point of view of the host specificity, three is only one RHDV2. In practice, the RHDV2 that is causing RHD in
rabbit is the same virus, able to infect and cause disease in multiple lagomorph’s species. In other words, no data
are yet available to suggest that a “variant” of RHDV2 is preferentially circulating and evolving in lagomorph species
other than rabbits, or in some of them.

Origin and evolution of RHDV2
As recalled above, SARS-CoV-2 was the third spillover of a coronavirus from animals to humans, the one that, through
a probable adaptation process, gave rise to the pandemic that caused millions of deaths. Coincidentally, three new
caliciviruses (RHDV, EBHSV, RHDV2) also appeared in lagomorphs between the early 1980s and 2010, and all of them
caused major epidemics in almost every continent where lagomorph populations live. All three viruses, in addition
to being genetically related, cause very similar diseases (RHD and EBHS) in terms of clinical signs, lesions and
pathogenicity, i.e. acute and fatal hepatitis in 50-90% of cases. These diseases are so noticeable, severe and typical
that their definition as ‘new diseases’ i.e. never seen before, is beyond doubt.
Therefore, the question “where” RHDV, EBHSV and RHDV2 come from is obvious. However, as in the case of
human caliciviruses, despite the numerous genetic data that have been acquired even for the lagoviruses, we have
only hypotheses to date. The most obvious and now widely accepted suggests that the pathogenic lagoviruses
(PL) originated by genetic mutation from the non-pathogenic lagoviruses (NPL) (see above). In fact, we know that
lagomorphs harbour NPL of different genotypes, and that the reason for their non-pathogenicity is that they are
essentially enteric viruses: NPL replicate mainly in the duodenum but do not pass the mucosal barrier and thus their
replication in the liver is very limited, if any. This is why infections with NPL have a clinically unapparent course, even
if they do not escape the vigilance of the host’s adaptive immune system at mucosal level, which responds with
significant levels of specific antibodies.
However, the assumption that non-pathogenic viruses that evolved and lived for centuries ‘in peace’ with their hosts
suddenly generate highly pathogenic ‘relatives’ that kill the host is at odds with one of the assumptions of virology:
that viruses evolve over time from a pathogenic to a non-pathogenic behaviour.
The most logical explanation is that the phenotypic character of ‘pathogenicity’ gives PL a highly selective advantage
over NPL in infecting and spreading in host populations. In practice, this means that a dead RHD rabbit, storing
hundreds of milligrams of RHDV in its body for weeks or months, is a much more significant source of infection than
the faeces released by an RCV-infected rabbit.
World Rabbit Sci. 30: 1-11
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In addition, this hypothesis has some basis in the evolution that has followed RHDV2 from its origin to the present
day. Genetic analysis based on the rate of change of the genomes of RHDV2 strains isolated worldwide (molecular
clock analysis) indicates that RHDV2 came into being 3-4 yr before its identification in 2010. This is the time that
elapsed from the first ‘spillover’ —in this rather peculiar case, from an enteric virus to a liver virus inside the same
animal species— to the manifestation of the new phenotype, which probably occurred through a consecutive series
of adaptive genetic mutations.
In Italy, we first detected RHDV2 in two related farms in northern Italy: in one farm, mortality due to RHD was low
(around 20%), in the other it was only the veterinarian’s scrupulousness in sending us a dead rabbit that allowed us
to ascertain the presence of RHDV2. Subsequent experimental infections with RHDV2 strains identified in 2010 and
2011, carried out in collaboration with French colleagues at ANSES, allowed us to confirm an average mortality of
around 20%, but with a variability between experiments of 0 to 50% (Le Gall-Reculé et al., 2013). These mortality
rates were also confirmed by observation in rabbit farms in France affected by RHDV2 (Bernadette Le Normand,
personal communication). A few years later, investigations in RHDV2 affected farms here in Italy indicated a marked
increase in mortality. To confirm this observation, we performed an experimental infection with RHDV2 isolates from
2014 and 2015 and found a mortality rate between 80-90%, similar to that associated with RHDV infections (Capucci
et al, 2017). Overall, these data would confirm that the highly pathogenic phenotype was positively selected during
the evolution of RHDV2. Australian colleagues also came to a similar conclusion when studying the spread of RHDV
in wild rabbit populations (Elsworth et al., 2014).
A final note on the ability of RHDV2 to genetically mutate. In addition to the classic mechanisms of single-point
mutations (i.e. change of a single amino acid) or insertion/deletion of a few nucleotides (i.e. addition or subtraction of
1-2 amino acids), the rapid and widespread dissemination of RHDV2 has made it possible to realise the importance
of genome recombination within the lagovirus genus. Around 2015, some Portuguese colleagues discovered
RHDV2 strains whose genome arose from recombination between RHDV2 and a different lagovirus (RHDV or RCVs).
Interestingly, the point of recombination within the genome was always the same: right between the non-structural
protein and the capsid protein. This mechanism certainly contributes to a great deal of genetic variability in RHDV2.
These data also support the high prevalence of lagoviruses in lagomorphs. Indeed, it should be remembered that one
of the conditions necessary for recombination between two viruses is that they both infect the same cell at the same
time and replicate within it. This means that, while RHDV2 was obviously the ‘main donor’ genome considering its
high prevalence in the lagomorph population from 2011 onwards, the second lagovirus genome donor should also be
present in the population with sufficient prevalence to allow the two genomes to meet within the same cell.

RHDV2 diagnosis
With exception for those cases characterised by high mortality rates, the certainty of RHD diagnosis requires laboratory
testing. Recourse to laboratory testing is mandatory if the aetiological agent of RHD is to be established, whether
RHDV or RHDV2. This is even though RHDV2 is nowadays the predominant virus, with rare cases of RHDVa. Virological
diagnosis is easy to carry out, using the various specific methods available [reverse transcription polymerase chain
reaction (RT-PCR), enzyme-linked immunosorbent assay (ELISA), or immunohistochemistry] and considering that in
acute RHD the liver contains high quantities of virus (OIE, 2021).
The serological diagnosis of RHD, on the other hand, is more complicated, particularly when accompanied by the
question of which virus induced the antibodies, RHDV or RHDV2. Diagnosis is complicated by more than one factor:
a) The partial antigenic correlation between RHDV and RHDV2; b) a certain variability in antibody response between
individual rabbits; c) animals may be vaccinated simultaneously with RHDV and RHDV2 and/or then infected with
RHDV2.
At the RHD OIE reference laboratory, we have developed a competition ELISA (cELISA) specific for RHDV2, in addition
to the one previously developed for RHDV. The cELISA has the highest specificity among the ELISA methods, which
means that it is the best method for detecting the subset of antibodies that specifically recognise the outer shell of the
virus (its “face”). Actually, by using these two cELISA in association it is possible in several cases to infer the origin of
the antibodies, i.e. if they were induced by RHDV or RHDV2. These cELISA, together with other ELISA methods able to
detect the specific IgM and IgA response, have been widely used both for epidemiological investigation of wild rabbit
8
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populations, but also in farmed rabbits after cases of RHD, especially for declaring the extinction of one outbreak or
to determine the vaccination efficacy,

Prevention and control of RHD due to RHDV2
As noted above, humoral immunity (i.e. specific antibodies) is the animal’s main defensive system against RHD. Even
low levels of antibodies are sufficient to prevent the disease, but under the condition that they are highly specific
and homologous for the infecting virus. Considering the consistent antigenic difference between RHDV and RHDV2,
such that they are classified as two serotypes, and the observations collected from the field in the case of RHDV2
outbreaks since the beginnings of the epidemic, the need to have two specific vaccines available became evident:
one for RHDV (already available for many years) and one for RHDV2. It took some years before RHDV2 vaccines were
fully available on the market and this represented a major problem for rabbit breeders. Only on some occasions and
in some countries, such as Italy, has this lack of registered products been overcome by the possibility to produce
autovaccines to be used in a single farm after an outbreak.
The first RHDV2 vaccines were produced employing the same protocol set up for RHDV vaccines. Like RHDV, RHDV2
does not grow in vitro systems either, so production of the vaccine is based on the use of the livers of experimentally
infected rabbits (or, in the case of autovaccines, the livers of rabbits that died in the outbreak). Once inactivated, the
viral matrix is mixed with adjuvants, and vials containing a variable number of doses are commercialised. In Italy, and,
to our knowledge, also in France, Spain and most European countries, there are two main vaccines based on the use
of inactivated virions present on the market: Filavac VHD K C+V, produced by Filavie - France and Eravac produced
by Hipra - Spain. Filavac is a bivalent vaccine containing RHDV and RHDV2 (a strain collected in France in 2012) that
uses aluminium hydroxide as adjuvant. Eravac is an RHDV2 vaccine (a strain collected in Spain in 2013) that uses an
oil adjuvant produced by Hipra.
More recently, a trivalent recombinant-type vaccine, Nobivac Myxo RHD Plus, marketed by MSD, became available on
the market. The vaccine is based on the use of two attenuated myxomatosis virus strains, different from each other
just because one has inserted the RHDV VP60 capsid protein gene into its genome, whereas the second has inserted
the RHDV2 VP60 gene. This is a live vaccine and the active replication of the myxomatosis virus is a necessary
condition for the immune system to be stimulated to produce antibodies against RHDV and RHDV2. According to the
manufacturers’ information, protection of the animal is guaranteed for at least one year.
Considering the overall characteristics of RHDV2 and the long experience in the use of indirect prophylaxis for RHDV,
which aspects would need to be revised?
As noted above, unlike RHDV, RHDV2 causes disease even in rabbits just a few weeks old. Considering that vaccination
is only possible in rabbits from 30 d of age onwards, and full protection requires at least seven days post vaccination,
there is a window of about five weeks in which the young/fattening rabbits are at risk of RHD due to RHDV2. However,
pre-weaned rabbits could be protected in this period by maternal IgG, if, of course, the does are themselves properly
vaccinated. The duration of maternal IgG in the blood of newborns is directly proportional to the maternal titre and can
range from 2 to 6-7 wk. However, the presence of IgG in the blood also has a negative side effect. In fact, it is known
that in vaccinated young rabbits when anti-virus IgG are still present in the blood, also in relation to their quantity, the
effect of the vaccine could be reduced, if not abolished. In traditional “organ” inactivated vaccines this effect has to
be considered for each single virus. In the Nobivac Myxo RHD Plus, the effect has to be considered for both myxoma
virus and, in addition, individually for RHDV and RHDV2. This is because the presence of antibodies against myxoma
virus, before vaccination, is indicative of a previously vaccinated or myxoma virus infected rabbit with an immune
system already alerted toward the virus. This could result in reduced, or no replication, of the live vaccinal virus and
failure to produce the RHDV and RHDV2 immunogens. Consequently, to reduce the negative side effect of maternal
antibodies (so-called interference effect), it would be better to vaccinate young rabbits starting from 45-50 d of age.
Alternatively, also in relation to the type of vaccine used for the does, a serological survey inside the farm could help
to understand the level of antibodies in the mothers and their young, respectively, and to decide when it is the right
time to vaccinate (i.e. when the young are seronegative).
However, the normal practice in industrial rabbit farming is not to vaccinate growing rabbits, given their short life cycle
(approximately 70-77 d), when the situation on the farm is normal, i.e. good biosecurity measures are applied and there
World Rabbit Sci. 30: 1-11
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are no outbreaks of the disease in the area. Indeed, since immunity starts after about 7-10 d, vaccination could also be
considered a quite effective post-exposure treatment, and it may be included in the emergency strategies applied when
RHD occurs in a farm. Following an outbreak of RHD, and especially in the case of RHDV2, which could induce disease
also in young animals, even if strict hygiene and sanitary measures are adopted, including cleaning and disinfection, safe
disposal of carcasses and an interval before restocking, it is strongly recommended to vaccinate meat animals at the
age of 30-45 d, as the incidence of re-infection is very high. Only after several (>3) production cycles is it advisable to
stop vaccination of meat animals. To verify the persistence of infective RHD inside the unit, a variable number of rabbits,
starting with a small sentinel group, should not be vaccinated and then serologically checked.

CONCLUSIONS
RHDV is one of the deadliest existing pests, considering its very high virulence, contagiousness and diffusivity. The
brief history after 40 yr of Lagovirus is studded with evolutionary events, the last of which is the appearance of
RHDV2, which is not a simple genetic variant of the previous ‘classic’ RHDV but in fact a new emerging virus.
Beyond the origin and evolution of the aetiological agents of RHD, this disease is of paradigmatic value in the study of
pandemics due to its high pathogenicity, worldwide distribution and ability to infect various species of domestic and wild
lagomorphs. Among these species, European rabbit is of paramount importance, since it is not only a wild animal, both
in its natural habitat and in an invasive form, as in Australia, but also a companion animal and one used in laboratories,
and finally a species of zootechnical interest and an important source of animal protein in developing countries.
In this context, the attention that the scientific world has dedicated to RHD and its evolution is fully justified. The results
and knowledge that field and experimental research have provided allow precise identification and characterisation of
the aetiological agent, but also better prevention and management of outbreaks.
Finally, the emergence of three distinct viral entities (EBHSV, RHDV and RHDV2) within a few decades cannot be
considered single random events. Although largely unknown, there have been a number of interrelated biological
events that have contributed to the repeated ‘emergence’ of pathogenic lagoviruses that may not be over. For this
reason, it is necessary to maintain a high level of surveillance and control on lagomorphs, based on close collaboration
between public control and research institutions, private operators and international institutions such as the OIE.
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Abstract: This review summarises the latest knowledge on rabbit doe nutrition, to complement the current
nutritional requirements and strategies for young and adult rabbit does, considering production and health
issues. The rabbit doe must reach an adequate maturity level (body condition) at first artificial insemination
(AI) to face its productive life with minimal guarantees (around 7.0 mm of perirenal fat thickness, 2.8 ng/mL
of plasma leptin concentration and around 18% and 15-20% of body protein and fat, respectively). This goal
can be achieved by restricting feed intake from 12 wk of age until first AI or feeding ad libitum with a fibrous
diet (<10.5 MJ digestible energy/kg) from 60 d of age to first parturition. Once the doe is reproducing, the
increase in the n-3 fatty acids (or reduction of the n-6/n-3 ratio), soluble fibre (under epizootic enteropathy)
and the arginine/lysine and glutamine/lysine ratios may help to improve the reproductive traits of rabbit does,
although their optimal inclusion level remains to be identified. It is recommendable to limit an excessive
negative energy balance before parturition, and the supplementation of glucose precursors to reduce the
ketosis incidence could be useful. The formulation of different diets for the doe and the litter to better fit their
requirements and assuring their health would be an option to consider when it would be applicable on the
farm. The influence of the mother on the litter microbiota and immune status and its potential modulation
through the diet open a new research area that will merit further studies in the near future.
Key Words: body condition, lactation, nutritional requirements, rabbit does, rearing.

INTRODUCTION
Feed is the greatest cost in rabbit production. It accounts for almost 45% of the total costs of a rabbit farm in Spain
(72.5% of the variable costs) and between 55 and 60% in France (Cartuche et al., 2014; Coutelet et al., 2015).
Rabbit doe feeding only makes up around one third of the total feed cost (3.7 and 31.7% for the replacement and
reproductive does, respectively; Cartuche et al., 2014). In spite of the lower incidence in the total feed cost compared
to fattening rabbits, the nutrition of the rabbit doe is highly relevant to the final farm profit. In fact, according to these
authors, the traits with a higher economic weight were the feed conversion rate during fattening and the number of
kits born alive, the latter being influenced by the genetics and management (Huneau-Salaün et al., 2015), but also
by the feeding of rabbit does.
In this way, the feeding of the rabbit doe can directly affect the number of kits born alive, but also the milk yield and
composition, and therefore the survival and growth of the kits during lactation (Pascual et al., 2013). In fact, some
studies indicated that rabbit feeding and genetics can affect the immune status of the kits at weaning, and even the
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incidence of digestive disorders during the growth period (García-Quirós et al., 2014). This indicates that the feeding
of rabbit does not only has a direct effect on the feeding and productivity costs during the reproductive period, but
also on the performance we will obtain during the fattening period.
In consequence, research on rabbit does nutrition and management has focused on the reproductive period, because
the nutritional requirements are more demanding (lactation, overlapping between cycles, resources recovery…).
However, focusing our efforts only on this period is not enough to maximise the potential of our reproductive rabbit
does. A large number of works carried out during the rearing period (Xiccato et al., 1999; Pascual et al., 2002;
Rebollar et al., 2011; Martínez-Paredes et al., 2012, 2018 and 2019) have demonstrated the relevance of adequate
management and feeding strategies in this period on the future performance of rabbit does.
The present work aimed to review the current knowledge available on rabbit doe nutrition, to establish nutritional
requirements and strategies for both young and adult rabbit does, which take into account the production and health
of rabbit does, and that allows us to progress to a rational rabbit production system.

NUTRITIONAL REQUIREMENTS AND STRATEGIES FOR REARING THE FUTURE RABBIT DOE
Rearing development and body status
Regarding how the growth of the young rabbit doe should be, we must consider the existence of different growth
patterns according to the genetic type, the environment and/or the individual itself. Nevertheless, regardless of
these factors, gradual growth seems the best option for rabbit females during the rearing period. Some studies
have observed that a controlled growth of young rabbit does, by quantitative or qualitative feeding restriction,
allows gradual development during the rearing period and better performance during the first reproductive cycles
(Xiccato et al., 1999; Pascual et al., 2002). Recently, Martínez-Paredes et al. (2018) obtained worse results both
in the first parturition (on av. –1.3 liveborn) and in the whole productive period (–6.1 liveborn and –4.8 weaned) for
those young rabbit does that showed faster growth patterns during the rearing period (reaching the maximum weight
during rearing 31 d sooner).
On the other hand, the different works that evaluated the evolution of body resources and metabolic profile help
to reinforce the idea that a deviation from the adequate body condition pattern during rearing can be harmful to
the future performance of rabbit does. In this sense, Friggens (2003) suggests that reserves mobilisation could
have negative consequences on reproduction when it is far from its optimal level. The development of methods to
determine in vivo body condition in rabbit does (Pascual et al., 2004; Pereda et al., 2009; Pereda, 2010) has been
very useful to evaluate the evolution of body reserves of young rabbit does during the rearing and reproductive
periods, reaching similar conclusions.
Martínez-Paredes et al. (2018) observed that rabbit does with a high perirenal fat thickness (PFT) at the first artificial
insemination (AI) also had a lower reproductive performance at the first parturition and throughout the productive
period (–3.2 liveborn and –3.0 weaned for each mm of increment in the PFT value). This worse reproductive
performance of thick young females may be related to an increased number of prenatal losses during gestation
(Vicente et al., 2012), and/or to an increased culling risk among females with excessive PFT (Theilgaard et al., 2006;
Martínez-Paredes et al., 2018). Regarding the risk of death or culling of females during the rearing period, high PFT
at first AI followed by a high pre-partum mobilisation of reserves, low pre-partum digestible energy (DE) intake, as
well as high non-esterified fatty acids and low glucose levels in the blood at first parturition, are all factors associated
with pregnancy toxaemia (Martínez-Paredes et al., 2012). In addition, the rabbit does that had a high PFT at the
first AI showed a PFT evolution pattern different from the rest of the females until the second parturition, not being
able to recover the body condition that they had at the time of the first parturition (Martínez-Paredes et al., 2019). In
contrast, the body composition (body protein, fat and energy estimated by bioelectrical impedance) at first AI did not
influence the fertility rate at the first parturition, but did so at the second one (Taghouti et al., 2021). These authors
reported that the increase in body protein and fat combined with a low body protein/energy ratio at first AI improved
the fertility rate at the second parturition. They also found an increase in the percentage of kits born alive over the total
born in the first parturition when the body protein and energy content increased at first AI. Similarly, in a rabbit line
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selected for growth rate, Naturil-Alfonso et al. (2016) observed better performance results in the first and third cycles
of the rabbit does with a higher PFT value at the first AI (+0.5 mm compared to lean ones). These studies suggest
that more mature nulliparous does (but not overfat ones) with a body protein content near 18% might present better
performance, probably due to the lower competition between growth and pregnancy that may exist. The maturity level
depends on the age, diet and genetic type. It is also important to consider that the variability of the body condition at
the beginning of productive life is a key point and may account for some of the differences observed among studies.
Some of the blood metabolic parameters controlled during the rearing period can also help us evaluate the body
status and future performance of the rabbit does. One of them is leptin, a metabolic indicator of body reserves that
helps regulate energy balance by modulating feed intake and fat storage in adipocytes. After reviewing the different
studies that measured leptin during the rearing period (Brecchia et al., 2006; Arias-Álvarez et al., 2009; Rebollar
et al., 2011, and Martínez-Paredes et al., 2012), it was observed that to be successful at first mating, a minimum
threshold of leptin must be reached (2.8 ng/mL), as a sign that the female is ready to begin reproductive life.
Another good metabolic indicator, in this case of body reserves mobilisation, is the non-esterified fatty acids (NEFA)
level in the blood. Rebollar et al. (2011) observed that a lower concentration of NEFA in the blood of rabbit does at
first parturition was correlated with better fertility at 11 d post-partum, and with lower mortality of females and their
litters at birth.
In brief, proper management of physiological development of young rabbit does during the rearing period maximises
both their productivity and lifespan. During the rearing period, the animal’s growth pattern should be progressive
(Figure 1), allowing the achievement of an adequate maturity degree at the onset of its productive life, avoiding
excessive fatness, to favour long-term reproductive performance and lifespan. In addition, in vivo tools to evaluate
body condition could be useful to evaluate the management and feeding strategies to adjust growth patterns in the
future.

Rearing feeding programmes: concentrate diets
To achieve the aforementioned goals, feeding and management programmes during rearing must allow the doe
to achieve adequate body condition and physiological development (both digestive and reproductive) to optimise
future resource utilisation. It will enable reproductive rabbit does to face the usual environmental and reproductive
challenges successfully. The definition of the type of feeding programme, the period of application and age at first
mating will be key to achieving these objectives.
Ad libitum programmes. The ad libitum supply of reproductive or fattening diets at the onset of rearing was a feeding
programme widely used for many years in rabbit farms, designed to achieve sexual maturity as soon as possible to

Figure 1: Evolution of live weight of young rabbit does with an uncontrolled feeding programme ( ) or another
programmed for a progressive development ( ). Both programmes allowed a similar live weight at first parturition,
but the uncontrolled one led to an overweighing of females around first mating, which had negative consequences on
further reproductive performance and lifespan. Adapted from Martínez-Paredes et al. (2018).
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reduce rearing costs. This is the opposite of the gradual development that we mentioned previously. In fact, the results
obtained in ad libitum programmes were increased risk of digestive problems in the first weeks of the rearing period
(Rommers et al., 2004a; Martínez-Paredes et al. 2012), greater fatness and higher prenatal mortality (Viudes-deCastro et al., 1991), lower fertility at second parturition (Rebollar et al., 2011), gestational toxaemia and lower feed
intake at the start of lactation (Martínez-Paredes et al., 2012), and reduced lifespan of rabbit does (Rosell, 2000;
Martínez-Paredes et al., 2018).
Restriction programmes. Some authors (Partridge, 1986; Maertens, 1992) proposed the use of feed restriction of the
reproductive or fattening diets as an alternative to the traditional ad libitum rearing programmes. However, several
studies indicated that some rearing programmes based on feed restriction could delay growth and sexual maturity at
first mating (Rommers et al., 2004b), impairing fertility (Szendrő et al., 2006, Rebollar et al., 2011) and prolificacy
(Rommers et al., 2001 and 2002, Naturil-Alfonso et al., 2016). Such a strategy may also affect milk yield of lactating
does (Menchetti et al., 2015). These downsides could be the result of improper management of the restriction,
as there are many variables that can influence the programme’s success (the application period, restriction level,
deficiency of some micronutrients, genetic type…). In fact, results from feed restriction trials have not provided
conclusive results.
Suitable age to start and finish restriction. It seems appropriate not to start the restriction before 12 wk of age in
order to ensure the proper development of the main physiological structures of the female (Deltoro and López, 1985).
Pascual et al. (2002) started the restriction at 10 wk of age (140 g/d) and the first insemination had to be delayed for
the females to reach 3 kg of live weight. However, Martínez-Paredes et al. (2012 and 2019), with a similar restriction
programme that began at 9 wk of age, reported a lower body weight of restricted females at the first insemination,
but differences disappeared at parturition, with dose presenting better performance during the first two reproductive
cycles. In other studies, restriction or undernutrition after the first AI has been evaluated. Manal et al. (2010) restricted
mature females (5 months old) for 15 or 20 d after first mating, showing an improvement of doe kindling performance
and kit and litter traits from birth till weaning without adversely affecting progesterone level and embryonic mortality.
However, Menchetti et al. (2015) observed that a severe restriction (90 g/d) of primiparous rabbit does at mid-late
pregnancy (19-28 d of gestation) led to a negative balance and increased perinatal and pre-weaning mortality. The
success of the use of quantitative feed restriction during the rearing period depends on the future rabbit female
reaching an adequate physiological maturity at the first insemination to be able to cope with the first pregnancy with
sufficient energy body reserves. In either case, the feed restriction should end at kindling.
Restriction level. Eiben et al. (2001) compared young females fed at 100% (full-fasting one day in a week), 82%
(9 h of daily access to feed) and 76% (fixed daily maintenance provision) of ad libitum feeding, and only observed a
delay in reaching the adequate body weight at first mating in the last two groups, without negative consequences on
reproductive performance. Although there are not many studies with different genotypes, Matics et al. (2008) described
a longer delay in achieving the targeted weight (between 4.5 to 5 kg) when the restriction was applied in females with
a larger format (around 6 kg of adult age). Similarly, in a rabbit line selected for growth rate, Naturil-Alfonso et al.
(2016) observed worse reproductive performance results (–0.2 kindling rate, +0.18 and +0.29 gestational and foetal
losses and –1.6 kits during the first three reproductive cycles) when rabbit does were restricted (130 g/d) for a month
before being mated. However, in other studies done with the same scheme and line, the differences in reproductive
performance disappeared (Naturil-Alfonso et al., 2017). In maternal crossbreed females, Martínez-Paredes et al.
(2012) observed that a restriction of 140 g/d from 12 wk of age, with a flushing 4 d before mating (18 wk of age), led
young rabbit does to show an energy intake below to the recommendations (Xiccato and Trocino, 2010), causing a
delay in body development compared to those fed ad libitum. However, these restricted females with flushing reached
the first AI with a desirable lower PFT level, without consequences on fertility and reproductive performance.
Long-term effects of restriction. There is practically no information on the long-term effects of restriction during the
rearing period, but Martínez-Paredes (2008) did not find differences in lifespan or in reproduction parameters (born
alive and weaned per year) compared to other ad libitum feeding systems over nine reproductive cycles.
The results seem to indicate that the restriction does not produce negative effects if applied at the beginning of the
reproductive life of the rabbit females if they assure sufficient physiological maturity at first AI. However, more studies
in the long-term must be done to corroborate these results and understand the implications of this management
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system. With the results discussed above, we could conclude that moderate restriction during the rearing period
can let young rabbit does achieve reproductive success. However, the conditioning factors are many, which makes it
difficult to define a clear management and restriction programme during the rearing period.

Rearing feeding programmes: high-fibre diets
Another alternative could be the ad libitum use of high-fibre or low-energy diets during rearing, formulated to fit the
requirements of young rabbit does. Theoretically, their use could prevent over-fattening and promote digestive tract
development to improve feed intake capacity before and after the first parturition, thus helping to reduce possible
energy imbalances that usually affect primiparous rabbit does. The results obtained from this feed strategy seem to
depend on several factors, such as the chemical composition of the diet, the management system of the females,
the genotype and the environmental conditions on the farm.
Suitable age to introduce high-fibre diets. As the success of this strategy is partially given by the greater development
of the female digestive tract (Fernández-Carmona et al., 1998), it would be advisable to begin the administration of
fibrous diets before 12 wk of age, when digestive tract development is almost completed (Deltoro and López, 1985).
For this reason, Pascual et al. (2013) proposed the application of fibrous diets as early as 60 d of life, because if these
diets are included later the expected benefits are limited, regardless of the dietary amount of fibre [360-500 g neutral
detergent fibre (NDF) per kg DM; Quevedo et al., 2005; Verdelhan et al., 2005; Pereda, 2010; Martínez-Paredes
et al., 2012]. Regarding the effect on body condition, an early introduction of this type of diets allows us to reach the
recommended leptin levels to ensure reproduction (Martínez-Paredes et al., 2012), and lower the level of NEFA in
blood during pregnancy or parturition (Rebollar et al., 2011). Moreover, no differences in body energy content (Xiccato
et al., 1999), or similar or lower PFT values (Martínez-Paredes et al., 2012 and 2018, respectively) were observed
at first AI when their use was compared with the other feeding strategies during rearing. The high-fibre diets were
usually offered until the first parturition without negative consequences on the performance.
Nutrient recommendations. Another important aspect of high-fibre diets is the level and nature of the fibre they contain.
If the lignin levels are excessive [above 150 g of acid detergent lignin (ADL) per kg of dry matter (DM)], puberty is delayed
and fertility is impaired compared to normal lignin values (50 g ADL/kg DM; Arias-Álvarez et al., 2009). However, lower
values (107 g of ADL per kg DM) promote a higher feed intake in young females, resulting in young females able to
take enough energy in to overcome gestation, lactation and growth, and at the same time also being able to conceive
again (Rebollar et al., 2011). These results are similar to those obtained with moderated ADL levels (59-75 g of ADL
per kg DM) in multiparous does (Nicodemus et al., 1999a and 2007). On the other hand, the largest increases in rabbit
doe intake during lactation (+11 to +18%) were observed with rearing diets that showed an NDF content of over 400 g/
kg DM, although Rebollar et al. (2011) did not observe any change in lactating feed intake of females receiving a diet
with 505 g NDF/kg DM during rearing. The reduced digestible energy content of high-fibre diets does not seem to be a
limiting factor, even when animals are subjected to fibrous diets containing 8 to 9 MJ DE/kg DM. In fact, when female is
fed with such low levels, they could reach an adequate live weight between 18 to 19 wk of age (Pascual et al., 2002),
and improve the resources acquisition during the first lactation (Nizza et al., 1997; Pascual et al., 2002; Quevedo et al.,
2006a,b; Rebollar et al., 2011; Martínez-Paredes et al., 2019). Even the combination of these fibrous diets with others
of higher energy content can be an alternative to adjust to the development objectives discussed in the previous section.
Martínez-Paredes et al. (2012 and 2019) used a fibrous diet (8.7 MJ DE/kg DM) throughout the whole rearing period,
but allowed the access of young females to a higher energy concentration diet (11.0 MJ DE/kg DM) around mating
(from 16 to 20 wk of age). When compared to other rearing feeding programmes, this management achieved the best
performance results during the first reproductive cycle. Finally, Saidj et al. (2019) observed that, when increasing the
crude protein (CP) content from 150 to 170 g/kg in diets with 10.9 MJ DE/kg, no significant differences were observed at
metabolic level (glucose, urea, triglycerides total protein and blood cells counts) and in reproductive performance (female
feed intake and live weight, as well as litter performance).
However, if we perform a small meta-analysis with the limited data available in the literature we can draw some conclusions
about the possible effect of the chemical composition of rearing diets on primiparous rabbit does’ performance (Figure 2).
It seems that an excess of ADF reduces the rate of conception at first mating, an excess of CP can increase the rate of
stillbirths at first parturition and reducing DE can increase feed intake during the first lactation.
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Figure 2: Meta-analysis on the effect of composition of the feed received during the rearing period on the conception
rate in the first artificial insemination, stillborn ratio and feed intake during lactation of primiparous rabbit does. Built
from literature (Xiccato et al., 1995; Nizza et al., 1997; Pascual et al., 2002; Quevedo et al., 2005; Arias-Álvarez
et al., 2009; Rebollar et al., 2011; Martínez-Paredes et al., 2012, 2018; Saidj et al., 2019). LW: liveweight.
Long-term effects of high-fibre diets. Usually, reproductive and physiological differences observed between the
different rearing feeding programmes disappear as of the second parturition. In this sense, Martínez-Paredes (2008)
did not find long-term differences associated with the use of high-fibre diets during the rearing period. However,
some authors have described some positive long-term effects of the use of high-fibre rearing diets: Nizza et al. (1997)
obtained a higher litter size and heavier kits at weaning during the first four reproductive cycles; Pascual et al. (2002)
observed increased number of weaned kits, a lower interval between parturitions and longer lifespan of females for
2 yr; and Martínez-Paredes et al. (2018) described a higher total number of born and weaned rabbits (+6 and +5,
respectively) over 3 yr, compared with young rabbit does fed with a reproduction diet. Although lifespan depends on a
large number of factors, one of the most important particularities of rabbit females characterised by a higher lifespan
is their lower dependence on fat mobilisation to ensure reproduction (Savietto et al., 2015), as body reserves are
used as a safety factor. In fact, Theilgaard et al. (2006) observed that rabbit females with a low body condition (with
less than one standard deviation from the population mean) or showing higher mobilisations (between 10 and 21 d of
lactation) had an increased risk of culling (twice the probability of dying). Martínez-Paredes et al. (2018) observed that
rabbit does fed with fibrous diet during rearing (+55 g NDF/kg DM) showed a +13% of life expectancy than others
fed with reproduction diet in a population observed for three years. In contrast, Delgado et al. (2017a), for rabbit does
reared on a fibrous diet fed ad libitum until one week before the first AI, observed that those with reproductive success
throughout the first five AI had a greater fat mobilisation between the second AI and the first weaning than those
that failed in at least one cycle. This successful group of females had a lower body fat content (15.7 vs. 17.2%) and
liveweight at first AI compared with the other rabbit does. These results might indicate the different individual capacity
to manage body reserves in critical periods, which might be linked to the individual genetic variability.
Therefore, theoretically, rearing feeding programmes allowing the gradual provision of resources, proportional
development of young breeding animals and proper mobilisation at reproductive challenge events should provide
breeding animals with a lower risk of culling throughout their reproductive life.

Rearing feeding programmes: polyunsaturated fatty acids
In recent years, other complementary and interesting nutritional proposals have been tested to improve the
reproductive performance of young rabbit females, such as the use of diets enriched with polyunsaturated fatty
acids (PUFA) during the rearing period. Rebollar et al. (2014) observed that kits born of rabbit does fed with a diet
enriched with n-3 PUFA (+3.2 g/kg) weighed more and were longer, as well as having a lower number of stillborn
(–0.8) in the second parturition. This could be related to the ability of n-3 PUFA supplements from fish products to
reduce 2-series prostaglandin secretion by the endometrium, preventing early embryonic death. The same research
team used the same n-3 PUFA supplement but in a dose fourfold higher (+14.3 g/kg), and the young females fed
with this supplement presented greater physiometric parameters, an improvement in fertility rate (+13%) at the
second parturition and higher PUFA profile in milk compared to a non-enriched control diet (Rodríguez et al., 2018).
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Other studies (Mattioli et al., 2019) have observed similar
improvement in fertility rate in the first cycle and from
second to fourth cycle (+16 and +13%, respectively) as
a consequence of dietary PUFA supplementation from
different sources (extruded flaxseed or fish oil) during the
rearing and reproductive period.
Table 1 shows our recommendations for a rearing diet.
This rearing diet should be ad libitum used from young
female selection (63-75 d of age) until the first parturition.
Flushing around first insemination is also recommended.

NUTRITIONAL REQUIREMENTS AND STRATEGIES
FOR RABBIT DOES

Table 1: Nutritional recommendations (g/kg) for young
rabbit females during the rearing period (from 63-75 d
of age to first parturition).
Digestible energy (MJ/kg)
8.5-9.5
Crude protein
130-155
Digestible protein
91-109
Starch
<120
Neutral detergent fibre
370-430
Acid detergent fibre
250-350
Acid detergent lignin
70-80
n-3 polyunsaturated fatty acids
5-16
Lysine
7.2
Methionine + Cysteine
5.9
Threonine
6.3
Calcium
10
Phosphorous
5
Sodium
2
Chlorine
2.5

The current nutritional requirements standards for
rabbit does were developed in the last century, and the
differentiated role of energy sources (fat and starch) in
these diets was clarified (Xiccato, 1996; Pascual et al.,
2003; Xiccato and Trocino, 2010; De Blas and Mateos,
2010). Since then, there has been no update, despite the increase in rabbit doe productivity and possibly of its
nutrient requirements. Nowadays, rabbit does have even higher prolificacy —which poses management difficulties
for farmers— showing an important productive difference between primiparous and multiparous dams, and pregnant
or not, and they maintain a relatively high replacement rate (Rosell and de la Fuente, 2009), suggesting potential
unbalances in the productive system. Regarding the feeding strategy, there is a lack of studies evaluating nutritional
requirements in rabbit does in the long term, as well as throughout the different physiologic states. In this section, we
review whether new recommendations can be derived based on the results obtained with highly productive rabbits
does in this century.

Arginine and glutamine supplementation
The interest in these amino acids derives from their potential influence on placental, embryonic and foetal growth
during pregnancy. The economic impact of litter size in rabbit farms is well known (Cartuche et al., 2014), and is
affected mainly by ovulation and prenatal survival rates, the latter being around 0.35 both in rabbit does and sows
(Blasco et al., 1993). In rabbit does, when the number of foetuses increases, the vascular supply to each implantation
site is reduced (Duncan, 1969). This limited blood supply may lead to smaller foetuses and a higher foetal mortality
rate, reducing litter weight and size at birth (Argente et al., 2003). In this context, arginine (Arg) is used as a precursor
for the synthesis of nitric oxide, polyamines and other compounds (Wu and Morris, 1998), with nitric oxide playing an
important role in vasodilatation, regulating the uterine blood flow promoting the transference of nutrients to the foetus
(Moncada and Higgs, 1995; Bird et al., 2003). Regarding glutamine (Gln), free gln is abundant in plasma, milk and
foetal fluids (Wu, 2009), with the uterine uptake of gln in pregnant gilts being the highest compared to other amino
acids (Wu et al., 1999). Nevertheless, the gln uptake by porcine mammary glands is not adequate for milk protein
synthesis (Li et al., 2009).
In standard diets for rabbit does, the Arg/lysine (Lys) and Gln/Lys ratio is around 1.45 and 3.51, respectively (Nicodemus
et al., 1999b). When low Arg and gln diets for rabbit does were supplemented with 4 g Arg/kg (1.23 vs. 1.66 total
Arg/Lys ratio, or 1.33 vs. 1.85 apparent ileal digestible Arg/Lys ratio) or 4 g Gln/kg (3.30 vs. 3.80 total Gln/Lys ratio, or
3.75 vs. 4.29 apparent ileal digestible Gln/Lys ratio) tended to increase the number of kits born per litter (+0.8), and
the litter size once the adoptions were carried out (+0.6), with no impairment of the rabbit doe body condition during
the first three cycles (Delgado et al., 2017b, 2019a). This effect was reflected at weaning in a tendency to increase
the litter size (+0.7), and consequently the litter weight. The possible positive effect of Arg might be associated with
an increase in uterine blood flow. In fact, in rabbit does the probability of foetus mortality is three times higher if they
receive a single vein than if they receive two or more veins (Damico et al., 2013). Otherwise, the effect of Gln might
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be related to better development of oocytes, an effect already observed in vitro in hamsters, rabbits (Gwatkin and
Haidri, 1973; Bae and Foote, 1975) and embryos (in hamsters and pigs; Carney and Bavister, 1987; Petters et al.,
1990), which might be linked to the use of Gln as an energy source. Curiously, there was no additive effect of the
simultaneous supplementation of Arg and Gln. These results suggest that the physiological period to supplement
these amino acids might be different if a synergistic effect is desired, and possibly with a higher dose than the
one used in this study (total Arg/Lys ratio of 2.64 in sows, Mateo et al., 2007, 2008, and 2.07 in rats, Zeng et al.,
2008). The different ways of action of Arg and Gln to promote prolificacy might recommend supplementing Gln a
few days before insemination, at least until embryo implantation (7-8 d after insemination), when fertilisation and
implantation occurs (Harper, 1961; Denker, 1977), whereas Arg supplementation could be done from a few days
before implantation until the end of pregnancy. Currently, it is not possible to supplement these amino acids in rabbit
diets due to their price/availability. Using ingredients rich in Arg and Gln (such as wheat gluten or groundnut meal)
might be a solution, although it should be evaluated whether they exert similar effects.

Enrichment in n-3 fatty acids
The requirements of essential fatty acids n-3 and n-6 and the optimal n-6/n-3 ratio are unknown in rabbits, and there
are still no clear recommendations, probably due to the variability of the results obtained. The n-6/n-3 ratio in diets
with no added fat ranges between 4 and 15, whereas it is usually below 4 in diets enriched in n-3 fatty acids. The
reduction of the n-6/n-3 ratio (from 7.3 to 2.2, and 34 g fat/kg DM) using fish oil (7.5 g/kg) lowered the number of
stillborn in the second parturition and increased the weight and size of newborn kits (Rebollar et al., 2014; Rodríguez
et al., 2017). Using similar diets, reducing the n-6/n-3 ratio (from 8.7 to 1.0) with a higher dose of fish oil (30 g/kg),
Rodríguez et al. (2018) again found a greater size of newborn kits, better embryo quality and higher fertility at the
second insemination, although a tendency to reduce litter size at weaning (–0.6) was also observed. According
to these authors, these results might be associated with hormonal changes due to the increase in oestradiol and
leptin during lactation, and progesterone around the implantation phase of pregnancy. It might be related to the
influence of these PUFA on both prostaglandin and steroid metabolism (Wathes et al., 2007). The reduction of the
n-6/n-3 ratio (from 13.4 to 3.5) using linseed oil rendered different results, increasing the number of kits per litter
once homogenised (+0.6) with no other effect on rabbit doe productivity and body condition throughout the first four
cycles (Delgado et al., 2018a), but a reduction in the replacement rate of rabbit does when high n-6/n-3 ratio and
high soluble fibre levels were combined (Figure 3).
The benefits of the n-6/n-3 ratio reduction do not seem to be derived from the n-3 source. In fact, the partial
substitution of soybean oil with extruded linseed or fish oil (dietary n-6/n-3 ratio: 1.7, 1.1, 1.1, and different fat
contents: 3.0, 5.6 and 4.0 respectively) both improved fertility (on av. +13% percentage units; without oestrus
synchronisation), the number of kits born alive (on av. +0.6) and weaned (on av. +0.3; without homogenisation),

Figure 3: Effect of level of dietary soluble fibre and n-6/n-3 fatty acids profile on the proportion of total does removed
over four cycles (HSF and LSF: high and low soluble fibre; Ln-6/n-3 and Hn-6/n-3: high and low n-6/n-3 fatty acid
ratio. PSoluble fibre=0.005; PSoluble fibre × n-6/n-3 ratio=0.056) (Delgado et al., 2018a)
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milk production and perirenal fat at insemination in rabbit does throughout the first four cycles (Mattioli et al., 2019).
They also reported a reduction of the n-6/n-3 ratio in the ovaries due to the enrichment with n-3 long-chain PUFA.
The influence of n-3 fatty acids on the hormonal status, as mentioned above, might be behind these positive effects.
Nevertheless, using very similar diets, Menchetti et al. (2018) found no improvement in reproductive traits considering
two cycles in multiparous rabbit does. Similarly, the enrichment of the diet with n-3 fatty acids from extruded linseed
(n-6/n-3 ratio: 4.8 vs. 1.0) did not modify fertility or prolificacy (Maertens et al., 2005). There are authors even
reporting negative results when marine algae PUFA was supplemented in the diet, such as the impairment of kit
weight at birth and at weaning in nulliparous does (1 cycle; Mordenti et al., 2010). A consistent effect among
different studies is that modification of the dietary n-6/n-3 ratio led to parallel changes in the milk fatty acid profile
(Pascual et al., 1999; Maertens et al., 2005; Delgado et al., 2018a; Rodríguez et al., 2018; Mattioli et al., 2019).
Nevertheless, most authors did not find any influence of the n-6/n-3 ratio before weaning on litter performance and
survival after weaning (Rodríguez et al., 2018; Delgado et al., 2019b; Mattioli et al., 2019). However, Maertens et al.
(2005) reported a reduction in fattening mortality when n-6/n-3 ratio decreased from 4.3 to 1.0 during the growing
period. The lack of agreement among studies suggests that other factors may be influencing the response to n-3
fatty acids enrichment.
These heterogeneous results (both for rabbit does and kits) may be accounted for by the different content of single
PUFA (which could compete for the desaturase/elongase enzymes), the potential oxidation of these fatty acids that
depends on the dietary antioxidant capacity, the different interaction with the intestinal microbiota or differences in
the experimental procedure (oestrous synchronisation, the period of supplementation or age of does). Anyway, in
most studies, no negative effects on reproductive traits of rabbit does were reported for the dietary n-3 enrichment.

Particle size
The range of dietary level of insoluble fibre for rabbit does is known, but the relevance of particle size had not been
evaluated, considering that fibrous diets with coarse fibre or low fibre diets with fine fibre may penalise rabbit doe
performance, although it is not easy to produce this type of diets. Its importance is related to its influence on the
mean retention time of the digesta (Gidenne, 1993) and thus possibly on voluntary feed intake, although the difficulty
of quantifying the large fibrous particles (>0.3 mm) may have limited the available information. The quantification of
large particles has to be done using wet sieving, to ‘dissolve’ the pellet. The main problem is the swelling capacity
of particles rich in starch and soluble fibre (such as grain cereals and sugar beet pulp), that produce very bulky
particles being quantified as large particles when they do not stimulate the rate of passage. This can be partially
corrected by determining the insoluble fibre content (NDF) in the residue collected in each sieve. The inclusion of a
very low proportion of large particles (<20% in diets with around 360 g NDF/kg DM) obtained mainly by substituting
alfalfa with paprika meal impaired feed and DE intake, as well as reproductive traits (average of two cycles with
multiparous does Nicodemus et al., 2006), although other specific characteristics of paprika meal cannot be ruled
out. Nevertheless, it is difficult to achieve such low levels of large particles except by increasing the content of some
unusual by-products. Dietary particle size may be also modified by using different grinding sizes for fibrous sources.
This way, the inclusion of alfalfa and straw coarsely ground (9 vs. 1 mm) in standard or low fibrous diets (containing
35 to 20% particles >0.3 mm, 23 to 14% NDF >0.3 mm, and 10 to 1% NDF >1.25 mm, on DM basis) reduced
the proportion of culled rabbit does during the experiment (3 vs. 22%. Nicodemus et al., 2010). These authors did
not find any other benefit, but an increase in feed and DE intake in the weaning-parturition period and the fertility
when coarsely ground fibres were included in low fibrous diets (270 g NDF/kg DM). The opposite occurred in rabbit
does fed diets with 340 g NDF/kg DM where the inclusion of coarse ingredients impaired feed and DE intake (in the
same period) and fertility. These results are in agreement with those of Fortun-Lamothe (1998), who reported that
an energy restriction of multiparous rabbit does in late pregnancy had a detrimental effect on receptivity and could
suggest that the pre-partum DE intake might be more relevant to reproduction than pre-mating DE intake (Quevedo
et al., 2016a,b), probably due to the great mobilisation of body reserves at the end of pregnancy (Fortun-Lamothe,
2006; Savietto et al., 2016). Finally, when highly fibrous diets are used, it might be interesting to reduce the particle
size to improve the digestibility. This way, the reduction in grinding size of alfalfa and barley (from 4.5 to 1.5 mm, and
from 16 to 11% NDF>1.25 mm) in a high-fibre diet (420 g NDF/kg DM) impaired the feed intake in the first lactation,
but increased it in the second one, with no influence on reproductive traits and body composition of rabbit does during
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the first three parturitions (Romero et al., 2011). The broad differences observed in the proportion of NDF >1.25 mm
obtained by Nicodemus et al. (2010) and Romero et al. (2011) derive from the different level of fibre, but also from
the different type of fibre used. The latter authors used a significant amount of sugar beet pulp, which increases the
amount of large fibrous particles (due to its high-water holding capacity), although this fibre source does not seem to
stimulate the rate of passage compared to hay (Gidenne et al., 1987). This is a shortcoming of this methodology that
makes it difficult to establish a more robust value of minimal large fibre requirements.
Accordingly, there is no advantage in reducing grinding size in high-fibre diets, but it may be worth increasing it in
very low fibrous ones, always preserving the pellet quality. Further evaluation of diets with coarse particle size might
be also of interest to confirm its potential effect on limiting feed intake in rearing does fed high-fibre diets, and its
positive effect on the culling rate of does in production.

Soluble fibre
This fibre fraction was not taken into account for a long time. In the last 15 yr its utility in growing rabbits was observed
because of its positive influence on the health status of young rabbits after weaning in a context of epizootic rabbit
enteropathy, probably through its effects on the intestinal mucosa and microbiota (Gómez-Conde et al., 2007; Trocino
et al., 2013). In rabbit does, the increase in soluble fibre (80 vs. 130 g/kg DM and 330 g NDF/kg DM) reduced the
replacement rate in rabbit does over the first four cycles, especially when combined with n-6 than with n-3 fatty acids
(Figure 3; Delgado et al., 2018a). The positive effect of soluble fibre on the replacement rate might be related to the
changes exerted in the intestinal microbiota (Delgado et al., 2015). Soluble fibre might also explain the reduction in
mortality around parturition, which would be related to the slower starch digestion in vitro in high soluble fibre diets
that might extend the glucose availability over time (Farías-Kovac et al., unpublished), or to the longer fermentation
time of sugar beet pulp observed in vitro (Abad-Guamán et al., 2018), which might both contribute to limit the ketosis
incidence. In fact, in nulliparous pregnant rabbit does, a higher soluble fibre level has been associated with both lower
pre-partum mortality and number of stillborn, with females showing lower NEFA and higher glucose concentration
in blood at parturition (Martínez-Paredes et al., 2012). No other positive effects of soluble fibre have been recorded,
and DE and DP intake during lactation, milk production and litter weight at weaning tended to reduce with the high
soluble fibre level. Similarly, the increase in soluble fibre (106 to 126 g/kg DM, and 320 g NDF/kg DM) in late lactation
(21-35 d) obtained by the partial substitution of alfalfa and wheat straw for apple pulp also reduced feed intake and
kit weight at weaning (Álvarez et al., 2007). These negative effects of soluble fibre were more clearly observed in
high-fibre diets (on av. 460 g NDF/kg) with a high soluble fibre content (140 vs. 180 g/kg) only offered to rabbit does
in late lactation (Martínez-Vallespín et al., 2011). Further research is required to confirm the interest of a minimal
soluble fibre level in diets for rabbit does.

Flushing
An adequate energy supply before insemination seems to be important to achieve good fertility rates in most species
and also in rabbits. In fact, rabbit doe receptivity was impaired when they were restricted from weaning to parturition,
while the stimulation of energy intake from parturition to mating seemed to improve the conception rate (FortunLamothe, 1998). Nowadays, it has still not been clarified which of these two periods is more important, if not both
equally, and what we can do to limit the negative energy balance before parturition, which might be associated
with a higher ketosis incidence. The selection of the main energy source to increase the DE intake might depend
on the period, as starch might be preferable before parturition and fat after parturition. One option is to feed rabbit
does with a more energetic diet (using fat) than the recommended one (11.5 vs. 10.6 g DP/kJ DE). However, in the
long term (6 cycles), despite the increase in DE intake during pregnancy and lactation observed (and accordingly
of milk production), a reduction in prolificacy (–0.7), and higher litter mortality after weaning (+4 percentage units)
were found (Quevedo et al., 2006a,b). In contrast, when rabbit does were fed a diet to stimulate milk production
(302 g NDF, 161 g starch and 49 g fat/kg as fed, with 11.6 g DP/kJ DE) the first 25 d of lactation combined with
a standard diet (343 g NDF, 161 g starch and 24 g fat/kg, with 11.3 g DP/kJ DE) from 25 to 42 d (next parturition)
no impairment was reported (to rabbit does and their litters), but no benefit either (including fertility), compared to
offering to rabbit does the standard diet as sole diet (Read et al., 2016). It would be interesting to evaluate whether a
specific diet in the weaning-parturition period might be of interest.
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Glucose precursors for rabbit does. In the last days of pregnancy, the feed intake of rabbit does is sharply reduced
(Oger et al., 1978), although the foetuses still demand a high amount of nutrients, which results in an important
mobilisation of the body reserves (Savietto et al., 2016) and an increase in the plasma non-esterified fatty acid
and β-hydroxybutyrate (Minuti et al., 2015). In this period, the increase in the number of foetuses reduced the
plasmatic glucose concentration and changed its amino acid profile (Minuti et al., 2020). Possibly, a glucose deficit
may lead to ketosis and to higher mortality around parturition, especially if the dietary starch is low, similar to that
reported in cows (Nielsen and Ingvartsen, 2004), or impair fertility. This situation might be counterbalanced by
an increase in the dietary energy increasing the starch or other glucose precursors in this period. However, the
optimal starch level was 200 g/kg DM (with 355 g NDF and 35 g fat/kg DM), and both higher or lower starch levels
(combined with a reduction or increase in NDF+fat, respectively), impaired the productive traits of rabbit does (De
Blas et al., 1995). Using a different approach, Nicodemus et al. (2005) compared three dietary strategies with
a similar DP/DE ratio (12.4 g/MJ) during the first three cycles. A control diet high in starch (191 g/kg DM) and
39 g fat/kg DM, a diet with less starch and more fat (106 and 58 g/kg DM, respectively), and a third treatment in
which the latter diet was supplied in the first 21 d of lactation, and from this moment to parturition rabbit does were
fed a diet with 163 g starch, 38 g fat and 25 g propylene glycol/kg DM. In this work, the combination of these two
diets compared with the enriched fat group reduced mortality of rabbit does (17.4 vs. 0%) and improved fertility
(81.3 vs. 88.2%), and also reduced kit mortality at birth compared to the high starch group (with no effect on feed
intake). Similarly, the use of a diet containing a supplement of glucose precursors combined with minerals-vitamins
around parturition (from –7 to +7 d) compared to the same diet but with no supplement improved their body fat
content, fertility (84.7 vs. 75.0%) and litter size at birth, with no effect on rabbit doe mortality (Alfonso et al., 2014).
These effects might be associated with a reduction in ketosis incidence. The glucose supply of propylene glycol also
has the potential to increase plasma insulin that might inhibit the fat mobilisation, as in cows (Nielsen and Ingvartsen,
2004). Propylene glycol can be also provided in drinking water in order to increase the energy supply. In this way,
its supplementation (2% in water) for 4 d before insemination improved fertility by 10 percentage units (64 vs. 53%;
Luzi et al., 2001). In contrast, the supplementation of propylene glycol (2.5% in water) from mid-pregnancy to the
end of lactation or only during lactation showed no benefits for the doe or the litter, and even its supplementation
in pregnancy-lactation impaired the body fat reduction at the onset of lactation, and increased litter mortality after
weaning (García-García et al., 2010; Sakr et al., 2011; Arias-Álvarez et al., 2013). According to these results, more
information about the dose, the form and the period of supplementation of propylene glycol is required to optimise
its use.

Feeding and body condition
The evolution of the body condition, and especially of energy balance, of rabbit does has been extensively studied and
reviewed due to the interest in limiting the negative energy balance at specific points of the productive cycle (ParigiBini and Xiccato, 1993; Fortun-Lamothe, 2006; Pascual et al., 2006, 2013). These traits are mainly influenced by
non-nutritional factors such as the genetic type, physiological state, reproductive rhythm, reproductive success, litter
size and weaning age. Nutrition also plays a role in the variations in body condition and energy balance, the most
relevant factor being the level and source of energy (starch, animal fat or vegetal oil), as reviewed by Pascual et al.
(2003) or reported by Fortun-Lamothe et al. (2005). In addition, the effect of the energy source on the use of body
reserves depends on the genetic type and priorities of the rabbit female (Arnau-Bonachera et al., 2018a). In lines
selected for growth rate, females are characterised by a high dependence on their body reserves to cope with the
high demand of the current lactation, obtaining better results when using diets that promote milk production (animal
fat). However, in lines selected for hyper-prolificity, the foundation criteria have promoted a pattern based on the body
reserves accretion during lactation to cope with future reproduction, achieving better results when using diets that
promote body condition (starch).
Besides nutrition, other factors such as particle size, arginine/glutamine supplementation, level of soluble fibre
and n-6/n-3 fatty acid ratio failed to exert any influence on the body condition of rabbit does during at least three
cycles (Romero et al., 2011; Delgado et al., 2017b, 2018a). This might suggest that rabbit does have an important
adaptability to the diet, as long as the diet does not deviate much from the nutritional standards (De Blas and
Mateos, 2010; Xiccato and Trocino, 2010). In addition, we must bear in mind that reproductive rabbit does naturally
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show positive and negative balances in their body condition, genetically driven by their homeorhetic system, both
throughout the reproductive cycle and life. We should not fight against these natural trajectories, but rather find
a feeding programme that avoids an excessive deviation of the body condition from this normal trajectory, which
could put the animal at risk. These deviations occur frequently (a complicated parturition, seasonal environmental
variations, presence of some pathogen...) and the diet must facilitate the female’s homeostatic ability to resume her
trajectory (Pascual et al., 2013).

Feed for the doe or for the litter
Considering the difficulties involved in providing different diets to the rabbit doe and the litter in the current productive
systems, and assuming their different nutritional requirements (Xiccato et al., 2006), although roughly defined,
especially to minimise digestive troubles in the litter after weaning, several attempts have tried to adapt the diet of
the rabbit doe to the litter. In this context, the substitution from 18 d of lactation to weaning of the rabbit doe diet,
increasing the NDF and fat level (from 276 to 305 and from 30 to 55 g/kg as fed, respectively) and decreasing the
starch content (from 190 to 95 g/kg) made it possible both to maintain the body condition and fertility of rabbit does
and reduce litter mortality after weaning (Fortun-Lamothe et al., 2005). When the substitution was done increasing
the NDF (up to 329 g NDF/kg) but reducing both the starch and fat content (95 and 32 g/kg, respectively), litter
mortality after weaning was also reduced, but the body condition and fertility of the rabbit does was impaired.
These results suggest the importance of meeting the energy requirements of rabbit does, but also the minimal fibre
requirements of suckling rabbits at the onset of feed intake. Using a similar design, Álvarez et al. (2007) increased the
dietary soluble fibre (from 106 to 126 g/kg DM, with 322 g NDF/kg DM) from 21 to 35 d of lactation, but it reduced
kit weight at weaning, with minor effects on rabbit does, and the influence on litter health status was not observed
due to the very low mortality rate. Martínez-Vallespín et al. (2011) followed a similar strategy and substituted at
17-d of lactation a standard breeding diet for another one in which starch was partially substituted with insoluble
(acid detergent fibre, ADF) and soluble fibre, and with a low dietary protein content (and which was also offered to
the litter after weaning). The latter diet reduced the litter mortality after weaning, but impaired feed and DE intake,
milk production and body condition of rabbit does and litter weight at weaning. These effects observed in rabbit
does might be related to the caecal filling effect produced by the combination of a high dietary NDF and sugar beet
pulp level (Carabaño et al., 1997) that might limit both feed and DE intake (García et al., 2002). Using a similar
approach, Gerencsér et al. (2011) changed the rabbit doe (and litter) from a breeding (136 g crude fibre, 46 g fat and
185 g starch/kg as fed) to a growing diet (172 g crude fibre, 31 g fat, 151 g starch/kg) at late lactation (21-35 d),
although no positive effect was achieved either in the litter (medicated after weaning) or the rabbit does over five
reproductive cycles. However, this type of strategy reduced litter mortality after weaning with no negative effects on
rabbit does over three reproductive cycles (Read et al., 2016). These authors fed rabbit does from kindling to 25 d
and from 35 (weaning) to 42 d a standard diet (343 g NDF and 161 g starch/kg as fed, and 11.6 g DP/kJ DE), while
from 25 to 35 d they offered a fattening diet (415 g NDF and 70 g starch/kg, and 9.7 g DP/kJ DE) compared with a
standard reproduction diet throughout the cycle or the combination of a reproduction and a milk enhancer diet. These
results enhance the interest in providing different diets to the mother and the litter, mainly to optimise litter health after
weaning while avoiding any impairment of rabbit doe traits.

New ingredients for rabbit does
Fibrous sources, legumes, glycerol. Non-usual ingredients, mainly industry by-products, are included in rabbit diets
with caution due to the limited information regarding the effect on feed intake and nutritive value. However, there
are few studies testing ‘new’ ingredients in rabbit does. Nicodemus et al. (2007) reported that soybean hulls and
defatted grape seed meal can be included up to a 220 and 50 g/kg level in substitution of alfalfa, straw and sunflower
hulls, with no impairment in performance. A higher level of soybean hull reduced feed intake despite the high lignin
level of the diet. Regarding the protein sources, the replacement of soybean and sunflower meals by rapeseed meal
(100 g/kg) and white lupin seeds (140 g/kg; Volek et al., 2018), by white lupin seeds (250 g/kg; Volek et al., 2014)
or by hulled white lupin seeds (180 g/kg; Uhrilova and Volek, 2019) did not modify the productive traits of rabbit does,
but enriched their milk in n-3 fatty acids. Similarly, the inclusion up to 50 g/kg of glycerol for starch had no influence
on the productive traits of rabbit does (Iñigo et al., 2011).
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Probiotics. The interest in studying the effects of probiotics in rabbit does is scarce, considering the low number
of publications. The use of Bacillus cereus var. toyoi in rabbit does (2×108 spores/kg feed) reduced the parturition
interval and increased feed efficiency and numerical productivity (Nicodemus et al., 2004). The same probiotic and
dose produced different results, reducing kit mortality in the first 18 d of lactation (in the second lactation), increasing
the feed intake of rabbit does in the second part of lactation and the litter growth rate during lactation (Pinheiro et al.,
2007). These results were similar to those obtained with Bacillus CIP 5832 (2×109 colony forming units/kg feed.
Maertens et al., 1994). Another probiotic with positive results is Saccharomyces cerevisiae. In rabbit does, it improved
fertility and reduced mortality of does and suckling rabbits (6.5×109 colony forming units/kg feed. Belhasen et al.,
2016). Nevertheless, the precise mechanisms behind these effects of probiotics are not clearly understood.

NEW OPPORTUNITIES IN NUTRITION FOR RABBIT DOES
Effect of diet on the rabbit doe microbiota and its transmission to the litter
The main inheritances left by the rabbit doe to its litter are its genetics and microbiota, the latter being the only factors
that can be influenced by the diet. The microbiota might play a relevant role in rabbit doe longevity, but also in the
future litter health and performance. The transfer of intestinal microbiota from the mother to the litter was shown
when the similarity of caecal microbiota was studied at 26 d of lactation in rabbit does (fed no antibiotic) and their
litters with different cross-fostering policies (Abecia et al., 2007). These authors reported that the caecal microbial
profile of kits from the same litter clustered together, regardless of whether they shared their biological mother or
not. The biological mother seemed to have an influence on the intestinal microbiota, albeit weaker than the effect
of the mother who finally suckled them. But how does the dam transfer its microbiota to the litter? Apparently, there
are two periods to do that, during the short passage of the kits through the birth canal, and in lactation through the
bacteria present in the milk, in the faeces, which present in the skin around the nipples and in the hair used as
nest material. If we assume the absence of bacteria in the placenta of mammals, which is not completely ruled out
(Jiménez et al., 2008; Willyard, 2018), the first maternal bacteria to come into contact with the kits would be those
present in the birth canal. This microbiota comes from the digestive tract and would reach the reproductive tract (and
the mammary gland) by translocation, as observed in mice and cows (Donnet-Hughes et al., 2010; de Andrés et al.,
2018; Klein-Jöbstl et al., 2019), although there is no data in rabbits.
The second contact with the maternal microbiota would be with that present in the nest material (hair combined
with the ‘foreign’ microbiota in wood shavings or straw), that around the nipples (no data for either), in the milk, as
in other mammals (Martín et al., 2004), and that present in hard faeces excreted in the nest (Kovács et al., 2006).
The intake of faecal pellets was observed even two days after birth, although it is more frequent from 7 d after birth
onwards (Combes et al., 2014; Nicodemus et al., 2015). The increase in faecal pellet intake (supplementing the nest
with additional pellets) accelerated the microbiota implantation in kits’ caecum and improved their health status after
weaning (Combes et al, 2014), although this is not always observed (Nicodemus et al., 2015). It might depend on the
faecal pellet composition (microbial and chemical), which in turns depends on the diet, and anyway, it seems that no
benefit is obtained from removing the maternal faeces from the nest. In this way, the separation of rabbit does from
the litter, only joined for nursing (2 times/d, and all maternal faeces were removed), decreased the number of caecal
bacteria, the villus height/crypt depth ratio and the development of the appendix in the kits (Zhang et al., 2018). The
supply of selected faeces in the nest might be of interest to modify the microbiota profile of the litter when trying to
avoid antibiotic-resistant genes (Achard et al., 2019).
Another source of bacteria is maternal milk. Milk intake begins just after birth, and its endogenous microbial content
in mammals is now well known, confirmed both by DNA detection and bacterial isolation (Fernández et al., 2013).
The sequencing of 16s DNA in milk of 6-d lactating rabbit does revealed the main operational transfer units (OTUs)
(Table 2; Delgado et al., 2015 and unpublished), and some of the most abundant are also present in the milk of sows
and humans (Fernández et al., 2013; Chen et al., 2018). It seems that at least some bacteria could translocate during
pregnancy from the maternal digestive tract to the mammary gland and milk (de Andrés et al., 2018). However, the
key question is what role these bacteria play and whether the composition can be manipulated through the diet.
Previous studies described in kits in the first week of age that once the small intestine is colonised there is bacterial
translocation to the mesenteric lymph nodes (Urao et al., 1995, 1996). The supplementation of Gln in rabbit does
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Table 2: The first twenty operational transfer units (OTUs) more abundant in in mesenteric lymph nodes (MLN) of
6-d-old kits and their relevance order in milk and faeces of rabbit does at the same time. Values represent the order
for each type of sample (values in grey indicate OTUs within the 20 most abundant in milk or faeces that are also
abundant in MLN) (Delgado et al., unpublished).
Operational transfer units
Milk MLN Faeces
k__Bacteria; p__Proteobacteria; c__Betaproteobacteria; o__Burkholderiales;
f__Comamonadaceae

1

1

65

126

2

9

6

3

92

143

4

28

2

5

84

230

6

34

k__Bacteria; p__Firmicutes; c__Bacilli; o__Bacillales; f__Staphylococcaceae;
g__Staphylococcus; s__

3

7

85

k__Bacteria; p__Firmicutes; c__Clostridia; o__Clostridiales; f__Ruminococcaceae;
g__Oscillospira; s__

30

8

6

k__Bacteria; p__Proteobacteria; c__Betaproteobacteria; o__Burkholderiales;
f__Comamonadaceae; g__Tepidimonas; s__

5

9

93

k__Bacteria; p__Firmicutes; c__Bacilli; o__Lactobacillales; f__Lactobacillaceae;
g__Lactobacillus; s__

7

10

103

k__Bacteria; p__Bacteroidetes; c__Bacteroidia; o__Bacteroidales; f__Rikenellaceae;
g__; s__

181

11

12

k__Bacteria; p__Bacteroidetes; c__Bacteroidia; o__Bacteroidales; f__Porphyromonadaceae;
g__Parabacteroides; s__distasonis

232

12

19

k__Bacteria; p__Bacteroidetes; c__Bacteroidia; o__Bacteroidales; f__[Odoribacteraceae];
g__Butyricimonas; s__

227

13

68

k__Bacteria; p__[Thermi]; c__Deinococci; o__Deinococcales; f__Deinococcaceae;
g__Deinococcus; s__geothermalis

82

14

120

k__Bacteria; p__Firmicutes; c__Clostridia; o__Clostridiales; f__Lachnospiraceae; g__; s__

100

15

8

k__Bacteria; p__Bacteroidetes; c__Flavobacteriia; o__Flavobacteriales; f__[Weeksellaceae];
g__; s__

4

16

104

169

17

37

k__Bacteria; p__Firmicutes; c__Clostridia; o__Clostridiales; f__Ruminococcaceae; g__; s__

13

18

4

k__Bacteria; p__Bacteroidetes; c__Bacteroidia; o__Bacteroidales; f__Bacteroidaceae;
g__Bacteroides; s__fragilis

209

19

66

k__Bacteria; p__Firmicutes; c__Clostridia; o__Clostridiales; f__; g__; s__

26

20

1

k__Bacteria; p__Bacteroidetes; c__Bacteroidia; o__Bacteroidales; f__Bacteroidaceae;
g__Bacteroides; s__
k__Bacteria; p__Proteobacteria; c__Gammaproteobacteria; o__Xanthomonadales;
f__Xanthomonadaceae; g__Stenotrophomonas; s__maltophilia
k__Bacteria; p__Bacteroidetes; c__Bacteroidia; o__Bacteroidales; f__Bacteroidaceae;
g__Bacteroides; s__ovatus
k__Bacteria; p__Firmicutes; c__Bacilli; o__Lactobacillales; f__Streptococcaceae;
g__Streptococcus; s__
k__Bacteria; p__Bacteroidetes; c__Bacteroidia; o__Bacteroidales; f__[Odoribacteraceae];
g__Odoribacter; s__

k__Bacteria; p__Bacteroidetes; c__Bacteroidia; o__Bacteroidales; f__Bacteroidaceae;
g__Bacteroides

k: kingdom, p: phylum, c: class, o: order, f: family, g: genus, s: specie. MLN: mesenteric lymph nodes of 6 d-old kits. Milk and
faeces of does in 6-d of lactation.
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tended to reduce the bacterial translocation to mesenteric lymph nodes in their 6-d-old kits (aerobes and facultative
aerobes) which showed a lower mortality after weaning (Delgado et al., 2019a,c). This might be associated with an
increase of Gln in milk (Santos de Aquino et al., 2014) and in agreement with the decreased intestinal permeability
and bacterial translocation in mice supplemented with Gln (Santos et al., 2010). Thus, Delgado et al. (2015 and
unpublished) studied the microbiota in the milk and faeces of rabbit does (6-d lactation) and mesenteric lymph nodes
of 6-d-old kits when rabbit does were fed a combination of two dietary levels of soluble fibre (8 vs. 13% on DM basis)
and two n-6/n-3 fatty acids ratios (13.5 vs. 3.5). One of the main surprises was the identification of several species
of Lactobacillus in the milk and mesenteric lymph nodes (Figure 4), as it was considered absent in rabbit. They also
reported that most of the bacteria detected in the mesenteric lymph nodes were also present in the maternal milk
and/or in the faeces. The microbiota of mesenteric lymph nodes clustered according to the n-6/n-3 fatty acid ratio,
which also affected the milk fatty acid composition (Delgado et al., 2015, 2018a), and was closer to the milk than
to the faecal microbiota, which instead clustered according to the soluble fibre level (although it also affected some
important OTUs in the mesenteric lymph nodes; Figure 4). Consequently, the bacteria found in the mesenteric lymph
nodes of kits probably came from the milk, the faeces or from both (Table 2; Figure 4). Curiously, only the level of
soluble fibre exerted a positive influence on the rabbit health status after weaning (in an epizootic rabbit enteropathy
context) when fed the same diets as before weaning (Delgado et al., 2018b). However, when these weaned rabbits
were fed a common standard diet, no effect on health status was observed (Delgado et al., 2019b), indicating that
these changes before weaning are not enough to improve rabbit health after weaning.
These results indicate that this microbiota can be at least partially modified by the diet, although the question remains
about what role this initial microbial colonisation plays. At present, the role of the microbiota found in the mesenteric
lymph nodes on the colonisation process or in the immune system development is still unknown, as is the potential
influence of its manipulation on the future litter health. It is not clear whether this initial microbiota might be behind the
influence of the litter on the rabbit health, and the relevance of the maternal influence on the kit intestinal microbiota
compared with that of the post-weaning diet.

Figure 4: Abundance of different OTUs (number of 16s DNA sequences in 400 mg of fresh sample) in mesenteric
lymph nodes (MLN) of 6-d-old kits and maternal milk and faeces at 6-d of lactation (Delgado et al., unpublished).
[high soluble fibre diet low soluble fibre diet].
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The influence of the diet on milk microbiota suggests that it might modify the microbiota of the mammary gland,
which is a relevant issue considering the increasing mastitis incidence and Staphylococcus aureus strains resistant
to antibiotics (Moreno-Grua et al., 2018). In fact, in humans, the supplementation for the last 9 weeks of pregnancy
of Lactobacillus salivarius PS2 reduced the mastitis incidence (Fernández et al., 2016). What bacteria may limit the
mastitis development, when and how should it be supplied and whether the type of diet can contribute to promoting
udder health are new challenges to be explored in rabbit does in the near future.

Effect of diet on the rabbit doe immune system
In this same context, taking into account that the health of the rabbit doe and its litter is one of the most determining
issues of the current farms’ profitability, it is also important to evaluate the possible effect of the feeding system on the
immune status and microbiota of the rabbits and their litters. Although there are not many works on the relationship
between female’s microbiota and the health of the own female and their litters, recently Savietto et al. (2020) have
carried out a study in this line. In this study, although the authors observed an evolution of the maternal microbiota
with age (observing a reduction in the alpha-and beta-diversity indexes of the faecal microbiota), no correlation was
observed between these indexes and the annual mean offspring survival or female survival.
The immune system of animals, and among them rabbits, develops with age. Jeklova et al. (2009) observed that
the count of the different populations of leukocytes in the blood of rabbits increases with age up to six weeks of life.
However, after that age, the counts are already quite similar to those of an adult rabbit. However, Guerrero et al.
(2011) and Penades et al. (2018) observed that the count of the different populations of lymphocytes in the blood of
breeding rabbits changes significantly throughout the reproductive cycle, and that these counts could be influenced
by the availability of resources and/or the reproductive effort of these animals. In fact, they observed that the counts
of major blood lymphocyte populations were generally lower in those rabbit does with weaning at 42 compared to
28 d postpartum, probably due to their greater lactational effort.
The immune status of rabbit does and their evolution throughout their reproductive life can be essential to help improve
their health and lifespan. In this sense, Ferrian et al. (2012) observed that the evolution of the lymphocyte populations
of rabbit does belonging to a genetic line characterised by greater robustness and survival was significantly different
from a line selected by reproductive criteria, especially when they were subjected to a challenge with heat stress. But
could the rabbit does’ diet affect the immune status of the females and the development of the immune status of their
litter? We know that a diet rich in fat favours the production of milk, while another rich in starch favours the recovery of
body reserves, regardless of the genetic type used (Arnau-Bonachera, et al., 2018b). This could affect the productive
effort and recovery capacity of the rabbits, and therefore their immune status. Penades et al. (2018) studied the
evolution of the immune status of rabbit does of three different genetic types fed with two different isoenergetic
diets, differing in their main energy source (starch or fat). In general, the type of diet given during reproductive life
did not affect the leukocyte population counts. However, females from a specialised line (selected for litter size)
had lower total lymphocytes (–21%) and those from a robust line had higher granulocytes counts (+38%) with the
starch-enriched diet (+132 g starch/kg DM) than with a fat-enriched diet (+61 g ether extract/kg DM). The authors
concluded that diet could affect the immune system of rabbit does according to the way of managing their body
resources, and it could have consequences in the health of the females and its litter, as there is a correlation between
the immune status of the mother and its litter at weaning (Guerrero et al., 2011). In fact, with the animals and diets
of this same trial, García-Quirós et al. (2014) observed that the animal fat-enriched diet led to higher milk yield in
females, resulting in greater development of kits during the lactation period. Moreover, these young rabbits reached
weaning with higher live weight and increased B lymphocyte counts. Bienertova-Vasku et al. (2012) described that
the B-cell activating factor (BAFF) expression was closely related to adipose tissue, and its plasma level was also
correlated with the energy derived from the diet. Therefore, the higher milk energy output of dams fed the fat-enriched
diet could be responsible for the greater B lymphocytes counts in weaned rabbits.

CONCLUSIONS
The rabbit doe requires a minimal maturity (body condition) at first AI to face its productive life with minimal guarantees
(around 7.0 mm PFT, 2.8 ng/mL of plasma leptin concentration and around 18% and 15-20% of body protein and fat,
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respectively). This goal can be achieved by restricting feed intake from 12 wk of age until first AI or feeding ad libitum
with a fibrous diet (<10.5 MJ DE/kg) from 60 d of age to first parturition. Once the doe is lactating, the increase in
the n-3 fatty acids (or reduction of the n-6/n-3 ratio), the soluble fibre (under epizootic enteropathy) and the Arg/Lys
and Gln/Lys ratios may help to improve the reproductive traits of rabbit does, although their optimal level of inclusion
remain to be identified. In this period, it is important to limit the negative energy balance before parturition, and the
supplementation of glucose precursors reduces the ketosis incidence. The formulation of different diets for the doe
and the litter to better fit their requirements and assuring their health would be an option to consider when it would
be applicable in the farm. The influence of the mother on the litter microbiota and immune status and its potential
modulation through the diet will merit more studies in the next future.
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Abstract: The study aimed to assess the growth performance, haematology, serum biochemistry, gonadal
and extragonadal sperm reserves of two breeds of rabbit bucks fed dietary monosodium glutamate (MSG)
at varying inclusion levels (0.00, 0.25, 0.50 and 0.75 g/kg diet). A total of 320 sexually mature New Zealand
White Bucks and Dutch Belted Bucks aged 8 to 10 mo with average weight ranging from 1.34 to 1.96 kg
were used for the study, which lasted 8 wk. The bucks were weighed and distributed to the four treatment
diets. Each treatment was replicated 10 times with four bucks per replicate in a 2×4 factorial experiment.
At the end of the feeding trial, 2 bucks per replicate were euthanised. Blood samples were collected from
the jugular veins for haematological and serum analyses and their reproductive tracts were dissected. The
testes and epididymides were carefully sampled, weighed and processed. The results showed that the
bucks fed the diet containing 0.25 g MSG/kg had the best (P<0.05) feed conversion ratio and daily weight
gain, daily sperm production and sperm production efficiency. The inclusions of up to 0.75 g MSG/kg diet
did not compromise the bucks’ health status, performance and reproductive potential, irrespective of their
breeds. However, optimum performance and sperm production were recorded at 0.25 g MSG/kg diet.
This study suggests that dietary MSG at 0.25 g/kg in diet can significantly improve rabbit feed palatability,
thereby bringing about optimum growth performance, sperm production, and efficiency without causing any
physiological imbalance ino the bucks.
Key Words: bucks, daily sperm production, sperm efficiency, blood profile, monosodium glutamate, rabbit.

INTRODUCTION
In recent times, there has been a consistent decline in the animal protein intake of most citizens of developing
countries, especially those of sub-Saharan Africa. In Nigeria, for instance, only 8.6 g of animal protein is consumed,
compared to the 35 g animal protein per person per day recommended by Food and Agriculture Organization (Adetunji
and Adepoju, 2011; FAO, 2014). This has, today, resulted in a malnourished population, especially among the rural
people that live on less than a dollar per day. The level of animal protein consumption was reported as being directly
linked to the general wellbeing and health of the population (Olarotimi, 2016). These individuals are at risk of several
deficiency syndromes, as a lot of carbohydrates and fibres are taken daily, with little or no protein intake to balance
the diet.
Meeting the animal protein intake of the teeming population from developing countries should be a constant
concern for animal scientists from the region. Rabbits may be a significant protein supplier in this region if
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the potential is well harnessed. Rabbits are good at utilising and converting non-conventional feed resources,
especially forages, to meat. These non-conventional feed resources are abundant and could be easily accessed at
no cost in these regions. Their growth rate is high and comparable only to that of broiler chickens, apart from the
fact that the meat is relatively cheaper and comparatively lower in cholesterol than meats from other animals such
as pork, beef, mutton and chevon, which are also more expensive (Olarotimi et al., 2015).
However, most of the available and nutritious agro waste products and forages that could be used to feed rabbits
have poor palatability (Olarotimi, 2020). Therefore, the addition of feed additives to enhance palatability and
acceptability will be a welcomed development. Enhancing feed palatability, acceptability and digestibility would
lead to improving growth, health and reproductive performance. Monosodium glutamate (MSG) is widely regarded
as a flavour enhancer. It has been severally used in human nutrition for enhanced food palatability. Previously,
there have been reports of improved performance in animals fed MSG. Gbore et al. (2016) highlighted increased
weight gain, improved feed intake and feed conversion ratio in rabbit does orally supplemented with 1 to 2 mg
per kg body weight of 40% aqueous solution. Olateju et al. (2019) likewise reported an increased weight gain
in broiler chickens fed dietary MSG at 0.25 to 0.50 g/kg diet. The toxicity of MSG had been reported in some
quarters (Eweka and Adjene, 2007; Igwebuike et al., 2011), but it may be due to the overuse of this additive, as
there has not been a consensus agreement on labelling MSG as unsafe (Olarotimi et al., 2021). To ascertain the
inclusion level where dietary MSG could be toxic to rabbit, determination of haemato-biochemical indices will help
unearth the possibility of any physiological compromise of organs. Haematological indices such as red blood cell
(RBC), packed cell volume (PCV), serum proteins and glucose are directly affected by dietary influences (Ewuola
and Egbunike, 2008). This study, therefore, aimed to evaluate the growth performance, haematology, serum
biochemistry, daily sperm production and efficiency of rabbit bucks fed diets with varying inclusions of MSG, under
the hypothesis that high inclusion of MSG in rabbit bucks diets may offset their normal physiological functions.

MATERIALS AND METHODS
Experimental site
The study was carried out at the Rabbit Section of the Teaching and Research Farm of the Federal University
of Technology Akure, Nigeria, from July to October 2020. The geographical coordinates of the location are
between 7°17’ North and 5°9’ East (Mapzoom, 2020) with the atmospheric temperature ranging from 28°C
to 31°C and mean annual relative humidity of about 80% (Ajibefun, 2011). The experiment was conducted as
approved by the research ethics and guidelines of the Animal Production and Health Department of the institution
(FUTA/APH/15/4750).

Experimental animals, diets and design
A total of three hundred and twenty (320) mature rabbit bucks aged 8 to 10 mo with an average initial weight of
1.34 kg were used for the study. Two breeds of rabbit bucks consisting of 160 New Zealand White Bucks (NZWB)
and 160 Dutch Belted Bucks (DBB) were used for the experiment. An experimental basal rabbit grower diet was
compounded (Table 1). The bucks were housed in metallic cages covered with wire mesh in a well-ventilated pen.
Water and experimental diets were supplied ad libitum. The pen was routinely cleaned daily for 56 d (8 wk) of the
experiment. The basal diet was portioned into 4 equal parts designated diets A, B, C and D containing 0.00, 0.25,
0.50 and 0.75 g MSG/kg diet, respectively. The different diets were pelleted to 6 mm diameter. The two breeds
of rabbit bucks were distributed randomly to the four diets in a 2×4 factorial experiment. Forty (40) bucks were
allotted to each treatment and were replicated 10 times with 4 bucks per replicate. At the end of each week, the
weights of the bucks and feed leftovers were captured and recorded to determine the average daily weight gain
(ADWG), average daily feed intake (ADFI) and the feed conversion ratio (FCR) of the two breeds of bucks.

Blood and organ sampling
On the last day of the experiment, 20 bucks/treatment (2 buck/replicate) were randomly selected and fasted overnight
before being euthanised. Blood samples for serum analyses were centrifuged for 10 min at 3000 rpm to obtain
36
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clean supernatant serum. The serum samples collected
were kept frozen at –20°C until the determination of
serum, enzymes, metabolites, glucose and proteins.
The reproductive tracts of the selected bucks were
carefully harvested. The testes were separated and the
adhering connective tissues and fats removed. The left
and right testes were weighed separately using a highly
sensitive weighing balance in the laboratory, and their
weights were recorded. The volumes of the testes were
measured volumetrically using Archimedes’ principle
of water displacement in a measuring cylinder as
described by Olarotimi et al. (2015), and the result was
recorded. The testes densities were calculated from the
testicular weights and volumes and expressed as g/mL
(Olarotimi et al., 2015).
Testis density=Testis weight (g) / Testis volume (mL)

Serum protein, metabolite and enzyme analyses
The serum total protein (TP) was determined by the
biuret method. Globulin (GLB) was determined by
bromocresol green method as described by Tietz (1995)
and albumin (ALB) was calculated as the difference
between the TP and ALB. Creatinine, bilirubin, and
urea were estimated by deproteinisation and UreaseBerhelot colorimetric methods using a commercial kit
(Randox Laboratories Ltd, U.K). The serum enzymes:
alanine transaminase (ALT), aspartate transaminase
(AST) and alkaline phosphatase (ALP) were obtained
using auto analysing test kits from Randox Laboratories,
Crumlin, UK. The results were expressed as mg/dL.

Estimation of daily sperm production (DSP) and
daily sperm efficiency (SPE)

Table 1: Ingredient composition of the basal rabbit diet.
Ingredients (kg)
Maize
39.00
Soybean meal
4.50
Groundnut cake
4.20
Brewer dried grain
41.80
Wheat offal
7.60
Bone meal
2.10
Limestone
0.33
Salt
0.20
Lysine
0.01
Methionine
0.01
Premix1
0.25
Total
100.00
Calculated nutrients
ME (kcal/kg)2
2540
Crude protein (%)
16.08
Calcium (%)
1.01
Phosphorus (%)
0.46
Lysine (%)
0.75
Methionine (%)
0.32
Crude fibre (%)
15.56
Composition of premix: 2.5 kg of premix contains: Vit. A
(10000000 iu), Vit. D3 (2500000 iu), Vit. E (12000 iu),
Vit. B1 (2000 mg), Niacin (15000 mg), Vit.B6 (1500 mg), Vit.B12
(10 mg), Vit. K3 (2000 mg), Biotin (20 mg), Folic Acid (600 mg),
Pantothenic Acid (7000 mg), Chlorine Chloride (150000 mg),
Manganese (80000 mg), Iron (40000 mg), Copper (10 mg),
Zinc (60000 mg), Selenium (150 mg), Iodine (1000 mg),
Magnesium (100 mg), Ethoxyquin (500 g), BHT (700 g).
1

Calulated as ME (kcal/kg)=[37×CP(%)+81.8×EE(%)+35.5
×NFE(%)]×0.88=(37×16.08)+(81.8×5.70)+(35.5×51.42)
×0.88=2540 kcal/kg (Pauzenga, 1985).
2

A sample of each testis was sectioned and weighed. The samples were homogenised separately with a pair of sharp
scissors in 0.9% NaCl (normal/physiological saline) at the rate of 5 mL/g testis. The testicular homogenate sample
was stored overnight at 4°C to let the spermatozoa ooze out of the organ (Amao and Akanbi, 2017). The suspensions
were mixed and filtered through a double layer of sterile gauze into clean glass test tubes, and the filtrate was diluted
with distilled water to a 1:10 ratio (Amao and Akanbi, 2017). Some drops of the homogenate were introduced into an
improved Neubauer haemocytometer counting chamber. All the elongated spermatids and mature sperm cells in the
four diagonal and the centre squares of the haemocytometer were counted in each diluted homogenate.
The testicular sperm reserve (TSR), which is the concentration of the sperm cells per gram of testis parenchyma, was
calculated as described by Olarotimi and Adu (2020a). Therefore, the daily sperm production (DSP) for each buck
was calculated by dividing the TSR by the time divisor for rabbit. The time divisor was obtained by multiplying the
fraction of the cycle of seminiferous epithelium occupied by these cells by the duration of a cycle. A time divisor of
3.43 proposed by Amann (1970) was used.
DSP=Testicular Sperm Reserve (TSR) / Time divisor (3.43)
The efficiency of sperm production also known as daily sperm production per gram (DSP/g) parenchyma (testis) was
estimated as: DSP/g=[Paired TSR/g] / [Time divisor (3.43)].
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Statistical Analysis
All data collected were subjected to two way analyses of variance with the following model: Yijk= μ+αi+βj+(αβ)ij+εijk in
a completely randomised design using General Linear Models procedure of GraphPad Prism, software version 6.01
(2012), where: Yijk=an observed value in the i th treatment in the j th breed difference of the k th individual. μ: overall
mean, αi : treatment effects, βj : breed effects, (αβ)ij : interaction of treatment and breed, and εijk : random error means.
Significant differences (α=0.05) between the means were separated using Duncan’s Multiple Range Test option of
the same software.

RESULTS
Performance
The results of the performance of two breeds of rabbit bucks fed diets with different levels of MSG are shown in
Table 2. There were significant (P<0.05) breed differences in the daily weight gain (DWG) and daily feed intake (DFI) of
the two breeds of bucks used in this experiment. It was observed that the DBB recorded significantly (P<0.05) higher
values for these two performance parameters when compared with the NZWB. However, there was no significant
(P>0.05) breed effect on the FCR of the two breeds of bucks used in the present study. For the treatment effects,
the varying inclusions of MSG in the bucks’ diets significantly (P<0.05) increased DWG among the treated bucks
compared with the bucks on the control diet. However, the bucks on diet B (Basal+0.25 g MSG/kg) presented the
higher significant (P<0.05) weight gain when compared with bucks fed other inclusions of MSG. Increasing the
inclusion of MSG from 0.25 to 0.50 and 0.75 g MSG/kg diet did not, however, result in any significant (P>0.05)
increase in weight gain. Furthermore, the DFI among the bucks fed diet containing 0.75 g MSG/kg was significantly
(P<0.05) higher than that in bucks on other diets. There was a statistical similarity (P>0.05) between the DFI of the
bucks fed 0.50 g MSG/kg diet and the bucks on the control diet. The bucks on the diet containing 0.25 g MSG/kg
had the best (P<0.05) FCR compared with bucks on other diets. The rabbit bucks’ performance indicators such as
DWG and DFI followed the same trend as influenced by the interaction between breeds and treatments. For example,
the DWG and DFI among the NZWB fed 0.25 g MSG/kg diet and the control were statistically (P<0.05) similar, while
those fed 0.50 and 0.75 g MSG/kg diet were significantly (P<0.05) higher when compared with those on the diets
containing 0.00 to 0.25 g MSG/kg. The interaction between breeds and treatments did not significantly improve
performance in the DBB fed 0.75 g MSG/kg, as the bucks on this diet recorded significantly lower DWG and DFI
compared to those fed diets containing 0.00 to 0.50 g MSG/kg. However, the best FCR, in the interaction between
breeds and treatments, were recorded among the bucks fed 0.50 g MSG/kg diet for the two breeds of bucks.

Haematology and serum biochemistry
The haematological effects of the varying inclusions of MSG on the two breeds of rabbit bucks are shown in Table 3.
The different haematological indices studied in the present experiment showed no significant breed effects (P>0.05).
The same assertion could have held for the treatment effects, but for the PCV a significant (P<0.05) decrease was
observed among the bucks fed the diet containing 0.75 g MSG/kg when compared to those on the control diet and
those fed the diet B. The PCV values of the bucks fed 0.75 g MSG/kg diet were intermediate. Also, the interaction
between breeds and treatments did not influence (P>0.05) the haematological parameters, except for the PCV, where
bucks fed diet containing 0.75 g MSG/kg recorded the least significant (P<0.05) values when compared with DBB
on the control diet.
The effects of varying inclusions of MSG on the serum biochemical components of the two breeds of rabbit bucks
are shown in Table 4. The breeds of the rabbit bucks did not significantly (P>0.05) affect their serum biochemical
components. However, varying inclusions of MSG significantly affected some of the serum biochemical parameters.
For example, serum proteins, such as albumin and globulin, were significantly (P<0.05) influenced. The inclusion of
MSG at 0.75 g MSG/kg in diet resulted in a significant (P<0.05) increase in serum albumin, cholesterol and urea. In
contrast, a significant (P<0.05) reduction in serum globulin was observed compared to the control. The interaction
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Table 2: Performance of two breeds of rabbit bucks fed different levels of MSG for 56 d.
Breeds
Treatment (g/kg)
IBW (g)
FBW (g)
DWG (g/d)
NZWB
1375
1837
8.25a
DBB
1358
1872
9.19b
SEM
23
26
0.39
A
1365
1789a
7.57a
B
1370
1947c
10.30c
b
C
1375
1856
8.60b
b
D
1370
1873
8.99b
SEM
23
26
0.38

DFI (g/d)
31.66a
32.95b
0.27
32.10a
33.03 b
32.66a
34.20c
0.25

FCR
3.84
3.59
0.19
4.24c
3.21a
3.80b
3.80b
0.14

Breed x Treatment
NZWB
NZWB
NZWB
NZWB
DBB
DBB
DBB
DBB
SEM

A
B
C
D
A
B
C
D

P-values
Breeds (B)
Treatments (T)
B×T

1360
1367
1380
1393
1370
1344
1360
1356
23

1705a
1760a
1960b
1924b
1873b
1893b
1934b
1788a
26

6.15a
7.03a
10.36b
9.47b
8.99b
9.80b
10.24b
7.73a
0.31

30.00a
29.56a
33.06b
34.01b
34.20b
33.29b
33.00b
31.30a
0.28

4.87c
4.20b
3.19a
3.59b
3.80b
3.40b
3.22a
4.05c
0.17

0.12
0.16
0.21

0.71
0.04
0.04

0.01
0.04
0.01

0.04
0.02
0.01

0.10
0.01
0.02

Means in a column (within variable) without common superscripts are significantly (P<0.05) different. IBW: initial body weights,
FBW: final body weights, DWG: daily weight gain, DFI: daily feed intake, FCR: feed conversion ratio, NZWB: New Zealand White
Bucks, DBB: Dutch Belted Bucks, A=Control, B=Basal+0.25 g MSG/kg, C=Basal+0.50 g MSG/kg, D=Basal+0.75 g MSG/kg.
MSG: Monosodium glutamate, SEM: standard error of the mean.

between breeds and treatments did not significantly (P>0.05) influence the serum biochemical indices except the
serum globulin, where a significant effect was recorded.

Testicular and epididymal parameters
The effects of varying inclusions of MSG on the testicular weights, volumes and densities of the two breeds of
rabbit bucks are shown in Table 5. The effects of breeds, treatments and their interaction (P>0.05) on the studied
parameters were not significant. In the same vein, there were no noticeable (P>0.05) breed effects on the epididymal
sperm reserves (Table 6). All the parameters such as caput, corpus and cauda right and left epididymal sperm
reserves, as well as paired sperm reserves, were similar (P>0.05) statistically as far as breed effect was concerned.
However, treatment effects were pronounced (P<0.05) in the sperm reserves of the caput, corpus and total right
and left epididymides, respectively, as well as paired epididymal sperm reserves. It was, however, observed that
bucks fed 0.25 g MSG/kg diet recorded significantly (P<0.05) higher sperm reserves where treatment effects were
recorded. The interaction of the breeds and treatments did not affect (P>0.05) any of the epididymal sperm reserves.
The testicular sperm reserves (TSR), daily sperm production (DSP) and sperm production efficiency (SPE) are shown
in Table 7. From the result, it was clear that the breed did not influence (P>0.05) the TSR, DSP and SPE of the bucks.
The effects of the treatments were not significantly (P>0.05) felt on the studied parameters, except the DSP and
SPE, where bucks fed diets containing 0.25 g MSG/kg diet recorded significantly (P<0.05) higher DSP and SPE.
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Table 3: Haematology of two breeds of rabbit bucks fed different levels of MSG for 56 d.
Treatment PCV
Hb
RBC
MCV MCH MCHC MONO LYM HETERO BASO
Breeds
(g/kg)
(%) (g/dL) (x106/mm3) (fL)
(pg) (g/dL) (%)
(%)
(%)
(%)
NZWB
34.44 12.24
5.45
65.23 21.07 22.90 8.02 48.24 38.73 3.33
DBB
36.32 11.92
5.46
65.64 21.72 22.29 7.86 47.45 38.63 3.83
SEM
1.38 1.02
1.48
1.89 0.87 0.84 0.59 1.19 1.19 0.39
A
B
C
D
SEM
Breed×Treatment
NZWB
A
NZWB
B
NZWB
C
NZWB
D
DBB
A
DBB
B
DBB
C
DBB
D
SEM
P-values
Breeds
Treatments
B×T

EOSINO
(%)
2.38
2.23
0.35

36.53b
37.22b
35.65ab
32.92a
1.89

12.03
11.83
12.51
11.93
1.12

5.38
5.31
5.55
5.58
1.87

65.17
64.68
65.03
66.85
2.11

22.10
20.75
21.52
21.17
0.82

22.72
22.17
23.20
22.31
0.89

7.99
8.02
8.02
7.73
0.61

49.04
47.91
47.60
46.89
1.23

37.78
38.52
38.63
39.78
1.18

3.42
3.93
3.83
3.17
0.41

1.77
1.65
1.95
2.43
0.37

37.80ab
36.11ab
36.03ab
32.80a
41.27b
36.13ab
35.27ab
32.60a
1.47

11.83
12.47
12.90
11.75
12.23
11.42
12.13
11.91
1.07

5.53
5.35
5.53
5.44
5.24
5.85
5.57
5.18
1.57

63.83
67.74
65.57
63.80
66.52
66.00
64.50
65.57
2.12

20.67
21.23
21.37
21.08
23.53
21.14
21.67
20.5
0.97

23.50
21.81
23.93
22.37
21.93
22.84
22.47
21.97
0.94

7.37
8.15
8.07
8.53
8.62
7.32
7.97
7.53
0.55

50.00
48.48
46.33
48.16
48.08
45.28
48.86
47.64
1.28

38.37
38.27
39.83
38.47
37.22
41.34
37.47
38.53
1.11

3.13
2.73
3.87
3.63
3.70
3.60
3.73
4.27
0.36

1.13
2.37
1.93
1.27
2.40
2.50
1.97
2.03
0.32

0.09
0.03
0.02

0.29
0.41
0.20

0.19
0.48
0.07

0.16
0.08
0.55

0.31
0.17
0.75

0.27
0.10
0.57

0.16
0.17
0.11

0.20
0.09
0.70

0.23
0.33
0.89

0.72
0.11
0.84

0.81
0.15
0.90

Means in a column (within variable) without common superscripts are significantly (P<0.05) different. PCV: parked cell volume,
RBC: red blood cell, Hb: haemoglobin, LYM: lymphocyte, MONO: monocytes, BASO: basophils, HETERO: heterophils, EOSINO:
eosinophils, MCHC: mean corpuscular haemoglobin concentration, MCH: mean corpuscular haemoglobin, MCV: mean corpuscular
volume. IBW: initial body weights, FBW: final body weights, DWG: daily weight gain, DFI: daily feed intake, FCR: feed conversion
ratio, NZWB: New Zealand White Bucks, DBB: Dutch Belted Bucks, A=Control, B=Basal+0.25 g MSG/kg, C=Basal+0.50 g MSG/kg,
D=Basal+0.75 g MSG/kg. MSG: Monosodium glutamate, SEM: standard error of the mean.

The interaction of breeds and treatment, however, played no significant (P>0.05) role in influencing the reproductive
potential of the experimental bucks.

DISCUSSION
Parameters such as weight gain, feed conversion ratio and feed intake are reliable indicators often used to assess
the performance of animals and subsequent productivity of any animal production technique. Adopting the use of
feed flavour additives to enhance the palatability and acceptability of non-conventional feed resources, achieving
higher productivity in rabbit production without compromising the health status of the animals, could be a welcomed
development. The breed differences observed in the DWG and DFI of the two breeds of bucks could be due to their
genetic lineage variation. The New Zealand and Dutch belted breeds of rabbits were products of cross-breeding
programmes over some time. This involved breeding rabbits with diverse genetic makeup to arrive at a strain with
desirable heritable characters of values. The New Zealand rabbit, for instance, is the result of a cross between
Belgian hares and Flemish giants (Raising-Rabbits, 2021), while the Dutch breed descended from the Brabancon
breed (Lafeber, 2021). The significantly higher feed intake observed among the bucks fed 0.75 g MSG/kg diet (mainly
in NZW bucks) was indicative of the palatability enhancement of MSG in rabbit diets. This was in agreement with
Khadiga et al. (2009), who also observed an increased total feed intake in chicks fed 1% MSG. Gbore et al. (2016)
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Table 4: Serum biochemical components of two breeds of adult rabbit bucks fed different levels of MSG for 56 d.
Treatment
TP
ALB
GLB
CHOL
Urea
ALT
AST
CRT
Glucose
Breeds
(g/kg)
(g/dL)
(g/dL)
(g/dL) (mg/dL) (mg/dL) (U/L) (U/L) (mg/dL)
(g/dL)
NZWB
6.83
3.36
3.47
28.99 13.87 52.18 61.05 0.99
123.0
DBB
6.81
3.46
3.41
26.75 14.33 52.41 60.99 1.03
122.2
SEM
0.12
0.17
0.25
2.01
1.1
1.19 0.91
0.06
8.0

Breed×Treatment
NZWB
NZWB
NZWB
NZWB
DBB
DBB
DBB
DBB
SEM
P-values
Breeds
Treatments
B×T

A
B
C
D
SEM

6.93
6.81
6.62
6.93
0.22

3.25a
3.28a
3.29a
3.82b
0.23

3.81b
3.53ab
3.31ab
3.11a
0.24

26.03a 14.80ab
27.88a 13.80a
25.42a 11.73a
32.15b 16.07b
2.91
1.18

51.95
53.12
51.63
52.51
1.21

61.31
60.65
61.25
60.88
0.84

1.01
1.01
0.98
1.03
0.11

124.1
123.3
125.7
120.3
8.0

A
B
C
D
A
B
C
D

6.67
7.21
6.37
7.07
7.21
6.40
6.83
6.80
0.24

3.21
3.06
3.27
3.89
3.32
3.49
3.31
3.75
0.19

3.46b
4.14b
3.09ab
3.18ab
4.15b
2.91a
3.52b
3.05ab
0.23

27.21
26.47
27.13
35.17
24.87
29.34
23.71
29.13
2.92

15.17
13.13
11.55
15.63
14.43
14.47
11.92
16.51
1.13

52.93
51.72
51.17
52.93
50.97
54.51
52.11
52.07
1.17

61.27
59.97
61.87
61.10
61.33
61.33
60.63
60.67
0.73

0.96
1.09
0.83
1.06
1.07
0.92
1.13
1.01
0.09

119.0
121.3
121.6
121.3
120.0
119.3
120.1
119.3
7.6

0.34
0.09
0.11

0.52
0.01
0.17

0.41
0.03
0.01

0.67
0.02
0.23

0.12
0.01
0.58

0.08
0.22
0.32

0.31
0.14
0.09

0.06
0.22
0.09

0.11
0.94
0.54

Means in a column (within variable) without common superscripts are significantly (P<0.05) different. TP: total protein, ALB:
albumin, GLB: globulin, CHOL: cholesterol, ALT: alanine aminotransferase, AST: aspartate aminotransferase, CRT: creatinine,
NZWB: New Zealand White Bucks, DBB: Dutch Belted Bucks, A=Control, B=Basal+0.25 g MSG/kg, C=Basal+0.50 g MSG/kg,
D=Basal+0.75 g MSG/kg. MSG: Monosodium glutamate, SEM: standard error of the mean.

also reported increasing feed intake in response to an increased level of MSG used among female rabbits. The
mechanism whereby MSG enhances the palatability of feeds, influences appetite positively and induces weight gain
has been linked with stimulation of the orosensory receptors (Moore, 2003). However, the significantly higher DWG
and better FCR observed among the bucks fed 0.25 g MSG/kg diet, with lower feed intake, when compared to bucks
fed 0.75 g MSG, with higher feed intake, could be a result of the oxidative stress impact caused by high inclusion rate
of MSG in the diets (Kondoh and Toril, 2008). The interaction of the breeds and treatment revealed that supplementing
NZWB and DBB diets with 0.50 g MSG would bring about a better FCR.
Haematological indices are indicators and biomarkers used to assess the physiological influence of dietary treatments
on experimental animals. It has been established that the blood parameters directly affected by dietary influences
include RBC, PCV, serum proteins and glucose (Ewuola and Egbunike, 2008). From the present study, it was
clear that the inclusion rate of MSG used was not hazardous to the wellbeing of the bucks. This was a result of
the non-significant influence of varying inclusions of MSG on each of the parameters except the PCV, where a
significant effect was observed. The PCV were still within the range of haematological reference values for normal
rabbit bucks (33.10-47.70) as reported by Özkan et al. (2012). This was contrary to that reported by Gbore et al.
(2016), who observed reduced PCV and Hb values (lower than reference values) among rabbits orally administered
4 mg MSG/kg body weight. This variation could result from different factors such as route of MSG administration,
stress, blood collection methods and environmental conditions. The result of this study further showed that the
immune status of the bucks was not altered by varying inclusions of dietary MSG. This was in line with the findings
of Oyetunji (2013), who reported no influence on the haematological and biochemical parameters of Wistar rats
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Table 5: Testicular characteristics of two breeds of adult rabbit bucks fed different levels of MSG for 56 d.
Treatment LTW
RTW
PTW
LTV
RTV
PTV
LTD
RTD
PTD
Breeds
(g/kg)
(g)
(g)
(g)
(mL)
(mL)
(mL)
(g/mL) (g/mL) (g/mL)
NZWB
2.21
1.98
4.19
1.09
1.07
2.17
2.03
1.85
1.93
DBB
2.19
1.95
4.15
1.08
1.07
2.16
2.03
1.82
1.92
SEM
0.10
0.11
0.12
0.06
0.07
0.09
1.90
2.91
3.01

Breed×Treatment
NZWB
NZWB
NZWB
NZWB
DBB
DBB
DBB
DBB
SEM
P-values
Breeds
Treatments
B×T

A
B
C
D
SEM

2.11
2.23
2.39
2.07
0.13

1.80
2.06
2.17
1.83
0.16

3.91
4.29
4.57
3.9
0.39

1.11
1.04
1.09
1.1
0.08

1.05
1.03
1.07
1.08
0.02

2.21
2.09
2.18
2.18
0.05

1.91
2.14
2.19
1.88
0.14

1.64
2.00
2.03
1.69
0.18

1.77
2.05
2.11
1.79
0.16

A
B
C
D
A
B
C
D

2.13
2.33
2.31
2.09
2.11
2.14
2.48
2.05
0.12

1.81
2.17
2.03
1.99
1.78
1.95
2.32
1.77
0.13

3.93
4.52
4.34
3.99
3.88
4.09
4.79
3.82
0.24

1.14
1.03
1.12
1.08
1.08
1.06
1.07
1.12
0.05

1.11
1.01
1.09
1.07
1.08
1.04
1.05
1.09
0.04

2.25
2.05
2.23
2.15
2.17
2.12
2.12
2.21
0.07

1.87
2.26
2.06
1.94
1.94
2.02
2.32
1.83
2.4

1.63
2.15
1.86
1.78
1.65
1.88
2.21
1.62
3.25

1.75
2.23
1.95
1.86
1.79
1.93
2.26
1.73
3.43

0.28
0.07
0.11

0.52
0.14
0.30

0.18
0.83
0.15

0.06
0.19
0.35

0.08
0.21
0.51

0.13
0.49
0.09

0.46
0.17
0.22

0.10
0.13
0.56

0.15
0.91
0.44

LTW: left testis weight, RTW: right testis weight, PTW: paired testes weight, LTV: left testis volume, RTV: right testis volume, PTV:
paired testes volume, LTD: left testis density, RTD: right testis density, PTD: paired testes density NZW: New Zealand White,
DBB: Dutch Belted Bucks, A=Control, B=Basal+0.25 g MSG/kg, C=Basal+0.50 g MSG/kg, D=Basal+0.75 g MSG/kg. MSG:
Monosodium glutamate, SEM: standard error of the mean.

supplemented with 5 to 15 mg MSG/kg body weight. The non-significant white blood count differentials reported
in this research suggested that the varying inclusions of MSG as used in this study did not obstruct the normal
physiological functions of the bucks’ immune system to protect against infections.
The serum biochemical components help provide baseline information about the functionality and health status of
the body organs. Though significant treatment effects were observed in the serum albumin, globulin, cholesterol and
urea in this study, they were found to be within the range of reference values for normal rabbit bucks, as previously
reported by several studies (Elmas et al., 2006; Melillo, 2007; Özkan et al., 2012). Elevated serum glucose levels in
rabbits, for instance, were linked with stress factors (Melillo, 2007). Therefore, the non-significant effects of varying
inclusions of MSG on the glucose levels in this study could be due to the fact that the quantity of MSG employed
might not be sufficient enough to impose nutrition-induced stress on rabbit bucks. The liver is the site of blood protein
synthesis. Any impairment of hepatic function will be indicated in the disturbance of protein synthesis. The fact that
the serum proteins were within the normal range for rabbit bucks (Özkan et al., 2012) indicated that the amount of
MSG used in this study did not negatively affect the normal liver protein synthesis. However, the increasing levels of
albumin in response to the increasing inclusion level of MSG was indicative that higher inclusion levels of MSG might
disrupt the normal function of the liver as far as protein synthesis is concerned. The high level of serum enzymes
(aminotransferases) in the bloodstream suggests hepatocellular damage. Therefore, the quantity of MSG used in
this study did not affect the liver negatively. The non-significant differences observed in alanine aminotransferase
(ALT), and aspartate aminotransferase (AST) under the breed, treatment and their interaction in this study is an
indicator that there were no significant alterations in liver functions. Therefore, the present investigation revealed no
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Table 6: Epididymal sperm reserves of two breeds of adult rabbit bucks fed different levels of MSG for 56 d.
Treatment LESRC1 LESRC2 LESRC3 TLESR RESRC1 RESRC2 RESRC3 TRESR PESR
Breeds
(g/kg)
(x107) (x107) (x107) (x107) (x107) (x107) (x107) (x107) (x107)
NZWB
2.11
3.67
2.74
8.52
1.94
3.54
2.45
7.93
16.45
DBB
2.14
3.61
2.64
8.39
1.91
3.39
2.39
7.69
16.08
SEM
1.01
0.09
0.17
0.21
0.07
0.14
0.08
0.04
0.52
A
2.07a
3.45a
2.48
8.00a 1.84ab 3.27a
2.24
7.35a 15.35a
B
2.29b
3.82b
2.78
8.89b
2.05c
3.98b
2.52
8.65b 17.54b
C
2.14ab 3.70ab
2.82
8.66ab 1.99bc 3.66b
2.52
8.17b 16.83ab
D
1.99a 3.58ab
2.68
8.25a
1.80a
3.35a
2.45
7.55ab 15.81as
SEM
0.06
0.15
0.11
0.16
0.03
0.09
0.17
0.13
0.10
Breed×Treatment
NZWB
NZWB
NZWB
NZWB
DBB
DBB
DBB
DBB
SEM
P-values
Breeds
Treatments
B×T

A
B
C
D
A
B
C
D

1.94
2.37
2.11
2.01
2.27
2.22
2.17
1.96
0.07

3.47
4.01
3.59
3.68
3.43
3.63
3.82
3.56
0.12

2.47
2.99
2.75
2.76
2.49
2.57
2.89
2.65
0.16

7.88
9.37
8.45
8.37
8.12
8.42
8.88
8.12
0.14

1.78
2.15
2.23
1.82
1.99
1.95
1.99
1.78
0.06

3.32
3.74
3.72
3.39
3.22
3.43
3.59
3.35
0.09

2.21
2.72
2.44
2.48
2.28
2.33
2.61
2.32
0.12

7.39
8.59
8.16
7.69
7.48
7.71
8.19
7.49
0.47

15.18
17.96
16.61
16.06
15.52
16.13
17.07
15.52
0.31

0.51
0.01
0.09

0.07
0.01
0.27

0.31
0.15
0.62

0.26
0.03
0.53

0.11
0.01
0.06

0.72
0.02
0.90

0.83
0.41
0.19

0.10
0.04
0.33

0.34
0.01
0.45

Means in a column (within variable) without common superscripts are significantly (P<0.05) different. LESRC1: left epididymal
sperm reserve caput, LESRC2: left epididymal sperm reserve corpus, LESRC3: left epididymal sperm reserve cauda, TLESR: total
left epididymal sperm reserve, RESRC1: right epididymal sperm reserve caput, RESRC2: right epididymal sperm reserve corpus,
RESRC3: right epididymal sperm reserve cauda, TRESR: total right epididymal sperm reserve, PESR: paired epididymal sperm reserve,
NZWB: New Zealand White Bucks, DBB: Dutch Belted Bucks, A=Control, B=Basal+0.25 g MSG/kg, C=Basal+0.50 g MSG/kg,
D=Basal+0.75 g MSG/kg. MSG: Monosodium glutamate, SEM: standard error of the mean.

sign of hepatocellular damage induced by varying inclusions of MSG on the bucks fed the experimental diets. This
result contradicted the findings of Inuwa et al. (2011), who reported hepatocellular damage in Wistar rats treated
with 200 to 400 mg MSG/kg body weight and the reported significant elevation in the serum aminotransferases in
male albino rats fed a high dose of monosodium glutamate consumption (Egbuonu et al., 2009). An elevation in the
concentrations of serum creatinine and urea is also indicative of a decline in renal filtration ability. From our results,
it was clear that the kidneys of the bucks fed varying inclusions of MSG were unaffected, as indicated by the nonsignificant difference in creatinine and urea being within the reference values (Özkan et al., 2012).
The non-significant breed, treatment and interaction effects on the testicular weights, volumes and densities
observed in this study showed that inclusion of MSG up to 0.75 g/kg diet would not compromise the testicular
integrity of the bucks. Our result agreed with Olarotimi et al. (2020), who reported no adverse effect on the gross
testicular weights, volumes and densities of cocks fed MSG inclusion up to 0.75 g/kg diet. However, they observed a
significant increase in the testicular densities when MSG inclusion level above 0.75 g/kg diet was fed to the bucks.
This is instructive that grading up the inclusion level of the bucks’ diets above 0.75 g/kg diet MSG may predispose
them to be oligozoospermic or present increased abnormal sperm morphology. Reduction in daily sperm production
in MSG-treated animals has been explained as being caused by reduction in testicular weight, seminiferous tubular
diameter, epithelium and testicular seminiferous height (Fernandes et al., 2012). Therefore, the daily sperm production
tendency in the experimental bucks might not be hampered due to the morphological integrity of the testes that has
not been compromised by the varying inclusion levels of MSG. There were no breed and interaction effects on the
epididymal sperm reserves of the studied bucks. However, the significant treatment effects (increases) noted in the
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43

Adu et al.

Table 7: Testicular sperm reserves, sperm production and efficiency of two breeds of adult rabbit bucks fed different
levels of MSG for 56 d.
Treatment RTSR/g T
LTSR/g T PTSR/g T RTSR/T LTSR/T PTSR/T
DSP
SPE
Breeds
(g/kg)
(×108)
(×108)
(×108)
(×109)
(×109)
(×109)
(×109)
(x106)
NZW
1.52
1.63
3.15
2.59
2.72
5.32
1.55
0.92
DBB
1.39
1.52
2.91
2.33
2.51
4.85
1.41
0.85
SEM
0.07
0.09
0.06
0.04
0.09
0.08
0.06
0.03

Breed×Treatment
NZW
NZW
NZW
NZW
DBB
DBB
DBB
DBB
SEM

A
B
C
D
SEM

1.38
1.55
1.46
1.43
0.19

1.56
1.62
1.53
1.59
0.15

2.94
3.17
2.98
3.02
0.09

2.45
2.50
2.50
2.41
0.18

2.63
2.62
2.59
2.64
0.16

5.07
5.13
5.11
5.05
0.11

1.48ab
1.58b
1.50ab
1.47a
0.08

0.86a
0.92b
0.87a
0.88a
0.13

A
B
C
D
A
B
C
D

1.42
1.69
1.42
1.53
1.35
1.40
1.49
1.32
0.42

1.53
1.76
1.47
1.77
1.58
1.48
1.59
1.42
0.09

2.95
3.45
2.89
3.30
2.93
2.88
3.08
2.74
0.91

2.56
2.71
2.45
2.65
2.33
2.28
2.56
2.16
0.11

2.71
2.74
2.55
2.89
2.54
2.49
2.62
2.39
0.08

5.26
5.45
5.03
5.54
4.88
4.81
5.18
4.55
0.18

1.53
1.59
1.47
1.62
1.42
1.40
1.51
1.33
0.38

0.86
1.01
0.84
0.96
0.85
0.84
0.90
0.80
0.09

0.16
0.08
0.23

0.87
0.09
0.12

0.45
0.11
0.63

0.02
0.24
0.18

0.01
0.13
0.22

0.01
0.32
0.19

0.09
0.02
0.16

0.11
0.03
0.42

P-values
Breeds
Treatments
B×T

Means in a column (within variable) without common superscripts are significantly (P<0.05) different. RTSR/g T: right testicular
sperm reserve per gram testis, LTSR/g T: left testicular sperm reserve per gram testis, PTSR/g T: paired testicular sperm reserve
per gram testis, RTSR/ T: right testicular sperm reserve per testis, LTSR/ T: left testicular sperm reserve per testis, PTSR/g T: paired
testicular sperm reserve per testis, DSP: daily sperm production, SPE: Sperm production efficiency, NZWB: New Zealand White
Bucks, DBB: Dutch Belted Bucks, A=Control, B=Basal+0.25 g MSG/kg, C=Basal+0.50 g MSG/kg, D=Basal+0.75 g MSG/kg. MSG:
Monosodium glutamate, SEM: standard error of the mean.

left caput and corpus, right caput and corpus, total left and right as well as paired epididymal sperm reserves of the
bucks fed 0.25 g MSG/kg diet indicated that sperm storage tendency is better enhanced at 0.25 g/kg MSG. Though
the inclusion of 0.50 and 0.75 g MSG/kg diet did not significantly hamper the ability of the epididymis in sperm
storage, there may be distortion in the function of this organ if inclusion above 0.75 g/kg MSG is used. Our results
partially agreed with a previous study that reported that epididymal sperm reserve was enhanced when bucks were
fed MSG diets up to 0.50 g. However, a decrease in epididymal sperm reserve was observed at 0.75 and above
(Olarotimi and Adu, 2020b). Considering a reduction in epididymal sperm reserve, especially at 0.75 g/kg MSG, it
is indicative that increasing levels of MSG above this could intercept the normal process of spermatogenesis and
thereby adversely affect the bucks’ reproduction potential. The experimental bucks’ daily sperm production and
sperm production efficiency followed the same trend as observed in the epididymal sperm reserve, as they were
better enhanced at 0.25 g MSG/kg diet. Though the DSP and SPE recorded among the bucks on the diet containing
0.75 g MSG/kg diet was not significantly different from the means recorded among those on the control diet; any
further increase in MSG inclusion could have a detrimental effect on normal spermatogenesis process in the bucks.
This is because increasing MSG inclusion had been explained as causing degeneration of Sertoli cells that provide
nourishment for the growth and survival of sperm cells within the seminiferous tubules (Olarotimi and Adu, 2020a).

44

World Rabbit Sci. 30: 35-46

Effects of monosodium glutamate on rabbit bucks
The results of the present study may be limited. One of the limitations of this study is that the effectiveness of MSG on
reproductive parameters has not been fully proven, since it would be necessary to carry out an experiment using the
semen of these males to inseminate rabbits and study fertility and prolificacy. Moreover, further research is required
to assess the impact of dietary MSG on rabbit bucks fed treated diets from the postnatal to adult stage.

CONCLUSION
Though supplementation of bucks’ diets with MSG up to 0.75 g/kg did not have negative effects on the health status
as shown by the blood profile, performance and reproductive potential, the optimum performance and reproductive
potential as shown by the epididymal sperm reserve, daily sperm production and sperm production efficiency were
enhanced at 0.25 g MSG/kg diet inclusion level. Rabbit farmers could therefore enhance the palatability of the
non-conventional feed resources in rabbit feed production for optimum feed utilisation by including 0.25 g MSG/kg diet,
without conferring any adverse effects on the performance, health status and reproductive potential of the bucks
irrespective of the breeds of bucks involved.
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ASPECTS OF SOCIAL BEHAVIOUR AND REPRODUCTION IN THE WILD RABBIT
– IMPLICATIONS FOR RABBIT BREEDING?
Heiko Georg Rödel
Laboratoire d’Ethologie Expérimentale et Comparée, UR 4443, LEEC, Université Sorbonne Paris Nord, F-93430 Villetaneuse, France.
Abstract: Further knowledge on aspects of social behaviour in the wild rabbit (Oryctolagus cuniculus), including
the link to reproduction, could possibly point to new ways to improve housing and breeding conditions in rabbit
farming. In this review, I present some results of our long-term study on a 2-hectare field enclosure population of
wild rabbits (University of Bayreuth, Germany), exploring group-level and individual-level differences in agonistic
behaviour of females and their potential associations with reproductive traits, including offspring survival. The
frequency of agonistic behaviour in which females were involved, increased with increasing group size, and was
lower in groups with a more heterogeneous age structure. At the individual level, reproducing females were
involved in more agonistic interactions when groupmates gave birth and thus built their burrows and nests at
around the same time, and higher-ranking mothers were particularly aggressive when other females approached
close to their nursery burrows. Associations between females’ social environment and reproduction were
evident, as the numbers of litters and offspring per female were lower at higher female densities, high-ranking
females produced more offspring and had a lower offspring mortality than low-ranking ones, and cases of
infanticide were lower in more stable groups, which we quantified by the more heterogeneous age structure of
the females’ rank hierarchy in such groups. Furthermore, perinatal offspring mortality was increased in females
with a delayed burrow and nest building activity, i.e. does that dug their nursery burrow and built their nest
only during the last 24 h pre-partum, possibly driven by the more unfavourable social environment experienced
by such females. Most importantly, our studies highlight the importance of the presence of litter siblings in
improving an individual’s social environment, which resulted in an earlier onset of breeding in such females.
Higher levels of positive social interactions with litter siblings were also associated with lower stress hormone
(corticosterone) levels and with a better health status in terms of lower loads with an intestinal nematode. These
findings on ameliorating effects of litter sibling presence in growing rabbits as well as in reproducing females
may be a promising starting point worth further exploration in the context of group housing of domestic rabbits.
Key Words: rabbits, affiliative behaviour, agonistic behaviour, density effects, group stability, infanticide,
sibling effects.

INTRODUCTION
The use of traditional single cage house systems for rabbit farming is increasingly discouraged by national
recommendations or legislation in favour of alternative rearing systems in which the animals are kept in groups
(reviewed in Szendrő et al., 2019). Although keeping a group-living animal such as the rabbit Oryctolagus cuniculus
(cf. Myers and Poole, 1961; Cowan, 1987; von Holst et al., 2002) in an environment allowing the animals to
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interact with conspecifics complies with animal welfare standards at first sight, group housing in spatially confined
environments on a smaller scale can have negative consequences for their wellbeing. Studies on domestic rabbits,
making use of different housing systems, showed that group living, in particular in breeding does but also in growing
rabbits, is associated with the occurrence of aggressive interactions (e.g., Szendrő et al., 2009; Szendrő and McNitt,
2012; Buijs et al., 2015; Gerencsér et al., 2019). Such conditions can result in the infliction of sometimes severe
wounds, higher disease risk and increased kit mortality, and in lower growth rates or even weight loss, thus negatively
affecting animal welfare and productivity (Pérez-Fuentes et al., 2000; Szendrő and McNitt, 2012; Dal Bosco et al.,
2019). This highlights the need for further research providing the basis to rethink, improve and possibly develop
new rabbit housing systems (Trocino and Xiccato, 2006; Szendrő et al., 2019; Villagrá García, 2020). In this context
it may prove useful to take a closer look at the European (wild) rabbit, either in the wild or under semi-natural
conditions. Such studies may lead to a better understanding of the drivers of agonistic interactions including their
link to reproduction, and thus may possibly indicate ways to improve the social environment in rabbit groups kept
under human care. In addition, detailed and individual-based information on social behaviour and reproduction of the
wild rabbit may also be useful for improving the management of captive colony systems in which rabbits are reared
for restocking of wild populations for conservation or for hunting purposes (Moreno et al., 2004; Letty et al., 2008).
This paper reviews parts of our work that were carried out on animals from a wild rabbit (Oryctolagus cuniculus
cuniculus) colony living in a 2-hectare field enclosure in a temperate zone habitat, maintained by the Department of
Animal Physiology, and situated at the campus of the University of Bayreuth in Germany (49.92°N, 11.59°E, elevation
359 m a.s.l.). The paper will particularly focus on conditions driving group-level and individual-level differences in
social behaviour and their association with female reproductive performance and offspring survival. The animals of
this population, which were studied by our group from 1987 to 2011, were descendants from rabbits caught in the
wild in South Germany (details in von Holst et al., 2002). Vegetation in the enclosure consisted of grassland (mainly
Lolium perenne and Festuca rubra) interspersed with groups of trees and a pond in the middle. The green pasture
was the animals’ only food source during the breeding season and thus there was seasonal variation in food quality.
Additional hay, harvested from meadows of the surrounding farmland, with similar vegetation to that inside the
enclosure, was provided only during the winter. The enclosure contained 16 artificial warrens made of concrete, with
interconnected chambers and removable lids. These were evenly distributed in the enclosure, with at least one per
social group. Females used them for breeding, although they also dug their own, natural burrows.
A major strength of this project was that the animals lived under minimum human disturbance in a natural environment
of larger scale and thus could show their natural social and reproductive behaviour, including their self-organisation
into distinct social groups. By regular observations from two outlook towers, we collected individual-based behavioural
data, as all animals could be identified from the distance by their coloured aluminium ear tags (details in: von Holst
et al., 2002; Rödel et al., 2008c). Furthermore, as we found virtually all litters on postnatal day 1 during our daily
check walks, and since we could determine maternities (by direct observations together with the mothers’ abdominal
hair colouring, see Rödel et al., 2008b), we obtained individual reproductive histories of all females over their lifetime,
including information on survival of their offspring (details in: von Holst et al., 2002; Rödel et al., 2009b).

BRIEF SUMMARY OF THE WILD RABBIT’S SOCIAL ORGANISATION AND SEASONAL REPRODUCTION
The European rabbit (‘wild rabbit’) is organised in social groups which can vary in size, with around 1-5 adult males
and 1-8 adult females (Parer, 1977; Cowan, 1987; von Holst et al., 2002). Within groups, adult rabbits maintain a
sex-specific linear rank order (Myers and Poole, 1961). During the onset of the breeding season, and related to the
acquisition and maintenance of high(er) social rank positions, an annual maximum in intra-sexual competition can
be observed. This includes chasing and even fierce fights in both sexes, particularly pronounced in males (von Holst
et al., 1999). As a consequence, during the early breeding season, adult males typically show an on average higher
number of wounds inflicted by such intra-sexual aggression compared to females (von Holst et al., 1999). Later in
the breeding season, agonistic interactions become increasingly ritualised such as by the display of displacements
rather than chasing events, mainly evident among females of the same social group with established and stable rank
hierarchy (von Holst et al., 1999).
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Since males predominantly compete for the access to females and females for the access to high quality sites to
build their nursery burrows, achieving a high social rank provides priority of access to these resources (Mykytowycz
and Fullagar, 1973; von Holst et al., 1999). Priority of access to adult females of the group inevitably leads to a high
reproductive success in dominant males. Moreover, females that reached a higher (dominant) social rank early in life
showed a higher lifelong reproductive success, including better offspring survival (von Holst et al., 2002; Rödel et al.,
2009a).
Natal dispersal in the rabbit tends to be sex-specific, i.e. young males usually disperse to other groups, whereas
young females often remain in their birth group (Parer, 1992; Künkele and von Holst, 1996). This typically results in a
high degree of relatedness amongst the adult females of a social group (Webb et al., 1995; Richardson et al., 2002).
The breeding season of the rabbit varies considerably in onset and in duration, mainly depending on the climatic
conditions (Thompson and King, 1994; Tablado et al., 2009). In Mediterranean habitats with dry summers, the
breeding season usually lasts from autumn/winter until late spring/early summer. In temperate zone habitats with
colder winters, i.e. under the conditions where our field enclosure study was carried out, it lasts from early spring until
summer/autumn (von Holst et al., 2002; Rödel et al., 2008a). However, also in temperate zone habitats, the rabbit’s
reproductive activity can be decreased or paused during hot and dry summer periods (Rödel and von Holst, 2008).
Depending on the climatic conditions, the age at first reproduction can vary strongly. The wild rabbit, like domestic
breeds, can potentially reach sexual maturity at an age of 3-4 mo (Tablado et al., 2009). For example, in populations
in southern Spain, some females already start reproducing at this age, i.e. within their season of birth (Rogers et al.,
1994). In temperate zone habitats with colder winter periods, such as under the conditions of our field enclosure
study in South Germany, rabbits usually started to reproduce in spring following their year of birth, thus at an age of
8-12 mo (von Holst et al., 2002).
Mainly depending on the length of the breeding season, the average number of litters per female and season can
vary considerably between populations, ranging from an average of 2.3 to 7.0 (Tablado et al., 2009). There is an even
stronger variability at the individual level within populations, for example females in our study population produced
between 0 and up to 8 litters (up to 25 kits) per season, on av. 2.5 litters and 11.8 kits (Rödel et al., 2009b). The litter
size in the wild rabbit is smaller than in domestic breeds used for rabbit farming and shows a clear seasonal pattern
(Eccard and Rödel, 2011). Our long-term study revealed that litters born during the early breeding season are usually
the smallest, with an average litter size of 2.9 kits (95% confidence interval: CI95% =[2.7, 3.1]; min=1, max=5), then
increasing to on av. 4.2 kits/litter (CI95% =[4.0, 4.4]; min=1, max=8) in the mid breeding season, and decreasing again
to on av. 3.2 kits/litter during late season (CI95% =[2.9, 3.5]; min=1, max=7). Furthermore, first-season breeders
(under the climatic conditions of our study: one-year-old females) typically show a lower reproductive performance
than older mothers, as, for example, our study over 9 years revealed that one-year-old mothers produced on average
4.1 offspring less per season than older ones (Rödel et al., 2004b).

EFFECTS OF DENSITY ON REPRODUCTION AND ON AGONISTIC BEHAVIOUR
Our results demonstrate clear effects of the density of adult females on their reproductive performance (Rödel et al.,
2004b). The higher the female density was, the lower was the average number of litters born per female during
the breeding season (linear model LM: R 2=0.576, P=0.007; Figure 1a). In consequence, the average offspring
number per female under higher density conditions was also significantly decreased (LM: R 2=0.581, P=0.006;
Figure 1b). This density-dependent pattern is in accordance with the results obtained in other studies on wild rabbits
describing a decrease in annual birth rates when population density increased (Brambell, 1944; Myers and Poole,
1962). Interestingly, our long-term study did not support any density-dependent differences in litter size or in offspring
body mass (details in: Rödel et al., 2004b).
These results, although obtained on a very different spatial scale than under breeding conditions (8-26 adult females
per 10 000 m2; Figure 1), indicate the existence of mechanisms compromising the reproductive performance of
individual females when at higher density (Rödel et al., 2004b). Under the climatic conditions of our field enclosure
study, green pasture was always available, and thus density effects due to scramble competition for food appear
rather improbable. We suggest that social mechanisms, such as an increased competition for breeding resources
World Rabbit Sci. 30: 47-59
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Figure 1: Associations between the annual breeding density (per hectare) of adult female European rabbits and (a) the
mean litter size and the (b) mean number of offspring/females during the breeding season (modified after Rödel et al.,
2004b). Data were averaged (±standard error) over females present until the end of the particular breeding season
(N =11 yr); only females older than one year were considered. See text for statistics.
among females like for high quality burrows or sites for burrows (cf. Myers and Poole, 1961; Mykytowycz and
Fullagar, 1973) could be the main driver of the observed density-dependent pattern in reproductive performance.
An increased level of aggressive interactions at high density may cause chronic social stress including an increased
adrenocortical activity. This, in turn, can result in a decreased secretion of gonadotropins and thus in a depression
of reproductive function (Bronson et al., 1973; von Holst, 1998). Interestingly, our study demonstrated that densitydriven changes in reproductive performance affect both high-ranking (dominant) and lower-ranking (subordinate)
females in a similar way (Rödel et al., 2004b), even though subordinate rabbit females typically show higher stress
hormone (corticosterone) levels compared to dominant ones (von Holst et al., 1999).
An increase in agonistic interactions among females along with an increasing population density has been shown in
a wild rabbit enclosure study in Australia (Myers and Poole, 1961). Furthermore, the authors reported that in contrast
to the results obtained in females, agonistic behaviour in males was always high, either at higher or lower population
densities (Myers and Poole, 1961). We were able to confirm this positive density-dependence in female agonistic
interactions by our behavioural observations during the early breeding season, based on data collected from different
social groups over three years (LM: R 2=0.406, P=0.024; Figure 2). In groups including only two adult females, the
average frequency of agonistic behaviour observed per female (offensive or defensive displacements and chasing
events, and fights in rare cases) was 0.8 interactions/h, whereas in groups including 6 females the average frequency
of interactions/h was 2.6, thus around 3.3 times higher. During the later breeding season, such agonistic interactions
among females usually decrease in frequency and become more ritualised (von Holst et al., 1999). That is, later
in the season chasing events between females and fights among them can hardly be observed, as the social rank
order usually (but not always) stabilises. Furthermore, note that in our field enclosure study, the average territory size
occupied and defended by a social group was around 2500 m2 (details in Seltmann et al., 2017). Thus, females, even
within groups, were able to keep larger inter-individual distances, although aggregations of groupmates feeding in
close proximity over longer spans of time were frequently observed (e.g., Monclús and Rödel, 2008).
Such increases in female intra-sexual aggression at higher stocking densities have been also observed in studies on
domestic rabbits kept in pens or small colonies (Di Meo et al., 2003; Szendrő et al., 2009; Buijs et al., 2016; Zomeño
et al., 2017). Moreover, studies in the domestic rabbit have reported negative consequences of high density or larger
group size, for example with respect to an increased occurrence of wounds inflicted by agonistic interactions and
in some studies by a compromised weight gain or even weight losses (Di Meo et al., 2003; Villalobos et al., 2008;
Szendrő et al., 2009; Bhattacharjya et al., 2015; Trocino et al., 2015). The latter findings are in accordance with our
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Figure 2: Association between the number of adult females per social group and the mean agonistic behaviour
(offensive and defensive interactions) averaged per female of each group. Behavioural observations of females from
a total of N =20 groups (5-9 different groups per year, data from 3 yr), carried out during the first 4 wk after the
occurrence of the first annual parturition around early April. See text for statistics.
results obtained in the wild rabbit, as a high population density had a negative, although only slight impact on the body
mass the animals reached until autumn of their year of birth, i.e. when around 4-7 months old (Rödel et al., 2004a).

FURTHER DRIVERS OF DIFFERENCES IN AGONISTIC BEHAVIOUR AMONG FEMALES
Competitive interactions among females are affected by their reproductive timing
Within a population, wild rabbit females often show a certain degree of synchronisation in the timing of parturition.
Since the onset of the annual breeding activity in this species is triggered by the prevailing weather conditions (and
thus by the resulting food availability, affecting female body condition: Bell and Webb, 1991; Rödel et al., 2005), the
rabbit’s postpartum oestrus (Brambell, 1944) can lead to the occurrence of rather distinct breeding pulses throughout
the breeding season. Our long-term studies showed that concurrent reproduction of different females within a group
can enhance competition among them and can entail negative consequences for offspring survival (Seltmann et al.,
2017).
That is, females that experienced concurrent parturitions of groupmates within 2 d prior to or after their own parturition
date were involved in significantly more (offensive and defensive) agonistic interactions than females with no such
concurrent birth events within their social group (linear mixed-effects model LMM: χ 12=5.11, P=0.024; Figure 3a).
Our findings further indicate that a high degree of involvement in these competitive interactions around the time of
parturition can constrain females in constructing their nursery burrow, including the nest consisting of hay and her
own abdominal hair. Usually, the pregnant rabbit digs the nursery burrow and starts building the nest with dry grass
several days before giving birth (Mykytowycz, 1958; Myers and Poole, 1961). During the last night, she usually lines
the nest with hair pulled from her ventrum (González-Mariscal and Rosenblatt, 1996). However, we sometimes found
cases of females which accomplished all these tasks during the last 24 h pre-partum (Seltmann et al., 2017). This
accumulation of different energy-demanding activities within such a short time was possibly the main reason these
females showed an increased probability of perinatal offspring mortality (including stillbirths), affecting around 36%
of their litters (see a detailed discussion of possible mechanisms in Seltmann et al., 2017).

Agonistic behaviour in the context of offspring defence
For this study, we observed the agonistic interactions of high-ranking females (social ranks 1 and 2) shortly after
parturition (Rödel et al., 2008b). These high-ranking mothers showed significantly increased levels of agonistic
behaviour towards other adult females, displacing or chasing them away when they were approaching the area close
to the entrance of the burrow including the offspring of the high-ranking mother in focus (LMM: χ 12=7.79, P=0.005;
World Rabbit Sci. 30: 47-59
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Figure 3: (a) Comparison of agonistic interactions (offensive and defensive) of females experiencing or not experiencing
concurrent parturition of groupmates within 2 days before or after giving birth. Behavioural data were collected during
the last 2 wk before parturition of the focal females. (b) Comparison of offensive agonistic interactions (chasing,
displacements) of high-ranking mothers (ranks 1, 2) towards other adult females occurring in close or farther distance
to the entrance of mother’s nursery burrow. Data were collected during postpartum days 1-20. For both graphs,
mean values with 95% confidence intervals are given. *P<0.05; **P<0.01. Sample sizes inside the bars provide
(a) N reproductive events from a total of 41 females, and (b) individual-based repeated measurements; see text for
statistics. Modified after (a) Seltmann et al. (2017) and (b) Rödel et al. (2008b).
Figure 3b). A further indication that rabbit mothers were particularly attentive in defending their burrow during the first
few days after parturition was given by the fact that mother’s average distance to her burrow entrance during the first
10 d postpartum was significantly lower (on average 17 m, CI95%=[12 m, 22 m]) than during the later period from
postpartum day 10 until the emergence of the kits above ground at around day 20 (mother’s distance to burrow of on
average 23 m, CI95%= [18 m, 27 m]; LMM: χ 12=10.37, P=0.001) (more details in Rödel et al., 2008b).

Occurrence of infanticide
Increased aggressiveness of females around parturition is a well-known behavioural phenomenon in mammals, with
a clear hormonal basis (Svare, 1981; Caughey et al., 2011). Such ‘maternal aggression’ is an important component
of maternal care behaviour to adaptively protect offspring from harm. In the rabbit, patterns of maternal offspring
defence against approaching conspecifics, as described above, may have evolved as a response to the occurrence
of infanticide. Under natural conditions, nest mortality in the rabbit is high, approximately 40% mostly affecting
the whole litter and driven by manifold factors and conditions (von Holst et al., 2002; Palomares, 2003; Rödel
et al., 2009a). Among these factors, infanticide plays a small but non-negligible role, and our field enclosure studies
revealed the occurrence of cases of infanticide in around 2-6% of the litters per season, although during some
years this phenomenon was not observed at all (Künkele, 1992; Rödel et al., 2008b, 2009a). The perpetrators of
infanticide in the wild rabbit are adult females other than the mother. The nursery burrow constitutes an important
and energetically costly-to-build breeding resource, and thus females sometimes attempt to take over the burrow of
another female. In doing so, a female may scrape out an existing nest of another mother including the new-born kits,
frequently before starting to construct her own nest inside this burrow. In most cases, infanticide happens during
the first few days postpartum. Kits are typically killed (or severely hurt) by bites and sometimes by the claws of the
perpetrator. Even if some kits may survive the removal from the nursery burrow by the infanticidal female, these are
quickly taken by predators such as magpies (Pica pica) or carrion crows (Corvus corone) (Rödel et al., 2008b, 2009a).
Our studies further revealed that rabbit mothers responded strongly to distress calls of kits (Rödel et al., 2013). Rabbit
kits, even when only a few days old, are capable of emitting trains of high-pitched calls under conditions of distress
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(see sonogram in Rödel et al., 2013). We hypothesised that these distress calls, which are expectantly emitted by the
kits while taken out of the nursery burrow by an infanticidal female, might serve to alert the mother. Indeed, during
playback experiments in the field, mothers quickly ran towards their burrows when recordings of kit distress calls
were played close to the burrow entrance (Rödel et al., 2013). Mothers then carefully checked the entrance area and
remained close to the burrow for some time. In addition, we found some anecdotal support that maternal offspring
defence triggered by the kits’ distress calls can also occur later on. Shortly after the emergence of the kits from the
nursery burrow (i.e. after postnatal day 20, see Rödel et al., 2015), we observed two cases during which the mother
readily came running to defend her young against the attack of a magpie.

Group stability as a potential driver of infanticide
Given the large variation in infanticide rates among different years and social groups (see above), we aimed to identify
factors driving the occurrence of this phenomenon. Surprisingly, we did not find any support that offspring from
lower-ranking or younger mothers were more prone to infanticide than offspring from higher-ranking or older ones.
Furthermore, in our field enclosure study, infanticide rates were not higher during higher population densities (Rödel
et al., 2008b).
We hypothesised that instabilities in female social rank hierarchy associated with an increased intra-group competition
may be a possible driver of infanticide within a group (see Rödel et al., 2008b). Usually, the social rank position of
females is closely related to their age (i.e., to their year of birth, Rödel et al., 2004b). Young adult females (under the
conditions of our enclosure: one-year-old females) typically start occupying the lowest social rank positions once they
are recruited into a social group at the onset of their first breeding season. When getting older, females are rising in
social rank, so usually the oldest ones within a social group will occupy the highest (dominant) rank positions. In this
way, when only single or very few (young) females are integrating a social group during consecutive seasons, the rank
hierarchy remains maximally age-structured (heterogeneous) and intra-sexual competition should thus be expectantly
low. In contrast, we predicted that the occurrence of clusters of same-aged females within a social group, i.e. a low
degree of heterogeneity in age structure, (a) may lead to a more unstable social situation characterised by more
competitive interactions among female groupmates, and (b) in consequence, this may lead to increased infanticide
rates within such groups.
These assumptions were supported by our findings. (a) Observations of high-ranking females prior to their parturition
revealed that individuals whose lower-ranking female groupmate had the same age (i.e., the same year of birth) were
involved in significantly more agonistic interactions than females with a younger groupmate on the following (lower)
rank position (LMM: χ 12=6.97, P=0.008; Figure 4a). At the group level, this finding suggests lower levels of intrasexual aggression in groups with a more age-structured female rank hierarchy. (b) Furthermore, by a study of all social
groups from our population over 5 yr, we found that indeed the rate of infanticide depended on the age structure of
the social rank hierarchy within groups. That is, in groups with a more heterogeneous age structure, the proportion of
litters with infanticide was significantly lower, by 6.9%, compared to groups including clusters of same-aged females
occupying consecutive social ranks (LMM: χ 12=4.06, P=0.043; Figure 4b).
These results underline the potential of an age-structured rank hierarchy in keeping potentially stressful competitive
interactions within-group, as well as infanticide-driven offspring mortality at lower levels. It should be noted that in
our study, groups with a more heterogeneous age structure were naturally emerging over consecutive years, but were
not artificially designed by mixing together females of different age classes. Thus, it remains unclear to what extent
the observed link between female age structure within groups, its link to intra-sexual aggression and the potential
consequences on offspring survival may find applications in the context of domestic rabbit breeding.

AMELIORATING EFFECTS OF SIBLING PRESENCE
The presence of positive social interactions with bonding partners, for example with close kin, can be beneficial,
as they can effectively increase an individual’s ability to cope with challenging situations. Such effects, termed
as ‘social buffering’ or ‘social support’, have the potential to reduce (chronic) stress, including its negative
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Figure 4: (a) Offensive agonistic interactions (chasing and displacement) displayed by higher-ranking females (social
ranks 1-3) during 3 wk prior to parturition. Comparison between females of the same age (in years) as their female
groupmate with subsequent lower social rank score and females whose groupmate with subsequent social rank was
different (in all cases: younger) in age. Only higher-ranking females (ranks 1-3) were considered for analysis; the
number of females is given in the bars (data from 3 yr). (b) Comparison of the percentage of litters in which infanticide
occurred (single kits or whole litter) on the total number of litters born per breeding season between groups with high
or low heterogeneity in the age structure of the females’ rank hierarchy (modified after Rödel et al., 2008b). High and
low heterogeneity were determined based on the age (in years) of the 3 highest ranking females per group (social rank
1-3); the number of social groups is given in the bars (data from 5 yr). In (a) predicted values with 95% confidence
intervals based on parameter estimates of a multifactorial model (including the effects of age difference to the lowerranking groupmate as well as of the social rank of the female in focus) are given, and in (b) mean values with 95%
confidence intervals are provided; see text for statistics. *P<0.05; **P<0.01.
consequences on health and wellbeing (e.g., Henry and Stephens, 1977; Rodríguez and Cohen, 1998; DeVries
et al., 2003).

Social support lowers stress hormone levels and loads of an intestinal nematode
We investigated the existence of such social support effects on stress hormone levels and endoparasite loads in
juvenile and sub-adult rabbits from our field enclosure population. To this end, we quantified the level of positive
social interactions with potential bonding partners (close kin), i.e. the percentage of time an individual spent in close
contact with its litter siblings and mother during early life. This was done by regular observations, starting on postnatal
day 30 (i.e., around weaning) until around day 90. During summer, we caught the animals and determined their stress
hormone levels from blood (serum corticosterone concentrations after ACTH challenge). In autumn, when the animals
were on average 6 mo old, we caught and dissected them and quantified their gastrointestinal nematode loads (Rödel
and Starkloff, 2014).
Individuals that experienced a more favourable social situation in terms of more positive social interactions with
siblings and mother during early life showed lower stress hormone (corticosterone) levels in summer (LMM: χ 12=13.85,
marginal R 2=0.250, P<0.001; Figure 5a). Furthermore, more positive social interactions with close kin during the
period after weaning were associated with lower loads with the intestinal nematode Passalurus ambiguus (and also
with Trichostrongylus retortaeformis, with a similar statistical trend) in later life, when the animals had reached an
average age of 6 months (LMM: χ 12=8.28, marginal R 2=0.117, P=0.004; Figure 5b). These results strongly suggest
effects of social support by siblings and mother. Juveniles/sub-adults experience various sources of social stress,
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Figure 5: Associations between the level of positive social behaviour of juvenile rabbits with their mother and litter
siblings during the following 2 mo after weaning by the mother (around postnatal day 28) and (a) their serum
corticosterone concentrations (after challenge with synthetic adrenocorticotropic hormone ACTH; N=27 sub-adults,
both sexes) during summer, and (b) their loads of the intestinal nematode P. ambiguus in autumn (N=58 sub-adults,
both sexes). Positive social behaviour was quantified as the percentage observation time spent in close proximity to
mother and litter siblings, within a distance of less than 1 body length. Regression lines with 95% confidence bands
are given; see text for statistics. Modified after Rödel and Starkloff (2014).
for example because resident adults typically start chasing them out of the group territories during late summer
and autumn, in particular at higher population densities (Myers and Poole, 1961; Cowan, 1987). Positive social
interactions with siblings and mother might have lowered resulting effects of social stress, such as by buffering its
potential immunosuppressive effects (cf. von Holst, 1998). In turn, immunosuppression in more stressed animals
experiencing lower levels of social support could have led to their increased endoparasite loads.

Sibling presence and reproduction
We also explored potentially ameliorating effects of the presence of a female’s litter sisters within the same social
group on her social situation and reproduction during her first year of life and her first breeding season (Rödel et al.,
2008c). For this study, we managed to observe 4 pairings of litter siblings (3 twins, 1 trio) which stayed together in
the same social groups, from their early juvenile period until their first reproduction in spring during the following year.
During all periods of this study, in summer/autumn when the animals were around 3-6 mo old (LMM with permutation
test: P=0.008; Figure 6a), in winter at an age of 8-10 mo (P=0.026; Figure 6b), and during the following reproductive
season when the animals had reached an age of around 12-14 mo (P=0.002; Figure 6c), females with present litter
sisters were involved in significantly more positive social interactions compared to other females of the same age
but without sisters in their group. Most importantly, these higher levels of positive social behaviour experienced by
females with litter sisters was not only attributed to affiliative interactions with their sisters but also to interactions with
other female groupmates. This suggests that the presence of litter sisters generally improved the social environment
for such females, with potential positive effects for their welfare.
Furthermore, our results showed positive consequences of sibling presence on an important reproductive trait, the
annual onset of breeding. Females with litter sisters in their group started to reproduce significantly earlier during the
breeding season, by 2 wk on average, compared to females without sisters present (details in Rödel et al., 2008c).
Under natural conditions, an early onset of reproduction is advantageous, as offspring born early in the season will
reach a higher body mass until autumn, which will increase the chance that the offspring will survive the winter
season (Rödel et al., 2004a, 2009b). However, there were no significant effects on other reproductive traits such
as on litter size or offspring body mass. We suggest that due to social support, in particular by litter sisters, young
females may have been better able to successfully cope with challenge, such as with stressful competitive intraWorld Rabbit Sci. 30: 47-59
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Figure 6: Mean percentage of time (with 95% confidence intervals) that females with litter sisters (one or two) or
without sisters in their social group spent in close proximity (as a measure of positive social behaviour) to (a) other
juvenile/sub-adult females from August to October, and to other females (same age or older) during (b) the winter
(January/February) and (c) the early reproductive season (March–April). Numbers of females studied are given in the
graphs, see text for statistics. Modified after Rödel et al. (2008c).
sexual agonistic interactions during the early breeding season, as outlined in the sections above. This social buffering
might have reduced potentially negative consequences of stress on reproductive function (Henry and Stephens, 1977;
Sapolsky, 1992).

CONCLUSIONS
The findings of our long-term studies on wild rabbits highlight various factors affecting the frequency of agonistic
interactions among adult females. At the group level, agonistic interactions were increased when the group size was
larger. Furthermore, a more age-structured rank hierarchy within a group led to a higher group stability in terms of
an overall lower level of agonistic interactions among females. At the individual level, reproductive activity triggered
the occurrence of agonistic interactions. First, higher-ranking mothers were particularly aggressive towards other
females when they came closer to their nursery burrows (Rödel et al., 2008b), and second, reproducing females
were involved in more agonistic interactions when other females of their group reproduced at around the same time
(Seltmann et al., 2017).
Our findings also indicate links between the females’ social environment and traits of their reproduction, for example,
the seasonal reproductive output (litters and number of offspring per female) was lower at higher female densities
(Rödel et al., 2004b), and dominant mothers produced more offspring over their lifetime and had a lower offspring
mortality than lower-ranking ones (von Holst et al., 2002; Rödel et al., 2009a,b). Moreover, offspring mortality in
terms of infanticide was higher in more unstable groups, as characterised by a less heterogeneous age structure
(Rödel et al., 2008b, and results in Figure 4). Finally, perinatal offspring mortality was increased in females with a
delayed burrow and nest building activity, i.e. does that dug their nursery burrow and built their nest all within 24 h
pre-partum, possibly due to the more unfavourable social environment experienced by such females (Seltmann et al.,
2017).
Most importantly, our study highlights the importance of the presence of litter siblings (or litter sisters) in improving an
individual’s social environment and, possibly as a consequence, by bringing forward the timing of first reproduction
(Rödel et al., 2008c). Furthermore, a higher level of positive social interactions with litter siblings led to a lower
physiological stress response in terms of lower serum corticosterone levels and a better health status in terms of
lower loads with an intestinal nematode during later life (Rödel and Starkloff, 2014). These results could have applied
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implications, since the latter parameters reflect a better welfare status in animals with higher levels of affiliative
interactions with litter siblings.
However, the applicability of these findings with regard to domestic rabbit housing and breeding has certain limitations.
First, the results reported here were obtained on a far larger spatial scale compared to the usual housing practice
of domestic rabbits, with an average group territory size of around 2000-2800 m2 under the conditions of our field
enclosure study. Second, the pairings of litter sisters, which we observed in different social groups, joined together
voluntarily. This was evident, as in some cases litter sisters even left their natal group together and dispersed into the
same neighbouring group, although in other cases litter sisters split up and joined different social groups (Rödel et al.,
2008c). Thus, housing a group of litter sisters together in a pen or a small enclosure may not inevitably imply that
the relationships among them are always affiliative. Nevertheless, our findings regarding the ameliorating effects of
litter siblings may be a promising starting point worth further exploration in the context of group housing of domestic
rabbits.
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WHAT LANDSCAPE ASPECTS MAY HAVE BEEN IMPORTANT TO EASTERN COTTONTAIL
(SYLVILAGUS SPP.) GAME FARMS DURING THE MID-20TH CENTURY IN THE UNITED STATES?
Kelsey Gilcrease
Department of Chemistry, Biology, and Health Sciences, South Dakota Mines, 501 E. St. Joseph Street, Rapid City,
South Dakota USA 57701.
Abstract: The Eastern cottontail (Sylvilagus floridanus) was an iconic game species during the mid-20th
century in the United States. Game farms were set up to produce additional cottontail numbers for hunting
purposes; however, for various reasons, many game farms were unable to propagate the necessary additional
numbers of cottontails needed. The purpose of this paper is to review the landscape factors involved and
offer recommendations on the importance of a landscape perspective with the use of game farms under
a historical mid-20th century perspective. The results of this paper show that areas with more regional
spatial scales and more than one game farm reared more cottontails and harvested than the single county,
single game farm scenarios and soil for plant growth, topography and relief, and edges and boundaries of
landscapes were some of the main landscape attributes that could have been important for the historical
cottontail game farms. Further research could examine the number of game farms, suggestions for plot
number and size, and landscape barriers to disturbance in order to help mitigate threats to cottontail game
populations.
Key Words: game farms, Sylvilagus spp., landscape ecology, rabbit.

INTRODUCTION
The history of game management in the United States has taken a plethora of approaches, such as the organising of
bag limits, delegation of hunting seasons, regulation of firearms, sustained yields for larger wildlife species, regulation
from the hunting locality (for example, on hunting from boats or vehicles), and by the 1970s, the development of more
long-term, quantitative surveys provided an improved ability to understand the larger effects of exploitation on wildlife
populations (Braun, 2005).
The Eastern cottontail (Sylvilagus floridanus) has the largest distribution of all Sylvilagus spp., inhabiting such diverse
landscapes as farmland, hedgerows, woodlands and brush, and occurs sympatrically with other Sylvilagus and Lepus
species in the United States (Chapman et al., 1980).
The Eastern cottontail was an iconic game animal during the mid-20th century in the United States, largely hunted
for meat and sport (Stuber, 1938; Atzenhoefer, 1951). For example, records show that around 78 000-149 000
cottontails were taken between 1932 and 1935 in Massachusetts (Massachusetts Division of Fisheries and Game,
1933, 1936) and a range of 2-10 cottontails were taken per Pennsylvania resident licence from 1915-1945 (Beule,
1947). In addition, Chapman et al. (1980) reported that cottontails have an average of four litters per year, with mean
litter sizes of 3-5 kits, and Bruna (1952) reported an average life span of 15 mo for cottontails in the wild.
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Game farming has been a type of management tool that attempted to facilitate cottontail numbers for hunting purposes
(Gerstell, 1935; Wilson, 1946), as well as covering other broad ranges of objectives (Bolen and Robinson, 2003)
including examining behaviour, longevity studies (Linduska, 1947), litter sizes, inter-species breeding (e.g. Sylvilagus
floridanus alacer, Sylvilagus floridanus mearnsi —New York Pittman-Robertson Project, 1950—), and helping obtain
more reliable population estimates (Edwards and Eberhardt, 1967). Many of the cottontail game farms were managed
by the state and conservation agencies, such as in Ohio (Stuber, 1938), Pennsylvania (Studholme, 1948), Maryland
(Sheffer, 1957) and New Jersey (Grant, 1959), and game farms used a variety of approaches including the use of
enclosures (Gerstell, 1935; Grant, 1959), cages (Beule, 1947) and open areas (McDowell, 1955) during transport,
breeding periods and holding areas. These studies were designed to assist with understanding cottontail habits in
order to raise or study them more effectively, especially in a more cost effective way (Lemke, 1952), and the game
farms tried to facilitate those means.
Issues of cottontail game farming included trying to re-stock a continually dwindling population of ever-needed
cottontails to hunt (Beule, 1947) and increased hunting pressure, with smaller parcels of land designated for hunting
(Hickie and Whitlock, 1940). Cottontail mortality on game farms has been due to heavier rainfalls (Grant, 1959,
New Jersey Outdoors, 1962), overcrowding and spreading of disease (e.g. giardia) (Gerstell, 1935), or predation by
snakes, skunks and cats (Beule, 1947), and smothering due to an abundance of rabbits that occupied warrens (Hiller,
1932). Flooding, overcrowded warrens and predation could indicate issues with the soil and, additionally, larger
game farm areas could consider landscape topography and surrounding land uses around the game farms. However,
there have been few quantitative comparisons between cottontail propagation numbers, harvests and patterns.
As such, game farming has many considerations for landscape attributes and these examples demonstrate that a
landscape perspective could have helped or bolstered game farm productivity for the Eastern cottontails (Sylvilagus
floridanus sp.). The question this research aims to address includes: What landscape aspects might have been helpful
for an Eastern cottontail game farm setting in the United States during the mid-20th Century? The aim is not only
to assess quantitative aspects of historical cottontail game farms, but to gain a greater understanding of the more
prominent aspects of landscapes in the cottontail game farm.
The first objective of this paper is to understand the extent of historical cottontail game farms (1930-1965) in terms
of: number of cottontails produced and released on game farms for sportsmen, number of cottontails harvested,
number of cottontail game farms, extent of spatial scale of the game farm, how many counties participated in
cottontail game farming, or if the cottontails were imported and which state they were imported from (if applicable).
The second objective for this paper is to improve the understanding of landscape aspects on cottontail game farms
from 1930-1965.

MATERIALS AND METHODS
Quantitative aspects of historical cottontail game farms
The study was carried out throughout a literature search and search criteria using electronic databases Google
Scholar, Google Books, ISI Web of Knowledge and ProQuest. The keywords used included: cottontail game farm,
released, harvested, generated, and included the years between 1930-1965.
The number of cottontails produced, released and harvested and the number of game farms were identified and
reported. Spatial scale, size of the game farm (in hectares), and number of counties that participated in the propagation
of cottontails were noted, along with the state the game farm was located in, as well as any documentation on where
the cottontails were imported from (if applicable).
The number of cottontails produced refers to the number of cottontails that were either reared on the game farm or
imported from another area to the game farm. The number of cottontails released refers to the number of cottontails
that were released for hunting purposes, and number of cottontails harvested refers to the number of cottontails that
were taken reported by hunters. The number of game farms refers to how many game farms were located in the
study; the spatial scale refers to if the study was in a county or multi-county areas (region); the number of counties
that participated refers to either one county game farm or the regional area (if other counties were involved); the
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state the game farm or study was housed in; and where the cottontails were imported from (if applicable), as some
cottontails were raised on the farm itself.

Landscape attributes
Literature was also scanned for landscape attributes mentioned about the game farms using the same above
keywords and electronic databases. Any landscape attribute mentioned in the papers were noted and recorded.

RESULTS
Quantitative aspects of historical cottontail game farms
Eleven different studies from New York, Massachusetts, Maryland, Michigan, New Jersey, Ohio and Pennsylvania
were identified for the analysis (Table 1).
In most cases, the number of cottontails harvested was less than the numbers of cottontails produced or released
(Table 1).
It appears that situations with more regional spatial scales and more than one game farm provide more cottontails
produced and harvested than the single county, single game farm scenarios (Table 1).
Table 1: Number of cottontails produced, released, harvested, number of game farms included, spatial scale, number
of participating counties, state of cottontail propagation experiments, and where the cottontail was imported from (if
applicable).
Game Size of
Produced Released Harvested farms game
Reference
(n)
(n)
(n)
(n) farm (ha)
Massachusetts Fish
31
11
4
1
2.83
and Game Annual
Report, 1936
Massachusetts Fish 202
55
10
1
22.66
and Game Annual
Report, 1937
Baumgras, 1945
23
89
13
1
80.94

Spatial Counties
scale participated
State
County
1
Massachusetts
County

1

Massachusetts

County

1

Michigan

Cottontail imported
from (if applicable)
Vermont and
Massachusetts
Vermont and
Massachusetts

28

41

1

0.81

County

1

248

44, 69

4

40.47 Region

1

Mason Game Farm
and released on Swan
Creek Expt station
New York Gilbert Lake State Park
Ostego Co. NY
New Jersey
Missouri

28
4438

14
220

1
10

County
Region

1
10

Pennsylvania
New York

Missouri and Kansas
Midwest

220

220

27

2

Region

5

Maryland

Midwest

Sheffer, 1958

110

70

13

3

Region

NR

Maryland

Midwest

New Jersey
Outdoors,
1962-1963
Ohio Division of
Wildlife, 1972
Ohio Division of
Wildlife, 1972
NR: Not reported.

79

50

5

1

56.37
50.99
(each)
20.23,
16.18
20.23,
12.14
196.61

County

1

New Jersey

Raised on farm itself

NR

3403

1307

1

2151

Region

NR

Ohio

NR

1680

233

1

1618

Region

NR

Ohio

Trapped in Ohio and
brought to game farm
Trapped in Ohio and
brought to game farm

New York Cottontail
60
Investigations, 1950
Mangold and
51-141
Peterman, 1954
McDowell, 1955
122
Dell, 1957
5000
Sheffer, 1957
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Landscape attributes
Literature identified eight references that had included landscape attributes from game farms in their studies (Table 2).
The mention of landscape attributes were hillsides, flat open land, thin soils and orchards, such as on the Loyalstock
Farm and Corning Fish and Game Club, while the other landscape attributes cited included food for the cottontails
and cover (Table 2).

DISCUSSION
Several authors (e.g. Gerstell, 1935; Lemke, 1952 and Guthrie, 1969) had mentioned that fewer cottontails were
harvested or even produced from the cottontail game farms and similar results were found in this research. Perhaps
some of these results could be due to issues of overcrowding (Wilson, 1946; Stuber, 1938), adverse climate
conditions (Gerstell, 1935), territoriality issues between cottontails (Handley, 1952), increased susceptibility to
predation (Handley, 1952), disease (Wilson, 1946) and parasite load (Hickie and Whitlock, 1940).
Successful outcomes from cottontail game farms seemed to examine the number of cottontails produced and hunter
success (Stuber, 1938; Studholme, 1948; Grant, 1959). From the results of this research, it appears that areas with
more regional spatial scales and more than one game farm provided more cottontails produced and harvested than
the single county and single game farm scenarios. The mean home range of the cottontails included 0.95-2.8 ha for
both bucks and does (Chapman et al., 1980). Most of the game farms examined in this study were over the reported
individual home range size; however, there were two game farms that were the size of the cottontail home range and
those game farms had produced 31 and 60 cottontails (Table 1). Given the changes in the home range during various
weather seasons or the breeding season, area is very important for consistency of wildlife persistence, as decreased
space might facilitate increased spread of disease (e.g. Gerstell, 1935; Wilson, 1946), overcrowding (Gerstell, 1935)
and general overuse of the land.
In addition to discussions of area for game farms, Chapman et al. (1980) reported cottontail population densities of
8.9-10.18 cottontails per hectare, where 10.18 cottontails per hectare was the highest density for a small island
in Maryland. Gerstell (1935) reported overcrowding conditions at a calculated 28 cottontails per hectare. Additional
research could further examine ideal cottontail densities on game farms.

Table 2: Game Farms and mentioned landscape attributes.
Game farm
Landscape attribute
Loyalstock Farm
Hillside and flat, woods, and open land.
Corning Fish and Game Club
Side hill, thin soil, old orchard.
Various locations in New York
Various locations in
Pennsylvania
Various locations in Michigan

Availability to food and cover.
Cottontails did not inhabit cultivated land.

Cottontails frequently located in fallow areas with
herbaceous vegetation and scattered brush, and south to
southeast slopes, and nearby escape cover.
Forked River Game Farm
Ten brush heaps, 7 sections of board fence were placed
on the ground flat (to let rabbits pass beneath them),
switchgrass and clover were planted.
Gwynbrook State Game Farm
Clover, corn, orchard grass, wheat, multiflora rose,
conifers, brush piles were placed on the game farm.
Deleware Wildlife Area, Ohio
Flat to gently rolling topography with some
steeper slopes. Elevation was 277-294 m.
Soils were calcareous clay loam glacial till.
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Reference
Gerstell, 1935
New York PittmanRobertson Project, 1950
Dell, 1957
Beule, 1947
Friley, 1955
Grant, 1959
Sheffer, 1955
Boyd and Henry, 1991

Landscape aspects important to the Eastern cottontail
A related issue is water availability to cottontails and Beule (1947) estimated that cottontails would need around
37 litres of free water per annum, while during Grant’s (1959) observations, very little water intake occurred amongst
the wild cottontails. In the landscape, heavy rainfalls and drowning of nests was an issue encountered (Grant, 1959;
New Jersey Outdoors, 1962).
While few studies mentioned landscape parameters around their game farms, it appears that a few cited landscape
attributes that may have been important for cottontail game farms, such as soil for plant growth, topography and
relief, and landscape edges and boundaries.

Soil for plant growth
The soil for plant growth is a key factor to consider in cottontail habitat, as previous studies have suggested the
importance of specific flora for the cottontails located at game farms. For example, Beule (1947) stated that
cottontails ate herbs, grasses, shrubs, clover, dandelion and bark, while Gerstell (1935) reported that the cottontails
ate wild carrot, wild parsley, golden rod, sedges, tender bark of alder, cherry and apple trees, and Wilson (1946)
noted that the cottontails ate blue grass and pine trees. Similarly, Chapman et al. (1980) reported that blue grass
was important across all seasons and, moreover, that herbaceous plants were important during growing seasons and
woody vegetation was important during more dormant seasons. Many of these plants listed are C3 plants and the C3
plants might have impacted the soil in terms of soil moisture and nitrogen content (e.g. Pearcy and Ehleringer, 1984);
therefore, the growth of the C3 plants might have impacted the soil ecology on game farms. Without this knowledge,
it would have been difficult for game farms to consider this when planning landscape features for game farms. In
addition, the temperature, season and depth of soil contribute to oxygen and carbon dioxide concentrations for soil
(White, 2013). For example, in soil respiration, more oxygen is consumed and carbon dioxide is released during the
summer months (White, 2013). Furthermore, lower temperatures and excess water lead to less oxygen available
(Money, 1965) and, therefore, an amalgam of these conditions could have perhaps contributed to the suffocation that
Hiller (1932) had described. Furthermore, Bruna (1952) investigated soils for the cottontail rabbit habitat in Kentucky
and reported that heavy silt loam, moderate to strong acid soils, well drained, gentle slopes and karst topography were
characterised as good soils, whereas strong silt loam, more acidic soils and steep slopes were characterised as poor
soils for cottontails, as the weights of the cottontails were lower on the poor soils. These are all issues related to soil
for plant growth on cottontail game farms.

Topography and relief
A variety of soils and topography is important because it is less likely that there will be a single land use (Edminster,
1949). Because of their elusive nature, cottontails require a lot of cover for their young and protection from predators.
Forms, cover and underground burrows were facultative and sometimes brush piles, foliage and herbaceous
vegetation were also used for cover and food (Beule, 1947). Chapman et al. (1980) reported various sizes of forms
made by does that ranged from 125-180 mm in length and 91-119 mm deep; therefore, the ability for cottontails
to dig in the soil for form construction is important. In addition, burrowing activity from animals such as rabbits also
contributes to changes in soil slope profiles (White, 2013). Wilson (1946) noted that washed out stream beds and
gullies could be re-vamped to plant white pines that could provide temporary cover for the cottontails. All of these are
issues related to topography and relief on game farms.

Edges and boundaries
Hedgerows can be important for wildlife habitat (Edminster, 1949) and edges and boundaries may be an important
consideration for cottontails that were on game farms and cottontails needed scattered brush for protection from
predators (Hiller, 1932; Friley, 1955). Dramstad et al. (1996) also suggested that a straight boundary tends to have
added species movement along it and that curvilinear boundaries may provide less soil erosion and more wildlife
usage. To those ends, Wilson (1946) described a successful cottontail game farm strip planting approach conducted
in Maryland for cottontail rabbit farming with white pine trees, blackberries, blue grass, clovers and other annual
plants such as soybeans, followed by pine trees. In addition, Bruna (1952) found that more cottontails in Kentucky
utilised mostly bluegrass or orchard grass pasture with cash crops and cover such as small, scattered parcels, long
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narrow fencerows or overgrown gullies, while landscapes with the lesser distributed cottontail populations had solid
blocks of cover such as briar, brush or broom sedge. Bruna (1952) also suggested that conifers should be widely
spread or in small clumps. Dramstad et al. (1996) mentioned creating a landscape barrier to disturbance where a
larger plot would be divided into two smaller patches. For the cottontail game farms, this could have meant perhaps
some clear cutting between patches to reduce damage due to fire, floods, spreading of disease and predation on
game farms. These issues are all applicable to landscape edges and boundaries on game farms.
Overall, the mid-20th century reflected a unique time in the history of game management in the United States and the
cottontail game farms in particular, as the demand for cottontail game hunting at that time was greater than ever seen
before in the United States and the challenges that had surfaced with artificial propagation, importing and shipping
cottontails to the game farms.
Edminster (1949) asked an eminent question at the time: “How could game be grown on certain lands that does not
hinder human welfare?” Contour strip cropping, terracing, woodland protection, windbreaks or shelter-belts were
some of the ideas that were suggested to increase game and allow farming to continue (Edminster, 1949). Likewise,
an amalgam of sound conservation farming, appropriate wood-harvest practices, productive wildlife habitat and a
variety of soils and topography could help bolster the game populations for wildlife management (Edminster, 1949).
Based on this research, the soil for plant growth, topography and relief, and edges and boundaries of landscapes
may have been important landscape aspects for historical cottontail game farms. Many of the landscape attributes
mentioned were to provide food and cover for the cottontail (Table 2) rather than for example, issues of surrounding
land uses, soils, number of patches (e.g. conifer stands) surrounding the game farm, how landscapes could be
designed to reduce threats to animal populations, and slopes. This research also found that areas with more regional
spatial scales and more than one game farm provided more cottontails produced and harvested. Implications for future
research could examine the number of game farms, suggestions for patch number and size, and further examination
of landscape barriers to disturbance could help mitigate some of these issues in cottontail game populations.
Acknowledgements: The author would like to thank the anonymous reviewer that provided helpful feedback and comments to
improve the previous version of this manuscript.
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RABBIT MEAT TRADE OF MAJOR COUNTRIES: REGIONAL PATTERN AND DRIVING FORCES
Laping Wu
College of Economics and Management, China Agricultural University, Qinghua East, Haidian District, 100083, Beijing, China.
Abstract: In in the last 60 or so years, the global rabbit industry has been growing steadily. This paper studies
the global rabbit meat trade by focusing on trade growth and regional pattern. First, rabbit meat production
and regional structure are introduced, as the basis of trade. Then, the global rabbit meat trade is studied in
detail, including trade growth, regional structural changes, comparative advantages and competitiveness
of major countries. Finally, a gravity model is built to test major factors affecting the rabbit meat trade and
explore the driving forces behind the trade. The data come from different channels, including the Food
and Agriculture Organization of the United Nations, World Bank, the World Trade Organization and related
government statistics. The results show that: (1) Over the past 60 yr, the global rabbit industry has achieved
great progress. In the first half of the period, rabbit meat was mainly produced in Europe; then, rabbit meat
production in Asia increased steadily and rapidly in the second half period, while European production
decreased continuously. (2) The rabbit meat trade had been increasing for about 20 yr from 1961 to 1979,
after which it fluctuated for another 20 yr. However, since 2001 it has been stable around an average level
of 37 thousand tonnes, with only minor fluctuation. The trade pattern is currently from Asia (mainly China)
and South America (mainly Argentina) to European countries. In 2018, the top 5 export destinations were
Germany, Belgium, Italy, Portugal and France (3). Hungary and Argentina have been two strong competitors
in the last two decades, while Spain and Belgium are two new and promising countries in the rabbit meat
trade. Now China no longer has comparative advantages in the rabbit meat trade (4). The gravity model
results show that rabbit meat trade is mainly driven by demand. Countries with a high Gross Domestic
Product tend to increase their imports more, but decrease their exports. Countries with higher populations
export more rabbit meat but import less. Common language and contiguity of two countries have significant
impacts on rabbit meat trade. Based on the above results, some suggestions and policy implications are
provided. Rabbit farmers or processing companies should pay more attention to domestic consumers or
neighbouring countries to survey potential markets; traders should explore more markets in order to reduce
the degree of trade concentration and lower risks. Governments should popularise the nutritional knowledge
of rabbit meat to encourage people (especially young people) to consume more healthy rabbit meat instead
of pork, with a view to reducing obesity or other heart diseases, etc.
Key Words: rabbit meat, meat production, meat trade, comparative advantages.

INTRODUCTION
In the last several decades, the rabbit industry has contributed much to rural economic growth and social
development in many countries. This is attributed to its good characteristics, such as flexible investment, easy
starting and management, saving grain and land resources, producing high quality meat and creating jobs for rural
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people, especially women or elderly people. In several developing countries, rabbit rearing has helped many poor
people out of poverty. From the global perspective, rabbit meat output has kept steadily increasing for almost 60 yr.
According to statistics from the Food and Agriculture Organization of the United Nations (UN FAO), from 1961 to
1985 the world supply of rabbit meat was mainly produced in Europe, which had accounted for more than 80%
for around 25 yr. However, in the last 30 yr the rabbit industry in Asia has increased rapidly and Asia has become
a major producing region. In 2018, global rabbit meat output reached 1.39 million tonnes, of which the share of
European countries only accounted for 19.43%, while Asian countries were predominant with a 72.71% share.
It is significant that the rabbit meat producing area moved from Europe to Asia, but was this regional production
change accompanied by restructuring of the rabbit meat trade? How did the trade pattern evolve over the past
several decades? Does this mean that rabbit meat consumption also moved from Europe to Asia? There are few
research works on the global rabbit meat trade. Smutka and Rosochatecka (2010) studied the development of the
rabbit meat trade and found that rabbit meat production and trade had been constantly increasing. The research by
Niedzwiadek (1994) showed that the major rabbit meat producing companies were Italy, France, China and Spain.
The consumption area included Italy, France, Spain, Belgium, Portugal and Malta, and per capita consumption
ranged from 2.0 to 5.3 kg. Some research focused on a specific country or region to study its trade: Szendrő
(2015) and Szendrő and Bleyer (1999) studied the Hungary case of production and trade: Popescu-Miclosanu and
Stanciu (2013) analysed the evolution of world and Romanian meat rabbit production and trade balance.
Compared to trade, there are more research works on rabbit meat production and consumption. The study on rabbit
meat production and consumption by Cullere and Zotte (2018) showed that rabbit had many good characteristics
and could be considered an ideal meat producing animal, but the consumption worldwide was not prevalent.
McNitt et al. (2013) summarised the rabbit production in major areas of the world and discussed the future of
world rabbit production and rabbit research. In the early years before 1990s, related research mainly focused on
meat supply in order to meet greater demand (Parkin 1972; Roberts 1980; Owen 1981). Recently, more research
works on production have paid attention to technology and efficiency. Trocino et al. (2019) evaluated production,
research funds and scientific activity relating to rabbits in Italy, Europe and worldwide over the last 20 yr. Khan
et al. (2017) examined the production performance of indigenous rabbits under traditional and intensive systems
in Pakistan. Lukefahr et al. (2004) reviewed the meat rabbit production in North America. From the perspective of
rabbit meat consumption, some research focused on specific groups of people, including children and university
students (González-Redondo et al., 2010; Escribá-Pérez et al. 2019), but most research works concentrated on
one country, including Italy, France, Hungary, Spain, the USA and Mexico, among others (Chalah and Hajj 1996;
Beal et al. 2004; Olivares et al. 2005; Bodnar and Horvath 2008; Dairo et al. 2012; Kowalska 2015; Petracci et al.
2018; Sanah et al. 2020). Sugiyama et al. (2017) studied meat consumption in Mexico from the standpoint of
varied ecological and social contexts.
There is a large body of multidisciplinary agricultural studies on rabbit that cover rabbit meat quality, rabbit
behaviour and welfare, etc. Many researchers have studied the impact of different factors on rabbit meat quality,
including cage and pen housing (Combes et al. 2010; Matics et al. 2019), limited feed intake (Gidenne et al.
2012; Chodova et al. 2019) and different feed additives (Dabbou et al. 2017; Wahyuni et al. 2018; Minardi et al.,
2020). Cavani et al. (2009) reviewed the advances in research on poultry and rabbit meat quality. Lehmann (1991)
examined the social behaviour in young domestic rabbits under semi-natural conditions. Verga et al. (2009)
analysed the welfare aspects in rabbit rearing and transport, Nielsen et al. (2020) focused on health and welfare
of rabbits which were farmed in different production systems. There are also many works on rabbit industry
development and the competitiveness of major countries (Foster and Telford 1996; Luo and Wu 2019; Wu and
Qin 2019).
However, there are still considerable gaps in rabbit meat trade research. The aim of this work is to conduct the
study on the global trade growth of rabbit meat over the past several decades, and this paper will focus on changes
in trade volume, regional structure and its evolution, and the driving forces.
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MATERIALS AND METHODS
Analytical framework and data
Theoretically, trade is determined by a country’s resource endowment and comparative advantages. Resource
endowment refers to the amount of land, labour, capital and entrepreneurship that a country possesses and can
exploit for producing. Countries with a large endowment of resources tend to be more prosperous and more competent
than those with a small endowment. The law of comparative advantage describes how, under free trade, a country
will produce and export more of and consume less of a good that they can produce at low cost and price. This is due
to the richness of resources.
Based on free trade and comparative advantage theory, the import and export mechanism is depicted in the chart below
(Figure 1). Resources endowment determines the comparative advantages. However, comparative advantage is only
potential for export, and only through effective marketing to attract more buyers can it become competitiveness. From
the supply side (the upper half of Figure 1), price, quality and convenience are the fundamentals of competitiveness,
and they are also the permanent driving forces for export.
As for imports (lower half of Figure 1), population and income are the bases of demand. However, they are also the
potentials for purchasing or importing. Only by cultivating consumer preferences can potential purchasing power
become real demand. Therefore, population, income and preference are fundamental driving forces of imports.

Figure 1: Trade and its determinants.
Based on the above mechanism, the key factors will be selected to examine the trade characteristics of major
countries. From the production and export side, cost, price and comparative advantage (RCA) will be addressed. From
the demand and imports side, population, income and preference change in major countries will also be considered.
Finally, a gravity model will be constructed to test the impacts of these factors on rabbit meat trade.

Revealed comparative advantage index (RCA)
RCA can measure and compare the advantages of different countries in global trade. It is the proportion of the export
value of a good in one country’s total commodity exports divided by the share of the world’s total export value of the
same good in the world’s total export value of all goods. The RCA is calculated by Equation (1):
RCAiC=(XiC / Xit )/(XwC / Xwt )(1)
where RCAiC represents the revealed comparative advantage index of good j in country i, XiC is the export value of
good C in country i, Xit is the total export value of all goods in country i, XwC is the total export value of good C in the
world, Xwt is the total export value of all goods in the world. If RCAiC>1, it means that good C in country i has revealed
comparative advantage, otherwise it does not.
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Gravity model
The gravity model of international trade is a model which, in its traditional form, predicts bilateral trade flows based
on the economic sizes and distance between two countries, which was first introduced in economics by Walter Isard
(1954). The general form of the Gravity model is given by Equation (2):
Tij=a0Yia1Yja2Dija3Aija4

(2)

where Tij is the trade between country i and j, Yi and Yj are respectively GDP of country i and j, Dij is the distance
between two countries, and Aij denotes trade policy and other factors.
Trade includes export and import, therefore export and import models are specified as follows:
lnEXij=a0+a1lnGDPi+a2lnGDPj+a3lnPOPi+a4lnPOPj+a5lnDISij +a6WTOij +a7BORij+a8Languij+uij 

(3)

lnIMij=b0+b1lnGDPi+b2lnGDPj+b3lnPOPi+b4lnPOPj+b5lnDISij+b6WTOij+b7 BORij +a8Languij+σij 

(4)

EXij and IMij respectively represent export and import from country i to country j. GDP and POP are Gross Domestic
Product and population. DISij stands for the distance between two countries. WTOij refers to the membership in
General Agreement on Tariffs and Trade (GATT)/World Trade Ognanization (WTO); if one country is a member of GATT/
WTO, it will be 1, otherwise 0. BORij denotes contiguity of two countries; if two countries are neighbours, it will be 1,
otherwise 0. Languij represents the language; if two countries have a common official or primary language, it will be
1, otherwise 0. a0 ~ a8 and b0 ~ b8 are coefficients to be estimated. uij and σij are disturbance.
When running the model, in order to capture the general effects of all these factors on both export and import, the
general trade model will also be run, so there will be three models as follows: (1) model 1, export model, which is
specified as Equation 3, and the top 6 exporting countries will be chosen with their partners as samples; the total
sample is 2259; (2) model 2, import model, which is specified as Equation 4, and the top 6 major importing countries
and their partners are selected as samples; the total number is 1339; (3) model 3, trade model (both export and
import together), designed to capture the general impacts of major factors on rabbit meat trade. The data in all these
models cover the years from 1990 to 2018.
Data used in this paper comes from different channels: rabbit meat production data is from the FAO statistics,
the trade and WTO membership data are collected from the World Trade Organisation and the data on distance
between countries is from CEPII Database (Centre d'Etudes Prospectives et d'Informations Internationales). GDP and
Population are from the World Bank, and other data from related country government statistics.

RESULTS AND DISCUSSION
Global rabbit meat production and regional structure
Rabbit industry is pro-poor and environment-friendly, and the rabbit is a small animal that needs less feed, with a
high feed conversion ratio. Generally, feed costs could be reduced through the use of homegrown or less expensive
feedstuffs; labour could be shared among family members and less expensive housing and equipment would be
needed (Lukefahr, 1999). During the early period of economic development, many countries give rabbit industry
much higher priority in policy making. From the evolution of global rabbit production (Table 1), it can be seen that:
(1) The rabbit industry has undergone fast growth since 1961. Meat output increased from 397.06 thousand tonnes
(1961) to 1394 million tonnes (2018), with an annual growth rate of 2.23% (Figure 2); (2) The whole period of rabbit
meat production from 1961 to 2018 can be divided into three periods, fast increase (1961-1988), transition period
(1983-1999), and fast and steady increase (1991-). The growth rates during these three periods were 2.79, 0.43 and
4.77%, respectively; (3) the meat output growth in the first period mainly took place in Europe, with an average share
of 85.99%. Asian countries only accounted for 7.87%. After adjustment in the transition period from 1983 to 1999,
the major producing area moved from Europe to Asia. Since 1990, rabbit meat output in Europe has been in ongoing
decline, but that of Asian countries has continuously increased. The share of European rabbit meat decreased from
76.26% (1990) to 19.43% (2018), but during the same period, the share of Asian rabbit meat output increased from
12.61 to 72.72%. In 2018, the rabbit meat outputs in Asian and European countries were 1.01 million tonnes and
0.27 million tonnes, respectively.
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Table 1: Global rabbit meat production in major years (1961-2018).
Europe
Asia
Year
World
Quantity
Share
Quantity
Share
1961
397062
359413 90.52%
15660
3.94%
1966
421680
372678 88.38%
24270
5.76%
1971
537663
470696 87.54%
40835
7.59%
1976
686787
601035 87.51%
54682
7.96%
1981
723111
613031 84.78%
60578
8.38%
1986
776978
622438 80.11%
79627
10.25%
1991
630826
428733 67.96% 110691 17.55%
1996
809576
390833 48.28% 323472 39.96%
2001
961707
363605 37.81% 501967 52.20%
2006
1055021 307471 29.14% 652084 61.81%
2011
1292598 306282 23.70% 885222 68.48%
2016
1351721 294235 21.77% 947968 70.13%
2017
1400149 280449 20.03% 1010095 72.14%
2018
1393899 270877 19.43% 1013503 72.71%

Africa
Quantity
Share
11734
2.96%
13614
3.23%
15091
2.81%
16364
2.38%
31446
4.35%
57481
7.40%
68702
10.89%
74275
9.17%
75007
7.80%
76701
7.27%
83440
6.46%
92238
6.82%
93037
6.64%
92720
6.65%

Americas
Quantity
Share
10255
2.58%
11119
2.64%
11040
2.05%
14706
2.14%
18056
2.50%
17433
2.24%
22700
3.60%
20996
2.59%
21128
2.20%
18766
1.78%
17653
1.37%
17279
1.28%
16569
1.18%
16799
1.21%

Data source: FAO Statistics, http://www.fao.org/faostat/en/. Quantity in tonnes.

From the perspective of major producing countries, during the 1960s and 70s France was the main producer, while
Italy ranked second. In the 60s, two countries produced more than 58.68% of global rabbit meat, and in the 70s they
were still producing more than 45.93% global rabbit meat. In 1979, Italy became the biggest producer, with a share
of 22.23% and first surpassed that of France (20.93%). This trend continued till 1990. Since 1991, Asian countries
have taken the stage, especially China. In 1991, China became the largest producer, and its share increased from
28.04% (1992) to 62.01% (2018).
In 2018, the top 5 major producing countries were China, the Democratic People’s Republic of Korea, Egypt, Spain
and France (Figure 3). In total, they produced 1.172 million tonnes of rabbit meat, accounting for 84.05% of the
global total. The share of the top ten countries reached 94.45%. So, the concentration rate of production is very high.

Figure 2: Global rabbit meat outputs across continents (1961-2018).
: World;
: Africa; ------: Americas;
: Asia;
: Europe. Data source: FAO Statistics, http://www.fao.org/faostat/en/
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Figure 3: Rabbit meat output and shares of major producing countries in 2018 (unit: tonnes). Note: Global rabbit meat
output in 2018 was 1.394 million tonnes. Data source: FAO statistics, http://www.fao.org/faostat/en/.

Rabbit meat trade and structural changes
Globally, total exports must be equal to total imports. Therefore, from a global standpoint exports will be studied in
detail, but for specific country, both exports and imports will be considered. Figure 4 represents global rabbit meat
exports across continents from 1961 to 201. It can be seen that rabbit meat exports had been increasing for about
20 yr before 1980, but after 1980 exports were fluctuating for another 20 yr around 58.40 thousand tonnes. After
2001, global rabbit exports became stable at the level of around 36.97 thousand tonnes, with little fluctuation. In
2018 it was 33.63 thousand tonnes. However, Europe has been the main destination for rabbit meat exports since
1961, with an average share of 95.30% of total exports. It is clear that before 1985 rabbit meat trade mainly took
place between Asia and Europe, but since 1985 rabbit meat has been traded mainly within European countries, and
with a certain supplement from Asia (mainly from China).
As regards countries, for a long time China, France, and Hungary have been major exporters. Since 2001, export in
Spain have increased rapidly. The importing countries are Germany, France, and Italy, among others. Figure 5 shows

Figure 4: Global rabbit meat export across continents (1961-2018).
: Africa;
: Europe; ------: Asia;
: Americas;
: World. Data source: FAO Statistics, http://www.fao.org/faostat/en/.
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Figure 5: Net exports of rabbit meat from major countries (1961-2018).
: China;
: Italy;
: Hungary;
------: France;
: Germany;
: Spain. Data source: FAO Statistics, http://www.fao.org/faostat/en/.
the net exports (net export is equal to export minus import. It is one country’s contribution to the global market; if net
export is greater than 0, it means this country exports more than it imports, and vice versa) of major countries since
1961. It can be observed that during the entire 60s-70s period, rabbit meat was mainly exported from China and
Hungary to Italy, France and Germany. However, from the start of the 1980s, the rabbit meat exported from China
went into decline, and from the early 1990s exports from Hungary also declined. Correspondingly, the rabbit meat
imports of France and Italy also decreased. After 2001, both exports and imports were at a low level and remained
stable for about ten years. This shows that the self-sufficiency rate of major countries is increasing.

Table 2: Top 10 countries for rabbit meat exports and imports in 2018 Units: tonnes, million USD
Export
Import
Country
Quantity share
Value
share
Country
Quantity share
Value
1
China
5964 17.73% 28.61 15.91% 1 Germany
8105 24.70% 48.77
2
Spain
5639 16.77% 25.31 14.07% 2 Belgium
5276 16.08% 30.89
3
Belgium
5035 14.97% 30.56 17.00% 3 Italy
2915 8.88% 13.08
4
France
4786 14.23% 27.06 15.05% 4 Portugal
2881 8.78% 11.47
5
Hungary
4406 13.10% 28.13 15.64% 5 France
1974 6.01% 11.03
Top 5 sum
25830 76.81% 139.68 77.67% Top 5 sum
21151 64.45% 115.24

share
27.87%
17.66%
7.48%
6.55%
6.30%
65.87%

6
7
8

Italy
2135
Netherlands 1003
Argentina
924

6.35%
2.98%
2.75%

5.94
8.08
7.09

3.30%
4.49%
3.94%

9
10

6
7
8

Spain
1579
Czech Rep. 1312
United
1279
States
9 Switzerland 929
10 Poland
801

4.81%
4.00%
3.90%

5.46
6.57
5.37

3.12%
3.75%
3.07%

2.83%
2.44%

7.54
4.79

4.31%
2.74%

Portugal
704 2.09% 3.41
1.90%
United Arab 517 1.54% 1.51
0.84%
Emirates
Top 10 sum
31114 92.52% 165.71 92.15% Top 10 sum

27051 82.43% 144.98

Global total

32817

33629

100%

179.83

100%

Global total

100%

174.97

82.86%
100%

Data source: WITS database, http://wits.worldbank.org/WITS/.
Note: Theoretically, global export is equal to global import. However, there is a difference due to statistical and other errors. The error
rates of trade quantity and value are 2.415% and 2.701%, respectively; the statistics are still reliable.
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In 2018, there were 43 countries exporting rabbit meat. The top 10 exporting and importing countries are listed
in Table 2. The top 5 are China, Spain, Belgium France, and Hungary; they exported 25830 tonnes of rabbit meat,
accounting for 76.81% of global total export. The top 10 countries exported 31114 tonnes, representing 92.52%.
Except for China, Argentina and the United Arab Emirates, the others are all European countries. Unlike exports, rabbit
meat importation is more scattered. In 2018, a total of 69 countries imported rabbit meat. The top 5 were Germany,
Belgium, Italy, Portugal and France; they imported 21151 tonnes, accounting for 64.65% of global total import. The
share of the top 10 countries is 82.43%. Except for the United States, the other top 9 importers are all European
countries. Europe is still the traditional area of rabbit meat consumption.
There is an interesting phenomenon insofar as some countries both import and export much rabbit meat, which is
also known as intra-industry trade (Intra-industry trade refers to the exchange of similar or same products belonging
to the same industry, which also means the same types of goods or services are both imported and exported. This
phenomenon is present in many manufacturing industries). From Table 2, it can be seen that this intra-industry trade
mainly takes place in Belgium, France and Italy. In order to understand more details of these major trading countries,
Table 3: Intra-industry trade of Belgium, France and Italy in 2018.
Belgium
France
28 Export partners
53 Export partners
Top 10
Quantity Share
Top 10
Quantity
Destination
(tonne)
(%)
Destination
(tonne)
France
1601
1147
31.80 Italy
Netherlands
1396
1020
27.72 Germany
Germany
1142
748
22.68 Belgium
China
384
Spain
478
7.62
Luxembourg
185
UK
441
3.67
United Kingdom
117
Luxembourg
152
2.32
Italy
55
Switzerland
131
1.09
Hong Kong, China
51
United States
121
1.02
Spain
31
Netherlands
110
0.61
Switzerland
22
Malta
97
0.44
Sum of top 5
4708
3834
93.49 Sum of top 5
Sum of top 10
4983
98.96 Sum of top 10 4445
World
5035
World
4786
100
Belgium
15 Import partners
Import
Quantity Share
Origins
(tonne)
(%)
China
2296 43.51%
France
799
15.14%
Argentina
724
13.72%
Spain
505
9.57%
Netherlands
317
6.00%
Germany
189
3.58%
UK
159
3.01%
Uruguay
111
2.10%
Chile
70
1.32%
Poland
50
0.96%
Sum of top 5
4640 87.95%
Sum of top 10
5219 98.91%
World
5276 100.00%

France
16 Import partners
Import
Quantity Share
Origins
(tonne)
(%)
China
775
39.25%
Belgium
458
23.20%
Spain
338
17.13%
Argentina
107
5.40%
UK
78
3.95%
Hungary
66
3.33%
Vietnam
49
2.49%
Italy
36
1.82%
Netherlands
15
0.77%
Poland
15
0.76%
Sum of top 5
1755 88.93%
Sum of top 10 1936 98.08%
World
1974 100.00%

Data source: WITS database, http://wits.worldbank.org/WITS/.
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Share
(%)
23.97
21.31
15.63
9.99
9.21
3.17
2.75
2.52
2.31
2.02
80.11
92.88
100

Italy
31 Export partners
Top 10
Quantity
Destination
(tonne)
China
644
Germany
363
Hungary
313
Malta
269
Vietnam
126
Poland
107
Greece
93
Hong Kong, China 76
Switzerland
29
France
27
Sum of top 5
1714
Sum of top 10
2045
World
2135

Share
(%)
30.15
16.99
14.64
12.58
5.90
5.02
4.34
3.54
1.35
1.26
80.26
95.77
100

Italy
12 Import partners
Import
Quantity Share
Origins
(tonne)
(%)
France
1345 46.14%
Spain
713
24.45%
Poland
328
11.26%
Hungary
194
6.67%
Argentina
113
3.89%
UK
76
2.61%
Netherlands
53
1.82%
Germany
41
1.39%
Slovenia
25
0.85%
Belgium
25
0.84%
Sum of top 5
2694 92.40%
Sum of top 10 2913 99.91%
World
2915 100.00%

Rabbit meat trade of major countries: regional pattern and driving forces
three countries, Belgium, France and Italy, are selected and their regional structure is studied (Table 3). In 2018,
Belgium exported its rabbit meat to 28 countries, but mainly focused on the top 5, which accounts for 93.49%.
France even exported to 53 countries or regions, but the top 5 and top 10 countries accounted for 80.11% and
92.88%, respectively. Italy exported to 31 countries, and 80.26% was sold to the top 5 countries and 95.77% to the
top 10 countries. Compared with exports, the imports of these three countries more concentrated on fewer countries.
Belgium imported from 15 countries, while France and Italy imported from 16 and 12 countries, respectively.
Theoretically, intra-industry trade may be due to the distance between countries. The impacts of distance and
whether two countries border each other will be tested later in the gravity model section. There are also some other
explanations, such as differentiation of products. Rabbit meat is actually not homogeneous, and includes fresh, frozen
and different types of processing, and different parts (e.g. head, leg) etc. Some experts also explain the issue from
the technology perspective.
The above analysis shows that the degrees of trade concentration are much lower in France and Italy (trade
concentration degree, or concentration ratio, is usually applied to show the extent of trade control of the largest
countries in global trade and to illustrate the degree to which the global market is oligopolistic. For one country, a
low concentration ratio means more trade partners and lower risks). Low concentration degree means more trade
partners and low risk. This explains why they can maintain a long-term trade position in the global rabbit meat market
without much fluctuation.
Trade can be pushed by production, while it can also be driven by consumption. In the rest of this section, total rabbit
meat consumption in major countries will be studied. First, total consumption in each country is calculated by the
following method:
Total consumption = total output +import - export
Based on FAO statistics, the total and per capita consumption in major countries were calculated, as illustrated in
Table 4. There are two countries that should be paid more attention, namely France and China. In France, both total
consumption and per capita consumption of rabbit meat show a decreasing trend since 1961. In contrast, both total
Table 4: Rabbit meat consumption in major countries (1961-2018). Unit: thousand tonnes, kg.
France
Italy
Germany
Spain
China
Per
Per
Per
Per
Per
Year
Total
capita
Total
capita
Total
capita
Total
capita
Total
capita
1961
188.97 4.084
49.03
0.980
17.78
0.241
20.56
0.669
9.86
0.015
185.35 3.765
71.24
1.368
28.81
0.375
17.70
0.545
14.31
0.019
1966
181.67 3.551 100.03 1.856
48.24
0.612
25.85
0.754
18.73
0.022
1971
178.62 3.372 139.35 2.509
46.74
0.593
90.96
2.508
19.46
0.021
1976
154.12 2.848 191.31 3.386
39.88
0.511
76.85
2.024
23.96
0.024
1981
138.07 2.486 196.89 3.455
34.76
0.447
78.27
2.014
60.00
0.055
1986
94.76
1.665
49.42
0.866
40.46
0.509
78.69
2.002
96.24
0.081
1991
87.27
1.504
45.77
0.802
46.67
0.574 118.62 2.972 281.90 0.225
1996
76.19
1.283
46.04
0.810
47.24
0.580 107.13 2.593 373.04 0.287
2001
64.48
1.048
42.27
0.722
38.08
0.467
69.17
1.546 534.55 0.399
2006
52.30
0.827
53.34
0.895
39.68
0.491
61.17
1.299 722.01 0.525
2011
51.45
0.809
54.65
0.913
40.78
0.504
59.63
1.267 724.07 0.523
2012
49.18
0.770
56.89
0.946
41.49
0.511
58.16
1.239 761.15 0.547
2013
49.46
0.770
54.99
0.910
39.35
0.483
56.88
1.216 776.23 0.555
2014
49.30
0.765
56.83
0.938
38.30
0.468
47.21
1.011 802.74 0.571
2015
44.59
0.690
57.99
0.956
38.05
0.463
53.24
1.142 782.91 0.554
2016
41.20
0.635
49.42
0.814
37.63
0.455
51.31
1.100 845.44 0.595
2017
2018*
41.07
0.632
43.89
0.724
39.78
0.479
51.76
1.109 859.60 0.602
Data source: FAO Statistics, http://www.fao.org/faostat/en/. Total consumption is calculated by output + import - export.
*2018 data is from WITS database.
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and per capita consumption in China have tended to increase continuously since 1961. The two countries show
significant substitution. The per capita consumption in France decreased from 4.084 kg (1961) to 0.632 kg (2018).
However, in China, during the same period it increased from 0.015 to 0.602 kg.
In a similar way to China, Spain also shows the increasing trend, but with slow growth and slight fluctuation. However,
in 2018 per capita consumption reached 1.109 kg, which was higher than other countries. In Italy, both total and per
capita consumption did not change much, with the exception of the 1970s and 80s. Germany also remained stable
compared to others. In 2018, the top countries for rabbit meat consumption included China, Spain, Italy and France.
China’s total consumption in 2018 reached 858.56 thousand tonnes, while Spain, France, and Italy consumed
49.43, 46.15 and 44.34 thousand tonnes, respectively. In terms of per capita consumption, Spain ranked first with
1.109 kg, followed by Italy and France with 0.724 and 0.632 kg. Per capita consumption in China is 0.601 kg on
average.
In above analysis on production, trade and consumption, it can be seen that: (1) with the regional change of production
from Europe to Asia, consumption also basically evolves following the same path; (2) the inter-continental trade
(mainly between Europe and Asia) is gradually decreasing, but inner-continental trade increases, especially within
European countries; (3) consumption in Asia is gradually stimulated, especially in China, the per capita consumption
reached 0.601 kg in 2018, which is near the levels of France (0.632 kg); (4) The long-distance traded rabbit meat
is mainly frozen product, but now consumers prefer more to fresh meat. This may be the reason why trade between
Europe and Asia decreases.

Comparative advantages and competitiveness
Theoretically, trade is determined by both production and consumption. But whether one country has advantages
or competitive edge is mainly determined by resource endowment. This section will calculate RCA to compare the
advantages among major countries and study the changes in one country (Table 5).
The results show that since 2000 Hungary and Argentina have been two strong competitors in the rabbit meat market.
Argentina is gradually losing its advantages, although it is still ranked second for now. Spain and Belgium are another
two strong competitors. Over the past two decades, their RCAs have been increasing continuously. As a traditional
producer and exporter, France has basically stable RCAs. In turn, China still accounts for large shares in world rabbit
meat production and trade, although in the past 20 yr its advantages have been declining. Netherlands also shows
the decreasing trend in RCAs. Overall, Hungary and Argentina have strong comparative advantages, with RCAs of
Table 5: Revealed Comparative Advantage Index (RCA) of major countries (2000-2018).
Year
Argentina
Belgium
China
France
Hungary
Netherlands
2000
29.35
1.41
8.43
3.50
28.44
3.80
28.56
1.07
7.66
3.36
25.89
4.00
2001
32.77
1.68
2.35
4.66
37.19
3.40
2002
32.09
1.47
0.93
4.47
36.83
1.56
2003
39.67
2.11
0.98
4.68
28.88
1.38
2004
49.15
2.47
1.76
4.32
27.93
0.98
2005
35.76
4.23
1.84
4.40
22.61
1.36
2006
30.81
4.32
1.98
4.94
24.30
0.98
2007
33.39
5.17
2.22
6.02
19.32
0.21
2008
21.58
5.61
2.70
5.47
25.26
0.57
2009
25.76
6.10
2.40
5.49
25.44
0.84
2010
24.63
6.88
1.96
6.52
30.18
1.18
2011
19.39
6.19
2.26
5.63
33.13
1.03
2012
13.02
6.27
1.97
6.08
35.96
0.79
2013
11.70
6.11
2.35
5.68
31.31
0.65
2014
15.12
7.57
1.54
6.06
30.08
0.67
2015
13.58
5.26
1.06
5.76
25.95
0.67
2016
13.23
6.62
1.64
6.58
29.33
0.55
2017
13.34
7.56
1.33
5.52
26.29
1.68
2018
Data source: FAO statistics, http://www.fao.org/faostat/en/, and WITS database, http://wits.worldbank.org/WITS/.
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Spain
4.79
4.77
5.34
6.72
6.94
6.65
7.01
6.12
4.31
3.43
6.72
5.60
9.07
8.96
9.33
9.50
8.79
9.61
8.93

Rabbit meat trade of major countries: regional pattern and driving forces
26.29 and 13.31 in 2018, followed by Spain and Belgium, RCAs of which are respectively 8.93 and 7.56, while the
Netherlands and China have the lowest RCAs and France is in the middle.

Driving forces of regional trade: Gravity model results
As introduced in the methodology section, the major factors affecting trade have been figured out, including: (1)
resources endowment, which determines the production cost and prices; (2) distance between two countries, which
determines the time required to ship meat from exporter to importer. The distance is also related to marketing cost
and convenience; (3) income and population, which reflect purchasing power; (4) same preference and tradition,
which can cause more interaction and trade; (5) trade policy; free trade policy can improve trade.
In order to capture the impacts of all these factors, the gravity model is set up with following variables: (1) GDP of
the exporting country (GDPi), to capture the resources endowment, as those countries with rich resource endowment
usually have a high GDP level. For the importing country, GDP mainly reflects consumers’ purchasing power, which is
the potential for meat imports; (2) population of exporting country (POPi) and importing country (POPj), to capture the
demand for rabbit meat; (3) distance between country i and j (DISij), to denote the marketing cost; the short transport
time also means the meat is fresher. Contiguity (BORij) is also specified to capture the similarity of two countries in
consumption tradition, and also reflects fast transport and convenience; (4) Common language. Language is a very
important communication tool in trade. If two countries share a common official or primary language, it is easier for
them to trade. The same language also means they may have similar habits; (5) free trade or trade protection will
cause different results. GATT/WTO membership is introduced to reflect the policy intervention. If one country is a WTO
member, this also means its trade should be freer.
The model is run by STATA econometric software and the results are listed in Table 6. It can be seen that most
variables are significant in export, import and total trade models. GDP of the exporting country is negatively significant,
which shows that when the exporting country has a higher GDP, the rabbit meat trade will decrease. But if the
importing country has a higher GDP, the trade will increase. This shows that trade is mainly driven by demand. High
GDP means high income; high income drives greater consumption. China is a typical case. China has a large GDP and
a high GDP growth rate, but rabbit meat export has been decreasing for many years. Since the model is in doublelog form, the coefficient of variable GDPi is the GDP elasticity of trade, so when GDP increases by 1 percent in the
exporting country, the rabbit meat trade will decrease by 0.76 percent. But if importing countries increase their GDP
by 1 percent, their imports will increase by 0.65 percent.
Table 6: Gravity model results.
Variable
GDPi: GDP of exporting country (current US$)
GDPj: GDP of importing country (current US$)
POPi: population of exporting country (mn)
POPj: population of importing country (mn)
DISij: distance between country i and j (km)
WTOi: Origin country i is GATT/WTO member,
yes=1, otherwise=0
WTOi: Destination country j is GATT/WTO member,
yes=1, otherwise=0
Langij: Common official or primary language,
yes=1, otherwise=0
BORij: Contiguity, yes=1, otherwise=0
Cons
N
R-sq

Export
Model
–0.76*** (–9.34)
0.67*** (13.90)
0.99*** (11.78)
–0.13** (–2.24)
–0.47*** (–5.42)
0.52 (1.38)

Import
General Trade
Model
Model
–0.84*** (–7.25) –0.76*** (–11.69)
0.84*** (4.32)
0.65*** (15.31)
1.36*** (11.50) 1.16*** (16.81)
–0.80*** (–3.78) –0.20*** (–3.71)
–0.38*** (–4.76) –0.44*** (–7.89)
0.67 (1.30)
0.85*** (2.83)

0.16 (0.8096) –0.79 (–1.6331)

0.10 (0.59)

0.61*** (4.26) –0.76*** (–3.40)

0.14 (1.16)

1.59*** (9.32) 1.78*** (9.95)
12.21*** (5.201) 10.94** (2.35)
2259
1339
0.37
0.25

1.56*** (12.63)
11.71*** (5.93)
3598
0.33

*P<0.1; **P<0.05; ***P<0.01; t-value in parentheses. GDP: Gross Domestic Product.
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Population is significant in the three models. It shows that the larger the population of the exporting country, the
more exports of rabbit meat there will be. However, in importing countries, the effect is the opposite. Therefore, if
exporting countries have a higher population, there will be a decline in rabbit meat imports. This may be due to the low
labour cost in countries with higher populations. Nowadays, in many countries rabbit rearing is still labour-intensive
compared with other sectors, so a larger population means a strong comparative advantage in rabbit raising in these
countries, as they can finally meet their domestic demand for rabbit meat, thus reducing imports. This also shows
that the demand for rabbit meat is driven mainly by increasing income (GDP) rather than population growth. In many
countries, youngsters do not eat as much as their older generations.
Luo and Wu (2019) compared the minimum monthly wage in major rabbit raising countries. In the past three years
(2016-2018), the average minimum monthly wages have been high in Netherlands (1700 USD), Belgium (1695 USD),
France (1622 USD) and Spain (846USD), but low in Hungary (394 USD), Brazil (237USD) and China (230USD). Labour
is the key factor in the rabbit industry.
DIS (Distance between two countries) is significant, but negatively. This means trades import more from far distant
countries instead of nearby, and it is apparently irrational. The reason may be due to the measurement of distance
between two countries. In models, the DIS variable is measured by the distance between capitals of two countries, but
rabbit rearing is usually not allowed within cities, especially the capital city. In most countries, rabbit is raised outside
the city. This may also explain why one country both imports and exports a lot, as do Belgium, France and Italy. In
2018, Belgium exported 5639 tonnes rabbit meat, but also imported 5276 tonnes. It seems that in one bordering
and producing area, rabbit is exported to the neighbouring country; in 2018, Belgium mainly exported rabbit meat to
France, the Netherlands and Germany etc. But in the opposite area (consumption region) they may import from their
neighbouring countries or other countries with low prices. In 2018, Belgium mainly imported from China, France,
Argentina, Spain, the Netherlands and Germany. Since the data of domestic regional rabbit meat trade pattern in
Belgium cannot be collected, detailed studies on exporting and importing areas within Belgium cannot be carried out
here. BOR (whether two countries are neighbours) is positively significant, which means contiguity is important in the
rabbit meat trade. If both distant and contiguity variables are considered, nearby countries should be the key factor
affecting rabbit meat trade.
Language (whether two countries have the common official or primary language) is significant in the export model
and the import model, but not in the general trade model. This shows that exporting countries try to sell rabbit meat
to those countries with the same language. Nevertheless, for the importing countries, what they pursue may be low
price, instead of the same language or tradition.
WTO membership is generally not significant, except for the exporting country in the general trade model. This means
that a free trade policy in the exporting country can improve exports. But in other cases, whether these countries
are WTO members is not important. This may be because most trading countries have already been WTO members.

CONCLUSIONS
In the past 60 yr, the rabbit industry has achieved great progress worldwide. In the first 30 yr, that is before 2000,
rabbit meat was mainly produced in Europe, but in the last 20 yr meat production has moved to Asia. In 2000, rabbit
meat output in Asia (428.66 thousand tonnes) first surpassed that of Europe (356.42 thousand tonnes). In 2018, Asia
and Europe produced 72.71 and 19.43% of global rabbit meat, respectively, while the shares of Africa and Americans
were respectively 6.65 and 1.21%.
Unlike production, rabbit meat trade only increased for about 20 yr from 1961 to 1979. After 1979, the global rabbit
meat trade fluctuated around 60 thousand tonnes for another 20 yr. Since 2001, it has been stable at the level of 37
thousand tonnes, with little fluctuation. Increasing production but stable and decreasing trade show that rabbit meat
is gradually being consumed locally. The trade pattern is currently from Asia (mainly China), South America (mainly
Argentina) and Europe (Spain, Belgium, and France) to European countries. In 2018, the top 5 destinations were
Germany, Belgium, Italy, Portugal and France.
As regards comparative advantage, Hungary and Argentina have been two strong competitors in the past two
decades, while Spain and Belgium are gradually becoming two promising countries in the rabbit meat trade. China
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was always a strong exporter, but in the last decade domestic demand has been increasing rapidly, which replaces
the exports. France is a special case that has been a key player in production, trade and consumption for about 50 yr.
The gravity model results show that rabbit meat trade is mainly driven by demand. The countries with high GDP
tend to increase imports of rabbit meat but decrease their exports. As for production, countries with higher
populations means low labour costs and greater comparative advantages in rabbit meat production and exports,
so they export more. A common language and border denote similar traditions and dietary habits. This also
significantly affects trade.
Based on the above results, some suggestions and policy implications are provided: (1) Since rabbit meat is more
traded locally or between neighbours, rabbit farmers or processing companies should pay more attentions to domestic
consumers or neighbouring countries to exploit the market potential. (2) The experiences of France and Italy show
that expanding multi-channels for export can reduce risks and maintain positions stable for a long time, so traders
should explore more markets in order to reduce the degree of trade concentration and avoid risks. (3) Population has
significant negative effects on rabbit meat imports, which means that newer generations consume less rabbit meat.
Governments should popularise the nutritional knowledge of rabbit meat so as to encourage people (especially young
people) to consume more healthy rabbit meat, with a view to reducing obesity, heart diseases or other illnesses from
fatty pork or other unhealthy meats.
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50 yr, regional patterns and evolution, driving forces of trade, etc. Our special thanks are given to President Thierry Gidenne and the
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Abstract: This study aims to find out the effect of hydrochloric acid curing concentration on the characteristics
of rabbit bone gelatin and determine the level of hydrochloric acid concentration for the soaking process to
produce the best characteristics of rabbit bone gelatin. The material used was 50 kg of Rex rabbit bones
obtained from rabbit farms, HCl 4, 5 and 6% and distilled water. The rabbit skin was soaked in hydrochloric
acid (4, 5 and 6%) for 4 d as treatment and replicated three times. Gelatin extraction was performed three
times at temperatures of 65, 75 and 85°C for 4 h each time and the results obtained were filtered through
filter paper. The filtrate was concentrated at 50°C for 5 h. The concentrated filtrate was then poured into a
tray before drying in an oven at 50°C until dry. Milling was carried out until it became gelatin powder. This
study used a completely randomised design with a unidirectional pattern, and if there was a significant
difference, continued with Duncan’s multiple range test. The results showed that the rabbit bone gelatin yield
was between 6.18-8.52%, moisture 8.08-8.45%, ash content 8.15-10.93%, pH 3.85-4, protein content
57.09-62.84%, fat content 0.04-0.27%, gel strength 74.47-129.09 bloom, viscosity 3.06-4.26 cP, thick point
10-12°C, melting point 33-35°C and the molecular weights were 85, 120, and 212.5 kDa. The characteristics
of rabbit bone gelatin still meet the Standar Nasional Indonesia gelatin range. Curing treatment with 6% HCl
gave the best gelatin characteristics.
Key Words: rabbit, bioplastic, gelatin, rabbit bone.

INTRODUCTION
Currently, the processing industry is increasingly pushing for the introduction of more attractive products such as
ready-to-eat and ready-to-cook, among others, including rabbit meat, which is mostly sold as whole carcasses or
pieces (Petracci and Cavani, 2013). Therefore, the implementation of management planning and strategy as well as
the continuous improvement of production and efficient use of by-products has also become a major task for the
rabbit meat industry. It is further explained that for this implementation it is necessary to analyse the strengths and
weaknesses of the main factors regarding the use of rabbit meat for the manufacture of further processed products.
It is desirable to process all by-products into valuable products for human food, pet food, animal feed, medicine or
fertiliser, and more recently for biodiesel manufacture (Mohan and Long, 2021).
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The amount of rabbit bone waste can be seen from the estimation of meat consumption from supermarkets, shops
and home consumption to be calculated (Petracci et al., 2018). If the amount of rabbit meat consumed increases, the
number of bones will also increase, which will pose a new problem for the rabbit meat-producing industry.
Rabbit bone as waste is a potential source of gelatin that can increase its value, but has not been optimally explored.
Bone waste is usually crushed and used as an additional ingredient in animal food.
Gelatin is a type of protein obtained from natural collagen found in skin, bones and connective tissue. Gelatin is
produced by extracting and hydrolysing collagen. The extraction and hydrolysis processes lead to denaturation of the
triple helix collagen arrangement protein into a single chain by combining with three peptide bonds to produce gelatin
compounds (Panjaitan, 2016). Indonesia has a high demand for gelatin, especially as an ingredient for both food
and non-food products. Gelatin is commonly used in the pharmaceutical, cosmetic and food industries as a foaming
agent, binder, stabiliser, gelling agent and emulsifier (Huda et al., 2013). Gelatin is also widely used as a wrapper for
food that can be eaten (edible film), bioplastic or biodegradable plastic.
Bioplastics are plastics that can be used like conventional plastic, but are biodegradable by the activity of
microorganisms into water and carbon dioxide gas after being used up and discharged into the environment.
Bioplastics are made from nature and can return to nature, including plastic materials that are environmentally
friendly (Sinaga et al., 2014).
One type of biodegradable plastic is made from starch as raw material. Starch-based bioplastics are brittle and easily
damaged when subjected to a load. One way to overcome this problem is by adding a plasticiser that reduces the
stiffness of the polymer material. One of the natural ingredients that can function as a plasticiser is gelatin.
Pork and beef are the common sources of gelatin that are continuously explored. Other sources of gelatin are poultry,
marine animals and insects. Gelatin extracted from bones and feet of poultry and fish have similar characteristics to
pork gelatin (Miskah et al., 2010; Jannah et al., 2013). The functional group of catfish bone gelatin has the same
structure and quality as commercial gelatin (Permata et al, 2016). The same study was conducted for iridescent shark
fish bone gelatin (Atma et al., 2018) and with its duck bone gelatin (Khirzin et al., 2019).
Indonesia, especially in Magetan District, has abundant potential for rabbit bones every day. At least 400 rabbits are
slaughtered for consumption purposes. The value of rabbit bones as a basic ingredient for gelatin is unknown in the
Magetan District due to the lack of information distributed on the subject. The 30% protein content of goatskin in
their research is a source of collagen protein that has the potential to produce protein derivative products, including
bioactive peptides (Hakim et al., 2021). The protein content in bones is 33% (Herniawati, 2008), meaning that rabbit
bones are a source of collagen protein which can be made into derivative products such as gelatin. When collagen
is treated with acid or base followed by heat, the fibrous structure of collagen is broken down irreversibly to produce
gelatin (Zhou and Regenstein, 2005). Acids can convert triple-helical collagen fibres into single chains, whereas
alkaline solutions are only able to produce double chains (Ward and Court, 2009).
The use of hydrochloric acid in different concentrations as a solvent to produce gelatin from rabbit bone has not been
reported. Therefore, research into the production and characterisation of gelatin produced from rabbit bone using
a hydrochloric acid soaking solution needs to be conducted. The aims of this study are to find out the effect of the
different concentrations of hydrochloric acid immersion solution (4, 5 and 6%) on the characteristics of rabbit bone
gelatin.

MATERIALS AND METHODS
Materials
The material used in the study was the bones of Rex rabbit isolated from 50 kg of rabbit obtained from the Republic
AE farm, in Magetan District, East Java Province, Indonesia. The chemicals used for curing were hydrochloric acid
(HCl) at 4, 5 and 6% and distilled water. The tools used in this work included knives, analytical scales, water baths,
buckets, glassware, thermometers, ovens, filter paper, Viscosimeter, Universal Testing Machine, Lovibond grinder
and cooler.
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Experimental design
The study used a completely randomised design with a unidirectional pattern, applying three different concentrations
of hydrochloric acid curing agents as treatment, at 4, 5 and 6%, and was replicated three times.

Rabbit bone preparation
Collagen extraction was started by boiling the raw materials to remove the remaining meat. Rabbit bones were
then cut into 2-3 cm, weighed and then washed with running water at pH 7. The bone was then soaked in 4, 5
and 6% hydrochloric acid for 4 d and neutralised with water at pH 7 at stratified temperature of 65, 75, and 85°C,
respectively, for 4 h. The extracts were filtered through filter paper. The filtrate was then concentrated at 50°C for 5 h.
The filtrate was then poured into a tray and dried in an oven at 50°C. The dry material was then milled. The process
sequence is shown in Figure 1.

Gelatin yield weight determination
The weight of gelatin yield was calculated according to the method of (Giménez et al., 2005) by dividing by the weight
of extracted rabbit bones multiplied by 100%.

Figure 1: Rabbit bone gelatin preparation flowchart.
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Chemical composition analyses
Chemical compositions gelatin extracted from rabbit bones were analysed for its moisture, fat, protein, and ash
content using the method of AOAC (2012).

Gelatin pH measurement
The gelatin solution with a concentration of 6.67% (w/w) was prepared with distilled water before measuring the
acidity of gelatin. The gelatin solution was heated to 70°C and homogenised with a magnetic stirrer, then the degree
of acidity was measured at room temperature with a pH meter (British Standard 757, 1975).

Viscosity analysis
Gelatin solution at 6.67% concentration was boiled in a water bath and continuously stirred up to 60°C. Viscosity
was measured using a Brookfield viscometer (Zhengzhou Nanbei Instrument Equipment Co., Henan, China). A spindle
was previously heated to 60°C and then installed in the Brookfield viscometer. The spindle position in the hot solution
was set accurately, then the viscometer was turned on and the temperature of the solution was measured. When the
solution temperature reached 60°C, the viscosity value was read through the viscometer at a scale of 1-100. The
reading was done after 1 min of full rotation 2 times for spindle nº 1.

Gel-strength measurement
The strength of the gel was determined according to Liu et al. (2009), using a Universal Testing Machine (Zwick,
Ulm, Germany). Gelatin samples at a concentration of 6.67% w/v were dissolved in distilled water at 60°C. The
solution was stirred until the gelatin was solubilised completely. The solution, in dimensions of 5 cm in diameter and
6 cm in height, was stored at 5°C for 16-18 h. The gelatin sample container was placed right at the bottom of the
plunger (with a diameter of 13 mm) for the testing process. The measurement was conducted at a temperature of
10°C with a plunger speed of 10 mm/min and a depth of 4 mm. The gel strength value calculation was expressed in
bloom=Fmax (g/mm2)×12.7 (a surface area of the needle).

Gelling point measurement
Gelatin solution at a concentration of 6.67% (w/w) was prepared with distilled water in a 15 mL volume test tube
connected to a Hanna digital thermometer sensor. The sample was lowered in temperature slowly by placing it in
a container with crushed ice. The gelling point was determined when the sensor could lift the gel in the test tube
(Suryaningrum and Utomo, 2002).

Melting point measurement
Gelatin solution at a concentration of 6.67% (w/w) was prepared with distilled water. Samples were incubated at
100°C for 17±2 h. Melting point measurements were carried out by heating the gelatin gel in a water bath. On the
top of the gelatin gel, the buckwheat is placed, and when the buckwheat reaches the bottom of the gelatin gel, the
temperature is determined as the melting point of the gelatin. (Suryaningrum and Utomo, 2002).

Molecular weight distribution determination
The distribution of molecular weight was determined according to the method of Laemmli (1970) with sodium
sulphate dodecyl polyacrylamide gel electrophoresis (SDS-PAGE) using Atto Pugeran AE 6531 (Atto, Tokyo, Japan).
The gelatin sample was diluted with sterile distilled water and mixed. The mixtures were centrifuged at 3000 rpm
for 10 min at room temperature. Samples and supernatants were mixed at the ratio of 1:1, and denaturation was
conducted at 100°C for 5 min before cooling at room temperature. The gelatin samples at the volume of 10 µL were
loaded into 12% resolving gel and a 5% stacking gel. The gel was then stained with Coomassie Blue.
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Data analysis
If there was a significant difference, analysis was continued with Duncan’s multiple range test (DMRT) according to
Steel and Torrie (1993). The statistical significance level was set at P<0.05. The statistical software package SPSS
15.0 (SPSS, Inc., Chicago, IL, USA) was used for these data analyses, while the molecular weight data were analysed
descriptively.

RESULTS AND DISCUSSION
The physical and chemical properties of gelatin produced from rabbit bones are presented in Table 1. The higher
the percentage of HCl, the higher the yield of gelatin. The average gelatin yield was 6.25±0.11% to 8.42±0.43%.
Statistical analysis showed that the gelatin yield was significantly different between treatments of 4% (6.25±0.11),
5% (7.49±0.16) and 6% (8.42±0.43).
Type A gelatin can be extracted using acids such as HCl, H2SO4. Acidic extraction is considered more effective than
base extraction and produces higher yields. This is a standard method that produces halal gelatin (Yudhistira et al.,
2019). Variations in acid concentration also affect the ash content and moisture of chicken leg bone gelatin, while
the immersion time affects the viscosity value (Huda et al., 2013). Moreover, the acid concentration used in the
demineralisation process greatly determines the quantity and quality of gelatin (See et al., 2015).
The table shows that the higher the HCl concentration, the more gelatin was obtained. This is because the higher
the HCl concentration, the easier it is to convert the collagen into gelatin. The yield of gelatin extracted from catfish
bone hydrochloric acid increased along with the increasing HCl concentration until it reached the peak and decreased
again, even though the HCl concentration was increased (Permata et al., 2016).
Statistical analysis showed a significant difference in gelatin yield among treatments. This indicated that increasing
the concentration of HCl affected the gelatin yield. This result was in line with the research conducted by (Huda et al.,
2013) in that the greater the concentration in the HCl solvent, the higher the yield of gelatin produced. The increase
in gelatin yield was because the HCL reacted with calcium in the bones and caused the calcium salt in the bones to
dissolve. HCl is a strong inorganic acid that produces more hydrogen ions, which causes the dissolution of intra and
intermolecular cross-linked collagen (Mulyani et al., 2017). The triple-helical structure of collagen turns into random
coils, resulting in higher gelatin yields.
The treatment of HCl acid concentration in the production of rabbit bone gelatin resulted in a significant effect
on moisture, ash content and gelatin fat content (P<0.05). However, there was no significant effect on protein
content and gelatin pH. The average moisture of gelatin was 8.42±0.06-8.08±0.03%, ash content was
8.23±0.07-10.87±0.06%, and the average ash content decreased with increasing HCl percentage; fat content was
0.03±0.01-0.24±0.04%, while the average protein content was 57.63±0.01-62.81±0.025% and the pH of gelatin
was 3.88±0.01-3.95±0.01%.
The percentage of HCl that binds to 6% resulted in a decrease in moisture, as strong acids have a greater ability to
hydrolyse collagen into shorter gelatin peptides, so that during drying, the surface area becomes wider, causing more
water evaporation. The moisture of gelatine produced in this study was between 8.06-8.47%, which still met the SNI
1995 (National Indonesian Standard 1995), which required a maximum of 16%.
Table 1 shows the ash content of rabbit bone gelatin, which is somewhat higher than that of SNI 1995, where the
maximum is 3.25%. This result indicated that the mineral content of rabbit bone gelatin was quite high. The results
of analysis for Ca content of rabbit bone gelatin was low (29.41%), because the rabbit bone as a source of gelatin
is rich in calcium content. The more the HCl concentration was increased, the lower the ash content. This is due to
the reaction between HCl and calcium phosphate of bone produced calcium salts that dissolved during this reaction
and softened the bones. The higher the concentration of HCl, the more dissolved calcium salts caused the mineral
content of rabbit bones to decrease during extraction. The decrease in ash content indicates the absence of inorganic
salt content in the gelatin produced during pre-treatment with acid (Ahmad and Benjakul, 2011). In line with that,
Wardhani et al. (2017) also reported that the ash content was affected by the demineralisation process during gelatin
extraction from fish scales, and this content process was reduced by using NaCl and NaOH.
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Table 1: Physical and chemical properties of rabbit bone gelatin with curing percentage of HCl.
Hydrochloric acid percentage
Parameters
Replay
4%
5%
Yield
1
6.18
7.28
2
6.38
7.58
3
6.20
7.25
Total
18.76
22.21
Average
6.25±0.11a
7.40±0.16b
Moisture (%)
1
8.47
8.43
2
8.35
8.45
3
8.44
8.42
Total
25.26
25.30
Average
8.42±0.06a
8.43±0.02a
Ash (%)
1
10.93
9.14
2
10.81
9.19
3
10.88
9.15
Total
30.62
27.48
Average
10.87±0.06a
9.16±0.03b
Fat (%)
1
0.03
0.06
2
0.04
0.05
3
0.03
0.05
Total
0.10
0.16
Average
0.03±0.01a
0.05±0.01a
Protein (%)
1
57.82
59.70
2
58.09
60.66
3
57.97
60.51
Total
172.88
180.87
Average
57.63±0.14a
60.29±0.52a
pH
1
3.88
3.90
2
3.90
4.00
3
3.88
3.80
Total
11.66
11.79
Average
3.89±0.01a
3.90±0.10a
Viscosity (cP)
1
3.06
3.42
2
3.08
3.47
3
3.06
3.44
Total
9.23
10.33
Average
3.07±0.01a
3.44±0.03b
Gel Strength (Bloom)
1
75.00
99.17
2
74.47
97.30
3
74.91
98.59
Total
224.38
295.06
Average
74.79±0.29a
98.35±0.96b
Gelling Point (°C)
1
10
11
2
10
10
3
11
11
Total
31
32
Average
10.33±0.58a
10.67±0.58a
Melting Point (°C)
1
33
33.5
2
33
34
3
33
33
Total
99
100.5
Average
33.00±0.00a
33.50±0.50b
Different superscripts in the same row and column indicate significant differences (P<0.05).
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6%
7.95
8.79
8.52
25.26
8.42±0.43c
8.08
8.12
8.06
24.26
8.08±0,03b
8.15
8.26
8.28
24.69
8.23±0.07c
0.20
0.24
0.27
0.71
0.24±0.04b
63.04
62.84
62.55
188.43
62.81±0.25a
3.94
3.95
3.95
11.84
3.95±0.01a
4.20
4.24
4.26
12.27
4.23±0.03c
128.23
129.09
127.02
384.34
128.11±1.04c
12
11
12
35
11.67±0.58b
35
34
34
103
34.33±0.58b
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The fat content of rabbit bone gelatin in this current study ranged from 0.03 to 0.1%, which was much lower than that
stipulated by Standar Nasional Indonesia (SNI) 06-3735-1995, which is a maximum of 5%. The HCl concentration
gave a significant effect on the fat with (P<0.05). The good quality of gelatin is indicated by the low-fat content (Said
et al., 2012). The low-fat content is because the bone that is used as a gelatin source contains 66.4% of minerals.
It was also influenced by the time and temperature used during extraction. The extraction temperature in this study
used a stratified temperature of 65, 75, and 85°C for 4 h, respectively. The longer the heating time, the lower the fat
content, as unsaturated fatty acids will be oxidised by heat and decomposed into shorter carbon chains that make
them more soluble. The duration of boiling and high temperatures are thought to be able to optimally separate the fat
content in the bones, so the resulting gelatin contains low fat.
The protein content of rabbit bone gelatin in this study ranged from 57.82 to 62.84%. The greater concentration of
HCl treatment resulted in higher protein content. The greater the concentration of HCl, the stronger it is in breaking
hydrogen bonds and opening the collagen fabric, so more collagen is converted into gelatin. Protein content in gelatin
can also be influenced by the quality of ossein produced during the demineralisation process (Jannah et al., 2013).
The protein content of gelatin extracted from rabbit bones in this study was lower than that extracted from chicken
bones (Jannah et al., 2013), i.e., 79.66-85% protein for free-range chicken bone gelatin and 78.58-86.27% for
broiler chickens. The low protein content may be related to the protein content of bones as the raw material, which
is 24%. Ward and Court (2009) stated that the protein content of gelatin varies depending on the species of animal
used as raw material, the source of collagen and the type of collagen. Meanwhile, according to Choi and Regenstain
(2000), the quality of gelatin depends on the source of the raw material, the species or connective tissue extracted
and the method used to produce it. The low levels of this protein can also be because not all the collagen has been
separated from bone tissue during the mineralisation.
The pH value of the rabbit bone gelatin in the study ranged from 3.80 to 4. That met the standard for type A gelatin,
since the acidic gelatin was 3.8-5.5. The pH value of the extracted gelatin did not meet the SNI standard, namely 4.56.5. The low pH value was achieved due to the use of HCl as a strong acid. During demineralisation, the development
of collagen (ossein) occurred, causing the high level of HCl to be absorbed into the expanding collagen and trapped
in a network of collagen fibrils. When neutralised by washing, some HCl remained, thus affecting the acidity of the
resulting gelatin.
The physical properties of gelatin produced from rabbit bone gelatin with HCl percentage treatment are also presented in
Table 1. Statistical analysis of the physical properties of rabbit bone gelatin showed significant differences in gel strength,
density point and melting point. The higher percentage of HCl resulted in the greater physical properties of gelatin.
The average gelatin viscosity was 3.07±0.01-4.23±0.03 cP, gel strength was 74.79±0.29-128.11±1.04 Bloom,
thickness point was 10.33±0.05-11.67±0.58°C, and melting point was 33.00± 0.00-34.33±0.58°C.
The viscosity value of rabbit bone gelatin complies with the requirements of the 1995 SNI, namely 2.5-5 cP. The
higher the concentration of HCl up to 6%, the higher the gelatin viscosity, as the higher acid concentration affects the
collagen structure. The more swollen and more open amino acid chain structure caused the release of more amino
acid chains, thus increasing the viscosity value. The viscosity value is directly proportional to the protein content.
Santoso et al. (2015) explained that the protein in gelatin is highly influential on the formation of the gel. The higher
the protein level, the greater its ability to form a gel and increase the viscosity.
The increase in viscosity value is influenced by the molecular structure of amino acids that make up the gelatin
protein. The longer amino acid composition will increase the gelatin viscosity value (Bahar et al., 2018). Further
explained, the difference in curing and extraction time affected the viscosity of gelatin. The increased viscosity was
influenced by the molecular structure of amino acids that make up the gelatin protein. The longer the amino acid
chain, the more the gelatin viscosity increased.
The results of this study showed that the viscosity ranged from 3.06 to 4.26 cP. These results were similar to those of
(Pertiwi et al., 2018), who reported 3.83 cP for iridescent shark fish bones, and those of (Darwin et al., 2018), who
found 2.68-4.74 cP for tilapia fish bones.
The gel strength values obtained in this study ranged from 74.47-129.09 Bloom. The gel strength of rabbit bone
gelatin still met the GMIA (2012) range, which is 50-300 Bloom and is classified as gelatin with low gel (<150 Bloom)
World Rabbit Sci. 30: 83-93

89

Wulandari et al.

(Rahman and Jamalulail, 2012). The difference in the HCl concentration significantly affected the gel strength; this
was because due to the increasing concentration of acid, the hydrolysis went well and the heating process damaged
the gelatin, forming a gel structure (Hafsari et al., 2018)
Gelatin gel formation is influenced by several factors, including pH, temperature and concentration of the curing
agent (Tazwir et al., 2014). The results showed that the greater the HCl concentration, the higher the value of the gel
strength. The increased concentration of HCl increased the termination of the amino acid polymer chain which caused
large amounts of collagen to be converted to gelatin, which also caused the gel strength to increase. According to
Kharim and Bath (2009), the concentration of curing agents affects the strength of gelatin gel. High gel strength is
related to the high molecular weight of the peptide. Sinthusamran et al. (2014) explained that gelatins with different
molecular weight distributions and amino acid compositions have different gel strengths.
The gelling point of gelatin increased (T1=33.00°C, T2=33.50°C, and T3=34.33°C) along with the increase of
HCl concentration, as well as the melting point. The increase in HCl levels caused more collagen to be converted
into protein during extraction. High levels of protein determine the content of amino acids such as proline and
hydroxyproline. Eysturskard et al. (2009) stated that the higher the proline and hydroxyproline, the higher the gelling
point of gelatin, and it is proportional to the protein content of gelatin. Zulkifli et al. (2014) also explained that the gel
point of tuna bone is higher due to the increased protein content with an increase in the volume of vinegar.
The melting point of gelatin in this study ranged from 33-35°C, lower than commercial gelatin, which was 37°C, but
still in the Food Chemical Codex (1996) range, which was below 35°C. Gelatin can also melt in the mouth.
The analysis of the molecular weight of rabbit bone gelatin using SDS-PAGE is shown in Figure 2. The distribution of
molecular weight increased along with the increase in HCl concentration. Figure 2 shows the molecular weight of T1
is 85 kDa, T2=120 kDa, T3=212 kDa.
The molecular weight of gelatin from rabbit bone that was determined by the SDS-PAGE method is presented in
Figure 2. The gelatin protein band seemed to be thin and faint. The T1, T2, and T3 treatments were using HCl at
concentrations of 4, 5 and 6% respectively, the extraction temperature was 65°C, and was then increased to 75°C
and 85°C. After 4 h of extraction of T1, T2 and T2 treatments, proteins were generated with molecular weights of
85, 120 and 212.5 kDa, respectively, while that of commercial gelatin was 225 kDa. These results are different from
those of Mahmoodani et al. (2014), who found that the gelatin extracted from catfish bone using hydrochloric acid
resulted in a protein with a molecular weight of >97-120 kDa and indicated as α bonds protein, while β and γ bonds
were between 200-300 kDa.

Figure 2: Results of gel electrophoresis of rabbit bone gelatin. M=Marker, T1=immersion with 4% HCl, T2=immersion
with 5% HCl, T3=immersion with 6% HCl, GK=commercial gelatin.
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The protein pattern generated from the T3 treatment showed a high molecular weight of 212.5 kDa. This gelatin
protein is a β sheet protein where the molecular weight is between 160-250 kDa, while the T1 and T2 treatments
generated protein with a molecular weight of 97-120 kDa as α sheet group protein.
Figure 2 shows that the higher the concentration of HCl, the greater the molecular weight, because of the greater
hydrolysis of collagen, and the longer cleaved polypeptide. This is seen through the increase in melting point,
thickness point, viscosity and gel strength, along with the increasing of HCl concentration and decreasing of moisture.
A large molecular weight in this result indicated there was more cross-linking and less water binding.
The results of the study were similar to those of (Hardikawati et al., 2016), where a similar molecular weight
(85-212.5 kDa) of gelatin proteins was obtained from the skin of broiler chicken using citric acid and NaOH as
curing treatment. Different sources of gelatin and different curing treatment resulted in different molecular weights
of gelatin proteins. The iridescent shark fishbone treated with HCl and NaOH resulted in 116-200 kDa gelatin
proteins (Mahmoodani et al., 2014), while the iridescent shark fishbone with citric acid pre-treatment resulted in
38-162 kDa gelatin proteins (Pertiwi et al., 2018), iridescent shark fishbone with pineapple waste treatment resulted
in 75-225 kDa gelatin proteins (Atma et al., 2018), and iridescent shark fishbone with 0.1 M NaOH immersion
resulted in 25-200 kDa gelatin proteins (Nuryanto et al., 2018).

CONCLUSION
The results of the production of rabbit bone gelatin pre-treated with HCl concentrations at 4, 5 and 6% for 4 d and
extracted at a temperature of 65, 75, and 85°C, respectively, for 4 h each showed the gelatin with the characteristics
that still met the requirements of SNI 06-3735-1995. The gelatin with the best characteristics is gelatin produced
using a 6% HCl treatment with a yield of 8.42%, moisture of 8.08%, ash content of 8.23%, fat content of 0.24%, pH
of 3.95, protein content of 62.81%, gel strength of 128.11 Bloom, viscosity of 4.23 cP, gelling point of 12°C, melting
point of 35°C and a molecular weight of 212.5 kDa.
This characteristic of rabbit bone gelatin has potential as a raw material for the manufacture of bioplastics or
biodegradable plastics which will be destroyed by microorganism activity. Bioplastics from rabbit bone gelatin are
environmentally friendly plastics.
Acknowledgements: The author would like to thank the ATK polytechnic for funding, Rabbit Farms of Republic AE from Magetan
Regency for their support in obtaining some raw material, PAU UGM for carrying out chemical tests, Engineering Laboratory, Faculty
of Agricultural Technology UGM for carrying out physio test and UGM Faculty of Fisheries Microbiology Laboratory for carrying out
determination of distribution of molecular weight.

REFERENCES
Ahmad M., Benjakul S. 2011. Characteristics of gelatin from the skin
of unicorn leatherjacket (Aluterus monoceros) as influenced by
acid pretreatment and extraction time. Food Hydrocoll., 25:
381-388. https://doi.org/10.1016/j.foodhyd.2010.07.004
AOAC. 2012. Official Methods of Analysis of AOAC International.
In Association of Official Analysis Chemists International.
Arlington: Association of Official Analytical Chemists Inc.
Atma Y., Ramdhani H., Mustopa A.Z., Pertiwi M., Maisarah
R. 2018. Physicochemical characteristics of catfish bone
gelatin (Pangasius sutchi ) extracted using pineapple
waste (Ananas comosus). Agritech., 38: 56-63.
https://doi.org/10.22146/agritech.29821
Bahar A., Kusumawati N., Anggrani M.A., Muslim S.
2018. Optimization of curing and extraction time
on the production of base gelatin from bovine
skin. Material, 112: 58-62. (Iconhomecs 2017),.
https://doi.org/10.2991/iconhomecs-17.2018.14

British Standard 757. 1975. Sampling and Testing of Gelatin.
In Imeson: Thikcening and Gelling Agents for Food. 1992.
Academic Press, New York.
Choi S.S., Regenstein J.M. 2000. Physicochemical and sensory
characteristics of fish gelatin. J. Food Sci,. 65: 194-199.
https://doi.org/10.1111/j.1365-2621.2000.tb15978.x
Darwin D., Ridhay A., Hardi J. 2018. Study of extracting
gelatin
from
tilapia
fish
bones
(Oreochromis
mossambicus). Kovalen: J. Ris. Kim., 4: 1-15.
https://doi.org/10.22487/kovalen.2018.v4.i1.10177
Eysturskard J., Haug I.J., Elharfaoui N., Djabourov M., Draget K.
I. 2009. Structural and mechanical properties of fish gelatin
as a function of extraction conditions. Food Hydrocoll., 23:
1702-1711. https://doi.org/10.1016/j.foodhyd.2009.01.008
Food Chemicals Codex. 1996. Food and Nutrition Board, National
Academy of Sciences. 4th ed. Washington DC: National
Academy Press.

World Rabbit Sci. 30: 83-93

91

Wulandari et al.
Gelatin Manufacturers Institut of America. 2012. Gelatin.
http://www.gelatin-gmia.com.
Giménez B., Gómez-Guillén M. C., Montero P. 2005.
Storage of dried fish skins on quality characteristics
of extracted gelatin. Food Hydrocoll., 19: 958-963.
https://doi.org/10.1016/j.foodhyd.2004.12.012
Hafsari A.R., Rosmiati D., Jamaludiin D. 2018. The effect of
hydrochloric acid (HCl) concentration on the quality of gourami
bone gelatin (Ospheronemus Gouramy Lac). In Proc.: 1st
International Conference on Recent Innovations (ICRI): 29832989. https://doi.org/10.5220/0009947329832989
Hakim T.R., Pratiwi A., Jamhari., Fitriyanto N.A., Rusman,
Abidin M.Z., Matulessy D.N., Erwanto Y. 2021. Extraction
of collagen from the skin of kacang goat and production
of its hydrolysate as an inhibitor of angiotensinconverting enzyme. Trop. Anim. Sci. J., 44: 222-228.
https://doi.org/10.5398/tasj.2021.44.2.222
Hardikawati T., Puspawati N.M., Ratnayani K. 2016. Study
of the effect of variations in the concentration of citric
acid on the gel strength of broiler skin gelatin products
associated with the protein pattern. J. Kim., 10: 115-124.
https://doi.org/10.24843/jchem.2016.v10.i01.p16
Herniawati. 2008. Minerals and Homeostasis. Biology Education
Department, Faculty of Mathematics and Natural Sciences.
Indonesian Education University. Bandung. Available at
http://file.upi.edu/Direktori/FPMIPA/JUR._PEND._BIOLOGI/
197003311997022-HERNAWATI/FILE_7.pdf
Accessed
March 2022.
Huda W., Atmaka W., Nurhartadi E. 2013. Study of physical and
chemical characteristics of chicken leg bone extract gelatin
(Gallus gallus bankiva) with variations in soaking time and acid
concentration. J. Teknosains Pangan., 2: 70-75.
Jannah A., Maunatin A., Windayanti A., Findianti Y., Mufidah Z.
2013. Isolation and characterization of gelatin from chicken
bones using the acid method. Alchemy., 2: 184-189.
https://doi.org/10.18860/al.v0i0.2904
Karim A.A, Bhat R. 2009. Review of Fish Gelatin: Properties.
Challenges and prospects as an alternative to mammalian
gelatins. Trends Food Sci. Technol., 19: 644-656.
https://doi.org/10.1016/j.tifs.2008.08.001
Khirzin M. H., Ton S., Fatkhurrohman F. 2019. Extraction
and characterization of duck bone gelatin using the acid
extraction method. J. Sain Peternak Indones., 14: 119-127.
https://doi.org/10.31186/jspi.id.14.2.119-127
Laemmli U. K. 1970. Cleavage of structural proteins during the
assembly of the head of bacteriophage T4. Nature, 227:
680-685. https://doi.org/10.1038/227680a0
Liu F., Chiou B. Sen, Avena-Bustillos R.J., Zhang Y., Li
Y., McHugh T.H., Zhong F. 2017. Study of combined
effects of glycerol and transglutaminase on
properties of gelatin films. Food Hydrocoll., 65: 1-9.
https://doi.org/10.1016/j.foodhyd.2016.10.004
Mahmoodani F., Ardekani V.S., See S.F., Yusop S.M., Babji
A.S. 2014. Optimization and physical properties of
gelatin extracted from pangasius catfish (Pangasius
sutchi) bone. J. Food Sci. Technol., 51: 3104-3113.
https://doi.org/10.1007/s13197-012-0816-7
Miskah S., Ramadianti I.M., Hanif A.F. 2010. Effect of concentration
of H3COOH & HCl as solvent and immersion time on the
manufacture of gelatin made from chicken leg bone/skin. J.
Tek. Kim., 17: 1-6. Available at http://jtk.unsri.ac.id/index.
php/jtk/article/view/97/94 Accessed March 2022.

92

World Rabbit Sci. 30: 83-93

Mulyani S., Setyabudi F.S.M.C.S., Pranoto Y., Santoso U.
2017. Physicochemical properties of gelatin extracted
from buffalo hide pretreated with different acids.
Korean J. Food Sci. Anim. Resour., 37: 708-715.
https://doi.org/10.5851/kosfa.2017.37.5.708
Mohan A., Long J. M. 2021. Chapter 23 - Valorization of
wastes and by-products from the meat industry. In:
Rajeev Bhat (Ed). Valorization of Agri-Food Wastes
and By-Products. Academic Press, pp. 457-474.
https://doi.org/10.1016/B978-0-12-824044-1.00010-6
Nuryanto R., Trisunaryanti W., Falah I.I., Triyono. 2018. Extraction
of gelatin from catfish bone using NaOH and its utilization as
a template on mesoporous silica-alumina. IOP Conference
Series: Materials Science and Engineering., 349: 1-7.
https://doi.org/10.1088/1757-899X/349/1/012051
Panjaitan T.F.C. 2016. Optimization of gelatin extraction from
tuna fish bones (Thunnus albacares). J. Wiyata., 3: 11-16.
Available at http://ojs.iik.ac.id/index.php/wiyata/article/
view/65 Accessed March 2022.
Permata Y., Widiastri F., Sudaryanto Y., Anteng A. 2016. Gelatin
from catfish bones (Clarias batrachus): Preparation by acid
method, characterization and application as thickener in syrup
industry. J. Ilm Widya Tek., 15: 146-152.
Pertiwi M., Atma Y., Mustopa A., Maisarah R. 2018. Physical and
chemical characteristics of gelatin from catfish bones with
citric acid pre-treatment. J. Apl. Teknol. Pangan., 7: 83-91.
https://doi.org/10.17728/jatp.2470
Petracci M., Cavani C. 2013. Rabbit meat processing: historical
perspective to future directions. World Rabbit Sci., 21:
217-226. https://doi.org/10.4995/wrs.2013.1329
Petracci M., Soglia F., Baldi G., Balzani L., Mudalal S., Cavani
C. 2018. Technical note: estimation of real rabbit meat
consumption in italy. World Rabbit Sci., 26: 91-96.
https://doi.org/10.4995/wrs.2018.7802
Rahman M.N.A., Jamalulail S.A.S.K.A. 2012. Extractions,
Physicochemical Characterizations and Sensory Quality of
Chicken Feet Gelatin. Borneo Sci., 30: 1-13. Available at
https://www.researchgate.net/publication/235338137
Accessed March 2022.
Said M.I., Triatmojo S., Erwanto Y., Fudholi A. 2012. Characteristics
of goat skin gelatin that produced through acid and alkali
process. Agritech: J. Fac. Agric. Technol. UGM., 31: 190-200.
https://doi.org/10.22146/agritech.9744
Santoso C., Surti T., Sumardianto S. 2015. Differences in
the use of the concentration of citric acid solution in the
manufacture of stingray cartilage gelatin (Himantura gerrardi ).
J. Pengolah. dan Bioteknol. Has. Perikan., 4: 106-114.
Available at https://ejournal3.undip.ac.id/index.php/jpbhp/
article/view/9200 Accessed March 2022.
See S.F., Ghassem M., Mamot S., Babji A.S. 2015. Effect of
different pretreatments on functional properties of African
catfish (Clarias gariepinus) skin gelatin. J. Food Sci. Technol.,
52: 753-762. https://doi.org/10.1007/s13197-013-1043-6
Sinaga R.F., Ginting G.M., Hasibuan R., Ginying M.H.S. 2014. The
effect of additional glycerol on the properties of tensile strength
and elongation at the break-up of bioplastics from taro tuber
starch. J. Tek. Kim. USU., 3: 19-24. Available at http://
repository.usu.ac.id/handle/123456789/70014
Accessed
March 2022.
Sinthusamran S., Benjakul S., Kishimura H. 2014.
Characteristics and gel properties of gelatin from
skin of seabass (Lates calcarifer) as influenced by
extraction conditions. Food Chem., 152: 276-284.
https://doi.org/10.1016/j.foodchem.2013.11.109

Characterisation of Gelatin from Rabbit Bone
SNI 06-3735. 1995. Gelatin Quality and Test Method. National
Standardization Board. Jakarta
Steel R.G., Torrie J.H. 1993. Principle and Procedure of Statistic.
Mc. Graw Hill Book Company. Inc New York.
Suryaningrum T.D., Utomo B.S.B. 2002. Instructions for Analysis
of Seaweed and Its Processed Products. Fishery and Marine
Product Processing and Socio-Economic Research Center,
Jakarta.
Tazwir T., Ayudiarti D. L., Peranginangin R. 2014. Optimization of
gelatin production from kaci-kaci fish bones (Plectorhynchus
chaetodonoides Lac.) using various acid concentrations and
extraction times. J. Pascapanen dan Bioteknol. Kelaut. dan
Perikan., 2: 35-43. https://doi.org/10.15578/jpbkp.v2i1.26
Ward A.G., Courts. 2009. The Science and Technology of Gelatin.
Digitized edition, Academy Press, New York.
Wardhani D.H., Rahmawati E., Arifin G.T., Cahyono H.
2017. Characteristics of demineralized gelatin from
lizardfish (Saurida spp.) scales using NaOH-NaCl
solution. J. Bahan Alam Terbarukan., 6: 132-142.
https://doi.org/10.15294/jbat.v6i2.9621

Yudhistira B., Palupi E., Atmaka W. 2019. The effect
of acid concentration and duration of submersion
toward the characteristics of gelatin of eel fishbone
(Anguilla bicolor) produced through The acid process.
IOP Conference Series: Earth Environ. Sci. 246: 1-7.
https://doi.org/10.1088/1755-1315/246/1/012046
Zhou P., Regenstein J.M. 2005. Effect of alkaline
and acid pretreatments on Alaska pollock skin
gelatin extraction. J. Food Sci., 70: 992-396
https://doi.org/10.1111/j.1365-2621.2005.tb11435.x
Zulkifli M., Naiu A.S., Yusuf N. 2014. Yield, gel point, and
the melting point of tuna bone gelatin processed with
palm vinegar. J. Ilm. Perikan dan Kelaut., 2: 73-77.
https://doi.org/10.37905/.v2i2.1256

World Rabbit Sci. 30: 83-93

93

Wo r l d
Rabbit
Science

World Rabbit Sci. 2022, 30: 95-102
doi:10.4995/wrs.2022.13127
WRSA, UPV, 2003

ASSOCIATION ANALYSIS OF NUCLEOTIDE POLYMORPHISMS IN GROWTH HORMONE (GH)
AND ITS RECEPTOR (GHR) WITH BODY WEIGHT IN CALIFORNIAN RABBITS
Deyana Gencheva Gencheva *, Krasimir Petrov Velikov†, Petya Marinova Veleva

‡

*Department of Genetics, Breeding and Reproduction, Faculty of Agriculture, Trakia University, 6000, Stara Zagora, Bulgaria.
†
Agricultural Institute, Agricultural Academy, Stara Zagora, 6000, Bulgaria.
‡
Department of Agricultural Engineering, Faculty of Agriculture, Trakia University, 6000, Stara Zagora, Bulgaria.
Abstract: The objective of the present study was to evaluate the influence of the genotypes of two single
nucleotide polymorphisms (SNPs) – c.78C>T located in the growth hormone gene (GH) and c.106C>G in
the growth hormone receptor gene (GHR) on individual body weight (IBW) during the growing period at 35,
70 and 90 d of age on a total of 107 weaned Californian breed rabbits. The restriction fragments obtained
revealed that 74.8% of the rabbits carrying c.78C>T SNP and 52.3% of the rabbits carrying c.106C>G
SNP were heterozygous, which indicated a moderate level of genetic diversity in this Californian population.
Association analysis based on a single-gene approach revealed that c.78C>T polymorphism in the GH gene
had a significant effect (P<0.05) on the weight at 70 and 90 d of age. The highest IBW (2530.4±66.6 g) was
observed in rabbits carrying the c.78C>T TT genotype, and detected individuals were significantly affected
by the dominance effect. Significant differences were observed between individuals with homozygous
c.106C>G CC genotype and those with heterozygous CG genotype. The highest IBW (2462.0±198.3 g)
was observed in rabbits carrying the c.106C>G CC genotype and detected individuals were significantly
affected by the additive effect. A total of nine combined genotypes of c.78C>T and c.106C>G SNPs was
found in the study, of which only four major groups (CT/CC, CC/CG, CT/CG, and CT/GG) were concerned
in the diplotype analysis. Significant differences were observed between individuals with CT/CC and CC/CG
genotype combinations, and between those with the CC/CG and CT/GG diplotypes. However, the highest
IBW at 90 d of age (2447.2±213.8 g) was observed in rabbits carrying the CT/CC genotype combinations.
The highest coefficient of determination found for individual body weight at 90 d of age (R2=10.8%) indicated
a high effect of genotype combinations. In conclusion, the results obtained suggested that c.78C>T of GH
gene and c.106C>G of GHR gene could be useful candidate genes to improve growth performance in
Californian rabbits with potential application in rabbit breeding programmes.
Key Words: Californian rabbits, growth hormone gene, growth hormone receptor gene, SNPs, PCR-RFLP,
body weight.

INTRODUCTION
With the advances in molecular genetic techniques in animal production, scientists could achieve accurate and
effective selection assisted by candidate genes or genetic markers associated with traits of interest. This could provide
opportunities to enhance response to selection, in particular for traits that are difficult to improve through conventional
selection (such as traits with low heritability or for which measurement of phenotype is difficult, expensive, only
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possible late in life, or not possible on selection candidates) (Ruane and Colleau, 1996; Baselga, 2004; Dekkers,
2004).
Californian rabbit is one of the most commonly used breeds for rabbit meat production. The first Californian rabbits
in Bulgaria were imported in 1970 from Italy. The next larger import of rabbits of the Californian breed took place in
2002, again from Italy (Marinov et al., 2009), the offspring of which are the experimental animals in this study. At
present, a total of 842 Californian rabbits (705 does and 137 bucks in 10 herds) are under the selection control of
the Executive Agency for Selection and Reproduction in Animal Breeding in Bulgaria and rabbit breeding activities are
carried out by different breeding associations (Grigorov, 2005; Dimitrova et al., 2008; EASRAB, 2017).
Several candidate genes have been already successfully applied to identify molecular markers associated with growth
efficiency in different livestock species. In particular, for rabbits, growth is an important commercial trait. Growth
hormone gene (GH), one of the most investigated genes that possess an important endocrine function has already
been cloned and sequenced in the rabbit (Wallis and Wallis, 1995). Southern blotting analysis revealed that the
rabbit’s GH gene has a single-copy without GH-like genes and contains five exons separated by non-coding regions.
Consistently, Fontanesi et al. (2008) re-sequenced the GH gene in four different rabbit breeds (Belgian Hare, Burgundy
Fawn, Checkered Giant, and Giant Grey), but mutation was not detected in the sequenced regions encompassing
exons 2, 3 and 4 and introns 1, 2, 3 and 4. Moreover, Fontanesi et al. (2012) re-sequenced all five exons and two
single nucleotide polymorphisms (SNPs) –one (c.C>T) at position 78 and another (the rare c.A>G) at position 33 of
the starting codon of exon I– have been identified within a total of 1337 bp of the GH in 14 rabbits of different breeds.
In addition, c.78C>T SNP has been significantly associated with market weight (finishing weight) in a commercial
rabbit population. The c.78C>T polymorphism in the rabbit’s GH gene has also been reported. Recently, based on
polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) technique, a sufficient number of
heterozygous individuals in terms of c.78C>T SNP was established by Hussein et al. (2015) for APRI rabbits and
by Hristova et al. (2018) in two rabbit populations (purebred and crossbred NZW lines) under Bulgarian conditions.
Mutation C>T SNP at –78 bp has been previously related with changes in body weight gain in a previous study with
other type of rabbits (Ramadan et al., 2020).
It is well known that the somatotropin or GH gene regulates the metabolic processes of body growth and development
in animal biology. During the physiology function of the GH gene, the initial step is binding to its receptor —growth
hormone receptor (GHR)— which results in receptor dimerisation and signal-transducing at the cytoplasmic domain
of the GHR (VanderKuur et al., 1994; Frank, 2001; Herrington and Carter-Su, 2001). There is strong evidence that the
variability of the GHR gene could affect GH-GHR interaction (Bai et al., 2011). Therefore, not only the function pathway
of the GHR gene needs to be established, but also the genetic variability within its sequence.
The rabbit GHR gene was initially sequenced by Leung et al. (1987) and as a result, ten exons encoding a total of
638 amino acids have been established. The genetic variability in exon 10 of the rabbit GHR gene was reported by
Polasik et al. (2005) in the Chinchilla breed and by Deng et al., (2008), who identified two polymorphisms (c.705C>T
and c.810C>T) associated with carcass traits and feed efficiency in Chinese developed lines and others cosmopolitan
rabbit breeds (Belgian Hare, Tianfu Black, Great line of Zika, Harbin White and Californian). Furthermore, a missense
mutation (c.106C>G) located in exon 3 that changes the amino acid valine to leucine at position 36 (p.L36V) of the
GHR protein was identified by Zhang et al., (2012) in three rabbit breeds (Tianfu Black, Ira and Champagne), by
Fontanesi et al., (2016) in a commercial meat rabbit line, and also in a total of 100 rabbits from New Zealand White
and Californian breeds by Gencheva et al. (2017), studying the genetic variation in GHR gene through the PCR-RFLP
assay. The same exon in the rabbit GHR gene was investigated in a recent study by Helal (2019) and highly significant
associations were found between CC genotype and body weight at 6, 10 and 12 wk in both Baladi Red and New
Zealand White rabbit breeds in Egypt. The 1st exon of the GHR gene was sequenced by Sahwan et al. (2014) in three
rabbit breeds (Alexandria, New Zealand White and V-line) reared under Egyptian conditions, and a total of sixteen new
SNPs have been reported. Associations between SNPs in multiple candidate genes and body weight in rabbits were
also examined in Egypt by El-Sabrout and Aggag (2017).
The present research was carried out to identify genetic variation within two main growth genes (GH and GHR) of
the rabbit somatotropic axis and to assess the molecular association with post-weaning individual body weight of a
Californian rabbit population reared under Bulgarian conditions.
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MATERIAL AND METHODS
Animals and phenotypic traits
The experimental animals originated from the rabbit farm of the Institute of Animal Science (Kostinbrod, Sofia, Bulgaria).
A total of 107 post-weaning rabbits (50 male and 57 female) were studied. They were born from 24 does mated with
10 bucks. The information about sick and dead animals from litters was removed from the experiment. The weaning
was done between the age of 40 and 45 d when forming a batch. All rabbits were ear-tagged and raised in groups, in
single-floor cage complexes (cage size 80×60×35 cm), with an area of at least 0.14-0.22 m2 per rabbit, according
to age and body weight. The rabbits were fed with commercial pellets (crude protein=17%, crude fibre=12%, ether
extract=2.92%) ad libitum, except for a period of 2 wk post-weaning. During this period, the rabbits were fed with a
gradually increasing diet of pellets from 40-50 g per rabbit to feeding ad libitum on the farm husbandry technology
as prevention of digestive disorders. They had constant access to water through nipple drinkers. During the growing
period, individual body weight was recorded at 35, 70 and 90 d of age in all tested animals.

Blood samples and DNA extraction
Blood samples were collected from the rabbits v. auricularis into sterile 3 mL of potassium salt of ethylene diamine
tetra acetic acid (K2EDTA) containing tubes (Biosigma, Italy). Genomic DNA was extracted from the whole rabbit
blood using a commercial purification kit (Illustra Blood GenomicPrep DNA, GE Healthcare, UK), following the
manufacturer’s instructions. The concentration and purity of the obtained genomic DNAs were measured via NanoVue
Plus Spectrophotometer (GE Healthcare) at 260/280 nm and verified by agarose gel electrophoresis. The samples
were frozen and stored at –18°С until the PCR amplification was performed.

PCR-RFLP and genotyping
Two polymorphic sites in rabbit genes GH and GHR, respectively, were screened for SNPs by PCR-RFLP approach.
The exact gene regions, their prime sequences and obtained length of the amplicons, annealing temperatures for
PCR, specific enzymes for digestion and restriction profiles corresponding to examined SNPs are presented in Table 1.
The amplifications were carried out using a Doppio thermal cycler (2×48 well) (VWR®, Germany) in a final reaction
volume of 20 µL that included: 2×Red Taq DNA Polymerase Master mix (VWR, Belgium), 80 ng DNA template,
20 pM of each primer and nuclease-free water (ddH2O). The reactions were performed under the following cycling
conditions: a preliminary denaturation at 94°С/5 min, followed by 30 cycles at 94°С/30 s, primer annealing for 45 s.
at the appropriate temperature, extension at 72°С/1 min, final extension at 72°С/10 min, and stored at 4°С/∞. The
restrictions of the PCR products were carried out in a total volume of 25 µL, containing 10 µL PCR product, 10 U/µL
Table 1: Gene regions, primer sequences, amplicons length (bp), annealing temperature (°C), restriction enzyme
and restriction fragment length polymorphism (RFLP) patterns for genotyping of the investigated single nucleotide
polymorphism (SNPs) of growth hormone (GH) and growth hormone receptor GHR genes.
GH
GHR
Gene region
Part of the 5’-flanking region, 5’-untranslated Part of intron 2, exon 3, part
(UTR) region, exon 1 (CDS) and part of intron 1
of intron 3
Forward and reverse primers (5ʼ-3ʼ)
GTATAGTGGGATGGGGTTGG*
AGGTGAAGCGTGCTCTCATT**
TTAGCGTCCCATTCAGAAGC
TTTGGCCTAGCTTAGCCTTT
Amplicons length (bp)
231
479
Annealing T (°C)
60
56.4
Restriction enzyme
Bsh1236 I
Hinf I
RFLP patterns
Allele C=169+62 bp,
Allele C=210+162+107 bp,
Allele T=231 bp
Allele G=317+162 bp
*primers suggested by Fontanesi et al. (2012); **primers suggested by Fontanesi et al. (2016).
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restriction enzyme (Bioneer, South Korea) and ddH2O, and incubated at 37°C/overnight. The obtained PCR products
and restriction fragments were stained with GelRed® fluorescent nucleic acid dye (Biotium, USA) and separated on
2.5% agarose gel. Visualisation of the generated banding patterns was performed using Electrophoresis Gel Imaging
Analysis System (Bio-Imaging Systems, Israel).

Statistical analysis
To estimate the population genetic parameters, PopGene v.1.31 software was used (Yeh et al., 1999; Labate, 2000).
The following parameters were calculated for each SNP in the studied rabbit population: effective number of alleles
(Ne), allele and genotype frequencies, observed (Ho) and expected (He), heterozygosity calculated as per Nei (1973),
coefficient of inbreeding (Fis), and chi-square test (χ 2) of Hardy-Weinberg equilibrium (HWE).
Тhe influence of the particular genotype of two SNPs – c.78C>T in GH and c.106C>G in GHR gene on individual body
weight in California rabbit population during the growing period (35, 70 and 90 d of age) were examined by univariate
data analysis using the following model:
Y=x +G+e
where Y are the measurements of the IBW on 35th, 70th or 90th growing day of weaned rabbits, x are the overall mean
values, G are the fixed factors (the different genotypes at GHR c.106C>G SNP or at GH c.78C>T SNP; the haplotype
combinations or the diplotype combinations of two SNPs), and e are the residuals of the model.
Significant differences between the different least square means (LSM) of the genotypes were calculated by post
hoc multiple comparisons with Dunnett or Tukey test (depending on Levene’s test of equality of error variances) at
P<0.05. The data analysis was performed using the General Linear Model (GLM) of SPSS Statistics v17.0 package
(SPSS Statistics, 2007).
Additionally, the genetic effects for dominance (D) and additivity (A) for each SNP in the Californian rabbit population
were estimated, according to the equations suggested by Russo et al. (2008): D=pq−½(pp+qq) and A=½(pp–qq),
where pp and qq are homozygous groups. Estimates of dominance and additive effects were tested for deviation from
zero through the Student’s t-test at P<0.05. The D/A ratio was considered to indicate actual gene effects, as follows:
D/A<0.2 – additive; 0.2<D/A<0.8 – partial dominance; 0.8< D/A<1.2 – dominance; D/A>1.2 – overdominance,
according to Stuber et al. (1987).

RESULTS AND DISCUSSION
Population genetic structure in Californian rabbits
In the present research, we applied a candidate gene approach to identify SNPs (c.78C>T and c.106C>G) within two
polymorphic regions of the GH and GHR genes in the Californian rabbit population. On the basis of the PCR-RFLP
assay, we identified restriction fragments that revealed all three possible genotypes in c.78C>T SNP at polymorphic
Table 2: Effective number of alleles (Ne), allele and genotypic frequencies, expected (Ho) and observed (He)
heterozygosity, coefficient of inbreeding (Fis) and chi-square test (χ 2) of HWE еt degree of freedom df=1 for growth
hormone and growth hormone receptor genes in Californian rabbits.
Heterozygosity
Allele
Observed
Expected
SNPs
Ne
frequencies
Genotypic frequencies
Ho
He
Fis
χ2
c.78C>T
1.992
C
0.533
CC (n=17)
0.159
0.747
0.498
–0.508 26.439
T
0.467
CT (n=80)
0.748
TT (n=10)
0.093
c.106C>G 1.986
C
0.542
CC (n=30)
0.281
0.523
0.497
–0.054 0.262
G
0.458
CG (n=56)
0.523
GG (n=21)
0.196
98
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GH locus —two homozygous CC and TT, and heterozygous CT— observed in 15.9, 9.3 and 74.8% of the Californian
rabbit population, respectively. Regarding the c.106C>G SNP at GHR locus, the genotype distribution in the examined
rabbit population was 28.1% for homozygous (CC) genotype, 52.3% for heterozygous (CG) genotype and 19.6% for
another homozygous (GG) genotype, respectively (Table 2).
The calculated values of the allele frequencies, expected (Ho) and observed (He) heterozygosity and coefficient of
inbreeding (Fis) in the studied rabbit population for GH and GHR genes are summarised in Table 2. The results
presented for the allele frequencies show a preponderance of the C allele (0.533) over the T allele (0.467) in c.78C>T
SNP at the GH gene. The observed prevalence of allele C compared to allele T (0.625 vs. 0.375) was also reported by
Fontanesi et al. (2012) in Californian and also in New Zealand White (NZW) rabbits by Hristova et al. (2018) (0.613 for
allele C vs. 0.387 for allele T). On the contrary, Hussein et al (2015) established a prevalence of the T allele (0.540)
over the C allele (0.460) in the APRI rabbit line.
Regarding the c.106C>G SNP in GHR locus, a similar trend for the allele distribution was observed in the rabbit
population examined. Thus, the frequency of allele C (0.542) was higher than that of allele G (0.458) and the obtained
results agreed with those reported by Gencheva et al. (2017) for Californian rabbits (0.541 vs. 0.459 for C and G
alleles, respectively).
In both SNP sites, the value of observed heterozygosity (Ho = 0.747 for c.78C>T and Ho = 0.523 for c.106C>G) was
higher compared to the expected ones (He=0.498 and 0.497, respectively), resulting in a negative coefficient of
inbreeding (Fis=–0.508 for c.78C>T and Fis=–0.054 for c.106C>G). These results indicated a sufficient number of
heterozygous forms and a moderate level of genetic diversity in the Californian rabbit population in terms of the SNP
loci examined in GH and GHR genes.

Association analysis based on single-gene approach
An association analysis based on the single-gene approach for SNP loci in targeted genes was performed in the
Californian rabbit population. The presence of significant differences between the different genotypes (CC, CT, and
TT) of the c.78C>T SNP at the GH gene for the studied trait (IBW) was determined by post hoc multiple comparisons
for the observed means, performing the Dunnett test.
The calculated mean values of individual body weight and significant differences among the GH gene genotypes
presented in Table 3 are the indication of possible association and reveal that c.78C>T polymorphism in the GH gene
had a significant influence on the weight at 70 and 90 d of age in the Californian rabbit population.
Significant differences (P<0.05) were observed between individuals with two homozygous genotypes CC and TT, and
between those with the CT and TT genotypes, respectively. Thus, the highest IBW (2530.4±66.63 g) was observed
in rabbits carrying the c.78C>T TT genotype, and detected individuals were significantly affected by the dominance
effect (D=–72.65, A=–89.55, ratio D/A=0.81). No significant differences (P>0.05) were observed for c.78C>T
genotypes at 35 d of age for the studied rabbit population. The coefficients of determination (R2) obtained for the
IBW in the CAL rabbit population revealed that the highest percentage of influence in the particular genotype was
established in IBW at 70 d of age (R2=7.9%). Association analysis between c.78C>T SNP and the market weight
at 70 d performed by Fontanesi et al. (2012) indicated a significant influence (P=0.013) on the recorded trait of the
Table 3: Least square means±standard deviations for the investigated individual body weights (IBW) at three growing
periods for the Californian rabbits corresponding to different genotypes at growth hormone c.78C>T single nucleotid
polymorphism.
IBW (g)
Trait
R2 (%)
CC (n=17)
CT (n=80)
TT (n=10)
IBW-35d
0.3
787.65a±62.52
804.70a±129.55
804a±60.39
IBW-70d
7.9
1861.29a±162.74
1805.52a±221.03
1990.8b±67.58
IBW-90d
5.8
2351.29a±161.24
2368.20a±214.37
2530.4a±66.63
a,b
Different superscripts within the same row represent significant differences at the level of significance P<0.05; R2 – coefficients
of determination based on observed means through Dunnett test; IBW-35d: is the individual body weight at 35 d of ages. IBW-70d:
is the individual body weight at 70 d of ages. IBW-90d: is the individual body weight at 90 d of ages.
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Table 4: Least square means±standard deviations for the investigated individual body weights (IBW) at three growing
periods for the Californian rabbits corresponding to different genotypes at growth hormone receptor c.106C>G single
nucleotid polymorphism.
IBW (g)
Growing period
R2 (%)
CC (n=30)
CG (n=56)
GG (n=21)
IBW-35d
10.6
857.21a±125.29
769.46b±108.15
819.14±100.80
IBW-70d
7.9
1895.93a±186.68
1767.54b±213.90
1849.81±160.46
IBW-90d
9.4
2462.0a±198.30
2323.57b±201.10
2419.62±172.03
Different superscripts within the same row represent significant differences at the level of significance P<0.05; R2 – coefficients
of determination based on observed means through Tukey test; IBW-35d: is the individual body weight at 35 d of ages; IBW-70d: is
the individual body weight at 70 d of ages; IBW-90d: is the individual body weight at 90 d of ages.
a,b

rabbits from a commercial line. Fontanesi et al. (2012) reported that heterozygous rabbits with CT genotype reached
a higher mean value (2778.83) of body weight at 70 d compared to both homozygous CC and TT ones (2720.04 and
2693.94, respectively), supporting overdominance.
Regarding the c.106C>G SNP at the GHR gene, post hoc multiple comparisons for observed means were performed
by Tukey test to analyse the possible association between the GHR gene genotypes (CC, CG, and GG) and the IBW.
The obtained mean values of the rabbits’ IBW and significant differences between the genotypes of c.106C>G SNP
at the GHR gene are presented in Table 4. Significant differences (P<0.05) were observed between individuals with
homozygous CC genotype and those with heterozygous CG genotype. The highest IBW (2462.0±198.30 g) was
observed in rabbits carrying the c.106C>G CC genotype, and detected individuals were significantly affected by the
additive effect (D=–117.24, A= 21.19, ratio D/A=–5.53).
The results for additive (A) and dominance (D) effects indicated the part of the genetic variance of body weight that
may be affected by allele C more than allele G. The highest coefficients of determination (R2) for the IBW was obtained
at 35 d of age (R2=10.6%).
Zhang et al. (2012) reported that the less frequent CC genotype was the most favourable in terms of body weight
at 84 d and carcass traits in three different rabbit breeds (Tianfu Black, Ira, and Champagne). In contrast, Fontanesi
et al. (2016) stated that the most frequent genotype GG was associated with higher weight at 70 d (P<0.05) in a
commercial meat rabbit line.

Association analysis based on haplotype and diplotype groups
Haplotype analysis of both c.78C>T and c.106C>G SNPs revealed four haplotype combinations (H1 (CC), H2 (CT), H3
(CG), and H4 (TG)), with frequencies of 0.710, 0.654, 0.664 and 0.561, respectively (Table 5).
The significant differences between the haplotype combinations of two SNPs (P<0.05) were calculated by post hoc
multiple comparisons for the observed means, performing the Tukey test. However, there were no significant differences
(P>0.05) among the haplotype combinations for body weight in the Californian rabbit population. Moreover, the value
Table 5: Association between four haplotype combinations of growth hormone and growth hormone receptor single
nucleotide polymorphism and individual body weight (IBW) at three growing periods in Californian rabbit population.
IBW (g)
Haplotype combinations
n
IBW-35d
IBW-70d
IBW-90d
H1 (CC)
76
796.89±125.50
1788.68±214.49
2350.21±212.27
H2 (CT)
70
806.00±128.23
1813.89±227.20
2383.83±221.98
H3 (CG)
71
784.11±111.36
1772.23±200.36
2335.04±198.30
H4 (TG)
60
784.10±118.20
1791.17±208.89
2372.67±196.51
R2 – coefficients of determination based on observed means through Tukey test; n – number of the individuals; R2=0.006 for
haplotype combinations at 35 d; R2=0.005 for haplotype combinations at 70 d; R2=0.008 for haplotype combinations at 90 d.
IBW-35d: is the individual body weight at 35 d of ages; IBW-70d: is the individual body weight at 70 d of ages; IBW-90d: is the
individual body weight at 90 d of ages.
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Table 6: Association between four diplotype combinations of growth hormone and growth hormone receptor single
nucleotide polymorphism and individual body weight (IBW) at three growing periods in Californian rabbit population.
IBW (g)
Genotype combinations
n
IBW-35d
IBW-70d
IBW-90d
CT/CC
17
853.18±135.25
1867.76±191.37
2447.29a±213.84
CC/CG
10
774.0±68.67
1756.0±118.76
2232.8b±73.55
CT/CG
40
770.75±123.38
1735.3±225.92
2316.2±217.39
CT/GG
18
817.56±113.09
1813.78±143.76
2392.89a±171.81
Different superscripts within the same column represent significant differences at the level of significance P<0.05; R2 –
coefficients of determination based on observed means through Dunnett test; n – number of the individuals; R2=0.076 for diplotype
combinations at 35 d; R2=0.072 for diplotype combinations at 70 d; R2=0.108 for diplotype combinations at 90 d. IBW-35d: is
the individual body weight at 35 d of ages; IBW-70d: is the individual body weight at 70 d of ages; IBW-90d: is the individual body
weight at 90 days of ages.
a,b

of the coefficient of determination (R2=0.6%; 0.5%; 0.8% at 35, 70, 90 d, respectively) showed a very weak relation
between different haplotype groups and rabbits’ IBW.
For the combination of c.78C>T and c.106C>G SNPs, a total of nine combined genotypes were found in the study, of
which only four major groups (CT/CC, CC/CG, CT/CG, and CT/GG) were concerned in the diplotype analysis (Table 6).
Significant differences were observed at IBW-90d between individuals with CT/CC and CC/CG diplotypes, and
between those with the CC/CG and CT/GG genotypes, respectively. The highest IBW-90d (2447.29±213.84 g) was
associated with rabbits carrying the CT/CC genotype combinations. No significant differences were observed among
the individuals with various diplotypes at IBW-35d and IBW-70d (P>0.05). The highest coefficient of determination
(R2=10.8%) found for at IBW-90d demonstrates the high effect of genotype combinations at studied SNP loci on the
rabbit IBW at 90 d of age. However, further studies are needed to validate the associations detected between GH and
GHR genes and body weight at different ages in the investigated population of Californian rabbits, and to check the
possibility of using these genes in marker-assisted selection.

CONCLUSIONS
In conclusion, the association analysis in the present study revealed that c.78C>T and c.106C>G polymorphisms at
GH and GHR, respectively, had a significant influence (P<0.05) on the individual body weight at 90 d of age in the
Californian rabbit population. The individuals with the c.78C>T TT and c.106C>G CC genotypes reached a higher
level of performance on the recorded trait. The result obtained based on genotype combinations revealed that the
highest body weight at 90 d of age was associated with rabbits carrying the CT/CC diplotype (P<0.05). Therefore,
results obtained in the study suggested that c.78C>T and c.106C>G SNPs could be useful candidate gene markers
for rabbit growth performance with potential application in marker-assisted selection. However, before the practical
application of the obtained results they should be evaluated more precisely by means of validation in a larger rabbit
population.
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