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1. INTRODUCTION

World rabbit meat production has more than trigegete 1961 China and
Italy dominate the market and together they arpamesible for more than
70% of world production. For the last 15 years,fahhas been the leader,
not only in terms of production, but also in thdwnoe of exports (Szendir
K., 2014). Although Hungary was ranked™dmong major rabbit meat
producing countries (6.496 tons), and was resptn$ip only 0.5% of the
world production, it played an important role inrnes of foreign trade
(export). Domestic rabbit meat consumption was IwB-2%), hence
around 98% of the slaughtered rabbits were solthternational markets
(Jurasko, 2014). With no imports, Hungary’s tradéabce was exceptional
and claimed second place as a net exporter. Asisegoence of the export
situation, international markets have a considerabpact on the Hungarian
production and prices.

The change of political system in Hungary in 198&hly influenced the
production structure. Previously, 90% of purchassdubits originated from
small farms, nowadays small scale rabbit produchlomost ceased, it gave
only 1-2% of the total purchased quantity in 2013résko, 2014). There are
about 60-65 large rabbit farms, with an averagel®00 rabbit does
(Jurasko, 2013).

Generally, the rabbits from the Pannon Breedinggfam at Kaposvar
University and foreign hybrids are used. Formeriargue breeds. Two of
them have been selected for a long time for carcags based on the data
of computer tomography (CT). The contributions bé tPannon White,
Hycole, Zika, Debreceni White and Hyla in Hungar@oduction were 47,

! Venezuela, North Korea, Colombia and Sierra Leateunrealistically high, probably erroneous, resimt
their production so they were not considered.
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40, 9, 3 and 1%, respectively, in 2013 (Juraskd,420Influencing the
development of Hungarian breeds and lines by etialpacarcasses for
merit and taking advantage of CT-selection coulddléo substantially
improved values. The Hungarian Giant is the onbditional breed in
Hungary. It originated from a native population (#s and Szendy
2002). It would be useful to determine the positafrHungarian Giant in
the production chain as a labelled product.

Intensive systems of housing, feeding and repraclucre widespread, yet
alternative methods also used. Besides intenseeds and hybrids, closed
systems with wire-mesh cages, pelleted feeds, diftial insemination at
11 days after parturition are mainly used (Coutedéti3) and 95% of does
in France are inseminated 11 days after kindliriger& is a growing interest
in colored breeds kept in alternative housing systeand fed by less
intensive feeding. Alternative methods include éargroup sizes, using
cages/pens equipped with elevated platforms, ainggaabbits on deep-
litter, and use of hay supplementation. Besidesemumaitural housing,
feeding and reproduction systems, animal welfaedmincreasing role in
Europe, including Hungary. Due to this fact, mogtrid breeding enterprises
trade not only with white terminal lines, but alsidh males with colored hair
to produce growing rabbits reared in alternativedtmns.

Reduction of feeding cost is of primary importanceabbit producers, and
the main possibilities include using efficient sahigh productivity and
growth rate), good quality diets and feeding me#hduniting losses, and
effective farm management (Maertens, 2009). On diker hand,
slaughterhouses are interested in realizing higinefit from the products
sold. By focusing on individual aspects to obtaettér results, there is a
lack of complex, interdisciplinary thinking aloniyet supply chain of rabbit

meat production: such as obtaining raw materialddied, feed milling and
8



feed production, in addition to the rabbit farm dhd slaughterhouse. Also,
the concerns of consumers should be taken into uatcorhus far,
publications mainly focus on evaluating productasmd carcass traits. Well-
documented reports on economic evaluation for groawtd carcass traits
(Jentzer, 2009; Mik@t al, 2010; Verspechet al, 2011) and on consumer
perceptions (Bodnar and Horvath, 2008; Szakéll, 2009) are rare.
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2. LITERATURE OVERVIEW

2.1. RABBIT MEAT PRODUCTION AND FOREIGN TRADE IN
THE WORLD AND HUNGARY

The key findings and information complied in thisapter are intended to
be published in Gazdalkodas (Szeén#r, 2014). | focus only on the main
results and statements of that publication, relei@amy thesis.

Between 1961 and 2012 world rabbit production hasenthan tripled, and
exceeded 1.4 billion tons in 2012. Over the paslk-demntury, the
distribution of rabbit meat production of the comfints has significantly
changed. Compared to 1961, the market share fapeuell from 91% to
below 40% by 2012, while Asia was responsible forerthan half of world
production and had increased from 3% in 1961 to 522012.

Italy was the leader in production until 1993. ®irtben, China took the
lead (Table 1. The highest improvement can be seen in the @a8aina. It
produced about 735,000 tons of rabbit meat in 20d2ecent decades,
significant improvements have been made for thepqme of intensive
production (SzendrZs. and SzendrK., 2010).

The production in Italy is quite stable, but thehest two traditional
European | rabbit meat producers and consumer gesntFrance and
Spain, experienced significant decreases lafEfple 1. Hungary, despite
the 70% reduction in production compared to thdye20's, claimed 1%
place in 2012.

11



Table 1
Rabbit production of the four leading countries &hahgary (1,000 tons),
and their share of world production in 2012

1961 1970 1980 1990 1995 2000 2005 2010 2012| Share of world
production, %
World () | 397 491 726 783 920 1008 1099 1287 1409 100
China (%)| 10.5 33.0 60.C 96.(268 370 511 690 735 52.2
ltaly (%) | 48.9 84.8 175 184 210 212 225 255 263 18.6
Spain (%) | 206 245 665 71111 104 70.E 66.. 67.5 48
Francew)| 7.2 7.8 15.€ 49. 54.( 547 54§ 525 56. 40
Hungary
%) 40 76 226 172 112 14C 97 54 65 05

Note: Countries were ranked on the basis of 2012 da
Source: based on the FAOSTAT database

Although there are no data about breeding animalsthe FAOSTAT

database, the demand for breeding rabbits is mghadse countries where
production is also high. Therefore, trading of biiag animals is mainly
concentrated in France, Spain and Italy. Most ef lilybrids are bred in
France, hence European slaughter rabbit produésomainly based on
French hybrids. There are several replication fammsther countries (e.g.
in Spain, Italy and Hungary) for French hybrids.biHgls will be discussed
in more detail in the next section.

China is the most important player in terms of rabteat exportTable 2.
One of its greatest strengths is the low price. Buehe large distance,
China exports only frozen meat to Europe, whichgainst the preference
of most European consumers towards fresh and dhijitends. Also, since
most of the European consumers are conscientioosit atigh quality
standards and animal welfare (which may not be igh Ipriority in the
leading countries in export outside of the EU) &ddal comparative

advantage could be achieved by the exporters iretjien.
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Since 2005, only China, France and Belgium were ablincrease their
rabbit meat exports. The top six countries shownTable 2 were

responsible for 89% of the total exported rabbitamé35,920 tons).
Although Hungary has lost its former position ioguction the country still

plays a significant role in export.

Table 2
Distribution (%) of the leader countries in rahii¢at export of world
export

Country 1991 1995 2000 2005 2010 2011
China 26 40 40 22 28 25
France 8 8 10 12 16 18
Belgium 2 3 3 7 14 17
Hungary 45 16 9 13 11 12
Spain 0 4 8 10 11 10
Argentina 6 11 6 15 8 7
World export, tons 45,822 51,080 56,261 40,922 36,778 35,920

Note: countries are ranked on the basis of dagdbi
Source: based on FAOSTAT database

Since the change of the political situation in 19B@ngarian rabbit meat
production and export significantly declined. Aethame time, substantial
transformation occurred in the structure of produrct Mainly due to the

increasing transport costs, small-scale rabbitdingewas not financially

feasible. While governmental support for machindsyeeding animal-

purchasing, etc. played an essential role in theeldpment of large-scale
production, the number and the size of large-sdalens increased

significantly. Currently the large-scale farms prod 98-99% of the total
purchased quantity (Juraskd, 2014) compared to k0%he 1970’'s and

1980’s.
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Over the past two decades, the Hungarian exporkehdias undergone a
significant transformation. While in 1991 more th2d,000 tons of rabbit
meat was delivered to seven countries, in 2011 oné/fifth of that amount
was exported, but to almost 20 countries. Whil&981 Italy was our main
market with 92% of the export quantity, in 2011 lganan rabbit meat was
exported mainly to Germany (25.3%, up from 2% 9109 Italy (24.0%)
and Switzerland (21.4%), while the Russian Fedamaslso increased its
import demands Tiable 3. The share of Hungarian rabbit meat in the
Russian Federation was 80%, but it was above 508witzerland, too.

The establishment of Olivia Ltd. played a signifitarole in the
rearrangement of the Hungarian export marketsgesihne construction of a
new slaughterhouse by the Swiss owner "opened hbe" possibilities
towards a well-paying, but demanding Swiss market. the other hand,
simultaneously with the shrinkage of the Italianrke& share, the role and
influence of the Italian traders declined and cda3dne formerly Italian-
owned slaughterhouse in Baja was bought by Tetrabi, preferring
primarily the better-paying markets with focus & tGerman and Swiss
markets. Currently, these two enterprises equallyesthe entire Hungarian
rabbit production and foreign trade.

Table 3
The main five trade (importing) partners of Hungar2011
Country
. Russian .
Germany Italy  Switzerland Federation Belgium Total
Eﬁ;"”’ 1,134 1,076 958 504 159 4,485

Source: based on FAOSTAT database

In 2011, at least 500 tons of rabbit meat was @setl from abroad by each

of the ten largest importing countries. The largeas Belgium with more
14



than 6,000 tons; most of their rabbit meat (70%$ warchased from China,
whereas the share from Hungary was only 3%. Gernasy purchased
twice as much rabbit meat from the Far-East as tfumgary, 45% of their
imports had Chinese origin. Furthermore, China Begpmostly the

Netherlands and the USA. The rest of the impormuntries preferred
neighboring countries; the French import mainly niroBelgium, the

Portuguese from Spain, while the Italians impaotrfrFrance. Italy became
not only a shrinking potential market, but also eanarkable regional
competitor. Based on the trade balance, China {8:&%®s), Hungary (4,461
tons) and France (4,260 tons) were the most sggmfinet exporters, while
Germany (-4,478 tons), Portugal (-1,802 tons), &viand (-1,800 tons)

and Italy (-1,739 tons) were the most significagttimporters.

2.2. FACTORS DETERMINING ECONOMY

2.2.1. Role of the genotype

In the following three sections | focus on collagtigeneral information
about the role of genotype, housing and feedingroduction of growing
rabbits in relation to natural indicators (produetperformance and carcass
traits). The literature data regarding the givepegiments are summarized
in the chapter of results and discussion, in otdehelp the reader better
understand and more easily follow the findingsitar&ture which are in

close connection with the given experiment.

In developed European rabbit breeding countries faosers produce with
hybrids. Hybrids are crossbreds; in most cases tlmyain three lines

(three-way cross hybrids). Two medium sized matdmas — which have
15



been selected for 35-45 generations for litter aizgirth or at weaning — are
crossed. The crossbred parent does are mated Matigea bodied terminal
line, which has been selected for growth rate. fouhe effect of heterosis,
parent does have high reproductive and rearingitybihowever their
growth rate is low. The weight gain of progenyrisreased by the terminal
paternal line, however, the terminal lines matate bnd their carcass traits
are poor. Due to their lower adult weight, materfines mature for
slaughtering earlier than terminal lines, therefattgen slaughtered at the
same age or at similar weights, their dressing pmrcentages and meat
ratios are higher. Some alternative producing fauss colored paternal
lines, e.g. Argente de Champagne or Fauve de Bguoggao sell colored
slaughter rabbits.

The first hybrid was developed in France by theersitsts of INRA in
Toulouse. Most of the hybrids are selected in Feattte most known is the
Hyplus. This used to be the most popular hybritHumgary, but nowadays
the Hycole is the most common, and only a few rafdyims work with
Hyla. Formerly, the German Zika was also frequensied in Hungary. In
Spain, the University of Valencia has a long sé&&cprogram but they
have produced no hybrid. In the 1970’s, a Hungalgorid, named White
Pearl, was established at Bikal State Farm, howeaethe time of the

political change, the hybrid no longer existed.

Most of the hybrids have similar reproductive amddoictive performance
(Table 4.
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Table 4
Reproductive performance, productive performancecancass traits of
some hybrids

Hybrids

Traits Hyplus Hycole Zika Hyla
Kindling rate, % 70-80 75-85 75-85 70-85
Litter size

total 9.5-10.5 9.0-10.0 8.5-9.5 8.5-9.5

alive 9.0-10.0 8.5-9.5 8.0-8.5 8.0-9.0

at weaning 8.0-8.5 7.5-8.5 7.0-7.5 7.5-8.0
Body weight gain, g/day 38-43 35-40 40-45 40-43
Body weight at 10 wk, kg 2.4-25 2.2-24 2.2-24 4-25
Feed intake, g/day 125-135 120-130 130-150 130-150
Feed conversion ratio 3.0-3.3 3.1-3.3 3.1-3.3 3-3
Dressing out percentage, % 58-60 57-59 58-59 58-59

Source:

Holdas and Szeidf002

In some experiments the breeds of the Pannon Brgd®liogram: Pannon

White,

Pannon Ka and Pannon Large and other geestypainly crossbred

animals) were compared. Additionally, the Hungar@ant was evaluated.

The characteristics of these breeds are summarzed:

Pannon White (PWhite) rabbits have been selected for daily Weig
gain (replaced by 21-day litter weight since 2040yl carcass traits
measured by computer tomography (CT) since 199&vgmn 1992
and 2004 for cross section wiusculus longissimus dor@oin fillet),
and since 2004 for volume of muscle on hind legaelj adult body
weight. The adult body weight is 4.3-4.8 kg (Magtsl, 2014a).
Pannon Ka (PKa, maternal line) was established in 1999 and
selected for litter size using BLUP methods. Thaltadody weight
is 4.0 to 4.5 kg (Maticst al,, 2014a).
Pannon Large (PLarge, terminal line) has been selected for daily
weight gain and carcass traits measured by CT sk (for
volume of muscle on hind legs). The adult body \Wweig 4.8 to 5.4
kg (Maticset al, 2014a).

17



Using these three genotypes, the advantage oficgofiseterosis) can be
utilized, leading to small differences comparedotber hybrids, yet as a
result of CT-based selection, their carcass teagsexceptional.

In another experiment PWhite and PKa does weremimsged with the
sperm of PWhite, PKa, PLarge, terminal line of Hgcbybrid, or colored
bucks (Szendr et al, 2010). The adult body weights of the PWhite, and
Color genotypes were medium, and that of the PLangyd Hycole were
higher. Examining the effect of sire genotype, thek order of body
weights at 11 weeks and feed intake were: HycolLarge > PWhite >
Colour > PKa. The differences between the groupeessing out
percentages were not significant. The ratio of fdve part was higher in
groups of PLarge, Hycole and Color, but the ratfohmd part to the
reference carcass was the largest in the progeRyWfite and the lowest in
the PLarge and Color progeny It was concluded that production of
growing rabbits was affected by the adult weighttadir parents, but the
carcass traits were influenced by their own adwdigit and by the CT-

based selection.

* Hungarian Giant (Hung) is a traditional Hungarian breed
originated from a native colored population. Durthg development
of this breed, they were crossed with Flemish Gantt other giant
breeds (Holdas and Szetd?002). Currently, some breeders also
use intensive breeds (e.g. New Zealand White, RaMdbite) to

improve their performance.

Most countries have one or more local breeds whiohld play an

important role in commercial production. One grafforeeds is the giant
18



rabbits. They are used as pet rabbits or for angssi commercial farms.
Several papers have been published about theittgegtlemish Giant
(Lukefahret al, 1982; Lukefahr and Ozimba, 1991; Bolet, 20023yRga
and Eady, 2003; Magt al, 2012), Gigante de Espafa (Lopez and Sierra,
2002), German Giant (Bianospimet al, 2006), Moravian Blue {imovaet
al., 2013), Transylvanian Giant (Petrescu-Meigal, 2011), Hungarian
Giant (Holdas and Szerir 2002; Hungarian Giant Rabbit-breeders
Association, 2013). In most cases, the giant bresasved good growth
rates, but low dressing out percentages.

The performance of two giant genotypes, the terhtin@s and giant breeds
are different, since the first group has been sedeéor weight gain for
several generations, but the other was not seldategroductive traits.
This is why the use of any giant breeds, includitumgarian Giant, in rabbit
production can develop a new (e.g. labelled) prodileey have not had any

role in intensive production.

2.2.2. Role of the housing system

Housing of rabbits and the main characteristicscajes and pens were
summarized in an EFSA report (EFSA, 2005). The nigjof farms are
closed-cycle type with breeding and growing ratthitldings at the same
place. Rabbits are mainly housed in closed buiklifdnere are ventilation,
heating and cooling systems. Commercial cages fowigg rabbits are
principally made of wire and always have a wire. tApen can be made of
different materials and may be open-topped. Gelyertie number of
rabbits housed in a pen is greater than in a c&gewing rabbits are
generally housed in pairs or three rabbits/cagéungary and Italy. In some

countries growing rabbits are housed in small @8nals in a cage) or
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larger (e.g. 10-12 rabbits per cage) groups. Cagesnainly made of wire-

mesh (floor, walls, top).

The effects of housing system on productive anccasa traits were
summarized by Trocino and Xiccato (2006), and Skemdd Dalle Zotte
(2011). Most experiments demonstrated that witlheiasing group size, the
feed intake, weight gain and body weight decregddgdertens and Van
Herck, 2000; Dal Boscet al, 2002; Lambertinet al, 2001), and dressing
out percentage declined slightly (Lamber#ial, 2001; Dal Boscet al.,
2002; Szendret al, 2009b; Combest al, 2010). Bigler and Oester (1996),
Szendé et al (2009c) and Princzet al (2009) observed that the
aggressiveness and frequency of injuries on they acteased in larger
groups. Despite these results, there is pressursobye specialists and

animal rights movements to increase group size kagr Paws).

Comparing floors made of wire-mesh, plastic-meséelsslats and plastic
slats, Trocincet al. (2008) and Princet al. (2009) did not find significant
differences among the groups in productive perforceanor were there any
differences in carcass traits (Dalle Zatteal, 2009).

Some organic production organizations (e.g. BioAast BioSuisse,
Naturland) suggest rearing rabbits on deep-litteableast 50% of the floor.
However, the productive performance and carcags warabbits reared on
deep-litter were lower than that of rabbits on wiresh floor. In addition,
the mortality increased (Dal Bosai al, 2000, 2002; Lambertiret al.,
2001; Metzgeet al, 2003; Trocincet al, 2008). Some authors (Dal Bosco
et al, 2000, 2002; Lambertirat al, 2001) established that the consumption

of straw litter with low nutritive value may reduéeed intake. Some of the
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most serious problems of consumption of litter matemixed with faeces
and urine is a risk of digestive diseases (sucleaggidiosis), increasing
morbidity and mortality, and lowered productivity.

Preference tests showed that more rabbits prefetagdng on wire-mesh
than on deep-litter floors (Moris& al, 1999; Orovaet al, 2004). Bessest

al. (2002) revealed that the choice of rabbits betwie two floor types
depended on the temperature. Since rabbits haveoais and hardly lose
any heat when the temperature is higher than thienom, they do not

prefer staying on deep-litter which has less anvfl

In recent years, significant investments were ntadgevelop new housing
systems: rabbit cages with platforms were estaddistvhere the kits can be
reared in their place of birth; cages suitabledoyup housing of growing
rabbits; or growing rabbits reared on deep-littBhe main aim of these

improvements was to meet the Swiss and German awieti@re standards.

2.2.3. Role of the feeding method

In the case of rabbit production — just like inetfarm animals — feed is the
major cost factor, which may represent 60-80% a#ltproduction cost
(Baselga and Blasco, 1989; Maertens, 2009; Drouilte al, 2013).
Therefore, the most significant improvements in fipability could be
achieved in this field. On large-scale farms, rabhre fed solely on pelleted
feed.

One of the alternative methods is applying somsehfrer dried forage in
addition to pelleted diets. Scientists tested sdvierages: alfalfa (Bianchi

et al, 2006; Linga and Lukefahr, 2000; Captaal, 2013), cassava foliage
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hay (Scapinelloet al, 2000), guinea grass and verano stylo hays (Bamik
and Ezenwa, 1999), sulla hay (Kadial, 2011), mulberry leaves (Martinez
et al, 2005), whole maize plants (Martinet al, 2006), green barley
(Moraleset al, 2009). The results of the experiments in whmtadges were
not mixed as a balanced, pelleted diet showed lmslyctive performance

(Carabagfio and Fraga, 1991).

Linga and Lukefahr (2000) showed that rabbits rengi only alfalfa
achieved very poor production results. Captaal (2013) compared two
feeding strategies: pellets with or without fredfalta ad libitum They
found a small, non-significant difference betwele two groups. When
alfalfa was mixed into the pellet in ratio of 88 @8% compared to the
control diet with 49% alfalfa (Fernandez-Carmaetaal., 1998), a slight
decline was observed in body weight and in weighingMoraleset al
(2009) added 10, 20 or 30% green barley foragéheopklleted diet and
observed that, with increasing green barley, thighteyain decreased.Using
different forages, the results could depend onr thegin (nutritive value)
and their form (fresh or dried, given as pelletssplorage or mixing them
into the pellets).

In the last decades several experiments were daaug examining the
effect of feed restriction. In the first experimgnauthors tried to find the
optimal daily duration of eating time during the alé fattening period
(Szendé et al, 1988; Jeromet al, 1998). The strategy of feed restriction
changed when the epizoonic rabbit enteropathy eakboccurred in 1977.
A stronger quantitative feed restriction or limitihe access to the feeders
were applied after weaning and, during the lastodeof fattening, rabbits
consumed pelletad libitum (Gidenneet al, 2012) The aim was to reduce

the mortality and to improve the feed conversiaioraalthough, the body
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weight at slaughter and the dressing out percentegee significantly
decreased. In spite of the favorable results (lomertality, better feed
conversion ratio), rabbits lost 100-250 g weight.

Several papers were published in the field of huysind feeding, but did
not include economic evaluation of their effecten@rally it is known that
rearing growing rabbits in alternative housing sgst (larger groups, deep-
litter floor, etc.) has a negative effect on maosiductive and carcass traits.
If the growing period is longer or the meat produttis lower, the income
of farms and slaughterhouses is lower if the poiceabbits and carcass are
the same. However, most markets pay higher pramethése products, e.g.
the price of rabbits housed on deep-litter was dérigh Hungary by about
15-20% (Jurasko, 2014).

2.2.4. Evaluation of rabbit production and its econmic aspects in

France

This chapter is based on the paper published iorBfdgazat (Szendrk.,
2014)

Only in France data from hundreds of rabbit farragehbeen collected and
analyzed since the 1960’s. As some of its charnaties are similar to
Hungary’'s (e.gnet exporting country; high impact of climate oogryields
and therefore on feeding cost; switching to largaes farming), we could
learn from their experience.

In the last 25 years, kindling rate, litter sizeed conversion ratio, number
of rabbits sold/kindling or per female/year impravey 22, 24, 20, 40, and

20%, respectively. In addition, natural mating wagplaced by artificial
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insemination, enabling improvements in efficiengypduction intensity,
and the development of large-scale rabbit farmse @werage number of
females on a farm increased almost 3.5-fold in @&ry. Close relationships
can be identified between the size of a farm amdpttoduction, as well as
profit. Small farms experienced a dramatic declwhkile production sites
with more than 500 does increased their outpuigémafarms achieved some
profit, while the smaller ones were — more or lesa deficit (Table 5. In
general, in critical years (e.g. when feed pricesewery high), only the

production from large-scale farms was profitable.

Table 5
Change in production between 2000 and 2010 depgmairiarm size in
France

Number of does/farm Change (%)
below 20 -71
20-100 -46
100-199 -71
200-499 -55
500-999 11
above 1000 64

Average -35

Source: Braine and Coutelet, 2012

Braine and Coutelet (2012evealed how significantly the production and
economic results of the farms have improved inmedecades. Despite the
fact that irrigation water is free of charge in ikga, therefore the price of
feed is lower than in Hungary, feed still represetiite largest portion of
production cost. The weather is of crucial impoc&aror changes in crop
yields, and may have a significant influence onghee of feed. As shown
in Figure 1, the cost of feed has risen significantly; 216) 26d 285 €/ton
in 2010, 2011 and 2012, respectively. Price chanddbe feed determine

the profitability (or loss) of the farms. Howevarn,those years, an advance
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in the price of live rabbits was experienced, frbm5 (2010) to 1.83 (2011)
and 1.95 €/kg (2012).
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Notes: Depr: depreciation and financial expenses; Taxes and duties; En: cost of energy,
water and litter; Al: cost of artificial inseminati and doe replacement; Feed: cost of feed
Source: Braine and Coutelet, 2012

Figure 1 The structure of production costs of farms in Feabetween 2010
and 2012

In Hungary there is no database similar to the ¢hremme, the price change,
the cost structure of several large-scale farmsarbecavailable from a
specialist of Agribrands Europe Hungary PlcDefneter, personal
communication At some points, there are significant differenae cost of
rabbit meat production between France and Hung@gmparing the
proportion of cost elements, the largest differeinc2012 could be observed
in case of feed cost. Feed cost may represent 5@f§%oduction cost in

France, but is 9% higher in Hungary.
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Further influencing factors include the weight Eughter, which depends
on consumers’ desires. In France, smaller rablbé@sskaughtered (2.4-2.5
kg) than in Hungary (2.6 to 2.8 kg), which have temnsequences: the
fattening period is shorter, and the feed conversatio of younger rabbits
is better, hence less feed is consumed for produtikg of rabbit meat.
According to Maertens (2009), while in France apaiB a rabbit requires
less feed (3.60-3.63 k@), in Italy — where rabhbrts slaughtered at similar
weight as in Hungary — more feed (3.82 kg) is usegroduce 1 kg of

fattening rabbit. However, it should be noted tiha¢ to the lower slaughter
weight, feed used in breeding (by the female, naalé suckling rabbits)
represent a higher proportion of total feed condionpat farm level.

Maertens (2009) also stated that 50-60% of tod f'sonsumption goes for
reproduction and 40-50% for fattening.

Significant differences were observed in Dept (defation and financial

expenses), Al (artificial insemination and doe aepiment), as well as in
cost of En (energy and water), which were 5.0, &1@ 1.2% lower in

Hungary. Apparently, Hungarians cannot requestigh h price for the

breeding animals and insemination as the French.

When analyzing the structure of production costsraibit farms with
different sizes and reproduction metho#8gy(re 2), some differences can
be seen. With increasing farm size, the total dbst,cost of compensation
for the breeder’s effort and taxes and duties raskile the cost of
depreciation and financial expense declined. Thectire of production
costs on farms using artificial insemination or umat mating was
significantly different. The highest change was a@ost of feeding,
compensation for the breeder’s effort and taxescdutieés (with higher costs

on farms using natural mating), while the cost epréciation and financial
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expenses, veterinary expenses, artificial insenonaand doe replacement
(no Al) decreased. However, it should be noted thatfarmers who used
natural mating mainly produced labelled and simpaoducts, and they

could sell the rabbits for a higher price.
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O Tax
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mVet
DAl

B Feed

>650 400-650 <400 Nat.

Notes: >650: more than 650 does, 400-650: 400 @ difes, <400: less than 400 does,
Nat.: natural mating, Comp: compensation for theeder’s effort; Depr: depreciation and
financial expenses; Tax: taxes and duties; Reast ob doe rearing; Vet: veterinary
expenses; Al: cost of artificial insemination areédeplacement; Feed: cost of feed
Source: Jentzer, 2009

Figure 2 The structure of production costs depending on fsima and
reproduction method in France

The often unrealistic expectations of animal rightsmoters, and the partial
or full implementation of these expectations ina@er EU recommendations
and market demands, greatly increase the cost aduption. If these
additional costs are not included in the purchaseepthe production will

be unprofitable. The costly rabbit meat would berenexpensive, and the
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consumption would decline. The situation is everrenchallenging, since
these expectations are valid only in the EU, but inolesser developed
countries. In other words, the more expensive ttiatEuropean rabbit meat
is, the more it is substituted by imports. Unfortely, a declining trend in
European rabbit meat production can be observetl tla reason for this

could be mainly due to the increased meat price.

The efficiency of production is partly or mainly mpendent on farm
management. Braine and Coutelet (2012) showedfisigmi improvement
in production results of French rabbit farms oves tast decades. Jentzer
(2009) found significant differences between thstli#5% and the worst
25% rabbit farms on production. The French exansplews how farmers
deal with difficult financial situations. Increaginthe farm size and
improving the efficiency or developing labelled guation systems can be
viable options for long-term survival of the rabbarms. In Hungary, the
two slaughterhouses (with their farms) focus on rtiegket of demanding
but good-price-paying countries, and their investtmeand direction of

development follow the expectations of the market.

2.2.5. Other factors influencing economic values

Only a few papers are available in the field ofremuic analysis of rabbit
production in different countries. In some caseg,ie Ghana or in Tunisia,
the rabbit production systems (based on small-deaias and using local
forage etc.) are far from the European conditidrierefore in this section
some Australian and Chinese data showing the sffdcage and weight, as
well as the importance of CT-based selection vélpbesented.
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Australian and Chinese literature

Prayaga and Eady (2000) gave some economic pamanaieut the ,trait
economic value” (in Australian Dollar, AUD). If thmortality from weaning
to slaughter decreased by 1%, daily weight gainndufiattening increased
by 1g or daily feed consumption per young rablitirt fattening period
decreased by 1g, the economic improvements pepdogear were 3.11,
1.98 and 0.78 AUD.

Rabbit meat prices in China were much lower thamthmer countries. In
2009 the price of one ton of rabbit meat was 4,30908; 3,229 and 3,046
USD in Germany, France, Portugal and Hungary, cismdy. At the same
time in China, it was only 952 USD (Wat al, 2012). In China, maize was
one of major feed grains used by medium- and laogde rabbit farms. On
small farms, local feed resources or agricultuyaptoducts were also used.
Presently in China, rabbits are still mainly raisecgmaller units, typically
involving a husband and wife raising between 3,80®%,000 rabbits per
year. Raising rabbits is still labor intensive (Kari and Asare, 2009), but
the cost of labor is also low. The competitivenes€hina’s rabbit meat is
based on the low price of feed and labor cost. dikadvantage of China is
that they are able to export only frozen meat. Haxeaccording to Yaet
al. (2012) export was not the main business of th&habbit processing
companies. The great demand in China’s domestiGehaas promoted the
rapid total development of the industry. Zilin (20Jand Yanet al (2012)
published some data about the prices in China.pfice of one rabbit was
about 6.34 USD, the total rearing cost was betw@d7-3.96 USD in
smaller farms and 3.33-4.12 USD in farms with 100-%loes: the gross
margin per rabbit was from 2.38 to 3.17 USD.

29



Effect of age and weight

When evaluating the economic benefit of rabbit frone of the factors is
the age and weight of growing rabbits at slaugl8eendé K. et al (2012a)
studied the effect of age and weight at slaughtethe value of loin fillet,
thigh meat and whole carcass of rabbits. The asimare 74, 84 and 94
days of age at slaughter, with an average bodyhweig2.53, 2.84 and 3.15
kg, respectively, and with five weight categoriesach age group (Metzger
et al, 2011). Within the same age categories, the effebody weight on
the value of the whole carcass, loin fillet andgthmeat was significant in
each case. Aimilar tendency can be seen with the whole caydaissfillet
and thigh meat with age, but significant differesagere observed only
between the 74 day rabbits and the two older agepgt The lowest value
was achieved at the youngest age or the smalleghiv@.39 and 4.27 €/kg
of carcass for the whole and for the total valuepafts of carcass,
respectively). The highest value was achieved at dliest age or the
heaviest weight (9.10 and 9.31 €/kg of carcasstiferwhole and for the
total valuable parts of the carcass, respectiv@life conclusion was that
when the values were evaluated, 74-day old raklste not mature enough,
while 84-day old rabbits were considered favordbieslaughter.

Ramonet al (1996), Pileset al. (2004a), Larzul and Rochambeau (2004),
Metzgeret al. (2006a,b) and Szeridet al. (2009a, 2010) revealed a strong
connection between the adult body weight and graatb. In accordance
with the results of several authors (Lukefadtral, 1982; Gémezt al,
1998; Larzul and Rochambeau, 2004), larger carsassecass parts, and
organ weights were found in larger rabbits. &ial (1996, 1998), Gomez
et al (1998), Hernandeert al (2006) compared rabbit lines selected for
litter size or growth rate. When carcass traitsen@mpared at the same age

the differences for dressing out percentages waser, compared to the
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examination when body weight was similar but afedént ages. In the
latter case, the rabbits of higher adult body weiglkre less mature at
slaughter compared to the examinations made aticdémages. The greater
the difference between the adult body weights ef genotypes and the
lower the age at slaughter, the greater are thectidtle differences for
dressing out percentage. Szeéndt al (2009b) established that the carcass
traits of PWhite and PLarge were related to thes€lEction for improving

meat in the body.

Breeds, CT-based selection

The choice of breed may also play an important inlehe economic

aspects. Currently, Pannon breeds and Hycole hgibeidhe most prevalent
breeds in Hungary (Juraské, 2014). Hybrids couldeae better production
yields, especially in reproductive traits, than ghred lines. However, the
parent stock needs to be repurchased every yemr 120% replacement is
expected. In the case of purebred rabbits, theacepient is solved by their
own progeny, which is significantly cheaper tharrcpasing the parent
stock. It should also be noted that each new radybthe farm may increase
the chance of disease occurring, while breedingr then replacements
minimizes this risk. PWhite and PLarge breeds respecial advantage for
slaughterhouses, since they produce more meatathan breeds and lines
as a result of CT-based selection (Ma#tsl, 2014).

In the selection centers of hybrid companies theemal lines are selected
for improving reproductive performance (litter siaebirth or at weaning),
and the objective of selection of the sire lineshis weight gain (Baselga,
2004; Garreatet al, 2004; Khalil and Al-Saef, 2008). Generally, cas

traits are not included among the selection catddsing CT in selection of
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rabbits for improving meat volume is a uniguevivo, non-inasive method.
The CT-based selection has been carried out at &@pdJniversity since
1992. During the first 12 years, the average sartdd/lusculus longissimus
dorsi (L-value) was measured. In 2004 the L-value wasacea by thigh
muscle volume (TMV) which is estimated between ¢hsta iliaca of the
os iliumand thepatella

The L-value had moderate heritability (0.33) bus tralue is higher than the
heritability of the thigh muscle volume (0.19-0.ZBlagyet al, 2006, 2010;
Gyovaiet al, 2008, 2012). The genetic trend for the TMV waghhr in the
PLarge (5.8 cfi) than in the PWhite (4.0 cin(Gyovaiet al, 2008; Nagyet
al., 2013). Using divergent selection, CT-based selecfor L-value
improved the dressing out percentage by 1.8%, acr@ased the weight of
the mid and hind parts of the carcass (by 5.1 ai@b62 respectively).
Divergent selection for TMV caused differences rassing out percentage
and meat on hind legs (1.1 and 1.9%, respectiwelthe second generation
(Szendé et al, 2012). Based on economic calculations CT-aiggecson
generates a substantial profit at the slaughteeghtayvel (Mikéet al, 2010).
Metzgeret al. (2006a,b) compared different genotypes and reseatav
genetic origin influenced the dressing out peragmtavhich was 0.5-1.5%
higher in PWhite progeny than in hybrid progenyeTatio of the lointo
the reference carcass weight was also higher ihitsalsired by PWhite
males. Results of the experimestsowed that selection based on CT was

successful.

Existing publications have mainly focused on evihga production and
carcass traits. Reports on economic evaluationcéwcass traits are rare
(Miko et al, 2010; Verspechet al, 2011; SzendrK. et al, 2012b). The

objective of the Mikéel al. (2010) study was to examine the efficiency of
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the CT-aided selection from the viewpoint of theugjhterhouses. Using the
same selling price for PWhite and Hycole rabbhs,whole carcasses or the
meat fillet products resulted in 19 and 43 Hungaf@rint (HUF) per kg
extra income for the PWhite rabbits. Supposingaagtiter weight of 2.7 kg
this value was 51 and 116 HUF/rabbit. Comparinge@®White and PWhite
x Hybrid genotypes the advantage of the PWhite iteblias 38 and 78
HUF/rabbit for whole carcass and the meat fillebdurct, respectively.
Based on the data of divergent selection for thingiscle volume, calculated
for 10 generations, selling the whole carcass er riteat fillet product
resulted in 67.5 and 216 HUF additional income ipelividual (average
body weight of 2.7 kg) for the slaughterhouse, eefipely. It can be
concluded that the selection based on CT datayidyhadvantageous for the
slaughterhouses because they obtain more lean fnoeata CT selected

rabbit which results in substantial extra income.

The economic advantage of CT-based selection wss sdlown in other
animal species, however such investigations ar Krameet al (2004),
Jopsonet al. (1996) and Youngt al (1996) revealed that CT scanning of
sheep for genetic improvement of carcass growth emhposition is
generally accepted as offering considerable benefier the use of
ultrasonics. Kvameet al (2004) examined the anatomical scan sites for
prediction of weight and composition of four prinaaits of lamb: hind leg,
loin, rack and forequarter by using CT in 300 lamsken the economic
benefit of incorporating cut distribution into aelkding program was
evaluated. Authors predicted the net benefit fraum $election indices for a
hypothetical breeding program given a 10-year loorizand showed higher
(1.02 million New Zealand Dollar, NZD) net benefitdien selection was

for composition of cuts and fat rather than setegtifor weight of lean and
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against fat in the carcass. Jopseinal. (1996) estimated the marginal
economic benefit of incorporating CT into a ternhisae sheep breeding
program. For a single year’s investment (i.e. oaaryg CT scanning) the
cumulative net present value was positive by yewaet (evaluation occurred

in year zero) and was nearly maximal by year ten.

2.3. SOCIAL ASPECTS OF RABBIT MEAT

Social aspects may be interpreted in many wayshisndissertation and also
in the literature overview | deal with a limitedear consumer perceptions,
concerns and purchasing practices of rabbit meed. Jurveys of consumer
preference were published in Hungary by Bodnar ldadrath (2008) and
Szakalyet al (2009).

Bodnéar and Horvéath (2008) published the first caghpnsive survey about
the Hungarian consumers’ attitudes about rabbittmidferences were
found between respondents living in Budapest othe rural areas. In
Budapest, 75% the population had already tastebitraieat, but 70% of
them ate it only once or twice a year. Self-constionpwas frequent among
rabbit breeders and they sold live animals andasses to their friends,
neighbors and also for local markets. Using a iplgltchoice question, one
third of the people bought live animals or the vehchrcasses (8% and 26%,
respectively) and 46% were looking for specifictpasf the rabbit, while
66% of the consumers desired semi-finished or re@aage products. The
preferred origin of rabbit carcass supply for houses in the suburban area
was the farmer (70%) or from small butchers instelasupermarkets. Most
of them would not have paid considerably more fa@ tabbit meat than
poultry meat. Most of those who had a negativéuakt towards rabbit meat

were vegetarian or refused consumption due to emaltireasons. Usually
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those who rejected rabbit meat had never tast@dhé&.most frequent reason
was the lack of rabbit meat and rabbit productthe supermarkets in the
country. Thus, urban citizens who liked rabbit meaild not purchase it in
their preferred stores; on the other hand 46% @féispondents found rabbit
meat too expensive. Respondents stated that mifoenation was needed
about rabbit meat, the methods of preparationgesgiand easier access to
domestic production.

Szakalyet al (2009) stated that 69% of respondents had neneatbbit
meat at all, and the remainder rarely consumeithét:frequencies of every
other month, 2-3 times a month and 2-3 times a wesle 22.6, 15.1 and
2.2%, respectively, which represented 15.6, 10d a%% of the total
population. Rabbit meat was obtained most frequeéntim others or their
own stock and from specialty shops (between 22-28et). The judgment
of the consumers (on a 1-5 scale) was the higledge\(>4) for low fat and
cholesterol content, and 3> for low energy and car@gmega-3 ratio.

In Spain, rabbit meat consumption is high, so #wults could be different
from the Hungarian experience. The Catalonian origias the most
preferred (60.7%), followed by Spanish (26.8%) &meign (12.5%). The
highest interest of respondents was to buy a wbaleass (52%), followed
by cut-up (32%) and boneless rabbit meat (16%Yelation to the brand
attribute, the most important interest was for theality brand (57%),
followed by the commercial brand (22%) and the anded rabbit meat
(20%). The order of the consumers’ interest wadirerrabbit (25%),

produced in Catalonia (19%), cut-up rabbit mea€4g},5and quality brand
(12%). The price was considered less essential dttzar factors. However
non-consumers stated the economic factor as the fivaiting factor.

Suggestions included marketing tools that were mdéweused on
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highlighting the origin of the product with an enagis on regional quality
brands (Kallas and Gill, 2011a,b).

The factors affecting purchasing of rabbit meaSwuth Africa are rather
interesting than useful for a European. Hoffredral (2004, 2005) studied
the ethnic groups (that they classified as WhitigcB and Colored) in
relation to the factors affecting the marketingrabbit meat. There are
many special factors contributing to the low conption of rabbit meat.
Respondents associated rabbits with pets, or ‘ancieeat’, while Blacks
associated it with hunting and wildlife, and fouihanore suitable for men
than for women. However, it was clear that rabletitnwvas more acceptable
to the Blacks than the other ethnic groups. Whéepte would not mind
purchasing rabbits without a head, while Black oesjents insisted that a
carcass should have a head to ensure that it walsbé and not a cat. With
regard to purchasing rabbit meat, supermarketghbts and restaurants
were ranked high by White and Colored respondentkile Black
respondents rated hunters and butcheries highaty $iercent of the
respondents were not willing to pay more for ralhédat than for chicken.
The conclusion was that effort is needed to edupat®le regarding the

benefits of rabbit meat in order to increase thaaled.
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3. OBJECTIVES OF THE DISSERTATION

Since the doctoral dissertation was realized a®aperation of the two
Doctoral Schools (Management and Business Admatistr and Animal
Science) of Kaposvar University, its aim was bro@lkde objective was to
explore the possible contradictions within and teetweconomic and social
components of sustainability
* by evaluating the effect of different genotypesyi$ing and feeding
methods on natural indicators (productive perforceaand carcass
traits), and
» estimating these aspects’ separate and combinedct®ffon
profitability at the farm and at the slaughterholesel, and
by evaluating rabbit meat consumption and the Huaga

consumers’ perceptions in relation to the analyaetbrs.

37



38



4. MATERIALS AND METHODS

Due to the diversity of the experiments, a genanal a specific material and
methods will be given. The general aspects willsbenmarized in this
chapter, however the specifications for each erpamt will be presented in
the chapter of Results and Discussion in orderetibeb understand all the

experiments.

4.1. SECONDARY DATA AND INFORMATION COLLECTION

All of the secondary data (production, trade batdneere collected from
the database of FAOSTAT (http://faostat.fao.ortpe database of FAO
(Food and Agriculture Organization of the United tiNias). Data
downloaded from different databases did not alwagsrespond and
sometimes data were available only up to 2011 botetimes up to 2012.
Consequently, the database between 1990 and 2011 of
http://faostat.fao.org/site/537/default.aspx wagdusor trade (export and
import) data, while that of
http://faostat.fao.org/site/569/DesktopDefault.&pagelD=569#ancor was
used for production data collection up to 2012.tdbles, countries are
ranked on the basis of data of the latest yeatablai

Most of the findings from the relevant literaturene gained from highly
ranked journals, such as Animal, Livestock Sciemteat Science, Journal
of Animal Science, Italian Journal of Animal Scienand World Rabbit
Science, the official journal of the World Rabbitiéhce Association
(WRSA), as well as from the papers of several W&abbit Congresses,
and the French conferences of Journées de Recke@thecoles in 2007,

2009, 2011 and 2013.
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4.2. PRIMARY DATA AND INFORMATION COLLECTION

Animals and housing

All of the experiments were carried out in the ersh rabbit farm of
Kaposvar University. Rabbits were weaned at 5 weaksge and the
experiments finished when the animals were 10, r112oweeks of age. In
all experiments rabbits were selected randomlyrcdgss of their sex, since
there is no sexual dimorphism in productive anadass traits till the age of
12 weeks (Lebast al, 1997). Rabbits were housed in a closed building,
generally in wire-mesh cages (3 rabbits/cage, bBits/nf). They were fed
commercial pelletad libitum and they could drink water freely from nipple
drinkers. The temperature in the building was betwd6 and 25°C,
depending on the season, and the lighting pericsl ¥8ahours light and 8
hours dark.

CT measurement

Using CT in selection of PWhite rabbits started1®92 (Szendr et al,
1992). Rabbits for CT scanning (generally at 10&eks of age) were
placed to a plastic ,container” that served fortnaning 3 rabbits without
anesthesia. Based on two CT scans per rabbit igumof the 2°-3% and the
4"-5" lumbar vertebrae), the L-value was measured apdesged in cfn
In 2004 L-value was replaced by thigh muscle volyifiglVv). TMV was
estimated with CT scans taken every 10 mm betwsecrista iliaca of the
os iliumand the patella, and 11-12 scans were taken. Vioagliency of
density range belonging to the muscle tissue (bstwe20 and +200 of the
HU scale) was determined in each scan. Summingvéhges of 11-12
scans, the TMV was estimated (Mat&tsal, 2014a).
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Economic evaluation

Natural indicators

Body weight and feed intake were measured evergnekweek (at 5, 7, 9,
11 weeks), therefrom weight gains and feed coneersiatios were
calculated. Body weight of rabbits was measuredviddally, but in the
case of pellet intake and feed conversion ratioutinewas the cage or pen.
At the end of the experiment (at 11 or 12 weeksagé), rabbits were
transported to a slaughterhouse located 200 km thenexperimental farm.
Fasting time was six hours, including the four Isoansportation. Rabbits
were weighed at the slaughterhouse (slaughter wei@W). The
slaughtering and carcass dissection procedures owletl the
recommendations of World Rabbit Science AssociafidRSA) described
by Blasco and Ouhayoun (1996). Rabbits were slangtitby cutting the
carotid arteries and jugular veins after electosing. The slaughtered
rabbits were bled, and then the skin, genitals,nanyi bladder,
gastrointestinal tract and the distal part of tegslwere removed. Warm
carcasses [with head, set of organs (consistingthgfnus, trachea,
oesophagus, heart and lungs), liver, kidneys, palifat and scapular fat]
were weighed, and then chilled at +4 °C for 24 liteAchilling, the
carcasses were weighed again. The head, set afioripjzer and kidneys
were removed from each carcass to obtain the referearcass, which
included the meat, bones and fat depots. The c@sawere then cut
between theand &' thoracic vertebrae and between tffea@d 7" lumbar
vertebrae to obtain the fore-, mid-, and hind pantkich were weighed
separately. The dressing out percentage (carcaghtnas % of SW) and
the ratio of the organs and carcass parts to eiterchilled or to the

reference carcass weight were calculated.
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Financial indicators
All financial figures were calculated in Euro atmean of the average
exchange rates of year 2013 and January 2014 (80O (MNB, 2014).

Calculations are presentedTiable 6

Table 6
Calculation of financial indicators

Cost of feed

Indicators Low Med High
(0.25 €/kg) (0.275 €/kg) (0.3 €/kg)
Cost and revenue based on farm and slaughterhousevel, €/rabbit
1. Cost of weaned rabbit 1.83 €/kg x weight

Feed intake between weaning and slaughtering xofost
feed (+/-10%) (hay: 0.17 €/kg)

1. + cost of feed (+/-10%) till death

2. Cost of feeding
3. Cost of mortality (dead

rabbit)

4. Total cost 1. +2.(80%) + 3.

5. Price at slaughter 1.53 €/kg x weight

6. Revenue from whole carca Chilled carcass (g) x selling price (4.3 €/kg)

7. Revenue from carcass parts [Loin fillet (12 §/kigh meat (11 €/kg); liver (2.8
€/kg); kidneys (2.5 €/kg); fore part (2.6 €/kg)ake bone,
heart and lungs (0.45 €/kg)] x weight of each cesqaart

Profitability
8. Profit, €/rabbit Revenue (price at slaughtdiaan level or selling price of
carcass parts at slaughterhouse level) - Cost (fosa at
farm level or price at slaughter at slaughterhdergel)

9. Cost to revenue, % Cost/revenue x 100
10. Profit to cost, % Profit cost x 100
11. Cost efficiency Revenue/cost

At the farm level, the first cost factor was thecerof a weaned rabbit

(weight x price of weaned rabbit/kg). Data for wednrabbit price

(1.83€/kg) was gained from Olvia Ltd. (Odermatt,ergonal

communication). According to Maertens (2009) fegdnost may represent

70% of total production costs at the farm levetluding the consumption

by does, bucks and suckling kits. Since our expemisiwere carried out on
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growing rabbits, we used a value of 80% in cal@ogptthe cost of
production (Maertens, 2010). Mortality cost, asoasl of revenue, was
considered as the price of the weaned rabbit amadit of feed consumed
till death. Hence, total expenses included theepoicthe weaned rabbit, the
production cost and the cost of mortality. Sincetcof feed may vary
significantly year by year, or even during a yeapehding on the weather
(thus the quantity of production), the cost analysas carried out based on
the average cost of feed (0.275 €/kg, Demeterppatommunication) and
10% lower and 10% higher prices than the averagee ms well (low,
medium=med, high price). Since the evaluation wasied out on two
levels, price of rabbits at slaughter was consiiex® revenue at the farm
level, but as an expense at the slaughterhousé TEve revenue from the
whole rabbit carcass (including head and ediblalsffand from different
carcass parts was calculated. Data were gained @rma Ltd. (Odermatt,
personal communication) in €/kg: whole carcass)(4dn fillet (12.0),
thigh meat (11.0), liver (2.8), kidney (2.5), fquart (2.6), head, bone, heart
and lungs (0.45) (Odermatt, personal communicati@gsed on these
medium prices, 10% lower and 10% higher sellingg®i(low, med, high)
were also calculated on the most valuable carcads floin fillet and thigh
meat), because the selling price of these itemsrtigpon different market
prices. In these cases, a price change in wholeasarof +/- 8% was
considered. Since the prices of other carcass ffaetsd, bones, fore part,
etc.) are independent of the market, these wenelleadd on medium price.
Besides, profit, cost to revenue, profit to cosiosaand cost effectiveness
were calculated. Profit was calculated as the iiffee between the revenue
(price at slaughter at the farm level or revenwenfrabbit products at the
slaughterhouse level) and the costs. Cost of statighy was not identified

in the economic evaluation, due to lack of inforimatin relation to the
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expenses occurring in the slaughterhouse, bedidese are considered as
fixed costs regardless of genotype, housing systach feeding method.

Thus, the differences among the groups are reakonald show the effect

of different genotypes, housing and feeding methods profitability,

depending on the market price.

Social aspects

Evaluating rabbit meat production is inadequaténait analyzing the end
user, the consumer. Nationwide consumer researshcaaducted in 2014
on consumer perceptions, purchasing practices andumption of rabbit

meat. Among non-probability sampling techniquesyvdrall sampling of

data collection was used meaning that the strugtauevey (see translated
version inAppendi¥y was given to an initial group of respondents gtho
who used the Internet) selected randomly. Aftenfpanterviewed, they

were encouraged to locate other members of thettgogpulation whom

they know; i.e. friends, relatives, colleagues, &altiple responses were
excluded since the system allowed only one respifhaedress. The survey
consisted of 21 structured questions asking regasdheir opinions and
concerns regarding frequency, healthiness and gréceeption of rabbit

meat compared to meat of other animal species Kehjcduck, pork and

beef), purchasing decision, location of consumptaistribution, causes of
rejection, price perceptions, judgment on nutriiooenefits, preferred form
of purchase, possible factors increasing consumptiarketing awareness,
importance of origin, genotype, housing and feedimgthods as well as
willingness of paying a higher price. The survegluled one open-ended
guestion asking the respondents to share theirestiggs to stimulate rabbit
meat consumption. The distribution of the samplerésented iTable 7
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Table 7
The distribution of the sample

Description N %
Total respondents 542 100
Gender
Female 314 57.9
Male 228 42.1
Age, year
18-29 185 34.1
30-39 179 33.0
40-49 95 17.5
50-59 53 9.8
60+ 30 5.5
Education, graduated from...
College, university 349 64.4
Secondary school 163 30.1
Vocational training school 26 4.8
Elementary school 4 0.7
Type of residency
Country town 248 45.8
Less than 2,000 inhabitants 79 14.6
2,000-10,000 inhabitants 67 12.4
Capital city (Budapest) 62 11.4
More than 10,000 inhabitants 62 11.4
Abroad 21 3.9
No answer/ Don’t know (NA/DK) 3 0.6
Employment status
White collar workers 329 60.7
Students 99 18.3
Blue collar workers 78 14.4
On maternity leave 30 55
On pension 27 5.0
Working in agriculture 15 2.8
Stay-at-home 11 2.0
Other inactive 6 11
Unemployed 6 1.1
Looking after family 1 0.2
Household income
Live well but only a little money is set aside 251 46.3
Just enough, but cannot set aside money 148 27.3
Live very well and high enough to set aside money 72 13.3
Not enough to earn a living 38 7.0
No answer/ Don’t know (NA/DK) 25 4.6
Have difficulty in daily living 8 1.5

The survey was available in Hungarian on-line at

https://www.surveymonkey.com/s/SzendroK _Doktori dkev
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Statistical Analysis
All statistical analysis was conducted using thesSHor Windows 10.0

software package.

In most experiments only one factor (treatment) aaalyzed (e.g. breeds,
housing system or feeding method). In all of thesses the productive and
carcass traits were evaluated by one-way ANOVA:

Equation 1

Yij = pu+Tite;

Where:p =general mean,; Feffect of the Treatment (i=1-2); erandom

error

When two factors were analyzed (e.g. effectadflibitum and restricted
feeding on PKa and PLarge rabbits) two-way ANOV/Aswaed:

Equation 2

Yik =utGi+F+(G x F); +&jc

Where:u =general mean, iGeffect of the Genotype (i=1-2); £effect of
the Feeding method (j=1-2), (G x;Bthe effect of interaction of level i of
factor G with level j of factor F,je =random error

In the case of examination of combined effect ohajgpe (PLarge or
Hung), housing system (cage or pen) and feedindnade(pellets only or

pellets plus hay), the productive and carcassstiaére evaluated with the
means of multi-factor ANOVA:

Equation 3

Yik =u+G+Hj+FR+(G X H)j+(G x F)e+(H X Fj+(G X H X Flk+e

Where:p =general mean, G-effect of the Genotype (i=1-2), Heffect of

the Housing system (j=1-2) Eeffect of the Feeding method (k=1-2), (G x
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H);; =the effect of the interaction of level i of fact@rwith level j of factor
H, (G x F) =the effect the of interaction of level i of fact@rwith level k
of factor F, (H x F) =the effect of the interaction of level j of factdrwith
level k of factor F, (G x H x ) =the effect of the interaction of level i of
factor G with level j of factor H with level k o&ttor F, g =random error.
All main factors (genotype, housing and feedingyeveegarded as fixed

factors.

Frequency distributions, cross tables (for detemmginthe relation of a
variable to the background variables and to otheolved variables) were
used in the evaluation of the questionnaire. Initamfd mean calculations

and significance analysis (Ghprobe) was performed.
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5. RESULTS AND DISCUSSION

In the dissertation | focused on the following tmpieffect of genotype,
housing and feeding on productive and carcassstraitd their economic
and social aspects. The separate, then the comeifesds are presented. In
addition to the main experiment, these effects Hmen evaluated in some
other experiments carried out at Kaposvar Universit some cases, | was
the leader or a participant on the experiment,itwather cases the data of
former studies were used. This is noted at theodhiction of each
experiment. The description of the experiments fwasatted as follows:
short aim, materials and methods, economic evalnaiihe last is divided
into two parts; natural and financial indicatorsubSection ofnatural
indicators includes figures on expenditure and vyield givingsib
information that one can compare to other couritdat. Changes in these
indicators depend essentially on the three analyfaetiors; genotype,
housing condition and feeding methods. The findnodicators subsection
consists of objective calculations at the farm lesed theoretical model
investigations at the slaughterhouse level. Theespattern was conducted
in evaluating former experiments (their results am included in the
chapter of literature), in order to follow and urstand the experiments
better. The chapter ends with the evaluation ofa$@spects with special
regard to the analyzed factors. Based on the expeats and the consumer
questionnaire, critical points, as possible conttazhs between the farmers
and the slaughterhouse, or between the actual nefedsimals and the
requirements and perceptions of animal welfare bymal rights

organizations and consumers were summarized.
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This chapter is structured as follows:
Effect of genotype:
» Separate effects of genotype (PLarge and Hung)
e Comparison of the breeds of the Pannon Breedinggr&mo
slaughtered at the same age (at different weigints)
 Comparison of the breeds of the Pannon Breedingyrimo
slaughtered at similar weights (at different ages)
» Effects of divergent selection based on CT measentsn
Effect of housing condition:
» Separate effect of housing (cage or pen)
» Effect of floor type (wire-mesh, plastic-mesh, déigpr)
Effect of feeding method:
» Separate effects of feeding of growing rabbitslglonly or pellets
plus hay)
» Effects of restricted feeding (using three methods)
Combined effects:
» Combined effects of genotype (PLarge and Hung)simgu(cage or
pen) and feeding (pellets only or pellets plus hay)
Social aspects
Critical points

All of these topics are of interest to researclagis farmers.
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5.1. EVALUATION OF THE EFFECTS OF GENOTYPE

5.1.1. Separate effects of genotype (Pannon Largetdungarian Giant)

on productive performance, carcass traits and ecomoic values

This section is a part of my compound experimengxamine the separate
and combined effects of genotype, housing and fgedn growing rabbits.

See a full description of the experiment in Chaptdr

Objective of the experiment

The aim of the experiment was to examine separdiety effects of
genotype on productive performance, carcass taaidsfinancial indicators
in order to get information about the value of tReannon Large and

Hungarian Giant breeds.

Materials and methods

PKa does were inseminated with semen of PannoneLangl Hungarian
Giant bucks. The crossbred rabbits (n=336) werenegat 5 weeks of age.
Half of them were housed in cages, and the othdr ihapens. Two
subgroups were formed based on the feeding meaid were evaluated
by multi-factor analysis of variance, but only tefect of genotype was

calculated. The design of the experiment is shawfigure 3.
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Weaned rabbits

« N

Pannon Large (PLarge) x Hungarian Giant (Hung) x
Maternal line (PKa) Maternal line (PKa)

P4 N 4 N

Cage Pe Cage Pen

7S IS TS TS
[ pellets ][ P+Hay ] [ pellets ][ p+Hay ] [ pellets ][ P+Hay ] [ pellets ][ P+Hay ]

Figure 3. Design of the experiment

Economic evaluation

Natural indicators

The results of productive performances are summarim Table 8
Significant differences were found in body weigtdnh 5 weeks of age, in
favor of PLarge x PKa rabbits. It increased fromgrat 5 week to 229-249
g at 9-12 weeks. Weight gain of PLarge x PKa rabhitis significantly
higher by 3.7 and 7.2 g/day between weeks 5-7 areksv7-9, respectively,
and it was higher by 2.8 g/day over the whole fattg period compared to
Hung x PKa rabbits. The differences in pellet ietakere significant at 10,
23, 18 and 15 g/day between 5-7, 7-9, 9-11 and W&k of age,
respectively, with higher values in PLarge x PKhabits. The effects of
genotype on feed conversion ratio and mortalityeawest significant.

The results point out the differences in growthobefand after weaning
between the two genotypes. The PLarge genotype established and
selected for improving weight gain (Maties al, 2014a). Body weight and
weight gain of Hung rabbits corresponded to thecueson of the
Hungarian Giant (Holdas and Sze®d2002; Hungarian Giant Rabbit-

breeders Association, 2013), but in the presenemx@nt the results of
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crossbred rabbits were evaluated. Breeders withl $raals do not usually
select the Hung breed. Comparing the productivéopaance of different
giant breeds and terminal lines, higher growthsratere published for the
terminal lines than for other giant breeds (Fekial, 1996; Bolet, 2002;
Lépez and Sierra, 2002; Piles and Blasco, 2003gskit al, 2004a;
Kermauner and Zgur, 2005fihovaet al, 2013). Parallel with weight gain,
the pellet intake of PLarge x PKa rabbits was highan the Hung x PKa
(Table 8.

Table 8
Effects of genotype on productive traits of growragbits

. Genotype
Traits PLarge x PKayHr:mg X PKa SE Prob.
Weight at 5 wk of age, g 1020 948 5 <0.001
Weight at 12 wk of age, g 3170 2935 16 <0.001
Weight gain, 5-12 wk of age, g 42.3 39.5 0.3 <0.001
Feed intake, g/day (5-12 wk of age) 147 132 2.2 0.0
Feed conversion ratio 3.56 3.39 0.08 0.411
Mortality, % 4.8 9.5 - 0.091

Since weight gain and feed intake of PLarge x P#abits increased, the
feed conversion ratios of the two genotypes wemdlai. Some literature
data showed that breeds with different adult weighitody weights at
slaughter and weight gains had similar feed conwenstios (Bianospinet
al., 2006; Szendret al, 2009a). The mortality of Hung x PKa rabbits was
nearly twice as high as that of the PLarge x PKaugr(9.5 and 4.8%,
respectively), but the difference was not signiiic&ince both groups were
crossbreds, the mortality could depend mainly @nhyigienic conditions in
the farm and the nutrition. Since the mortality iew, both factors were
satisfactory and since the weaned rabbits consunesticated pellets, the
effect of genotype could be negligible.
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Weight of carcasses (warm, chilled, reference)taet parts (carcass parts,
organs, tissues) in most cases were significaatlger in PLarge x PKa
rabbits than in the Hung x PKa grouiable 9.

The weight of carcass, body parts, organs, mdat &hd fat deposits are in
close correlation with the body weights of rablatsslaughter. Lukefahet

al. (1982), Gomezt al (1998), and Larzul and Rochanbeau (2004) also

found larger carcasses, carcass parts and orgéarg@n rabbits.

Table 9
Effect of genotype on carcass traits (Q)

) Genotype
Traits SE Prob.

PLarge x PKa Hung x PKa

Weight at slaughter 3109 2881 15.7 <0.001
Warm carcass 1951 1777 10.3 <0.001
Chilled carcass 1906 1736 10.1 <0.001
Reference carcass 1618 1463 8.94 <0.001
Head 156 153 0.69 0.037
Heart + lungs 235 22.6 0.19 0.012
Liver 87.8 76.1 1.06 <0.001
Kidneys 18.1 184 0.12 0.318
Perineal fat 27.0 21.9 0.66 <0.001
Scapular fat 10.6 7.45 0.24 <0.001
Fore part 444 396 2.30 <0.001
Mid part 542 492 3.54 <0.001
Hind part 596 545 3.08 <0.001
Hind legs 567 516 2.94 <0.001
Meat on hind legs 404 362 3.49 <0.001
Loin fillet 190 173 1.41 <0.001

Significant differences were found in the raticcafcasses and some carcass
parts between the two genotyp&saljle 1Q. Dressing out percentage of
PLarge x PKa rabbits was 1.1-1.3% better thandh&tung x PKa rabbits.

Significant differences were found in carcass pdhis ratio of the fore part
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to the reference carcass was higher in PLarge xd?&ap than in Hung x
PKa rabbits, the ratio of the hind part to the mefee carcass was higher in
Hung x PKa rabbits than in the PLarge x PKa grtngpyever no significant
difference was found in the mid part of the refeeeparcass. The ratios of
fat deposits were significantly larger in PLargEKa rabbits than in Hung x
PKa animals. The reason for the better dressingententage of PLarge x
PKa rabbits could be caused by the different genatigin and the CT-
based selection. Dalle Zotte (2002) establishedh imeview that when
selecting for growth rate, the younger rabbitslatighter were less mature
and their carcass yield reduced. Rlaal (1996, 1998) demonstrated a
difference in dressing out percentage between matend terminal lines
(selected for litter size and growth rate, respety) with better results in
lines with smaller adult body weights and highegrées of maturity.
However, when the effect of selection on carcaagstiwvas evaluated, no
significant differences were found between rabbftthe control group and
that of rabbits selected for growth rate (P#¢sal, 2000, Hernandeet al.,
2004). It was concluded that the differences betwlews could be due to
the different genetic origins, but not becauséhefgelection for growth rate.
In the present experiment, the genetic origin oafge and Hung rabbits
was different, and PLarge rabbits were selectedjfowth rate and carcass
traits based on CT data. It was demonstrated Heaselection on carcass
traits was effective to improve dressing out petage (Szendr et al,
2009b, 2010b, 2011). Examining the ratio of foréd and hind partsTable
10), similar results were found when lines with diéfet adult weights were
compared (Plat al, 1996, 1998; Hernandet al, 2006), or the effect of
selection for improved growth rate was investiggtedeset al, 2000). The
ratio of fore part to reference carcass was laagel that of hind part was

lower in PLarge x PKa than in Hung x PKa rabbitsimost experiments the
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fat deposits were lower in lines selected for gfowdte than in maternal
lines (Plaet al, 1996, 1998; Herndndez al.,2006). In contrast, the ratio of
perineal and scapular fat to the reference cars@sshigher in PLarge X
PKa than in Hung x PKa rabbits.

Table 10
Effect of genotype on ratio of carcass and partsaofass
. Genotype

Traits PLarge x PKa Hung x PKa SE Prob.
Ratio to slaughter weight, %

Warm carcass 62.7 61.6 0.1 <0.001

Chilled carcass 61.3 60.2 0.1 <0.001

Reference 52.0 50.7 0.1 <0.001

carcass

Head 5.05 5.35 0.02 <0.001

Heart + lungs 0.76 0.79 0.01 0.018

Liver 2.81 2.64 0.03 0.002

Kidneys 0.59 0.64 0.004 <0.001
Ratio to reference carcass, %

Fore part 275 27.1 0.1 0.010

Mid part 33.4 33.6 0.1 0.178

Hind part 36.9 37.3 0.1 0.001

Perineal fat 1.64 1.45 0.04 0.011

Scapular fat 0.63 0.50 0.01 <0.001

Financial indicators

Cost of production (cost of weaned rabbits, feedrtatity and production)
at farm level, the price of the slaughter rabbithiCh is a revenue for the
farmer, but expense for the slaughterhouse), tventee (from whole
carcass and from different carcass parts) at thegkterhouse level, as well
as profitability indicators (profit, cost to revemyrofit to cost and the cost
efficiency) at both the farm and the slaughterhdesel of PLarge x PKa

and Hung x PKa rabbits are shownTiable 11
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At farm level

When the medium feed price was considered, cdstealing of Hung x PKa
rabbits was 0.20 €/rabbit lower than that of PLaxg®Ka rabbits. The
reason for that is rooted in the lower weight aamieg and at slaughter, and
lower feed intake than that of PLarge x PKa rabfliable §. Cost of
feeding varied according to the price of feed, but, difference between the
groups remained similar. Cost of mortality was twdfin Hung x PKa
rabbits compared to PLarge x PKa rabbits, which masnly due to the
different mortality rates between the two genotypesl to a lesser extent to
the age at harvestingidble §. The different mortality rates resulted in
significant differences in production costs from2@&0.30 €/rabbit,
depending on the feed price. In price at slauglat€x.35 €/rabbit difference
was found in favor of PLarge x PKa rabbits. At ltaed price, Hung x PKa
rabbits achieved 82% of the profit of PLarge x RKhbits. With medium
and high feed price, a profit of 0.31 and 0.13 ldrawas calculated with
PLarge x PKa, while 0.23 and 0.07 €/rabbit werewdated in the Hung x
PKa groups, respectively. The differences in prifitost ratios were 1.49,
1.30 and 1.13%, in favor of PLarge x PKa rabbitthviow, medium and
high feed price, respectively, meaning that — isecaf the same mortality
rates and scheduling — about 1,400-2,200 € led& pam be achieved when
Hung x PKa rabbits are reared instead of PLarg&x iRabbits at a farm of
1,000 does producing 50,000 slaughter rabbits/y€arerall, in each
profitability indicator, Hung x PKa group achievdibtter results than
average only when the feed cost was low. On therdtand PLarge x PKa

rabbits outperformed even on the medium feed price.
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Table 11
Profitability of rabbit genotypes (PLarge x PKa athghg x PKa) at farm
and slaughterhouse levels

Genotype
PLarge x PKa Hung x PKa

Indicators FARM LEVEL
Price of feed
Low Med High Low Med High

Cost of feeding (€/r) 1.80 1.98 216 162 1.78 1.94
Cost of mortality (€/r) 0.11 o0.112 0.12 0.22 0.22 0.23
Total cost (€/r) 428 4.46 464 4.02 4.18 4.34
PRICE AT SLAUGHTER 477 477 4.77 4.42 4.42 4.42
Farm profit (€/r) 0.49 0.31 0.13 0.40 0.23 0.07
Farm cost to revenue (%) 89.8 936 97.2 91.0 947 98.3

Farm profit to cost (%) 11.40 6.87 2.85 9.91 557 1.72
Farm cost efficiency 1.11 1.07 1.03 1.10 1.06 1.02

SLAUGHTERHOUSE LEVEL
Selling price

Low Med High Low Med High

Revenue from rabbit carcasses (€/r)7-89 858  9.26 7.19 781  8.44
Revenue from rabbit products (€/r) 8.609.27 994 7.74 8.35 8.96

SH profit (€/r)* 3.83 4.50 517 3.33 3.93 454
SH cost to revenue (%)* 55.5 514 48.0 57.0 529 493

SH profit to cost (%)* 80.3 944 1085 753 89.0 1027
SH cost efficiency* 1.80 1.94 209 175 1.89 2.03

Notes: Low, Med and High: low, medium and high praf pellets (at farm level) or selling
price (at slaughterhouse level); €/r= €/rabbit; Skughterhouse; numbers in bold
represent values higher than average; *Cost ofghl@uing was not identified at the
slaughterhouse level, thus, the differences amoagtoups are reasonable

At slaughterhouse level

There is a close relationship between the weighthef carcass and the
slaughter weight, therefore the revenue from threasses depended on the
slaughter weight Table 9. The revenue from Hung x PKa carcass and
carcass parts were 9 and 10% lower than that ofgeLa PKa rabbits,
respectively. The differences in profit were eveghbr; Hung x PKa rabbits
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achieved only 87-88% of the value of PLarge x Pkabbits. Profit

differences of 0.50, 0.57 and 0.64 €/rabbit waseae in favor of PLarge
x PKa rabbits with increasing selling price, regpety. The differences
between the profit to cost ratios were remarkabl®p, 5.40 and 5.79%,
depending on the selling price. Each value wasebett PLarge x PKa
rabbits, besides, that group could achieve resliitave the average in two
cases (sold at medium or high prices) in contragtiing x PKa rabbits

(only with the high selling price).

Based on the same selling price, higher profitmaachieved with PLarge x
PKa than Hung x PKa rabbits at the farm level, adl vas at the
slaughterhouse level. Hung x PKa rabbits would lmethvrearing at the

farm and slaughterhouse if a higher price was foithem.

5.1.2. Comparison of the breeds of the Pannon Breied) Program
(Pannon Ka, Pannon White, Pannon Large), slaughtetkat the same

age

The evaluation is based on the experiment publighedzends et al
(2009a,b).

Objective of the experiment

The aim of the present study was to briefly pregkatmain results of the
experiment and carry out an economic evaluationratbit genotypes
differing in growth rate and carcass charactesstimsed on the most
important cost factors, including feed, and theergie from processed
products in more detail.
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Materials and methods

PKa, PWhite and PLarge rabbits have been selededht following
criteria: PKa for litter size, PWhite for weight igaand carcass traits,
PLarge for weight gain and carcass traits. The ngeatent (L-value or
muscle on hind legs) was measured by CT. Their baglght was different:
4.0-4.5 kg, 4.3-4.8 kg, 4.8-5.4 kg, respectivelyatiNal indicators of the
three genotypes (n=32 of each genotype) were eealua

Economic evaluation

Natural indicators

Table 12shows the results of productive and carcass to&iBKa, PWhite
and PLarge rabbits. At weaning and at 11 weeksgef Large had the
heaviest, while PKa had the lightest body weigRtsa consumed the least
amount of feed, while PLarge rabbits had the higlcessumption level
between 5 and 11 weeks of age. In the weight @asarand its parts, a clear
order could be seen: PKa < PWhite < PLarge. Drgssut percentage of
PWhite was the highest and that of PKa the lowektle PLarge had an
intermediate position. The ratio of fore part tderence carcass was
significantly higher in PLarge rabbits than in tA&/hite and PKa groups.
The ratio of hind parts to reference carcass waetan PWhite rabbits than
in PLarge and PKa rabbits. No differences were dotmthe ratio of mid
part to reference carcass.

These results were similar to our former experimdintvas shown by
several authors that the adult weight and the Sefecmethod had

significant effects on final weight and carcas#draf growing rabbits.
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Table 12
Production and carcass traits of different rabbriaypes slaughtered at the
same age

. Genotype
Traits PKa PWhite PLarge SE Prob.
Productive traits
Weight at 5 wk of age, g 834 849 951° 14.0 0.001
Weight at 11 wk of age, g 2458  267F 2949  31.2 <0.001
Weight gain, g/day (5-11 wk) 38.6 431 474 057 <0.001
Feed intake, g/day (5-11 wk of age) 115° 127 138 2.21 <0.001
Feed conversion ratio 2.95 2.81 293 0.04 0.257
Mortality, % 9.4 3.1 6.3 - NS
Carcass traits, g
Whole carcass 1468 1602 1757 20.0 <0.001
Heart + lungs 209 221 254 0.24 0.021
Liver 73.F 85.0  84.r 1.10  0.015
Kidneys 19.4 204 237 0.21 <0.001
Head 127 137 142 0.64 <0.001
Fore part 315 340 393 2.27  <0.001
Loin fillet 176° 197 210 1.64  0.023
Mid part's bone 244 257 284 3.41 0.045
Thigh meat 400 449 476 3.24 <0.001
Thigh bone 53 58 66.8 0.36  <0.001
Ratio of carcass and carcass parts, %
Dressing out percentage 60.2 61.3 61.1* 0.17 0.031
Ratio of fore part to reference 26.0' 257 269 012 <0.001
carcass
Ratio of mid part to reference 345 34.2 339 013 0111
carcass
Ratio of hind part to reference 37 % 389 377 0.08 <0.001

carcass

ab¢ Means in the same row with unlike superscriptied{P<0.05).

Most of the publications showed that rabbit linest toriginated from larger-
sized parents (terminal lines) had better growtk (Ramonet al, 1996;
Larzul andRochambeau, 2004), but lower values of carcasts t(Bialle
Zotte, 2002; Hernandegt al, 2006), since they were not as mature when
slaughtered at the same age or weight as progenyatdrnal lines which
had lower adult weights. Despite the general negatorrelation between

adult weight and carcass traits, PWhite rabbitseaeld the best results,
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followed by PLarge and then PKa rabbits. Compatimgse results with
Spanish publications (Pt al, 1996, 1998; Hernandet al., 2006), we did
not detect any difference between breeds selectedltter size (PKa) or
selected for growth rate (PLarge), while the bestcass traits were
observed in PWhite rabbits which were the proahefeffectiveness of CT-

based selection.

Financial indicators

Cost of production at farm level, the price of gjater rabbits, the revenue
at slaughterhouse level, as well as profitabilitgicators at both the farm
and slaughterhouse level of PKa, PWhite and PLeagbits are shown in
Table 13.

At farm level

Rabbits with higher daily weight gain and body weigonsumed more
feed, which was shown ifable 12 This is the reason for the highest cost of
feed found in PLarge rabbits and the lowest in BKaup. Since mortality
differed, cost of mortality was highest in the P#@up and the lowest in
PWhite rabbits. Cost of production was similar KaPand PWhite rabbits,
but it was higher by 0.56 €/rabbit in the PLargeugr. Each profitability
indicator showed that PKa and PLarge rabbits hdteibealues than the
average only in case of low feed cost; however, Rhghite group had
outstanding results in each feed price categotgréstingly, PWhite rabbits
reared sold on medium and high priced feed the dingl second place in
terms of profit, respectively, as well as in albfability indicators, hence
they had higher values than any other group. PWhaitbits achieved the
highest profit (0.84 €/rabbit), while the lowesiuawas found in the PKa

group. When the same feed price was compared,ntldlest difference in
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profit to cost ratio was between PLarge and PKaitabbetween 1.87 and
1.32%. However, the difference was much more reaidekbetween PKa
and PWhite groups, between 9.11 and 8.20%, in faltire PWhite rabbits,

depending on the feed price.

At slaughterhouse level

The revenue from rabbit carcasses and their pagte whe highest with
PLarge and the lowest with PKa rabbits. The difiees between PWhite
and PKa rabbits, with low, medium and high sellmmges, were 0.55, 0.60
and 0.65 €/rabbit in case of the whole carcass, 88, 0.93 and 1.01
€/rabbit in the case of carcass parts, respeytiVéle same revenue figures
between PLarge and PWhite were 0.64, 0.70 and €rabbit, and 0.64,
0.68 and 0.73 €/rabbit, respectively. However, thghest profit was
achieved in PLarge rabbits, followed by the PWlgteup and the PKa
rabbits. Diverse rankings occurred with the prdiiity ratios: the best cost
to revenue ratio was found in PWhite rabbits, foka by the PLarge and
PKa groups. The ratio of profit to cost was highegPWhite rabbits, while
the lowest was seen in the PKa group. The diffexemetween PWhite and
PLarge were 4.55, 5.13 and 5.75% when the sellifog pvas low, medium
or high, respectively. The differences in the sarakies between PLarge
and PKa were lower: 2.56, 2.74 and 2.93%, respalgtifhe cost efficiency
was also highest in PWhite rabbits, followed by iBeaand PKa groups. It
should be noted that, only PWhite rabbits were #blexceed the average
profitability ratios even with a medium selling qei

The results of the evaluation demonstrated the agoan benefits of CT-
based selection for improving meat in the rablstace PWhite rabbits,
which have been selected for carcass traits usingdanning, achieved the

best results in all profitability ratios at therfaand at slaughterhouse levels.
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Table 13

Profitability of different rabbit genotypes (PKaMpite or PLarge, slaughtered at the same agegdatm and

slaughterhouse levels

Genotype
PKa PWhite PLarge
Indicators FARM LEVEL
Price of feed

Low Med High Low Med High Low Med High
Cost of feeding (€/r) 1.21 1.33 1.45 1.27 1.40 152 1.48 1.63 1.78
Cost of mortality (€/r) 0.19 0.19 0.19 0.06 0.07 0.07 0.15 0.15 0.16
Total cost (€/r) 3.25 3.38 3.50 3.24 3.37 3.49 3.78 3.93 4.08
PRICE AT SLAUGHTER(£/r) 3.80 3.80 3.80 4.08 4.08 4.08 4.48 4.48 4.48
Farm profit (€/r) 0.54 0.42 0.30 0.84 0.71 0.58 0.70 0.55 0.40
Farm cost to revenue (%) 85.7 89.0 92.1 79.5 82.6 85.7 84.3 87.7 91.0
Farm profit to cost (%) 16.7 12.4 8.55 25.8 21.0 16.8 18.6 14.0 9.88
Farm cost efficiency 1.17 1.12 1.09 1.26 1.21 1.17 1.19 1.14 1.10

SLAUGHTERHOUSE LEVEL
Selling price

Low Med High Low Med High Low Med High
Revenue from rabbit carcass (€/r) 6.08 6.61 7.13 6.63 721 7.79 7.27 7.91 8.54
Revenue from rabbit products (€/r) 7.67 8.32 8.97 .528 9.25 9.98 9.15 9.93 10.71
SH profit (€/r)* 3.87 4.52 5.17 4.44 5.17 5.90 4.68 5.45 6.23
SH cost to revenue (%)* 49.5 457 424 47.9 44.1 40.9 48.9 45.1 41.8
SH profit to cost (%)* 101.8 119.0 136.1 108.9 126.9 144.8 104.4 121.7 139.0
SH cost efficiency* 2.02 2.19 2.36 2.09 2.27 2.45 2.04 2.22 2.39

Notes: Low, Med and High: low, medium and high praf pellets (at farm level) or selling price (Etughterhouse level); €/r= €/rabbit; SH= slaughtede;
numbers in bold represent values higher than aeerd@ost of slaughtering was not identified at gl@aughterhouse level, thus, the differences ambag t

groups are reasonable
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5.1.3. Comparison of the breeds of the Pannon Breed Program

slaughtered at similar weights

This experiment was conducted under my leadership.

Objective of the experiment

The aim of the experiment was to compare three tgpee (PKa x PKa,

PWhite x PKa, PLarge x PKa) slaughtered at similarghts, to examine
their productive and carcass traits and economliaevaGenerally, lines
selected for litter size mature at a younger aga times selected for growth
rate. Our hypothesis was that rabbits selectethigh meat volume (TMV)

by CT mature for slaughtering at younger age ariilesae good slaughter

and economic results at an earlier age.

Material and methods

PKa does were inseminated with semen from PKa, BAdniPLarge bucks
(n=60 in each genotype). Crossbred kits kits (PKRKa, PWhite x PKa,
PLarge x PKa) were weaned at 35 days of age amedeatil 88, 83 and 79
days, respectively, when they reached similar nveights for slaughtering
(2785-2795 g).

Economic evaluation

Natural indicators

Results of productive traits are shownTiable 14 Weight of PKa x PKa at
weaning was less than that of the PWhite x PKaRlmatge x PKa groups;
presumably due to the lower weight gain of kitswestn 3 and 5 weeks of
age. Significant differences were found in weighing the growth rate of

PLarge x PKa was the largest, and that of PKa x WKs the smallest, so
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they reached similar slaughter weights (2784-27p&atglifferent ages (88
and 79 days), as shown by other authors (Raetal, 1996; Pilest al,

2004; Larzul and Rochambeau, 2004; Metzger al., 2006a,b) who
compared breeds or lines with different adult wedgDaily feed intake of
PLarge x PKa rabbits was significantly higher thlaat of PKa x PKa and
PWhite x PKa rabbits. These results were in accmelawith those
published in the literature (Ramaet al., 1996; Fekiet al, 1996). The
number of feeding days was less in the PLarge x &khmore in PKa x
PKa group, this is why the total feed consumptibiPlbarge x PKa rabbits
was lower than that of PKa x PKa. Significant difieces were found in
feed conversion ratio between weaning and the énleofattening period,
with the best result for PLarge x PKa and the ldwesthe PKa x PKa
group. According to previous results (Szeénét al, 2012; Maticset al,

2014a), selection for TMV by CT also improved tieed conversion ratio.
Mortality was low, and no significant differencesxisged between

genotypes.

Table 14
Effect of different crossing combinations on protikestraits of rabbits
slaughtered at similar body weight

Genotype
Traits PWhite x PLarge x SE Prob.
PKaxPKa ' 'Dl> s
Weight at 5 wk, g 889 947 923 5.06 <0.001
Age at the end of the experiment, d 88 83 79 - -
Weight at the end of the experiment, 2785 2793 2795 8.05 0.952
Weight gain, g/d 35% 39.2 42.8  0.29 <0.001
Feed intake, g/d 187 129 138 1.09 <0.001
Feed conversion ratio 355 3.38* 3.24 0.04 0.002
Mortality, % 5.0 3.3 0 - 0.257

aBMeans in the same row with unlike superscriptéedifP<0.05).
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Despite finding no differences in body weight auglhter, the weight of
carcasses (warm, chilled and reference), hind par legs and meat on
hind legs were higher in PWhite x PKa and smalePKa x PKa rabbits
(Table 15. At the same time, the weight of the gastroimestract was the
smallest in the PWhite x PKa group.

Table 15
Effect of different crossing combinations on casctiaits of rabbits (Q)
slaughtered at similar body weights

Genotype

Traits PWhite x ~ PLarge x SE Prob.

PKa x PKa PKa PKa
Age at the slaughter, d 88 83 79 - -
Body weight at slaughter 2785 2793 2795 8.0 0.952
Skin 394 409 39@0 21  <0.001
Distal part of legs 91° 95’ 97 0.47 <0.001
Gastrointestinal tract 4971 458 487 40  <0.001
Head 135 137 134 0.6 0.244
Warm carcass 1708 1742 1726" 5.9 0.002
Chilled carcass 1648 1678 1665" 5.7 0.016
Reference carcass 1392 142% 1410* 5.3 <0.001
Heart + lungs 23 22 24 0.29 0.128
Liver 81° 77 82 0.93  0.048
Kidneys 17 16 16 0.18 0.528
Perirenal fat 25° 23" 27 0.52  0.020
Scapular fat 7 7 6 0.25 0.153
Fore part 418 418 425 1.9 0.111
Mid part 430 440 428 2.0 0.148
Hind part 517 537 53¢ 2.2  <0.001
Hind legs 476 507° 498’ 2.1  <0.001
Thigh fillet 378 407 392 1.0 <0.001
Loin fillet 177 174 165 1.22 <0.001

2B Means in the ssme row with unlike superscriptied(P<0.05).

In parallel with these results, the dressing outgetages and the ratios of
hind part to reference carcass were also highd?White x PKa rabbits

(Table 16. PLarge x PKa rabbits were between the other gemotypes.
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Breeds which grow faster are slaughtered at a y@uage, and they are not
at the same level of maturity. This is why breedthwmaller adult body
weights had better maturity at slaughter and dngseut percentages, but
with a lower ratio of the fore part, and higheiagaif the hind part compared
to large bodied breeds (Gometal, 1998; Hernandeet al, 2006; Plaet
al., 1996, 1998). In contrast, in the present expertim@osth genotypes with
higher adult body weights (PWhite x PKa and PLaxgeéKa) had better
dressing out percentages and higher ratios of pamt] but lower or similar
percentages of fore parts compared to PKa x PKaiteall his was the first
time when was shown that the PLarge, as a largeetddateed, had better

results in meat production than PKa rabbits.

Table 16
Effect of different crossing combinations on ratddsarcass and carcass
parts of rabbits slaughtered at similar body weight

. Genotype
Traits PKaxPKa PWhite x PKa Plarge xPKa o= Frob
Ratio to slaughter weight (dressing out percentageYo
Warm carcass 61.3 62.4 61.8 0.12 <0.001
Chilled carcass 59.2 60.1° 59.6" 0.11 <0.001
Reference carcass  50.0 51.0 50.5* 0.12 <0.001
Ratio to chilled carcass, %
Head 8.2 8.2 8.0 0.04 0.055
Heart + lungs 1.4 1.3 1.4 0.02 0.587
Liver 49" 4.6 4.9 0.05 <0.001
Kidneys 1.0° 0.9 1.0* 0.01 <0.001
Perirenal fat 1.5 1.4 1.3 0.03  0.016
Scapular fat 0.4 0.4 0.4 0.02 0.206
Ratio to reference carcass, %

Fore part 30.0° 29.3 30.7 0.08 0.002
Mid part 30.9 30.9 30.4 0.08  <0.001
Hind part 36.9 37.7 37.8 0.08  <0.001

2B Means in the same row with unlike superscriptfed{P<0.05).
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Matics et al. (2014a) summarized the effectiveness of CT-basbection

(genetic parameters, genetic response to sele@i@eriment of divergent
selection, comparison of different breeds), howgetbe results of the
present experiment showed new evidence of thigioakhip, since the
genotypes which have been selected for carcags faaishorter or longer
periods had better results than the maternal lihenacompared at similar

live weight range.

Financial indicators

Cost of production at farm level, the price of glater rabbits, the revenue
at slaughterhouse level, as well as profitabilitgicators at both the farm
and slaughterhouse level of different crossing daations slaughtered at

similar weights are shown ifable 17

At farm level

The average difference in production costs (0.0ab®it) was negligible
between the PKa x PKa and PWhite x PKa groupsevehlbrger difference
rabbits (0.30 €/rabbit) was found between the forare PLarge x PKa in
favor of PLarge x PKa rabbits, due to their shotd¢tening period. Profit of
PKa x PKa rabbits was 88.0 and 42.4% than thabhefWhite x PKa and
PLarge x PKa group on a medium feed price, respaygti Results show
that PLarge x PKa rabbits were able to exceed tleeage indicators on
each feed price compared to the other groups. Tdrerea farm with a
yearly production of 50,000 growing rabbits may iaeh 15,900 €
additional profit when PLarge x PKa rabbits areredainstead of PKa x
PKa rabbits.
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At slaughterhouse level

A different ranking order occurred when the caltola was made at the
slaughterhouse level. Revenue from carcass pads8vé®, 8.50 and 8.39
€/rabbit in PWhite x PKa, PLarge x PKa and PKa xaPHKbbits,
respectively, at a medium selling price, while tighest difference in profit
was 0.29 €/rabbit. Regarding profitability ratitise best results were found
in the PWhite x PKa group, even at a medium sejbince.

Results show a conflicting interest at farm andighaerhouse level, since

the farmer benefits from PLarge x PKa, while theughterhouse benefits
from PWhite x PKa rabbits.
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Table 17
Profitability of different rabbit crossing combimnas (slaughtered at similar weight) at farm araighterhouse level

Genotype
PKa x PKa PWhite x PKa PLarge x PKa
Indicators FARM LEVEL
Price of feed

Low Med High Low Med High Low Med High
Cost of feeding (€/r) 1.68 1.85 2.02 1.61 1.77 1.94 1.49 1.63 1.78
Cost of mortality (€/r) 0.09 0.09 0.09 0.06 0.06 0.06 0.00 0.00 0.00
Total cost (€/r) 3.87 4.04 4.20 3.86 4.02 4.17 3.59 3.73 3.88
PRICE AT SLAUGHTER(€/r) 4.27 4.27 4.27 428 4.28 4.28 4.29 4.29 4.29
Farm profit (€/r) 0.40 0.23 0.07 0.43 0.27 0.11 0.70 0.55 0.41
Farm cost to revenue (%) 90.6 94.5 98.3 90.0 93.8 97.4 83.7 87.1 90.4
Farm profit to cost (%) 10.40 5.80 1.72 11.08 6.62 2.66 19.50 14.77 10.57
Farm cost efficiency 1.10 1.06 1.02 1.11 1.07 1.03 1.20 1.15 1.11

SLAUGHTERHOUSE LEVEL
Selling price

Low Med High Low Med High Low Med High
Revenue from rabbit carcass (€/r) 6.82 7.42 8.01 6.95 7.55 8.16 6.89 7.49 8.09
Revenue from rabbit products (€/r) 7.76 8.39 9.01 8.04 8.69 9.34 7.87 8.50 9.12
SH profit (€/r)* 3.49 4.11 4.74 3.76 4.41 5.06 3.58 4.21 4.84
SH cost to revenue (%)* 55.0 50.9 47.4 53.3 49.3 45.8 54.5 50.4 47.0
SH profit to cost (%)* 81.8 96.4 110.9 87.7 1029 118.1 83.6 98.2 1129
SH cost efficiency* 1.82 1.96 2.11 1.88 2.03 2.18 1.84 1.98 2.13

Notes: Low, Med and High: low, medium and high praf pellets (at farm level) or selling price (Etughterhouse level); €/r= €/rabbit; SH= slaughtede;
numbers in bold represent values higher than aeerd@ost of slaughtering was not identified at gl@aughterhouse level, thus, the differences ambag t
groups are reasonable
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5.1.4. Effect of divergent selection for the volumef muscle on the hind

legs

The evaluation is based on the experiment whichpuidished by Szendr
et al (2012).

Objective of the experiment
The objective of the study was to analyze the &fe€ divergent selection
for CT measured thigh muscle volume (TMV). This temst focuses on

evaluating the economic values at the farm andybl@uhouse levels.

Material and methods

TMV was measured by CT in PWhite growing rabbitd@5 weeks of age.
Rabbits were selected to increase (PP) or dec(béd¢ their TMV during
two generations. Production performance, slaugtrts and economic

values of their offspring were compared.

Economic evaluation

Natural indicators

Selection had no effect on daily weight gain andybweight at the age of
10 weeks Table 18. Due to a lower amount of fat tissues (fat depibig
PP group had lower feed intake and better feed arsion ratio than MM
rabbits. This is explained by the fact that the rgperequirement for
building fat into the body is higher than that loé tmuscle (protein). This is
why PP rabbits consumed less feed to achieve time seeight gain. A
favorable side effect of the CT aided selectiothiss improvement of feed
conversion rate. These results were confirmed wihéerent crossbred

rabbits were compared (Szeé6dt al, 2010).
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Table 18
Effect of divergent selection for thigh muscle vokl on productive
performance of growing rabbits

Second selected generation

Traits MM Pp SE Prob.
Body weight at 10 wk, g 2471 2474 209 0.757
Weight gain (5-10 wk), g/day 44.7 45.7 1.05 0.461
Feed intake (5-10 wk), g/day 138 128 2.17 0.002
Feed conversion ratio 3.01 2.81 0.05 <0.001

MM : progeny of the minus-selected parents of thergkgeneration;
PP: progeny of the plus-selected parents of the stgeneration

Significant differences were found in TMV, weight leind part, hind leg
and meat on hind leg, with higher values in the d¢tBup. Opposite
differences were found in kidneys, and perirena acapular fat weights
(Table 19.

Table 19
Effect of divergent selection for thigh muscle wolel (cnf) on carcass traits

(9)

Second selected generation

Traits MM ) SE Prob.

CT measured thigh muscle volume 309 336 21.2 0.004
Body weight at slaughter 2454 2445 211 0.863
Skin 350 353 22.7 0.657
Head 116 118 481 0.957
Full gastrointestinal 440 410 a7.7 0.432
Hot carcass 1485 1504 43.6 0.362
Chilled carcass 1444 1462 42.5 0.476
Reference carcass 1212 1237 44.1 0.175
Liver 81.8 76.2 11.4 0.082
Kidneys 16.7 15.1 2.19 0.008
Heart + lungs 20.8 204 3.31 0.412
Perirenal fat 29.4 23.8 6.94 0.020
Scapular fat 13.0 6.05 3.73 <0.001
Fore part 365 364 16.8 0.852
Intermediate part 368 371 19.4 0.735
Hind part 439 473 21.2 <0.001
Hind legs 413 446 19.8 <0.001
Loin fillet 137 142 12.9 0.169
Meat on hind legs 326 355 18.7 <0.001

MM : progeny of the minus-selected parents of thersgeneration;
PP: progeny of the plus-selected parents of the sbgeneration
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The ratio of the full gastrointestinal tract comgzhrto body weight was
higher for the MM rabbitsTable 2Q.

Table 20
Effect of divergent selection for thigh muscle volel on ratios of carcass

and carcass parts

Second selected generation

Traits MM PP SE Prob.
Percentage of body weight at slaughter, %
Skin 14.2 14.5 0.93 0.576
Full gastrointestinal 18.1 16.7 2.13 0.415
Dressing out percentage
based on hot carcass weight 60.4 61.5 2.10 0.396
based on chilled carcass weight 58.7 59.8 2.04 .5010
Ratio to reference carcass, %
Fore part 30.1 294 0.97 0.066
Intermediate part 30.3 30.0 0.88 0.335
Hind part 36.3 38.2 1.06 0.015
Perirenal fat 2.40 1.90 0.66 0.005
Scapular fat 1.07 0.49 0.31 <0.001
Hind legs 34.1 36.1 0.98 <0.001
Loin fillet 11.3 115 0.82 0.220
Thigh meat 26.9 28.7 0.89 <0.001

MM : progeny of the minus-selected parents of therskgeneration;
PP: progeny of the plus-selected parents of the stgeneration

Compared to the reference carcass, ratios of tteeffart, perirenal fat and
scapular fat were higher in the MM group, whilaastof the hind part and
hind leg meat were higher in PP rabbits. Previquheg efficiency of

selection for the L-value was shown by genetic ysis] genetic trend
estimation and a divergent selection experimeng. difference between the
plus and minus selected groups was 5.8% for thalilevand 5.1% for the
weight of the mid part (Szentlret al, 1996). Breeding values of CT
measured animals increased during the three ye@pecify Years)

studied: 0.12, 0.35 and 0.78, respectively) (Szeratral, 2004). The

estimated genetic correlation between the L-valuel aressing out

percentage was 0.47 (Nagy al, 2006). The effectiveness of selection for
74



TMV was also demonstrated by Gyowdial. (2008) using the data from the
routine breeding. At the same time the volume bfipots and feed intake
decreased while the feed conversion ratio improved.

Financial indicators

Cost of production at the farm level, the price stdughter rabbits, the
revenue (from whole carcasses and from differemtass parts) at the
slaughterhouse level, as well as profitability cadors on both the farm and
slaughterhouse levels of rabbits selected divelgdat decreasing (MM)
and increasing (PP) their TMV are showrnTable 21

At farm level

In the progenies of the second generation of demtrgselection for
increasing TMV (PP) had lower feed consumptidalle 1§ than that of
rabbits selected for decreasing thigh muscle vol@®l). Thus cost of
feeding decreased by 7% in PP compared to the MMpgMegligible costs
of mortality were found in both cases. The diffaeretween the price at
slaughter (which is considered as revenue for #mmér) was only 0.01
€/rabbit, in favor of the MM group. Based on lowedium and high feed
prices, the profit of MM was 0.45, 0.33 and 0.22aBbit, while PP rabbits
achieved profits of 0.47, 0.35 and 0.25 €/rablagpectively. Differences
show that PP rabbits achieve at least 8,300 € nmm@me for a farmer
producing 50,000 rabbits yearly on a farm. Whendaleulation was made
on high price feed instead of low feed price, fgrofi the MM group
decreased by 52.6%, while the decline was 47.3%arPP rabbits. In each
feed price category, the cost to revenue of MM grexceeded that of PP
rabbits. With increasing feed price, the differehetween the MM and PP
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groups also increased, the differences in ratioewe47, 0.73 and 0.84%

for low, medium and high feed prices, respectivelyfavor of PP rabbits.

Table 21
Profitability of divergent selection for thigh mussolume (TMV) at the
farm and slaughterhouse levels

Second selected generation
MM PP
Indicators FARM LEVEL
Price of feed
Low Med High Low Med High

Cost of feeding (€/r) 121 133 1.45 1.12 123 1.34
Cost of mortality (€/r) 0.10 0.10 0.10 0.08 0.08.08
Total cost (€/r) 3.31 3.43 355 328 340 3.50
PRICE AT SLAUGHTER(€/r) 3.76  3.76 3.76 3.75 3.753.75
Farm profit (€/r) 045 0.33 0.22 0.47 0.35 0.25
Farm cost to revenue (%) 879 91.2 94.3 87.6 90.6 935

Farm profit to cost (%) 13.72  9.69 6.07 14.19 10.41 7.01
Farm cost efficiency 1.14 1.10 1.06 1.14 1.10 1.07

SLAUGHTERHOUSE LEVEL
Selling price

Low Med High Low Med High

Revenue from rabbit carcass (€/f) 5.98 6.50 7.02 6.05 6.58 7.11
Revenue from rabbit products (€/r) 6.66 7.18 7.70 976 7.53 8.09

SH profit (€/r)* 290 342 394 322 378 4.34
SH cost to revenue (%)* 56.5 52.4 48.8 53.8 498 46.3
SH profit to cost (%)* 77.0 90.9 104.8 85.9 100.9 115.8
SH cost efficiency* 1.77 191 2.05 186 2.01 2.16

Notes: Low, Med and High: low, medium and high eraf pellets (at farm level) or selling price (at
slaughterhouse level); €/r= €/rabbit; SH= slaudidase; numbers in bold represent values higher
than average; *Cost of slaughtering was not idieatifat the slaughterhouse level, thus, the
differences among the groups are reasonable

At slaughterhouse level

From the slaughterhouse’s point of view, the défere in revenue from

rabbit products was between 0.31 and 0.39 €/raivbfgvor of PP rabbits,

depending on the selling price. MM rabbits coultiege profitability ratios

above the average only when selling rabbit prodacte/ell-paying markets
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(i.,e. at high selling prices), while PP rabbits everofitable even at a
medium price. The difference between the reventms tarcass parts was
remarkable (1.45 €/rabbit). The highest profit {4€3rabbit) was achieved
by PP rabbits, while the lowest value (2.90 €/r§blias found with the
MM group. Consequently, PP rabbits may achieve 5@§ker profit than
MM rabbits at the slaughterhouse level, dependingthe selling price.
Concerning cost to revenue, profit to cost and cefiiciency, the
differences were between 2.50-2.72, 8.95-11.07 &n@9-0.11%,

respectively, in favor of the PP group.

All of the values showed that the selection for iaying muscle on hind
legs by CT had significant economic benefits fothbthe farmer and the

slaughterhouse, but higher profits for the slaudjittese.

5.2 EVALUATION OF THE EFFECT OF HOUSING

5.2.1 Separate effects of housing growing rabbita cages or in pens on

productive performance, carcass traits and economicalues

This section is a part of my experiment to exanihee effect of genotype,

housing and feeding on growing rabbits.

Objective of the experiment

The aim of the experiment was to examine separ#teleffects of housing
conditions on productive performance, carcassstamt economical values,
to get information about the difference betweenedagnd pen housed
growing rabbits.
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Material and methods

Crossbred rabbits (PLarge x PKa and Hung x PKagweaned at 5 weeks
of age and were reared in a cage or pen [Cagebldtsicage, Pen: 14
rabbits/pen, but the stocking density was the séiBerabbits/m)]. They
were fed with pellets or pellets plus hay untilugjater at 12 weeks of age.
Data was evaluated by multi-factor analysis of atace, and the effect of
housing was calculated separately. The designeoéxiperiment is shown in

Figure 4.
Weaned rabbits
Pannon Large (PLarge) x Hungarian Giant (Hung) x
Maternal line (PKa) Maternal line (PKa)

€

Cage Cage Pen

¥ N ¢ N ¥ N ¥ N

) G0 ) G

Figure 4. Design of the experiment

Economic evaluation

Natural indicators

The differences in body weight between Cage and Rdiabits were
significant from seven weeks of age, in favor & @age group. It increased
from 96 g at 7 week to 141 g at 12 wedlaljle 23. The Cage rabbits
consumed 13 g/day more pellets between 5-7 weak3-@weeks than Pen
rabbits. The differences in weight gain were sigaiit between 5-7 weeks
(6.4 g/day), 11-12 weeks (4.5 g/day), and 5-12 wd8KL g/day), in favor
of Cage rabbits, while the differences in feed @awn ratios were not
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significant. Difference was found in mortality betan 9-11 weeks

(P<0.05), however it was not significant betweel?5weeks.

Table 22
Effect of housing conditions on productive perfono@ of growing rabbits

Housing condition

Traits SE Prob.

Cage Pen
Weight at 5 wk of age, g 984 984 - -
Weight at 12 wk of age, g 3123 2982 16 <0.001
Weight gain, 5-12 wk of age, g/day 42.5 394 0.3 .08
Feed intake, g/day (5-12 wk of age) 141 133 2.2 52.0
Feed conversion ratio 3.48 3.47 0.08 0.956
Mortality, % 5.6 8.3 - 0.398

These results are in agreement with the data iHitdrature. Most of the
authors observed smaller or larger significant idesl in weight gain and
body weight of rabbits housed in larger groups (Maes and Van Herck,
2000; Lambertinet al, 2001; Dal Boscet al, 2002; Szendret al, 2009a;
Combeset al, 2010). The lower growth rate could be relatechigher
activity, since more energy is required for movimpe largest difference in
weight gain was seen between 5 and 7 weeks, whashimwvline with the
observation of Maertens and Van Herck (2000). Téegerienced higher
sensitivity to stress and lower growth rate in éargroups after weaning.
Most of the authors (Maertens and De Groote, 198dertens and Van
Herck, 2000; Princzt al, 2009; Szendr et al, 2009a) did not identify a
significant effect of group size on mortality. S@ wan state that the group
size is not the main factor causing mortality adwing rabbits, particularly
when rabbits consume medicated pellets.

The weight of the carcass, body parts, organs, (fidat) and fat deposits
were significantly higher in Cage than in Pen r&b(iable 23.
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Table 23

Effect of housing conditions on carcass traits (g)

Housing condition

Traits Prob.
Cage Pen
Weight at slaughtering 3055 2940 15.7 <0.001
Warm carcass 1906 1826 10.3 <0.001
Chilled carcass 1861 1785 10.1 <0.001
Reference carcass 1577 1507 8.94 <0.001
Head 155 154 0.69 0.225
Heart + lungs 23.5 22.5 0.19 0.006
Liver 83.2 81.1 1.06 0.318
Kidneys 18.6 17.9 0.12 0.004
Perirenal fat 28.6 20.3 0.66 <0.001
Scapular fat 10.16 7.61 0.24 <0.001
Fore part 428 414 2.30 0.004
Mid part 532 503 3.54 <0.001
Hind part 579 564 3.08 0.014
Hind legs 552 532 2.94 0.001
Meat on hind legs 392 376 3.49 0.030
Loin fillet 188 175 1.41 <0.000

The housing condition did not affect the dressingpercentagelable 29.

The ratios of the fore and hind parts to the refeeecarcass were higher in

Pen rabbits, and that of the mid part, perirendl scapular fat were higher

in Cage rabbits. In pens the rabbits could moveen(@al Boscoet al,
2002; Lambertiniet al, 2005; Princzet al, 2008), thus their weight gain
and body weight were lower (Szeidand Dalle Zotte, 2011). One

consequence of lower weight was that the weightgastasses, carcass

parts, organs and tissues were also lower, as wasdfin the present

experiment and by several authors (Dal Bosical, 2002; Dalle Zottet al,

2009a; Maticset al, 2014b). In most of the experiments, the dressiuiy

percentage of penned rabbits was lower than theagéd rabbits, however,
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as found in the present experiment, in most cteeslifferences were not
significant (Dal Bosceet al, 2002; Dalle Zotteet al, 2009; Szendret al,
2009d; Combest al, 2010; Maticset al, 2014b). In our experiment — due
to the higher locomotor activity in pens — theaaidf hind part to reference
carcass increased, and that of perirenal fat amghutar fat decreased,
similarly to the results in the literature (Dal Bost al, 2002; Dalle Zotte
et al, 2009; Szendret al, 2009d; Combest al.,2010). The larger ratio of
fore part to reference carcass could be also adedcwith higher activity,
however some contrary results were published (DadcB et al, 2002;
Dalle Zotteet al, 2009). Since the ratios of two parts (fore amaihof the
reference carcass increased, the third (mid) padt to decrease in Pen
rabbits. As in our results, and in most studieg, mhid part to reference
carcass was similar in cage and pen housed rafatsBoscoet al, 2002;
Dalle Zotteet al.,2009; Szendret al, 2009d).

Table 24
Effect of housing condition on ratio of carcass aarctass parts

Housing condition

Traits Cage Pen SE Prob.
Dressing out percentage, %
Warm carcass 62.3 62.1 0.1 0.198
Chilled carcass 60.9 60.7 0.1 0.466
Reference 51.6 51.2 0.1 0.117
carcass
Ratio to reference carcass, %
Fore part 27.1 27.5 0.1 0.008
Mid part 33.7 33.3 0.1 0.002
Hind part 36.8 37.5 0.1 <0.001
Perirenal fat 1.76 1.33 0.04 <0.001
Scapular fat 0.63 0.49 0.01 <0.001
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Financial indicators
Cost of production at farm level, the price of glater rabbit, the revenue at
slaughterhouse level, as well as profitability cadors on both farm and

slaughterhouse level of rabbits housed in cagepamdare shown iffable
25.

Table 25
Profitability of different housing conditions (cagepen) at farm and
slaughterhouse level

Housing condition
Cage Pen
Indicators FARM LEVEL
Price of feed
Low Med High Low Med High

Cost of feeding (€/r) 1.73 190 207 1.63 1.79 1.96
Cost of mortality (€/r) 0.13 0.13 0.14 0.19 0.20 0.20
Total cost (€/r) 414 431 4.48 4.07 424 4.40
PRICE AT SLAUGHTER(€/r) 4.68 4.68 4.68 451 451 451
Farm profit (€/r) 0.55 0.37 020 043 0.27 0.11
Farm cost to revenue (%) 88.3 921 957 904 941 97.6
Farm profit to cost (%) 13.19 8.61 455 10.64 6.32 2.46
Farm cost efficiency 1.13 1.09 105 1.11 1.06 1.02
SLAUGHTERHOUSE LEVEL
Selling price

Low Med High Low Med High
Revenue from rabbit carcass (€/rf) 7.70  8.37 9.04 7.39 8.03 8.68
Revenue from rabbit products (€/r) 8.38 9.04 9.69 7.99 8.61 9.24

SH profit (€/r)* 3.70 435 5.01 3.48 411 4.73
SH cost to revenue (%)* 559 51.8 48.3 56.4 52.3 4838

SH profit to cost (%)* 78.9 92.9 106.9 77.2 91.1 104.9
SH cost efficiency* 1.79 1.93 207 177 191 205

Notes: Low, Med and High: low, medium and high eraf pellets (at farm level) or selling price (at
slaughterhouse level); €/r= €/rabbit; SH= slaudidase; numbers in bold represent values higher
than average; *Cost of slaughtering was not idieatifat the slaughterhouse level, thus, the
differences among the groups are reasonable
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At farm level

In the case of med feed price, cost of feeding kwa®r by 0.11 €/rabbit
(6%) in Pen rabbits than in the Cage group. Theardor the difference is
that the incidence of fights is higher so the lexestress is higher in group
housed rabbits (Szeridrand Dalle Zotte, 2011) leading to lower feed
consumption Table 23. The cost of mortality was higher by about 50% in
Pen than in Cage rabbits due to the differencemantality (Table 23.
Similar differences were found in the cost of prcithn as was seen in the
cost of feeding with an average decrease of 2%lewhie differences in
price at slaughter were even higher (3.8%). Thditpflmm a group of
rabbits housed in cages was average of 0.10 €frhighier than in the Pen
group. The lowest cost to revenue and the highesfitgo cost ratios
belonged to the Cage group fed with low price pel({88.3% and 13.19%,
respectively). The difference in cost efficiency sw@.02%. It is an
impressive result that — based on the same mgrtalié and scheduling —, a
farmer producing 50,000 rabbits yearly is able ¢hieve at least 5,200 €
additional profit with Cage rabbits compared to Pabits.

At slaughterhouse level

The revenue (from the whole carcass and carcass) paas determined by
the weight at slaughteiTéble 23. Selling rabbits at a medium price, the
revenue from the whole carcass and carcass partsOig4 (4.1%) and 0.42
€/rabbit (4.7%) lower in the Pen group than in tlBage rabbits,
respectively. Significant differences were found profit: Cage rabbits
achieved 6% higher values than Pen rabbits, salifferences were 0.21,
0.25 and 0.28 €/rabbit, depending on the sellingephus, it can be stated
that at equivalent selling prices higher profit denachieved with Cage than

Pen rabbits. Selling rabbits at med price, costeet@nue in Cage rabbits
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were 0.5% better than in Pen group. The Cage gamlyeved 1.65, 1.84
and 2.02% higher profit to cost ratio than Pen rabldepending on the
selling price. The difference in cost efficiencyioa was 0.02% in each
case. At the slaughterhouse level, all of the \alaed indicators showed
that Cage rabbits achieved profitability above #lverage on medium and

high selling price, while Pen group was above ayernly on high price.

Results showed that housing rabbits in cages hatyraficant financial

impact, its economic benefit for the farmer and #laughterhouse is
remarkable. The stated values show how much higegs have to be paid
to the farmer and the slaughterhouse to make ithmdrile to raise rabbits

in large groups and to buy them for slaughter.

5.2.2 Effect of floor type (wire-mesh, plastic-meslor deep-litter) on

productive performance, carcass traits and economicalues

The evaluation is based on the experiment carrigdop Gerencséet al
(2013).

Objective of the experiment

The aim of the experiment was to examine the effédifferent housing
conditions (floor type: Wire-mesh, Plastic-mesh abeep-litter) on
productive performance, carcass traits and econowdlues to get
information about the differences among the threeugs, and on the

welfare (preference) of rabbits depending on tberftype.
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Material and methods

Natural indicators PKa rabbits at weaning (n=126) were housed irspen
with basic area of 1.27 1{14 rabbits/pen, 11 rabbitsmThe floor type of
the pens was different: Wire-mesh, Plastic-mesbegp-litter. Productive
traits were measured between 5 and 11 weeks oftlage the rabbits were
slaughtered and the carcasses were dissected @crord the
recommendation of the WRSA (Blasco and Ouhayou@6)L9

Besides the evaluation of natural indicators, afepemice test was also

carried out among the three floors.

Preference testit the age of 5 weeks the rabbits were placed s path a

basic area of 3.8 (43 rabbits/pen, 11 rabbits?in The floor of the pens
was partly wire-mesh (1/3), plastic-mesh (1/3) atéw deep-litter (1/3).
Infrared cameras were fixed above the pens. A 2dbovrecording was
made once a week, between 5 and 11 weeks of agendrhber of rabbits
in each location (wire-mesh, plastic-mesh or déggr) of the pens was

recorded every 30 minutes.

Economic evaluation

Natural indicators

Table 26shows the productive performance of rabbits betvibe ages of 5
and 11 weeks reared on different floor types. Tleemlitter groups had the
lowest body weight gain, consumed the least amotifi¢ed, and had the
lowest feed conversion ratio, therefore presertteddwest body weight at
slaughter. On the other hand, rabbits reared osti®imesh demonstrated
the highest values in terms of body weight gairedfentake and body
weight at slaughter, while the Wire-mesh group hhd highest feed

conversion ratio between 5 and 11 weeks of age. nWtmnsidering
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mortality, rabbits reared on Deep-litter had thghlest value, followed by
Plastic-mesh and Wire-mesh at about half that dfSlgter. Dal Boscaet
al. (2002) found significantly higher differences indy weight gain and

mortality between rabbits reared in cages or iavstbedded pens.

Table 26
Effect of floor type on productive traits of growimabbits

Housing condition

Traits SE Prob.
Wire-mesh Plastic-mesh Deep-litter

Body weight at 11 wk, g 2732 2770 2674 19.88 0.143

Body weight gain, g/day 355 36.6 343 0.362 0.04

Feed intake, g/day 127 129 118 2.95D0.29

Feed conversion ratio 3.77 3.74 3.52 0.140.733

Mortality, % 4.8 7.1 9.5 - 0.698

2B Means in the same row with unlike superscriptfed{P<0.05).

No significant differences were found in weightcafcass and carcass parts,
although in most cases the smallest values wersuneéin the Deep-litter
group (Table 27. On the other hand, significant differences weetected

in dressing out percentage; the Plastic-mesh gaohpeved the best result,
and in the ratio of hind part to reference carcasth highest values were
seen in the Deep-litter groupgble 28. The rabbits on Wire-mesh floors
achieved intermediate results. In the literatulee tatio of fore part
increased, while the hind part increased on Ddeg-lcompared to Wire-
mesh (Dal Boscet al, 2000, 2002; Lambertirgt al, 2001; Metzgeet al,
2003; Trocinoet al, 2008). No difference was observed in ratio of
dissectible fat to reference carcass.
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Table 27

Effect of floor type on carcass traits (g)

Housing condition

Traits - - - SE  Prob.
Wire mesh  Plastic mesh  Deep-litter

Slaughter weight 2765 2731 2696 20 0.358
Warm carcass 1684 1674 1636 13 0.303
Chilled carcass 1633 1629 1584 13 0.241
Reference carcass 1376 1370 1330 12 0.210
Head 141 139 136 0.9 0.080
Heart + lungs 23.8 23.7 24.0 0.400.959
Liver 75.3 75.6 78.6 1.100.399
Kidneys 17.4 16.3 16.3 0.240.099
Perirenal fat 195 19.6 19.2 0.880.984
Scapular fat 7.36 7.42 6.30 0.33 0.279
Fore part 428 428 408 4.0 0.064
Mid part 410 414 397 3.8 0.184
Hind part 512 503 499 3.7 0.361
Loin fillet 150 145 148 1.5 0.487
Hind legs 481 478 470 1.8 0422
Hind leg fillet 382 379 371 1.5 0.301
Table 28

Effect of floor type on dressing out percentage iatis of parts of the

reference carcass

Housing condition

Traits - - - SE Prob.
Wire-mesh  Plastic-mesh  Deep-litter
Dressing out percentage, %  59.0° 59.7 58.7 0.15 0.038
Ratio to reference carcass, %

Fore part 311 31.2 30.7 0.10 0.064
Mid part 29.8 30.2 29.9 0.11 0.243
Hind part 37.3° 36.8 37.8 0.11  0.010
Dissectible fat 1.86 1.82 1.89 0.0740.938

aP"Means in the same row with unlike superscripsedifP<0.05).
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Preference test

During the whole growing period, the least preférflmor was the Deep-
litter, independently of the age (7.3%). Most rablashose the Plastic-mesh
floor (54.7%), whereas the Wire-mesh floor prefeeenvas between the
other two groups (38.0%). Matiest al. (2003) and Princzt al. (2008)
reported a higher preference of growing rabbits Rtastic-mesh to Wire-
mesh floor. Results of the choice between Wire-naagh Deep-litter were
in accordance with the literature (Morriseal, 1999; Oroveet al, 2004).
Animals choose among the different environmentaldd@mns to find the
most comfortable housing system. One may assumeDeep-litter would
be more comfortable than Wire- or Plastic-mashrflétowever, digestion
produces heat which increases the heat load ofitsald@nd since rabbits
have fur and just a few sweat glands, it is ditidor them to eliminate
body heat surplus (Marat al, 2002), thus they prefer staying on cooler
floors. These are the reasons why rabbits preégirgi on Wire- or Plastic-

mesh floors at medium temperatures.

Financial indicators

Cost of production at farm level, the price of glater rabbits, the revenue
at slaughterhouse level, as well as profitabilitgicators on both the farm
and slaughterhouse levels of rabbits housed on-kiagh, Plastic-mesh or

Deep-litter floor is shown iffable 31
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Table 29
Profitability of housing conditions (Wire-mesh, Bti@-mesh or Deep-litter) at the farm and slaudidese levels

Housing condition
Wire-mesh Plastic-mesh Deep-litter
Indicators FARM LEVEL
Price of feed
Low Med High Low Med High Low Med High

Cost of feeding (€/r) 1.56 1.71 1.87 1.58 1.74 1.90 1.45 1.59 1.73
Cost of mortality (€/r) 0.10 0.10 0.10 0.14 0.14 0.15 0.19 0.19 0.19
Total cost (€/r) 3.85 4.01 4.16 3.93 4.09 4.24 3.80 3.95 4.09
PRICE AT SLAUGHTER(€/r) 4.24 4.24 4.24 4.19 4.19 4.19 4.13 4.13 4.13
Farm profit (€/r) 0.39 0.23 0.08 0.26 0.10 -0.05 0.33 0.19 0.05
Farm cost to revenue (%) 90.8 94.5 98.0 93.9 97.7 101.3 91.9 95.5 98.9
Farm profit to cost (%) 10.11 5.82 2.01 6.54 2.40 -1.29 8.77 4.75 1.16
Farm cost efficiency 1.10 1.06 1.02 1.07 1.02 0.99 1.09 1.05 1.01
SLAUGHTERHOUSE LEVEL
Selling price

Low Med High Low Med High Low Med High
Revenue from rabbit carcass (€/r) 6.76 7.35 7.94 6.74 7.33 7.92 6.56 7.13 7.70
Revenue from rabbit products (€/r) 7.59 8.19 8.79 7.52 8.11 8.70 7.38 7.96 8.55
SH profit (€/r)* 3.35 3.95 4.55 3.33 3.93 4.52 3.24 3.83 441
SH cost to revenue (%)* 559 51.8 48.2 55.7 51.6 48.1 56.0 51.9 48.4
SH profit to cost (%)* 79.0 93.1 107.3 79.6 93.7 107.8 78.5 92.6 106.8
SH cost efficiency* 1.79 1.93 2.07 1.80 1.94 2.08 1.78 1.93 2.07

Notes: Low, Med and High: low, medium and high praf pellets (at farm level) or selling price (Btughterhouse level); €/r= €/rabbit; SH= slaughtede;
numbers in bold represent values higher than aeerd@ost of slaughtering was not identified at gl@aughterhouse level, thus, the differences ambag t
groups are reasonable
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At farm level

The price of feed consumed was lower in the Deggr-lgroup than in the
other groups. The results of feed intake in thipegxnent Table 2§ and
data from the literature (Dal Bosa al, 2000, 2002; Lambertiret al,
2001) showed that rabbits on Deep-litter consunteal lttter material
(Jekkel et al, 2008), therefore their pellet intake was low&ost of
mortality was lowest in the Wire-mesh and highaghie Deep-litter groups
due to the differences in mortality. Despite thet fdlnat cost of production
was highest in the Plastic-mesh and lowest in thepElitter groups, which
was mainly caused by the differences of feed calis, to their higher
slaughter weights, the revenue from the Wire-mesiumg exceeded the
other groups. Negative profit was achieved only Rigstic-mesh (0.05
€/rabbit) with a high feed price. It should be mbteat the differences in
profit among groups in carcasses and carcass @@taot consistent with
the literature; the disadvantage of the Deep-ligesup was lower than
expected because, in the present experiment, srdéfierences were found
between among the Deep-litter group and the otlergroups than in the
literature (Dal Boscet al, 2000, 2002; Lambertirat al, 2001; Metzgeet
al., 2003; Trocinoet al, 2008). The greatest differences in profitability
ratios were found between the Wire-mesh and Plastish groups.
Differences in cost to revenue, profit to cost andt efficiency on medium
priced feed were 3.16, 3.42 and 0.03% between tine-Mvesh and Plastic-
mesh groups; 2.19, 2.35 and 0.02% between theid?fassh and Deep-
litter groups and 0.97, 1.07, 0.01% between theeWfiesh and Deep-litter
groups, respectively.

Rabbits reared on Plastic-mesh had the lowest sahence — considering
the same mortality rates and scheduling for 50@¥0Wing rabbits — rabbits

reared on Deep-litter instead of Plastic-mesh waglieve more than 2,600
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€ additional revenue. Similar differences were fburetween the Plastic-
mesh and Wire-mesh groups. Therefore, the differdoetween Plastic-
mesh and Wire-mesh would be twofold, nearly 5,300 €

At slaughterhouse level

Interesting changes were realized when evaluatias garried out at the
slaughterhouse level. The Wire-mesh group had itjeebt revenue from
carcass and carcass parts, followed by the Plasgi group with

negligible differences and the Deep-litter grouphvthe lowest, resulting in
a 3.0% difference between the highest and the lowadses. Profit above
the average was realized with medium and highrggprices for the Wire-

mesh and Plastic-mesh groups. In the Deep-litteugrprofit above the

average was seen only with the high selling pr@ast to revenue was the
lowest in the Plastic-mesh group, and highest | Ereep-litter group.

Plastic-mesh rabbits achieved the highest valueshio three profitability

ratios, followed by the Wire-mesh group and the pktter group with the

lowest negligible differences. Thus, comparing fluor types from the

economic point of view, Wire-mesh gave the besultesin terms of

revenue from carcass parts, however Plastic-megé thee best results in

profitability ratios.

Different rank orders may occur at the farm anthatslaughterhouse levels.
Wire-mesh was the most beneficial at the farm lef@lowed by Deep-
litter, while Wire-mesh resulted the highest revenbut Plastic-mesh the

best profitability ratios at the slaughterhouse.
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5.3 EVALUATION OF THE EFFECT OF FEEDING

5.3.1 Separate effects of feeding of growing rablsi(pellets only or
pellets plus hay) on productive performance, carcastraits and

economic values

This section is part of my experiment to examireedffect of genotype,

housing and feeding on growing rabbits.

Objective of the experiment

The aim of the experiment was to examine separételgffects of feeding
method on productive performance, carcass tradseannomical values to
get information about the difference if the rabloitmsume only pellets or

pellets + hay.

Material and methods

Crossbred rabbits (PLarge x PKa and Hung x PKagweraned at 5 weeks
of age and were reared in cages or pens and fédoniy pellets or pellets
plus hay (P+Hay). Rabbits were slaughtered at 12kweof age. Pellet
consumption was recorded, but the hay intake wasneasured because of
its waste; but it was calculated on the basis gfestible energy (DE)
content. Namely, growing rabbits adjust their fegdkes according to their
energy concentration (Leba&t al, 1997). The calculated hay intake was
equal to the daily energy intake of pellet-fed itbl{daily feed intake
multiplied by DE content of the pellets) minus ayeintake from pellets of
the P+Hay group, and the value was divided by tRecbntent of hay. Data
were evaluated by multi-factor analysis of varigrimg in this case only the
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effect of feeding method was calculated. The desigthe experiment is

shown inFigure 5.

Weaned rabbits
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Figure 5. Design of the experiment

Economic evaluation

Natural indicators

The effect of feeding method on body weight wasificant from 9 weeks

of age, in favor of the Pellet group. The differepat 9, 11 and 12 weeks of
age were 68, 85 and 76 g, respectivéigte 30.

Table 30
Effect of feeding method on productive performaotgrowing rabbits

Feeding method

Traits Pellet P+Hay SE Prob.
Weight at 5 wk of age, g 984 984 - -
Weight at 12 wk of age, g 3093 3017 16 0.019
Weight gain, 5-12 wk of age, g/day 41.6 40.3 0.3 038.
Feed intake, g/day (5-12 wk of age) 145 134 2.2 29.0
Feed conversion ratio 3.55 3.40 0.08 0.234
Mortality, % 7.7 6.6 - 0.672
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Significant differences were found in weight gaRellet-fed rabbits had
higher gains between 5 and 7, 7 and 9, and 5 ande&Rs of age by 1.9,
3.3 and 1.3 g/d, respectively, compared to the B+gtlaup. The differences
in pellet intake were significant between 5 and and 9, 9 and 11, and 5
and 12 weeks of age by 9, 13, 12 and 11 g/d inrfab@ellet-fed rabbits.
The calculated hay intake was 10, 14, 14, 14 angld ®etween weeks of 5
and 7, 7and 9, 9 and 11, 11 and 12, and 5 anck42ectively.

The results could be connected with the low nwitvalue, mainly low
protein, of grass hay. Linga and Lukefahr (2000pvetd that rabbits
receiving only alfalfa achieved very poor producti€apreet al (2013) fed
pellets with or without fresh alfalfad libitum They found a small (34.7 vs
32.9 g/d), non-significant difference between the groups. When alfalfa
was mixed into the pellet at 88 or 96% and congbaoethe control diet
with 49% alfalfa (Fernandez-Carmomed al., 1998), a slight decline was
observed in body weight (2290 vs 2150-2160g) andeight gain (40.3 vs
37.2-37.3 g/d). Moralegt al (2009) added 10, 20 or 30% green barley
forage to the pelleted diet and as the green bambeyent increased, the
weight gain decreased linearly from 36.9 to 31.@. dhe results from
feeding forages could depend on their nutritivaugahnd their form (fresh
or dried, given as pellets plus forage or mixingnthinto the pellets). In the
current study, significant differences were foungbellet intake between the
two groups, but these results did not reflect #ad difference, because hay
consumption was not measured. When the calculagdntake was added

to pellet intake, the consumption was similar.

The weight of carcass, body parts, organs, mdkgt)fand fat deposits was
significantly higher in rabbits fed pellets oniyable 3).
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Table 31

Effect of feeding method on carcass traits (g)

Feeding method

Traits SE Prob.
Pellet P+Hay
Weight at slaughtering 3046 2956 15.7 0.006
Warm carcass 1902 1834 10.3 0.001
Chilled carcass 1859 1791 10.1 0.001
Reference carcass 1578 1511 8.94 <0.001
Head 154 155 0.69 0.341
Heart + lungs 22.8 23.3 0.19 0.218
Liver 83.7 80.7 1.06 0.132
Kidneys 184 18.1 0.12 0.358
Perirenal fat 27.4 21.9 0.66 <0.001
Scapular fat 10.13 7.82 0.24 <0.001
Fore part 431 412 2.30 <0.001
Mid part 531 506 3.54 0.001
Hind part 580 564 3.08 0.012
Hind legs 548 536 2.94 0.047
Meat on hind legs 390 379 3.49 0.149
Loin fillet 187 177 1.41 0.001

The dressing out percentage was 0.4-0.7% highereifPellet group than in

P+Hay rabbits Table 33. The ratio of hind part to reference carcass was

higher in the P+Hay group, and that of perirenall acapular fat were

higher in the Pellet group. Feeding method didimiiaence the ratio of fore

and mid parts to the reference carcass. The irndrieh feeding on carcass

traits and meat quality is moderate (Xiccato, 199@ed intake is regulated

by the energy level of the diet (Lebeatsal, 1997). Rabbits consume more if

the DE content is low or the fiber level is hightHey eat more, the weight

and percentage of the digestive tract is higheereflore dressing out

percentage could be lower. The P+Hay group conswumnéiét with lower

energy and protein levels and higher fibre conteah the Pellet group, due



to the differences in chemical composition of gslland hay. Thus, hay
supplementation could be the cause of lower drgssin percentages and
fat deposits. Pellet plus forage diets were useguiently on small farms but
scientific papers were rarely published. In theezkpents of Martineet al.
(2006) whole maize plants, Morales al. (2009) hydroponic green barley
forage, and Caprat al. (2013) fresh alfalfa was used. None of them found
significant differences in dressing out percentdgmle Zotte (2002) noted
that in rabbits fed with low-energy diets the dcdd®e fat decreased in a

manner similar to our results.

Table 32
Effect of feeding method on ratio of carcass amtispat carcass

Feeding method

Traits Pellet P+Hay SE Prob.
Ratio to slaughter weight, %
Warm carcass 62.4 62.0 0.1 0.027
Chilled carcass 61.0 60.6 0.1 0.011
Reference 51.8 51.1 0.1 <0.001
carcass
Head 5.10 5.29 0.02 <0.001
Heart + lungs 0.75 0.79 0.01 0.001
Liver 2.75 2.71 0.03 0.361
Kidneys 0.61 0.62 0.004 0.220
Ratio to reference carcass, %
Fore part 27.3 27.3 0.1 0.816
Mid part 33.6 334 0.1 0.312
Hind part 36.8 37.4 0.1 <0.001
Perirenal fat 1.72 1.39 0.04 <0.001
Scapular fat 0.63 0.50 0.01 <0.001

Financial indicators

Cost of production at the farm level, the price stdughter rabbits, the
revenue at the slaughterhouse level, and profitaliidicators on both the
farm and slaughterhouse levels of rabbits fed bietseand pellets+hay are

shown inTable 33
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Table 33
Profitability of feeding method (pellets or pellgtsis hay) at the farm and
slaughterhouse levels

Feeding method

Pellet P+Hay
Indicators FARM LEVEL
Feed price
Low Med High Low Med High
Cost of feeding (€/r) 1.78 1.95 213 175 191 208
Cost of mortality (€/r) 0.18 0.18 0.19 0.16 0.16 0.17
Total cost (€/r) 425 4.43 460 419 436 451
PRICE AT SLAUGHTER(£/r) 4.67 4.67 4.67 4.53 4.53 4.53
Farm profit (€/r) 0.42 0.24 0.07 0.34 0.18 0.02
Farm cost to revenue (%) 91.0 948 986 925 96.1 99.6
Farm profit to cost (%) 991 544 147 810 4.04 0.42
Farm cost efficiency 1.10 1.05 1.01 1.08 1.04 1.00
SLAUGHTERHOUSE LEVEL
Selling price

Low Med High Low Med High

Revenue from rabbit carcass (€/r) 7.70 837 9.03 7.41 8.06 8.70
Revenue from rabbit products (€/r) 8.36 9.01 9.66 8.04 8.67 9.30

SH profit (€/r)* 3.69 4.34 499 351 4.14 476
SH cost to revenue (%)* 559 51.8 48.3 56.4 52.3 488

SH profit to cost (%)* 78.9 92.9 1069 773 912 105.1
SH cost efficiency* 1.79 1.93 207 177 191 2.05

Notes: Low, Med and High: low, medium and high praf pellets (at farm level) or selling price (at
slaughterhouse level); €/r= €/rabbit; SH= slaudidase; numbers in bold represent values higher
than average; *Cost of slaughtering was not idiemtifat the slaughterhouse level, thus, the
differences among the groups are reasonable

At farm level

Since the rate of hay consumption was only 8% t#l teed consumption
and its price was considered 60% of pellets, ongynall difference (0.03-
0.06 €/rabbit) was found in cost of feeding betwéss two groups, with
higher values in the Pellet-fed group. Although fireduction cost was
lower in the P+Hay group than with the Pellet-feabbits, due to the 0.14

€/rabbit slaughter price difference in favor of thellet-fed group, the profit
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of the P+Hay rabbits was lower with an average .6f7 OE/rabbit. With
medium priced feed, the difference in cost to rereemrofit to cost and cost
efficiency ratios were 1.27, 1.40 and 0.01%. Assult — based on the same
mortality rate and scheduling — a farmer would ackiat least 2,400 € less
profit with Pellets+tHay when 50,000 rabbits/yearrevgoroduced. This
difference could be compensated in the sellinggpric

At slaughterhouse level

The revenue from whole carcass and carcass paresOzgl (4%) and 0.34
€/rabbit (4%) higher in the Pellet-fed group tham FP+Hay rabbits,
respectively, which was in accordance with theedédhce in their weight at
slaughter Table 3). The difference in profit was 0.18, 0.21 and 0.23
€/rabbit, depending on the selling price. Basedaw medium and high
selling price, the Pellet-fed group achieved a argbrofit by 0.24, 0.26 and
0.29 €/rabbit than the P+Hay rabbits, respectivelganing an average
3.8% difference. Thus, it is clear that at the saelkng price, higher profit
can be achieved by Pellet-fed than P+Hay rabbitsa Anedium selling
price, 0.46% higher cost to revenue (from carcastspwas found in Pellet-
fed rabbits than in the P+Hay group. The lowest&akas found with the
Pellet-fed group, while the highest was found irHBy rabbits. Profit to
cost ratio was 1.60-1.81% higher in the Pellet-fgdup than in P+Hay
rabbits, while the difference in the cost efficignatio was 0.02%. All the
three indicators were better in the Pellet-fed gradoreover, their values
and ratios were higher than the average with medindhigh selling prices
as well, in contrast to the P+Hay group (only at ligh selling price).

As a conclusion, both at the farm and slaughtertdergels, higher profit
can be realized with pellet-fed rabbits, comparedrabbits fed with

pellets+hay.
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5.3.2. Feed restriction

Within feed restriction, three experiments were leated. Two of them
were published several years ago; and | was indoinehe third one. The
main challenge was to find out which method (howese and how long the
restriction lasted) gives the best results; i.evelo mortality, better feed
conversion rate and nearly full growth compensatibslaughter.

Experiment 1 — Quantitative restriction

The evaluation of Experiment 1 is based on theystadried out by Radnai
et al. (2005).

Objective of the experiment
The aim of the study was to examine age-dependprantitative feed
restriction after weaning on the productive andcass traits of growing

rabbits, and on economic values.

Material and methods

Three groups of weaned rabbits (5 weeks of ageg wstablished: control
group: ad libitum (ADLIB) feeding during the whole fattening period
(n=81); RESTR60 group: 60% of the feed consumptbADLIB during
the first week after weaning, 75% in the secondkw@®®% in the third,
100% in the fourth week andd libitum afterwards (n=81); RESTR70
group: 70% in the first, 80% in the second, 90%hia third, 100% in the
fourth week anad libitumtill slaughtering (n=81).
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Economic evaluation

Natural indicators

Table 34 shows that the daily feed intake of restricted bitsb was
significantly lower between 5 and 8 weeks of agmjlar between 8 and 9
weeks of age and higher between 9 and 11 weekgeothan that of the
ADLIB group (P<0.001). After finishing the restrich at the level of 100%,
the feed consumption increased rapidly and declafiesiwards.

Daily weight gain of the RESTR60 and RESTR70 growpas lower than
the ADLIB rabbits between 5 and 7 weeks of age (B3D). The body
weight of RESTR60 and RESTR70 rabbits was sigmfigdower than that
of the ADLIB group until 7 weeks of age, but latee difference decreased
(at 11 weeks, P = 0.095). The feed conversion ratie better in the first
week in the ADLIB group, while between 7 and 10 kseef age it was
better in the RESTR60 and RESTR70 groups (P<O0.0Ubytality was
similar in each group.

The feed restriction had no significant effect oastncarcass traits but the
weight of the fore part of the carcass was numiyitegher in the ADLIB
group while the liver was slightly heavier in th&E &TR60 and RESTR70
rabbits. The perirenal fat content was lowest 8@RESTR70 and highest in
ADLIB groups (P<0.05), however the differences kaw the RESTR60

and ADLIB were not significant.

It can be concluded, that restricted feeding afteaning with different
levels, then feedingd libitumin the second part of the fattening could be
advantageous. But it was also concluded that thentgative restriction
method is not suitable in practice because it ficdit or impossible to
apply correctly at farms. This is why, in the nexperiments, time-limited

access to the feeder was tested.
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Table 34
Effect of quantitative feed restriction (RESTR7@d&ESTR60) on
productive performance and carcass traits of grgwatbits

Feeding method

Traits ADLIBE RESTR70 RESTR60 °F Prob.
Productive traits
Feed intake (5-11 wk), g/day 140 126 160 1.2 0.017
Weight gain (5-11 wk), g/day 44.2 42.4 42.9 0.55 NS
Body weight at 11 wk, g 2710 2637 2655 14.4 0.95
Feed conversion ratio 3.16 3.05 2.98 0.06 NS
Mortality, % 1.2 1.7 7.3 - <0.05
Weight of carcass and carcass parts, g
Hot carcass 1670 1632 1636 8.6 NS
Chilled carcass 1615 1585 1582 9.1 NS
Head 138 133 136 1.1 NS
Fore part 387 372 371 3.1 NS
Mid part 437 434 425 4.6 NS
Hind part 507 503 506 3.8 NS
Liver 80.1 83.1 85.3 1.6 NS
Kidneys 16.8 155 18.3 0.28 0.08
Heart + lungs 27.8 28.7 24.7 0.81 NS
Perirenal fat 21% 213" 169 0.81 0.029

aP’Means in the same row with unlike superscrififfer (P<0.05).

Financial indicators

Cost of production at farm level, the price of glater rabbits, the revenue
at the slaughterhouse level, as well as profitigbiiidicators on both the
farm and slaughterhouse levels of rabbits &t libitum (ADLIB) and
restricted (RESTR70 and RESTRG60) feeding are showiable 35

At farm level

The difference in the cost of feeding was only 0&8abbit between
RESTR70 and RESTRG60 group, while the highest diffee (0.17 €/rabbit)
was found between ADLIB and RESTR60 with a highdfpece in favor of
the restricted group. Cost of production was bdtian the average in the
case of the RESTR70 and RESTR60 groups on low adium feed price
level, while ADLIB rabbits exceeded the averageyam a low feed price.
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Despite the fact that — due to their higher slaeighteight Table 34 — the
highest revenue per rabbit was found in the ADLIBup. RESTR70
rabbits achieved the best values and rates foptbitability indicators,
followed by the RESTR60 and ADLIB groups. A yeapyoduction of
50,000 rabbits at a medium feed price resulteddditnal revenue of
2,600 and 4,100 € in case of using RESTR70 instdaBESTR60 or
ADLIB feeding, respectively.

At slaughterhouse level

A different order occurred when the calculation wamde at the
slaughterhouse level. Revenue from carcass pads/véd, 7.75 and 7.73
€/rabbit in the ADLIB, RESTR70 and RESTR60 groupa enedium selling
price, respectively, while the differences in profvere 0.03 €/rabbit
between the ADLIB and RESTR70 and between the RE®TRnd
RESTR69 groups. The best profitability ratio resulvere found in
RESTR70 group, followed by ADLIB with slight diffences, and
RESTR60 with the lowest.

Feed restriction to 70% was the most beneficial bath farm and

slaughterhouse level.
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Table 35

Profitability of feeding methoda@ libitumor quantitative restriction) at the farm and slateghouse levels

Feeding method

ADLIB RESTR70 RESTR60
Indicators FARM LEVEL
Price of feed

Low Med High Low Med High Low Med High
Cost of feeding (€/r) 1.47 1.61 1.76 1.35 1.49 1.63 1.32 1.46 1.59
Cost of mortality (€/r) 0.00 0.00 0.00 0.02 0.02 0.02 0.13 0.13 0.13
Total cost (€/r) 3.52 3.67 3.81 3.40 3.53 3.66 3.46 3.59 3.72
PRICE AT SLAUGHTER(€/r) 411 4.11 4.11 4.06 4.06 4.06 4.06 4.06 4.06
Farm profit (€/r) 0.59 0.44 0.30 0.66 0.52 0.39 0.61 0.47 0.35
Farm cost to revenue (%) 85.7 89.2 92.7 83.8 87.1 90.3 85.1 88.3 91.5
Farm profit to cost (%) 16.70 12.06 7.92 19.4 14.82 10.76 17.52 13.19 9.32
Farm cost efficiency 1.17 1.12 1.08 1.19 1.15 1.11 1.18 1.13 1.09

SLAUGHTERHOUSE LEVEL
Selling price

Low Med High Low Med High Low Med High
Revenue from rabbit carcass (€/r) 6.69 7.27 7.85 6.56 7.13 7.70 6.55 7.12 7.69
Revenue from rabbit products (€/r) 7.27 7.84 8.41 7.19 7.75 8.32 7.17 7.73 8.29
SH profit (€/r)* 3.16 3.73 4.30 3.14 3.70 4.26 3.11 3.67 4.23
SH cost to revenue (%)* 56.5 524 48.9 56.4 52.3 48.8 56.6 52.5 49.0
SH profit to cost (%)* 77.0 90.8 104.6 77.3 91.2 105.1 76.5 90.4 104.2
SH cost efficiency* 1.77 1.91 2.05 1.77 1.91 2.05 1.77 1.90 2.04

Notes: Low, Med and High: low, medium and high praf pellets (at farm level) or selling price (Btughterhouse level); €/r= €/rabbit; SH= slaughtede;
numbers in bold represent values higher than aeerd@ost of slaughtering was not identified at gl@aughterhouse level, thus, the differences ambag t

groups are reasonable
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Experiment 2 — Restriction of eating time

The evaluation of Experiment 2 is based on theysbtadried out by Matics
et al (2008).

Objective of the experiment
The aim of the experiment was to study the inflgeatfeed restriction by
time-limited access to the feeder after weaninghen productive, carcass

traits of growing rabbits, as well as on their emmic aspects.

Material and methods

Half of the rabbits (n=107) were featl libitum (ADLIB) while the other
half (n=107) had time restriction for feeding (REST In the latter group,
rabbits were allowed to consume pellets for 9,1or 14 hours (started at
8am) between 4-5, 6-7, 7-8 or 8-9 weeks of agqeds/ely, after which
they were fedd libitum

Economic evaluation

Natural indicators

The feed intake was 26.7, 18.3 and 5.3% lower @mRESTR group at the
ages of 4-5, 5-6 and 6-7 weeks, respectivégb(e 3§. After 7 weeks of

age no difference was found between the groupsghejain of RESTR

rabbits was 20.9 and 8.5% lower at the ages of ah8 5-6 weeks,
respectively, while between 7-8 and 8-9 weeks & w& and 3.1% higher
compared to ADLIB group. This shows a compensatgpowth, however,

during the whole fattening period (between 4-11 kggea significant

difference was found in the weight gain between tthe groups. Body

weight of RESTR rabbits was 9.2% lower at 5 wedlage compared to the
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ADLIB group (871 vs. 959 g) but this was partly qmensated at the end of
the experiment. Feed conversion ratio of the REQf&up was better
compared to ADLIB rabbits. No significant differenovas found in
mortality. The compensatory weight gain in our gtwdhs greater than was
found by Perrier (1998) who restricted to 70% orGigenneet al. (2003)
who restricted to 70 or 80% of tlael libitum The results of our experiment
were similar to the findings of Gidenme al. (2003) who restricted rabbits
to 90% ofad libitumfor three weeks, or of Radnai al. (2005) who used

weekly decreasing restrictions after weaning (7888@®r 60-75-90%).

Table 36
Effect of time-limited feed restriction on produaiperformance of
growing rabbits

Feeding method

Traits ADLIB RESTR SE Prob.
Feed intake (5-11 wk), g/day 120 114 0.9 <0.001
Weight gain, g/day 45.6 44.2 0.28 0.016
Body weight at 11 wk, g 2799 2737 16 NS
Feed conversion ratio 2.64 2.54 0.01 0.010
Mortality, % 1.0 3.6 - NS

Carcass traits showed that time-limited feed retsdbn mainly affected the
muscle developmeniTéble 37. The weights of chilled carcass, mid- and
hind parts, hind legs, loin fillet, heart + lungene larger in the ADLIB
group than in the RESTR animals. Dressing out peace and the ratios of
hind part, hind legs and the loin fillet to the odeight were higher in
ADLIB rabbits. No difference was found in the projpon of perirenal fat.
Perrier (1998) observed a decrease in ratios af pant and fat deposit % in

more strongly restricted rabbits.
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Table 37
Effect of time-limited feed restriction on carcaissts

Feeding method

Traits ADLIB RESTR SE Prob.
Weight of carcass and its parts, g
Chilled carcass 1585 1531 7.75 <0.001
Head 133 134 0.51 NS
Heart + lungs 21.7 20.2 0.20 <0.001
Liver 67.6 67.0 0.63 NS
Kidneys 18.7 18.5 0.14 NS
Fore part 365 354 1.83 0.002
Mid part 447 429 3.19 0.005
Hind part 513 491 2.59 <0.001
Perirenal fat 17.6 17.0 0.35 NS
Hind legs 490 468 1.24 <0.001
Loin fillet 191 189 0.77 <0.001
Ratio of carcass and its parts, %
Dressing out percentage 594 58.6 0.12 <0.001
Ratio of fore part to body weight 13.7 13.6 0.05 NS
Ratio of mid part to body weight 16.7 16.4 0.08 NS
Ratio of hind part to body weight 19.2 18.8 0.06 .01

Financial indicators

Cost of production at farm level, the price of gjater rabbits, the revenue
at the slaughterhouse level, as well as profitgbitidicators on both farm
and slaughterhouse level of rabbits &tllibitum or with restricted feeding

are shown imable 40

At farm level

Due to the difference in feed consumptidraljle 39, the cost of feeding
was lower by an average of 0.08 €/rabbit in the RE§roup than ADLIB
rabbits, therefore the RESTR group had a 2% lowst of production. The
more the weight gain, the higher the slaughter htefgable 37, thus 4.29
€/rabbit revenue (price at slaughter) was foundthe ADLIB group
compared to the 4.20 €/rabbit in the RESTR rabBigsed on these values,
only a negligible difference in profit was detectedfavor of the RESTR
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group. Still, this small difference may result 1250 € difference yearly in
the case of producing 50,000 rabbits, dependintherfeed price. Results
also show that profitability ratios of the RESTRb#s exceed the average
values even on medium feed prices compared to ADJrtip, which was
able to achieve values above the average only \lemprice of feed was
low. Consequently, restricted feeding had a clewmnicial advantage at the

farm level.

Table 38
Profitability of feeding methoda@ libitumor time-limited restriction) at the
farm and slaughterhouse levels

Feeding method
ADLIB RESTR
Indicators FARM LEVEL
Price of feed
Low Med  High Low Med High

Cost of feeding (€/r) 1.47 1.62 1.76 1.40 154 1.68
Cost of mortality (€/r) 0.00 0.00 0.00 0.01 0.01 0D.
Total cost (€/r) 291 3.06 3.20 2.83 297 3.10
PRICE AT SLAUGHTER(£/r) 429 429 429 420 420 420
Farm profit (€/r) 1.38 123 109 137 1.23 1.09
Farm cost to revenue (%) 679 713 746 674 708 74.0
Farm profit to cost (%) 47.3 40.2 34.1 483 41.3 35.2
Farm cost efficiency 1.47 1.40 1.34 1.48 141 1.35

SLAUGHTERHOUSE LEVEL

Selling price

low med high low med high

Revenue from rabbit carcass (€/r) 6.88 7.48 8.08 6.64 722 7.79

Revenue from rabbit products (€/r) 7.76 8.38 9.00 7.45 8.04 8.64
SH profit (€/r)* 347 409 471 325 3.85 4.44
SH cost to revenue (%)* 55.3 51.2 47.7 56.3 52.2 48.6

SH profit to cost (%)* 80.8 953 109.7 775 91.7 105.8
SH cost efficiency* 1.81 1.95 210 1.78 1.92 2.06

Notes: Low, Med and High: low, medium and high praf pellets (at farm level) or selling price (at
slaughterhouse level); €/r= €/rabbit; SH= slaudidase; numbers in bold represent values higher
than average; *Cost of slaughtering was not idiemtifat the slaughterhouse level, thus, the
differences among the groups are reasonable
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At slaughterhouse level

The rank order changed when the evaluation was matethe
slaughterhouse level. The highest revenues frocasarparts were found at
the high selling price: 9.00 and 8.64 €/rabbit ne tADLIB and RESTR
groups, respectively. An average difference inipaif5.9% was realized in
favor of ADLIB rabbits, while the profitability indators (cost to revenue,
profit to cost and cost efficiency) showed 0.96513and 0.04% better
results in ADLIB rabbits at medium selling pricecan be concluded that at

the slaughterhouse level, the advantage of ADLIibita was noticeable.

Basically, there is a reverse value at the farmtaedslaughterhouse levels,
since the former gained more profit from RESTR, levithe latter had

higher values when selling ADLIB rabbits.

Experiment 3 — Effect of restriction in time on twogenotypes

The evaluation of Experiment 3 is based on theystadried out by Endrici
(2014).

Objective of the experiment

The aim of the experiment was to find a level andaton of restriction
after weaning when the compensatory growth is cetapland to examine
the effect of restriction depending on the mediurtamye-bodied breeds.

Material and methods
At the beginning of the experiment (at 4 weeks @é)atwo groups were
formed in both genotypes (PKa and PLarge). In gt §roup the rabbits

received pelletad libitum (ADLIB group). In the other group, rabbits were
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allowed to consume pellets 9, 10 and 12 hours pghbdtween 4-5, 5-6, and
6-7 weeks of age, respectively (RESTR group). Qutire restricted period
the rabbits could eat only at night. After finisgithe restriction (from 7 to

10 weeks of age) rabbits were allowed to consurtietpad libitum

Economic evaluation

Natural indicators

Since | was involved in this experiment, a compnsihe description of the
results is given. Results for productive traits suenmarized infable 39
During the whole growing period PLarge rabbits eomed 12% more
pellets than the PKa. According to the resultshwite same time-limited
access to the feeder, the feed intake of PLardgatsablecreased more than
the PKa rabbits. During the compensatory growthope7-8, 8-9 and 9-10
weeks), the PLarge rabbits consumed 14%, 24% a¥drd8re pellets than
PKa. Usingad libitum feeding, a 20% difference was found between the
two genotypes (Szentlet al, 2009a). The weight gain of PLarge rabbits
between 4 and 10 weeks of age was higher by 27% ttiet of the PKa.
The differences were smaller during restriction4(52.9 and 9.3 g/day
between 4-5, 5-6 and 6-7 weeks, respectively). rAfi@ishing the
restriction, the differences between the two gegpedybecame larger and
larger (12.1, 16.6 and 21.8 g/day between 7-8, &l 9-10 weeks,
respectively). Szendret al. (2009a) compared the same breeds, and found a
23% difference in body weight gain between 5 andvetks. Comparing
the feed conversion rate, significantly better ealwere achieved in PLarge
than in PKa rabbits with the average of 22% betwkeamd 10 weeks. We
found similar results when rabbits were fad libitum (Szend$ et al.,
2009a). There was no significant difference in @mldst between 4 and 10

weeks (PLarge: 7.6%, PKa: 1.6%). In the formereeixpent we did not
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observe differences in mortality of growing rabbiietween the two

genotypes (Szendeet al, 2009a).

The effect of feed restriction on body weight atwl€eks within PLarge and
PKa rabbits was not significantdble 39, only the weight gain of ADLIB
and RESTR groups in PLarge rabbits was differeMenEthough the
differences were not statistically proven, they evenportant in practice,
since rabbits in RESTR group consumed less peligtgl-6% and they
reached the same weight 1-2 days later. Most ofdiraer results showed
weight gains of restricted fed rabbits were lowkey reached the slaughter
weight significantly later and their feed conversiate was better (Gidenne
et al, 2012). In the present experiment, the smalkediifices among groups
could be a result of the short restriction periodh® compensatory growth

was near total.

Table 39
Effect of genotype and feeding method on produgtdormance of
growing rabbits

Groups
Age, weeks PLarge PKa SE Prob.
ADLIB RESTR ADLIB RESTR
Body weight at 10 wk, g 2838 2709 2309  227F 26 <0.001
Weight gain, g/day 526 49.6 40.4 39.7 0.39 <0.000
Feed intake, g/day 189 149" 139 134 25 0.002
Feed conversion ratio 301 294 3.5¢ 3.69 0.07 <0.001

ab&Means in the same row with unlike superscriptiedifP<0.05).

Results of carcass traits are summarizetahble 40 The weight of carcass,
carcass parts, organs and tissues were largeeiRlthrge than in the PKa
rabbits which can be explained by the differencefimal body weight.

Dressing out percentages of PLarge rabbits washigi 1.2% than that of
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PKa rabbits. Similar results were published by 8reret al (2009b).
Examining the different parts of the reference ass¢ the ratio of hind part
to the reference carcass was larger in PLarge tsaldnd that of fore- and
mid parts were larger in PKa rabbits. Differentufeswere published some
years ago (Szendret al, 2009b), where the ratio of fore part to refeeenc
carcass was larger in PLarge rabbits and no difteag were found in mid-
and hind parts. The reason for increasing the @tibie hind part was that
PLarge rabbits were selected for muscle volumeind legs using data of
CT scans for several years (Matetsal, 2014a). No differences were found
in the ratios of perirenal and scapular fat torgference carcass, similar to
former results (Szendeet al.,2009b).

Lines selected for litter size or for growth raterev also compared by other
research groups. All authors stated that linesctedefor growth rate or lines
with higher weight at slaughter had better weighingRamoret al, 1996;
Larzul and Rochambeau, 2004; Pilesal, 2004; Kermauner and Zgur,
2005). The results of the present experiment welentical with the
published data since the CT selection did not attee weight gain or body
weight (Szendy et al, 2009a). Due to the genetic correlation between
weight gain and feed conversion ratios, rabbitdwigher growth rate had
better feed conversion ratios (Ramenhal, 1996). A side effect of CT-
based selection was that the rabbits consumed féess and their feed
conversion ratios improved (Szefidet al., 2012). The carcass traits of
maternal and terminal lines are closely correlatgth their maturity at
slaughter. If the rabbits were slaughtered at @mes weight, the large-
bodied lines were younger and less mature and tHeassing out
percentage, ratio of hind part to reference careass fat deposits were
lower, and the ratio of fore part to reference aascwas higher, than that of

maternal lines (Plat al., 1996, 1998; Gomeet al.,1998). However, when
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they were slaughtered at the same age, the maufritye lines was more
similar and the differences in carcass traits vanaller thus, the dressing
out percentage and fat deposits were also lowem@et al., 1998). We

obtained opposite results: dressing out percerdadgethe ratio of hind part
to reference carcass increased as a result of €ddbselection to increase

the muscle volume on hind leg (Matiesal.,2014a)

Table 40
Effect of genotype and feeding method on carcasis tr
Groups
Traits PLarge PKa SE Prob.

ADLIB  RESTR ADLIB RESTR

Weight of carcass and carcass parts, g

Warm carcass 1646 1597 1337 130F 17  <0.001
Chilled carcass 1618 1563 1304 1269 17 <0.001
Reference carcass 1337 1282 1063 1034 15  <0.001
Head 142 137 127 126 1.0 <0.001
Fore part 365’ 357 299 292 3.7 <0.001
Mid part 42¢ 410 348 336 5.3 <0.001
Hind part 513 490 399 387 5.7 <0.001
Hind legs 48¢ 466 379 368 5.4 <0.001
Meat on hind legs 353 339 272 265 4.3 <0.001
Loin fillet 146 140" 127 119 2.1 <0.001
Perirenal fat 18.1 17.6* 14.G 14.7 0.53 0.004
Scapular fat 6.46 6.40 4.8¢ 530" 0.19 0.005
Heart + lungs 22.4 22.° 17.8 17.3 0.25 <0.001
Liver 100.0  100.F 76.6 72.9 1.52 <0.001
Kidneys 18.3 18.8 16.0 16.0 0.20 <0.001
Dressing out percentage, %
Chilled carcass 58.9 58.5* 57.58 57.6 0.16 0.002
Ratio to reference carcass in %
Fore part 27.6 28.0 28.2 28.2  0.09 0.056
Mid part 32.0* 31.9 32.7 32.8* 0.10 0.009
Hind part 38.7 38.3 37.6 37.5 0.08 <0.001
Perirenal fat 1.32 1.33 1.27 1.34 0.04 0.921
Scapular fat 0.47 0.49 0.45 0.51 0.01 0.454

ab"Means in the same row with unlike superscriptidifP<0.05).
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No significant differences were found between theLB and RESTR
groups in weight of carcass or carcass parts, tav od different carcass
parts within the genotypes, while other experimegdse opposite results
(Gidenneet al, 2012). Dressing out percentage and ratio ofiégiosit were

lower in the PKa group.

Our results showed that the effect of restrictioaswndependent of the
genotypes. With the medium and large-bodied bré@Ka and PLarge), no

or only negligible differences were found.

Financial indicators

Cost of production at the farm level, the price stdughter rabbits, the
revenue at slaughterhouse level, and profitakititijcators on both the farm
and the slaughterhouse levels of Large and PKatsafdul ad libitum and
restricted are shown ifable 41

At farm level

Although PKa rabbits realized better cost values, §verage of 90-92%
lower costs of production) and their price at stategwas 82.6% lower than
that of PLarge rabbits, an average profit diffeeent0.39 and 0.46 €/rabbit
occurred between the genotypes, in the ADLIB andSRE feeding
methods, respectively. Within the genotypes, feegbtriction was
advantageous for PLarge, while ineffective for REhbits resulting a 0.05
and 0.02 €/rabbit additional profit or loss, respety, at a medium feed
price. Regarding all profitability indicators, onliLarge rabbits, and
especially within the RESTR group, were able toeextthe average ratios.
Among the profitability indicators, profit to cosdtio resulted in the highest
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difference between the genotypes: PLarge rabbhigeaed a 10.5% higher
rate with medium feed prices than PKa group.

It can be concluded that the genotype greatly tdtethe profitability. The
positive reaction of restriction was significantittwcrossed combinations
(PLarge x PKa) in production, 430-1,250€ additiopidfit can be realized
with a yearly 50,000 rabbit production, dependinglue feed price.

At slaughterhouse level

From the slaughterhouse point of view, PKa rablieye not able to
compete with PLarge group, since the revenue frbair tcarcasses and
carcass parts — even at a high selling price -ndidreach that of PLarge
rabbits at the lowest selling price. Thereforecamtrast to the farm level,

PLarge rabbits fedd libitumwere superior to the restricted group.
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Table 41
Profitability of feeding methoda@ libitumand restricted) at farm and slaughterhouse leleglending on genotype

Groups
PLarge PKa

Indi ADLIB RESTR ADLIB RESTR
ndicators FARM LEVEL

Price of feed

Low Med High Low Med High Low Med High Low Med igh
Cost of feeding (€/r) 1.67 184 200 156 1.72 1.88 1.46 161 175 141 155 1.69
Cost of mortality (€/r) 0.04 0.04 0.04 0.03 0.04 04. 0.00 0.00 0.00 0.00 0.00 0.00
Total cost (€/r) 3.23 3.40 3.56 3.09 3.24 3.39 292 3.06 320 285 2.99 3.12
PRICE AT SLAUGHTER(€/r) 4.19 4.19 4.19 4.09 4.09 4.09 3.47 3.47 3.47 3.38.383 3.38
Farm profit (€/r) 0.97 0.80 0.64 1.00 0.85 0.70 0.55 0.41 0.27 0.53 0.39 0.25
Farm cost to revenue (%) 77.0 81.0 848 755 79.3 83.0 84.1 88.3 92.3 84.3 88.5 92.5
Farm profit to cost (%) 29.9 235 179 325 26.1 20.6 18.9 13.2 8.3 18.6 13.0 8.2
Farm cost efficiency 1.30 123 118 1.33 1.26 121 1.19 1.13 1.08 1.19 1.13 1.08
SLAUGHTERHOUSE LEVEL
Selling price

Low Med High Low Med High Low Med High Low Med igh

Revenue from rabbit carcass (€/r) 6.70 7.28 786 6.47 7.03 7.60 5.40 5.87 6.34 5.25 5.71 6.17
Revenue from rabbit products (€/r) 7.24 7.80 8.36 6.98 7.52 8.06 5.80 6.25 6.70 5.60 6.04 6.47

SH profit (€/r)* 3.04 361 417 2.88 342 3.97 233 278 323 223 2.66 3.10
SH cost to revenue (%)* 58.0 53.8 50.1 58.7 544 50.8 59.8 555 51.8 60.3 559 522
SH profit to cost (%)* 726 86.0 99.4 705 837 96.9 67.2 80.2 932 65.9 78.8 91.6
SH cost efficiency* 1.73 1.86 199 170 1.84 1.97 1.67 1.80 193 1.66 1.79 192

Notes: Low, Med and High: low, medium and highcprof pellets (at farm level) or selling price $iughterhouse level); €/r= €/rabbit; SH= slaudidase;
numbers in bold represent values higher than agerdgost of slaughtering was not identified at glaughterhouse level, thus, the differences ambag t
groups are reasonable
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5.4 EVALUATION OF THE COMBINED EFFECTS OF GENOTYPE,
HOUSING AND FEEDING

The experiment was conducted under my leadership.

Objective of the experiment

The aim of the experiment was to examine the coetbeffects of genotype
(PLarge or Hung), housing system (cage or pen) faeding method
(pellets only or pellets plus hay) on productivefmenance, carcass traits

and economic value on growing rabbits.

Material and methods

The crossbred rabbits PLarge x PKa (L) and Hundgla @) were weaned
at 5 weeks of age. Half of them (168) were housedcages (C; 3
rabbits/cage), the other half (168) in pens (Prdkbits/pen). The stocking
density was the same (16 rabbit§/rim each group. Two other subgroups
were formed; rabbits that received only commerqugllets (P), or
commercial pellets supplemented with grass hay @3+MH/), ad libitum.
The hay was placed on the top of the cages buidrcase of pens it was
inserted in the hay-rack. Thus, evaluation of thelined effects included 8
groups: LCP, LCh, LPP, LPh, HCP, HCh, HPP, HCh (tinst letter
represents the genotype, the second shows thengoowsthod, the third
signifies the feeding method).

The design of the experiment is showrfigure 6.
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Weaned rabbits

« N

Pannon Large (PLarge) x Hungarian Giant (Hung) x
Maternal line (PKa) Maternal line (PKa)
Cage Pen Cage Pen
Pellets P+Hay Pellets P+Hay Pellets P+Hay Pellets P+Hay

Note: P=pellets

Figure 6. Design of the experiment

At the end of the experiment, the 12 week old rsblvere slaughtered and
dissected following the recommendation of WRSA @8taand Ouhayoun,
1996).

Economic evaluation

Natural indicators

The combined effects of genotype, housing condidad feeding method
on productive performance of growing rabbits arewah in Table 42 In
PLarge x PKa rabbits, the body weight and weighh giecreased from
group of Cage-Pellet to Pen-P+Hay: LCP > LCh > I5PBPh. Comparing
the separate and the combined effects of housidgemting, the effect of
feeding was smaller than that of housing. A siminndency can be seen
from group of HCP to HPP rabbits; yet the HPh haerage values. In feed
intake of PLarge x PKa rabbits, a similar order eyad as in body weight
and weight gain, however the pellet intake wassdree in the LPh and LPP
groups. When the hay consumption (13 g/day) was adculated, no
significant differences were found in feed intakeCage-Pellets and Cage-
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P+Hay or between Pen-Pellets and Pen-P+Hay grdopslung x PKa
rabbits only the pellet consumption of HCP rabliféered from the other
three groups. Calculating the hay consumption, fédesl intake of Cage-
Pellet and Cage-P+Hay groups was similar, and PRé¢iaf? rabbits
consumed more feed than the Pen-Pellet group, whithagreement with
the higher weight gain of rabbits in this groupff@ences were seen in feed
conversion ratio, but after including the hay conption, similar results
were found in all groups of the PLarge x PKa anahdgHx PKa rabbits.
Despite some minor disparities, the differences tiedorder in the weight
of whole carcasses and carcass parts among grarpssinilar to the body
weights at the end of the experimenalple 43, due to the close correlation
between body weight and the weight of the carcassearcass parts.

In PLarge x PKa rabbits a slightly decreasing tewgigfrom LCP to LPh)
can be seen in dressing out percentage and tleeafatat deposits to the
reference carcas3dble 49. In Hung x PKa rabbits only the share of fat
deposit presented a similar trend. The ratio ofdhaad heart + lungs
showed a rising tendency in PLarge x PKa rabbus.the other traits, only

the effect of genotype or housing could be depicted
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Table 42
Combined effect of genotype, housing conditions faeding method on productive performance of growabbits

Groups
PLarge x PKa Hung x PKa
Traits Cage Pen Cage Pen SE Prob.
Pellets P+Hay Pellets P+Hay Pellets P+Hay  Pellest+Hay
Body weight, g 3297 3214 3120 3046 3077 2900 2867 2894 18 <0.001
Weight gain, g/d 44 .4 43.5 41.3 40.1 42.8 39.0 37.8 38.3 0.3 <0.001
Pellet intake, g/d 154 145 143 133 141 125 129 126 1.7 <0.001
Feed conversion ratio 3.65 3.50 3.64 3.35 3.43 3.33 3.53 3.34 0.06 0.771
Mortality, % 2.38 4.76 9.52 2.38 9.52 7.14 9.52 11.90 - 0.092

Note: P=pellets
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Table 43

Combined effects of genotype, housing conditiorgsfaeding method on carcass traits (g)

Groups
PLarge x PKa Hung x PKa
Traits Cage Pen Cage Pen SE  Prob.
Pellets P+Hay Pellets P+Hay Pellets P+Hay Pellets +Haly
Weight at slaughter 3222 3158 3062 2989 2986 2836 2878 2819 1785001
Warm carcass 2038 1980 1916 1867 1851 1740 1780 1734 1185001
Chilled carcass 1991 1934 1873 1824 1807 1697 1743 1695 1163001
Reference carcass 1702 1641 1587 1538 1528 1424 1472 1427 1042001
Head 157 157 154 156 153 155 152 153 0.69.421
Heart + lungs 23.6 23.9 23.0 23.5 23.5 23.1 21.0 22.5 0.19.007
Liver 87.4 89.9 88.0 85.8 80.8 73.8 77.9 717 1.X0.001
Kidneys 18.4 18.7 17.7 17.7 19.3 18.0 18.1 18.1 0.12.018
Perirenal fat 33.0 30.2 26.0 19.1 29.8 20.9 195 17.0 0.%39.001
Scapular fat 14.0 111 9.28 7.72 9.28 6.74 7.68 6.00 0.28 <0.001
Fore part 467 444 436 428 413 382 400 390 2.79.001
Mid part 574 555 529 509 516 480 496 476 3.99.001
Hind part 617 603 588 577 559 534 550 538 3.49.001
Hind legs 587 575 558 548 531 510 522 511 3.30.001
Meat on hind legs 419 412 400 388 375 357 376 359 3.89.001
Loin fillet 202 196 186 177 184 168 174 166 1.59.001

Note: P=pellets
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Table 44

Combined effect of genotype, housing conditions faeding method on the ratio of carcass and capass

Groups
PLarge x PKa Hung x PKa
Traits Cage Pen Cage Pen SE Prob.
Pellets P+Hay Pellets P+Hay Pellets P+Hay Pellets +Haly
Ratio to body weight, %
Warm carcass 63.3 62.7 62.5 62.4 62.0 61.3 61.8 61.5 0.10<0.001
Chilled carcass 61.8 61.3 61.2 61.0 60.5 59.8 60.5 60.1 0.10<0.001
Reference carcass 52.8 52.0 51.8 51.4 51.1 50.1 51.1 50.6 0.10<0.001
Ratio to chilled carcass, %
Head 7.89 8.15 8.29 8.62 8.51 9.19 8.75 9.04 0.05<0.001
Heart + lungs 1.19 1.24 1.23 1.29 1.31 1.37 1.21 1.33 0.01<0.001
Liver 4.38 4.64 4.70 4.69 4.45 4.33 4.45 4.22 0.05 0.068
Kidneys 0.93 0.97 0.95 0.98 1.07 1.06 1.04 1.07 0.01 <0.001
Ratio to reference carcass, %

Fore part 27.5 27.1 27.6 27.9 27.0 26.9 27.2 27.3 0.07 0.014
Mid part 33.7 33.8 33.2 33.0 33.8 33.7 33.6 33.3 0.07 0.031
Hind part 36.2 36.8 37.1 37.5 36.7 37.6 37.4 37.8 0.07<0.001
Perirenal fat 1.92 1.81 1.60 1.21 1.93 1.42 1.30 1.17 0.04<0.001
Scapular fat 0.81 0.66 0.57 0.49 0.60 0.46 0.51 0.42 0.02<0.001

Note: P=pellets
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Financial indicators

Cost of production at farm level, the price of glater rabbits, the revenue
at the slaughterhouse level, as well as profitgbihdicators at both the
farm and slaughterhouse levels of the combinedc&sffeof genotype,
housing and feeding system at both levels are preden Table 45and
Table 46 Differences in profit to cost ratio from the L@Roup is depicted
in Figure 4 (at the farm level, with a med feed price) &idure 5 (at the

slaughterhouse level, with a med selling price).

At farm level

Comparing all groups, the HPP rabbits had the lbvpesduction cost,
followed by the HCh and HPh groups. The highestepdt slaughter (4.94
€/rabbit) — as revenue — was found in LCP rabbitsle the lowest value
was in HPh rabbits (4.32 €/rabbit). A similar tendg was found regarding
profit and all the profitability ratios. The diffence between the groups was
0.37 €/rabbit even with a low feed price, resulting significant difference
in production costs. In addition, HPh was the oghpup generating a
financial loss (at the highest level of feed co€tply LCP, LCh, LPh, and
HPP rabbits at the on med feed cost exceeded #rage values within the
profitability indicators. When profit to cost rataf the LCP group (at med
feed price) was considered 100%igure 4), different combinations show
2.51-8.36% lower results, meaning that in that aaseeeder would have
three options; try to reduce production cost, eadaduced profitability, or
negotiate for a 0.14-0.38 €/rabbit higher priceslaughter for the other
combinations. Obviously, in the last case, the digltost for the

slaughterhouse would be compensated in the sqllicg to the consumers.
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Table 45Effects of genotype (PLarge), housing conditionag€and Pen) and feeding method (Pellets and
Pellets+Hay) on profitability at the farm and slateghouse levels

Groups
LCP LCh LPP LPh
Indicators FARM LEVEL
Price of feed

low med high low med high low med high low med igh
Cost of feeding (€/r) 189 208 226 178 195 213 175 193 210 1.63 1.79 1.96
Cost of mortality 0.06 0.06 0.06 0.12 0.13 0.13 0.22 0.23 0.23 0.07 0.07 o0.07
Cost of production (€/r) 433 452 470 439 457 474 433 450 468 415 431 4.47
PRICE AT SLAUGHTER(€/r) 494 494 494 484 484 484 470 470470 458 458 4.58
Farm gross profit (€/r) 0.61 042 024 045 0.27 010 037 019 0.02 043 0.27 011
Farm cost to revenue (%) 87.7 915 952 90.7 943 978 921 959 99.6 90.6 94.1 97.5
Farm gross profit to cost (%) 14.02 9.26 5.04 1025 6.00 221 854 424 041 1035 6.24 257
Farm cost efficiency 1.14 1.09 105 110 106 102 1.09 1.04 100 1.10 1.06 1.03

SLAUGHTERHOUSE LEVEL
Selling price

low med high low med high low med high low med igh
Revenue from rabbit carcass (€/r) 824 402 474 801 870 940 7.75 843 9.10 755 821 8.86
Revenue from rabbit products (€/r) 899 9.70 1040 8.77 9.46 10.14 846 9.13 9.79 8.19 8.83 9.47
SH gross profit (€/r)* 405 476 546 393 461 530 3.77 443 510 3.61 425 4.89
SH cost to revenue (%)* 549 50.9 475 552 512 477 555 514 480 560 519 484
SH gross profit to cost (%)* 82.0 96.3 1105 81.1 953 1095 80.3 944 1085 78.7 92.7 106.6
SH cost efficiency* 182 196 211 181 195 210 180 194 209 179 193 2.07

Notes: LCP: PLarge x PKa-Cage-Pellets, LCh: PLarB&a-Cage-Pellets+Hay, LPP: PLarge x PKa-Pen+Bglleh: PLarge x PKa-Pen-Pellets+Hay; Low, Med
and High: low, medium and high price of pelletsféam level) or selling price (at slaughterhouselg €/r= €/rabbit; SH= slaughterhouse; numbeisdid
represent values higher than average; *Cost ofbtating was not identified at the slaughterhoesel| thus, the differences among the groups asorable
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Table 46.Effects of genotype (Hung), housing conditions (€agPen) and feeding method (Pellets or Pelletsy biay
profitability at the farm and slaughterhouse levels

Groups
HCP HCh HPP HPh

Indicators FARM LEVEL

Price of feed

low med high low med  high low med high low med iph
Cost of feeding (€/r) 1.73 1.90 207 164 179 194 1.58 1.74 190 165 1.80 1.96
Cost of mortality 0.22 022 023 0.18 0.18 0.18 0.22 0.22 023 0.29 0.29 0.30
Cost of production (€/r) 4,16 433 450 4.00 4.15 430 3.97 4,13 429 413 4.28 4.43
PRICE AT SLAUGHTER(€/r) 458 458 458 435 4.35 435 441 441 441 432324 4.32
Farm gross profit (€/r) 0.42 0.24 0.0/ 035 0.19 0.05 0.44 0.28 0.12 0.19 0.04 -0.11
Farm cost to revenue (%) 90.8 947 984 920 955 989 90.0 937 97.2 955 099.1 102.6
Farm gross profit to cost (%) 10.09 562 166 8.66 4.67 1.10 11.08 6.75 289 471 090 -251
Farm cost efficiency 1.10 1.06 1.02 1.09 1.05 1.01 111 1.07 1.03 1.05 1.01 0.97
SLAUGHTERHOUSE LEVEL
Selling price
low med high low med  high low med high low med iph

Revenue from rabbit carcass (€/r) 7.48 8.13 8.78 703 764 825 722 784 847 7.02 7.63 824
Revenue from rabbit products (€/r) 8.098.72 9.36 758 817 877 791 853 9.16 758 8.18 877
SH gross profit (€/r) 3.51 4.15 4.78 323 382 442 350 412 474 326 3.85 445
SH cost to revenue (%) 56.6 52.548.9 574 53.2 496 558 517 48.2 57.0 529 493
SH gross profit to cost (%) 76.7 9051044 742 879 1016 79.3 934 1075 754 89.2 1029
SH cost efficiency 177 191 2.04 174 188 202 1.79 193 207 175 189 203

Notes: HCP: Hung x PKa-Cage-Pellets, HCh: Hung af}age-Pellets+Hay, HPP: Hung x PKa-Pen-Pelletb; HRng x PKa-Pen-Pellets+Hay; Low, Med
and High: low, medium and high price of pelletsféam level) or selling price (at slaughterhouseslg €/r= €/rabbit; SH= slaughterhouse; numbersdid
represent values higher than average; *Cost ofblauing was not identified at the slaughterhoesel| thus, the differences among the groups asorable
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Notes: LCP: PLarge x PKa-Cage-Pellets, LCh: PLatgeKa-Cage-Pellets+Hay, LPP:
PLarge x PKa-Pen-Pellets, LPh: PLarge x PKa-Pelef8eHay, HCP: Hung x PKa-Cage-
Pellets, HCh: Hung x PKa-Cage-Pellets+Hay, HPP:gHuRPKa-Pen-Pellets, HPh: Hung x
PKa-Pen-Pellets+Hay; Striped columns show PLar§&a genotype, gray columns show
Hung x PKa genotype

Figure 7. Differences in profit to cost ratio frahe LCP group (=100%) at
farm level, at the med feed price

At slaughterhouse level

Despite the fact that LCP rabbits represented ftiglelst cost for the
slaughterhouse, the revenue from their carcasses camcass parts
reimbursed the expenses, leading to 8.24 and 8/8&blft revenue,

respectively, even at a low selling price. Wheafiprand the profitability

ratios were all considered, only LCP, LCh and LRBugs exceeded the
average at a medium selling price. Since there wa®0% difference

between the lowest and the highest profits, theeeR®% additional HCh
rabbits need to be slaughtered in order to brean d@lae profit of LCP

rabbits. When the profit to cost ratio of the LCi®up (med selling price)
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was equal to 100%~{gure 5), the other combinations were lower by 0.99-
8.36%. Therefore, 0.13-0.93 €/rabbit higher sellwnige should be received
by the slaughterhouse to obtain the same resufts #ise LCP group.
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Notes: LCP: PLarge x PKa-Cage-Pellets, LCh: PLaxgeKa-Cage-Pellets+Hay, LPP:
PLarge x PKa-Pen-Pellets, LPh: PLarge x PKa-Pelef8e¢Hay, HCP: Hung x PKa-Cage-
Pellets, HCh: Hung x PKa-Cage-Pellets+Hay, HPP:dHuRPKa-Pen-Pellets, HPh: Hung x
PKa-Pen-Pellets+Hay; Striped columns show PLar§&a genotype, gray columns show
Hung x PKa genotype

Figure 8. Differences in profit to cost ratio frahe LCP group (=100%) at
slaughterhouse level, at the med selling price

5.5 EVALUATION OF THE SOCIAL ASPECTS

The results included in this chapter representoresgs from 542 respondents
to an online consumer questionnaire of 22 questishe were interviewed in
2014. Besides presenting the general scope of gaektion, the primary

focus is on those responses where significantrdiffees were detected.
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The first block of questions asked respondents dmpare meat from
different animal species regarding frequency ofscomption, healthfulness
and price.

Rabbit meat was rarely consumed by respondenteciedly compared to
chicken and porkTable 47. Still, this was an intermediate result compared
to literature. Bodnar and Horvath (2008) found gher frequency (70% of
respondents who consumed rabbit meat once or taigear), however
Szakalyet al (2009) stated that 69% of respondents have rteheabbit
meat at all. In my case, the majority of responsl¢B#.5%) said they have
never tried eating rabbit meat, followed by a fregey of 1-2 times a year
(29.2%) and less frequently than once a year (2).®ibferences were
found in gender (P<0.001) and employment statu®.(®¥). There were

more women who never consumed rabbit meat (48.88%) tnen (17%).

Table 47
Frequency of meat or meat product consumption fildfarent animal
species (%)

Answer options Chicken Duck Rabbit Beef Pork
Daily 17.0 0.00 0.00 0.74 8.86
Weekly 76.0 0.92 129 107 60.7

Monthly 4.61 24.2 7.20 36.7 23.2

Once/ twice a year 1.29 53.5 29.2 34.1 4.61
Less frequently than a year 0.18 12.0 27.9 9.59 0.55
Never 0.92 9.41 34.5 8.12 2.03

The next question required respondents to indica¢at from the listed
animal species which they found the healthidstb(e 49. Chicken meat
was considered the healthiest meat by the resptsxd@abbit meat claimed
the second place (27.5%), followed by beef, duct park. Differences
were found in gender (P<0.001), age (P=0.012), atthiz, employment
status and household income. The order differecbrdony to gender;
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44.5%, 29.3 and 16.2% of men, while 65.2, 25.9 &&% of women

considered chicken, rabbit and beef the healtimmestt, respectively. Rabbit
meat was indicated as the healthiest meat by 4ed00ld people (40.0%),
those holding a degree (31.3%), those who lived amd were able to set
aside money (34.7%), and the least by the youngeseration (17.8%),
those who graduated from secondary school (19.é¥l, those whose
household income was not enough to earn a liviBg/(d).

Table 48

Respondents’ choice of the healthiest meat

Answer options Response (%) Response (n)
Chicken 56.3 305
Rabbit 27.5 149

Beef 10.1 55

Duck 5.2 28

Pork 0.9 5

Chicken, duck, rabbit, pork and beef were individuaanked by the

respondents on a 1-5 scale based on their pricepfesented the lowest
value, and 5 the highest). Results show that chiekas nominated as the
cheapest meat (mean: 2.69; SD: 0.979), followeg@dik (mean: 2.83; SD:
0.853), duck (mean: 3.85; SD: 0.756), rabbit (meéaf6; SD: 0.81) and
beef (mean: 4.30; SD: 0.823). Related to rabbit tnpeece, significant

differences were found in gender (P=0.008); rabi#at was considered
higher in price by women (mean: 4.04; SD: 0.80@ntlby men (mean:
3.85; SD: 0.808). White collar workers also tentledate rabbit meat price
higher (mean: 4.04; SD: 0.800) than the other eympént categories
(mean: 3.83; SD: 0.816). The differences in rategording to household

income are shown ihable 49
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Table 49
Price-rating of rabbit meat depending on the hoolskimcome

Answer options Mean SD
Live very well and earn enough to set aside anaR) 3.57 0.80
Live well, but only a little money is set aside%0) 3.96 0.79
Just enough, but cannot set money aside (n=149) 141 0.78
Not enough to earn a living (n=38) 3.68 0.85
Have difficulty in daily living (n=8) 4.00 0.76

Mean: based oi-5 scale (1 represented the lowest value, and 5 the highest)

Those respondents in households where income wsa®Mough but could
not set aside money ranked rabbit meat the highest 1-5 scale (4.11)
while the lowest value (3.57) belonged to those W®very well and earn
enough to set aside a lot.

Respondents were also asked to indicate whethgrghechasing decision
was usually made on package or unit price. Almoste quarters (73.6%)
of respondents declared that their purchasing eciwas made on unit
price, while 19.9% indicated package pridealfle 50. Other responses
(6.5%) included quality, origin, expiration dat@paarance, both package
and unit price, producer, and value for money. fHigant differences were
found for age, education and household income. Pnde was mainly
favored over purchase price by the 30-39 age catd@@.1%), respondents
who graduated from secondary school (76.1%) ansetichose household
income was just enough, but cannot set aside m@gt&$%), while it was
favored the least by 60+ year old respondents $%8.8ose graduated from
vocational training school (48.1%), and those whuosgsehold income was

not enough to earn a living (63.2%).
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Table 50
Influence of package and unit price on purchasiegsion

Answer options Response (%) Response (n)
Package price 19.9 108
Unit price 73.6 399
Other 6.5 35

In the next block of questions, respondents wekedsbout their buying
and consumption behaviors with respect to rabbiatnpeoducts. Most of
the respondents consumed rabbit meat at home (33f6%fowed by as
guests (23.1%), at restaurants (11.4%), while 1g@¥%e it to his/her child as
baby food. Other responses (2.8%) included worlga conferences and
37.5% said they didn't consume rabbit meat produdtéthin the
consuming rabbit meat at home category, a 9% diflee was found in
gender with men highest (P=0.044). According to tyyge of residency
(P=0.006), the highest percentage (63.8%) for hoomsumption was found
in those living in municipalities with less thard@0 inhabitants. The larger
a town, the fewer respondents consumed rabbit me&ome, with the
lowest value (33.9%) in Budapest. Home consumptias favored also by
73.3% of those working in agriculture (P=0.031).

Respondents were asked to reflect on the origith@frabbit meat supply
using a multiple choice questiomgble 5). More than half of them
(51.3%) did not purchase rabbit meat from anywhetele 10.0% had their
own production unit. For those respondents who tmsed rabbit meat
(n=210), the primary source was breeders (75.2%)lewl4.8%, 14.8%,
12.4%, 1.4% and 1.4%, purchased from a market, tahby a hyper-
/supermarket, a convenience store or a discoung,stespectively, while
12.9% indicated other; i.e. received from friendsl d&amily members,

purchased from a slaughterhouse or hunted (thisl dmuhare meat).
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Table 51
The origin of rabbit meat supply

Answer options Response (%) Response (n)
Nowhere 51.3 278
Other breeders 29.2 158
Own breeding 10.0 54
Market 5.7 31
Butcher 5.7 31
Other (please specify) 5.0 27
Hypermarket/ supermarket 4.8 26
Convenience store 0.6 3
Discount store 0.6 3

The survey asked respondents (especially those haldonever eaten or

rejected rabbit meat) about their concerns. Myifigd were in line with the

study of Bodnar and Horvéath (2008). Respondentsdtifat the reason for

a negative attitude towards rabbit meat and refusionsumption was

mainly due to emotional reasons and the lack obitameat and rabbit

products in the supermarkets in the country.

A large group (35.9%) listed regret as the mainceom. Within this
category, gender played a role (P<0.001), 7.9 ofh raed 28.4 of
women felt sorry for the rabbits, respectively. fBiénces were also
found among age categories (P=0.003). With incngasige, the
shares of those who felt sorry for the rabbits w28el, 16.8, 10.5,
22.6 and 10.0%. Among students, 31.3% said that tbgret killing
the animal compared to any other employment stqiis2%)
(P=0.002).

Rabit meat did not fit the eating habits of 94 mxtents (31.2%)
including 21.4% of men and 14.4% of women (P=0.039)

Rabbit meat was not liked by 19.9% of the respotsleWomen
especially tended to dislike rabbit meat compaeden; with 15.0
and 5.7% of them, respectively (P>0.001). Basedemployment
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status, only 8.2% of white collar workers mentionkslike as a factor
of rejection (P=0.011).

» Suspicion of rabbit meat was listed by 13.6% ofpoeslents.
Differences were found in the case of studentsi%3of them had
concerns, compared to any other employment stéiB%oj (P=0.033).

* Lack of knowledge of where to buy the meat wagdidiy 13.6%.

» Cost was a concern for 5.6% of the respondents fdsult is much
less than in the study of Bodnar and Horvéath (2008)ere 46% of
the respondents found rabbit meat too expensive.

* Complex preparation methods worried 3.3% of thpardents.

* There were 1.7% of the respondents who claimee teelgetarian.

* Other responses (11%) included having rabbits ass, glifficulty of
accessing rabbit meat, lack of tradition, time imformation in

preparation, did not get used to it in childhood.

The survey asked respondents to quantify theirgmti@n about prices. The
responses were as follows: on average, thigh maattimought to be 2,063
HUF (6.88 €) per kg, while loin fillet was 2,503 HWU®8.34 €) per kg.
Women indicated slightly higher values (averageDdf© and 0.17 €) for
thigh meat and loin fillet, respectively, compatedmen. The lowest and
the highest values (6.17 and 7.03 €) for thigh meae found in the 30-39

and 50-59 year old age categories, respectively.

Consumer perception of rabbit meat price (n=337¢lation to the income of
the household was measured on a 1-5 scale, anlledesumean of 3.94,
although 37.8% of respondents chose NA/DK (No ansiden’t know). The

results of the different categories are presemtd@ble 52 The perception of

rabbit meat price increased with declining housgirdome (P=0.001).
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Table 52
Consumer perceptions of rabbit meat price in retatd household income

Answer options Mean SD
Live very well and earn enough money to set asilibe @=42) 3.57 0.91
Live well, but only a little money is set aside (%58) 3.89 0.71
Just enough, but cannot set aside money (n=105) 8 4.0 0.77
Not enough to earn a living (n=22) 4.23 0.81
Have difficulty in daily living (n=2) 5.00 0.00

Respondent awareness of certain characteristics wmassured on
nominative (1-5) scalel@ble 53.

Table 53
Respondents’ perceptions on certain characteristicabbit meat
Answer options Mean SD D'(f)g\)lA Prob.
High protein content 4.37 0.80 25.3 NS
Lower fat and cholesterol content than chicken, 432 0.94 o5 3 NS
turkey, beef or pork
Unsaturated fatty acid (mainly Omega-3) content
within total fatty acids is beneficial for health  4.10 0.90 42.3 <0.01
status
Easily digestible 4.09 0.97 29.7 <0.05
Especially rich in certain vitamins and minerals  074. 0.93 29.0 <0.05
Healthier than chicken, turkey, beef or pork 3.93 .161 25.3 <0.001
Tasty 3.80 1.27 23.8 NS
Simple preparation 3.30 1.20 24.5 NS
Low price 1.96 0.95 25.1 NS

Among those who reported opinions, respondents Ignaigreed on high
protein content of rabbit meat, followed by lowat &nd cholesterol content
than chicken, turkey, beef or pork and its unsatardatty acid (mainly
Omega-3) content within total fatty acids being dfemal for health status.
However, the highest percentage of respondent8¥#)2indicated the last
characteristic with NA/DK. The lowest value was fiduin cheap price;

which was the only factor receiving a result betbe average.
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When questioned about the preferred form of puehd®$.3% of the
consumers indicated carcass parts; i.e. thigh a@indfillet, whereas, 31.4%
favored the whole carcass, 11.3% prepared food6Ga®% semi-finished
food, 5.5% live rabbits (this result may include ttesponses of those who
consider rabbits as pets). On the other hand, 3W2Wd not purchase
rabbits or rabbit meat at all. Although purchascagycass parts achieved
exactly the same percentage as stated by BodnaHandth (2008), the
preference for semi-finished or ready-made produets three times what
was found in the former study. In Spain, where itatrieat consumption is
high, Kallas and Gill (2011a,b) revealed that thghbst interest was
towards buying whole carcass (52.1%) followed by preced (31.8%) and
the boneless rabbit meat (16.0%).

Table 54shows that most of the respondents stated thgttbeald increase
the amount of meat they consume if it would be labée at more places;
thus easier to access, followed by cheaper pridéatter-known nutritional
and health benefits. On the other hand, 23.4% sjiaedents would not
have changed their consumption for any reason. @dults were partly in
contrast to the Spanish survey (Kallas and Gilll120b), where price was

considered less important than any other factagifgrbrand, quality).

Table 54

Potential influences to enhance consumption ofitabéat

Answer options Response (%) Response (n)
More availability; easier access 45.6 247
Lower price 35.6 193
Better-known nutritional and health benefits 28.6 155
Would not change by any method 23.4 127
Familiarity of the methods of preparation (e.gipes) 18.1 98
Change in liking 14.2 77
Change in habits 114 62
Other 3.1 17
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In the case of easier access to rabbit meat, 5622fen, and 37.4% of
women stated that they would increase their consiomgP<0.001) with
easier access. Differences were also found in atggaries (P=0.001); the
least affected by access the young (35.7%) ancetivb® had not enough
money to earn a living (31.6%), whereas the mdsicedd were the 40-49
year old respondents and those who live well bily arlittle money to set
aside (57.9% and 50.4%; P=0.006 and P=0.013, riegplgy. Cheaper price
and better-known nutritional and health benefitaildanfluence more men
(44.5 and 34.5%) than women (29.4 and 24.6%) (FX0.0°=0.013,
respectively). Employment status was an importactiol (P=0.030), 21.0%
of white collar workers would increase rabbit meansumption if they
were familiar with the methods of preparation innttast to all other
employment categories (13.6%). Women (32.3%) an8%f men would
not increase their consumption by for any reascfO@01). The highest
resistance was found in the youngest age cate@dr¢%) and those whose
income was not enough to earn a living (26.3%) levtiie least was found
in 40-49 year old respondents (10.5%) and those higovery well and
high enough to set aside money (16.7%) (P=0.008;04, respectively).

A large proportion (95.4%) of respondents have neeen or heard of any
program or advertisement promoting rabbit meat.s€hoho had experienced
such marketing tools referred to presentations, réogoes booklet of AMC
(Agrarmarketing Centrum), rabbit meat tastings, ggogram (2010), papers in
Journal of Meéhir (2012) and campaigns of the Hungarian Rableeders’
Board, the Internet, gourmet restaurants, the Hiamg&onference on Rabbit
Production, baby food, Kaposvar Livestock Days, atiddal Agriculture and
Food Exhibition (OMEK), or ,Nydl-unk a munkaért” (gporting backyard
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breeding) program. Those who hold a degree (6.98t¢ wspecially aware of

marketing activities (P=0.009).

Out of three breeds, the Hungarian Giant was knloyh1.7%, followed by
Hungarian intensive breeds (e.g. Pannon White doré&eni White) with
44.5%. The least known were the foreign hybrids. 1%9, while 36.2%
were not familiar with any of the listed genotypes.

Origin, genotype, housing system and feeding metivad individually
ranked on a 1-5 scale based on their importanddoAgh no significant
differences were found regarding background infdioma women tended to
give higher values in all case3aple 55. Housing system was mostly
considered important by 30-39 year old respond@hB82) and those whose
income was just enough, but cannot set aside m@gh&y), while feeding
method played an important role with 40-49 yearrekpondents (4.55) and

those who live very well and high enough to sed@snoney (4.08).

Table 55

The importance of origin, genotype, housing sysamah feeding method
Answer options Mean SD

Origin (n=447) 3.72 1.38
Genotype (n=430) 3.14 1.24
Housing system (n=460) 4.23 1.09
Feeding method (n=459) 4.48 0.94

Respondents were asked to quantify the extra am@umriny) they are
willing to pay for different genotypes (Hungariantansive breed vs.
Hungarian Giant), for rabbits reared in differemdubing systems (2-3
rabbits in a cage vs. 12-15 rabbits in a pen aadrdl of Wire-mesh or

Plastic-mesh) and for rabbits fed with differenedang methods (pellets
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only vs. pellets+hay) compared to 1000 HUF. Theeyincluded pictures
to assist the decisions of those who were not famitith these housing
systems. Although, multiple choices included valag$,100; 1,200; 1,300;
1,400 or 1,500 HUF, the results are reported ircgregages. The greatest
resistance against paying more was found with wiesh (75.6%), pellet
feeding (74.2%), pens (71.3%) and plastic-mesh 3@8). Also, the
percentage of respondents willing to pay anythirgaewas the lowest in
these categories (5.2, 5.3, 6.1 and 6.2%, respdgtivAmong all aspects,
respondents appreciated origin the most; they ddgmepay the highest price
rise for the Hungarian Giant (18.0%), followed bgllpts+hay feeding
(16.8%), the Hungarian intensive breed (15.7%)pditer (15.6%). Of
course, the willingness of consumers to pay moalshbe treated with
skepticism. It is much easier to say they will pagre than to actually pay
it.

The only open-ended question asked respondent®poge suggestions for
stimulating rabbit meat consumption. It needs to rmed that some
respondents answered in a complex manner, mengomare than one
statement. The most frequent answers of 235 regmsidre summarized in
Table 56 The majority of respondents mentioned more athesrtents and

more effective marketing activities without moresally defining their

suggestions. However, some of those who would tasewareness of the
positive characteristics (healthfulness, nutritiobanefits) of rabbit meat
mentioned the effective campaign of Mangalica ahdken meat. In the
study of Bodnar and Horvath (2008) respondents atated that more
information would have been needed about rabbitt raed the methods of
preparation (recipes) and easier access to donmsticiction.
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Table 56
Suggestions for stimulating rabbit meat consumption

Answers Response (%) Response (n)
Advertisement/ marketing activities 30.2 71
Raising awareness of positive
characteristics (healthiness, 21.7 51
nutritional benefits) of rabbit meat
More availability; easier access 20.4 48
Lower price 12.3 29
Awareness of recipes/ gastronomic 115 27
TV shows
Gastronomic festivals/ events/ tasting 8.1 19
Reshaping  thinking/  modifying 6.8 16
stereotypes
Should not stimulate 6.4 15

Although, 12% of respondents suggested lower mitenteresting answer advised
drawing attention to the fact that “we are willlogspend much more on food (or any
other things) perceived to be healthy”. Regardimgpraunication tools, television,
newspapers and free targeted press (at pharnmaetisal stations), billboards (even
at butchers), online social networking service féegebook) were mentioned. Some
other suggestions included more availability aaeants and canteens. The latter
would serve two purposes; familiarization with iabieat at early age and it could be
a base for market research to determine the aroiostate funds needed in the sector.
Another idea was supporting the breeders (e.gxienaing the existing backyard
breeding program, creating an extension serviegorietor integrating breeders for
taking advantage of community marketing). To aidsdtifying rabbit meat with the
Easter Bunny, and feeling regret for the animaledidements should not show live
animals, also processed products may attract niteeti@n. Some suggested
reviewing of the activities of animal welfare orgations. Interestingly, Kallas and
Gill (2011a,b) reported that, in Spain, marketioggs should be more focused on
highlighting the origin of the product with an erapis on regional quality brands,
while these factors were less important in Hunganggested by only three
respondents), also origin and genotype were coeditiss important (séable 55.
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5.6 CRITICAL POINTS

Conflicts of interest arose along the rabbit meatpction chain within the
analyzed production combinations and in some empmiis, which are as

follows:

Concerning genotype

Rearing and processing of PLarge x PKa (at farnal)exs PWhite x PKa (at
slaughterhouse level) genotypes. Results showedféiating interest at the
farm and at slaughterhouse levels, since the fobaaefits from PLarge x
PKa, while the latter benefits from PWhite x PKhbis. The contradiction

may be resolved by a mutually agreed price forghger rabbits.

Concerning housing

Rearing on wire-mesh (at farm level plastic-mesh (at the slaughterhouse
level) had different rank orders along the produtithain, since wire-mesh
was the most beneficial at farm level, followedd®ep-litter, while housing
on wire-mesh resulted the highest farm revenue, rabbits reared on
plastic-mesh had the best profitability ratioshet slaughterhouse.

The housing condition caused contradictions noy drdtween producers
and processors but with consumers and the rabBibsisumers prefer
rabbits reared on deep litter but the rabbits préfe plastic mesh. Despite
the fact that consumers were willing to pay a highece for rabbit meat
reared on deep-litter, the animals preferred stpgin the deep-litter floor
least in favor of plastic-mesh and wire-mesh, respely. Besides, rearing
rabbits on deep-litter resulted in worse producpeeformance and carcass
traits due to litter-consumption. Based on theselte it should be easy to

find the optimal floor type for the animals, howewe question may arise
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whether rearing rabbits on a floor-type which iscontradiction to their

preference and causes higher mortality is not agammal welfare?

Concerning feeding

There is a reverse interest at the farm and agktathouse levels, since the
former gained more profit when using a restrictiorieeding time feeding,
while the latter had higher values in the caseetlfng meat ofad libitum
fed rabbits. To resolve the contradiction, adddioexperiments are needed
to determine which feeding method causes lower atityrtand therefore

assists achieving better animal welfare conditions.

Concerning social aspects

Potential influences exist on enhancing consumptiersusrespondents’

concerns about rejecting rabbit meat. While respatglstated that the most
important factors for increasing rabbit meat congtiom included more

availability and easier access, lower price, béttewn nutritional and

health benefits, and familiarity with the methodk preparation, these
factors received low results when the reasons dfacting of rabbit meat

consumption were asked. Rabbit meat was considdgredsecond most
healthful meat on the list, while the nutritionaldahealth benefits were also
highly regarded. Still, 34.5% of the respondentsehaever eaten rabbit
meat. Since some of the suggestions were not eiith the reasons for
rejecting rabbit meat, one may wonder whether cilgnghese factors

would stimulate rabbit meat consumption in Hungary.
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6. CONCLUSIONS AND RECOMMENDATIONS

Experiments were carried out at an experimentah fénus better conditions
and greater attention were probably provided tharacommercial farm.
The advantage was that experiments were basedliableedata, although
mortality was lower than in practice. It should m@&ed that only growing
rabbits, their production and carcass traits weramgned; hence these
served as basis for deducing conclusions and reemaations. Experiment
results demonstrated that alternative productiahaammal welfare methods
were more costly and eventually have to be paithbycustomer. The aims
of the comparison of genotypes was partly to evaltiae three breeds of
the Pannon Breeding Program and to learn more atheutproductive
performance and carcass traits of the Hungariant.giaxtensive data are
available on the productive traits of Pannon Kayriéa White, and Pannon
Large. In addition to proving the effectivenessCdi-based selection, it was
a novelty to establish that — contrary to the gaheend of hybrid terminal
lines — not only Pannon White, but Pannon Largéitalwere proved to be
mature enough when slaughtered at similar weightaddition, to better
carcass traits, the most valuable parts, the hegd bnd thigh meat, were
larger than the Pannon Ka. Economic evaluations Baewn that CT-based
selection results in minor additional profit at faem level (due to the better
feed conversion), however the benefit at the slargbuse level was
significant. The results of the possible crossinthwhe traditional breed,
the Hungarian giant, for producing e.g. labelleddoicts were published for
the first time. Economic evaluations stated thaei@alhave to be paid to the
farmer and the slaughterhouse to make it worthwtuleaise Hungarian

Giant rabbits and to buy them for slaughter.
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Our data and that in theliterature were availalileua the differences in
production performance and carcass traits betwesged and penned
rabbits. However, simultaneous comparison of wiesim plastic-mesh and
deep litter floors was evaluated for the first tiethis experiment. It is
well-known by researchers but not the public thatgroduction and carcass
traits of rabbits reared on deep-litter are lowknis is partly due to the
consumption of litter containing faeces, causingramease in mortality as
well. Although it was not in the scope of this didation, it is worth
mentioning that preference tests of rabbits ofedsht floor types proved
that rabbits stayed less time on deep-litter (e¥ehwas dry and clean),
than in wire floored pens. Economic evaluationseaded the price
difference by which the usage of any examined radtitre housing system

would be worthwhile at the farm and slaughterhdesels.

Two experiments were carried out to evaluate fepdiethods. In one case
there was an alternative feeding method using baplementation. In the
other case feed restriction after weaning was ewetl Pellets plus hay
feeding was not beneficial from either the farntlee slaughterhouse point
of view, since this method reduced production,hgligdecreased costs, but
would increase labor inputs and reduced profitahbevels. It cannot be
used at farms with mechanical feeding systems. iBesghis, hay

supplementation is one of the easiest alternateglihg methods. Again,
economic evaluations provided information about &xact amounts the
prices at the farm and slaughterhouse levels teatbeived to make hay
feeding a worthwhile method. Feed restriction afteaning played a role
only at intensive farms where alternative methouds raquired to reduce

digestive diseases and mortality. This is an ingrissue, especially in
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light of the antibiotic ban and other medicatiostrietions by the European
Union. Our healthy stock and the generally good shmay conditions
challenged these experiments, since the main rbleeed restriction is
reducing mortality, which was already low in thentrol (ad libitum) group
of our experiments. In particular, the third expent successfully
determined the level and duration of restrictiortiine, after which rabbits
receivingad libitum feeding achieved almost full compensatory growih.
the end of the experiment, no significant differenaevere found between
body weights. This experiment also proved that thecess of feed
restriction was independent of genotype. Feed icastn had a stronger
effect on PLarge rabbits, however they experienleeger compensatory

growth as well, thus the end result was the sanie Bannon Ka.

The main challenge of the dissertation was to dsmelously use (the
combination of) three factors (genotype, housingtay and feeding
method), which had not previously been examined @Waluation of the
combined effects of these factors on productivéoperance, carcass traits
and economic values led to a more complex outcdin the combination
of the factors (eight groups), the changes in pcoda and profitability
(profit, break-even or loss) were outlined. Theusetge of the eight groups
could be depicted by any of the three factors (ggre housing system and
feeding method). All of these scenarios allow eitkiee farmer or the
slaughterhouse to determine the value of use efrative combinations in
different financial conditions. It should be notibét in all three factors, the
intensive form resulted the greatest profitabilifihe introduction of any
other alternative methods and their combination fmayealistic only in the
case of receiving a higher price for slaughter tabffarmers) and for meat

products (slaughterhouse).
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The results of the questionnaire revealed thatoredgnts basically found
rabbit meat healthy, however better knowledge dditp@ physiological

effects would lead to increased consumption. Thet vaajority of

respondents (95%) said that they had never sebeavsd of any program or
advertising promoting rabbit meat. Children’s cetgr gastronomical
programs, events particularly arranged on this @sgp and direct
communication (e.g. meal tasting) could play a ificgmt role in

introducing rabbit meat and meals and in bringihg benefits of rabbit
meat into public awareness. Since rabbit is usua#lgociated with the
Easter Bunny, as a charming animal, and many régrebnsume it, the
promotion of rabbit meat could be realized in thenf of semi-finished or
prepared food, e.g. as an extended menu seledti@staurants. In order to
increase consumption, rabbit should not be regastegremium (priced)
food. Breeders were the primary source of suppbwéver respondents
highlighted the difficulty in access at other plac&his concern could be
bridged by butchers and popular supermarkets, egdlyedue to the fact that
the most desired form of purchase was carcass; patsthigh and loin

fillet. Respondents’ main concern was the feedirgghmd for the rabbits,
followed by housing system, while origin and gempetywere considered
less important. Respondents were willing to pay kighest price for

Hungarian Giants, followed by pellet+thay feedinginigarian intensive
breeds and housing on deep-litter. Transformindip@avareness may also
include the criticism of housing systems suspedttethbe “humanitarian”.

The experiment-proven conditions, in which — intcast to human empathy
and preconceptions — rabbits indeed feed well aadf@appy”, should be

presented to the public.
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7.

NEW SCIENTIFIC RESULTS

The new scientific results of the dissertationsamamarized in this chapter.

1.

It was demonstrated that the CT-based selected typat rabbit

breed (Pannon Large) or its crossbred populatioowed significant
benefits and superiority in carcass traits andiaofity, both to the
farmer and the slaughterhouse.

Experiments revealed that the profitability of tlested floor types
showed the following rank order at the farmer’'sele\l. wire-mesh,
2. plastic-mesh, 3. deep-litter. At the slaughted®level plastic-
mesh ranked first, the worst being deep-litter.

Economic evaluations quantified the additional pagtrithe farmer
requires for his slaughter rabbits, or the slaugjugse for its meat
for the products to remain profitable (or efficiemthen using the
various alternative systems.

A survey was conducted in Hungary using a new atroto

monitor consumer perceptions concerning rabbit megarding

types of meat and management systems includingirgpusnd

feeding methods used in the production system.

The experimental and the survey results demondttats nature of
contradictions between the needs of the rabbitsldequirements
and perceptions of animal welfare and animal rigitganizations

and a large proportion of consumers or potentinsamers.
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8. SUMMARY

The objective was to explore the possible conttauis within and between
economic and social components of sustainabilitgwgluating the effect of
different genotypes, housing and feeding methodsnatural indicators
(productive performance and carcass traits), atichang these aspects’
separate and combined effects on profitability ls# farm and at the
slaughterhouse level, and by evaluating rabbit neeasumption and the

Hungarian consumers’ perceptions in relation toathalyzed factors.

The following experiments were carried out andkparted: separate and
combined effects of genotype (Pannon Large and bfigag Giant), housing

(cage or pen) and feeding (pellets only or peltdtss hay); comparison of
three genotypes of the Pannon Breeding Programn(faia, Pannon

White and Pannon Large), carcass characteristightiits slaughtered at the
same age or at the same weight; the effect of GEddivergent selection;
the effect of floor type (wire-mesh, plastic-megidaleep litter) and the

effects of restricted feeding or feeding time.

Targeted experiments and the evaluations of the fia&itors of the rabbit

production chain aimed at quantifying the combiaed separate effects of
the various elements (genotype, housing and fegdimgconomic values at
the farm and slaughterhouse levels.

After analyzing the individual factors, it can b@ated that both the farmer
and the slaughterhouse benefit from a maternal dnossed with Pannon

Large (PLarge) instead of Hungarian giant (Hungdnf growing rabbits

147



reared in cages rather than pens; and feeding wélets without
supplementation of hay. While evaluating the coradin effects,
advantageous results were realized for either themdr or the
slaughterhouse, based on the evaluations on econdnatural and
financial) indicators. Out of the eight combinasoaf genotype-housing-
feeding methods, PLarge rabbits reared in cages faddwith pellets
achieved the best, and Hung rabbits housed in geeh$ed with pellets plus

hay achieved the lowest profitability.

It was confirmed that within the CT-based selectguhotypes, besides
results with the Pannon Large were contrary to gheviously accepted
statement about hybrid lines indicating that breeds smaller adult

weight, thus earlier maturity had better, and thentnal line had poorer,
carcass traits. CT-aided selection for muscle velon the hind leg was
efficient for the farmer, because — as an indiedfd#ct — rabbits improved
their feed conversion ratio, while at the slaugmerse level, more meat
from a rabbit with the same weight could be proeds$eading to a more

appealing product.

In some cases of the analyzed production combimgticonflicts arose
along the production chain. Improved profitabivtsas achieved by rearing
Pannon Large x Pannon Ka at the farm level, whilgcgssing Pannon
White x Pannon Ka at the slaughterhouse level wa® mprofitable. Rabbits
reared on wire-mesh or plastic-mesh were more tpié for the farmer
and the slaughterhouse, respectively. Althoughtricesd feeding meant
better cost-effectiveness at the farm lewa, libitum feeding was more
beneficial at the slaughterhouse level. Choosing ah the alternative

methods, would more or less worsen natural indisat{productive
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performance and carcass traits). Financial evaoati revealed the
additional amount that had to be paid for slaughabbits to the farmer and
for rabbit meat to the slaughterhouse to be efiichen dealing with

rabbits reared in alternative systems.

There are also contradictions in certain cases d®ivthe actual needs of
rabbits and the requirements and perceptions anamwelfare of some of
the animal rights organizations and consumers. &Videep-litter is
recommended by some animal rights activists, anbumers stated that
they would pay more for rabbit meat originated freach a housing system,
the mortality was higher in that group, and alspreference test showed
that rabbits favored wire- or plastic-mesh to dbier. All these indicate
that faulty views affect rabbit meat production, ieth may be

disadvantageous to the production and adoptioaldit meat.

In addition to the consumer tests on consumptiah @mrchasing practices
for rabbit meat, consumer perceptions in relatmmenotype, housing and
feeding methods were also studied. The majoritcarisumers consume
rabbit meat only 1-2 times a year, and most railet was purchased from
breeders. The most desired form of purchase wasmsamparts; i.e. thigh
and loin fillet. The main cause of rejecting rabimeat consumption was
regretting killing of the animal. Out of three bdse the Hungarian Giant
was the most known, followed by Hungarian intendiveeds, and foreign
hybrids. Respondents’ main concern was feeding odetliollowed by
housing system, origin and genotype. Among thedistspects, respondents
appreciated origin the most; they were willing taypthe highest price
increase for Hungarian Giant, followed fed by psllplus hay, Hungarian

intensive breeds and housing on deep-litter.
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14. APPENDIX

The translation of the original Hungarian questaing

GREETING

Dear Respondent!

Katalin Szendrd, doctoral candidate of the Doctoral (PhD) School for Management and Business
Administration of Kaposvar University, respectfully ask you to fill in my questionnaire to support the
successful completion of my PhD research. The survey is voluntary and anonymous.

Thank you in advance for your help!

* 1. How frequently do you consume meat and meat products from the following

species?
. 1-2 times per Less frequently
Daily Weekly Monthly Never
year than a year

chicken {“ c [ « « &
duck s c c s c c
rabbit (o [ o L (o © C
beef C o c C C c
pork C c C C r o
*¥2.In your opinion, which of the following meat products is the healthiest? (1 choice

only)
©  chicken
©  duck
©  rabbit
© beef
C pork

* 3, Please rate on the following meat varieties based on their price!
(1 - very cheap, 5 - very expensive)

1 2 3 4

duck breast/ thigh Ly e L &

rabbit loin/ thigh e c o o 2
beef siroin / rump C L L e r
(thigh)

pork loin/ thigh c c @ c c
chicken breast/ thigh C L% e 8 £
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The image below assist in the next question:

~ A790€

meat or meat product

UNIT PRICE:

* 4. Your decision in buying meat or meat products is mostly made on the package
price (€/pack) or unit price (€/kg)?

' Package price
" Unit price

©  Other, such as...

* 5, Where do you usually consume rabbit meat or rabbit meat products? (multiple
choice)

" Home

[T Treat/ visiting someone
™ Restaurant

" Give it to my child as baby food

" Nowhere

I Other, such as...

* 6. Where do you get rabbit meat /| meat products? (multiple answer)

™ own breeding
" other breeders
™ market
butcher

Smaller grocery

o [l |

discount

m|

Hypermarket / Supermarket

|

nowhere

" Other, such as...
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7. if you never consume rabbit meat and rabbit meat products, what is the reason of it?
(muitiple choice)

™ 1 do not know where to purchase

" Preparation is complex

|

Does not fit in my eating habits
Cannot afford it

| do not like it

I'm a vegetarian

| feel sorry for the animal

| have doubts about rabbit meat

O 3. Ty o

Other, such as...

* 8. Relative to the monthly income of your household?
{1 - very cheap, 5 - very expensive, DK/NA - Do not know / no answer)

Lo | OBt c 3 L € 5 T DKINA

*9. To what extent do you think the following characteristics are true for rabbit meat?
(1 - strongly disagree, 5 — completely agree, DK/NA - Do not know / no answer)

1 2 3 4 5 DK/NA
High pratein content 2 % c C C c
Specially rich in e c L c C c
certain vitamins and
minerals
Lower fat and 9 ¢ @ o C c
cholesterol content
than chicken, turkey,
beef or pork
Unsaturated fatty acid e c [ c c o
(mainly Omega-3)
content within total
fatty acids is
beneficial for health
status
Healthier than . 8 & - - -
chicken, turkey, beef
or pork
Low price c (o - & c '
Simple preparation C o C r C &
Tasty e c o c c c
Easily digestible & c c C C '
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*10. In what form whould you buy rabbit/ rabbit meat?

|

live
[" whole carcass
™ only loin and/ or thigh meat

|

semi-finished product
™ prepared food
-

| would not buy in any case

*11. By which factor(s) would you increase your rabbit meat consumption? (multiple
choice)

If it would be available at more places; it would be easier to access

If it was cheaper

If the positive nutritional and heath effects of rabbit meat would be more well-known
If 1 would like it

If 1 get used to it

If | knew better the methods of preparation (e.g. recipes)

| would not change by any effect

ooy S o0 mn

Other, such as...

*12. Have you ever seen/ heard of any program or advertising promoting rabbit meat?

“ No

Yes, such as:

*¥13. Have you heard of any breed below? (multiple choice)

|

Hungarian intensive breeds (e.g. Pannon White or Debreceni White)

[" Hungarian Giant
" Foreign hybrids (intensive breed)

T

None

*14. How important for you the...
{1 - strongly disagree, 5 — completely agree, NA/DK - No answer/ Do not know)

1 2 3 4 5 NT/NV
...orgin? L C C: C c c
...genotype/breed? e c e C C c
...housing condition? 5 L o C o -
...feeding method? c LT (o c o c

184




The images below assist in the next question:

* 15, Relative to HUF 1,000 base price, how much would you be willing to pay for...

would not pay
1100 Ft 1200 Ft 1300 Ft 1400 Ft 1500 Ft
more
...Hungarian intensive c c c c C C
breed?
..Hungarian Giant? c C C r
..rabbits reared in £ ) & C
cage (2-3 rabbits in a
cage)?
...rabbits reared in c o & c o c
pen (12-15
rabbits/pen)?
...rabbits reared on r c c C c c
wire-mesh?
...rabbits reared on c L8 e & o C
plastic-mesh?
...rabbits reared on r c c C c c
dep-litter?
...rabbits fed by c C « & C C
commercial pellet?
..rabbits fed by peliet 3 c c c C c
plus hay?

16. Please propose suggestions stimulating rabbit meat consumption!

§

*¥17. Your gender?
©  Female

“ Male
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*18. How old are you?

Age: |

* 19, What is your education background?
' Elementary school
' Vocational training school
" Secondary schoal

College, university

*20. What is the type of residency you permanently live at?
" Capital city (Budapest)

©  County town

©  More than 10,000 inhabitants

© 2,000-10,000 inhabitants

©  Less than 2,000 inhabitants

©  Abroad

T NADK

*21. What is your employment status? (multiple choice)
" Students

™ Working in agriculture

|

Blue collar workers
White collar workers
Stay-at-home

On maternity leave
On pension

Other inactive

Unemployed

OomoOonoaomnn

Looking after family

*22. How do you consider your household income?
live very well and high enough to sel aside money

© live well but only a few is set aside

©  just enough, but cannot set aside

not enough to eam a living

© have difficulty in daily living

© NA/DK
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