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ABSTRACT

In this review is summarized the last knowledgeraiobit doe nutrition, to complement the current
nutritional requirements and strategies for thengpand adult rabbit does, considering the prodactio
and health issues. The rabbit doe must reach aguatée maturity level (body condition) at first
artificial insemination (Al) to face its productivée with minimal guarantees (around 7.0 mm of
perirenal fat thickness, 2.8 ng/mL of plasma leptincentration and around 18% and 15-20% of body
protein and fat, respectively). This goal can bleie@®d by restricting feed intake from 12 weeks of
age until first Al or feedin@d libitumwith a fibrous diet (<10.5 MJ digestible energy/lkgm 60 d

of age to first parturition. Once the doe is repi@dg, the increase of the n-3 fatty acids (or ctidn

of the n-6/n-3 ratio), soluble fibre (under epidzoanteropathy) and the Arg/Lys and GIn/Lys ratios
may help to improve the reproductive traits of itldomes, although their optimal level of inclusion
remain to be identified. It is recommended to limit excessive negative energy balance before
parturition, and the supplementation of glucoseysors to reduce the ketosis incidence could be
useful. The formulation of different diets for tdee and the litter to fit better their requiremeansl
assuring their health would be an option to consideen it would be applicable in the farm. The
influence of the mother on the litter microbiotadaimmune status and its potential modulation
through the diet open a new research area thatleskrve more studies in the next future.

Key words: Body condition, Lactation, Nutritional requirenienRabbit does, Rearing.

INTRODUCTION

Feed is the greatest cost in rabbit productioacttounts for almost 45% of the total costs of ditab
farm in Spain (72.5% of the variable costs) anaveen 55 and 60% in France (Cartueheal, 2014;
Couteletet al, 2015). Rabbit doe feeding only makes up aroureltbird of the total feed cost (3.7
and 31.7% for the replacement and reproductive,despectively; Cartuchet al, 2014). In spite of
the lower incidence in the total feed cost compaeefdttening rabbits, the nutrition of the rabibite

is highly relevant to the final farm profit. In fla@ccording to these authors, the traits withghéi
economic weight were the feed conversion rate dufatening and the number of kits born alive,
being the latter influenced by the genetic and rgameent (Huneau-Salai@t al, 2015), but also by
the feeding of rabbit doe.

In this way, the feeding of the rabbit doe candlyeaffect the number of kits born alive, but atke
milk yield and composition, and therefore the seaiand growth of the kits during lactation (Pascua
et al., 2013). In fact, some studies indicated that teelifeg and genetics of the rabbit can affect the
immune status of the kits at weaning, and evenritidence of digestive disorders during the growth
period (Garcia-Quirést al., 2014).This indicates that the feeding of the rabbit doesonly has a
direct effect on the cost of feeding and produttiduring the reproductive period, but also on the
performance we will obtain during the fatteningipér
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As a consequence, research on rabbit does nutatidrmanagement has focused on the reproductive
period, because the nutritional requirements areenttemanding (lactation, overlapping between
cycles, resources recovery...). However, focusing eftorts only in this period is not enough to
maximize the potential of our reproductive rabloes. A large number of works carried out during
the rearing period (Xiccatet al.,1999; Pascuadt al.,2002; Rebollaet al.,2011; Martinez-Paredes

al., 2012, 2018 and 2019) have demonstrated the relevah adequate management and feeding
strategies in this period on the future performasfaabbit does.

The present work aimed to review the current kndggeavailable on rabbit doe nutrition, to establish
nutritional requirements and strategies for thengpand adults’ rabbit does, which take into account
the production, and health of rabbit does, andadhatvs us to progress to a rational rabbit proiduact
system.

NUTRITIONAL REQUIREMENTS AND STRATEGIES FOR REARING THE FUTURE
RABBIT DOE

Rearing development and body status

Different works in different species suggest thegtching an adequate development at the beginning of
the reproductive life could be key to both imprgreductivity in the short-medium term and persist
for a longer time (Pascual et al., 2013; MartinazeEes et al., 2018). In rabbit does, many works
consider the evolution of body weight, body comditiand hormonal status as the relevant factors
during the rearing period (Pascual et al., 2008sE traits are closely related to each otherhBut

do these traits affect and how should be their g to improve the potential of the reproductive
rabbit does? The answer would be that status tlmtsafemales to face the cyclical effort with the
highest productivity, by optimizing their fertilitgnd life span, as well as the numebr and healkiitof
weaned.

Regarding how the growth of the young rabbit doeutth be, we must consider the existence of
different growth patterns according to the genstpe, the environment and/or the individual itself.
Notwithstanding, regardless of these factors, gthdtowth seems the best option for rabbit females
during the rearing period. Some studies have obsetivat a controlled growth of young rabbit does,
by quantitative or qualitative feeding restrictiaallows a gradual development during the rearing
period and better performance during the firstadpctive cycles (Xiccatet al.,1999; Pascuadt al.,
2002). Recently, Martinez-Paredssal. (2018) obtained worse results both in the firgtysé@ion (on

av. —1.3 liveborn) and in the whole productive peri—6.1 liveborn and —4.8 weaned) for those young
rabbit does that showed faster growth patternsi@d® in advance) during the rearing period.

On the other hand, the different works that evalddhe evolution of body resources and metabolic
profile, help to reinforce the idea that a deviatfoom the adequate body condition pattern duriveg t
rearing can be harmful to the future performanceabbit does (Savietto et al., 2016;Martinez-Pasede
et al., 2018). In this sense, Friggens (2003) sstggdat reserves mobilization could have negative
consequences on reproduction when is far from ptimal level. The development of methods to
determinein vivo body condition in rabbit does (Pascedlal., 2004; Peredat al., 2009; Pereda,
2010) has been very useful to evaluate the evaolwidody reserves of young rabbit does during the
rearing and reproductive periods, reaching singitarclusions.

Martinez-Paredest al. (2018) observed that rabbit does having a highrqreal fat thickness (PFT) at
the first artificial insemination (Al) also had awer reproductive performance at the first parimit
and in whole productive period (-3.2 liveborn ad0-weaned for each mm of increment in the PFT
value). This worse reproductive performance ofkhioung females may be related to an increased
number of prenatal losses during gestation (Vicental., 2012), and/or to an increased culling risk
among females with excessive PFT (Theilgaardl.,2006; Martinez-Paredes al.,2018). About the
risk of death or culling of females during the regrperiod, high PFT at first Al followed by a high
pre-partum mobilization of reserves, low pre-partdigestible energy (DE) intake, as well as high
non-esterified fatty acids and low glucose leveisthie blood at first parturition, are all factors
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associated with pregnancy toxaemia (Martinez-Paretal., 2012). In addition, the rabbit does that
had a high PFT at the first Al, showed a PFT evwafupattern different to the rest of the femalesilun
the second parturition, not being able to recokertiody condition that they had at the moment ef th
first parturition (Martinez-Paredest al., 2019). In contrast, the body composition at fikst(body
protein, fat and energy measured by bioelectrivgleidance) did not influence the fertility rate s t
first parturition but did it at the second one (fagti et al.,2011a,b). These authors reported that the
increase of body protein and fat combined withwva bwdy protein/energy ratio at first Al improved
the fertility rate at the second parturition. Thedgo found an increase in the percentage of kita bo
alive over the total born in the first parturitisrinen the body protein and energy content increased
first Al. Similarly, in a rabbit line selected fgrowth rate, Naturil-Alfonscet al. (2016) observed
better performance results in the first third cgadé the rabbit does with a higher PFT value affitise

Al (+0.5 mm respect lean ones). These studies stighat more mature nulliparous does (but no
overfatted ones) with a body protein content néd6 night have a better performance, probably due
to the less competition between growth and pregnamay exist. The maturity level depends on the
age, diet and the genetic type. The question ig tieaoptimal range for body condition at first i&l

to optimize performance? It is also important tosider that the variability of the body condition a
the beginning of the productive life is a key poarid may account for some of the observed
differences among studies.

Some of the blood metabolic parameters controllednd the rearing period can also help us to
evaluate the body status and future performancthefrabbit does. One of them is the leptin, a
metabolic indicator of body reserves that helpsegulate energy balance by modulating feed intake
and fat storage in adipocytes. After reviewing theults of different studies that measured leptin
during the rearing period (Brecclea al., 2006; Arias-Alvarezt al.,2009; Rebollaet al.,2011, and
Martinez-Paredest al., 2012), it has been observed that to be succeasfirst mating, a minimum
threshold of leptin must be reached (2.8 ng/mlas a sign that the female is ready to start its
reproductive life. Another good metabolic indicatior this case of body reserves mobilization, & th
non-esterified fatty acids level in the blood (NEFARebollaret al. (2011) observed that a lower
concentration of NEFA in the blood of rabbit doasfiest parturition was correlated with a better
fertility at 11 d post-partum, and with a lower riadity of females and its litter at birth.

In brief, a proper management of physiological #gwaent of young rabbit does during the rearing
period maximize both their productivity and lifegp®uring the rearing period, the animal's growth
pattern should be progressive (Figure 1), allovilmgyachievement of an adequate maturity degree at
the beginning of its productive life, avoiding essive fatness, to favor long-term reproductive
performance and lifespan. In additian, vivo tools to evaluate body condition could be useful t
evaluate the management and feeding strategiafust growth patterns in the future.
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Figure 1: Evolution of live weight of young rabbit does wiin uncontrolled feeding prograre) or
another programmed for a progressive developm@&ntBoth programs allowed a similar live weight
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at first parturition, but the uncontrolled one lsdad an overweighing of females around first mating
which had negative consequences on further reptivduperformance and lifespan. Adapted from
Martinez-Paredest al. (2018).

Rearing feeding programs: concentrate diets

To achieve the goals previously mentioned, theifgednd management programs during rearing
must allow achieving adequate body condition angsiathogical development (both digestive and
reproductive) to optimize future resource utilipati It will allow reproductive rabbit does to fattee
usual environmental and reproductive challengeh wiiccess. The definition of the type of feeding
program, the period of application and age at firating will be key to achieve these objectives.

Ad libitum programsThe use ofad libitum supply of reproductive or fattening diets at timset of
rearing (8-10 weeks old) was a feeding program lyidsed for many years in rabbit farms, addressed
to achieve sexual maturity as soon as possibledace rearing costs. This is the opposite of the
gradual development that we mentioned previougty.fdct, the results obtained iad libitum
programs were increased risk of digestive problentbe first weeks of rearing period (Rommets
al., 2004a; Martinez-Paredes al. 2012), greater fatness and higher prenatal mgrt@¥iudes-de-
Castroet al., 1991), lower fertility at second parturition (Réboet al., 2011), gestational toxaemia
and lower feed intake at the start of lactation rtivi@z-Paredest al., 2012), and reduced lifespan of
rabbit does (Rosell, 2000; Martinez-Pareelesl.,2018).

Restriction programsSome authors (Partridge, 1986; Maertens, 1992pgsed the use of feed
restriction of the reproductive or fattening diats an alternative to the traditiorsd libitum rearing
programs. However, several studies indicated tbatesrearing programs based on feed restriction
could delay growth and sexual maturity at first imgt(Rommerset al., 2004b), impair fertility
(Szendé et al., 2006, Rebollaet al.,2011) and prolificacy (Rommeet al., 2001 and 2002, Naturil-
Alfonso et al., 2016). Such a strategy may also affect milk y@fldactating does (Menchettit al.,
2015). These downsides could be the result of rom@r management of the restriction because there
are many variables that can influence the programcsess (the application period, restriction level
deficiency on some micronutrients, genetic typeln. fact, results from feed restriction trials hanat
provided conclusive results.

Suitable age to start and finish restrictioih.seems appropriate not to start the restricbhefore 12
weeks of age in order to ensure the proper devedapmf the main physiological structures of the
female (Deltoro and Lopez, 1985). Pasaetadl. (2002) started the restriction at 10 weeks of (A4€®
g/d) and the first insemination had to be delayedhat the females reached 3 kg of live weight.
However, Martinez-Paredes$ al. (2012 and 2019), with a similar restriction progrthat started at 9
weeks of age, reported a lower body weight of idstl females at the first insemination, but
differences disappeared at parturition, having teeb@erformance during the first two reproductive
cycles. In other studies, it has been evaluateriatsn or undernutrition after the first Al. Mahat

al. (2010) restricted mature females (5 months oldindul5 or 20 days after first mating, showing an
improvement of doe kindling performance and kit dmigr traits from birth till weaning without
adversely affecting progesterone level and embryomortality. However, Menchetit al. (2015)
observed that a severe restriction (90 g/d) of ipd@mous rabbit does at mid-late preghancy (19-28
days of gestation) led to a negative balance aactased perinatal and pre-weaning mortalliye
success of the use of feed quantitative restriaimng the rearing period depends on the futupbita
female reaches an adequate physiological maturitheafirst insemination to be able to cope first
pregnancy with sufficient energy body reserveseitimer case, the feed restriction should end at
calving.

Restriction levelEibenet al. (2001) compared young females fed at 100, 95dsling one day in a
week), 82 (9 h of daily access to feed) and 76%edfidaily maintenance provision) afl libitum
feeding, and only observed a delay in reachingatlerjuate body weight at first mating in the last tw
groups, without negative consequences on repradugrformance. Although there are not many
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studies with different genotypes, Matiesal. (2008) described a longer delay achieving theetar)
weight (between 4.5 to 5 kg) when the restrictiaswapplied in females with a larger format (around
6 kg of adult age). Similarly, in a rabbit line eseted for growth rate, Naturil-Alfonset al (2016)
observed worse reproductive performance result? ki6dling rate, +0.18 and +0.29 gestational and
foetal losses and —1.6 kits during the first thmeggroductive cycles) when rabbit does were reslict
(130 g/d) a month before being mated. Howeverheostudies done with the same scheme and line,
the differences on reproductive performance disaygae (Naturil-Alfonscet al., 2017). In maternal
crossbreed females, Martinez-Paredesl. (2012) observed that a restriction of 140 g/d esid@
weeks of age, with a flushing 4 days before matit&weeks of age), led young rabbit does to show
an energy intake below to the recommendations @fecand Trocino, 2010), causing a delay of body
development respect to those fadi libitum. However, these restricted females with flushireched

the first Al with a desirable lower PFT level, witlt consequences on fertility and reproductive
performance.

Long-term effects of restrictionThere is practically no information on the longrteeffects of
restriction during the rearing period, but MartifiRaredes (2008) did not find differences in lifespa
nor in reproduction parameters (born alive and wdaer year) compared to otleet libitumfeeding
systems during nine reproductive cycles.

The results seem to indicate that the restrictioasdnot produce negative effects if applied at the
beginning of the reproductive life of the rabbitnf@les if they assure sufficient physiological miggur

at first Al. However, more studies in the long-temust be done to corroborate these results and
understand the implications of this managementesysWith the results discussed above, we could
conclude that moderate restriction during the rngpperiod can let the young rabbit does achieve
reproductive success. However, the conditioningsnaainy, which makes it difficult to define a clear
management and restriction program during thengareriod.

Rearing feeding programs: high-fibrous diets

Another alternative could be tha libitum use of high-fibrous or low-energy diets duringrieg,
formulated to fit the requirements of young raltoves. Theoretically, their use could prevent over-
fatting and promote digestive tract developmernitrtprove feed intake capacity before and after the
first parturition, contributing thus to reduce pb#s energy imbalances that usually affects
primiparous rabbit does. The results obtained wf fbed strategy seem to depend on several factors
such as the chemical composition of the diet, theagement system of the females, the genotype and
the environmental conditions of the farm.

Suitable age to introduce high-fibre diess the success of this strategy is partially gibgnthe
greater development of the digestive tract of gmadle (Fernandez-Carmoatal., 1998), it would be
advisable to begin the administration of fibroustslibefore 12 weeks of age, when the development
of digestive tract is almost completed (Deltoro &ngez, 1985). For this reason, Pas@iall (2013)
proposed the application of fibrous diets as easl¥p0 days of life, because if these diets araidiec
later the expected benefits are limited, regardigsthe dietary amount of fibre [360-500 g neutral
detergent fibre (NDF) per kg DM; Quevedd al, 2005; Verdelharet al, 2005; Pereda, 2010;
Martinez-Paredest al, 2012]. Respect to the effect on body conditmearly introduction of this
type of diets allows to reach the recommended relavels to ensure the reproduction (Martinez-
Parede®t al, 2012), and reduce the level of NEFA in bloodiniyipregnancy or parturition (Rebollar
et al, 2011). Also, no differences in body energy cohiiccatoet al, 1999), or similar o lower
PFT values (Martinez-Paredetsal,, 2012 and 2018, respectively) have been obsextvidt Al when
their use was compared with the other feedingegras during rearing. The high-fibre diets were
usually offered until the first parturition withonegative consequences on the performance.

Nutrient recommendation&nother important aspect of the high-fibrous distshe level and nature
of the fibre they contain. If the lignin levels aecessive (above 150 g of acid detergent ligniDL(A
per kg of DM), puberty is delayed and fertility impaired respect to normal lignin values (50 ¢
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ADL/kg DM; Arias-Alvarezet al, 2009). However, lower values (107 g of ADL pgrxM) promote

a higher feed intake of young females, resultingdang females capable to take enough energy in to
overcome gestation, lactation and growth, and etsime time being also capable to conceive again
(Rebollar et al., 2011). These results are sinbildhose obtained with moderated ADL levels (59375
of ADL per kg DM) in multiparous does (Nicodemetsal,, 1999a and 2007). On the other hand, the
largest increases in rabbit doe intake during tewig+11 to +18%) were observed with rearing diets
that showed an NDF content of over 400 g/kg DMyalgh Rebollaet al. (2011) did not observe any
change in lactating feed intake of females recgiardiet with 505 g NDF/kg DM during rearing. The
reduced digestible energy content of high-fibroietsddoes not seem to be a limiting factor, even
when animals are subjected to fibrous diets comgifi to 9 MJ DE/kg DM. In fact, when female is
fed with such low levels, they could reach an adeglive weight between 18 to 19 weeks of age
(Pascualket al, 2002), and improve the resources acquisitioinduthe first lactation (Nizzat al,
1997; Pascuatt al, 2002; Quevedet al, 2006a,b; Rebollaet al, 2011; Martinez-Paredes al,
2019). Even the combination of these fibrous dveth others of higher energy content can be an
alternative to adjust to the development objectlissussed in the previous section. Martinez-Parede
et al (2012 and 2019) used a fibrous diet (8.7 MJ DEJKY) throughout the whole rearing period but
allowed the access of young females to a higherggneoncentration diet (11.0 MJ DE/kg DM)
around mating (from 16 to 20 weeks of age). Whempared to other rearing feeding programs, this
management allowed achieving the best performaesalts during the first reproductive cycle.
Finally, Saidjet al. (2019) observed that, when increasing the crudeejr (CP) content from 150 to
170 g/kg in diets with 10.9 MJ DE/kg, no signifitatifferences were observed at the metabolic level
(glucose, triglycerides, urea and total proteimlimod) and in reproductive performance (feed intake
live weight and litter size at birth).

However, if we make a small metanalysis with thetiéd data available in the literature we can draw
some conclusions about the possible effect of themical composition of rearing diets on
primiparous rabbit does performance (Figure 2seltms that an excess of ADF reduces the rate of
conception at first mating, an excess of CP carease the rate of stillbirths at first parturitiand
reducing DE can increase feed intake during ths leactation.
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Figure 2: Meta-analysis on the effect of composition of fised received during the rearing period on
the conception rate in the first Al, stillborn mtand feed intake during lactation of primiparoaishit
does. Built from literature (Xiccatet al., 1995; Nizzaet al.,1997; Pascuadt al., 2002; Quevedet
al., 2005; Arias-Alvarezt al., 2009; Rebollaet al.,2011; Martinez-Paredex al., 2012; Martinez-
Paredes et al., 2018; Sadljal.,2019). LW: liveweight.

Long-term effects of high-fibre dietdsually, reproductive and physiological differencssserved
between the different rearing feeding programspgisar from the second parturition. In this sense,
Martinez-Paredes (2008) did not find long-termetiéhces associated to the use of high-fibrous diets
during the rearing period. However, some authoke ldescribed some positive long-term effects of
the use of high-fibrous rearing diets: Nizaal (1997) obtained a higher litter size and heakisrat
weaning during the first four reproductive cyclBgiscuakt al (2002) observed increased number of
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weaned kits, lower interval between parturitionsl &anger lifespan of females for two years; and
Martinez-Paredest al (2018) described a higher total number of borhweaned rabbits (+6 and +5,
respectively) during 3 years, compared with youatgbit does fed with a reproduction diet. Although
lifespan depends on a large number of factors, airmiie most important particularities of rabbit
females characterized by a higher lifespan is tlsirer dependence on fat mobilization to ensure
reproduction (Saviettet al.,2015), as body reserves are used as a safety.factact, Theilgaarcet

al. (2006) observed that rabbit females with a lowybodndition (fatness group 1 vs. group 2), or
showing higher mobilizations, had an increasedtigarisk of culling 1.00 vs. 0.45). Martinez-
Parede<t al. (2018) observed that rabbit does fed with fibrdiet during rearing (436 g NDF/ kg
DM) showed a +13% of life expectancy than othet feith reproduction diet in a population
observed for three years. In contrast, Delgeidal. (2017a), for rabbit does reared with a fibroug die
fed ad libitumuntil one week before the first Al, observed ttiatse with reproductive success along
the first five Al (from 45 to 90%) had a greatet maobilization (from -97 to +78 between the second
Al and the first weaning than those who failedestst in one cycle. This successful group of rabbit
does had a lower body fat content (18s717.2%) and liveweight at first Al compared wittetother
rabbit does. These results might indicate the wiffeindividual capacity to manage body reserves in
critical periods, which might be linked to the ividiual genetic variability.

Therefore, theoretically, rearing feeding prograsi®wing the gradual provision of resources,
proportional development of young breeding animatgl proper mobilization at reproductive
challenge events should provide breeding animath i lower risk of culling throughout their
reproductive life.

Rearing feeding programs: polyunsaturated fatty aais

In recent years, other complementary and intergstirtritional proposals have been tested to improve
young rabbit female’s reproductive performance, hsues the use of diets enriched with
polyunsaturated fatty acids (PUFA) during the meguperiod. Rebollaet al. (2014) observed that kits
born of rabbit does fed with a diet enriched wit3 PUFA (+3.2 g/kg) weighed more and were
longer, as well as they have a lower number dbstih (—0.8) in the second parturition. This cobéd
related to the ability of n-3 PUFA supplements fréish products to reduce 2-series prostaglandin
secretion by the endometrium, preventing early goic death. Due to these results, the same
research team used the same n-3 PUFA supplemenh butdose fourfold higher (+14.3 g/kg),
obtaining a greater physiometric parameters, anrawg on fertility rate (+13%) in the second
parturition and a higher PUFA profile on milk respa control diet not enriched (Rodriguetzal.,
2018). Other studies (Mattiodit al., 2019) have observed similar improvement on feytilate in the
first cycle and from second to fourth cycle (+1@ ar13%, respectively) as a consequence of dietary
PUFA supplementation from different sources (exadidlaxseed or fish oil) during rearing and
reproductive period.

NUTRITIONAL REQUIREMENTS AND FEEDING STRATEGIES FOR RABBIT DOES

The current nutritional requirements standardsrétbit does were developed in the last century, as
well as clarified the differentiated role of enegpurces (fat and starch) in these diets (XiccE266;
Pascuakt al, 2003; Xiccato and Trocino, 2010; De Blas and Mgf€010). Since then there has not
been any update, in spite of the increase of ratdé productivity and possibly of its nutrient
requirements. Nowadays rabbit does have even aehigholificacy —that poses management
difficulties for farmers-, show an important protiue difference between primiparous and
multiparous ones, and pregnant or not, and thewirean relatively high replacement rate (Rosell and
de la Fuente, 2009), suggesting potential unbatamcéhe productive system. Regarding the feeding
strategy, there is a lack of studies evaluatingitiortal requirements in rabbit does in the longrte

as well as along the different physiologic statés. this section we revise whether new
recommendations can be derived based on the redtfisied with highly productive rabbits does in
this century.
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Arginine and glutamine supplementation

The interest in these amino acids derives fronr thefential influence on placental, embryonic and
fetal growth during pregnancy. It is well known teeonomic impact of litter size in rabbit farms
(Cartucheet al, 2014), which is affected mainly by ovulation gonatal survival rates, being the
latter around 0.35 both in rabbit does and sowagq®&iet al, 1993). In rabbit does, when the number
of fetuses increases the vascular supply to eaghantation site is reduced (Duncan, 1969). This
limited blood supply may produce smaller fetused anhigher fetal mortality rate, reducing litter
weight and size at birth (Argengt al, 2003). In this context, Arginine (Arg) is usedaagrecursor for
the synthesis of nitric oxide, polyamines and ott@npounds (Wu and Morris, 1998), playing nitric
oxide an important role in vasodilatation, reguigtthe uterine blood flow promoting the transfereenc
of nutrients to the fetus (Moncada and Higgs, 1836 et al, 2003). Regarding glutamine (GIn), free
GIn is abundant in plasma, milk and fetal fluidsu(¥2009), representing the uterine uptake of GIn in
pregnant gilts the highest compared to other anaicids (Wuet al, 1999). Nevertheless, the GIn
uptake by porcine mammary glands is not adequateifl protein synthesis (Lét al, 2009).

In standard diets for rabbit does the Arg/Lys and/IGs ratio is around 1.45 and 3.51, respectively
(Nicodemuset al., 1999b). When low Arg and GIn diets for rabbit deese supplemented with 4 g
Arg/kg (1.23vs 1.66 total Arg/Lys ratio, or 1.38& 1.85 apparent ileal digestible Arg/Lys ratio)4or

g GIn/kg (3.30vs 3.80 total GIn/Lys ratio, or 3.78s 4.29 apparent ileal digestible GIn/Lys ratio)
tended to increase the number of kits born par|{tt0.8), and the litter size once made the adogti
(+0.6) with no impairment of the rabbit doe bodydition along the first three cycles (Delgastaal,
2017b, 2019a). This effect was reflected at weamng trend to increase the litter size (+0.7), and
consequently the litter weight. The possible pesigffect of Arg might be associated with an inseea
of the uterine blood flow. In fact, in rabbit dode probability of mortality of fetuses is thremés
higher if they receive a single vein than if theceive two or more veins (Damiai al, 2013).
Otherwise, the effect of GIn might be related tbedter development of oocytes, an effect already
observedin vitro in hamsters and rabbits (Gwatkin and Haidri, 1988e and Foote, 1975), and
embryos (in hamsters and pigs; Carney and Bavis#&7; Petterst al, 1990), which might be linked
to the use of GIn as an energy sourCariously, there was no additive effect of the diameous
supplementation of Arg and GIn. These results sstgti@t the physiological period to supplement
these amino acids might be different if a synelgjistfect is wanted and possibly with a higher dose
than the one used in this study (total Arg/Lysaatf 2.64 in sows, Mateet al, 2007, 2008). The
different way of action of Arg and GIn to promotlificacy might recommend to supplement Gin
few days before insemination until at least embirpplantation (7-8 d after insemination), when
fertilization and implantation occurs (Harper, 19@lenker, 1977), whereas Arg supplementation
could be made few days before implantation un&l émd of pregnancy. At this moment, it is not
possible to supplement these amino acids in ratis (due to their price/availability) but theseu
might be reduced by using ingredients rich in Angl &In although it should be evaluated whether
they exert similar effects.

Enrichment in n-3 fatty acids

The requirements of essential fatty acids n-3 a6damd the optimal n-6/n-3 ratio are unknown in
rabbits, and there are still no clear recommendatiorobably due to the variability of the results
obtained. The n-6/n-3 ratio in diets with no add®drange between 4 and 15, whereas it is usually
below 4 in diets enriched in n-3 fatty acids. Thduction of the n-6/n-3 ratio (from 7.3 to 2.2, &4

g fat’/kg DM) using fish oil (7.5 g/kg) reduced thamber of stillborn in the second parturition and
increased the weight and size of newborn kits (Rabet al, 2014; Rodriguert al, 2017). Using
similar diets, reducing the n-6/n-3 ratio (from &7 1.0) with a higher dose of fish oil (30 g/kg),
Rodriguezet al. (2018) found again a greater size of newborn kietter embryo quality and higher
fertility in the second insemination, although aksdrend to reduce litter size at weaning (-0.6% wa
observed. According to these authors, these resugiht be associated with the hormonal changes,
due to the increase of oestradiol and leptin duldctption, and progesterone around the implamtatio
phase of pregnancy. It might be related to theuerfte of these PUFA on both prostaglandin and
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steroid metabolism (Wathes et al., 2007). The reoliof the n-6/n-3 ratio (from 13.4 to 3.5) using
linseed oil rendered different results, increaghmgynumber of kits per litter once homogenized §30.
with no other effect on rabbit doe productivity dmatly condition along the first four cycles (Delgad
et al, 2018a), but a reduction in the replacement ratalubit does when high n-6/n-3 ratio and high
soluble fibre levels were combined (Figure 3).

The benefits of the n-6/n-3 ratio reduction do se#m derived from the n-3 source. In fact, theigdart
substitution of soybean oil with extruded linseedish oil (dietary n-6/n-3 ratio: 1.7, 1.1, 1.Inch
different fat contents: 3.0, 5.6 and 4.0 respebt)vieoth improved fertility (on av. +13% percentage
units; without oestrus synchronization), the numifekits born alive (on av. +0.6) and weaned (on av
+0.3; without homogenization), milk production gmetrirenal fat at insemination in rabbit does along
the first four cycles (Mattiolet al, 2019). They also reported a reduction of them3bfatio in the
ovaries due to the enrichment with n-3 long-chaFR. The influence of n-3 fatty acids on the
hormonal status, as was commented before, mighebind these positive effects. Nevertheless, using
very similar diets, Menchettt al. (2018) found no improvement of reproductive traitmsidering
two cycles in multiparous rabbit does. Similarlye tenrichment of the diet with n-3 fatty acids from
extruded linseed (n-6/n-3 ratio: 448 1.0) did not modify fertility or prolificacy (Matenset al,
2005). There are authors reporting even negatsatseewhen marine algae PUFA was supplemented
in the diet, as the impairment of kit weight attlbiand at weaning in nulliparous does (1 cycle;
Mordenti et al, 2010). A consistent effect among different stadi that the modification of the
dietary n-6/n-3 ratio led to parallel changes ie thilk fatty acid profile (Pascuat al, 1999;
Maertenset al, 2005; Delgadoet al., 2018a; Rodriguezt al, 2018; Mattioli et al, 2019).
Nevertheless, most authors did not find any infagenf the n-6/n-3 ratio before weaning on litter
performance and survival after weaning (Rodrigeteal, 2018; Delgadet al, 2019b; Mattioliet al,
2019). However, Maerteret al. (2005) reported a reduction of fattening mortalityen n-6/n-3 ratio
decreased from 4.3 to 1.0 during the growing peridte lack of agreement among studies suggest
that other factors may be influencing the respdose3 fatty acids enrichment.
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Figure 3: Effect of level of dietary soluble fibre and n-&ratty acids profile on the proportion of
total removed does along four cycles (HSF and Ltfggh and low soluble fibre; Ln-6/n-3 and Hn-6/n-
3: high and low n-6/n-3 fatty acid ratiosdRoie fibre= 0.005; Roubie fibre x n-6/n-3 rati= 0.056) (Delgadet

al., 2018a)

These heterogeneous results (both for rabbit dogkits) may be accounted for the different content
of single PUFA (that could compete for the desaitelongase enzymes), the potential oxidation of
these fatty acids that depends on the dietary >adtat capacity, the different interaction with the
intestinal microbiota or differences in the expasmtal procedure (estrous synchronization, the gderio
of supplementation or age of does). Anyway, in nststlies, no negative effects on reproductivedrait
of rabbit does were reported for the dietary n-3olment.
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Particle size

The range of dietary level of insoluble fibre fabbit does is known, but the relevance of parsce
had not been evaluated. It is important becausisdhfluence on the mean retention time of the
digesta (Gidenne, 1993) and thus possibly on vatyrfeed intake, although the difficulty to quamntif
the fibrous large particles (> 0.3 mm) may havdtioh the available information. The quantification
of large particles has to be made using wet sieumglissolve’ the pellet. The main problem is the
swelling capacity of particles rich in starch amiuble fibre (like grain cereals and sugar beep)yul
that produce very bulky particles being quantisdarge particles when they do not stimulate dite r
of passage. It can be partially corrected detergitihe insoluble fibre content (NDF) in the residue
collected in each sieve. The inclusion of a very fwroportion of large particles (<20% in diets with
around 360 g NDF/kg DM) obtained by substitutinginhaalfalfa with paprika meal impaired feed
and DE intake, as well as reproductive traits (@agerof two cycles with multiparous does; Nicodemus
et al, 2006). Nevertheless, it is difficult to attairathow levels of large particles unless increasirey
content of some unusual byproducts. Dietary partisite may be also modified by using different
grinding sizes for fibrous sources. In this wa thclusion of alfalfa and straw coarsely grounad¢9

1 mm) in standard or low fibrous diets (containBigyto 20% particles > 0.3 mm, 23 to 14% NDF >
0.3 mm, and 10 to 1% NDF>1.25 mm, on DM basis) ceduthe proportion of culled rabbit does
during the experiment (8s 22%. Nicodemu®t al, 2010). These authors did not find any other
benefit, but an increase of feed and DE intakdnéwtreaning-parturition period and the fertility whe
coarsely ground fibres were included in low fibralists (270 NDF/kg DM). The opposite occurred in
rabbit does fed diets with 340 NDF/kg DM where thelusion of coarse ingredients impaired feed
and DE intake (in the same period) and fertilithe$e results are in agreement with those of Fortun-
Lamothe (1998), who reported that an energy resmof multiparous rabbit does in late pregnancy
had a detrimental effect on receptivity and miglggest that the pre-partum DE intake might be more
relevant to reproduction than pre-mating DE inté®eievedo et al., 2016a,b), probably due to the
great mobilization of body reserves at the endrefyjpancy (Fortun-Lamothe, 2006; Saviettoal,
2016). Finally, when highly fibrous diets are usetght be of interest to reduce the particle sze t
improve the digestibility. In this way, the redwstiof grinding size of alfalfa and barley (from 4db
1.5 mm, and from 16 to 11 % NDF>1.25 mm) in a Hiphous diet (420 NDF/kg DM) impaired the
feed intake in the first lactation but increasehithe second one, with no influence on reprodecti
traits and body composition of rabbit does aloreyfttst three parturitions (Romest al, 2011). The
wide differences observed in the proportion of ND2® mm obtained by Nicodemes al. (2010)
and Romereaet al. (2011) derive from the different level of fibrethaiso from the different type of
fibre used. The latter authors used a significambunt of sugar beet pulp, which increases the amoun
of large fibrous particles (due to its high-watetding capacity) although this fibre source does no
seem to stimulate the rate of passage compareayt¢didenneet al, 1987). This is a shortcoming of
this methodology that difficult the establishmerit a0 more robust value of minimal large fibre
requirements.

Accordingly, there is no advantage in reducingdjrig size in high fibrous diets, but it may be vhort
increasing it in very low fibrous ones, always pregg the pellet quality. Further evaluation oétdi
with coarse particle size might be also of intetestonfirm its potential effect on limiting feedtake
in rearing does fed high fibrous diets, and itstpaseffect on the culling rate of does in prodant

Soluble fibre

This fibre fraction was not taken into account &long time. In the last 15 years it was obserted i
utility in growing rabbits because of its positivéluence on the health status of young rabbitsraft
weaning in a context of epizootic rabbit enteropatirobably through its effects on the intestinal
mucosa and microbiota (Gomez-Coreteal, 2007; Trocincet al, 2013). In rabbit does the increase
of soluble fibre (80ss 130 g/kg DM and 330 g NDF/kg DM) reduced the aepiment rate on rabbit
does along the first four cycles, especially whemlsined with n-6 than with n-3 fatty acids (Fig@e
Delgadoet al, 2018a). The positive effect of soluble fibre be teplacement rate might be related to
the changes exerted in the intestinal microbiotaldldoet al, 2015). Soluble fibre might also
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explain the reduction of mortality around partariti which would be related to the slower starch
digestionin vitro in high soluble fibre diets that might extend tjlacose availability along time
(Farias-Kovaeet al, unpublished), or to the longer fermentation tiofiesugar beet pulp observed
vitro (Abad-Guamaret al,, 2018), which might both contribute to limit tketosis incidence. In fact,
in nulliparous pregnant rabbit does, a higher deldibre level has been associated with lower both
prepartum mortality and number of stillborn, fensalkhowing lower NEFA and higher glucose
concentration in blood at parturition (Martinez-&dgset al., 2012). No other positive effects of
soluble fibre have been recorded, and DE and Dékénturing lactation, milk production and litter
weight at weaning tended to reduce with the hidblsde fibre level. Similarly, the increase of sdieib
fibre (106 to 126 g/kg DM, and 320 g NDF/kg DM)late lactation (21-35 d) obtained by the partial
substitution of alfalfa and wheat straw for appldppalso reduced feed intake and kit weight at
weaning (Alvarezt al, 2007). These negative effects of soluble fibreewaore clearly observed in
high fibrous diets (460 g NDF/kg on average) withigh soluble fibre content (14& 180 g/kg) only
offered to rabbit does in late lactation (Martinéespinet al, 2011).

Further research is required to confirm the inteofsa minimal soluble fibre level in diets for taib
does.

Flushing

An adequate energy supply before insemination séere important to obtain good fertility rates in
most species and also in rabbits. In fact, rabbé& teceptivity impaired when they were restricted
from weaning to parturition, while the stimulatiohenergy intake from parturition to mating seemed
to improve the conception rate (Fortun-Lamothe,89%owadays it is not still clarified which of
these two periods is more important if not bothg avhat can we do to limit the negative energy
balance before parturition, which might be assediatith a higher ketosis incidence. The selection o
the main energy source to increase the DE intalghtndepend on the period, as starch might be
preferable before parturition and fat after patiom. One option is to feed rabbit does with a more
energetic diet (using fat) than the recommended(bhévs 10.6 g DP/kJ DE). However, in the long
term (6 cycles) in spite of the increase DE intakeing pregnancy and lactation observed (and
accordingly of milk production), a reduction of pficacy (-0.7), and higher litter mortality after
weaning (+4 percentage units) were found (Quewatdal., 2006a,b). In contrast, when rabbit does
were fed a diet to stimulate milk production (30RQF, 161 g starch and 49 g fat/kg as fed, wittf611.
g DP/kJ ED) the first 25 d of lactation combinedhaa standard diet (343 g NDF, 161 g starch and 24
g fat/kg, with 11.3 g DP/kJ ED) from 25 to 42 d xXnhearturition) no impairment (to rabbit does and
their litters), but also no benefit (including féty), was reported compared to offering to rakdhdies

the standard diet as sole diet (Read et al., 20@puld be interesting to evaluate whether a gpec
diet in the weaning-parturition period might bergerest.

Glucose precursors for rabbit doeBhe last days of pregnancy feed intake of rabbésde sharply
reduced (Ogeet al, 1978), although the fetuses still demand a higiount of nutrients, which
derives in an important mobilization of the bodgerves (Saviettet al, 2016), and an increase of the
plasma non-esterified fatty acid afiehydroxybutyrate (Minutiet al., 2015). In this period, the
increase of the number of fetuses reduced the plismglucose concentration and changed its
aminoacid profile (Minuti et al., 2020). Possibsy glucose deficit may lead to ketosis and to higher
mortality around parturition, especially if the @igy starch is low, similar to that reported in cow
(Nielsen and Ingvartsen, 2004), or impair fertilityhis situation might be counterbalanced by an
increase of the dietary energy increasing the Istamc other glucose-precursors in this period.
However, the optimal starch level was 200 g/kg Diitlf 355 g NDF and 35 g fat’kg DM), and both
higher or lower starch levels (combined with a i or increase of NDF+fat, respectively),
impaired the productive traits of rabbit does (DiasBet al, 1995). Using a different approach,
Nicodemuset al. (2005) compared three dietary strategies withnalai DP/ED ratio (12.4 g/MJ)
along the first three cycles. A control diet highstarch (191 g/kg DM) and 39 g fat’kg DM, a diet
with less starch and more fat (106 and 58 g/kg Dddpectively), and a third treatment in which the
latter diet was supplied the first 21 d of lactatiand from this moment to parturition rabbit doese

fed a diet with 163 g starch, 38 g fat and 25 goplene glycol/kg DM. In this work, the combination
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of these two diets compared with the enriched ffatig reduced mortality of rabbit does (1¥40%)

and improved fertility (81.3/s 88.2%), and also reduced kit mortality at birispect to the high
starch group (with no effect on feed intake). Samyl, the use of a diet containing a supplement of
glucose precursors combined with minerals-vitanairgind parturition (from -7 to +7 d) compared to
the same diet but with no supplement improved thedy fat content, fertility (84.¥s 75.0%) and
litter size at birth, with no effect on rabbit domrtality (Alfonsoet al, 2014). These effects might be
associated with a reduction of the ketosis incidete glucose supply of propylene glycol has also
the potential to increase plasma insulin that mightbit the fat mobilization like in cows (Nielsen
and Ingvartsen, 2004). Propylene glycol can be @aileuided in drinking water in order to increase th
energy supply. In this way, its supplementation (2%vater) for 4 d before insemination improved
fertility in 10 percentage units (64 53%; Luziet al, 2001). On the opposite, the supplementation of
propylene glycol (2.5% in water) from mid-pregnaroythe end of lactation or only during lactation
showed no benefits for the doe or the litter, ameneits supplementation in pregnancy-lactation
impaired the body fat reduction at the beginninglaaftation, and increased litter mortality after
weaning (Garcia-Garcit al, 2010; Saket al, 2011; Arias-Alvarezt al, 2013). According to these
results, more information about the dose, the famd the period of supplementation of propylene
glycol is required to optimize its use.

Feeding and body condition

The evolution of the body condition, and especiafyenergy balance, of rabbit does has been
extensively studied and reviewed due to the inténglimiting the negative energy balance in specif
moments of the productive cycle (Parigi-Bini andceéto, 1993; Fortun-Lamothe, 2006; Pasial
al., 2006; Pascuadt al, 2013). These traits are mainly influenced by natritional factors as the
genetic type, physiological state, reproductivetihy, reproductive success, litter size and weaning
age. Nutrition also play a role in the variatiorigiee body condition and energy balance, being the
most relevant factor the level and source of enéstprch, animal fat or vegetal oil) as reviewed by
Pascuakt al. (2003) or reported by Fortun-Lamotbeal. (2005). In addition, the effect of the energy
source on the use of body reserves depends onetietig type and priorites of the rabbit female
(Arnau-Bonachera et al., 2018a). In lines seletdedrowth rate, females are characterized by & hig
dependence on their body reserves to cope withhigiie demand of the current lactation, obtaining
better results when using diets that promote mitidpction (animal fat). However, in lines selected
for hyper-prolificity, the foundation criteria haygromoted a pattern based on the body reserves
accretion during lactation to cope with future ahirction, obtaining better results when using diets
that promote body condition (starch).

Besides nutrition, other factors like particle siaeginine/glutamine supplementation, level of b#u
fibre and n-6/n-3 fatty acid ratio failed to exarty influence in the body condition of rabbit does
along at least three cycles (Rometaal, 2011; Delgadat al, 2017b, 2018a). It might suggest that
rabbit does have an important adaptability to tie¢, @s long as the diet do not deviate a lot fthen
nutritional standards (De Blas and Mateos, 201@catio and Trocino, 2010). In addition, we must
bear in mind that reproductive rabbit does naturstiow positive and negative balances in their body
condition, genetically driven by their homeorhetistem, both throughout the reproductive cycle and
life. We should not fight against these naturgettories, but we should find a feeding progrant tha
avoids an excessive deviation of the body condifiom this normal trajectory, which could put the
animal at risk. These deviations occur frequerdglycdmplicated parturition, seasonal environmental
variations, presence of some pathogen ...) andigtanust facilitate the female's homeostatic gbili
to resume her trajectory (Pascathl.,2013).

Feed for the doe or for the litter

Considering the difficulties to provide differeniets to the rabbit doe and the litter in the curren
productive systems, and assuming their differertitanal requirements (Xiccatet al, 2006),
although roughly defined, especially to minimizgehtive troubles in the litter after weaning, saver
attempts tried to adapt the diet of the rabbit wothe litter. In this context, the substitutionrr 18 d
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of lactation to weaning of the rabbit doe dietr@asing the NDF and fat level (from 276 to 305 and
from 30 to 55 g/kg as fed, respectively) and desirgathe starch content (from 190 to 95 g/kg)
allowed both to maintain the body condition andiligy of rabbit does and reduce litter mortalitftex
weaning (Fortun-Lamothet al, 2005). When the substitution was done increatiegNDF (up to
329 g NDF/kg) but reducing both the starch andcfattent (95 and 32 g/kg, respectively), litter
mortality after weaning was also reduced, but imgghibody condition and fertility of rabbit does.
These results suggest the importance to meet thyemequirements of rabbit does, but also the
minimal fibre requirements of suckling rabbits hé tonset of feed intake. Using a similar design,
Alvarez et al. (2007) increased the dietary soluble fibre (frof6 to 126 g/kg DM, with 322 g
NDF/kg DM) from 21 to 35 d of lactation, but it neckd kit weight at weaning, with minor effects on
rabbit does, and the influence on litter healthustavas not observed due to the very low mortality
rate. Martinez-Vallespigt al. (2011) followed a similar strategy and substituatd 7-d of lactation a
standard breeding diet for another one in whiclhchtavas partially substituted with insoluble (ADF)
and soluble fibre, and with a low dietary proteontent (and that was also offered to the litteeraft
weaning). The latter diet reduced the litter mdstadfter weaning, but impaired feed and DE intake,
milk production, and body condition of rabbit doasd litter weight at weaning. These effects
observed in rabbit does might be related to thealddling effect produced by the combination of a
high dietary NDF and sugar beet pulp level (Caratsfal, 1997) that might limit both feed and DE
intake (Garciat al, 2002). Using a similar approach, Gerenegéal. (2011) changed the rabbit doe
(and litter) from a breeding (136 g crude fibre,gtéat and 185 g starch/kg as fed) to a growing die
(172 g crude fibre, 31 g fat, 151 g starch/kglasd lactation (21-35 d), although no positive dffeas
obtained neither in the litter (medicated after mieg) or the rabbit does along five reproductive
cycles. However, this type of strategy reduceerlithortality after weaning with no negative effects
on rabbit does along three reproductive cycles ¢Re¢al, 2016). These authors fed rabbit does from
kindling to 25 d and from 35 (weaning) to 42 danslard diet (343 g NDF and 161 g starch/kg as fed,
and 11.6 g DP/kJ ED), while from 25 to 35 d offeeethttening diet (415 g NDF and 70 g starch/kg,
and 9.7 g DP/kJ ED) compared with a standard remtozh diet along all the cycle or the
combination of a reproduction and a milk enhandetsd These results enhance the interest to provide
different diets to the mother and the litter, mgitd optimize litter health after weaning avoidiagy
impairment of rabbit doe traits.

New ingredients for rabbit does

Fibrous sources, legumes, glycerdon-usual ingredients, mainly industry by-produets included

in rabbit diets with caution due to the scarce rimfation regarding its effect on feed intake and
nutritive value. However, there are few studiesingsnew’ ingredients in rabbit does. Nicodenets

al. (2007) reported that soybean hulls and defattegdegseed meal can be included up to a 220 and 50
g/kg level in substitution of alfalfa, straw anchfawer hulls with no impairment of performances. A
higher level of soybean hull reduced feed intaksgite of the high lignin level of the diet. Regagl

the protein sources, the replacement of soybearsamitbwer meals by rapeseed meal (100 g/kg) and
white lupin seeds (140 g/kg; Volei al, 2018), by white lupin seeds (250 g/kg; Vokdlal, 2014) or

by dehulled white lupin seeds (180 g/kg; Uhriloval &/olek, 2019) did not modify the productive
traits of rabbit does, but enriched their milk 13 fiatty acids. Similarly, the inclusion up to 5kg of
glycerol for starch had no influence on the prodhectraits of rabbit does (Ifiget al, 2011).

Probiotics. The interest to study the effects of probioticgabbit does is scarce considering the few
number of publications. The use Bacillus cereusvar. toyoi in rabbit does (2xi@pores/kg diet)
reduced the parturition interval and increased fefidiency and numerical productivity (Nicodemus
et al, 2004). The same probiotic and dose producedrdiffaesults, reducing kit mortality the first 18
d of lactation (in the second lactation), incregdine feed intake of rabbit does in the second qgart
lactation and the litter growth rate during laaat{Pinheircet al, 2007). These results were similar to
those obtained with Bacillus CIP 5832 (Maertensal., 1994).Another probiotic with positive results
Is Saccharomyces cerevisid@ rabbit does, it improved fertility and reducertality of does and
suckling rabbits (Belhasest al.,2016). Nevertheless, the precise mechanisms béhase effects of
probiotics are not clearly understood.
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NEW OPORTUNITIES IN NUTRITION FOR RABBIT DOES
Effect of diet on the rabbit doe microbiota and itstransmission to the litter

The main inheritances left by the rabbit doe fe litter are its genetic and microbiota, being Iiger

the only that can be influenced by the diet. Therabiota might play a relevant role in the rablmed
longevity, but also in the future litter health apérformance. The transfer of intestinal microbiota
from the mother to the litter is showed when thmilgirity of caecal microbiota was studied at 26fd o
lactation in rabbit does (fed no antibiotic) anckithlitters with different cross-fostering policies
(Abeciaet al, 2007). These authors reported that the caecabbi& profile of kits from the same
litter clustered together, independently if theyargld or not their biological mother. The biological
mother seemed to have an influence on the intéstinaobiota but weaker than the effect of the
mother who finally suckled them. But how the mothesinsfers its microbiota to the litter?
Apparently, there are two periods to do that, dytime short passage of the kits through the birth
canal, and along lactation through the bacterigguein the milk, in the faeces, that presenha t
skin around the nipples and in the hair used asmaterial. If we assume the absence of bacteria in
the placenta of mammals, that is not completelgadided (Jiméneet al, 2008; Willyard, 2018), the
first maternal bacteria to be in contact with thes kvould be that present in the birth canal. This
microbiota comes from the digestive tract and waelach the reproductive tract (and the mammary
gland) by translocation as observed in mice andsc@onnet-Hughest al, 2010; de Andrést al,
2018; Klein-Jobstet al, 2019), although there is no data in rabbits.

The second contact with the maternal microbiotald/twe with that present in the nest material (hair
combined with the ‘foreign’ microbiota in wood sliays or straw), that around the nipples (no data
for both), in the milk like in other mammals (Martét al, 2004), and that present in hard faeces
excreted in the nest (Kovaesal, 2006). The intake of fecal pellets was obserwethéwo days after
birth, although it is more frequent from 7 d aftérth onwards (Combest al, 2014; Nicodemust

al., 2015). The increase of faecal pellets intake glrpenting the nest with additional pellets)
accelerated the microbiota implantation in kitsotee and improved their health status after weaning
(Combes et al, 2014), although this is not alwdyseoved (Nicodemust al, 2015). It might depend
on the faecal pellet composition (microbial andmotoal), which in turns depends on the diet, and
anyway, it seems that no benefit is obtained fremaving the maternal faeces from the nest. In this
way, the separation of rabbit does from the litterly joined for nursing (2 times/d, and all mother
faeces were removed), decreased the number ofldesataria, the villus height/crypt depth ratio and
the development of the appendix in the kits (Zhangl, 2018). The supply of selected faeces in the
nest might be of interest to modify the microbiptafile of the litter when trying to avoid antibiot
resistant genes (Archard et al., 2019)

Another source of bacteria is maternal milk. Mitlkake begins just after birth, and now is well know
its endogenous microbial content in mammals comfitrhoth by DNA detection as well by bacterial
isolation (Fernandeet al, 2013). The sequencing of 16s DNA in milk of 6atthting rabbit does
revealed the main operational transfer units (OT(Waple 1; Delgadet al, 2015 and unpublished),
and some of the most abundant are also presentkrohsows and humans (Fernandszal., 2013,
Chenet al., 2018). It seems that at least some bacteria doaislocate during pregnancy from the
maternal digestive tract to the mammary gland aiilkl fde Andréset al., 2018). However, the key
guestion is what role play these bacteria and venath composition can be manipulated through the
diet. Previous studies described in kits in thetfiveek of age that once the small intestine is
colonized exists bacterial translocation to the eneric lymph nodes (Uraet al., 1995, 1996;
Delgadoet al.,2019c). In this way, Delgadet al. (2015 and unpublished) studied the microbiota in
the milk and faeces of rabbit does (6-d lactat@m)l mesenteric lymph nodes of 6-d old kits, when
rabbit does were fed a combination of two dietamels of soluble fibre (8s 13% on DM basis) and
two n-6/n-3 fatty acids ratios (13va 3.5). One of the main surprises was the ideation of several
species of Lactobacillus in the milk and mesentgmoph nodes (Figure 4), as it was considered
absent in the rabbit. They also reported that mbdhe bacteria detected in the mesenteric lymph

14



World Rabbit Science Association
12th World Rabbit Congress - November 3-5 2021 - Nantes, France, Communication N-00 (Invited paper), 24 pp.

nodes were also present in the maternal milk and/tire faeces. The microbiota of mesenteric lymph
nodes clustered according the n-6/n-3 fatty adid,rthat also affected the milk fatty acid compiasi
(Delgadoet al, 2015, 2018a), and was closer to the milk thath&faecal microbiota, that instead
clustered according to the soluble fibre levelh@ilitgh it also affected some important OTUs in the
mesenteric lymph nodes; Figure 4). Consequentiyb#tteria found in the mesenteric lymph nodes of
kits probably come from the milk, the faeces omfrboth (Table 1; Figure 4). Curiously, only the
level of soluble fibre exerted a positive influenoe the rabbit health status after weaning (in an
epizootic rabbit enteropathy context) when fed shee diets than before weaning (Delgatial.,
2018b). However, when these weaned rabbits wera fedmmon standard diet, no effect on health
status was observed (Delgadbal, 2019b), indicating that these changes before iwgaare not
enough to improve rabbit health after weaning.

These results indicate that this microbiota camtieast partially modified by the diet, althoudii s
pose the question about what role plays this Initigcrobial colonization. At present, it is still
unknown the role of the microbiota found in the emsric lymph nodes on the colonization process
or in the immune system development, and the pateinfluence of its manipulation on the future
litter health. It is not clear whether this initraicrobiota might be behind the influence of thitefion

the rabbit health, and the relevance of the maténfiaence on the kit intestinal microbiota comedr
with that of the post-weaning diet.

The influence of the diet on milk microbiota suggethat it might modify the microbiota of the
mammary gland, which is a relevant issue considetime increasing mastitis incidence and
Staphylococcus aurewsdrains resistant to antibiotics (Moreno-Getaal, 2018). In fact, in humans,
the supplementation for the last 9 weeks of pregynari Lactobacillus salivarius PSPeduced the
mastitis incidence (Fernandet al, 2016). What bacteria may limit the mastitis depahent, when
and how should it be supplied and whether the tfpgiet can contribute to promoting udder health
are new challenges to be explored in rabbit do#isemext future.

Effect of diet on the rabbit doe immune system

In this same context, taking into account thathbalth of the rabbit doe and its litter is one lod t
most determining issues of the current farms’ pabiflity, it is also important to evaluate the gbks
effect of the feeding system on the immune stafubeorabbits and their litter3.he immune system
of animals, and among them rabbits, develops wjth deklovaet al. (2009) observed that the count
of the different populations of leukocytes in tHeda of rabbits increases with age up to six wesks
life. However, after that age, the counts are diyeguite similar to those of an adult rabbit. Hoeev
Guerrercet al. (2011) and Penades al. (2018) observed that the count of the differemiysations of
lymphocytes in the blood of breeding rabbits changjgnificantly throughout the reproductive cycle,
and that these counts could be influenced by théadility of resources and/or the reproductiveoetff
of these animals. In fact, they observed that thents of major blood lymphocyte populations were
generally lower in those rabbit does with weanihga compared to 28 days postpartum, probably
due to their greater lactational effort.

The immune status of rabbit does and their evatutiaroughout their reproductive life can be
essential to help improve their health and lifesparhis sense, Ferriaet al. (2012) observed that the
evolution of the lymphocyte populations of rabbated belonging to a genetic line characterized by
greater robustness and survival was significarifferegnt from a line selected by reproductive gide
especially when they were subjected to a challemigie heat stress. But could the rabbit does' diet
affect the immune status of the females and theldpment of the immune status of their litter? We
know that a diet rich in fat favors the productimimilk while another rich in starch more favore th
recovery of body reserves, regardless of the gehgte used (Arnau-Bonachert,al., 2018b). This
could affect the productive effort and recovery a@fy of the rabbits, and therefore their immune
status. Penadest al. (2018) studied the evolution of the immune stadfigabbit does of three
different genetic types fed with two different iseegetic diets, differing in their main energy smur
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(starch or fat). In general, the type of diet givlming reproductive life did not affect the leulte
population counts. However, females from a spemdililine had lower total lymphocytes (xx) and
those from a robust line had higher granulocytesmt(+x%) with the starch-enriched diet (xx vs yy
o/kg). The authors concluded that diet could affeetimmune system of rabbit does in function ef th
way of managing their body resources, and it cbialkte consequences in the health of the females and
its litter, since there is a correlation betwees ithmune status of the mother and its litter atnirea
(Guerreroet al., 2011). In fact, with the animals and diets of th@me trial, Garcia-Quirdst al.
(2014) observed that the animal fat-enriched diét to higher milk yield in females, resulting in
greater development of kits during the lactatiomique Moreover, these young rabbits reached
weaning with higher live weight and increased B pyrocyte counts. Bienertova-Vaskual. (2012)
described that the B-cell activating factor (BAEKpression was tightly related to adipose tissnd, a
its plasma level was also correlated with the eneeyived from the diet. Therefore, the higher milk
energy output of mothers fed the fat-enriched doetid be responsible for the greater B lymphocytes
counts in weaned rabbits.

CONCLUSIONS

The rabbit doe requires a minimal maturity (bodpdition) at first Al to face its productive life t
minimal guarantees (around 7.0 mm perirenal faktiess, 2.8 ng/mL of plasma leptin concentration
and around 18% and 15-20% of body protein andréapectively). This goal can be achieved by
restricting feed intake from 12 weeks of age ufitdt Al or feedingad libitum with a fibrous diet
(<10.5 MJ DE/kg) from 60 d of age to first partioit. Once the doe is lactating the increase ofitBe
fatty acids (or reduction of the n-6/n-3 ratio)e tholuble fibre (under epizootic enteropathy) drel t
Arg/Lys and Gln/lys ratios may help to improve tieproductive traits of rabbit does, although their
optimal level of inclusion remain to be identifidd. this period, it is important to limit the neyet
energy balance before parturition, and the supphatien of glucose precursors reduce the ketosis
incidence. The formulation of different diets fbietdoe and the litter to fit better their requiremse
and assuring their health would be an option teicar when it would be applicable in the farm. The
influence of the mother on the litter microbiotadaimmune status and its potential modulation
through the diet will deserve more studies in tbgt fiuture.
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Table 1: The first twenty operational transfer units (OTU®)re abundant in in mesenteric lymph nodes (MLINj-d old kits and their relevance
order in milk and faeces of rabbit does at the same. Values represent the order for each typgaaiple (values in grey indicate OTUs within
the 20 most abundant in milk or faeces that are @lfsindant in MLN) (Delgadet al., unpublished)

Operational transfer units Milk MLN Faeces
k__Bacteria; p__Proteobacteria; c__Betaproteohacter Burkholderiales; f_Comamonadaceae 1 1 65
k__Bacteria; p__Bacteroidetes; c__Bacteroidia; @ct&oidales; f__Bacteroidaceae; g__Bacteroides; s_ 126 2 9
k__Bacteria; p__Proteobacteria; c__Gammaproteoti@cte Xanthomonadales; f _Xanthomonadaceae; gnoBbphomonas; s__maltophil 6 3 92
k__Bacteria; p__Bacteroidetes; c__Bacteroidia; @ct&oidales; f __Bacteroidaceae; g__Bacteroidesvatus 143 4 28
k__Bacteria; p__Firmicutes; c__ Bacilli; o__Lactollates; f__Streptococcaceae; g__Streptococcus; s__ 2 5 84
k__Bacteria; p__Bacteroidetes; c__Bacteroidia; @ct&oidales; f__[Odoribacteraceae]; g__Odoribaster 230 6 34
k__Bacteria; p__Firmicutes; c__Bacilli; o__Bac#lgj f__Staphylococcaceae; g Staphylococcus; s 3 7 85
k__Bacteria; p__Firmicutes; c__Clostridia; o__ Qliolles; f__Ruminococcaceae; g__Oscillospira; s__ 30 8 6
k__Bacteria; p__Proteobacteria; c__Betaproteohacter Burkholderiales; f _Comamonadaceae; g__Trapitas; s__ 5 9 93
k__Bacteria; p__Firmicutes; c__Bacilli; o__Lactollates; f__Lactobacillaceae; g__Lactobacillus; s___ 7 10 103
k__Bacteria; p__Bacteroidetes; c__Bacteroidia; act®oidales; f__Rikenellaceae; g_ ;s 181 11 12
k__Bacteria; p__Bacteroidetes; c__Bacteroidia; act®&oidales; f __Porphyromonadaceae; g__Parabaleters__distasonis 232 12 19
k__Bacteria; p__Bacteroidetes; c__Bacteroidia; act®oidales; f__[Odoribacteraceae]; g__ Butyriciagrs__ 227 13 68
k__Bacteria; p__[Thermi]; c__Deinococci; o__Deinccales; f___Deinococcaceae; g__Deinococcus; s__greodis 82 14 120
k__Bacteria; p__Firmicutes; c__Clostridia; o__Qfioliéles; f _Lachnospiraceae; g_ ;s 100 15 8
k__Bacteria; p__Bacteroidetes; c__Flavobacteriiajféavobacteriales; f __[Weeksellaceae]; g__;s__ 4 16 104
k__Bacteria; p__Bacteroidetes; c__Bacteroidia; @ct&oidales; f _Bacteroidaceae; g_ Bacteroides 169 17 37
k__Bacteria; p__Firmicutes; c__Clostridia; o__Qfiokales; f__Ruminococcaceae; g__ ;s 13 18 4
k__Bacteria; p__Bacteroidetes; c__Bacteroidia; @ct®&oidales; f Bacteroidaceae; g_ Bacteroidedrayilis 209 19 66
k__Bacteria; p__Firmicutes; c__Clostridia; o__Qfiokales; f__;g_ ;s 26 20 1

k: kingdom, p: phylum, c: class, o: order, f: fayni: genus, s: specie. MLN: mesenteric lymph noofe§ d-old kits. Milk and faeces of does in 6-d lattation
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Figure 4: Abundance of different operational transfer ufritsmber of 16s DNA sequences in 400 mg of
fresh sample) in mesenteric lymph nodes (MLN) af @d kits and maternal milk and faeces at 6-d of
lactation (Delgadet al., unpublished).d high soluble fibre dieZ low soluble fibre diet]
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What should we do during rearing?

DECUATE DEVELOPMENT :> ADECUATE MATURITY
iscual et al., 2013; Martinez-Paredes et al., 2018) Fertility and prolificacy
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Great variability

Resilience

Kits growth and health
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1. Growth pattern
Indicators for adequate |

2. Body condition
development

3. Blood traits




Moderate growth pattern during the rearing
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Martinez-Paredes et al. (2018)

Negative consequences of
a fast pattern:

FAST PATTERN

4/ 1.3 liveborn during the 1% cycle

MODERATE PATTERN |, 6.1 liveborn and , 4.8 weaned

during the whole reproduction

T T T T 1

88 113 138 163 188 (Savietto et al., 2016; Martinez-Paredes et al., 2018)
days of age
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Av0|d excesswe fatness at 15t Insemination

Bew Bex BF Bk B Martinez-Paredes et al. (2012)
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lisk of pregnancy toxemia:

Froen st parturition 1o 181 weaning {a) From 15t to 2rd parturition (b)

Low pre-partum DE intake

High pre-partum mobilization Higher prenatal losses
High NEFA and low glucose levels (Vicente et al., 2012)
Higher number of stillborn -3.2 liveborn and -3.0 weaned per 1 mm PFT

(Martinez- Paredes et al., 2018)
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Blood traits during rearing
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How can the young rabbit female
achieve an appropriate level of
maturity?

4

Rearing feeding programs




Rearing feeding programs: concentrate diets

Martinez-Paredes et al., 2012

Restriction vs. Ad libitum Ad libitum  Restricted
| Avoid excessive fatness | Body Energy (MI/kg) 83" 7.7°
Mortality (%):
| ¥ Risk of toxemia | Doe at late pregnancy 14 b 4
Litter at birth 20.6" 8.3°
|  Perinatal mortality |
|T DM intake at early Iactatior‘1|
- 9 10 12 weeks of age
| 4 Female maturity | - i Eit”ilit‘{" Pascual et al. 2002 7_ Maturity
itter size delay
o Martinez- Paredes et al. 2012
| T Feeding management | :
- Martinez- Paredes et al. 2019 _

12th World Rabbit Congress, 3-5 November 2021, Nantes, France



Rearing feeding programs: fibrous diets

Use of fibrous diets

| Ad libitum presentation I

| Advantages of restriction I

12th World Rabbit Congress, 3-5 November 2021, Nantes, France

Martinez-Paredes et al., 2012

Ad libitum  Restricted Fibrous diet

Body Energy (MJ/kg) 8.3° 27° 8,09
Mortality (%):

Doe at late pregnancy 14°% 4a 3o
Litter at birth 20.6° 8.3¢ 10,4 ¢




Rearing feeding programs: fibrous diets

Increase of feed intake in lactation (g DM/d M%73)

i
i Aplication day
' / | an
| 50
| 63

R 77

Use of fibrous diets

| Ad libitum presentation I

| Advantages of restriction |

| |

Stimulate feed intake

X |
— 9
L B4/ L r—
e 40,8
/ 44,4 a6 505
¢ NOF (%00M)

> 40 %

Introduce a diet with more than 40% NDF
and 7.5% ADL before 70 days of life
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Rearing feeding programs: fibrous diets

No. kits weaned
B3 29,6
ul 23,7
Use of fibrous diets 2 - '
20
Ad libitum presentation 15 -
10 A
| Advantages of restriction l 5 .
0
- ; C F
[ Stimulate feed intake | T
| Positive long term effects l % o
2
1o | —

Lik] 188 313 438 [ Gea 813 a8
Timé (days)

Martinez-Paredes et al., 2018
619 females

Until 880 days of life

With fibrous diet:
+46.4 days of life
+5.1% at 4'" partum

+7.4 born alive per female




Stillborn

Rearing feeding programs: PUFA

n-3 PUFA

Rebollar et al. (2014)

1o O Diet €
14 B Dict P
! [

Parturition

+3.2 g n-3 PUFA/kg

Fertility (%)

100 -
80 -
60 -
40 -
20 -

Rodriguez et al. (2018)

Cycle 1 Cycle 2

+14.3 g n-3 PUFA/kg

> 5 g n-3 PUFA/kg:
Increase plasma progesterone
Reduce embryos apoptosis
Reduce stillborns

Maintain fertility rate

Modify milk fatty acid profile
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Nutrient recommendations for rearing diets
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Nutrient Unit Rearing diet Reproduction diet
Digestible energy keal 8.5-9.5 11.0
Fiber NDF % 37.0-43.0 30.0-34.0
ADF % 25.0-35.0 15.0-18.0
ADL % 7.5 5.0
Starch % <12.0 15.0-21.0
n-3 PUFA % 4.0-6.0 1.0-2.0
Protein  CP % 13.0-15.5 16.3-19.8
DP % 9.1-10.9 11.4-13.9
Lys % 0.72 0.84
Met+Cys % 0.59 0.65
Thr % 0.63 0.70
Minerals Ca % 1.00 1.15
P % 0.50 0.60
Na % 0.20 0.22
cl % 0.25 0.28

Management:
+ Ad libitum
+ Start: 63 days
+ Finish: 1 wk before Al

1% partum day

+ Flushing recommended




Nutritional requirements and feeding
strategies for rabbit does

;3 Cu I‘I’Eﬂt Staﬂdards that Elre WOrking (De Blas and Mateos, 2020; Trocine and Xiccato, 2020]:
—Ratio digestible [crude protein/energy]: 11.5-12.5 g/MJ ~ Butlitter size can be maximized
~NDF:31-34% with 10 g dCP/M)J DI
- Lignin: >4 %

& Current standards questioned (oe sias and mateos, 2020):
1 ® Not updated for 20 years

+ Total Lys/DE: 0.76 g/MJ < Digestible Lys/DE: 0.60 g/MJ ® Faecal vs. lleal digestibility
> Total Met + Cys/DE: 0.59 % Digestible Met + Cys/DE: 0.45 — ' g
o ® Apparent vs. real digestibility
- Total Thr/DE: 0.63 % Digestible Thr/DE: 0.43 & Missl " . id
issing other amino acids

‘ HEALTH > PRODUCTIVE ISSUES |
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New data regarding:

*Dietary levels: *Feeding:

* Arginine am':i glutamine — To maintain body condition
* w-3 fatty acids

« Fibre: — For the doe or the litter

* Particle size
* Soluble fibre

* New ingredients * New opportunities:
— Diet and microbiota
— Diet and immune system
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Arg and GIn supplementation

18.6 CP, 31 NDF (% DM), and 11.5 g dCP/DE

Control Arg Gln
0.8 g Lys/MJ DE (+4 g/kg) (+4 g/kg)

Arg/lys 121 166 126 166

Arg + GIn
(+4 + 4 g/kg)

Gin/Lys 331 329 375 384
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Arg and Gln supplementation

No. total born per litter

P, gngin = 0.095 (10.3 vs. 11.4) -
12 ; g +1.1 No. born alive per litter
I 12 Prggin = 0.089 (9.7 vs. 10.3)  [RXVES
10 ]
10
8
8
6
6
4 T T T 1
C Arg Gln  Arg+GIn = = | .
+
Arginine: substrate for NO synthesis c Arg GIn  Arg+Gin
Vasodilator
Regulates: i
promoting:  Nutrients Mqther Glutamine: ener sourf.'e?
Blood flow o tl [! fcﬂlin:ular]'ﬂuids
. K
Foetuses foetal

Arginine supplementation (1-1.3%):

nutrition
l t Litter size at birth in rats. foetal { Srinith

Survival rate at birth in sows
Mateo et al., 2007; Zeng et al., 2008 Delg: doe

ta
Wk = S
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How could the use of GIn and Arg be optimised?

Total born Born alive Weaned

+1.1 ™ 0.6 +0.7
“Dose? '
- total Arg/Lys ratio of 2.0-2.6 % Period of 3 “<Who?
- No reference for GIn/Lys supplementation? - Very good nest

- > 0.4 % addition in the diet management

LACTATION

f Insemination

Parturitibn

PREGNANCY]| /

' Weaning [~ [ Parturiton |

"
et
an®
-----
...........................




Soluble fibre and n-6/n-3 ratio

16.5 CP, 31 NDF, 5 fat (% DM), 10 g dCP/MJ DE

VSF VSF N SF ANSF
Mn-6/n-3 V¥n-6/n-3 Mn-6/n-3 V¥n-6/n-3
Soluble fibre, 8.4

n-6/n-3 13.4/1 3.5/1 13.4/1 3.5/1




Total does removed, % Polube fibre= 0-005

70

60

50

40

30

20

10

0

Soluble fibre and n-6/n-3 ratio

P = 0.056

soluble fibre x ratio n-6/n-3

[ Rearing:

Control ad libitum

Control 'restricted’

Related to pregnancy toxemia?

Control vs. fibrous diet:

48 NDF, ~11 soluble fibre (% DM)

Mortality at first parturition, %
0 5 10 15

—

Fibrous ad libitum

High n-6/n-3 Low n-6/n-3 | High n-6/n-3 Low n-6/n-3 Fibrous + control AL

— |, NEFA
/" Blood glucose

Low soluble fibre High soluble fibre Fibrous + control + fibrous

F

Martinez Paredes et al., 2012

we BB
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Soluble fibre

= Soluble fibre:
* Reduced 5% feed intake during
lactation
i Feed intake, g/d (17-28 d lactation)
* Reduced protein intake along the 430 - 14.5 ©18.4 NDSF (% DM). P, ... 1u,e< 0.001
experiment - ViilRaE Gl Rspin etal. 2018
* No other relevant effects .
370 A
350 -
330 -
Low SF High SF Low SF High SF
High CP Low CP
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n-6/n-3 ratio
& Range: 4-15 in diets with no added fat
= < 4in diets enriched with n-3
= Requirements ?
= Litter size at birth: 6% improvement (only 3% at weaning)

Litter size once homogenized ;... -1, 200

120 - n-6/n-3:13 & 3.5 P, 103 = 0.039 (10.6 vs. 10.0) +0.6 5 Live born  (10.8 vs. 10.6)
104 | | | 11 - a b b
10.0 10 -
5.0 4 9
8.0 4 "
7.0 A
7

6.0 + T

High n-6/n-3 Low n-6/n-3 High n-6/n-3 Low n-6/n-3 b

Cont.rlcnl{l.?] Linseed (1.1)  Fish oil {1.1)

Low soluble fibre High soluble fibre Fat 4.0%




n-6/n-3 ratio

= Fertility, %

1 &
—No oestrus sync. i

a a a
100 - ol
80 -
i b
. 70
c 60
o 50 -
b 40 -
nriched ,
tlﬁ} iodripuez et al,, 201

Control E
(8.7)

Cycle 2

Control Enriched

70 - (8.7) (1.0

Cycle 1
60 - :

50 1 = Change of FA composition
40 - — - Milk
Control (1.7) Linseed (1.1) Fish oil (1.1) - BOdV
RSISER R —-Qvaries
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n-6/n-3 ratio

= Positive effects on fertility and litter size (excellent nest management required)
= But effects widely variable (vaciens et 2005 menchewiear, 2015

— Fatty acid profile (competition between n-3 and n-6)

- Dietary antioxidant level
- Methodology differences (oestrus sync., supplementation period...)

- Interaction with microbiota

= No negative side-effects

Workd = ‘e
12th World Rabbit Congress, 3-5 November 2021, Nantes, France / i ({'& “'



Different diet for the doe and the litter?

LACTATION

PREGNANCY

/ | Insemination | 1_'d—l/—

Parturitiém _____________________________________ Weaning . Parturition I

ey i3 ] +NDF +fat —starch o555 Does ©
Fortune-Lamothe et al., 2005 \lp‘ Mortality in fatter‘]”’]g

+NDF —fat --starch 255205 Does ® feruiny
Aartinez Vﬂlll‘-spl'ni'tﬂl,?Dll\l/ N‘Drtahty |n fattening ++NDF +SF +fat—5tal’€.h __cp Does ® body condition
e——l 515593014
readeta, 2016 Ny [Mlortality in fattening :_.NDF —starch e i Does ©

- v
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Diet and microbiota in the doe

) 35d 42d
Parturition 6d 11 d Insemination 20d Weaning Parturition
Milk

mesenteric lymph nodes —» Influenced by microbiota
of 6-d old kits

Birth canal l
? Influenced by diet

Nest material = skin around nipples °

Kovacs et al., 2006, Combes et al. 2014,
Nicodemus et al,, 2015

Microbiota present in
{Hard faeces (birth canal?)

Milk
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Diet and microbiota in the doe

* Bacterial translocation to mensenteric lymph nodes at 6 d of age

10 14 Anaerobes M Aerobes M Facultative aerobes
9
z ; v" Diet seems to have an influence.
s
£ [ e e
& 7 =2 Meaning? Implications?
T
g
-
&5
E p_r{ll_'..lnllnt- =0.10
54
8 1
k] 3
g
< 2
1
0

C Arg Gln Arg+Gln

Delgado et al,, 2019

world | '!
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Diet and microbiota in the doe

Soluble fibre and n-6/n-3 ratio Fam. Comamonadaceae Bacteroides spp.
35000 250060
MLN_LSF 416 | sidia
| 20000
MLN HSF + n-6 25000
Milk_LSF M [ 20000 15000
MLN_LSF { n-3 | | 15000 10000

I' 10000
MLN_HSF + n-3 | | SO0

5000 | I
Mk
1] L]

Bila) | Milk MLN  Faeces Milk MLN  Faeces
Vil s < ' B HSF
Faeces LSF 4n6 Sum of Lactobacillus [E=d LSF Clostridium spp.
Faeces LSF + n-3 ! SPECiES ]
Faeces HSF ; n-6 3500 S0
Faeces  HSF + n-3 o
1 2500 A
2000 300
1500 200
1000
i 100
o 1]
Milk MLN  Faeces Milk MLN Faeces
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Diet and microbiota in the doe

* Mother’s hard faeces intake by the litter on its mortality from 1 to 80 d of age

25
P=0.003
20
15
10 —
5 .
0
Control No faeces inthe Faeces from Faeces from
o p g nest another mother another mother
Lombes et al., LUl (Ab _:' (Ab +:'
Hard faecal excretion by the doe is highly variable
Less faeces intake: % Microbiota inoculation: better with faeces than oral
suspension (. 201

delayed the cecal bacterial community implantation.

Enhanced kit mortality.

4 No effect on mortality in other studies (oo oo

World - ‘
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Conclusions

Rearing: & Minimal maturity at first insemination
- 7.0 mm perirenal fat thickness, 2.8 ng leptin/mL plasma

- 18% body protein, 15-20% body fat
=How?

- Restricted feed intake from 12 wk of age to insemination
- Fibrous diet ad libitum from 60 d of age to parturition (<10.5 MJ DE/kg)
Lactating: = Improvement of litter size
- Increasing Arg/Lys and GIn/Lys.......level?
- Reducing n-6/n-3.......level?
=Soluble fibre may reduce replacement rate
= Supply of glucose precusors before parturition
= Different diets for the doe and litter from 18 d onwards
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Future

& Better definition of nutritional requirements for different physiological status.

= Revision and extension of amino acid requirements

= Expanding knowledge on early microbial colonization
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