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Abstract: This review explores the potential of white lupin seeds (Lupinus albus) as a sustainable protein
source for rabbit nutrition and examines their effects on growth performance, carcass traits, health status,
milk yield, milk composition and nutrient availability. The dietary inclusion of white lupin seeds leads to
comparable or superior growth, milk yield, milk composition, nutrient digestibility and digestive health of
rabbits, as well as meat quality and carcass outcomes relative to traditionally used protein sources for feeding
rabbits, such as soybean meal and sunflower meal. Studies also show that it is possible to use white lupin
byproducts, such as the hull and bran, for rabbit diets, which can be convenient in terms of providing an
adequate supply of lignocellulose and enhancing the sustainability of rabbit feed, promoting circular economy
principles. The cultivation of white lupin can contribute to environmental sustainability by reducing greenhouse
gas emissions and the use of synthetic fertiliser. Future research should focus on breeding improvements
and comprehensive environmental assessments of white lupin seeds to maximise the benefits of white lupin
for rabbit nutrition. These findings support the role of white lupin as a viable and eco-friendly alternative to
traditional protein sources, such as soybean meal, which could support productivity and sustainability in
rabbit farming.
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INTRODUCTION

Agriculture is a crucial sector of the European Union (EU) economic and social system and is responsible for producing
both food and feed. In 2020, there were approximately 9.1 million farms in the EU, employing 29 million people
across the entire food supply chain. Among these, 4.1 million were livestock and poultry farms (Eurostat, 2024).
In 2022, the EU produced 22.1 million tonnes of pig meat, 13 million tonnes of poultry meat, 6.6 million tonnes
of bovine meat, 425000 tonnes of sheep meat, and 44 000 tonnes of goat meat (Eurostat, 2024). The European
Commission (EC) reported an estimated production of 168 000 tonnes of rabbit meat in 2016, indicating the presence
of 4500 commercial rabbit farms and 161000 backyard rabbit farms in the EU (EC, 2017). Spain, France and Italy
have traditionally been the main producers of rabbit meat, although consumption has stagnated or decreased in
recent years (Wu, 2022). Despite this decline, the commercial rabbit sector remains important for maintaining rural
employment and economic stability (EC, 2017). Although the EU is self-sufficient in regard to animal production (EC,
2023), it is highly dependent on imports of protein components to feed farm animals. Soybean and soybean meal
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(SBM) are traditionally used in the diets of monogastric farm animals, but they must be imported from South and North
America (IDH, 2023). Most of this soybean is genetically modified (Soisontes et al., 2023), which is negatively perceived
by the general public (Domingo and Giné-Bordonaba, 2011). Additionally, the increasing population (UNDESA, 2022)
and demand for protein sources have raised many other concerns, such as possible supply chain disruption (Reis
et al., 2023), economic fluctuations in global trade (Martignone et al., 2022) and negative environmental impacts
(Rauw et al., 2023a; Rezende et al., 2023). In response, EU stakeholders are committed to developing a sustainable
protein strategy that balances imported and domestically produced protein components. Efforts are underway to
reduce dependence on soybean imports by promoting the cultivation of domestic protein crops and transforming
intensive agriculture into a more sustainable form (FEFAC, 2023). This shift aligns with the EU’s transformation of
its current linear economy to a circular economy (EC, 2020), driven by societal demands reflected in the EU Green
Deal Objectives and the United Nations Sustainable Development Goals (FEFAC, 2023). The EU aims to reduce net
greenhouse gas emissions by at least 55% by 2030 and achieve net-zero emissions by 2050 (EEA, 2023). The EU
Green Deal, which includes the Farm to Fork strategy, the Biodiversity strategy and the Soil strategy for 2030, aims
to unite primary producers, businesses, researchers, innovators, the public sector and consumers in the pursuit of
a sustainable future. These strategies play a crucial role in mitigating climate change and promoting restoration of
natural habitats (EC, 2020; Muscio and Sisto, 2020; Boix-Fayos and de Vente, 2023). Their goal is to transition the
ways in which food is produced, processed, distributed and consumed (Sandstrém et al., 2022; van Zanten et al.,
2023). Using alternative domestic protein sources can mitigate the negative environmental impact of soy product
imports (da Silva et al., 2023) and increase crop diversity (Rauw et al., 2023b). Addressing land use change (LUC) and
deforestation (Regulation (EU) 2023/1115) remains a primary challenge for European feed producers and suppliers
(FEFAC, 2023). One of the most promising sustainable plant proteins is lupin seeds, which are suitable for both
feed and food applications (Lucas et al., 2015; Gresta et al., 2017; Johnson et al., 2017). Specifically, white lupin
seeds (WLS) have shown potential as a dietary component for rabbit feeding, effectively replacing soybean meal
without negatively impacting rabbit nutrition (Volek et al., 2014, 2018a). This review explores the potential of WLS in
rabbit feeding, highlighting relevant research findings and their implications. Tables 1-6 summarise the main results
concerning the dietary inclusion of WLS and their byproducts in rabbit diets.

CHEMICAL COMPOSITION AND NUTRITIONAL PERSPECTIVES OF WHITE LUPIN SEEDS FOR RABBITS

Although WLS are considered protein crops, they contain relatively high levels of ether extract (EE), dietary fibre and
bioactive compounds. Crude protein (CP) content can range from 30% (Martinez-Villaluenga ef al., 2006; Strakova
et al., 2006; Volek and Marounek, 2009; Uhlifova et al., 2015a) to 45% (Calabrd ef al., 2015; Mierlita et al., 2018;
Unlifova and Volek, 2019; Panasiewicz, 2022; Ferchichi et al., 2021; Heuzé et al., 2022; Gresta et al., 2023; Valente

Table 1: Summary of studies reporting the health status of fattening rabbits fed WLS diet.
References Diet inclusion Result

Volek and Marounek (2009)  100% WLS substitution for SBM or SFM  Occurrence of digestive disorders tended to
be lower in rabbits fed the WLS diet than in
rabbits fed the SFM and SBM diet.

\Volek et al. (2014) 100% WLS substitution for SBM in Lower SRI was detected in rabbits fed the
weaning diet WLS diet than in rabbits fed the SBM diet.
Uhlifova et al. (2015a) 100% WLS substitution for SBM Lower occurrence of digestive disorders and

lower SRI were detected in rabbits fed the
WLS diet than in rabbits fed the SBM diet.

Unlitova et al. (2016) 100% WLS substitution for SBM SRl tended to be lower in rabbits fed the

WLS diet than in rabbits fed the SBM diet.

\olek et al. (2020) 100% WLS substitution for NLS Lower SRl in rabbits fed the WLS diet than
in rabbits fed the NLS

WLS: white lupine seeds, SBM: soybean meal, SFM: sunflower meal, SRI: sanitary risk index, NLS: narrow-leaved lupine seeds.
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Table 2: Summary of studies reporting the meat quality of fattening rabbits fed the WLS diet.

References Diet inclusion Result
Volek and Marounek (2011) 100% WLS substitution for SFM The WLS diet favourably affected FA profile or
indices related to human health in the hind leg
meat and adipose tissue of rabbits than in that of
rabbits fed the SFM diet.

Volek et al. (2018b) 100% DWLS substitution for SBM  The DWLS diet favourably affected the physical
and organoleptic properties, as well as Sl and
Tl, in the hind leg meat of rabbits compared to
rabbits fed the SBM diet.
WLS: white lupin seeds, SFM: sunflower meal, SBM: soybean meal, FA: fatty acid, DWLS: dehulled white lupin seeds, Sl: saturation
index, TI: thrombogenic index.

et al., 2023), which is comparable to the protein content of soybean (Strakova et al., 2006; Zaworska-Zakrzewska
et al., 2020). During processing, CP levels can increase due to the dehulling of seeds (Volek et al., 2018b; Uhlifova
and Volek, 2019). More important than the quantity of CP is its quality, which is expressed by amino acid composition.
White lupin seeds contain satisfying levels of leucine, arginine, asparagine and glutamine and rather low levels of
the sulphur-containing amino acids, lysine and threonine (Heuzé et al., 2022). Synthetic analogues of these amino
acids, however, can be added to feed to improve the protein quality (Ballester et al., 1980; Taboada et al., 1994;
de Blas et al., 1998; Volek et al., 2018Db). In general, WLS protein is highly digestible and of good biological value
(Monteiro et al., 2014; Mierlita et al., 2018). The EE content ranges from 6% to almost 11.5%, with high levels of
unsaturated fatty acids, particularly oleic acid, linoleic acid and a-linolenic acid (Volek and Marounek, 2011; Chiofalo
etal., 2012; Calabro et al., 2015; Musco et al., 2017; Volek et al., 2018b; Gresta et al., 2023). Regarding saccharide
composition, sucrose is the main low-molecular-weight (LMW) sugar, while the rest of the LMW sugars are in the
form of raffinose, stachyose and verbascose; the ratio between soluble and insoluble non-cellulosic polysaccharides

Table 3: Summary of studies reporting the reproductive performance of rabbit does fed WLS diet.

References Diet inclusion Result
\Volek et al. (2014) 100% WLS substitution for The WLS is a suitable dietary CP source for
SBM+SFM lactating rabbit does without negative effect on

DMI, milk yield or on the growth and viability of
their litters and improved milk FA profile.

Uhlifova et al. (2015h) 100% WLS substitution for SBM in The WLS diet improved FA profile of the milk
lactation diet and had no adverse effect on the reproductive
performance of rabbit does.
Growth of the litters was not affected by the

dietary treatments.
Volek et al. (2018a) 100% WLS+RSM substitution for The WLS diet improved FA profile of the milk
SBM+SFM in lactation diet and had no adverse effect on the reproductive

performance of rabbit does.

Uhlifova and Volek (2019)  100% substitution of SBM-+SFM by No adverse effect on live weight, feed intake
DWLS in lactation diet and milk production in rabbit does or the
performance of their litters before weaning.
Greater n-3 PUFA content in milk and higher
milk intake:solid feed intake ratio of their
litters.

WLS: white lupin seeds, SBM: soybean meal, SFM: sunflower seeds, RSM: rapeseed meal, CP: crude protein, DMI: dry matter
intake, FA: fatty acid, DWLS: dehulled white lupin seeds, PUFA: polyunsaturated fatty acids.
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Table 4: Summary of studies reporting the growth performance and carcass traits of fattening rabbits fed WLS diet.

References Diet inclusion Result
Volek and Marounek (2009)  100% WLS substitution for SBM or SFM  Similar growth performance and carcass
traits among dietary treatments.

Volek and Marounek (2011) 100% WLS substitution for SFM Similar growth performance and carcass
traits among dietary treatments.
Uhlifova et al. (2015a) 100% WLS substitution for SBM No adverse effect on the performance or
carcass traits of fattening rabbits fed the
WLS diet ad libitum.
Zwolinski et al. (2017) Partial or full substitution of SBM with No differences in growth performance
mixture of RSM+WLS+PS in two different and carcass traits between dietary
ratios treatments.
Gugotek et al. (2017) Partial or full substitution of SBM with No differences in growth performance
mixture of RSM+WLS+PS in two different and carcass traits between dietary
ratios treatments.
Gugotek et al. (2018) Partial and full substitution of SBM with No differences in growth performance
mixture of RSM+WLS+PS in two different and carcass traits between dietary
ratios treatments.
Volek et al. (2018a) 100% SBM-+SFM substitution by No differences in growth performance
WLS+RSM and carcass traits between dietary
treatments.
Volek et al. (2018b) 100% substitution of SBM for DWLS Significantly higher ADWG and better

FCR in fattening rabbits and no adverse
effect on carcass traits in rabbits fed the

DWLS diet.
Garcia-Santos et al. 100% substitution of SBM by WLS or YLS Negatively altered ADWG and FCR in
(2021) rabbits fed the WLS diet.

WLS: white lupin seeds, SBM: soybean meal, SFM: sunflower meal, RSM: rapeseed meal, PS: pea seeds, DWLS: dehulled white
lupin seeds, YLS: yellow lupin seeds, ADWG: average daily weight gain, FCR: feed conversion ratio.

is approximately 1 (Knudsen, 1997). The crude fibre content ranges from 8 to 15% in WLS (Calabro et al., 2015;
Mierlita et al., 2018; Gresta et al., 2023). The WLS hulls (WLH) contain mainly insoluble dietary fibres, such as
cellulose and lignin (Mohamed and Rayas-Duarte, 1995; Volek et al., 2013). High levels of lignocellulose in WLH or
WLS bran (WLB) could be convenient in terms of meeting the strict dietary fibre requirements of weaned rabbits with
regard to digestive disorders (Gidenne, 2015). The starch content ranges from 1.3 up to 12.5% (Knudsen, 1997;
Martinez-Villaluenga ef al., 2006; Calabro et al., 2015; Ferchichi et al., 2021; Uzun and Agma, 2023). There are
also significant levels of phenolic compounds, phytosterols, tocopherols or carotenoids, vitamin C and thiamine or
riboflavin in WLS (Martinez-Villaluenga et al., 2006; Wang et al.,2008; Ferchichi et al., 2021; Tirdilova et al., 2022;
Spina et al. 2022; Gresta et al., 2023). The alkaloid content in modern lupin cultivars is generally low (Calabro et al.,
2015; Musco et al., 2017; Gresta et al., 2023; Valente et al., 2023), evidencing the progress of plant breeding
over time. Compared to barley, wheat, rye, oats, wheat bran, SBM, sunflower meal (SFM), peas, beans or lentils,
WLS had the highest phytate phosphorus content, expressed as a percentage of total phosphorus (P), and low
phytate dephosphorylation activity (Marounek et al., 2011). However, more than 80% of phytic acid is hydrolysed
in the digestive tract of rabbits (Marounek et al., 2003) as a result of phytase production by the microorganisms of
the caecum (Marounek et al., 2009). Through the well-known act of the digestive tract, i.e., caecotrophy, rabbits
ingest soft faeces; therefore, rabbits can utilise phytate P effectively (Mateos et al., 2020). In addition to the obvious
differences in nutrient composition between cultivars, nutrient composition may also be affected by growing conditions
(Calabro et al., 2015; Valente ef al., 2023).
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Table 5: Summary of studies reporting the digestibility of nutrients in fattening rabbits fed WLS diet.

References Diet inclusion Result
Volek and Marounek (2009) 100% SBM or SFM substitution by~ Similar CTTADs of nutrients between dietary
WLS treatments.
Volek and Marounek (2011) 100% SFM substitution by WLS Greater CTTAD of OM and NDF in rabbits fed
the WLS diet.

Volek et al. (2014)

Uhlifova et al. (2015a)

Zwoliiski et al, (2017)

Gugotek et al. (2017)

100% SBM substitution by WLS in
weaning diet

100% WLS substitution for SBM

Partial or full substitution of SBM with
mixture of RSM+WLS+PS in two
different ratios

Partial or full substitution of SBM with
mixture of RSM+WLS+PS in two

Similar CTTADs of nutrients between dietary
treatments, except for the EE, which was
greater in rabbits fed the WLS diet.

CTTAD of DM, CP, NDF and GE did not differ
among dietary treatments.

Similar CTTADs of nutrients between dietary
treatments.

Similar CTTADs of nutrients between dietary
treatments.

different ratios

100% substitution of SBM by WLS
or YLS

Greater CTTAD of CP in rabbits fed the YLS
diet than in rabbits fed the SBM or WLS
diet.

WLS: white lupin seeds, SBM: soybean meal, SFM: sunflower meal, CTTAD: coefficient of total tract apparent digestibility, OM:
organic matter, NDF: neutral detergent fibre, EE: ether extract, DM: dry matter, CP: crude protein, NDF: neutral detergent fibre, GE:
gross energy, RSM: rapeseed meal, PS: pea seeds, YLS: yellow lupin seeds.

Garcia-Santos et al. (2021)

DIGESTIVE HEALTH OF WEANED RABBITS

Weaning is one of the most crucial periods for young rabbits when they are susceptible to various diseases, especially
those of the digestive tract (Gidenne and Fortun-Lamothe, 2002; de Blas et al., 2012). To address these issues,
comprehensive scientific work has been conducted, especially concerning the nutritional requirements of dietary
fibre (Gidenne, 2000, 2003, 2015). In addition to an imbalanced dietary fibre level, there are also other dietary
factors, such as the dietary level and source of CP (amino acids), which are predisposed to digestive disorders
(Carabario et al., 2009; de Blas et al., 2012). With respect to WLS as a dietary replacement for SBM, a study by Volek
and Marounek (2009) revealed an increased occurrence of diarrhoea in rabbits fed a diet supplemented with SBM
compared to rabbits fed a diet supplemented with WLS (8 vs. 2 rabbits, respectively; 30 rabbits per group; P=0.083).
Similar results were observed by Volek et al. (2014), who reported a lower sanitary risk index (SRI), assessed as
the sum of morbidity and mortality according to the European Group on Rabbit Nutrition (Fernandez-Carmona et al.,

Table 6: Summary of studies reporting the inclusion of lupin byproducts in fattening rabbit diets.

References

Diet inclusion

Result

Volek et al. (2013)

Unhlifova et al. (2018)

WLH inclusion 50 g/kg as partial
substitution of wheat bran

WLB inclusion at 50 g/kg and 150 g/kg
as partial substitution of Alfalfa meal

No adverse effect on the digestibility of
nutrients or the growth performance.

Authors reported greater CTTAD of ADF in

rabbits fed experimental diets than in those

fed control diet and higher ADFI and worse
FCR in rabbits fed experimental diets.

WLH, white lupin hulls; WLB, white lupin bran; CTTAD, coefficient of total tract apparent digestibility; ADFI, average daily feed intake;

FCR, feed conversion ratio.
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2005), in rabbits fed a diet based on WLS than in those fed an SBM diet (3.0 vs. 16.7%, respectively; 66 rabbits
per group; P=0.016). A later study by Uhlifova et al. (2015a) showed that in rabbits with ad /ibitum feed intake,
the morbidity (1 vs. 9 rabbits, respectively; 40 rabbits per group; P=0.014) and SRI (2 vs. 12 rabbits, respectively;
40 rabbits per group; P=0.006) rates of the animals fed a WLS diet were lower than those of the animals fed an SBM
diet. Even in a high hygiene standard rabbit experimental unit, Uhlifova et al. (2016) observed a trend towards a lower
SRl in the group of rabbits fed a WLS diet than in those fed an SBM diet (5 vs. 13 rabbits, respectively; 130 rabbits
per group; P=0.085). In addition to comparison with SBM, the dietary inclusion of WLS was also compared with the
dietary inclusion of narrow-leaved lupin seeds (NLS) in two experiments (Volek et al., 2020). In Experiment |, SRI was
greater in rabbits fed an NLS diet than in those fed a WLS diet (38.4 vs. 23.2%, respectively; 99 rabbits per group;
P=0.031). Similarly, in Experiment II, these authors recorded an SRI greater in rabbits fed an NLS diet than in those
fed a WLS diet (37.8 vs. 23.3%, respectively; 90 rabbits per group; P=0.052).

From the abovementioned results, it seems that the dietary inclusion of WLS can serve as a suitable tool for preventing
digestive disorders. The mode of action is unclear and might arise from a variety of factors. On the one hand, CP
source can play an important role in digestive health due to its anti-nutritional factors (ANF), such as its trypsin inhibitor
activity, which affects ileal protein digestibility and the flow of protein towards fermentative activity (de Blas et al.,
2012). In this respect, trypsin inhibitor activity was not detected in WLS (Martinez-Villaluenga et al., 2006), whereas
this ANF is abundant in soybean (White et al., 2000). The other factor that can contribute to preventing digestive
disorders could be the favourable content of the oligosaccharide raffinose series in WLS. A significantly greater level
of lactic acid in the caecal contents of rabbits fed a WLS diet than in those fed a diet based on SBM or sunflower
meal (SFM) was observed by Volek and Marounek (2009). Oligosaccharides from WLS can be considered prebiotics
that support microbial activities (Martinez-Villaluenga et al., 2005; Martinez-Villaluenga and Gomez, 2007). In other
species, Geigerova et al. (2017) reported an increased counts of lactobacilli and bifidobacteria in groups of broiler
chickens or ducks with complete or partial replacement of SBM by WLS. The greater EE content in diets due to its
relatively high content in WLS could also be a beneficial factor for the favourable health status of rabbits (Xiccato,
2020). Moreover, in experiments concerning the dietary effects of WLS compared to SBM on milk composition and
milk yield, rabbit kits of does fed a WLS diets were nursed with milk containing higher levels of a-linolenic acid
and eicosapentaenoic acid (EPA; Volek ef al., 2014; Uhlifova et al., 2015b; Volek et al., 2018a; Uhlifova and Volek,
2019). Maertens et al. (2005) observed significantly lower mortality after weaning in rabbits nursed by does fed a
diet enriched in n-3 polyunsaturated fatty acids (PUFAs; extruded linseed used). The effect of higher dietary levels of
n-3 PUFAs on the digestive health of fattening rabbits, however, is not consistent among different reports (Martinez-
Paredes et al., 2022). It has been reported that n-3 PUFAs can exert an interesting effect on mortality and/or morbidity
in growing-fattening rabbits (Agradi et al., 2023), most likely due to their immunomodulatory effect (Gutiérrez et al.,
2019). Another factor concerning the effect of the dietary inclusion of WLS on the health of fattening rabbits might
be linked to intestinal mucin production. In fact, Makovicky et al. (2018) reported greater mucin villous secretion in a
group of rabbits fed a WLS diet than in a group of rabbits fed an SBM diet. Mucins (glycoproteins) that are found on the
surfaces of the small intestinal mucosa have many different functions and exhibit antimicrobial properties (Tarabova
etal., 2016). In pigs, enhanced mucin secretion has preventive effects against challenges with either systemic E. coli
lipopolysaccharide or enteric Salmonella typhimurium (Wellington et al., 2020).

MEAT QUALITY

European dietary habits remain largely inconsistent with evidence-based recommendations, showing little improvement
in recent years (Sioen et al., 2017; Riccardi ef al., 2020; Markovic et al., 2021). Enhancing the nutritional profile
of certain foods, particularly animal-based products, could bridge this gap. Modifying animal diets is an effective
strategy for creating “functional” foods that increase the consumption of bioactive substances that are beneficial to
human health (Markovic et al., 2021).

Rabbit meat has excellent nutritional composition and dietetic properties, and there are possibilities for further
improving the functional value of rabbit meat. For instance, dietary manipulation is very effective concerning the fatty
acid (FA) profile and indices related to human health in rabbit meat (Dalle Zotte and Szendr6, 2011). In this respect,
Volek and Marounek (2011) focused on the effects of a diet supplemented with WLS, compared to a diet based on
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SFM, on the FA profile and characteristics of hind leg meat of rabbits related to human health. These authors reported
that in comparison to the SFM diet, the dietary inclusion of WLS decreased total saturated fatty acid (SFA; 1228 vs.
1417 mg/100 g of meat, respectively; P=0.010) and total polyunsaturated fatty acid (PUFA; 865 vs. 995 mg/100 g
of meat, respectively; P=0.019), as well as the n-6 /n-3 ratio (4.09 vs. 4.98, respectively; P<0.001), saturation
index (SI; 0.53 vs. 0.59, respectively; P<0.001), atherogenic index (Al; 0.56 vs. 0.62, respectively; P<0.001) and
thrombogenic index (Tl; 0.77 vs. 0.87, respectively; P<0.001) in hind leg meat of fattening rabbits. There was a
significantly greater level of EPA (1.2 vs. 0.7 mg/100 g of meat, respectively; P<0.001) in the hind leg meat of rabbits
fed the WLS diet than in that of rabbits fed the SFM diet. Similarly, Volek et al. (2018b), using dehulled white lupin
seeds (DWLS), studied the effect of the dietary inclusion of DWLS, in comparison with an SBM diet, on the chemical,
physical and sensory meat quality parameters of fattening rabbits. In rabbits fed the DWLS diet, lower Warner -
Bratzler shear force values were measured in grilled loin meat samples (longissimus lumborum muscle) (21.3 vs.
24.3 N, respectively; P=0.003), and this finding was confirmed by the sensory evaluation of texture (numerical scale)
in terms of greater tenderness (66.4 vs. 74.9, respectively; P=0.012) and fibrousness (62.3 vs. 72.0, respectively;
P=0.003) of the meat samples (longissimus lumborum muscle). The hind leg meat of rabbits fed the DWLS diet
contained a significantly greater total level of monounsaturated fatty acids (MUFAs, 787 vs. 452 mg/100 g of meat,
respectively; P=0.001), with a greater level of oleic acid (636 vs. 349 mg/100 g of meat, respectively; P=0.001),
than the hind leg meat of rabbits fed the SBM diet. A higher level of a-linolenic acid (65 vs. 33 mg/100 g of meat,
respectively; P=0.001) was detected in the hind leg meat of rabbits fed with the DWLS diet than in those fed the SBM
diet. A significantly lower n-6/n-3 ratio (5.32 vs. 8.73, respectively; P=0.001), and SI (0.53 vs. 0.59, respectively;
P=0.001) and TI (0.80 vs. 0.93, respectively; P=0.001) were detected in the hind leg meat of rabbits fed the DWLS
diet than in that of rabbits fed the SBM diet.

In a study by Kowalska et al. (2020), SBM in the control C diet (15% SBM) was partially or fully replaced by WLS,
rapeseed meal (RSM) and pea seeds (PS; experimental diets E1: 7.5% SBM, 5% RSM, 4% WLS, and 3% PS;
experimental diet E2: 0% SBM, 10% RSM, 8% WLS, and 6% PS). Both the experimental diets (E1 and E2) significantly
improved the nutritional composition of the rabbit meat. It was noted that with decreasing inclusion of SBM in the
diets, the level of total SFAs in hind leg meat decreased (39.9 and 38.0% and 37.0% of total FAs in rabbits fed the
C, E1 or E2 diets, respectively; P<0.01) and that of PUFAs increased (29.6% and 32.0% and 34.9% of total FAs in
rabbits fed the C, E1 and E2 diet, respectively; P<0.01). The n-6 /n-3 ratio did not significantly differ, although the
Sl was greater in rabbits fed the C diet than in those fed the E1 or E2 diet (0.66 and 0.60 and 0.57, respectively;
P<0.05).

Guedes et al. (2022) replaced SBM in a control diet with WLS or yellow lupin seeds (YLS) in the experimental
diets. These authors reported similar findings regarding the FA content and profile or indices related to human
health in the loin meat of rabbits. Changes in FA composition influenced the n-6/n-3 ratio, which was the lowest
in rabbits fed the WLS diet. An intermediate n-6/n-3 ratio was found in rabbits fed the SBM diet, and the highest
n-6/n-3 ratio was found in rabbits fed the YLS diet (5.4 and 7.1 and 8.8, respectively; P<0.001). Furthermore, the
Al was lowest in rabbits fed the WLS diet, and greater in rabbits fed the YLS diet, and the highest Al was found in
rabbits fed the SBM diet (0.62, 0.69, and 0.80, respectively; P<0.001). Similarly, the Tl was lowest in rabbits fed
the WLS diet, greater in rabbits fed the YLS diet, and greatest in rabbits fed the SBM diet (0.89 and 1.03 and 1.19,
respectively; P<0.001). Additionally, the SI was the lowest in rabbits fed the WLS diet, higher in rabbits fed the
YLS diet, and highest in rabbits fed the SBM diet (0.60 and 0.65 and 0.76, respectively; P<0.001). In terms of the
hypocholesterolaemic/hypercholesterolaemic index, the highest values were found in rabbits fed the YLS diet, lower
values were found in rabbits fed the WLS diet, and the lowest values were found in rabbits fed the SBM diet (0.90 and
0.89 and 0.68, respectively; P<0.001).

The abovementioned results of the favourable impact of the dietary inclusion of WLS on the FA profile and composition
were also observed in the meat of other farm animals such as pigs (Zraly et al., 2007) and broiler chickens (Laudadio
and Tufarelli, 2011), as well as in the eggs of laying hens and quail (Timova et al., 2020; Struti et al., 2023) and in
dairy cow milk (Froidmont and Bartiaux-Thill, 2004).
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PERFORMANCE OF RABBIT DOES, THEIR LITTERS AND MILK COMPOSITION

Maintaining the health of young rabbits’ postweaning necessitates careful nutritional management of rabbit does
(Martinez-Paredes et al., 2022) to ensure high milk yield and milk quality for their kits (Ludwiczak et al., 2020;
Ludwiczak et al., 2023). Rabbit milk is the sole source of nutrients for kits from birth until approximately Day
19 and is characterised by a high fat and energy content, essential for rapid growth, as well as highly digestible
nutrients (Maertens, 1998; Maertens et al., 2006; Gidenne et al., 2018). Lipase activity is notably high during
lactation but sharply decreases postweaning (Zita et al., 2008), and higher unsaturation levels improve fat
digestibility (Maertens, 1998). Volek et al. (2014) reported that does fed a diet supplemented with WLS had a
greater daily milk yield for the whole lactation period (d 1 to 30) (255 vs. 230 g, respectively; P=0.094) and
from d 22 to 30 (277 vs. 229 g, respectively; P=0.044) than did those fed a diet based on SBM+SFM. These
authors observed that there was a significant modification in the FA composition of rabbit doe milk. Compared
with those fed the SBM+SFM diet, the milk of does fed WLS diet contained a lower SFA content (69.9 vs. 64.0%
of the total FAs, respectively; P<0.01), particularly caprylic acid (25.6 vs. 23.0% of the total FAs, respectively;
P<0.01), and capric acid (23.9% vs. 22.0% of the total FAs, respectively; P<0.01). The MUFA content was
greater (20.6 vs. 13.8% of the total FAs, respectively; P<0.01), and the oleic acid content was greater (18.5
vs. 12.1% of the total FAs, respectively; P<0.01) in the milk of rabbit does fed the WLS diet than in that of
rabbit does fed the SBM+SFM diet. The PUFA content in the milk was lower (15.3 vs. 16.3% of the total FAs,
respectively; P=0.030), with a decrease in linoleic acid (11.1 vs. 12.5% of the total FAs, respectively; P=0.007)
and arachidonic acid (0.1 vs. 0.2% of the total FAs, respectively; P=0.007) in does fed the diet based on WLS
than in those fed with the SBM+SFM diet. However, there was a greater content of a-linolenic acid (3.6 vs.
3.2% of the total FAs, respectively; P=0.032), and EPA (0.07 vs. 0.01% of the total FAs, respectively; P<0.01),
and a greater total n-3:arachidonic acid ratio (28.7 vs. 14.5, respectively; P<0.01) in the milk of does fed the
WLS diet than in those fed the SBM+SFM diet. Regarding litter performance, Volek et al. (2014) reported that
litter weight at birth, at 21 days of age and at weaning, as well as the average daily weight gain (ADWG) of kits
during the whole nursing period, or the average daily solid feed intake (ADFI) between days 22 and 30 of age,
were not significantly affected by dietary treatments. In litters of does that were fed a WLS diet, a greater milk
efficiency between days 1 and 22 of the nursing period (0.51 vs. 0.49, respectively; P=0.046) and a greater
milk intake/solid feed intake ratio between days 22 and 30 of age (1.37 vs. 1.09, respectively; P=0.036)
were observed compared to litters of does fed a diet supplemented with SBM+SFM. Uhlifova et al. (2015b),
by means of two consecutive lactations, confirmed the previous findings. Over the 1% lactation period (all does
were at their second parturition stage), the milk yield was greater from days 22 to 32 of the nursing period
(3512 vs. 3171 g; P=0.016) in does fed a diet supplemented with WLS than in those fed a diet supplemented
with SBM+SFM. Over the following lactation period (all does were at their third parturition stage), milk yield
was significantly greater for the entire lactation period (35 d) in does fed the diet with WLS than in does fed
the diet based on SBM+SFM (8626 vs. 9303 g; P=0.019). The levels of caprylic acid (22.3 vs. 25.3% of the
total FAs, respectively; P=0.001), capric acid (22.1 vs. 26.2% of the total FAs, respectively; P=0.001) and
linoleic acid (11.4 vs. 13.3% of the total FAs, respectively; P=0.002) were lower, and levels of oleic acid (17.6
vs. 10.0% of the total FAs, respectively; P=0.001), a-linolenic acid (3.6 vs. 2.6% of the total FAs, respectively;
P=0.001), and EPA (0.08 vs. 0.04% of the total FAs, respectively; P=0.005) were greater in milk of rabbit does
fed a diet supplemented with WLS than in those fed a diet supplemented with SBM+SFM. The average weight
of litters or ADWG (g per rabbit) were not influenced by the dietary treatments in either of the lactations. The
daily solid feed intake was significantly greater (from day 17 until weaning) in the litters of the does that were
fed the SBM+SFM diets during both consecutive lactations. Volek ef al. (2018a) evaluated the substitution
of SBM and SFM (SSL) with WLS and RSM (RLL) in a lactation diet and fattening diet. The RLL diet had no
negative effect on rabbit does’ performance. There were no significant differences in terms of the content of
dry matter (DM), protein or fat in the milk of the does among dietary treatments. There were higher levels of
a-linolenic acid (2.4 vs. 2.2% of the total FAs, respectively; P=0.037), EPA (0.06 vs. 0.04% of the total FAs,
respectively; P=0.015) and total n-3 PUFA (2.5 vs. 2.3% of the total FAs, respectively; P=0.030) in the milk of
rabbit does fed the RLL diet than in that of those fed the SSL diet. The growth performance of the litters during
the nursing period did not differ among the dietary treatments. Uhlifova and Volek (2019) studied the effect of
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inclusion of DWLS in a lactation diet in comparison with a lactation diet based on the SBM+SFM. No difference
was observed in the content of DM, protein or fat at d 21 in milk; however, the inclusion of DWLS in the diet
significantly altered the milk FA composition, with lower levels of linoleic acid (10.6 vs. 11.9% of the total
FAs, respectively; P=0.035) and higher levels of a-linolenic acid (2.9 vs. 1.9% of the total FAs, respectively;
P<0.001), EPA (0.09 vs. 0.03% of the total FAs, respectively; P<0.001) and total n-3 PUFAs (3.1 vs. 2.0% of
the total FAs, respectively; P<0.001) were found in the milk of does fed the DWLS diet compared to does fed
the SBM+SFM diet. There was no significant difference in litter live weight, ADWG or milk efficiency between
the dietary treatments. However, daily solid feed intake (g per rabbit) tended to be lower (20.8 vs. 24.2 g,
respectively; P=0.086), which correspond to a greater milk intake:solid feed intake ratio between days 17 and
32 of age (1.97 vs. 1.53, respectively; P=0.024) in litters of does fed the DWLS diet than in litters of does fed
the SBM+SFM diet. These dietary modifications highlight the potential of WLS to enhance the milk composition
and possibly support the health and growth performance of rabbits after weaning.

GROWTH PERFORMANCE AND CARCASS TRAITS OF FATTENING RABBITS

Achieving the required slaughter weight within an optimal timeframe is influenced by several factors (Dalle
Zotte, 2002; Kumar et al., 2023), with genotype being the most critical (Metzger et al., 2006; Tmova et al.,
2014). Nutrition also plays a significant role (Xiccato, 1999). High-quality protein sources with appropriate
amino acid compositions, such as SBM, are essential (Carabafio et al., 2009). However, animal nutritionists
are increasingly seeking alternative feed components that provide quality nutrients, promote health and reduce
environmental impacts. The legume family, including soybeans, offers a variety of plant species, such as
WLS, which seems to be comparable to SBM as a protein source in rabbit feeds. In fact, Volek and Marounek
(2009) reported that rabbits fed the experimental diet containing WLS as the main protein source exhibited
growth performance and carcass traits similar to those of rabbits fed diets containing SBM or SFM as the main
protein source. In addition, a greater dressing-out percentage was reported in rabbits fed the WLS diet than in
rabbits fed diets supplemented with SFM or SBM (58.7 and 57.4% and 57.3%, respectively; P=0.006). Similar
results were reported when rabbits were fed a diet containing WLS instead of a diet based on SFM, although
there was no difference between the treatments regarding the dressing-out percentage (Volek and Marounek,
2011). The growth performance was also not negatively affected in another study by Uhlifova et al. (2015a)
when WLS was compared with SBM. Regarding the carcass traits, these authors reported greater chilled
(1889 wvs. 1719 g, respectively; P=0.070) and reference carcass weights (1532 vs. 1386 g, respectively;
P=0.041) in rabbits fed the WLS diet than in rabbits fed the SBM diet. The dressing-out percentage was not
affected by the dietary treatments. Some differences regarding growth performance were reported by Volek
et al. (2018b). The final live weight tended to be greater in the group of rabbits fed the DWLS diet than in the
group of rabbits fed the SBM diet (3265 vs. 3153 g, respectively; P=0.097). Furthermore, the ADWG was
greater (49.5 vs. 46.3 g/d, respectively; P=0.008) and the feed conversion ratio (FCR) better (3.19 vs. 3.40,
respectively; P=0.001) in rabbits fed the DWLS diet than in those fed the SBM diet. There were no significant
differences concerning growth performance or carcass traits observed in rabbits fed a diet based on SBM or
diets where SBM was partially or fully replaced by WLS and other crude protein alternatives (RSM and PS;
Zwolinski et al., 2017). Similarly, Gugotek et al. (2017, 2018) did not observe any significant differences in
growth performance or carcass traits comparing similar diets. Additionally, Volek et al. (2018a) did not observe
any significant differences between groups of rabbits fed a diet based on SBM or a diet containing a mixture
of RSM (60 g/kg as fed basis) and WLS (40 g/kg as fed basis) as the main crude protein source in terms of
the growth performance or carcass traits of fattening rabbits. In fact, only one study by Garcia-Santos et al.
(2021) described a significantly lower ADWG (42.8 and 42.1 and 48.1 g/d, respectively; P<0.05) and worse
FCR (3.5 and 3.6 and 3.1, respectively; P<0.05) for the entire fattening period in rabbits fed diets containing
WLS or YLS in comparison to rabbits fed a diet containing SBM as the main crude protein source. In their study,
however, no significant differences were reported for the live weight of the rabbits during the entire fattening
period between dietary treatments.
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TOTAL TRACT APPARENT DIGESTIBILITY OF DIETS BASED ON THE WLS

Nutrient excretion data serve as the basis for important regulations and strategies crucial to mitigating environmental
pollution (Xiccato et al., 2005; Velthof et al., 2015). In terms of maximising the digestibility and utilisation of nutrients
in animals, including rabbits, it is not only a productive and economical matter but also an environmental concern
(Méda et al., 2014, Gidenne et al., 2017; Cesari et al., 2018).

In this respect, Volek and Marounek (2009) reported that rabbits fed a diet with WLS exhibited similar coefficients of
total tract apparent digestibility (CTTAD) of CP, organic matter (OM), starch or EE compared to the other rabbits fed
diets containing SBM or SFM as the main crude protein sources. Volek and Marounek (2011) reported significantly
greater CTTAD of OM (0.667 vs. 0.640, respectively; P=0.017) and NDF (0.455 vs. 0.416, respectively; P=0.029)
in rabbits fed the WLS diet than in rabbits fed the SFM diet. Additionally, Volek et al. (2014) showed that the CTTAD
of nutrients did not differ between treatments, except for the CTTAD of EE, which was greater in rabbits fed a WLS
diet than in rabbits fed a diet based on SBM (0.89 vs. 0.85, respectively; P=0.006). Uhlifova et al. (2015a) observed
significantly lower CTTAD of starch in rabbits fed a WLS diet than in rabbits fed an SBM-based diet (0.963 vs. 0.974,
respectively; P=0.005), whereas the CTTAD of DM, CP, NDF and gross energy (GE) did not differ between dietary
treatments. Similarly, other authors did not find a significant difference between dietary treatments (dietary SBM
replaced by a mixture of WLS, RSM, and PS) concerning the CTTAD of nutrients or GE in rabbits (Gugotek et al.
2017; Zwolinski et al. 2017). Garcia-Santos et al. (2021) reported lower CTTAD of OM (0.596 and 0.600 and 0.622,
respectively; P=0.032) in rabbits fed a WLS or YLS diet than in rabbits fed an SBM diet. In addition, CTTAD of CP was
greater in rabbits fed the YLS diet than in rabbits fed the SBM or WLS diet (0.738 and 0.715 and 0.714, respectively;
P=0.021). Except for the results of the study by Garcia-Santos et al. (2021), the studies cited are in agreement with
the early study of Fekete and Gippert (1986), who compared the digestibility and nutritive value of a diet based on
WLS with those of 18 other different feedstuffs.

LUPIN BYPRODUCTS IN RABBIT NUTRITION

The agri-food sector generates vast quantities of byproducts annually, which are often unsuitable for human
consumption but contain significant levels of nutrients that can be used as feed components for farm animals (FEFAC,
2022). While many of these byproducts are high in fibre and unsuitable for monogastric animals such as pigs and
poultry, rabbits, despite being monogastric, can digest large amounts of fibre (e.g., Gidenne, 2015). The WLH or
WLB are an example of such byproducts generated during flour production for humans (Zhong et al., 2020) or feed
production for pigs and poultry, as removing the hulls results in increasing nutritive value for these animal species
(Nalle et al., 2010).

Lupin hulls are the outer shell or husk of white lupin seeds. They contain dietary fibre and some residual protein. In
rabbit diets, WLH can be used as a source of dietary fibre, which aids in digestive health and regulates gut function.
Lupin hulls can also contribute to the bulkiness and texture of rabbit feed, promoting natural foraging behaviours and
improving palatability. The inclusion of 50 g/kg (as fed basis) WLH in the diet of growing-fattening rabbits had no
negative effect on nutrient digestibility or growth performance (Volek et al., 2013).

Lupin bran consists of the outer layers of white lupin seeds, including the seed coat and aleurone layer. In rabbit diets,
WLB can serve as a supplementary source of fibre and micronutrients. Its inclusion can help diversify the nutrient
profile of rabbit feed and support overall digestive health. Uhlifova et al. (2018) studied the dietary incorporation of
WLB at 50 (WLB5) or 150 (WLB15) g/kg (as fed basis) at the expense of alfalfa meal (control diet) in rabbit feed
formulations. In general, there was no negative effect on the CTTAD of the diets. A significantly greater CTTAD was
found for the acid detergent fibre (ADF) of the WLB15 and WLB5 diets than in the control diet (0.210 and 0.200 and
0.147, respectively, P<0.001). Concerning growth performance, no significant difference was observed for the final
live weight or the ADWG of the rabbits among dietary treatments. The ADFI was greater (157.1 and 157.6 and
127.4 g/d, respectively; P<0.001) and the FCR was worse (3.05 and 3.03 and 2.62, respectively; P<0.001) in
rabbits fed the WLB15 and WLB5 diets than in rabbits fed the control diet. Feeding rabbits with the WLB15 diet led
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to a significantly lower dressing-out percentage (57.5 and 58.6% and 59.6%, respectively; P=0.024) and a greater
drip loss percentage (3.18 and 2.61% and 2.46%, respectively; P<0.001) than did feeding rabbits with the WLB5 or
control diet. Similar findings were observed in a study by Laudadio et al. (2009).

Overall, WLH and WLB are valuable nutritional components that can be incorporated into rabbit feeds to enhance
sustainability and optimise nutrient utilisation.

FUTURE PERSPECTIVES AND DIRECTION OF LUPIN RESEARCH

The introduction of native protein sources such as white lupin into the diets of farm animals in the EU aligns with
ambitious plans to decrease carbon footprints and improve environmental sustainability. Compared to conventional
protein sources such as soybean meal, the cultivation and processing of white lupin might result in lower greenhouse
gas emissions per unit of protein produced. This reduction is primarily due to reduced reliance on synthetic fertilisers
and lower energy inputs during cultivation and processing. These findings should be proven by means of life
cycle assessments and carbon footprint analyses, which will provide quantitative insights into the environmental
performance of white lupin-based animal feeds compared to that of conventional alternatives (Stagnari et al., 2017,
Costa et al., 2020; Divéky-Ertsey et al., 2022; Rebolledo-Leiva et al., 2022). Breeding efforts to date have significantly
reduced the alkaloid content in lupin, resulting in modern varieties with low alkaloid levels. Current lupin breeding
goals include stabilising yields, enhancing resilience to biotic and abiotic stresses, improving seed quality-related
biochemical properties, and extending maturity periods. Seed quality is particularly crucial for animal feed. However,
lupin breeding is ongoing, and future efforts will focus on improving other seed quality traits, such as the content of
non-starch polysaccharides and oligosaccharides (Abraham et al., 2019).

Since 1990, the cultivation of lupins has gradually increased. In 2022, the acreage of lupin in the EU reached almost
260,000 hectares, representing a year-on-year increase of approximately 26% from 205,000 hectares in 2021. The
largest areas of lupin cultivation in the EU are found in Poland and Germany, which together account for approximately
88% of the total lupin area in the EU (Faostat, 2024).

White lupin cultivation can provide habitat and forage resources for beneficial insects, birds and small mammals,
supporting biodiversity in agricultural landscapes (Messéan et al., 2021; Reckling et al., 2022; Brannan et al., 2023).
By diversifying crop rotations and incorporating white lupin into agroecosystems, farmers can enhance ecosystem
resilience and contribute to the conservation of native plants and animal species (Llobat and Marin-Garcia, 2022;
Rauw et al., 2023b; Marada et al., 2023; Marin-Garcia et al., 2023).

CONCLUSIONS

The integration of white lupin into rabbit (and other livestock) feeds in the EU might present a promising opportunity
to enhance environmental sustainability, improve farm animal diets and support agricultural biodiversity. Ongoing
research and breeding efforts, combined with supportive policies and market acceptance, will be crucial for realising
the full potential of white lupin in sustainable agriculture.
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