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WHITE  LUPINE  IS  A  SUITABLE  FEED  COMPONENT  IN  RABBIT 
DIETS:  A  review
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ABSTRACT

The paper reports the recent results regarding a possible utilization of white lupine seeds (Lupinus albus cv. Amiga) for rabbit 
feeds. The white lupine based diets were compared with the diets containing a commonly used protein sources, i.e. soybean or 
sunflower meals. The range of white lupine dietary inclusion used in different experiments varied between 60 and 250 g.kg-1. 
The main attention was focused on the growth performance, total tract apparent digestibility of diets, digestive health and meat 
quality of growing-fattening rabbits, as well as rabbit doe milk yield and milk composition, and the growth of their progeny. 
No adverse effect of feeding white lupine-based diets on the average daily weight gain, feed intake, final live weight, or feed 
conversion ratio of growing-fattening rabbits, as well as milk production was observed. Due to its fatty acid composition, 
the dietary inclusion of white lupine has the potential to change both meat and milk fatty acid profile in a beneficial way, without 
the need for the addition of dietary fat. Protein source did not affect the total tract apparent digestibility of crude protein and gross 
energy. From the point of view of chemical composition and performance, white lupine is the important component for rabbit 
feeds.
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INTRODUCTION

Protein sources mostly used in rabbit diets 
in Europe are soybean (SBM) and sunflower (SFM) 
meals, with inclusion levels of 80-150 g.kg-1 (Volek 
and Marounek, 2009; Villamide et al., 2010; Volek 
and Marounek, 2011). As reported by Kelly et al. 
(1990), whole white lupine seeds (WLS) may 
represent an alternative protein source for rabbit feeds. 
In comparison with SFM and WLS, SBM contained higher 
concentrations of crude protein (CP) and most of limiting 
amino acids (AA), and lower content of fibre fractions 
(Volek and Marounek, 2009). The biological quality 
of WLS, however, can be improved by adding synthetic 
AA (Ballester et al., 1980). Cellulose is the predominant 
constituent of the structural polysaccharides of lupine 
hulls (Volek et al., 2013). When compared with soybean 
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hulls, white lupine hulls contain more neutral-detergent 
fibre (NDF) and acid-detergent fibre (García et al., 
1997; García et al., 1999; Volek et al., 2013). The 
favourable effect of a higher dietary fibre intake on rabbit 
digestive health is well known (Gidenne, 2015); thus 
removed lupine hulls might represent an agro-industrial 
by-product suitable for use in rabbit feed. White lupine 
seeds have higher levels of ether extract (EE), water-
insoluble pectin and oligosaccharides of the raffinose 
series than SBM and SFM (Volek and Marounek, 2009). 
As far as the fatty acid (FA) composition of SBM, SFM, 
or WLS is concerned, monounsaturated fatty acids 
are the main FA in WLS, whereas polyunsaturated 
fatty acids (PUFA) and saturated fatty acids (SFA) are 
present at lower amounts than in SBM and SFM (Volek 
and Marounek, 2011; Volek et al., 2014). White lupine 
seeds contain less palmitic acid (C 16:0) and linoleic 
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acid (C 18:2n-6) and more eicosanoid acid (C 20:1n-9), 
oleic acid (C18:1n-9) and α-linolenic acid (C 18:3n-3) 
than SBM and SFM. Oleic acid is the predominant FA 
in WLS (Volek and Marounek, 2009; Volek et al., 2014). 
A high PUFA n-3/PUFA n-6 ratio is typical for WLS 
(Boschin et al., 2008; Volek and Marounek, 2011; Volek 
et al., 2014). Apart from the chemical composition, 
leguminous seeds may be also important for a greater 
self-sufficiency regarding the supply of protein to balance 
the diets of animals (Carrouée et al., 2003), as well as 
for the increasing of the sustainability of European 
crop-livestock systems (Jensen and Hauggaard-Nielsen, 
2003; Annicchiarico et al., 2010; Sulas et al., 2016). 
In this respect, lupine seed, as one of the grain legumes, 
may be a useful European-grown source of protein 
(Chiofalo et al., 2012).

The aim of this paper was to report the recent 
results regarding the effect of the WLS (Lupinus albus 
cv. Amiga) based diets on the growth performance, 
total tract apparent digestibility, digestive health and 
meat quality of fattening rabbits, as well as rabbit doe 
milk yield and milk yield composition and the growth 
of their progeny.

Growth performance and carcass traits of fattening 
rabbits

In comparison with the diets based on SBM 
or SFM, Volek and Marounek (2009) did not observe 
adverse effect of feeding WLS on rabbit performance. 
Regardless of rabbits’ weaning age (between 30 and 
37 days of age), also other authors confirmed that WLS 
can fully replace traditionally used protein sources 
(SBM and SFM) without an impairment of the average 
daily weight gain, feed intake, final live weight or feed 
conversion ratio (Volek and Marounek, 2011; Volek 
et al., 2014; Uhlířová et al., 2015b; Uhlířová et al., 
2016). Volek and Marounek (2009) recorded the higher 
dressing-out percentage in rabbits fed the WLS diet 
in comparison with those fed the SFM or SBM diet. 
Uhlířová et al. (2015b) reported a higher chilled and 
reference carcass weight in rabbits fed with WLS diet 
than in rabbits fed with the SBM diet but the dressing-
out percentage was not affected by dietary treatments. 
Similarly, Volek and Marounek (2011) did not observe 
any effect of dietary treatments (WLS vs. SFM diet) 
on the dressing-out percentage. These contradictory 
results regarding the dressing-out percentage may be 
related to a full digestive tract and skin weight, as well as 
slaughter weights of rabbits used for the determination 
of carcass characteristics in different experiments.

Total tract apparent digestibility 
There is an agreement with the literature, that CP 

sources (SBM, SFM, WLS) did not affect the total 

tract apparent digestibility of CP and gross energy 
(Fekete and Gippert, 1986; Volek and Marounek, 
2009; Volek and Marounek, 2011; Volek et al., 2014; 
Uhlířová et al., 2015b).

Digestive health of weaned rabbits
Digestive disorders are the main pathological 

events affecting weaned or fattening rabbits (Rosell 
et al., 2009). Volek and Marounek (2009) observed 
a higher incidence of diarrhoea in rabbits fed the SBM 
diet than in rabbits fed the WLS diet (8 vs. 2 rabbits; 
30 rabbits per group; P = 0.083). Similarly, Volek et al. 
(2014) reported the lower sanitary risk index (as the sum 
of morbid and dead rabbits; Fernández-Carmona et al., 
2005) caused by digestive disease in rabbits fed the WLS 
diet, than in rabbits fed the SBM diet (3.0 vs. 16.7 %; 
66 rabbits per group; P = 0.016). Uhlířová et al. (2015b) 
observed both lower morbidity (1 rabbit vs. 9 rabbits; 
P = 0.014) and the sanitary risk index (2 rabbits vs. 12 
rabbits; 40 rabbits per group; P = 0.006) in the ad libitum 
fed WLS rabbits compared with the ad libitum fed 
SBM rabbits. On the contrary, Uhlířová et al. (2016) 
observed the non-significant effect of dietary treatments 
on digestive health, although a lower number of animals 
at sanitary risk was observed in the rabbits fed the diet 
based on WLS than in those fed with the SBM diet (5 vs. 
13 rabbits; 130 rabbits per group; P = 0.085). The above 
mentioned findings suggest that feeding with the WLS 
diet is probably safer than with the SBM diet. However, 
the other experiments on a larger number of animals 
(Gidenne, 2015), and mainly under the conditions 
affected by Epizootic Rabbit Enteropathy (ERE, a high 
mortality disease of rabbits), are necessary. 

Fatty acid profile and indexes related to human health 
in hind leg meat and perirenal fat

Volek and Marounek (2011) studied the effects 
of a diet supplemented with WLS on FA composition 
and characteristics of hind leg meat and perirenal fat 
of growing-fattening rabbits in relation to human health. 
A total of 20 weaned rabbit (10 animals per treatment) 
were fed one of the two diets included SFM or WLS 
as the main protein and FA source. The WLS diet 
significantly decreased SFA and PUFA content, as well as 
the PUFA n-6/PUFA n-3 ratio and saturation, atherogenic 
and thrombogenic indexes in hind leg meat. The FA profile 
and indexes related to human health in perirenal fat were 
similar to hind leg meat. These results are consistent 
with the findings of Laudadio and Tufarelli (2011), who 
observed in broiler chickens that feeding the lupine diet 
(Lupinus albus L. cv. Multitalia) resulted in lower SFA 
content in meat, as well as the PUFA n-6/PUFA n-3 ratio, 
and saturation, atherogenic and thrombogenic indexes.
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Milk yield and milk composition
A short-term lactation experiment (one lactation 

period) revealed that WLS may be a perspective dietary 
CP source for lactating rabbit does, which can fully 
replace commonly used SBM (Volek et al., 2014). 
Uhlířová et al. (2015a) studied the effect of the lactation 
and weaning diets based on WLS (in comparison 
with the diets based on SBM) on milk yield and milk 
composition of rabbit does, as well as on the growth 
of their progeny through the longer lasting experiment 
(over two lactation periods). Significant differences 
were observed in terms of the daily milk production. 
During the 1st lactation period, average milk yield was 
higher between day 22 and day 32 of lactation in does 
fed the WLS, whereas in the 2nd lactation period, milk 
yield was significantly higher over the whole lactation 
(35 days) in these does. Milk dry matter, protein, fat 
or ash contents were not affected by dietary treatments. 
When expressed per kg of metabolic weight, milk output 
and fat output were significantly higher in the does fed 
the WLS diet. These findings are related to the higher 
dietary EE content in the WLS diet (Pascual et al., 2003), 
due to higher EE content in WLS than in SBM, and are 
consistent with our previous results (Volek et al., 2014). 
The milk of does fed the WLS diet contained significantly 
less caprylic acid, capric acid, lauric acid and C 18:2n-6 
and more C 18:1n-9, C 18:3n-3 and eicosapentaenic acid. 
Different milk fatty acid profile of does fed the WLS 
diet corresponds with fatty acid profile of WLS, and 
confirmed our previous findings (Volek et al., 2014). 
Growth of litters was not affected by dietary treatments. 
The longer lasting experiment confirmed that the WLS 
is a suitable CP source for the lactation diet of rabbits 
in terms of milk yield and composition, feed efficiency 
and growth of litters. 

Lupine hulls as a dietary ingredient in rabbit feed
Volek et al. (2013) studied the effect of the inclusion 

of lupine hulls (50 g of WLS hulls.kg-1) in a rabbit 
diet on the digestibility on nutrients and growth 
performance. The results revealed that WLS hulls 
can serve as a suitable by-products for rabbit feed. 
Other experiments should be focused on determining 
the maximal dietary level of lupine hulls.

CONCLUSION

No adverse effect of feeding white lupine 
based diets on the average daily weight gain, feed 
intake, final live weight, or feed conversion ratio 
of growing-fattening rabbits, as well as milk production 
was observed. Due to its fatty acid composition, the dietary 
inclusion of white lupine has the potential to change 
both meat and milk fatty acid profile in a beneficial way, 

without the need for the addition of dietary fat. Protein 
source did not affect the total tract apparent digestibility 
of crude protein and gross energy. 
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