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ABSTRACT 

 
Currently, the use of n-3 polyunsaurated fatty acids (n-3 PUFA) in rabbits’ nutrition represents 
an interesting strategy not only to enhance the productive and reproductive performances, but 
also the nutritional value of the meat, potentially creating a functional food for humans. This 
study investigated the effects of n-3 PUFA dietary integration with extruded linseed alone and 
in combination with algae Padina pavonica extract on the growth performance and metabolic 
status of fattening rabbits. Sixty New Zealand White growing rabbits, from weaning (35 days 
of age) until slaughter (85 days of age), were divided into three different groups (n=20) and fed 
different pelleted diets: commercial diet (CNT group), commercial diet integrated with 5% 
extruded linseed (L5% group), and commercial diet integrated with 3.5% extruded linseed in 
combination with 0.2% algae Padina pavonica extract (LPP group). In order to evaluate the 
growth performances of the rabbits, live weight (LW), average daily gain (ADG), and feed 
conversion ratio (FCR) were measured weekly, while feed intake was monitored daily. 
Moreover, to evaluate the metabolic status of the animals, plasma concentrations of insulin as 
well as glucose and non-esterified fatty acids (NEFA) were evaluated at 35, 60, and 85 days 
of age. In terms of productive performance, the fattening rabbits in the L5% group exhibited 
the highest marginal mean for LW, associated to higher average ADG and lower average FCR 
(for all: P<0.05), suggesting that the use of linseed alone improved feed efficiency compared 
to the LPP group. Furthermore, the integration with both extruded linseed and algae Padina 
pavonica extract did not significantly alter plasma concentrations of insulin, glucose, or NEFA, 
indicating no negative impact on the animals’ energy metabolism.  
 
Key words: Live weight, insulin, fattening rabbit, metabolites, NEFA. 
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INTRODUCTION  
 

In rabbit farming, the productive performance of fattening rabbits is associated with different 
parameters related to the health status, growth rate, and metabolic efficiency of the animals. 
Optimizing the growth performances in fattening rabbits represents a key factor in increasing 
the rabbit farmers’ profitability, especially considering the high feeding costs. Moreover, a well-
balanced diet is crucial for these animals to meet their energy requirements and prevent 
nutrient deficiencies. Currently, the use of n-3 polyunsaurated fatty acids (n-3 PUFA) in animal 
nutrition appears an interesting strategy to enhance the rabbits’ productive and reproductive 
performance. In addition, reaserch suggests that supplementing rabbits’ feed with n-3 PUFA 
offers a promising strategy to enhance the nutritional value of rabbit meat, potentially creating 
a functional food with benefits for human health (Dalle Zotte and Szendrő, 2011). Both plant 
and animal products rich in n-3 PUFA have been explored in the rabbits’ nutrition, although 
most studies have focused on linseed-derived products which gave the most interesting results 
(Dal Bosco et al., 2004). Among potential sources of plant-derived n-3 PUFA, marine algae 
have gained significant interest due to their established beneficial effects and their 
environmental sustainability (Al-Soufi et al., 2022). Notably, our study is the first to investigate 
the use of the brown algae Padina pavonica in rabbit diets to evaluate its effect on fattening 
rabbits. In this context, the objectives of this study were to investigate the impact of the 
integration with extruded linseed alone and in combination with algae Padina pavonica extract 
on the growth performance and energy metabolism of fattening rabbits. 
 

MATERIALS AND METHODS 
 

Animals, diets, and experimental design  
Sixty male New Zealand White rabbits were individually housed in conventional cages 
(L×W×H: 75×38×25 cm) under controlled environmental conditions, in a commercial farm 
located in Central Italy. The experimental protocol was approved by the Ethical Committee of 
the Department of Veterinary Medicine of the University of Milano (OPBA_18_2021). At 
weaning (35 days of age), the rabbits were randomly divided in three experimental groups (n 
= 20 animals/group), each receiving a different pelleted diet. The experimental diets were 
formulated in accordance with current nutritional recommendations for fattening rabbits, 
ensuring they contained similar proximate chemical composition. The three diets were 
formulated as follows: a control diet consisting of commercial feed (CNT), the same 
commercial feed with adjusted ingredient proportions and the substitution of 5% extruded 
linseed (L5%), and commercial feed with the adjustment of ingredient proportions and the 
substitution of 3.5% extruded linseed combined with 0.2% algae Padina pavonica extract 
(LPP). The proximate chemical composition of the diets, as detailed in Table 1, was determined 
following the AOAC methods (2016). The animals were slaughtered at 85 days of age. 
Throughout the study (35 to 85 days of age), the rabbits received a daily ration gradually 
increasing from 100 g/day to 160 g/day. Fresh water was always available. The rabbits’ live 
weight (LW), the agerage daily gain (ADG), and feed conversion ratio (FCR) were recorded 
weekly, whereas the individual feed intake (FI) was daily monitored. 
 
Table 1: Chemical composition of the experimental diets. 
g per 100 g of dry matter Experimental diets1 

 CNT L5% LPP 
Dry matter 89.34 89.49 89.94 
Crude protein 15.23 15.28 15.23 
Total fat 3.56 3.75 3.57 
Starch 12.07 12.07 11.87 

1CNT: Commercial control diet; L5%: CNT diet integrated with 5% of extruded linseed; LPP: CNT diet integrated 
with 3.5% extruded linseed and 0.2% Padina pavonica extract. 
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Plasma hormones and metabolites 
Blood samples were taken at 35, 60, and 85 days of age from the ear marginal vein. The 
samples were immediately centrifuged at 3500 rpm for 15 minutes, then plasma and serum 
were stored until the assay. From each sample, insulin, glucose, and non-esterified fatty acids 
(NEFA) were analysed as previously described by Menchetti et al., 2018.  
 
Statistical Analysis 
The productive performance were analyzed using the Linear Mixed model including days as 
repeated factor, with a first-order autoregressive covariance structure. The procedures of 
Generalized Estimating Equations were used to analyze insulin and metabolites 
concentrations using Normal distribution and Identity link function or gamma distribution and 
log link. The models evaluated the main effects of time, group, and the interaction between 
group and time. Correlations were evaluated using Spearman’s coefficient (ρ). Statistical 
analyses were performed with SPSS Statistics version 25 (IBM, SPSS Inc., Chicago, IL, USA). 
We defined P<0.05 as significant. 
 

RESULTS AND DISCUSSION 
 

Productive parameters  
Studies conducted so far have found little influence of n-3 PUFA on the productive performance 
of fattening rabbits, independently from the source, wether linseed or marine algae (Matics et 
al., 2017). In our study, the L5% group showed the highest marginal mean for LW, compared 
to both CNT and LPP groups (P<0.05, data not shown). Notably, no significant differences in 
LW were observed between the CNT and LPP groups. Furthermore, ADG and FCR were 
significantly affected by the different diet (P<0.01). Indeed, rabbits fed the L5% diet exhibited 
higher marginal means for ADG (41.0±1 g per day) and lower for FCR (4.1±0.2) compared to 
those fed the LPP diet. These findings suggest that incorporating 5% extruded linseed into the 
diet might improve growth performance and feed efficiency compared to a combination of 
linseed and algae. Thorughout the entire experimental trial, no differences in FI were found 
among groups (data not shown). This is an interesting outcome, particularly given that several 
previous studies have raised concerns about feed palatability when integrating various marine 
algae into rabbits’ diets at 2% (Okab et al., 2013). It’s important to note that our study 
represents the first experimental trial to employ the alga Padina pavonica, distinct from the 
seaweeds documented in existing literature and incorporated in the diets at 0.2%. 
 
Hormones and metabolites  

 
The LPP group had the lowest marginal means for insulin concentrations (12.4±1.0, 13.5±1.4, 
and 9.8±0.9 µIU/mL for CTN, L5%, and LPP, respectively; Figure 1; P=0.048), although 
pairwise comparisons did not reveal statistically significant differences between groups. 
Scientific literature suggest that marine algae contain different bioactive compounds, including 

Figure	1:	Insulin	concentrations	at	35,	60	and	85	
days	of	age	of	the	three	groups	

 

Figure	2:	NEFA	concentrations	at	35,	60	and	85	
days	of	age	of	the	three	groups	
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high levels of soluble dietary fibers, which may reduce glycaemia and insulin levels by slowing 
down both nutrients’ intestinal absorption and hormonal response through their capacity to 
increase the viscosity in the digestive tract (Vaugelade et al., 2000). Circulating NEFA are 
important metabolic energy sources which change in response to the energy status of the 
animals. In our study, NEFA concentrations were influenced by time and, regardless of group, 
the lowest values were found at 60 days (P=0.001; Figure 2). NEFA concentrations were also 
influenced by group x time interaction (P=0.01), but multiple comparisons did not highlight 
differences among groups. The absence of significant differences in NEFA concentrations 
among groups suggest that diets integrated with linseed and algae do not impair energy 
metabolism, as evidenced by the same level of lipolysis compared to the CNT group. Notably, 
a negative correlation was observed between NEFA and insulin concentrations (ρ=-0.401, 
P<0.001). This finding aligns with one of the established roles of insulin as an anti-lipolytic 
hormone, suppressing the release of NEFA from the adipose tissue into circulation. 
Finally, glucose concentrations were only affected by age, with the highest values observed at 
35 days (110.7±6.1 mg/dL; P<0.001), whereas neither group (P=0.985) nor its interaction with 
time (P=0.597) had significant effects on glucose levels. The observed peak in glucose levels 
at weaning is consistent with known age-related changes in insulin sensitivity and glucose 
metabolism of young animals. The lack of significant differences in glucose levels among 
groups suggests that neither 5% extruded linseed nor 0.2% alga Padina pavonica had a 
negative impact on glucose metabolism.  
 

CONCLUSIONS 
 

Overall, the results suggest that both extruded linseed and algae Padina pavonica extract can 
be safely incorporated into rabbit diets at 5% and 0.2% respectively without compromising the 
productive performance and the energy metabolism of the animals.  
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