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ABSTRACT: The objective of this study was to 
investigate the effect of dietary supplementation with 
fish oil on growth performance (during all fatening 
period), carcass characteristics and fatty acid (FA) 
profile of muscle and fat tissues (at slaughter), as well 
as cecal fermentation and ileal mucosa morphology 
of growing rabbits (at 30, 45, and 60 d of age). Two 
isonitrogenous and isoenergetic diets, only differing in 
their fat source, were formulated and provided each to 
24 does (12 per diet) and their offspring during preg
nancy and lactation. The control diet contained 4.59 
g of n-3 per 100 g of total FA, and the enriched diet 
contained 14.9 g of n-3 per 100 g of total FA. From 
weaning (30 d of age) to slaughter (60 d), the litters 
(12 per diet; 8 kits each) continued fed the correspond
ing experimental diet. There were no differences (P > 
0.05) between groups in ADFI, ADG and G:F ratio 
during the growing period. At slaughter, BW, full gas
trointestinal tract weight, carcass yield, meat color and 
pH, drip loss percentage, content of scapular fat and 
tissue composition of the left hind leg were similar 
between groups (P > 0.05), but perirenal fat was lower 

(P = 0.020) and skin weight and abdominal fat tended 
to be lower (P = 0.055 and P = 0.063, respectively) 
in enriched rabbits than in control ones. Total PUFA 
content in both LM and perirenal fat was greater (P = 
0.021 and < 0.001, respectively) in enriched rabbits, 
that also showed lower n-6/n-3 ratios in LM (1.61 vs. 
5.80; P < 0.001) and perirenal fat (4.71 vs. 12.0; P 
< 0.001) than those fed the control diet. Cecal con
centrations of total VFA were greater (P < 0.001) in 
enriched than in control group at 30, 45 and 60 d of 
age, but diet did not affect (P > 0.332) VFA profile, 
with the exception of a lower (P = 0.013) proportion of 
minor VFA (sum of isobutyrate, isovalerate, and val
erate) in control group. Diet did not affect (P > 0.255) 
either pH and NH3-N concentrations in the cecum or 
ileal morphology (crypt depth and villi length). The 
results showed that dietary fish oil supplementation 
enhanced beneficial long-chain n-3 FA and decreased 
n-6/n-3 ratio in rabbit meat and fat, being healthier for 
human consumption, without having negative effects 
on growth performance, cecal fermentation, and ileal 
morphology or carcass characteristics. 

INTRODUCTION 

Increasing the quality of animal products in pro
duction systems that also enhance animal welfare is an 

important goal of animal nutritionists. Human dietary 
recommendations often focus on the need of increas
ing the intake of long chain n-3 PUFA (18, 20, and 22 
carbon atoms) due to their beneficial effects on health 
(Gil and Gil, 2015). Dietary supplementation of long 
chain n-3 PUFA has been shown to increase their con
tent in rabbits' meat (Xiccato, 1999; Peiretti, 2012; 
Bianchi et al., 2009), and meat content in eicosapen-
taenoic (C20:5n-3), docosapentaenoic (C22:5n-3), 
and docosahexaenoic (C22:6n-3) acids was reported 
to be higher by enriching with fish than with vegetable 



oils (Benatmane et al, 2011; Tres et al, 2014). These 
long chain n-3 fatty acids (FA) are implicated in the 
development of the immune response (Fortun-Lamothe 
and Boullier, 2007), and their dietary supplementa
tion can increase both kits BW at birth (Rebollar et al., 
2014) and postweaning viability (Maertens et al, 2005). 
Moreover, dietary supplementation with vegetable fats 
can modify feed efficiency and productive performance 
in rabbits (Peiretti et al, 2007; Casado et al, 2013), and 
it has been reported that medium-chain FA (caprilyc and 
capric) acids can alter the intestinal microbiota, thus af
fecting cecal fermentation (Marounek et al., 2002) and 
the development of pathogenic strains (Skfivanova et 
al, 2009). Nonetheless, studies with PUFA of marine 
origin are scarce (Castellini et al., 2004; Kowalska and 
Bielanski, 2009) and have focused on meat characteris
tics. Our hypothesis was that fish oil (rich in C20:5n-3 
and C22:6n-3) supplementation to rabbits would in
fluence meat FA profile, but might also modify cecal 
fermentation and affect positively animal performance 
by reducing morbidity and/or mortality. The aim of this 
study was to evaluate the influence of a supplement de
rived from fish oil on performance, meat quality, ileal 
morphology, and cecal fermentation of growing rabbits. 

MATERIALS AND METHODS 

All experimental procedures used were approved 
by the Animal Ethics Committee of the Community of 
Madrid (Reference Procedimiento experimental 302/15), 
and were in compliance with the Spanish Guidelines for 
Care and Use of Animals in Research (Boletin Oficial 
del Estado, 2013). Temperature (19-22°C), air circula
tion (15 renovations per h), humidity (50 ± 5%), and light 
program (16 h of light and 8 h of darkness) of the build
ing were maintained through the trial. 

Experimental Diets 

Two isoenergetic, isoproteic, and isofibrous diets 
were formulated following the nutritional recommenda
tions of De Bias and Mateos (2010). Both diets had the 
same basal mixture of ingredients and only varied in the 
type of fat added: either 7.5 g/kg of lard (control group) 
or 15 g/kg of a commercial supplement (Optomega-50; 
Optivite International Ltd., Barcelona, Spain) consist
ing in a concentrated mixture of n-3 PUFA derived from 
salmon oil (enriched group). According to the manufac
turer, Optomega-50 contained 50% of ether extract (35% 
of n-3 and 8% of n-6) and vitamin E (2,500 mg/kg) on 
a mineral based carrier. In order to equal the carrier of 
Optomega-50, 7.5 g/kg of sepiolite were included in the 
control diet. The ingredient and chemical composition of 
diets is given in Table 1, and FA profiles are shown in 

Table 2. Only one batch of each diet was used during the 
study. Diets were prepared at the beginning of the trial, 
vacuum-packed and stored at 5°C to protect against lipid 
oxidation and other degradative processes. Samples of 
each diet were collected weekly, maintained at 5°C and 
composited at the end of the trial for chemical analysis. 

Table 1. Ingredients and chemical composition of 
control diet and an enriched diet with a supplement 
based on n-3 PUFA (Enriched) 

Item 

Ingredient composition, g per 100 g 
100 g diet (as-fed basis) 

Wheat bran 

Barley grain 

Sunflower meal 

Palm kernel 

Lucerne meal 

Barley sprouts 

Sugarbeet pulp 

Sugarcane molasses 

Wheat straw 

Lard 

Sepiolite 

Optomega 501 

Calcium carbonate 

Sodium chloride 

Lysine 

Choline chloride 

Organic acids 

Min-vitpremix2 

Antioxidants3 

Zinc bacitracin premix4 

Chemical composition, g per 100 g 
DM unless otherwise stated 

Gross energy, MJ/kg 

DM, g per 100 g (as-fed basis) 

Ash 

CP 

Ether extract 

NDF 

ADF 

ADL 

Control 

30.0 

11.1 

19.9 

6.00 

10.0 

5.00 

5.70 

3.00 

4.20 

0.75 

0.75 

-
1.90 

0.60 

0.17 

0.03 

0.07 

0.30 

0.33 

0.20 

16.4 

90.6 

8.11 

16.0 

31.6 

33.2 

16.1 

3.98 

Diet 

Enriched 

30.0 

11.1 

19.9 

6.00 

10.0 

5.00 

5.70 

3.00 

4.20 

-
-

1.50 

1.90 

0.60 

0.17 

0.03 

0.07 

0.30 

0.33 

0.20 

16.5 

90.4 

7.88 

16.0 

31.4 

33.5 

16.3 

4.00 
1A commercial product containing salmon fish oil. According to the 

manufacturer it contains 50% of ether extract (35% of n-3 and 8% of n-6) 
and vitamin E (2,500 mg/kg) on a mineral based carrier. 

2Mineral and vitamin premix supplied per kg of complete diet: vita
min A 9,999.9 IU; vitamin D 1,080 IU; vitamin E, 200 mg/kg; vitamin 
K3: 1.7 mg; Thiamine: 1.7 mg; Riboflavin: 4.3 mg; Pantotheic acid: 13.6 
mg; Pyridoxine:1.7mg; Mn:22.7mg; Co:595 ug; Se:140 ug; 1:1.2 mg. 

Supplied per kg of diet: [E320 Butilhidroxianisol (BHA) + E324 
Etoxiquina+E321 Butilhidroxitolueno (BHT) 30,000 mg; E562 sepiol-
ita 910,000 mg] (Trow Nutrition Spain, SA, Madrid, Spain); 3,000 mg 
Luctanox (Lucta, Barcelona, Spain; Luctanox was composed of ethoxy-
quin (E324), propylgalate (E310), citric acid (E330), sodium phosphate 
(E339), and colloidal silicic acid (E551a). 

4Contained 100 mg of zinc-bacitracin/kg (Andres Pintaluba S.A., Reus, 
Spain). 



Table 2. Fatty acid composition (g per 100 g of total 
fatty acid methyl esters) of control diet and an enriched 
diet with a supplement based on n-3 PUFA (Enriched) 

Fatty acid 

C12:0 

C14:0 

C16:0 

C18:0 

Total SFA 

C16:ln-7 

C18:ln-9 

C18:ln-7 

C20:ln-9 

Total MUFA 

C18:2n-6 

C18:3n-3 

C18:4n-3 

C20:5n-3 

C22:5n-3 

C22:6n-3 

Total PUFA 

n-9 

n-6 

n-3 

n-6/n-3 ratio 

Unsaturation index2 

Diet 

Control 

6.33 

5.32 

18.3 

5.42 

35.4 

1.34 

24.1 

1.59 

1.31 

28.3 

32.7 

4.08 

0.51 

nd1 

nd1 

nd1 

36.6 

25.4 

33.5 

4.59 

7.29 

1.15 

Enriched 

6.36 

6.10 

16.62 

2.76 

31.8 

1.68 

17.7 

1.23 

1.21 

21.8 

31.5 

4.45 

2.16 

3.39 

0.92 

4.00 

46.4 

18.9 

32.8 

14.9 

2.20 

1.27 

!nd = not detected. 

Calculated as the sum of the unsaturated fatty acids, each multiplied by 
the number of double bonds in their chain, and divided by 100. 

Animals and Experimental Design 

The litters from 24 primiparous rabbit does that had 
been fed the experimental diets (12 control and 12 en
riched does) during pregnancy and lactation were used 
in the study. Results on the effects of diet supplementa
tion with n-3 PUFA on endocrine, reproductive and pro
ductive responses of rabbit does have been reported by 
Rebollar et al. (2014), and those on plasma metabolites 
in their offspring by Rodriguez et al. (2017). All kits 
were weaned after 30 d of lactation. They were weighed 
and subsequently standardized to 8 kits per litter (kits 
with a BW similar to the average litter BW removing the 
outliers). Each litter was housed in a flat-deck cage (60 
x 50 x 33.5 cm). The 24 litters (192 kits in total) were 
divided into 4 homogeneous groups (6 litters each; 2 
groups/diet) according average BW. The initial average 
BW of kits was 711 ± 25.9 and 710 ± 28.3 g for control 
and enriched group, respectively. Rabbits continued to 
be fed their ad libitum maternal diet through the grow
ing period and viability of rabbits was monitored every 
day. The experimental design is shown in Fig. 1. 

Productive Performance and 
Carcass Characteristics 

Feed intake, productive performance and carcass 
quality were measured in 6 litters per diet (48 rabbits 
per diet). Live BW and feed consumption were deter
mined weekly in each cage to calculate ADFI, ADG 
and G:F. At d 60, all rabbits (48 rabbits per diet) were 

Productive performance and 

carcass charactetistics 

(6 control and 6 enriched raters) 

• : - , ; • • • 

ADFI 
ADC 
G F 

ADFI 
ADG 

Slaughter 4 xi'.~ litter 

BW 

Main carcass trails 
Fat content 

Ttssular composition of 
tbc ten hmd kg 

FApronle o f L M a c r c ; 

FAproSe ofpenrenal rat 

ADFI 
ADG 

ADFI 
ADG 
Gf 

.. 1 3vs 
1 

*5 d r •• •• 

— I — 
52 a ac-e 

1 
flOB101 

Cecal fermentation and leal 

morpholoBy 
(6 control and 6 enriched biters) 

Slaughter ; iots1ittcr 

D M 

pH 
NHj X 

•ad 
VTA concentration 

in the caecum 

Cr.pt depth 
Viij] length 

Slaughter J kits litter 

DM corner, 

pH 
N H , - N 

VFAc 
b the caecnm 
Crypt depth 
Villi length 

Slaughter 1 k is l i t ter 

DM center,! 

pH 
NHj-X 

and 
VTA concentration 

in the caecnm 

Crypt depth 
Y l i length 

Figure 1. Sampling timeline of different variables related to productive performance and carcass characteristics, as well as cecal fermentation and 
ileal morphology of kits during their growing period. 

Cr.pt


weighed and 4 animals from each litter, having a BW 
similar to the average litter BW, were stunned at low 
voltage (90 V; 5 s). Animals were then bled by cutting 
the carotid arteries and jugular veins. All further pro
cedures followed the recommendations of the World 
Rabbit Science Association described by Blasco et al. 
(1993). The full gastrointestinal tract, skin, distal legs 
and tail, and urogenital tract were removed. Carcasses 
(with the head, heart, lungs, liver, kidneys, perirenal fat, 
and scapular fat) were weighed, and then the perirenal, 
suprascapular, and abdominal fat were removed and 
weighed individually. Samples (2 to 3 g) of perirenal fat 
and LM (dorsal portion) were taken and immediately 
frozen (-20°C) until lyophilization and analysis of FA 
profile. Muscle pH was measured on the 10th rib face 
of the LM using a portable Crisson 25 pHmeter with 
a penetration electrode 5053 T (Crisson Instruments, 
Barcelona, Spain) at 0 min, 30 min, and 24 h post mor
tem. Meat color was assessed 30 min after slaugther in 
the LM according to the Commission International de 
L'Eclairage (CIE; 2004) system, and was reported as 
L* (lightness), a* (redness), andb* (yellowness). Color 
was determined using a Konica Minolta CM-700d 
colorimeter (Azuchi-Machi Higashi-Ku, Osaka 541, 
Japan) under daylight illumination and a 45/0 viewing 
angle. The left hind leg was separated, weighed and 
vacuum packaged until dissection and determination of 
the amount of muscle, bone and fat by weight (Precisa 
125A precision balance, Precisa Gravimetrics AG, 
Dietikon, Switzerland). Finally, carcasses were chilled 
to 5°C for 24 h in a ventilated room, and weighed to 
calculate drip loss percentage and carcass yield. 

Cecal Fermentation and Ileal Morphology 

The other 6 litters per diet (48 rabbits per diet) were 
used to assess the influence of the experimental diets on 
cecal fermentation and ileal morphology. Two rabbits per 
litter (12 kits per diet), with a BW similar to the average 
litter BW, were slaughtered by cervical dislocation at 30 
(weaning), 45, and 60 d of age. The cecum was removed 
and its full weight was recorded. The cecal content was 
then extracted, weighed, homogenized, and the pH im
mediately measured with a Crison Basic 20 pHmeter 
(Crison Instruments, Barcelona, Spain). About 2 g of ce
cal content were weighed, mixed with 2 mL of 0.5 7VHC1, 
and immediately frozen (-20°C) until analysis of NH3-N 
and VEA concentrations. The remaining cecal content 
was used to determine DM content. 

In addition, a sample from the ileum (4 cm) was 
taken next to the last Peyer's patch from each animal to 
study mucosa morphology. Samples were preserved in 
a formaldehyde solution (10%; vol/vol), and were later 
gradually dehydrated with increasing concentrations of 

ethyl alcohol (50 to 100%). The dehydrated samples 
were embedded in paraffin and stained with hematoxylin-
eosin before cutting histological sections of 5 um. The 
sections were analyzed by light microscopy (Olympus 
BX40; Olympus Optical Co., Hamburg, Germany) us
ing an image analyzer (Soft Imaging System, Olympus, 
GmbH, Hamburg, Germany). Villi length (from the top 
of the villi to the villi crypt junction) and depth of cor
responding crypts were measured according to Hampson 
(1986) in 4 cross sections from the mean value of 30 ver
tically-oriented villi per animal. Due to a problem during 
the storage of the samples taken at weaning (30 d of age), 
they could not be analyzed and ileal morphology values 
for this sampling are not reported. 

Chemical Analyses 

Chemical analysis of experimental diets followed 
the official methods of the AOAC (2000) for DM (oven 
drying method: 934.01), ash (muffle furnace incinera
tion: 923.03), ether extract (solvent extraction: 920.39), 
and CP (Dumas method: 968.06; FP-528 LECO 
Corportation, St. Joseph, MI) determinations. Gross 
energy was determined by combustion in an adiabat-
ic calorimetric pump (model 1356, Parr Instrument 
Company, Moline, IL). The NDF, ADF, and ADL con
tent was determined according to the sequential method 
of Van Soest et al. (1991) using an ANKOM220 Fiber 
Analyzer unit (ANKOM Technology Corporation, 
Fairport, NY). Sodium sulphite and heat-stable amylase 
were used in the sequential analysis of NDF, ADF, and 
ADL, and they were expressed exclusive of residual ash. 

The extraction of lipids from dietary samples fol
lowed the procedure of Sukhija and Palmquist (1988). 
Briefly, ground samples (1 mm screen; 200 mg) were 
mixed with 1 mL of toluene containing 1 mL of internal 
standard (pentadecanoic acid (C15:0), Sigma-Aldrich, 
Madrid, Spain) of 10 mg/mL concentration, 1 mL of tol
uene and 3 mL of freshly made 5% methanolic HC1 in a 
culture tube. Tubes were capped, vortexed (1 min) and 
heated for 2 h in a shaking water-bath at 70°C. After tem
pering, 5 mL of 5% potassium carbonate solution were 
slowly added and the mixture was vigorously vortexed 
and centrifuged (5 min, 3,000 rpm). The upper phase 
(3 phases are formed) was dried with anhydrous sodi
um sulphate and collected for FA analysis as described 
below. Lipids from muscle samples were extracted us
ing the procedure described by Segura and Lopez-Bote 
(2014). Briefly, lyophilized samples (200 mg; in tripli
cate) were homogenized in dichloromethane methanol 
(8:2; vol/vol) using a mixer mill (MM400; Retsch 
Technology, Stuttgart, Germany). The final biphasic 
system was separated by centrifugation. Solvent was 
evaporated under nitrogen stream, lipids were dried 



by vacuum desiccation and total lipid content was de
termined gravimetrically. Fatty acid methyl esters were 
prepared from total lipids by transesterification using a 
mixture of sodium methylate-methanol and methylated 
in the presence of sulphuric acid as described by Segura 
and Lopez-Bote (2014). The fatty acid methyl esters 
were separated using a gas chromatograph (HP 6890 
Series GC System; Hewlett Packard Co., Avondale, PA) 
equipped with a flame ionization detector and a HP-
Innowax polyethylene glycol column (30m><0.316 mm 
x 0.25 um; J&W Scientific/Agilent Technologies, Santa 
Clara, CA). Nitrogen was used as a carrier gas. 

Cecal samples were thawed at 4°C, homogenized, 
centrifuged (14,000 rpm, 15 min, 4°C) and the super
natant was used for NH3-N and VFA analyses. The 
analysis of the ammonia concentration was performed 
by the colorimetric technique described by Weatherburn 
(1967). Preparation of samples and analysis of VFA con
centration followed the procedures described by Garcia-
Martinez et al. (2005). Briefly, 1.0 mL of the supernatant 
was mixed with 0.5 mL of a deproteinizing solution (10% 
metaphosphoric acid and 0.06% crotonic acid) and the 
obtained mixture was allowed to stand for 24 h at 4°C. 
Samples were centrifuged (14,000 rpm, 15 min, 4°C) and 
the supernatant was transferred to chromatography vials. 
The VFA concentration was determined by gas chroma
tography using a Pelkin Elmer Autosystem XL gas chro
matograph (PerkinElmer Inc., Shelton, CT) equipped 
with an automatic injector, detector flame ionization and 
a semi-capillary column TR-FEAP 30 m x 0.53 mm x 1 
um (Supelco, Barcelona, Spain). 

Calculations and Statistical Analyses 

Unsaturation index of diets, muscle and fat were cal
culated as the sum of the unsaturated FA, each multiplied 
by the number of double bonds in their chain, and divided 
by 100. Atherogenic and thrombogenic index of muscle 
and fat were calculated according to the equations pro
posed by Ulbricht and Soulhgate (1991), where MUFA 
represent the content of monounsaturated fatty acids. 

Atherogenic index = (C12:0 +4 x C14:0 + C16:0) 
/ (IMUFA + In-6 + In-3) 

Thrombogenic index = (C14:0 + C16:0 + C18:0) / [0.5 
x IMUFA + 0.5 x Sn-6 + 3 x In-3 + (In-6 / In-6)] 

The experimental unit for ADFI, ADG, G:F, cecal 
fermentation parameters, and ileal morphology values 
measurements was the cage, whereas the individual 
rabbit was the experimental unit for carcass and meat 
characteristics. Data on ADFI, ADG, G:F, cecal fer
mentation, and ileal morphology were analyzed as a re

peated measures ANOVA using the MEXED procedure 
of SAS (version 9.2; SAS Inst. Inc., Cary, NC). The sta
tistical model included diet, time (sampling day), and 
the interaction between diet and time as fixed effects. 
The rest of the data were analyzed by the same model 
excluding the effects of time. All means were compared 
using a protected Mest, and significance was declared at 
P < 0.05, and 0.05 <P< 0.10 values were considered to 
be a trend. Results are presented as least squares means. 

RESULTS AND DISCUSSION 

Experimental diets were formulated with the same 
ingredients, and were isoenergetic and isoproteic in or
der to avoid confounding effects of different ingredients 
and/or different energy levels due to fat supplementa
tion. As shown in Table 2, total PUFA concentration 
and n-6/n-3 ratio were 1.3-fold higher and 3.3-fold 
lower, respectively, in the enriched diet compared with 
the control one. No C20:5 n-3, C22:5 n-3 or C22:6 n-3 
were detected in the control diet but they were present 
in the enriched diet, with proportions ranging from 0.92 
to 4.00 g/100 g of total fatty acids methyl esters. 

Productive Performance and 
Carcass Characteristics 

No mortality or morbidity was registered through 
the trial. As shown in Table 3, there were no differences 
(P = 0.127 to 0.688) between experimental groups either 
in ADFI, ADG or G:F, and no interactions between diet 
and time were observed, with the exception of a trend 
for ADFI (P = 0.093). These results indicate that the 
level of inclusion of a supplement derived from fish oil 
used in our study had no detrimental effect either on feed 
intake or on animal growth. In agreement with our re
sults, Kowalska and Bielanski (2009) reported no effects 
of dietary fish oil supplementation (3% as-fed basis) on 
growth performance of rabbits and feed conversion effi
ciency. Using other PUFA-rich fats [palm fat (99% SFA) 
or linseed oil (>70% PUFA)], Trebusak et al. (2015) 
also observed no differences in growth performance. 
Nonetheless, others (Bianchi et al, 2009; Casado et al., 
2013) have reported lower growing performance when 
linseed or linseed oil was included in the diet. Both FA 
composition of the supplements and level of fat inclu
sion in the diet can be involved in the variable response 
of rabbits to fat supplementation observed in the different 
studies. Values of ADFI, ADG, and G:F during the first 
3 wk of the study were similar to those reported in the 
literature for similar production conditions (Fernandez 
et al, 1994; Kouba et al, 2008; Kowalska and Bielanski, 
2009), but a lack of increase in feed intake and a reduced 
growth were observed at wk 4 in both groups, which was 



Table 3. Average daily feed intake, ADG, and G:F of fattening rabbits fed a control diet and an enriched diet with 
a supplement based on n-3 PUFA (Enriched) from 30 to 60 d of age1. All values are least squares means 

Item 

ADFI, g/d 

Control 

Enriched 

ADG, g/d 

Control 

Enriched 

G:F, g/g 

Control 

Enriched 

1 

84.5 

86.0 

48.6 

49.0 

0.575 

0.574 

Week of growing period 

2 

131 

138 

52.2 

52.0 

0.401 

0.378 

3 

146 

143 

46.4 

43.6 

0.318 

0.302 

4 

145 

137 

32.7 

30.9 

0.226 

0.222 

SEMD
2 

0.52 

1.12 

0.0048 

SEMT
2 

0.74 

1.58 

0.0067 

Diet 

0.688 

0.144 

0.127 

P-value 

Time 

< 0.001 

< 0.001 

< 0.001 

Diet x Time 

0.093 

0.433 

0.626 

1 Six litters of 8 rabbits each were fed each diet. 
2SEMD and SEMT: standard error of the mean for diet and time effects, respectively. 

attributed to the high density of rabbits in the cage at the 
end of the growing period. Muguerza et al. (2008) re
ported that a density of 0.044 m2 per animal was optimal 
to reach a slaughter BW of 2.0 to 2.1 kg in 56 to 60 d 
(typical values for rabbit production in Spain), but in our 
study the density was higher (0.038 m2 per animal) and 
the animals occupied most of the floor space in the cage 
the last wk of the study. This probably made difficult 
the access to the feeder and consequently reduced feed 
intake, which was lower than that reported by others in 
similar studies (> 155 g/d; Corrent et al., 2007; Casado 
et al., 2013). However, the lack of morbidity and mortal
ity registered in our study indicates that the reduced feed 
intake did not negatively affect the health of the rabbits in 
any group. As observed by others (Gutierrez et al., 2002; 
Read et al., 2016), G:F was decreasing overtime, as feed 
conversion rate is more favorable in younger animals 
than in those reaching slaughter BW (Maertens, 2009). 

No differences (P = 0.160 to 0.842) between di
ets were observed either in BW at slaughter, hot and 
chilled carcass weights, carcass yield, drip loss per
centage, and full gastrointestinal tract weight (Table 4). 
Values were in the range of those reported in the litera
ture for similar rabbit production systems (Chamorro et 
al, 2007; Casado et al, 2011; El Abed et al, 2012). The 
type of fat in the diet had no effect (P = 0.144 to 0.935) 
either in meat color parameters measured 30 min after 
slaughter or in pH values at 0, 30 min and 24 h after 
slaughter. Nonetheless, the weight of the skin tended 
to be lower (P = 0.055) in the enriched group than in 
control one. This trend might be due to a higher depo
sition of subcutaneous fat with a more saturated profile 
in the control group, which would result in higher fat 
densification and therefore subcutaneous fat would be 
more easily removed at skinning. This hypothesis is 
also supported by the higher amount of perirenal fat (P 
= 0.020) and the trend (P = 0.063) to higher abdominal 

Table 4. Body weight, main traits and fat content of 
carcass, and tissue (bone, muscle and fat) composition 
of the left hind leg from growing rabbits fed a control 
diet and an enriched diet with a supplement based on 
n-3 PUFA (Enriched) and slaughtered at 60 d of age1. 
All values are least squares means 

Item 

BW, g 

Carcass traits 

Hot carcass weight, g 

Hot carcass yield, % 

Chilled carcass weight, 

Color 

L* 

a* 

b* 

PH 

Slaughter time 

30 min 

24 h 

Drip loss percentage, % 

Skin weight, g 

Full gastrointestinal tract 
weight, g 

Fat, g 

Abdominal 

Scapular 

Perirenal 

Left hind leg, g 

Total weight 

Bone 

Muscle 

Fat 

Diet 

Control 

1,999 

1,197 

59.9 

g 940 

54.9 

3.11 

1.25 

7.40 

7.03 

6.05 

7.30 

387 

325 

26.2 

7.11 

14.7 

170 

26.7 

131 

5.22 

Enriched 

1,971 

1,177 

59.8 

925 

54.4 

3.51 

1.19 

7.48 

7.11 

6.05 

7.42 

374 

325 

24.4 

7.19 

12.8 

169 

26.2 

129 

5.20 

SEM 

13.4 

9.2 

0.24 

7.4 

0.52 

0.348 

0.342 

0.039 

0.036 

0.029 

0.165 

4.685 

5.9 

0.65 

0.272 

0.57 

1.467 

0.27 

1.5 

0.183 

P-value 

0.205 

0.221 

0.823 

0.160 

0.497 

0.414 

0.297 

0.144 

0.166 

0.935 

0.431 

0.055 

0.842 

0.063 

0.851 

0.020 

0.403 

0.253 

0.299 

0.946 

twenty-four rabbits per group. 



fat observed in the control group than in the enriched 
one, although there were no differences (P = 0.851) be
tween groups in the amount of scapular fat. A decrease 
in carcass fat content after PUFA-rich fat supplementa
tion have been previously observed by others in rabbits 
(Kowalska and Bielanski, 2009; Volek and Marounek, 
2011), as fat deposition is affected by the saturation de
gree of FA (Lin et al., 1993). It has been consistently 
reported (Piers et al., 2002; Ukropec et al, 2003; Jans 
et al, 2012) that PUFA are more readily oxidized than 
SFA, mainly in the liver, but also in the muscle, which 
can contribute to the reduction on lipogenesis by n-3 
PUFA supplementation that has been repeatedly shown 
in different animal species (Wood et al, 2008). No dif-

Table 5. Total lipids content, fatty acid profile (g/100 
g total fatty acid methyl esters), and indexes related to 
human health in LM of growing rabbits fed a control 
diet and an enriched diet with a supplement based on 
n-3 PUFA (Enriched) and slaughtered at 60 d of age1. 
All values are least squares means 

Diet 

Item Control Enriched SEM P-value 

twelve rabbits per group. 
2Calculated as the sum of the unsaturated fatty acids, each multiplied by 

the number of double bonds in their chain, and divided by 100. 

Atherogenic index = (C12:0 + 4 x C14:0 + C16:0)/(SMUFA+In-6 +In-3). 
4Thrombogenic index = (C14:0 + C16:0 + C18:0) / [0.5 x LMUFA+ 0.5 

x In-6 + 3 x In-3 + (In-6/Sn-6)]. 

ferences (P = 0.253 to 0.946) between groups were 
detected in total weight and tissue composition (bone, 
muscle, and fat) of the left hind leg (Table 4). Similar 
results have been reported by others in rabbits when 
the diet was supplemented with fish oil (Kowalska and 
Bielanski, 2009) or other PUFA-rich fats (Peiretti et al., 
2007, Volek and Marounek, 2011). 

Fatty acid profile and indexes related to human 
health of LM and perirenal fat are presented in Tables 5 
and 6, respectively. There was no difference (P = 0.476) 
between groups in total fat content of LM. In contrast, 
dietary supplementation with fish oil resulted in greater 
PUFA (P < 0.021) and lower (P < 0.002) MUFA content 
in both LM and perirenal fat. The C20:5n-3, C22:5n-3 

Table 6. Fatty acid profiles (g/100 g total fatty acid 
methyl esters) and indexes of relevance for human 
health of perirenal fat of growing rabbits fed a control 
diet and an enriched diet with a supplement based on 
n-3 PUFA (Enriched) and slaughtered at 60 d of age1. 
All values are least squares means 

Diet 

Fatty acid 

C12:0 

C14:0 

C16:0 

C18:0 

C20:0 

Total SFA 

C16:ln-7 

C18:ln-9 

C18:ln-7 

C20:ln-9 

Total MUFA 

C18:2n-6 

C18:3n-3 

C20:4n-6 

C20:5n-3 

C22:5n-3 

C22:6n-3 

Total PUFA 

n-6 

n-3 

n-6/n-3 ratio 

Unsaturation index2 

Atherogenic index3 

Thrombogenic index4 

Control 

1.32 

4.34 

29.3 

5.74 

0.10 

42.5 

3.43 

28.0 

1.54 

0.53 

34.2 

20.9 

1.69 

0.18 

nd1 

0.08 

nd1 

23.1 

21.3 

1.77 

12.04 

0.83 

0.84 

1.20 

Enriched 

1.24 

4.68 

29.5 

5.47 

0.10 

42.2 

4.41 

23.0 

1.60 

0.61 

30.4 

21.8 

1.99 

0.26 

0.10 

0.84 

0.93 

27.2 

22.4 

4.76 

4.71 

0.97 

0.86 

0.97 

SEM 

0.043 

0.050 

0.230 

0.104 

0.003 

0.263 

0.134 

0.177 

0.031 

0.010 

0.260 

0.234 

0.024 

0.006 

0.019 

0.014 

0.013 

0.277 

0.240 

0.048 

0.064 

0.006 

0.010 

0.012 

P-value 

0.172 

< 0.001 

0.541 

0.079 

0.633 

0.546 

< 0.001 

< 0.001 

0.174 

< 0.001 

< 0.001 

0.008 

< 0.001 

< 0.001 

< 0.001 

< 0.001 

< 0.001 

< 0.001 

0.004 

< 0.001 

< 0.001 

< 0.001 

0.138 

< 0.001 

^Twelve rabbits per group. 
2Calculated as the sum of the unsaturated fatty acids, each multiplied by 

the number of double bonds in their chain, and divided by 100. 

Atherogenic index = (C12:0 + 4 x C14:0 + C16:0)/(SMUFA+In-6+In-3). 
4Thrombogenic index = (C14:0 + C16:0 + C18:0)/[0.5 XIMUFA +0.5 

x In-6 + 3 x In-3 + (In-6/Sn-6)]. 

Total lipids, g/100 g 

Fatty acid profile 

C12:0 

C14:0 

C16:0 

C18:0 

C20:0 

Total SFA 

C16:ln-7 

C18:ln-9 

C18:ln-7 

C20:ln-9 

Total MUFA 

C18:2n-6 

C18:3n-3 

C20:4n-6 

C20:5n-3 

C22:5n-3 

C22:6n-3 

Total PUFA 

n-6 

n-3 

n-6/n-3 ratio 

Unsaturation index2 

Atherogenic index3 

Thrombogenic index4 

1.63 1.52 

0.39 

2.43 

23.4 

6.43 

0.13 

38.6 

2.64 

21.6 

1.34 

0.38 

27.8 

19.1 

0.93 

4.63 

0.80 

2.52 

0.99 

33.6 

23.8 

5.24 

5.80 

1.24 

0.79 

0.53 

0.36 

2.49 

22.1 

6.14 

0.29 

39.5 

2.64 

17.5 

1.23 

0.27 

23.9 

15.0 

0.95 

4.37 

2.59 

5.28 

4.34 

36.6 

19.4 

13.2 

1.61 

1.52 

0.51 

0.51 

0.078 0.476 

0.031 

0.200 

0.729 

0.141 

0.033 

0.227 

0.198 

0.647 

0.039 

0.038 

0.797 

0.578 

0.062 

0.222 

0.095 

0.520 

0.268 

0.860 

0.517 

0.788 

0.643 

0.013 

0.043 

0.017 

0.591 

0.831 

0.209 

0.158 

0.003 

0.012 

0.993 

< 0.001 

0.072 

0.002 

0.002 

< 0.001 

0.768 

0.424 

< 0.001 

< 0.001 

< 0.001 

0.021 

< 0.001 

< 0.001 

< 0.001 

< 0.001 

< 0.001 

0.456 



and C22:6n-3 content of LM was 3.2, 2.1 and 4.4 times 
greater (P < 0.001) in the enriched rabbits compared 
with control ones. Although these FA were not supplied 
by the control diet (Table 1), the 3 FA were detected in 
all samples of LM from control animals, thus reflecting 
the ability of rabbits to synthesize endogenous n-3 FA 
(Bemardini et al, 1999). The amount of endogenous n-3 
FA synthesized seems to depend on dietary n-6/n-3 PUFA 
ratio, and Bemardini et al. (1999) reported an efficient 
conversion of a-linolenic acid (C18:3n-3) into long-
chain n-3 PUFA in rabbits fed diets with low n-6/n-3 ra
tio. An increase in the C20:5n-3, C22:5n-3 and C22:6n-3 
content in rabbit carcass has also been observed by di
etary C18:3n-3 supplementation (Bemardini etal, 1999; 
Kouba, 2006), although the level of C18:3n-3 that can 
be converted into C20:5n-3 and C22:6n-3 appears to be 
variable in different body tissues, with the heart and the 
liver having greater capacity than the muscle (Ander et 
al., 2010). In our study there were no differences (P = 
0.768) between diets in C18:3n-3 concentrations in LM. 
Total SEA content in perirenal fat was not affected by the 
type of fat in the diet, but SEA content in LM was greater 
(P = 0.012) in the enriched group than in control one; 
this was due to the greater (P = 0.003) C20:0 concen
trations observed in enriched rabbits, as there were no 
differences between diets (P > 0.158) in the rest of ana
lyzed SEA. In agreement with our results, previous stud
ies have shown the influence of dietary FA profile on FA 
deposition in rabbit carcass (Xiccato, 1999; Benatmane 
et al., 2011; Tres et al., 2014). In addition, good relation
ships between dietary FA and their content in LM and 
perirenal fat have been reported by Peiretti (2012) in a 
review of studies involving 27 diets varying in FA pro
file. However, individual FA differed in their incorpora
tion in muscle and fat, and regression equations of in
dividual FA in LM and perirenal fat on the same FA in 
the diet were different for the 2 tissues (Peiretti, 2012). A 
different response to dietary FA in LM and perirenal fat 
was also observed in our study, as long-chain n-3 PUFA 
concentrations and n-6/n-3 ratio in PUFA rabbits were 
greater and lower, respectively, in LM than in perirenal 
fat. In addition, no C20:5n-3 and C22:6n-3 were detect
ed in the perirenal fat of control rabbits, but both were 
detected in the LM samples of the same animals. The 
FA profile observed in our study is consistent with pre
vious work (Bemardini et al, 1999; Kouba et al, 2008; 
Peiretti, 2012), showing greater SEA and MUFA deposi
tion in fat compared with muscle, but greater PUFA de
position in muscle than in fat. It has to be noticed that the 
major lipid class in adipose tissue is triacylglycerol or 
neutral lipid, whereas in muscle a significant proportion 
is phospholipid, which has a much higher PUFA content 
in order to perform its function as a constituent of celular 
membranes (Wood et al., 2008). The FA profile in neutral 

lipids and phospholipids differ considerably, which can 
help to explain the the different individual FA incorpora
tion observed in LM and perirenal fat. 

The atherogenic and thrombogenic indexes can be 
considered a measure of the atherogenic and thrombo
genic potential for human consumption, respectively, of 
the fat deposited in the carcass (Ulbricht and Southgate, 
1991). The LM and perirenal fat from enriched rabbits 
showed lower (P < 0.001) atherogenic and thrombogenic 
indexes, respectively, than those from unsupplemented 
rabbits. Values of both indexes showed more individual 
variability in LM than in perirenal fat, but they indicate 
that carcass from enriched rabbits had a higher nutri
tional quality than that from control rabbits. Moreover, 
the n-6/n-3 ratio in the muscle of PUFA enriched rab
bits was in the range recommended for healthy eating (< 
4.0; Simopoulos, 2002; Wood et al, 2004), whereas meat 
from control rabbits exceeded this value. 

Cecal Fermentation and Ileal Morphology 

There were no differences (P = 0.126 to 0.924) be
tween groups either in full cecum or cecal content weight 
at any sampling time (data not shown; averaged values 
across sampling times: 56.1 and 34.7 g for control diet, 
and 58.0 and 37.0 g for enriched diet, respectively). As 
shown in Table 7, control rabbits showed greater DM 
content (P = 0.005) and lower (P < 0.001) total VFA con
centrations in the cecum than those fed the enriched diet, 
but diet did not affect (P > 0.05) cecal pH or NH3-N con
centrations. The reason for the greater total VFA concen
tration in the cecum of enriched rabbits is unclear, but it 
might reflect greater fermentation activity, although VFA 
concentrations do not necessarily reflect changes in VFA 
production if there are concomitant changes in VFA ab
sorption and/or digesta passage rate. Some studies have 
shown that n-3 PUFA supplementation can modify the 
intestinal microbiota in poultry (Knarreborg et al, 2002) 
and pigs (Andersen et al., 2011), and it has been suggest
ed that n-3 PUFA can protect against dysbiosis (Ghosh 
et al, 2013). Some studies in rabbits have reported that 
dietary supplementation with caprylic and capric acids 
decreased bacterial shedding in rabbits infected with en-
teropathogenic E. coli (Skfivanova and Marounek, 2006; 
Skfivanova a et al, 2009) and other FA had antimicro
bial activity on selected microorganisms (Marounek et 
al, 2002), but to our best knowledge there is no informa
tion on the effects of n-3 PUFA on rabbits gut microbiota. 
There were no differences between groups in VFA pro
file, with the exception of the proportion of minor VFA 
(calculated as the sum of isobutyrate, isovalerate, and 
valerate), which was greater (P = 0.013) in control than 
in supplemented rabbits. The lack of differences between 
diets in the proportions of the main VFA and NH3-N 



Table 7. Dry matter content, pH values, and NH3-N and VFA concentrations in the cecum and ileal morphology 
of growing rabbits fed control diet and an enriched diet with a supplement based on n-3 PUFA (Enriched) and 
slaughtered at 30 (weaning), 45, and 60 d of age1. All values are least squares means 

Item 

Caceum 

DM, % 

Control 

Enriched 

PH 

Control 

Enriched 

NH3-N, mg/L 

Control 

Enriched 

Total VFA, mmol/g 

Control 

Enriched 

Molar proportions (mol/100 mol) 

Acetate 

Control 

Enriched 

Propionate 

Control 

Enriched 

Butyrate 

Control 

Enriched 

Minor VFA3 

Control 

Enriched 

Ileal morphology 

Crypt depth, urn 

Control 

Enriched 

Villi length, urn 

Control 

Enriched 

30 

22.8 

21.5 

5.78 

5.93 

101 

89 

43.8 

62.5 

85.4 

86.1 

3.59 

4.22 

10.1 

9.1 

0.95 

0.65 

-
-

-
-

Age, d 

45 

23.2 

22.0 

5.92 

5.94 

123 

122 

64.2 

86.8 

78.3 

78.4 

4.44 

4.79 

15.4 

15.2 

1.88 

1.58 

131 

131 

501 

450 

60 

22.4 

21.9 

5.72 

5.59 

92 

107 

72.8 

80.4 

73.9 

75.1 

5.01 

4.34 

19.1 

19.0 

2.00 

1.58 

138 

146 

471 

480 

SEMD
2 

0.24 

0.029 

7.9 

2.02 

0.47 

0.182 

0.38 

0.090 

2.1 

10.5 

SEMT
2 

0.29 

0.036 

9.6 

2.47 

0.58 

0.223 

0.47 

0.110 

2.6 

12.8 

Diet 

0.005 

0.749 

0.926 

<0.001 

0.332 

0.688 

0.431 

0.013 

0.319 

0.255 

P-value 

Time 

0.512 

< 0.001 

0.121 

< 0.001 

< 0.001 

0.039 

< 0.001 

< 0.001 

0.012 

0.619 

Diet x Time 

0.627 

0.036 

0.631 

0.109 

0.819 

0.115 

0.744 

0.912 

0.979 

0.376 

1 Six litters (8 rabbits each) were fed each diet, and 2 rabbits per cage were sampled at each time (n = 6). 
2SEMD and SEMT: standard error of the mean for diet and time effects, respectively. 
3Calculated as the sum of isobutyrate, isovalerate, and valerate. 

concentrations observed in our study might indicate that 
the activity of the microbiota rather than the microbiota 
itself was affected by PUFA supplementation. Total VFA 
concentrations were 1.43, 1.35, and 1.10 times greater in 
enriched rabbits than in control ones at 30, 45, and 60 d 
of age, respectively, indicating that differences became 
less marked with age. Rabbit does received the same ex
perimental diet than their litters during gestation and lac
tation, and therefore differences in cecal VFA concentra
tions at weaning (30 d) might be partly due to differences 
in milk FA profile, as it has been shown that supplement
ing the diet of does with fish oil resulted in increased n-3 
PUFA content in milk (Febrel et al., 2015). In agreement 

with previous observations (Gidenne and Bellier, 2000), 
total VFA concentrations increased (P < 0.001) and mo
lar proportions of acetate and butyrate decreased (P < 
0.001) and increased (P < 0.001), respectively, from 30 
to 60 d of age. Cecal pH decreased (P < 0.001) with age, 
which is in accordance with the increased VFA concen
trations observed overtime. 

Diet did not affect ileal crypt depth (P = 0.319) or 
villi length (P = 0.255), indicating no effect of fish oil 
supplementation on the development of the ileal mu
cosa. Whereas ileal crypt depth increased (P = 0.012) 
from 45 to 60 d of age, no changes (P = 0.619) in villi 
length were detected. There were no diet x time interac-



tions (P = 0.115 to 0.979) in any cecal and ileal parame
ter analyzed, with the exception of cecal pH (P = 0.036). 

Finally, it is worth it to mention that right hind 
legs were cooked (fried in olive oil without any condi
ment) and assessed by an untrained panel of 12 people, 
who did not find any abnormal odor or flavor in the 
enriched group (data not shown). 

In conclusion, replacing lard by a supplement de
rived from fish oil in the diet of rabbits changed the FA 
profile of meat and fat depots, resulting in a more favor
able profile for human nutrition, reduced the perirenal 
and abdominal fat content and had no adverse effects 
on growth performance, carcass characteristics and il
eal morphology. The reason for the increased total VFA 
concentrations in the cecum of rabbits fed a supplement 
derived from fish oil should be further investigated. 
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