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Abstract

The aim of this study was to evaluate the effectnuddifying the diet of rabbits on the
intramuscular fat composition through the additadrdifferent oils (high oleic sunflower, fish),
oilseeds (flax, chia, canola) and synthetic CLAe Bxperiment involved eight treatments with a
control (T1) consisting on the supply of commergelleted foodad libitumplus fresh alfalfad
libitum; all the other treatments were with the same wli#t the addition to the pelleted food of
8% of canola seed and 2% of fish oil (T2); 8% afiaa seed (T3), 2% of fish oil (T4), 8% of
canola, 2% of fish oil and synthetic CLA (T5), 6%flax seed (T6), 2% of high oleic sunflower
oil (T7) and 6% of chia seed (T8). 160 V line rdabbiith an average weight of 11459 were
randomly distributed to the different treatmentsclk treatment included five cages containing
four individuals each (2 males and 2 females). rHidbits were weekly weighted until they reach
2500g when they were slaughterédngissimus lumborunsamples of five animals of each
treatment were analyzed for intramuscular fat aunt@nd composition. Some rates were
calculated to assess the fat nutritional value: RSFA, SFA/(MUFA+PUFA), n6/n3 and the
atherogenicity and thrombogenicity indices. Theitiolu of the evaluated ingredients showed
modifications on the intramuscular fat compositiwhen compared to the control (T1). The
chance of improving the nutritional quality of rablneat through diet modifications with the
goal of enriching meat contents in n-3 fatty acmlejc acid and/or conjugated linoleic acid was
confirmed. Fat composition differences betweentineats also established effects on the indices
used to estimate the nutritional value. The sensegyuation showed a negative influence of the
fish oil on meat smell, taste and overall liking.
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thrombogenicity index.

Introduction
The use of fresh forage produced on the farm amtéapsubstitute for commercial pelleted food
is a traditional feeding strategy used by breettereduce feed costs in meat rabbit production in
Uruguay (Amoza et al, 2008). Previous researchNitA IUruguay showed that the supply of
fresh alfalfaad libitum along with commercial pelleted food alsal libitum determined a
significant reduction in commercial pelleted foadake and decreased feed cost of growing
rabbits. These studies also allowed verifying timatuding alfalfa in the diet determined an
increase in the content of linolenic acid and amprowed ratio n6/n3 at intramuscular and
dissectible fat (Capra et al., 2013).



The effect of diet composition on the rabbit megidl profile and nutrients content has been
confirmed by numerous authors and has led to theedor dietary modifications that contribute
to improve the meat nutritive value. Numerous redepapers have focused their objective in the
management of diet composition to increase the ecdntof rabbit meat in omega-3
polyunsaturated fatty acid, improve n-6/n-3 ratia enrich the content of bioactive compounds
such as EPA, DHA, CLA, vitamin E and selenium (Liege et al., 2005; Gigaud and Le Cren,
2006; Marounek et al., 2007; Maertens et al., 2008s et al., 2008; Peiretti and Meineri, 2008;
Zsédely et al., 2008; Kowalska, 2008; Bielanksi Kogvalska, 2008). Rabbit meat can be a good
way to provide consumers healthy compounds, wittmgsing potential as a functional food
(Dalle Zotte and Széndro, 2010; Hernandez, 2012).

The present work was aimed at evaluating the etietihe addition of synthetic CLA, different
oilseeds (chia, flax, canola), fish oil, high olagnflower oil and some combinations of these
ingredients in the composition of the intramuscdi&rof rabbits fed with a diet of commercial
pelleted food and fresh alfalfa offerad libitum

Materials and methods
160 V line rabbits with an average weight of 114bg 45 days old were randomly distributed to
eight different dietary treatments, after a weekalbituation to a combined diet of commercial
pelleted foodad libitum plus fresh alfalfaad libitum Each treatment included five cages
containing four individuals each (2 males and 2dk®). Galvanized wire cages 0.86 x 0.40 x
0.33 m (length x width x height) were used for trewing-fattening period up to a slaughter
weight of 2500g. The applied treatments had theviohg details:

T1. Commercial pelleted foaat libitum+ fresh alfalfaad libitum

T2. Commercial pelleted foaat lib with 8% canola seed + 2% fish oil + fresh alfalthlib

T3. Commercial pelleted foaat lib with 8% canola seed + fresh alfa#fd lib

T4. Commercial pelleted foaat lib with 2% fish oil + fresh alfalfad lib

T5. Commercial pelleted focal lib with 8% canola seed + 2% fish oil + synthetic CQA% +
fresh alfalfaad lib

T6. Commercial pelleted foaatl lib with 6% flax seed + fresh alfaltd lib

T7. Commercial pelleted foaatl lib with 2% high oleic sunflower oil + fresh alfaléal lib

T8. Commercial pelleted foaatl lib with 6% chia seed + fresh alfalal lib

Ingredients of the commercial pelleted food usethisn experiment are shown on Table 1.

Ingredients kg
Alfalfa hay 360
Wheat bran 120
Corn 111.7
Sunflower meal 100
Weath middlings 80
Soybean meal 70
Wheat flour 70
Oats 60
Dicalcium phosphate 13.1
Calcium carbonate 5.6
Salt 5.4
Vitamin-mineral premix VM-602 2
Calcium proponiat 1
Zinc bacitracin 05
DL-methionine 99% 0.4
L-Lysine 95% 0.3

Table 1.- Ingredients of the commercial pelleted fad



Chemical composition of the commercial pelleteddf@m a dry matter basis was 21.3% Crude
Protein, 27% Acid Detergent Fiber, 38% Neutral Dggat Fiber, 3,6% Ether Extract, 1,9%
Calcium and 1,1% Phosphorus.

The oilseeds (canola, chia, flax) were ground amxedhwith commercial pelleted food. Oils
(high oleic sunflower, fish) were mixed with peeSynthetic CLA used in the treatment T7 was
Tonalin TG 80® from BASF, which contains a 50:5tare of two isomers (C18:2, c9, t11 and
C18: 2, t10, c12). The supply of synthetic CLA ib Treatment began on the fourth week of
testing, in a dose of 5g per Kg of commercial getlfood.

Fresh alfalfa was cut daily and the quantity swggplto each cage was weighed. The ration
provided was weighed at the beginning of the wdéle weighed quantities offered throughout
the week and the rejection at the end of the weveke recorded to know the consumed quantity

by difference. Actual consumption of alfalfa wast metermined, registering only the alfalfa
volume offered. Table 3 shows fresh alfalfa andi$deid profile.

Alfalfa T1 T2 T3 T4 T5 T6 T7 T8
Fatty acid % % % % % % % % %

14:0 0.7 17 0.2 2.1 2.2 0.1 0.2

15.0 0.2 0.2 0.2 0.2

15:1 0.3 0.2 0.2 0.3

16:0 16.8 12.1 125 12.9 15.3 145 11.6 7.7 144

16:1 0.2 2.1 0.1 24 2.8 0.1 0.2

17:0 0.2 0.1 0.1 0.1 0.1

17:1 0.1 0.1 - -

18:0 25 2.6 2.3 24 2.6 2.6 2.3 2.6 2.8
18:1 n9c 1.8 26.8 38.3 27.2 27.1 27.4 23.9 61.7 3 27.
18:2n6¢ 16.3 47.0 24.7 47.8 30.7 22.7 40.3 23.6 3 47.

20:0 0.5 0.4 0.4 0.4 0.4 0.3 0.4 0.3 0.5

20:1 0.3 17 0.4 1.9 1.8 0.2 0.3

21:0 0.4
18:3n3 52.0 5.9 5.2 6.3 4.0 4.8 6.5 1.6 5.6

CLA 4.7

20:2 0.9

22:0 0.6 0.3 0.2 0.2 0.5 0.3

20:3 0.6

20:4 0.8
20.5n3 17 2.2 2.2
22:6n3 3.2 4.5 4.1
Saturated 21.5 15.4 17.4 16.0 20.9 19.8 14.3 11.2 871

Monounsaturated 2.3 271 42.4 27.7 31.7 323 23.9 2 6 27.8
Polyunsaturated 70.3 52.9 35.7 54.1 414 33.8 46.8 25.2 52.9
Total identified 94.1 95.4 95.5 97.8 94.0 90.6 85.0 984 99.4

Table 2. Feeds lipid profile (%)

When the slaughter weight was reached (2500g) sargfiLongissimus lumborurmuscle of
five animals randomly selected from each treatmesre taken to analyze the intramuscular fat
chemical composition. To determine the percentdget@amuscular fat the extraction method of



Folch, Lees and Sloane (1957) amended (hexanedisapol 3:2) was used. Analysis of the fatty
acid profile of fat was carried out by gas chrongeaphy.

On the basis of the chemical composition of theamuscular fat different indices were
calculated, including polyunsaturated/saturatedurated/unsaturated, n-6/n-3 ratios and the
atherogenicity and thrombogenicity indices propdsgdllbricht and Southgate (1991).

For statistical analysis of intramuscular fat cobtnd lipid profile, the experimental unit was the
individual. For data processing Infostat 2008 wsedu Analysis of variance was performed using
the Tukey testo=0.05) for comparison of mean values.

A sensory analysis was performed evaluating tastey, texture and overall liking of meat
samples of four treatments (T1, T2, T3 and T4) lmpasumer panel using a structured hedonic
scale of nine points (1-dislike extremely, 5-neithiée nor dislike, 9-like extremely). The
evaluation was conducted in a standard ISO 8588:188m under white artificial light and
controlled temperature ranging 22-24°C, with a paoemposed by 42 consumers where 43%
were male. An analysis of variance for each attalwas performed and the minimum significant
difference was calculated by Fisher's LSD (p<0t8S§) using Infostat 2008 version.

Results and discussion
Table 3 shows the results of the intramusculacti@mical composition analysis.



Treatment T1 T2 T3 T4 T5 T6 T7 T8
% intramuscular fat 136+024a 146+027a 126+017a 160+0,20a 133+0,10a 162+06la 176+x025a 134+0,24a
C14:0 195 +£0,10ab 1,92+0,17 ab 1,55=*0,14a 2,19+0,43b 1,78+050ab 2,02+034ab 167+029ab 1,75+0,26 ab
C16:0 29,26 +1,63b 26,68+1,38ab 28,04+1,69ab 2812+143b 26,76+1,86ab 27,86 +0,69ab 2506+1 50a 28,21+1,38Db
C18:.C 5,2€+0,47¢ 5,82+1,13¢ 5,17+ 0,52¢ 5,37+ 0,53¢ 6,12+ 0,60 ¢ 5,62+0,78 ¢ 5,7¢+0,66 ¢ 5,31+0,46 ¢
C18:1 n9 2725+047a 2883+3,00a 2864+224a 2626+096a 2688+278a 2629+120a 33,10+095b 2521+134a
C18:2 n6 23,15+1,10 ab  20,23%1,39a 23,50+0,92 ab 21,49+2,36 ab 20,14+2,61a 23,63x1,44b  23,38x0,87ab 22,37+1,49 ab
C18:3 n: 4,17 £1,32 3,95 +3,00 4,32 £2,24 4,64 +0,96 4,43+2,78 6,55+1,20 a 3,99 +0,95 7,78 0,95
C20:5n3 0,17 +0,05ab 058+0,11¢ 0,22+0,07ab 0,58+0,08 ¢ 0,64 +£0,03c 0,21+0,13 ab 0,14+0,11a 0,34+0,11b
C22:5n3 0,78+0,19ab 1,05+0,24b 081+0,12ab 0,85+0,14ab 1,18+0,82b 0,70£0,40 ab 0,51 +0,14a 1,15+0,31b
C22:6 n3 0,12+0,04 a 3,37+1,30b 0,13 0,03 a 2,67+0,79b 3,84 +1,44b 0,13 +0,09 a 0,10 +0,03 a 0,17 +0,04a

¥ C20:5+C22:5+C22:6 n3 1,06+0,20a 500+127 b 116+014a 410+0,76b 566+111b 1,04%+,52a 0,75+0,13a 1,66+0,35a
CLA1* 0.49 +0,09

CLA 2* 0,28 + 0,05

X n6 2723+143ab 24,17+169a 27,82+0,46b 24,61+259b 2440+115a 26,84+1,09ab 26,64 +0,78ab 26,73 +1,50 ab
X n3 5,40 + 0,64a 9,01 £1,49 5,61 +0,89a 8,79+1,74b 10,19+153b 7,75+0,82ab 4,84 +£0,81a 9,35+1,33b
SFA 37,43+£1,20 3534+1,80¢ 3592+1,2¢€ak 36,78+1,048 3577+143a 3653+0,39& 31,47+0,81 36,19+1,30¢
MUFA 2994 +1,18a 31.49+1,77ab 30.64+126ab 29.83+1,03a 2891+143a 2889+038a 3494+081lb 2740%127a
PUFA 32,62+1,16ab 33,18 +2,50ab 33,43 +1,61ab 33,40+1,82ab 34,56 +1,71ab 3459+1,00ab 31,47+0,80a 36,42+0,94b

*CLA 1 corresponds to isomer C18:2, c9, t11 and @LtA isomer C18:2, t10, c12

Different letters on the same column indicate gigant differences P<0.05

T1.
T2.
T3.
T4.
T5.
T6.
T7.
T8.

Commercial pelleted foaatl libitum (CPF) + fresh alfalfad libitum;
CPF with 8% canola seed + 2% fish oil + frelfalfa ad libitum;
CPF with 8% canola seed + fresh alfafblibitum;

CPF with 2% fish oil + fresh alfalfd libitum;
CPF with 8% canola seed + 2% fish oil + syrnth€LA 5g/Kg of pelleted food + fresh alfaltal libitum;
CPF with 6% flax seed + fresh alfaifd libitum
CPF with 2% high oleic sunflower oil + freslfiadfa ad libitum;
CPF with 6% chia seed + fresh alfadfhlibitum

Table 3. Intramuscular fat content and fatty acid pofile (%)



The addition of synthetic CLA in T5 is reflectediaigs the only treatment with measurable amounthe

two isomers of linoleic acid. CLA levels in thernamuscular fat are lower than those obtained byriego

et al. (2005) using levels of incorporation of thethetic product of 0,25 and 0,5%, that resultedn
increase in SFA content in meat. Marounek et @072 also reported an increase in meat SFA at the
expense of monounsaturated fatty acids (MUFA) witke and timing of administration of CLA equivalent
to those used in this experiment. Unlike the resalttained by the cited authors, in this study wais
observed a significant increase in the contentr# &8s an effect of the inclusion of CLA.

The inclusion of fish oil in the diet of rabbitstdemined an increase of relevant magnitude in tdmgent of
EPA, DPA and DHA, whereas the addition of high oleunflower oil determines a statistically sigraint
increase in the content of C18:1 n9 and in total MU Including chia seed determined a significant
increase in the content oflinolenic acid (ALA) and in total n-3 with respetd the control, although the
values fall significantly below those reported lsirBtti and Meineri (2008) with inclusion levels B® and
15%. The addition of flax seed and canola seedrrdgted smaller magnitude changes compared with
control.

Dal Bosco et al. (2014) suggest that the increasbka intake ofi-linolenic acid could increase the activity
of the desaturase/elongase, causing an increda#yracid content of long-chain n3 fatty acids fEénd
DHA), but state that is not well known the level edfficiency in rabbit to elongate and desaturateAAL
Meanwhile Zsédely et al. (2008) achieved signiftdacreases in the content of intramuscular fat AhA
including sunflower and flax oils, which also rdsdl in significant increases in the content of lahgin
n3. In this study the significant increase in tlomtent of ALA achieved with treatment with chia §T8
compared with the control, is not accompanied Btasistically significant increase in the contehainy of
the n3 long-chain (EPA, DPA, DHA) neither in theum.

From the results of this research it is clear thaamuscular fat significant levels of DHA in ratshare
only attained supplementing with fish oil (T2, TAdaT5), while diets rich in ALA do not determined
nutritionally significant increases in long chaid fatty acids.

Different ratios between the proportions of fattyds habitually used to characterize the nutritimadue of
the foods are presented in Table 4.

Treatmer PUFA/SFA n6/n: SFA/(MUFA+PUFA) Al TI
T1 0,87+0,06 a 5,04 +1,01bc 0,60 +0,03 b 0,59+0,03 b 0,73 +0,04 b
T2 0,94 0,05 a 2,68 0,52 a 0,55 +0,04 ab 0,53 +0,04 ab 0,60 +0,05 a
T3 0,93 +0,03 a 4,96 +0,61 bc 0,56 +0,03 ab 0,54 +0,03 ab 0,64 +0,04 ab
T4 0,91 +0,10 a 280+1,01la 0,58 +0,03 ab 0,58 +0,04 b 0,64 +0,05 ab
T5 0,97 +0,04 a 2,39+0,71a 0,57+0,04 ab 0,54 +0,05 ab 0,58 0,04 a
T6 0,94 +0,04a 3,50 1,72 ab 0,57 0,01 ab 0,57 +0,02 ab 0,65 +0,04 ab
T7 0,93+0,04 a 5,50 +0,71c 0,51 0,02 a 0,48 0,02 a 0,64 +0,03 ab
T8 1,00 +0,07 a 2,90 +1,73 a 0,57 0,03 ab 0,55 +0,02 ab 0,60 +0,06 a

Different letters on the same column indicate $igait differences P<0.05
Atherogenicity Index: Al= [C12:0 + (4*C14:0) + C1§/ [(ZPUFA) + EMUFA)]
Thrombogenicity Index: TlI= [C14:0 + C16:0 + C18/({0.5**MUFA) + (0.5* X n-6) + (3*=n-3)+ (n-3/n-6)]
Table 4. Indicators of intramuscular fat nutritive value



By analyzing the results from the point of viewtloé nutritive value, all treatments show low inttesoular
fat content, with values less than 1,8g/100 g mepid profiles are favorable in all treatmentsrétation to
SFA, MUFA and PUFA consumption recommendations miagld~cINUT-FAO, 2012. The PUFA/SFA
ratios were above the 0.45 recommended by the Weehllth Organization, with no significant differesc
between treatments. The n6/n3 ratio values wegsethes or very close to the recommended value b6,
in this case treatment with fish oil (T2, T4 and) &bd chia seeds (T8) showed significant differengih
the control (T1). For the saturated/unsaturateid,ratgnificant differences were only verified betwwn the
control (T1) and treatment with high oleic sunflowal (T7) due to the significantly higher conteoit
monounsaturated fatty acids of this oil.

Dal Bosco et al. (2014) state that rabbit meatlipiofile has remarkable nutritional attributest thauld
allow it to be considered as a healthy meat. Thewlasize that the addition of fresh alfalfa to the
commercial pelleted food significantly modifies ttentent of ALA, EPA and DHA and reduces n6/n3aati
and the atherogenicity and thrombogenicity indidesthis paper, atherogenicity and thrombogenicity
indices obtained on all treatments are below thaetermined by Dal Bosco et al. (2014). In contraBt,
indices determined in this work are above the \sahigtained by Peiretti and Meineri (2008) in digith

10 and 15% of chia seed.

The way of modifying the commercial pelleted foog rhixing the pellets with oil or ground seeds was
effective, which would allow rabbit breeders to madtietary changes without searching for already
modified commercial pelleted food. The adoptiontleése dietary modifications will be conditioned by
economic factors and by the possible consumer derimairabbit meat enriched with bioactive compounds

Besides the economic and health issues of rablat,naensumer demand will be driven by meat sensory
guality. The results of sensory evaluation areguesd in Table 5.

Treatment Taste Odor Texture Overall liking
T3 6.8a 6.4 a 6.6a 6.8 a
T1 6.7 ¢ 6.0 at 6.8 ¢ 6.6 ¢
T4 59b 55b 6.6 a 6.1 ab
T2 5.7b 54b 6.5 a 5.8 b

Different letters on the same column indicate sigaint differences P<0.05
Table 5. Sensory evaluation results

The samples corresponding to treatments withott dis (T1 and T3) showed significantly better ssore
than those including fish oil (T2 and T4). Scorégamned for T3 treatment including canola tendedbéo
better evaluated in taste, odor and overall likingn the control T1, although the differences weoe
significant for any of the parameters evaluated.afttributes were judged with positive notes, abthe 5
corresponding to an assessment of indifferencéoadih panelists mostly had little or no previous
experience in the consumption of rabbit meat.

Conclusions

The results obtained confirm the ability to pogtiw modify the lipid profile of rabbit meat intrarscular
fat by dietary management. An improvement was ofeskin the content of n3 long chain fatty acids by
adding fish oil on the diet. The results suggeat tb drive EPA and DHA through the rabbit intrawlar
fat with the purpose of using rabbit meat as anoopt substitute of fish, is necessary to studylepth



technological alternatives that allow masking theesirable effects of fish oil on the sensory prtpg of
rabbit meat. The intramuscular fat ALA increasetraitments that added chia and flax seeds did not
determine a statistically significant increaseha tontent of EPA and DHA compared to the conifbke
addition of high oleic sunflower oil increased claicid C18:1 n9 which in turn significantly imprevthe
atherogenicity index and the SFA/(MUFA+PUFA) ratidhe inclusion of synthetic CLA can enhance
intramuscular fat with this bioactive compound.
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