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ABSTRACT

To verify the effect of fresh alfalfa availability on fatty acid profile and oxidative status of rabbit meat.
At 50 days of age rabbits (Martini hybrid, n=40) were divided in two homogeneous groups and fed
commercial pelleted feed (Control group) and the same diet plus ad libitum fresh alfalfa (Alfalfa
group). At 80 days of age rabbits were slaughtered. Lipid content of meat showed significant (P<0.05)
differences being higher in Control meat, probably due to the lower pellet consumption observed in
this group. The same trend was observed by myristic, palmitoleic, oleic and linoleic acid contents. On
the contrary, fresh alfalfa feeding increased (P<0.05) stearic, linolenic, eicosatrienoic,
eicosapentaenoic, docosapentaenoic, docosahexaenoic and total polyunsaturated fatty acids. In the
Alfalfa group the total monounsaturated fatty acid content was significantly lower (P<0.05) as well as
o~ and y-tocopherol. Moreover Alfalfa meat showed lower (P<0.05) n-6 contents, n-6/n-3 ratio and
trombogenicity index. In conclusion, this specific strategy, accompanied by a good marketing
campaign, could improve the economic situation allowing to reach competitive sale price.
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INTRODUCTION

Nowadays, the Italian rabbit industry is in a deep crisis for a lot of reasons, mainly represented by
the rising prices for feed and energy. Accordingly, the production cost (1.80 €/kg live weight) is
under the trade prize (around 1.69 €/kg live weight). This situation arises from several factors,
starting with the cultural changes of the people, who are perceiving the rabbit as a pet, to changes
in lifestyles that guide consumers towards types of meat faster and easier to cook. Moreover, the
rabbit farmers suffer for an ancestral poor negotiation power with respect to the distribution chain.

Being know the close relationship between diet and people health,, consumers demand products
that meet their dietary and nutritional preferences. Rabbit meat is very appreciated for its
nutritional and dietary properties; it is a lean meat with a low-fat content and less saturated fatty
acids and cholesterol than other meats. In addition, manipulation of rabbit’s diet is very effective
in producing “enriched meat” and some bioactive compounds: n-3 polyunsaturated fatty acids
(PUFA), conjugated linoleic acid (CLA), or Vitamin E could be easily incorporated (Dalle Zotte
and Szendr6, 2011). Selenium and iron could be also introduced by dietary supplementation
(Lynch and Kerry, 2000). It must to promote the nutrition education in order to reconnect people
to the consumption of rabbit meat and on the basis of common interests, define common strategies
with manufacturers to increase their bargaining power. In this view, the objective of the study was
to analyse the nutritional quality of rabbit meat by increasing natural bioactive compounds
furnishing fresh alfalfa to rabbit as complementary feed.
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MATERIALS AND METHODS
Animals and experimental design

The trial was carried out in a commercial rabbit farm in central Italy. At 50 days of age forty Martini
coloured hybrid rabbits were divided in two homogeneous groups and fed commercial pelleted feed
(Control group) and commercial pelleted food ad libitum plus fresh alfalfa (Alfalfa group). Alfalfa was
cut daily and supplied on the top of the cages in quantities that ensured availability ad libitum. Rabbits
were slaughtered at 80 days of age, and carcasses were immediately transferred to the Laboratory of
Department of Applied Biology (Perugia), where, after 24 hours of storage at +4 °C, the Longissimus
lumborum muscles were accurately dissected. The determination of alfalfa and intramuscular fat
content was based on Folch et al. (1957) method. Fatty acid composition was determined by gas
chromatography. The separation of fatty acid methyl esters (FAME) was carried out on an Agilent
capillary column (30 m x 0.25 mm [.D, CPS Analitica, Milan, Italy) coated with a DB-Wax stationary
phase (film thickness of 0.25 um). Individual fatty acid methyl esters were identified with reference to
the retention time of tridecanoic acid (C13:0) methyl ester added before extraction as an internal
standard. The relative proportion of individual fatty acids was expressed as a percentage. To evaluate
the activity of both A- plus A®-desaturase, the enzymes catalysing the formation of long-chain n-6 and
n-3 PUFA, starting from the precursors C18:2n-6 and C18:3n-3, using the equation proposed by Sirri
et al. (2010). The value of each fatty acid was used to calculate the sum of the saturated (SFA),
monounsaturated (MUFA) and PUFA, and calculate the peroxidability index (PI) according to the
equation proposed by Arakawa and Sagai (1986). The amount of each fatty acid was used to calculate
the indexes of Atherogenicity (Al) and Thrombogenicity (TI), as proposed by Ulbricht and Southgate
(1991), and the hypocholesterolaemic/hypercholesterolaemic ratio (HH), as suggested by Santos-Silva
et al. (2002). The extent of lipid oxidation was evaluated as thio-barbituric acid reactive substances
(TBARSs) according to the modified method of Ke ef al. (1977). Oxidation products were quantified as
malondialdehyde (MDA) equivalents (mg MDA/kg muscle).

Statistical analysis

Data were analyzed with a linear model (STATA, 2005) with the fixed effect of diet. Least squares
means and planned comparisons were used for mean separation when the model was significant (P<
0.05).

RESULTS AND DISCUSSION

The fatty acid profile of feed and alfalfa showed great differences in precursors C18:2n-6 and
C18:3n-3 levels (38.3 vs 13.4 and 0.3 vs 49.7 % total fatty acid, respectively; data not shown)).
This substantial difference strongly modified all analyzed parameters. Lipid content, acidic
profile and A’- plus A’-desaturase activity of Longissimus lumborum muscle are presented in
Tablel. Lipid content showed significant differences being higher in Control meat probably due
to the lower pellet consumption (data not shown) observed in Alfalfa group; the same trend was
observed by myristic, palmitoleic, oleic and linoleic acid contents. On the contrary, fresh alfalfa
feeding increased (P<0.05) stearic, eicosatrienoic, linolenic, eicosapentaenoic,
docosapentaenoic, docosahexaenoic and total PUFA. In particular, alfalfa group showed higher
PUFA concentration and total n-3 in the muscle ( 35.94 vs 31.96% and 12.41 vs. 7.12,
respectively), whereas MUFA was lower (22.64 vs 26.09%). The linolenic acid content of
Alfalfa group was almost three times (P<0.05) higher than Control meat, whereas linoleic acids
were significantly (P<0.05) lowered. Capra et al. (2010), using similar dietary strategy, found
similar results and in particular relevant differences in linolenic value (1.60 vs 3.10% in
intramuscular fat, respectively for Control and Alfalfa group). Thus, alfalfa supplementation
improved the nutritional quality of rabbit meat. A’- plus A°-desaturase activity was doubled
(P<0.05) in Alfalfa rabbit meat.
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Table 1: Lipid content, fatty acid profile and A’- plus A®-desaturase activity of Longissimus lumborum

muscle.

Control Alfalfa P SEM
Lipid % fresh matter 2.15 1.19 0.008 0.72
C14:0 % fatty acid 2.45 1.20 0.004 0.76
C16:0 «“ 29.61 30.30 0.132 1.68
C18:0 « 7.00 8.33 0.001 1.04
SFA « 41.75 41.87 0.934 2.53
Cl14:1n-6 «“ 0.15 0.07 0.068 0.92
C16:1n-7 « 1.44 0.38 0.021 1.03
C18:1n-9 “ 24.37 22.02 0.002 1.42
MUFA « 26.09 22.64 0.004 1.56
C18:2n-6 «“ 24.08 22.83 0.041 2.04
C20:2n-6 “ 0.19 0.24 0.043 0.08
C20:3n-6 “ 0.01 0.05 0.014 0.03
C20:4n-6 «“ 0.43 0.59 0.106 0.21
C18:3n-3 « 1.00 2.97 0.0002 0.28
C20:3n-3 “ 5.38 7.39 0.0001 0.41
C20:5n-3 « 0.14 0.34 0.013 0.02
C21:5n-3 « 0.11 0.24 0.013 0.06
C22:5n-3 « 0.47 1.26 0.0001 0.19
C22:6n-3 « 0.02 0.21 0.0001 0.02
PUFA «“ 31.96 35.94 0.002 2.02
2 n-3 7.12 12.41 0.0001 3.15
2 n-6 24.84 23.53 0.554 2.26
A’ plus A° desaturase activity 4.75 9.13 0.001 1.06

n=40.

These findings are in agreement with our previous results in organic-reared rabbits (Dal Bosco et al.,
2007; Mugnai et al., 2007, 2008a, 2008b; Cardinali et al., 2008) and those of many other Authors who
concluded that grass-based diets can significantly modify fatty acid composition of rabbit meat.
Forrester-Anderson et al. (2006) suggested that grass-based diets fed to rabbits reared on pasture
altered the fatty acid profile, enhancing n-3 fatty acid content. Pla (2008) also found that meat of
hindleg of organic source rabbits was poorer in MUFA and richer in PUFA than meat from
conventional rabbits. Hernandez (2008), based on studies of Forrester-Anderson et al. (2006), suggests
that forage-based diets in rabbits reared at pastures increase PUFA n-3 fatty acids. Dalle Zotte and
Szendr6 (2011), affirm that the dietary lipid composition modifies fatty acid composition of adipose
tissues in rabbit. Combes and Cauquil (2006) obtained significant increasing in the content of PUFA in
the hind leg intramuscular fat with the inclusion of increasing levels of dehydrated alfalfa.

In Table 2 the main bioactive compounds and the oxidative status of rabbit Longissimus lumborum are
presented. Meat of Alfalfa rabbits showed higher (P<0.05) retinol content, probably due to fresh
alfalfa ingestion; on the contrary, according to our previous study (Mugnai et al., 2008a), tocopherols
content were lower (P<0.05), and this reduction was probably responsible of the containment of the
peroxidation processes in the experimental group, that had significantly higher unsaturation levels thus
increased the peroxidability index.

Table 2: Bioactive compounds and oxidative status of Longissimus lumborum muscle

Control Alfalfa P SEM
Retinol ng/g 4.58 7.40 0.0001 0.89
a-tocopherol «“ 554.32 400.80 0.047 89.78
y-tocopherol “ 11.65 5.50 0.004 2.79
TBARs ugMDA/g 0.09 0.13 0.763 0.05
Peroxidability index 43.91 58.97 0.008 2.56

n=40.

Nutritional characteristics of rabbit Longissimus lumborum (Table 3) were affected by dietary fresh
alfalfa administration with an improvement of nutritional quality of meat. According to previous
findings (Hernandez, 2008; Webb and O’Neill, 2008; Forrester-Anderson et al., 2006; Combes and
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Cauquil, 2006; Mugnai et al, 2007 and 2008 b; Capra et al., 2010), grass (derived from pasture or
administered in cage) caused an accumulation of n-3 fatty acids and a significant reduction of n-6 fatty
acids in the triglyceride fraction of rabbit meat. In this study Alfalfa meat showed lower (P<0.05)
SFA, MUFA, n-6 contents, and n-6/n-3 ratio and trombogenicity index. It is important to underline
that also in Control group the n-6/n-3 value should be considered optimal being lower respect to
recommendations. The British Nutritional Foundation, (1999) emphasize the need to eat foods with an
n-6/n-3 ratio less than or equal to 6, whereas Simopoulos (2002) indicates 4:1 as the optimal ratio.

Table 3: Nutritional characteristics of Longissimus lumborum muscle

Control Alfalfa P SEM
SFA mg/100g 617.95 525.99 0.008 65.41
MUFA «“ 386.16 284.42 0.015 52.63
>n-3 «“ 105.21 151.63 0.031 14.29
> n-6 «“ 367.66 299.87 0.006 49.81
EPA «“ 2.07 427 0.003 0.93
DHA «“ 0.30 2.64 0.0001 0.21
PUFA «“ 473.04 451.50 0.589 42.13
n-6/n-3 3.49 2.00 0.026 0.51
Atherogenicity Index 0.69 0.60 0.091 0.12
Trombogenicity Index 1.29 1.10 0.023 0.16
HH* 1.58 1.59 0.841 0.08

n=40.

CONCLUSIONS

The results of this study suggest that rabbit meat, mainly in the fat profile, has remarkable nutritive
attributes that would justify to be considered as a healthy meat (Dalle Zotte and Szendrd, 2011). Both
experimental groups of this trial had very lean meat, that facilitate the achievement of this nutritional
goal, but the inclusion of fresh alfalfa complementarily a commercial pelleted, under nutritional point
of view strongly modified fat content and composition of meat, increasing linolenic, eicosapentaenoic
and docosahexaenoic acid and further reduced n-6/n-3 ratio. In the specific case of the farm involved
in this trial, this strategy, accompanied by a good promotional campaign, could improve the economic
situation allowing to reach a sale price of 2.5 €/kg live weight.
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