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ABSTRACT

This experiment was conducted to investigate tHecefof dietary vegetable oil (sunflower and
linseed) and different vitamin E supplementatiorttom fatty acid (FA) profile, vitamin E content and
oxidative stability of rabbit meat. In additiongtkFA composition of cooked and roasted meat samples
was analyzed. A total of 200 New Zealand White isbtvere randomly assigned to one of four
dietary treatments (50 rabbits per treatment) addlie experimental diets between 35 and 80 days of
age. All diets were supplemented with 60 mg/kg-tibcopherol-acetate. A negative control (NC) diet
with no added oil (energy content 10.61 MJ/kg) #wede diets supplemented with 2% sunflower and
2% linseed oil (energy content 11.36 MJ/kg) weredusn addition to the 60 mg/kg dtocopherol-
acetate content, no more vitamin E (PC), 240 mg\athetic vitamin E (dk-tocopherol-acetate)
(SE) or 240 mg/kg natural vitamin E (fatty acidtiliste, d-a-tocopherol, a by-product of the oil
industry) (NE) were added to the oil supplementietsd The oil addition to the diets (PC, SE and NE
groups) significantly increased the UFA, PUFA amtreéased the SFA and MUFA content in limb
muscle compared to the NC rabbits. The meat sangiléise PC, SE and NE rabbits had a lower
n-6/n-3 PUFA ratio (2.39, 2.14, 2.76 vs. 4.26) andignificantly (P<0.05) higher PUFA/SFA ratio
(.92, 1.86, 2.01 vs. 0.66) in comparison to the N@up, respectively. It was found that
supplementing the diets with vitamin E (SE and N&ugs) significantly increased tletocopherol
content of limb meat in rabbits and improved itddakive stability compared to the NC and PC
groups. The utilization of the synthetic form otamin E (SE group) was higher compared to the
natural form (NE group), but the natural sourcevitdhmin E was more efficient in improving the
oxidative stability of the rabbit meat samples adidated by a decreased MDA value. Our results
proved that the fatty acid composition of rabbitatneannot be altered by cooking or roasting.
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INTRODUCTION

It is well known that n-3 fatty acids have sevdyaheficial effects on human health. A great number
of scientific studies have been conducted in otdéncrease the PUFA content in animal products. In
monogastric animals, including rabbits, it has beemonstrated that the quantity and chemical
composition of the fatty acids can be altered htatiy manipulations (Cobat al,, 1994; Oliveret

al., 1997; Maertens, 1998; Xiccato, 1999). It has b@emonstrated that supplementing the diet with
vegetable oils can decrease PUFA/SFA ratio anckase n-3 concentration in rabbit meat. Flaxseed
(or linseed) oil is one of the richest source ablenic acid (C18:3 n-3). Dal Bosa al. (2004)
demonstrated that supplementing the rabbit feech vi% linseed increased the C18:3 n-3
concentration and decreased the n-6/n-3 ratio bbiraneat compared to the control group. On the
other hand, high PUFA concentration in meat carelexegative effect on its storage stability due to
the higher susceptibility to peroxidation (Xiccatt)99). The rate of lipid oxidation in tissue is
influenced by several factors. These include thedatent, fatty acid profile and antioxidant capac

1473



9™ World Rabbit Congress — June 10-13, 2008 — Verohaly

of the muscle. In most studies, vitamin E was wsethe antioxidant. Different levels (10-500 mg/kg
feed) of dietary vitamin E supplementations wergliad in fat supplemented rabbit diets (Lopez-Bote
et al, 1997; Castellinet al, 1998; Orianiet al,, 2001). The results of those studies indicated tine
dietary addition ofi-tocopherol can be an efficient way to improve sterage stability of rabbit meat.
However, the sufficient rate of vitamin E supplemation has not been fully assessed.

The objective of this study was to investigate éfiect of adding fat rich in polyunsaturated fatty
acids to the diets on the fatty acid compositionttagh and loin in rabbits, and to assess the
effectiveness ofi-tocopherol supplementation from different sourg@sthetic and natural form) on
the vitamin E concentration and the oxidative ditgbof meat. In addition, the research assessed
whether cooking or roasting can modify the FA gedfiof the meat.

MATERIALS AND METHODS
Animals and experimental design

This study was conducted using 200 New Zealand &\thibbits (mixed sex). Animals were randomly
assigned to one of the four treatment groups (bbitsltreatment) and fed the experimental diets
between 35 and 80 days of age. A negative contf©) diet with no added oil (energy content 10.61
MJ/kg, crude protein 155.5 g/kg feed, ether extd&8 g/kg feed, crude fiber 157.4 g/kg feed) and
three diets supplemented with 2% sunflower and i2%eéd oil (energy content 11.36 MJ/kg, crude
protein 154.6 g/kg feed, ether extract 56.0 g/lgglfecrude fiber 155.3 g/kg feed) were used (Taple 1
In addition to the 60 mg/kg dl-tocopherol-acetate content, no more vitamin E (X3P mg/kg
synthetic vitamin E (dle-tocopherol-acetate) (SE) or 240 mg/kg naturalmiteE (NE) were added
to the oil supplemented diets. Therefore, the diafgplemented with a higher level of vitamin E (SE
and NE) contained a total of 300 mg/kg vitamin Bementation. The natural vitamin E source was
fatty acid distillate, a by-product of the oil irgtoy. At 80 days of age all the rabbits were slaeigul.

Chemical analysis

After 24 hours chilling at 4°C following slaughtet0 rabbits from each treatment were randomly
selected and meat samples were collected to deterfaity acid profile, vitamin E content and
oxidative stability of thigh and loin. The fattyids from meat were extracted and measured as methyl
esters with a gas chromatograph (HP Agilent Tedugies 6890N) using Supelco SPTM 2560 Fused
Silica Capillary Column (0.25 mrl, 100 m length). The-tocopherol concentration in meat was
determined using high performance liquid chromapgy (HPLC) according to 44/2003 (IV.26.)
MARD order 10. appendix. To evaluate the oxidastability of the rabbit meat, samples were kept
refrigerated -16°C and oxidation (TBARS) was meadyRamanathaet al, 1992) after one and two
months of storage. In addition, meat samples fraohdreatment group were cooked or roasted. The
samples were cooked in a pot for 1.5 hour. Thetirmasasted for two hours in an oven. We did not
use spice or salt. After the cooking or roastihg, fatty acid profile of the meat was analyzed.

Statistical analysis
The effect of diet on fatty acid composition, tobepol concentration and lipid oxidation was
analyzed using ANOVA in STATISTICA 6.0 program. dst was used to test the differences between
treatment means.

RESULTS AND DISCUSSION
The results of the chemical analysis indicated tthatfatty acid composition of the lipids in limkeat

and longissimus dorsimuscle was influenced by the dietary oil suppletaigon (Table 1). As
expected, the vegetable oil (rich in PUFA) additsigmificantly increased the linoleic (C18:2 n-@ida
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a-linolenic acid (C18:3 n-3) and decreased the SHRA 8UFA proportion, mainly due to the
reduction of the C16:0 and C18:1 concentratioth@limb muscle and longissimus dorsi compared to
the NC rabbits. These results are in agreement etitbr reports (Cobost al, 1994; Oliveret al,
1997) and our previous experiment (Zsédstyal, 2006). Vitamin E supplementation (SE and NE)
did not affect the composition of fatty acids inahe

As a result of the 2% linseed oil supplementatibe,meat samples of the PC, SE and NE rabbits had
a lower n-6/n-3 PUFA ratio (2.39, 2.14, 2.76 v264.and a significantly (P<0.05) higher PUFA/SFA
ratio (1.92, 1.86, 2.01 vs. 0.66) in comparisomh®s NC group, respectively. This can be a benéficia
effect in terms of human nutrition.

Table 1 Fatty acid composition of muscles and diets (%otdl fatty acids)

Fatty acid Thigh meat Loin meat Diets
y NC!? PC SE NE* NC PC SE NE NC PC, SE, NE

C14:0 3.08 149 158 1.50° 3.02 154 17F 1.62% 0.50 0.26
C16:0 28.86 17.09¢ 17.82 16.72 290.13 1854° 19168 17.79 14.73 10.09
C16:1 n-7 426 129 132 138 488 149 170 1.7F 0.22 0.14
C18:0 6.48 599 577 5758 597 598 564 5.63 3.07 3.53
C18:1n-9 2459 20.08 20.38% 20.3¢ 2438 20.08 2058 20.68 15.49 19.22
C18:2n-6 20.82 34.3¢ 3280 36.47 18.7% 3159 3047 34.36 40.72 36.20
C18:3n-3 474 1425 1520' 13.09 3.98 13.17F7 1425 1247 18.24 27.21
C20:4 n-6 049 065 057 056" 158 152 113 097 0.00 0.00
C20:5 n-3 0.02 0.07 007 0.06 012 0168 014 041G 0.05 0.00
C22:5n-3 022 039 037 029 049 0768 06 043 0.00 0.00
C22:6 n-3 0.05 0.06 0.06 0.05 01 012 010 0.07 0.00 0.00
SFA 40.83 2629 26.78% 25.44 39.92 2744 278% 26.3F 19.48 14.60
MUFA 3056 2237 22.7F 2269 31.3% 2278 23.46 23427 15.83 19.45
PUFA 27.08 5043 49.7¢ 51.0% 2598 4819 47.44€ 4917 59.09 63.46
n-6/n-3 428 239 214 276 447 238 212 273 2.27 1.33
PUFA/SFA 066 1.92 1.80 20T 068 178 1.7 187 3.03 4.35

a, b, ¢, d: different superscripts within a rowigade significant differences (P<0.03)C (negative control), no added fat,
low energy content, 60mg/kg dHocopherol-acetatéPC (positive control) 2% linseed oil + 2% sunflovedr 60mg/kg dl-
a-tocopherol-acetatéSE 2% linseed oil + 2% sunflower oil, 60 + 240 miptk-u-tocopherol-acetate'NE 2% linseed oil +
2% sunflower oil, 60 mg/kg di-tocopherol-acetate + 240 mg/kgadtocopherol

There was a close relationship between the vitdgontent of limb meat and that of the diets (Fegur
1). Extra dietary supplementation of vitamin E metamount of 240 mg/kg feed significantly
increased the vitamin E content of thigh (49.35 &rdl5 vs. 152.87 and 128.91 mg/kg fat). It was
found that the synthetic form of vitamin E (SE) wadsized significantly better than the naturab.d-
tocopherol (NE). It is in conflict with our previeuesults in broiler chicken (not publicated), wher
we found that natural form had a better utilizatéord reported that tocopherol transfer proteingyeef
natural ‘d’ to ‘dl’ racemic form. Further researshnecessary to determine which form of vitamirsE i
utilized better.

After 1 and 2 months of deep frozen storage, thidatixe stability of limb meat antbngissimus
samples were measured by thiobarbituric acid (TBARSthod and was expressed in nmol/g tissue.
The results of the current study indicated thaptempenting the diets with 2% sunflower and linseed
oil increased the oxidation of the rabbit meat cared to that of the NC group. Similarly, previous
studies found that feeding vegetable oils with Hg¥FA concentration reduces the storage stability o
meat (Dal Boscet al, 2004). In contrast, Lopez-Bog&t al (1997) reported that meat samples from
rabbits fed fat-enriched diet (supplemented witlg8@ olive or sunflower oil) decreased the leviel o
oxidation in comparison to those rabbits that wetenon fat-supplemented diets. Dietary antioxidant
supplementation seems to be an effective way te#@se shelf-life, because in the present study we
found that after one month of storage MDA valuerdased to 23.4 in the SE and 20.3 in the NE
group compared to 32.2 nmol/g meat in the PC gratnich had only 60 mg dk-tocopherol-acetate

in their diet.
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a.b.¢ Pjfferent letters mean significant differences (Fo8)

Figure 1: Vitamin E concentration of limb meat

In the current study, we compared efficiency of tlatural and synthetic form eftocopherol against
oxidation in refrigerated rabbit meat samples. Afteo months of storage it was found (Figure 2} tha
the natural form (NE) was more effective as itte@d lower MDA value compared to the SE samples.
A higher MDA value was recorded from the negatiomtool (NC) samples with no oil and extra
vitamin E supplementation.

MDA (nmol/g meat

| m 1 montha 2 months

Figure 2. Effect of vitamin E (from different sources) slgmentation on the oxidative stability of
loin meat

The present study assessed whether cooking oringpasan modify the FA profile of the meat
samples. There is a lack of studies in this subjue results indicated that the C18:2 n-6 and €18:
n-3 proportion of meat changed, as compared tdgroup (Table 2).

Table 2 The effect of cooking and roasting on the C18:2an@ C18:3 n-3 concentration (% of ether
extract) of meat samples

Longissimus dorsi Limb meat

Cig2(n-6) Gs:3(n-3) Gg (n-6) Gg3(n-3)

NC 20.22 3.31 1857 411
. PC 30.64 11.77 35.82 14.50
Cooked in pot SE 30.11 12.73 32.47 14.50
NE 35.79 11.18 38.03 12.92

NC 18.31 3.33 18.72 2.47
. PC 31.15 11.29 35.83 14.23
Roasted in oven SE 28.52 12.60 31.02 14.06
NE 33.97 11.24 37.95 12.62
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Our results proved that cooking and roasting didhave major effect on C18:2 n-6 and C18:3 n-3
fatty acid proportion as in the oil supplementedugs (PC, SE and NE) linolenic acid was about three
times higher in comparison with the NC group. Th&'m-3 ratio of meat samples slightly increased as
a result of meat preparation. This result confirtimat dietary sunflower and linseed olil
supplementation (2-2%) is an effective way to iasethe C18:3 n-3 level in rabbit meat, which can
have a positive effect on human nutrition.

CONCLUSIONS

Similarly to the findings of other studies, the uks of the current experiment demonstrated that
linseed and sunflower oil addition to rabbit dietin effective way to increase the long chain atf/f
acid and decrease SFA content, and therefore,dease the n-6/n-3 ratio in the thigh and loin meat
of rabbit. These changes can enhance the nutiitvahze of the rabbit meat.

Vitamin E addition did not have an effect on the piéfile of the meat samples. As a result of the 24
mg/kg extra vitamin E supplementation in the SE Bigdgroups, the amount aeftocopherol in limb
meat was about 3-times higher compared to the wegatt positive control groups (NC and PC) fed
only 60 mg/kg vitamin E in their diet. The natufatrm (dl-a-tocopherol) of vitamin E was more
efficient to decrease the MDA value, and to inceetlee storage stability of rabbit meat compared to
its synthetic form. Our results confirmed that fialy acid composition of rabbit meat cannot be
altered by cooking or roasting. Therefore, suppleing the rabbit feed with vegetable oils can
improve the nutritional value of the rabbit meat.
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