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ABSTRACT

Lipid oxidation is a limiting factor of meat quality. Integration between supplemental antioxidants and
the activity of endogenous antioxidants' enzymes, as well as, introduction of proper rabbit breed could
participate to improve the quality of the rabbit meat. The current study was initiated to explore the
effect of the relationship between rabbit breed (exotic; V-line vs. native; Gabali) and dietary vitamin E
level; 40 (control), 80, or 120 mg/kg diet on the activities of endogenous antioxidants' enzymes
(glutathione peroxidase; GSH-Px, superoxide dismutase; SOD, and catalase; CAT), lipid oxidative
stability and a-tocopherol content of the hind legs' muscles (oxidative muscle fibers) kept refrigerated
(up to 8 days at 4°C) or frozen (30 days at -20°C). 36 samples distributed among 6 experimental
treatments were used in the study. Results indicate that V-line had higher lipid oxidative stability and
a-tocopherol content, but lower GSH-Px and CAT activities compared to Gabali breed. The increase in
dietary vitamin E was associated with a linear increase in the oxidative stability and a-tocopherol
content of the muscle, without affecting antioxidants' enzymes activity. Prolonged storage
(irrespective of storage method) decreased the activities of endogenous antioxidants' enzymes, lipid
oxidative stability and a-tocopherol content of the hind legs' muscles. Conclusively, rabbit breed and
supplemental vitamin E have a clear effect on meat quality as it increased the a-tocopherol content and
lipid oxidative stability of the meat.
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INTRODUCTION

Rabbit meat is interesting for its dietetic and nutritional characteristics and bio-security for the
consumer. In addition, the consumer as a product of high quality already accepts it (Abdel-Khalek,
2007). Lipid oxidation is one of the main factors limiting the quality and acceptability of meats
(Morrissey et al., 1998). It could influence meat quality ante mortem and continues post mortem and
during chilling, processing, display and long term storage (Bianchi et al., 2006). It begins with
oxidation of the double bonds of the phospholipids present in the cell membranes, leading to the
production of reactive oxygen species (ROS). This leads to discolouration, drip losses, off-odour and
off-flavour development, production of potentially toxic compounds (Gray et al., 1996), and
deterioration in the self-life of the meat (Dal Bosco et al., 2004). In this case, endogenous and
exogenous antioxidants work synergistically to neutralize the action of these ROS.

Endogenous antioxidants' enzymes, mainly, GSH-Px, SOD and CAT work together to convert
superoxide anion radical, through H,0, to H,0, thereby minimizing the production of hydroxyl radical,
the most potent oxidant encountered in biological systems. Vitamin E (a-tocopherol) leads the second
class of protective exogenous antioxidants. They are capable of scavenging reactive oxygen species
and spare GSH-Px activity (Ullrey, 1981), and by this, together with the action of endogenous
preventive antioxidants, prevent or delay the onset of lipid oxidation process (Morrissey et al., 1998).
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However, endogenous antioxidants' enzymes represent the principal antioxidants' defence line against
oxidative damage, the subject did not receive an equivalent interest from rabbit scientists, and limited
information is available concerning their role against oxidative damage.Hernandez et al., (2002)
reported that during refrigerated storage (up to 5 days), the activity of CAT in rabbit meat was stable
for hind leg (HL), while in the longissimus dorsi (LD), the activity decreased significantly between 0
and 2 days with no difference between 2 and 5 days. GSH-Px activity decreased significantly over
storage days in HL and LD. Moreover, No changes were shown in lipid rancidity of the HL (measured
as TBARS values) through days of refrigerated storage between the two breeds studied.

A plethora of studies has appreciated the influence of supplemental dietary vitamin E on rabbit meat
quality. It participates in increasing the functionality (nutritional quality) of the meat as it increases the
meat content of a-tocopherol (Botsoglou et al., 2004; Lo Fiego et al., 2004; Bielanski and Kowalska,
2008; Selim et al., 2008), and more interesting is its involvement in enhancing the oxidative stability
of the meat muscles during refrigeration (Botsoglou et al., 2004; Lo Fiego et al., 2004), freezing
(Selim et al., 2008; Zsédely et al., 2008) or even cooking (Botsoglou et al., 2004).

Selection for fast growth might favour a glycolytic energy metabolism in muscle tissue and reduce the
intramuscular lipids of the rabbit (Dalle Zotte, 2000) that might affect the oxidative rancidity of the
meat, and this in turn may affect the need for a given level of endogenous/exogenous antioxidants.

The current study was conducted to investigate the interaction between dietary vitamin E levels and
rabbit breeds, and their respective effect on endogenous antioxidants' enzymes activities,a-tocopherol
content and oxidative stability of the rabbit meat.

MATERIALS AND METHODS

Feeding protocol

One hundred-fifty—6 week rabbits were divided into six groups and fed the same basal diet for 10
experimental weeks with different levels of vitamin E; 40 (provided by the vitamin-mineral premix;
control), 80 or 120 mg/kg diet of all rac-a-tocopheryl acetate. The basal diet was formulated to satisfy
the NRC' (1977) recommendation. Ingredient and chemical composition of the basal diet are presented
in Table 1.

Table 1: Ingredients and calculated chemical composition of the basal diet

Ingredients: clover hay 31.81%, wheat bran 22.35%, barley 30.5%, soybean meal (44%) 11.0%, molasses
3.0%, limestone 0.35%, NaCl 0.30%, vitamins & minerals premix* 0.30%, di calcium phosphate 0.10 %,
DI- methionine 0.09%, anti-coccidial 0.10%, and anti-fungal 0.10 %; Total 100.0%.

Chemical composition: DM, 89%; CP, 16.0%; DE (kcal/kg) 2460; CF, 14.3%; Ca, 0.71%; P, 0.39%; Lysine,
0.60%; methionine + cystine 0.50%.

*Supplied per kg diet to meet NRC' (1977) vitamins & minerals recommendations for growing rabbits.

Breeds

Two rabbit breeds were used in the study: V line, a maternal line selected for litter size at weaning, and
is characterized by high growth rate. It has been developed by Animal Science Dept., Valencia, Spain,
where the climate is not widely different from the weather of Delta of Nile in Egypt, and Gabali,
Egyptian breed, which has shown acceptable breeding ability and very promising results.

Muscle sampling

At 16 weeks of age, 6 rabbits (three males and three females) per group, with a weight close to the
average of the group (£10%) were selected, and slaughtered at local plant. After slaughter (d-0) the
two hind legs of each rabbit carcasses were stored in the dark at 2.5 £5°C prior to processing. After 24
h (d-1) the hind legs' muscles were divided into two portions; the 1% was kept refrigerated at 4°C, and
the 2™ was kept frozen at -20°C. Determination of the muscles a-tocopherol, activities of GSH-Px,
SOD, and CAT, and oxidative stability of the muscle lipids (as TBARS) were carried out.
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Analyses

Vitamin E (a-tocopherol): a-tocopherol content of the muscles was determined at days 4 and 8 of
refrigeration, and 1 month of freezing, according to Buttriss and Diplock (1984).

Endogenous antioxidants' enzymes activities: Antioxidants enzymes' activity measurements were
carried out at days 1, 4 and 8 of refrigeration, and 1 month of freezing. SOD was measured according
to Marklund and Marklund (1974). CAT activity was measured according to Aebi (1974). GSH-Px
activity was assayed according to Agergaard and Jensen (1982).

TBARS: Rate of lipid oxidation of refrigerated (4 and 8 days) and frozen (1 month) muscles, as
thiobarbituric acid-reactive substance (TBARS) test was carried out according to AOAC (1990).

Statistical procedures

Data were subjected to three-way analysis of variance with genotype, vitamin E treatment and storage
period as the main effects, using SPSS (1999). Significant means were compared according to
Duncan's (1955).

RESULTS AND DISCUSSION
a-tocopherol deposition in muscles

Results in Table 2 indicate that V-line rabbits were more efficient than Gabali in a-tocopherol
deposition in the hind legs muscle (p=0.0001). This could be attributed to the increase in feed intake in
V-line rabbits compared to the Gabali (data are not shown) which means more vitamin E ingestion in
the V-line. Also, there was a linear significant (p=0.0001) increase in a-tocopherol deposition with the
increase in supplemental vitamin E level. These results are supported by the findings of Botsoglou et
al., (2004), Lo Fiego et al., (2004), Biclanski and Kowalska (2008), and Selim et al., (2008), reporting
that the increase in the a-tocopherol concentration of the muscles depends on the increase in the a-
tocopheryl acetate level of the diet. The muscle content of a-tocopherol was decreased (p=0.0001) with
the increase in days in storage (irrespective of the method used; refrigerated vs. frozen). In this regard,
Selim et al., (2008) reported a loss in a-tocopherol of the loin meat after 20 days of storage relative to
10 days of storage at -20°C. The decrease in a-tocopherol content in the muscles with prolonged
storage may be due to that the vitamin was used by the muscle to withstand oxidation processes with
prolonged storage.

Oxidative stability of the muscles' lipids

Data shown in Table 2 reveal that Gabali meat was (p=0.0001) more prone to lipid oxidation than the
V-line meat. However, Hernandez et al., (2002), reported no breed effect on lipid oxidation of the hind
legs. In the current study, the decrease in the rate of lipid oxidation in the V-line vs. the Gabali could
be due to the higher growth rate of the V-line compared to the Gabali (data are not shown), as fast
growth is accompanied by low lipid deposition in the muscle (Dalle Zotte, 2000) that might affect the
oxidative rancidity of the meat. The negative correlation (p=0.0001; Tables 2 and 3) between the a-
tocopherol content of the muscle and the rate of lipid oxidation as was found in the present study is
supported by previous studies of Castellini et al., (2004), Botsoglou et al., (2004), Botsoglou et al.,
(2004), Lo Fiego et al., (2004), Selim et al., (2008), and Zsédely et al., (2008), where supplemental
vitamin E increased the oxidative stability of muscular lipids, or in other terms, delayed lipid
oxidation. The effect of vitamin E was probably because of quenching free radicals originating from
lipid oxidation (Machlin and Bendich, 1987) or the reduction in lipid oxidation was due to the
reduction in NADPH oxidase when rabbits were fed on supplemental vitamin E diet as earlier reported
by Chan et al., (1983). Oxidative stability of the muscle was negatively (p=0.0001) responded to
storage period, irrespective of the method (Table 2). An increase in days in storage was followed by a
corresponding increasing in TBARS values. Also, Lo Fiego et al., (2004) and Selim et al., (2008)
reported an increase in TBARS values either in refrigerated or frozen rabbit muscles with the increase
in storage days. All interactions studied significantly affected TBARS, indicating that the factors
studied had great influence on TBARS values of the rabbit meat while exploring the factors to improve
the oxidative stability of the rabbit carcass.
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Endogenous antioxidants enzymes activities in muscles

Data presented in Table 2 indicate that Gabali meat significantly had higher GSH-Px and CAT
activities than the V-line, but no effect on SOD activity was found. More interesting, as indicated in
Tables 2 and 3 is that supplemental vitamin E levels or its deposited form (a-tocopherol) had no
significant effect or correlation with the muscle antioxidants' enzymes activities. Again, days in storage
significantly affected the enzymes' activities. Correlations data (Table 3) revealed positive correlation
between GSH-Px and SOD activities (r= 0.247; p<0.05) and SOD and CAT activities (r=0.413;
p<0.01). The current findings completely disagree with those of Hernandez et al., (2002) who stated
that genetic differences had no effect on antioxidants' enzymes activities of the rabbit meat, and that
the antioxidants' enzymes in rabbit meat seems enough to control oxidation during refrigerated storage.
However, Dal Bosco et al., (2009) reported that genotype of the rabbit had a clear effect on antioxidant
power and reactive oxygen species generation values.

Table 2: Main effects of genotype, dietary vitamin E level (mg/kg diet), and time in storage on o-tocopherol
(1g/g),TBARS (ng/g) and antioxidants' enzymes activities (u/g) of hind-legs' muscles.

Endogenous antioxidants' enzymes

a-tocopherol TBARS

GSH-Px SOD CAT
Genotype
V-line 2.03* 29.758 5.098 1.116 0.9238
Gabali 1.958 42.08% 6.99" 1.213 1.688*
Pooled SE 0.009 0.36 0.37 0.094 0.141
Supplemental vitamin E level
40 mg (Control) 1.44¢ 54714 5.79 1.176 1.088
80 mg 2.028 40.42° 5.86 1.148 1.247
120 mg 2.51* 12.62¢ 6.49 1.169 1.581
Pooled SE 0.011 0.451 0.46 0.115 0.173
Time in storage
1 days (4°C) ND ND 7.63" 1.914 2.1894
4 days (4°C) 2754 27.78° 6.59" 1.188 1.5898
8 days (4°C) 2.398 34.708 5.02¢ 0.38° 0.394°
30 days (-20°C) 0.82°¢ 45274 4.92°¢ 1.198 1.049¢
Pooled SE 0.011 0.450 0.52 0.133 0.200
p value

Genotype 0.0001 0.0001 0.001 0.473 0.0001
Vitamin E level 0.0001 0.0001 0.490 0.983 0.132
Time in storage 0.0001 0.0001 0.001 0.0001 0.0001
Genotype X vitamin E 0.002 0.0001 0.067 0.025 0.0001
Genotype X time 0.04 0.001 0.114 0.454 0.079
Vitamin E X time 0.0001 0.0001 0.980 0.521 0.131
Genotype X vit. E X 0.598 0.002 0.867 0.415 0.083

time

ND: not determined

Table 3: Pearsons's correlation coefficients (r) for the studied variables.

a-tocopherol TBARS GSH-Px SOD CAT
a-tocopherol 1.000 -0.684** 0.212 -0.257 0.028
TBARS -0.684** 1.000 -0.054 0.052 -0.076
GSH-Px 0.212 -0.54 1.000 0.247* 0.140
SOD -0.257 0.052 0.247* 1.000 0.413%*
CAT 0.028 -0.076 0.140 0.413** 1.000

*correlation is significant at the 0.05 level (2-tailed).
**correlation is significant at the 0.01 level (2-tailed).

CONCLUSION

- No relationship between the exogenous dietary vitamin E level and endogenous antioxidants'
enzymes is found.

- Lipid oxidative stability of the meat increases with increasing the supplemental vitamin E
level, irrespective the endogenous antioxidants' enzymes profile.

- Indigenous (native) rabbit breed (Gabali) has higher endogenous antioxidants' enzymes
(GSH-Px, SOD, and CAT) activities than the exotic breed (V-line). Nevertheless, meat of the
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faster growth rabbit breeds (V-line) is less prone to lipid oxidation during meat storage, as
genetically has lower intra-mascular lipid content compared to lower growth rate breeds.
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