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ABSTRACT 

The effects of diet and levels of dietary vitamin E on lipid oxidation were assessed in 
lambs in this study. Groups of Suffolk x Lleyn and Scottish Blackface male lambs were fed 
dietary lipid supplements containing either Megalac (C16:0), or one of two sources of n-
3 PUFA: linseed which has a high content of C18:3 n-3, which had been treated with 
formaldehyde to aid rumen bypass and a mixture of formaldehyde treated linseed plus 
fish oil to provide EPA and DHA. The diets were based on dried grass had similar levels of 
fat (60g/kg DM). Vitamin E was included as α-tocopherol acetate at 100 and 500 mg/kg, 
for the low and high vitamin E diets, respectively. The six dietary treatments were: 
Megalac with low vitamin E, (ML); Megalac with high vitamin E, (MH); Protected linseed 
with low vitamin E, (LL); Protected linseed with high vitamin E, (LH); Protected linseed 
plus fish oil (linfish) with low vitamin E, (LFL); Protected linseed plus fish oil mixture 
(linfish) with high vitamin E, (LFH). At approximately half of the mature live weight for 
each breed, animals were slaughtered. This was on average 46 kg for the Suffolk and 36 
kg for the Scottish Blackface. The meat from supplemented animals increased 
susceptibility to lipid oxidation in high PUFA in meat resulted from poor deposition of 
dietary vitamin E supplements. 
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The nutritive quality of ruminant meat and its 
acceptability by consumers would be greatly enhanced 
if the proportion of unsaturated fatty acids were high 
and meat were stable to oxidation. Dietary 
polyunsaturated fatty acids (PUFA) increase 
membrane unsaturation, as demonstrated in 
ruminants fed protected fats and consequently 
increases the susceptibility of meat to oxidation 
(Wood and Enser, 1997). In addition to the known 
roles of vitamin E as a nutrient serving in metabolism 
and reproduction, its role in product quality has been 

recognised. The role of supranutritional dietary levels 
of vitamin E for ruminants to maintain fresh beef 
colour and to elevate milk tocopherol which reduces 
lipid oxidation and resulting undesirable milk flavours, 
has been demonstrated (Arnold et al., 1993; Chauhan 
et al., 2014). 
 Wulf et al. (1995) reported that feeding sheep 500 
mg α-tocopherol per day improved lipid stability and 
colour shelf life for up to four days, when the tissue 
levels of vitamin E were in excess of 5.5 mg/kg.  
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However, one of the most important factors which 
alter the effectiveness of vitamin E is the dietary 
intake of PUFA. Consumption of n-3 fatty acids 
reduces vitamin E concentrations in the blood and 
tissues more than does n-6 PUFA (Meydani et al., 
1987; Raederstorff et al., 2015). 

 The aim of the study was to examine the effects of 
supplementation of diets with n-3 PUFA, two levels of 
vitamin E and breed on muscle vitamin E content, lipid 
oxidation. 

Materials and methods 

48 Suffolk x Lleyn and 48 Scottish Blackface male 
lambs with initial live weights of 24 and 18 (± 0.3) kg, 
respectively, were used in this study. All diets were 
based on dry grass and formulated to be iso-energetic 
and iso-nitrogenic and to provide a similar fat level (60 
g/kg) from different fat sources (Megalac, 
formaldehyde treated linseed and linfish). The control 
diet contained Megalac which is high in palmitic acid 
(C16:0), a saturated fatty acid. The second diet, 
contained formaldehyde treated whole linseed which 
is high in α-linolenic acid and the third diet contained 
a mixture of equal quantities of linseed and fish oil 
which supplied performed long chain n-3 PUFA, EPA 
and DHA. Vitamin E was included as a-tocopherol 
acetate (Roche Products Limited) at 100 and 500 mg/
kg, for the low and high vitamin E diets, respectively. 
The six dietary treatments were: Megalac with low 
vitamin E, (ML); Megalac with high vitamin E, (MH); 
Protected linseed with low vitamin E, (LL); Protected 

linseed with high vitamin E, (LH); Protected linseed 
plus fish oil with low vitamin E, (LFL); Protected 
linseed plus fish oil mixture with high vitamin E, (LFH). 
All the performance data and feed analysis 
procedures were published before (Demirel et al., 
2004).  

 Lambs were individually housed in raised floor 
pens and gradually adapted to a mixed diet containing 
equal quantities on a weight basis of the three diets. 
After two weeks on the adaptation diet, all lambs 
were offered their respective dietary treatments. Feed 
was offered ad libitum. At approximately half of the 
mature live weight for each breed, animals were 
slaughtered. This was on average 46 kg for the Suffolk 
and 36 kg for the Scottish Blackface. From twelve 
hours before slaughter animals had access to water 
but not to feed to minimise contamination during 
slaughter. After slaughter, carcasses were chilled at 
1oC for 24 hours. Semimembranosus (SM) and 
Semitendinosus (ST) were cut out and vacuum packed 
and aged for 6 or 10 days at 1oC. After 6 or 10 day of 
ageing, the leg steaks were repackaged in over-
wrapped (OW) oxygen permeable film and 2 packs 
were then overpacked in a modified atmosphere 
(MAP) (75% O2, 25 % CO2). Samples were displayed 
under simulated retail conditions at 1000 lux 
illumination and 4 ± 1oC for 5 days. On the last day of 
display SM and ST muscles were cut out and lipid 
oxidation determined as thiobarbituric reactivity 
substances (TBARS) (Vyncke, 1975).  
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Table 1.  Diet composition 

Fat source Megalac Linseed Linfish 

Vitamin E Level Low High Low High Low High 

Ingredients (g per kg)             

Dried grass 759 759 739 739 754 754 

MSBP 105 105 105 105 105 105 

Megalac 35 35 - - -   

Fish oil - - - - 15 15 

Whole linseed - - 85 85 42 42 

Soya bean meal 46 46 16 16 29 29 

Molasses 25 25 25 25 25 25 

Mineral and vitamin premix 20 20 20 20 20 20 

Ammonium chloride 5 5 5 5 5 5 

Salt 5 5 5 5 5 5 

Vitamin E mg/kg 100 500 100 500 100 500 

Key: MSBP Sugar  beet pulp with molasses 
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Lipid oxidation after 6 and 10 days of ageing and 5 
days of display was evaluated with the TBA-test. 
Statistical analysis showed that there is no significant 
difference between 6 and 10 days ageing of the 
muscles. Mean values in m.semitendinosus (ST) were 
4.4 and 4.9 and in m.semimembranosus (SM) 5.5 and 
5.1mg MDA/kg muscle (sed=0.30, NS) for 6 and 10 
days ageing, respectively. Effects of diet, breed and 
vitamin E on TBA values and significance of the main 
effects and interaction are in Table 2.  
(a) semitendinosus muscle 
As a result of low vitamin E levels in muscle, TBA 
values was higher than acceptable value of 0.5-1.0 
(Gray and Pearson, 1987) in muscles from all groups 
after 5 day simulated display. There was an increase in 
TBA numbers from Megalac to linseed and linfish. 
Mean values were 2.66, 4.81 and 6.56 mg MDA /kg 
muscle (sed= 0.38, p<0.001, Table 2) for muscles from 
Megalac, linseed and linfish fed lambs. There were no 
significant breed and vitamin E effects on TBA values. 
But, Scottish Blackface lambs showed a response to 
higher vitamin E by having lower TBA values after fed 
one of the diets with high levels of vitamin E (MH, LH 
or LFH). Mean values were 5.3 and 3.92 mg MDA /kg 
muscle (sed= 0.45, p<0.01, Table 2) for low and high 
vitamin E diets. The values were for Suffolk lambs 4.81 
and 4.59 mg MDA /kg muscle (sed= 0.45, NS).  
(b) semimembranosus muscle  
Similar to the ST muscle, TBA values in the SM muscle 
were higher than acceptable values. Statistical 
analysis showed that the SM muscle had significantly 
higher values than the ST. Mean values were 4.66 vs. 
5.28 mg MDA/kg muscle (sed= 0.21, p<0.01). The 

reason of this differences is that semimembranosus is 
an oxidative muscle, containing more mitochondria 
and therefore a higher content of long chain PUFA 
compared to the semitendinosus which is a more 
glycolytic muscle. Also oxidative muscles contain more 
free fatty acids than glycolytic ones (Sklan et al.,1983). 
The free fatty acids contain a large amount of long 
chain PUFA which come unambiguously from 
phospholipids (Zierath and Hawley, 2004). Therefore, 
the greater content of α-tocopherol in oxidative 
muscle than in white muscle may be necessary to 
provide protection for the increasing lipid 
unsaturation in the dark (oxidative) muscle. There was 
also a significant effect of diet on TBA values with 
mean values 3.96, 5.54 and 6.37 mg MDA/kg muscle 
(sed= 0.35, p<0.001, Table 2) for Megalac, linseed and 
linfish fed lamb muscles. Similarly to the ST muscle, no 
significant effects of breed and vitamin E on lipid 
oxidation were observed. As an interaction effect, 
Scottish Blackface lambs also showed, in SM muscle, 
much more response to a higher level of vitamin E and 
they had lower TBA values than when fed the low 
level of vitamin E. Mean values 5.77 vs. 4.63 mg MDA/
kg muscle (sed=0.40, p< 0.05). 
 In Suffolk lambs these values were similar, 5.23 vs. 
5.50 mg MDA/kg muscle. In SM muscle another 
interaction effect was observed. In the muscle of 
linfish fed lambs high vitamin E decreased the lipid 
oxidation while linseed and Megalac fed lambs did not 
show a difference. In linfish fed lambs values 
decreased from 7.08 to 5.7 mg MDA/kg muscle (sed= 
0.50, p< 0.05).  
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Table 2. Effects of dietary fat, breed and vitamin E on lipid oxidation (mg MDA/kg muscle) in semitendinosus 
and semimembranosus muscles of lamb 

  Megalac Linseed LinFish   

        Low        High         Low       High        Low         High   

  Suffolk Blackface Suffolk Blackface Suffolk Blackface Suffolk Blackface Suffolk Blackface Suffolk Blackface SED 

MDA, 
mg/kg (ST) 2.84 3.04 2.95 1.81 4.90 4.76 4.31 5.29 6.12 8.37 7.22 4.73 0.73 

MDA 
mg/kg (SM) 4.95 3.43 4.77 2.70 4.79 5.77 5.04 6.55 6.01 8.28 6.71 4.70 0.71 

                
Main effects and interactions      

                                      Fat Breed Vitamin E Fat x Breed Fat x Vit. E Breed x Vit. E Fat x Breed x Vit. E 

MDA 
mg/kg (ST)   *** ns ns ns ns ** *** 

MDA 
mg/kg (SM)   *** ns ns *** * * ** 

ns= not significant, *= p<0.05, **= p<0.01, ***= p<0.001, MDA: malonaldehyde, ST : m.semitendinosus     
SM : m. semimembranosus  

Results and Discussion 
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Many studies have assessed the effects of added 
dietary fat on oxidative stability of meat. Oxidative 
rancidity is a major cause of meat deterioration and 
involves the oxidation of the unsaturated fatty acids, 
particularly the polyunsaturated fatty acids. Moerck 
and Ball (1974) showed that fatty acids with three or 
more double bonds are very susceptible to oxidation 
during refrigerated storage of meat and that the 
susceptibility increases with the number of double 
bonds in the fatty acids. The vitamin E content of 
muscle foods during storage influences the rate of 
lipid oxidation and subsequent changes in fatty acid 
composition. Porcine muscle with the highest 
concentrations of α-tocopherol per gram of fatty acids 
with three or more double bonds, had the lowest TBA 
numbers after cooking or three days of storage (Lynch 
et al., 1999, Yamauchi et al., 1980).  

 Although fresh forage has the potential to supply 
large amounts of vitamin E, the amount deposited in 
the animal may be reduced by the presence of the 
oxidatively unstable α-linolenic acid in the forage 
(Moloney et al., 2008). Furthermore, the difference in 
the PUFA composition of the tissues produced by the 
dietary α-linolenic acid from forage compared with 
mainly linoleic acid from grains also increases the 

potential for oxidation in meat hence increasing the 
demand for vitamin E. 

 In the present study, it seems that dietary n-3 
stimulated lipid oxidation was not suppressed even at 
the high level of vitamin E supplementation because 
of low tissue levels (Demirel et al.,2004). Thus, the 
supply of vitamin E may be inadequate and/or the 
antioxidative function of vitamin E was inefficient in 
the presence of the highly unsaturated fatty acid. 
Farwer et al. (1994) and Kubo et al. (1997) observed 
similar results in rats fed on diets n-3 fatty acids. Thus, 
vitamin E may not protect membranes rich in n-3 fatty 
acids, especially those with five or six double bonds, 
from lipid oxidation as efficiently as membranes rich 
in n-6 fatty acids, as suggested by Kaasgaard et al. 
(1992).  

 In conclusion, supplementation of diet with n-3 
enhanced the susceptibility of muscle to lipid 
oxidation concomitant with higher levels of n-3 in 
muscles despite the poor protection and extensive 
rumen biohydrogenation. In addition, the amount of 
vitamin E present was unable to protect membranes 
of these muscles from lipid oxidation even after 
ingestion of high levels of vitamin E.  
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