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Effect of vitamin E in the diet of pigs on the lipid and protein oxidative stability of meat during
storage

T. Popova™, P. Marinova, M. Ignatova
Institute of Animal Science, 2232 Kostinbrod, Bulgaria

Abstract. The changes in lipid and protein oxidative stability in response to vitamin E supplementation in the diet (400 mg/kg feed) during storage of Musculus
Longissimus dorsi and Musculus Semimembranosus were studied in Q Youna x & Pietrain pigs. Muscle samples were stored for 6 days at 4°C after which the
storage continued for up to 90 days at — 20°C. Lipid oxidation was analysed by determination of 2-thiobarbituric acid reactive substances (TBARS) formed
during storage of 48 h, 6 days and 90 days. The oxidation of proteins was determined by measuring the content of carbonyls formed during the same storage
periods. The muscles of the pigs from the vitamin E supplemented group showed lower TBARS content for 48 h and 6 days (P<0.01). Significant influence of the
vitamin E was observed after frozen storage (P<0.01) as well and lower levels of TBARS were displayed in the muscles from the supplemented group. Contrary
to the lipid oxidation, vitamin E supplementation of the diet only tended to decrease the oxidation of the proteins in the muscles during the storage. However,
carbonyl formation differed between the muscles. During the refrigerated storage Musculus Longissimus showed higher extent of carbonylation, whereas after
frozen storage the carbonyl content was increased in Musculus Semimembranosus. In both muscles lipid and protein oxidation showed the same trends of

development in the control and supplemented group, showing maximal content of TBARS and carbonyls after the 90" day of frozen storage.

Keywords: pigs, vitamin E, 2-thiobarbituric acid reactive substances, carbonyls, storage, meat

Introduction

During the transformation of the muscles in meat after the
slaughter of the animals, changes in the balance of pro- and
antioxidant systems in the tissues occur, which initiates oxidative
processes in lipids and proteins in meat. Lipid oxidation is one of the
major causes for negative changes in meat quality traits and the
formation of compounds that might be harmful for the human health.
The oxidizing lipids, together with metal ions and other prooxidants
might as well be one of the main factors to provoke oxidation in meat
proteins (Estevez et al., 2008) leading to loss of essential
aminoacids and decrease of the protein digestibility which
influences the nutritional value of meat. The oxidative processes do
not stop during storage and often meatis subjected to treatment with
various antioxidants, preferably natural, to reduce the intensity and
prevent the damage of oxidation. Recently more studies focus the
attention on developing feeding strategies or using natural
antioxidants as supplements in the animals diets to increase the
antioxidant activity of the muscles and to reduce the oxidative
processes post mortem. Vitamin E is one of the most important
natural antioxidants, playing a fundamental role in the prevention of
oxidation in biological systems such as plasma, membranes and
tissues. Vitamin E refers to a group of eight fat-soluble compounds
that include both tocopherols and tocotrienols (Brigelius-Flohe and
Traber, 1999) of which a-tocopherol was reported to have the
highest biological activity (Hewavitharana et al., 2004). Antioxidant
vitamins are also essential in animal nutrition for maintaining normal
health (Fiego et al., 2004) and also supplementation of diet with
vitamin E during the growing and finishing periods has been shown
toimprove quality of meatin pigs (Niculita etal., 2007)

The aim of the study was to examine the effect of vitamin E in
the diet of pigs on the oxidative stability of meat lipids and proteins
during storage.

Material and methods

Animals and diets

The experiment was carried out on the experimental farm of the
Institute of Animal Science, Kostinbrod. A total of 20 @ Youna x &
Pietrain pigs were allocated in 2 groups (control and experimental) of
6 females and 4 castrated males per group. The pigs from both
groups were fattened using concentrate with a composition
presented in Table 1, as the diet of the experimental group was
additionally supplemented with vitamin E in amounts 400 mg/kg feed
for a period of 10 weeks. The animals had ad libitum access to feed

Table 1. Diet composition

Component Content, %
Maize 18
Barley 20
Wheat 25
Wheat bran 22
Sunflower meal 12.9
Vitamin-mineral premix 0.20
Lime 1.48
Salt 0.30
Lysine 0.10
Vanilla 0.02
Nutritive value

Crude protein 14.27
Fat 3.96
Ash 7.74
Non-nitrogen extractive compounds 64.33

* e-mail: tipopova@yahoo.com
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and water. The average weight of the pigs at the beginning of the
experiment was 49.1£5.71 kg and reached 94.75+5.59 kg and
94.8+4.54 kg at the end of the trial, respectively for the control and
the experimental group.

Slaughtering and sampling

The pigs were slaughtered in a standard slaughterhouse. The
carcasses were kept for 24 h at 4°C and after that Musculus
Longissimus dorsi (MLD) and Musculus Semimembranosus (MSM)
were carefully dissected of each left half of the carcasses. Samples
for lipid and protein oxidation measurement were taken from both
muscles, wrapped in permeable foil and stored at 4°C for 6 days
after which the storage continued at — 20°C for up to 90 days. The
oxidation of lipids was analysed by the method of Lynch and Frei
(1993), modified by Mercier et al. (1998), measuring the amount of
the 2-thiobarbituric acid reactive substances (TBARS) formed
during storage for 48h, 6 days and 90 days. The analysis of protein
oxidation was done by measurements of the content of carbonyls as
nmol DNPH/ mg protein (Olivier etal., 1987) with slight modifications
during the same intervals of storage.

Statistical analysis

Data were analysed by two-way analysis of variance by the
ANOVA procedure using a model including the main effects of
vitamin E supplementation, muscle type and their interaction. The
dynamic of formation of TBARS and carbonyls in the muscles during
storage was analysed by Fisher's LSD method. Statistical
evaluation was done by JMP v. 7 software package.

Results and discussion

Lipid oxidation

The results for the TBARS formation during the refrigerated
storage of the samples showed significant effect of the vitamin E
supplementation (Table 2). The values of the TBARS remained
lower in the group that received vitamin E after 48 h and 6 days
(P<0.01). Significant influence of vitamin E was also observed after
frozen storage (P<0.01) and lower levels of lipid oxidation were
displayed in the muscles of the pigs from the supplemented group.
TBARS formation was affected also by the muscle type, as the
values that were determined after refrigerated and frozen storage
were lowerin MSM (P<0.05).

As a whole the values of TBARS in the muscles of the animals
that received vitamin E remained lower compared to the control
group. The overall inhibitory effect of vitamin E supplementation of
the pig diet on the lipid oxidative processes in meat has been
reported in several studies (Buckley et al., 1995; Morrissey et al.,
1998; Sahoo and Verma, 1999), as the influence of vitamin E varied
between the storage conditions and the amount of vitamin E added.

According to Jensen et al. (1998), when stored at 4°C up to 9 days,
meat products obtained from pigs fed 100 — 80 mg all-rac-o-
tocopherol/kg feed displayed 22 — 94% lower lipid oxidation. For the
frozen meat, stored 13 — 16 weeks, the same authors observed 42-
67% increase of lipid oxidatidative stability.

Corino etal. (1999) and Niculita et al. (2007) demonstrated that
vitamin E supplementation in the diet of pigs in amounts 100 and 300
mg/ kg dietreduced TBARS valuesin pork, while Hwang etal. (2012)
observed that at amount of 210 [U/ kg the vitamin also decreased
TBARS values in pork. On the other hand, Hasty et al. (2002),
Lahucky et al. (2005), Bahelka et al. (2011) did not observe
significant influence of the vitamin E supplementation on TBARS
values in fresh pork loin (24 h of storage), suggesting that it better
displays its inhibitory effect on oxidation of meat lipids during longer
storage.

Itis generally accepted that lipid oxidation in muscles begins in
the unsaturated phospholipid fraction of membranes (Gray and
Pearson, 1987) and the level of oxidation is more strongly influenced
by the oxidative stability of the membrane component rather than
cytosolic components (Yin and Faustman, 1994). According to
Monahan et al. (1990), the reduction of lipid oxidation through the
incorporation of vitamin E is probably due to stabilization of
membrane lipids and inhibition of phospholipase A2 (Cheah et al.,
1995). Vitamin E is generated by ascorbate (vitamin C) afterwards
(Hogberg, 2002) or gluthatione (Gille and Singler, 1995).

Protein oxidation

In this study no significant effect of vitamin E supplementation
was found on the carbonyl formation in the muscles through the
storage (Table 3). However, carbonyl content tended to be lower in
the supplemented groups during the refrigerated and frozen
storage. Although the role of vitamin E in reducing lipid oxidation is
widely discussed, relatively few studies describing its ability to
protect proteins from oxidation exist. In turkey meat Mercier et al.
(1998) reported effect of vitamin E with significant decrease in
carbonyls in Musculus Sartorius after 9 days of storage. Gatellier et
al. (1996) working on muscle homogenates and after 6h induction
with Fe 3+/ascorbate system, reported decreased carbonyl content
after vitamin E supplementation in vivo. Batifoulier et al. (2002)
found that vitamin E supplementation only decreased the oxidation
of thiol groups in proteins and not the formation of carbonyl groups in
membranes isolated from turkey. The ability of antioxidants to
protect proteins from oxidative damage depends on their nature and
the distribution between the aqueous and lipid phases (Dean et al.,
1991).

Much more distinct were the differences in the carbonyl
formation between the muscles. However, for a period of 48 h
significant interaction between the muscle type and group was
observed (P<0.05). After 6" and 90" day, significant effect in the
carbonyl formation due to the muscle type (P<0.01) was displayed.

Table. 2 Influence of vitamin E supplementation and muscle on the TBARS formation in pigs (mg MDA/kg meat)

] Group Muscle .
Time of storage S.E. Significance
Control Vitamin E MLD MSM
48 h 0.35 0.21 0.30 0.26 0.16 G*
6 days 0.54 0.35 0.52 0.37 0.18 G *M*
90 days 0.77 0.41 0.69 0.48 0.32 G* M

The values are presented as least squares means, *P<0.05, ** P<0.01
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Table 3. Influence of vitamin E supplementation and muscle on the carbonyl formation in pigs (nmol/mg protein)

] Group Muscle .
Time of storage S.E. Significance
control Vitamin E MLD MSM
48 h 4.25 3.95 4.78 340 1.86 M* MxG *
6 days 7.04 6.44 8.37 5.11 247 M**
90 days 10.56 10.15 9.00 1.71 3.01 M*

The values are presented as least squares means, *P<0.05, ** P<0.01

During the refrigerated storage the carbonyl content remained lower
in MLD while after frozen storage we observed the reversed effect.
According to Estévez et al. (2011), Soyer et al. (2010) the carbonyl
formation depends on the muscle type, storage duration and
temperature. Estévez et al., 2011 observed also much more
intensive carbonyl formation in MLD after frozen storage when
compared to the oxidative Psoas major, which is in line with our
observations for the difference between the muscles.

Dynamics of changes in the TBARS and carbonyl formation
The dynamics of changes in the TBARS formation in MLD
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(Figure 1a) in both groups showed constant increase in the lipid
oxidation throughout the storage. Significant differences in the
TBARS content were found between 48 h and 90 day (P<0.05) in the
control group, while in the experimental, significant differences
existed between all the measurement intervals. The TBARS
contents reached their maximum after 90" day of storage. The same
trend of increase was also observed in the carbonylation of the
muscle (Figure 1b). In both groups the significant differences in the
carbonyl content were found between 48 h and 6 days, as well as 48

Figure 1. Dynamics of change in TBARS (a) and carbonyls (b) content in MLD
*Intervals within group connected with different letters are statistically different (P<0.05)
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Figure 2. Dynamics of change in TBARS (a) and carbonyls (b) content in MSM
*Intervals within group connected with different letters are statistically different (P<0.05)
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increase during the storage in MSM (Figure 2a and b) in both control
and vitamin E supplemented group. Significant difference in the
TBARS levels in the control group was found between 48 h and 90"
day, while in the experimental group the content of the TBARS
differed between 48 h and 6 days, and 48 h and 90 days of storage
(P<0.05). In both groups carbonyl content was significantly different
between 48 hand 90 day, as well as 6 days and 90 days (P<0.05).

The same trends in the development of the TBARS and
carbonyls show that the lipid and protein oxidative processes are
possibly coupled. The coupling between lipid oxidation and protein
oxidation has been studied to some extent in meat model systems
and meat (Lund, 2007). In beef (Lund et al., 2007) and pork (Lund et
al., 2008), during chill storage in high-oxygen atmosphere formation
of secondary lipid oxidation products was reported to start at earlier
storage times than the formation of protein oxidation products.
Similar results were observed by Mercier et al. (1998) in turkey meat
stored in atmospheric air with an oxygen-permeable film for 9 days.
The authors found no significant increase in carbonyl content during
the storage period, while a significant increase in TBARS was
observed. These observations indicate that lipid oxidation might
precede protein oxidation in meat when lipid oxidation is evaluated
by TBARS and protein oxidation by the formation of carbonyls. It
could be noted that the content of carbonyls formed during storage in
MLD are higher in the vitamin E supplemented group, indicating
certain prooxidative effect of vitamin E. It was found that the
antioxidative effect of vitamin E supplementation might depend on
the muscle type. Thus Mercier et al. (1998) found muscle
dependent effect of vitamin E in turkeys. The authors reported that
after storage, vitamin E decreased the carbonyl contentin Musculus.
Sartorius but no effect was found in Musculus Pectoralis.

Conclusion

As a whole vitamin E supplementation in the diet led to
significantly lower TBARS formation in the muscles after refrigerated
and frozen storage. Throughout the storage periods, MLD displayed
higher susceptibility to lipid oxidation. Vitamin E supplementation did
not influence the oxidation of proteins to such an extent as the lipid
oxidation. Carbonyl formation differed between muscles on all the
storage periods. During the refrigerated storage, MLD displayed
higher extent of carbonylation, whereas after frozen storage
carbonyl content was increased in MSM. In both muscles lipid and
protein oxidation showed the same trends of development in the
control and experimental group, reaching maximum after 90" day of
frozen storage.
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