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

1T. 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 ♀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 

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

Keywords: pigs, vitamin E, carbonyls, storage, meat2-thiobarbituric acid reactive substances, 
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Introduction Material and methods

During the transformation of the muscles in meat after the Animals and diets
slaughter of the animals, changes in the balance of pro- and The experiment was carried out on the experimental farm of the 
antioxidant systems in the tissues occur, which initiates oxidative Institute of Animal Science, Kostinbrod. A total of 20 ♀Youna x ♂
processes in lipids and proteins in meat. Lipid oxidation is one of the Pietrain pigs were allocated in 2 groups (control and experimental) of 
major causes for negative changes in meat quality traits and the 6 females and 4 castrated males per group. The pigs from both 
formation of compounds that might be harmful for the human health. groups were fattened using concentrate with a composition 
The oxidizing lipids, together with metal ions and other prooxidants presented in Table 1, as the diet of the experimental group was 
might as well be one of the main factors to provoke oxidation in meat additionally supplemented with vitamin E in amounts 400 mg/kg feed 
proteins (Estevez et al., 2008) leading to loss of essential for a period of 10 weeks. The animals had ad libitum access to feed 
aminoacids and decrease of the protein digestibility which 
influences  the nutritional value of meat. The oxidative processes do 
not stop during storage and often meat is 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 α-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 
to improve quality of meat in pigs (Niculita et al., 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.

* e-mail: tlpopova@yahoo.com
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Table 1. Diet composition

Component Content, %

Maize

Barley

Wheat

Wheat bran

Sunflower meal

Vitamin-mineral premix

Lime

Salt

Lysine

Vanilla

Nutritive value

Crude protein

Fat

Ash

Non-nitrogen extractive compounds

18

20

25

22

12.9

0.20

1.48

0.30

0.10

0.02

14.27

3.96

7.74

64.33
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and water. The average weight of the pigs at the beginning of the According to Jensen et al. (1998), when stored at 4°C up to 9 days, 
experiment was 49.1±5.71 kg and reached 94.75±5.59 kg and meat products obtained from pigs fed 100 – 80 mg all-rac-α-
94.8±4.54 kg at the end of the trial, respectively for the control and tocopherol/kg feed displayed 22 – 94% lower lipid oxidation. For the 
the experimental group. frozen meat, stored 13 – 16 weeks, the same authors observed 42-

67% increase of lipid oxidatidative stability.  
Slaughtering and sampling Corino et al. (1999) and Niculita et al. (2007) demonstrated that 
The pigs were slaughtered in a standard slaughterhouse. The vitamin E supplementation in the diet of pigs in amounts 100 and 300 

carcasses were kept for 24 h at 4°C and after that Musculus mg/ kg diet reduced TBARS values in pork, while Hwang et al. (2012) 
Longissimus dorsi (MLD) and Musculus Semimembranosus (MSM) observed that at amount of 210 IU/ kg the vitamin also decreased 
were carefully dissected of each left half of the carcasses. Samples TBARS values in pork. On the other hand, Hasty et al. (2002), 
for lipid and protein oxidation measurement were taken from both Lahučky et al. (2005), Bahelka et al. (2011) did not observe 
muscles, wrapped in permeable foil and stored at 4°C for 6 days significant influence of the vitamin E supplementation on TBARS 
after which the storage continued at – 20°C for up to 90 days. The values in fresh pork loin (24 h of storage), suggesting that it better 
oxidation of lipids was analysed by the method of Lynch and Frei displays its inhibitory effect on oxidation of meat lipids during longer 
(1993), modified by Mercier et al. (1998), measuring the amount of storage.
the 2-thiobarbituric acid reactive substances (TBARS) formed It is generally accepted that lipid oxidation in muscles begins in 
during storage for 48h, 6 days and 90 days. The analysis of protein the unsaturated phospholipid fraction of membranes (Gray and 
oxidation was done by measurements of the content of carbonyls as Pearson, 1987) and the level of oxidation is more strongly influenced 
nmol DNPH/ mg protein (Olivier et al., 1987) with slight modifications by the oxidative stability of the membrane component rather than 
during the same intervals of storage.  cytosolic components (Yin and Faustman, 1994). According to 

Monahan et al. (1990), the reduction of lipid oxidation through the 
Statistical analysis incorporation of vitamin E is probably due to stabilization of 
Data were analysed by two-way analysis of variance by the membrane lipids and inhibition of phospholipase A2 (Cheah et al., 

ANOVA procedure using a model including the main effects of 1995). Vitamin E is generated by ascorbate (vitamin C) afterwards 
vitamin E supplementation, muscle type and their interaction. The (Hogberg, 2002) or gluthatione (Gille and Singler, 1995). 
dynamic of formation of TBARS and carbonyls in the muscles during 
storage was analysed by Fisher's LSD method.  Statistical Protein oxidation
evaluation was done by JMP v. 7 software package. 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 Results and discussion
storage. Although the role of vitamin E in reducing lipid oxidation is 
widely discussed, relatively few studies describing its ability to Lipid oxidation
protect proteins from oxidation exist. In turkey meat Mercier et al. The results for the TBARS formation during the refrigerated 
(1998) reported effect of vitamin E with significant decrease in storage of the samples showed significant effect of the vitamin E 
carbonyls in Musculus Sartorius after 9 days of storage. Gatellier et supplementation (Table 2). The values of the TBARS remained 
al. (1996) working on muscle homogenates and after 6h induction lower in the group that received vitamin E after 48 h and 6 days 
with Fe 3+/ascorbate system, reported decreased carbonyl content (P<0.01). Significant influence of vitamin E was also observed after 
after vitamin E supplementation in vivo. Batifoulier et al. (2002) frozen storage (P<0.01) and lower levels of lipid oxidation were 
found that vitamin E supplementation only decreased the oxidation displayed in the muscles of the pigs from the supplemented group. 
of thiol groups in proteins and not the formation of carbonyl groups in TBARS formation was affected also by the muscle type, as the 
membranes isolated from turkey. The ability of antioxidants to values that were determined after refrigerated and frozen storage 
protect proteins from oxidative damage depends on their nature and were lower in MSM (P<0.05). 
the distribution between the aqueous and lipid phases (Dean et al., As a whole the values of TBARS in the muscles of the animals 
1991).that received vitamin E remained lower compared to the control 

Much more distinct were the differences in the carbonyl group.  The overall inhibitory effect of vitamin E supplementation of 
formation between the muscles. However, for a period of 48 h the pig diet on the lipid oxidative processes in meat has been 
significant interaction between the muscle type and group was reported in several studies (Buckley et al., 1995; Morrissey et al., 

th thobserved (P<0.05).  After 6 and 90  day, significant effect in the 1998; Sahoo and Verma, 1999), as the influence of vitamin E varied 
carbonyl formation due to the muscle type (P<0.01) was displayed. between the storage conditions and the amount of vitamin E added. 

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

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

Time of storage SignificanceS.E.
MuscleGroup

MSMMLDVitamin EControl

48 h

6 days

90 days

0.35

0.54

0.77

0.21

0.35

0.41

0.30

0.52

0.69

0.26

0.37

0.48

0.16

0.18

0.32

G**

G **;M*

G **; M*
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During the refrigerated storage the carbonyl content remained lower (Figure 1a) in both groups showed constant increase in the lipid 
in MLD while after frozen storage we observed the reversed effect. oxidation throughout the storage.  Significant differences in the 
According to Estévez et al. (2011), Soyer et al. (2010) the carbonyl TBARS content were found between 48 h and 90 day (P<0.05) in the 
formation depends on the muscle type, storage duration and control group, while in the experimental, significant differences 
temperature. Estévez et al., 2011 observed also much more existed between all the measurement intervals. The TBARS 

thintensive carbonyl formation in MLD after frozen storage when contents reached their maximum after 90  day of storage. The same 
compared to the oxidative Psoas major, which is in line with our trend of increase was also observed in the carbonylation of the 
observations for the difference between the muscles. 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 
Dynamics of changes in the TBARS and carbonyl formation h and 90 day (P<0.05). 
The dynamics of changes in the TBARS formation in MLD Similar to MLD, the TBARS and carbonyl levels showed 

Table 3. Influence of vitamin E supplementation and muscle on the carbonyl formation in pigs (nmol/mg protein)

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

Time of storage SignificanceS.E.
MuscleGroup

MSMMLDVitamin Econtrol

48 h

6 days

90 days

4.25

7.04

10.56

3.95

6.44

10.15

4.78

8.37

9.00

3.40

5.11

11.71

1.86

2.47

3.01

M*;  MxG *

M**

M**

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 References 
and vitamin E supplemented group. Significant difference in the 
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day, while in the experimental group the content of the TBARS Chemical composition, meat quality and oxidative status of pork 
differed between 48 h and 6 days, and 48 h and 90 days of storage after supplementation of diet with vitamin E and/or vitamin E + herb 
(P<0.05). In both groups carbonyl content was significantly different extracts.  Biotechnology in Animal Husbandry, 27, 853-860.
between 48 h and 90 day, as well as 6 days and 90 days (P<0.05). Baron CP, Berner L, Skibsted LH and Refsgaard HHF, 2005. 

The same trends in the development of the TBARS and Evaluation of Activity of Selected Antioxidants on Proteins in 
carbonyls show that the lipid and protein oxidative processes are Solution and in Emulsions. Free Radical Research, 39, 777-785.
possibly coupled. The coupling between lipid oxidation and protein Batifoulier F, Mercier Y, Gatellier P and Renerre M, 2002. 
oxidation has been studied to some extent in meat model systems Influence of vitamin E on lipid and protein oxidation induced by H O -2 2

and meat (Lund, 2007). In beef (Lund et al., 2007) and pork (Lund et activated MetMb in microsomal membranes from turkey muscle. 
al., 2008), during chill storage in high-oxygen atmosphere formation Meat Science, 61, 389-395.
of secondary lipid oxidation products was reported to start at earlier Brigelius-Flohe R and Traber MG, 1999. Vitamin E: function and 
storage times than the formation of protein oxidation products. metabolism The FASEB Journal, 13, 1145-1155. 
Similar results were observed by Mercier et al. (1998) in turkey meat Buckley DJ, Morrissey PA and Gray JI, 1995. Influence of dietary 
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Instruction for authors

Preparation of papers
Papers shall be submitted at the editorial 
office typed on standard typing pages (A4, 
30 lines per page, 62 characters per line). 
The editors recommend up to 15 pages for 
full research paper ( including abstract 
references, tables, figures and other 
appendices)
The manuscript should be structured as 
follows: Title, Names of authors and 
affiliation address, Abstract, List of 
keywords, Introduction, Material and  
methods,Results, Discussion, Conclusion, 
Acknowledgements (if any), References, 
Tables, Figures.
The title needs to be as concise and 
informative about the nature of research. It 
should be written with small letter /bold, 14/ 
without any abbreviations.  
Names and affiliation of authors
The names of the authors should be 
presented from the initials of first names 
followed by the family names. The 
complete address and name of the 
institution should be stated next. The 
affiliation of authors are designated by 
different signs. For the author who is going 
to be corresponding by the editorial board 
and readers, an E-mail address and 
telephone number should be presented as 
footnote on the first page. Corresponding 
author is indicated with *.
Abstract should be not more than 350 
words. It should be clearly stated what new 
findings have been made in the course of 
research. Abbreviations and references to 
authors are inadmissible in the summary. It 
should be understandable without having 
read the paper and should be in one 
paragraph. 
Keywords: Up to maximum of 5 keywords  
should be selected not repeating the title 
but giving the essence of study. 
The introduction must answer the 
following questions: What is known and 
what is new on the studied issue? What 
necessitated the research problem, 
described in the paper? What is your 
hypothesis and goal ?
Material and methods: The objects of 
research, organization of experiments, 
chemical analyses, statistical and other 
methods and conditions applied for the 
experiments should be described in detail. 
A criterion of sufficient information is to be 
possible for others to repeat the experi-
ment in order to verify results.
Results are presented in understandable 

 

tables and figures, accompanied by the 
statistical parameters needed for the 
evaluation. Data from tables and figures 
should not be repeated in the text.
Tables should be as simple and as few as 
possible. Each table should have its own 
explanatory title and to be typed on a 
separate page. They should be outside the 
main body of the text and an indication 
should be given where it should be 
inserted.
Figures should be sharp with good 
contrast and rendition. Graphic materials 
should be preferred. Photographs to be 
appropriate for printing. Illustrations are 
supplied in colour as an exception after 
special agreement with the editorial board 
and possible payment of extra costs. The 
figures are to be each in a single file and 
their location should be given within the 
text.  
Discussion: The objective of this section 
is to indicate the scientific significance of 
the study. By comparing the results and 
conclusions of other scientists the 
contribution of the study for expanding or 
modifying existing knowledge is pointed 
out clearly and convincingly to the reader.
Conclusion: The most important conse-   
quences for the science and practice 
resulting from the conducted research 
should be summarized in a few sentences. 
The conclusions shouldn't be numbered 
and no new paragraphs be used. 
Contributions are the core of conclusions. 
References:
In the text, references should be cited as 
follows: single author: Sandberg (2002); 
two authors: Andersson and Georges 
(2004); more than two authors: Andersson 
et al.(2003). When several references are 
cited simultaneously, they should be 
ranked by chronological order e.g.: 
(Sandberg, 2002; Andersson et al., 2003; 
Andersson and Georges, 2004).
References are arranged alphabetically by 
the name of the first author. If an author is 
cited more than once, first his individual 
publications are given ranked by year, then 
come publications with one co-author, two 
co-authors, etc. The names of authors, 
article and journal titles in the Cyrillic or 
alphabet different from Latin, should be 
transliterated into Latin and article titles 
should be translated into English. 
The original language of articles and books 
translated into English is indicated in 
parenthesis after the bibliographic 
reference (Bulgarian = Bg, Russian = Ru, 
Serbian = Sr, if in the Cyrillic, Mongolian = 

Мо, Greek = Gr, Georgian = Geor., 
Japanese = Jа, Chinese = Ch, Arabic = Аr, 
etc.)
The following order in the reference list is 
recommended:
Journal articles: Author(s) surname and 
initials, year. Title. Full title of the journal, 
volume, pages. Example:
Simm G, Lewis RM, Grundy B and 
Dingwall WS, 2002. Responses to 
selection for lean growth in sheep. Animal 
Science, 74, 39-50
Books: Author(s) surname and initials, 
year. Title. Edition, name of publisher, 
place of publication. Example: 
Oldenbroek JK, 1999. Genebanks and 
the conservation of farm animal genetic 
resources, Second edition. DLO Institute 
for  Animal  Science and Heal th,  
Netherlands.
Book chapter or conference proceedings: 
Author(s) surname and initials, year. Title. 
In: Title of the book or of the proceedings 
followed by the editor(s), volume, pages. 
Name of publisher, place of publication. 
Example: 
Mauff G, Pulverer G, Operkuch W, 
Hummel K and Hidden C, 1995. C3-
variants and diverse phenotypes of 
unconverted and converted C3. In: 
Provides of the Biological Fluids (ed. H. 
Peters), vol. 22, 143-165, Pergamon 
Press. Oxford, UK.
Todorov N and Mitev J, 1995. Effect of 
level of feeding during dry period, and body 
condition score on reproductive perfor-

thmance in dairy cows,IX  International 
Conference on Production Diseases in 
Farm Animals, September 11–14, Berlin, 
Germany.
Thesis:
Hristova D, 2013. Investigation on genetic 
diversity in local sheep breeds using DNA 
markers. Thesis for PhD, Trakia University, 
Stara Zagora, Bulgaria, (Bg).

The Editorial Board of the Journal is not 
responsible for incorrect quotes of 
reference sources and the relevant 
violations of copyrights.

Animal welfare
Studies performed on experimental 
animals should be carried out according to 
internationally recognized guidelines for 
animal welfare. That should be clearly 
described in the respective section 
“Material and methods”.
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