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SUMMARY 
The effect of vitamin E supplementation in the diet on the fatty acid 

composition of Longissimus dorsi (m. LD) and Semimembranosus (m. SM) 
muscles during frozen storage was studied in 20 hybrid pigs. The animals 
were divided in two groups – one receiving a control diet and the other a 
diet containing vitamin E in amount of 400 mg/kg feed during the finishing 
period. Each group contained 10 animals. After slaughter, samples of the 
two muscles were taken, frozen and stored at -20°C. The fatty acid 
composition was analysed in the fresh tissue and after frozen storage of 3 
and 6 months. Data were statistically assessed by two-way ANOVA, the 
model including fixed effects ascribed to the treatment, storage duration 
and their interaction on the fatty acid profile of the muscles. Vitamin E 
influenced considerably the fatty acid composition of m. LD, increasing the 
content of the saturated fatty acids (SFA) C14:0 and C16:0 (P<0.001) while 
decreasing that of C18:0 (P<0.01). The proportion of C16:1 was higher in 
both m. LD (P<0.001) and m. SM (P<0.01) in the pigs receiving vitamin E. 
Significant effect of vitamin E on the content of the individual 
polyunsaturated fatty acids was observed only in m. LD. The pigs from the 
supplemented group displayed significantly lower content of C18:2, 
C18:3n-6, C20:4. The duration of the storage had less influence on the fatty 
acid composition in the pig muscles. In m. LD the content of C14:0 
decreased over time (P<0.001), while increase was observed for C18:0 
(P<0.001) and total amount of the saturated fatty acids (P<0.05) in the pigs 
from the control and supplemented group. In m. SM the frozen storage 
affected only the content of C18:3n-3 (P<0.05) which increased at the end 
of the storage period. The results suggest the potential of dietary vitamin E 
to modify the fatty acid composition of pig muscles, however the effect 
depends on the muscle type as well as the storage conditions. 
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INTRODUCTION 
Fatty acid composition is important for the quality of meat since it 

determines to a great extent its nutritional and healthy value. Health 
professionals world-wide recommend reduction in the overall 
consumption of saturated and emphasize the need to increase the intake of 
polyunsaturated fatty acids (WHO, 2003). Such nutritional 
recommendations are largely due to epidemiologic studies showing strong 
positive correlations between intake of saturated fatty acids (SFA) and the 
incidence of cardiovascular diseases. The latter are believed to result from 
the rise in serum low-density-lipoprotein (LDL) cholesterol due to 
increased SFA intake (Posner et al., 1991; Hu et al., 1997). Among the other 
red meats, pork is known to have lower content of saturated and higher 
content of polyunsaturated fatty acids (Araujo de Vizcarrondo et al., 1998; 
Enser et al., 1996). However, the latter are particularly prone to oxidative 
changes during storage. One way to reduce the oxidative susceptibility of 
lipids is to increase the amount of natural antioxidants such as α-
tocopherol (vitamin E) or β-carotene in meat. Various studies confirm the 
positive effect of dietary vitamin E supplementation for increasing lipid 
oxidative stability in poultry, beef and pork under pro oxidative condition, 
such as in cooking and storage (Jensen et al., 1998, O’Neil et al., 1998). The 
aim of this study was to examine the fatty acid composition of m. LD and m. 
SM in conventionally fattened pigs with and without added vitamin E in the 
diet and the changes that occur in the lipid profile during frozen storage. 
 
 

MATERIAL AND METHODS 
Experimental animals 
The experiment was performed in compliance with Directive 

2010/63/EU on the protection of animals used for scientific purposes and 
all the procedures described were approved by the Scientific board of the 
Institute of Animal Science –Kostinbrod, Bulgaria.   

The trial was carried out in the experimental farm of the Institute. 
Twenty ♀ Youna × ♂ Pietrain pigs were allocated in 2 groups (control and 
experimental) each containing 6 females and 4 castrated males. The pigs 
from both groups were fattened using compound feed with a composition 
presented in Table 1, as the diet of the experimental group was additionally 
supplemented with vitamin E in amount 400 mg/kg feed during the 
finishing period. The dose of dietary supplement was determined after 
exhaustive literature search of other experiments in order to maximize the 
effect of the vitamin during the finishing period. The animals had ad libitum 
access to feed 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 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2846864/#B3
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94.8±4.54 kg at the end of the trial, respectively for the control and the 
experimental group.  

 
Table 1. Composition of the compound feed  

Component Content, % 
Maize 18.00 
Barley 20.00 
Wheat 25.00 
Wheat bran 22.00 
Sunflower meal 12.90 
Vitamin-mineral premix 0.20 
Lime 1.48 
Salt 0.30 
Lysine 0.10 
Vanilla 0.02 
Metabolizable energy, MJ/kg 12.39 
Chemical composition (analysed*) 
Crude protein, % 14.27 
Crude fibre, % 7.73 
Fat,% 3.96 
Ash, % 7.74 
Lysine, % 0.71 
Methionine + cystine, % 0.39 
Non-nitrogen extractive compounds, % 64.33 

*Analysed according to the AOAC 2004 

 
Slaughtering and sampling 
The pigs were slaughtered in a standard slaughterhouse. The carcasses 

were kept 24 h at 4°C. M. LD and m. SM were dissected of each left half 
carcass and samples for the analysis of fatty acid composition of fresh 
tissue were taken. The rest of the muscles were kept at -20° C for a period 
of 3 and 6 months until analysis of the fatty acid composition. 

 
Analysis of fatty acids 
Total lipids of the muscles were extracted according to the method of 

Bligh and Dyer (1959). Methyl esters, isolated by preparative TLC were 
obtained using 0.01% solution of sulphuric acid in dry methanol for 14h, as 
described by Christie (1973). The fatty acid composition of the total lipids 
was determined by GLC analysis using chromatograph C Si 200 equipped 
with capillary column (TR-FAME - 60 m x 0.25 mm x 0.25 μm) and 
hydrogen as a carrier gas. The oven temperature was first set at 160 °C for 
0.2 min then was raised to 220 °C at a rate of 5 °С/min and hold for 5 
minutes before cooling. The temperatures of the detector and injector were 
230°C. Methyl esters were identified comparing to the retention times of 
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the standards. Fatty acids are presented as percentages of the total amount 
of the methyl esters identified (Christie, 1973).  

 
Statistical evaluation 
The results were statistically analysed using two-way ANOVA. The 

model included fixed effects ascribed to group (control and vitamin E 
supplemented), the duration of the storage (0 months, 3 months and 6 
months) and their interaction on the fatty acid composition of m. LD and m. 
SM. In case of significance of the storage effect the values were compared 
using Tukey post hoc test. The statistical evaluation was done using JMP v.7 
software. 

 
Table 2. Content of saturated fatty acids in m. Longissimus dorsi and m. 
Semimembranosus as affected by the dietary vitamin E supplementation and 
storage (values least squares means) 

Fatty acids, 
% 

Group (G) Duration of storage (D) SE Significance 
control Vit. E 0m 3m 6m 

m. Longissimus dorsi 
C14:0 1.08 1.25 1.31a 1.13b 1.05b 0.17 G***; D*** 
C16:0 22.91 24.08 23.16 23.59 23.74 0.91 G *** 
C17:0 0.23 0.21 0.19 0.24 0.23 0.08  
C18:0 11.33 10.89 10.75a 11.01a 11.56b 0.64 G**; D*** 
SFA1 35.57 36.44 35.43a 35.98ab 36.60b 1.28 G**; D* 

m. Semimembranosus 
C14:0 1.02 1.09 1.02 1.09 1.06 0.17  
C16:0 22.33 22.91 22.53 22.72 22.61 1.01  
C17:0 0.23 0.22 0.22 0.22 0.24 0.05  
C18:0 11.09 10.89 11.01 10.85 11.12 0.91  
SFA 34.69 35.13 34.78 34.89 35.05 1.72  

1 SFA – saturated fatty acids;  
Significance of the factors group (G) and duration of storage (D): *P<0.05; **P<0.01; 
***P<0.001;  
The intervals connected with different letters are significantly different (P<0.05). 

 
RESULTS AND DISCUSSION 
Saturated and monounsaturated fatty acids 
Diet influenced the contents of the major SFA C16:0 (P<0.001) and 

C18:0 (P<0.01) in m. LD (Table 2). The content of C16:0 was higher, while 
that of C18:0 was lower in the group receiving vitamin E. Additionally, the 
content of C14:0 was also higher (P<0.001) in the supplemented group 
compared to the control one. In m. SM no influence of the vitamin E 
supplementation was found on the content of the SFA. Other studies (Guo 
et al., 2006; Niculita et al., 2007) observed lower amount of SFA in muscles 
induced by dietary addition of vitamin E, however, such findings are not 
consistent with our results. On the other hand, Niculita et al. (2007) 
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suggested dose dependent effect of vitamin E on the content of the SFA. The 
reason for the discrepancies between our results and those of the above 
mentioned authors remain unclear, and warrant further studies.  

 
Table 3. Content of monounsaturated fatty acids in m. Longissmus dorsi and m. 
Semimembranosus as affected by the dietary vitamin E supplementation and 
storage (values least squares means) 

Fatty 
acids, % 

Group (G) Duration of storage (D) SE Significance 
control Vit. E 0m 3m 6m 

m. Longissimus dorsi 
C16:1 2.56 2.99 2.78 2.77 2.78 0.39 G*** 
C18:1 47.28 47.77 47.28 47.88 47.42 1.96  
MUFA2 49.84 50.76 50.06 50.65 50.10 2.07  

m. Semimembranosus 
C16:1 2.53 2.80 2.64 2.65 2.71 0.32 G** 
C18:1 45.87 45.26 45.50 45.96 45.23 3.36  
MUFA 48.40 48.06 48.14 48.64 47.94 3.47  

2 MUFA – monounsaturated fatty acids;  
Significance of the factor group (G): ** P<0.01; ***P<0.001 

 
The content of the monounsaturated FA C16:1 was significantly 

different between the two groups in m. LD (P<0.001) and m. SM (P<0.01) 
showing higher amount in the vitamin E supplemented group (Table 3). 
The oleic fatty acid (C18:1) is the most abundant fatty acid in the pig 
muscle and generally its content is strongly influenced by the diet. In the 
present study however no significant influence of the vitamin E 
supplementation on the content of this fatty acid was determined in the 
muscles, though it tended to be higher in m. LD of the pigs receiving 
vitamin E. 

The changes in the total amounts of the fatty acids reflect the already 
determined in their individual contents. The effect of vitamin E was found 
only in m. LD showing higher content of the total SFA (P<0.01) in the 
supplemented pigs. 

Significant effect of the duration of storage was observed for C14:0 and 
C18:0 only in m. LD (Table2). In both control and vitamin E supplemented 
pigs the content of C14:0 decreased over time and after 6th month of frozen 
storage its content was minimal. On the contrary the content of C18:0 
increased in both groups reaching maximum at the 6th month. The effect of 
time was observed in the total amount of SFA showing increase until the 6th 
month of storage in both groups. The contents of the monounsaturated 
fatty acids remained unaffected by the duration of storage in both muscles 
(Table 3). Alonso et al. (2013) found significant increase in the content of 
the SFA in pork after 2 years of frozen storage. On the other hand, 
Elefteriadou et al. (2010) reported decrease in the content of SFA in pork 
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after frozen storage. In our previous research with the same animals 
(Popova, 2014) we reported decreased content of SFA in the inner and 
outer layer of backfat during 6 month period of frozen storage.   

 
Table 4. Content of polyunsaturated fatty acids in m. Longissmus dorsi and m. 
Semimembranosus as affected by the dietary vitamin E supplementation and 
storage (values least squares means) 

Fatty acids, % Group (G) Duration of storage (D) SE Significance 
control Vit.E 0m 3m 6m 

m. Longissimus dorsi 
C18:2 10.21 9.12 10.16 9.53 9.30 1.51 G** 
C18:3 n-6 0.13 0.10 0.12 0.11 0.13 0.02 G** 

C18:3 n-3 0.23 0.22 0.23 0.22 0.22 0.03  
C20:2 0.34 0.30 0.32 0.31 0.32 0.06  
C20:3 0.25 0.22 0.25 0.22 0.22 0.05  
C20:4 3.08 2.53 3.07 2.67 2.67 0.69 G** 
C20:5 0.06 0.06 0.07 0.05 0.05 0.03  
C22:5 0.24 0.20 0.24 0.20 0.23 0.06  
PUFA3 14.57 12.78 14.49 13.36 13.16 2.36 G** 
PUFA/SFA 0.41 0.35 0.41 0.37 0.36 0.07 G** 

m. Semimembranosus 
C18:2 11.92 11.99 12.10 11.75 12.02 2.03  
C18:3 n-6 0.14 0.13 0.14 0.14 0.15 0.03  
C18:3 n-3 0.27 0.29 0.28a 0.26b 0.29a 0.03 D* 
C20:2 0.40 0.37 0.39 0.37 0.39 0.08  
C20:3 0.26 0.26 0.27 0.25 0.26 0.05  
C20:4 3.54 3.40 3.55 3.34 3.52 0.90  
C20:5 0.08 0.08 0.08 0.08 0.08 0.02  
C22:5 0.24 0.25 0.23 0.26 0.26 0.06  
PUFA 16.89 16.79 17.06 16.47  16.99 3.05  
PUFA/SFA 0.48 0.47 0.49 0.47 0.48 0.08  

3PUFA – polyunsaturated fatty acids;  
Significance of the factor group (G) and duration of storage (D): * P<0.05; **P<0.01;  
The intervals connected with different letters are significantly different (P<0.05). 

 
Polyunsaturated fatty acids 
The contents of the individual polyunsaturated fatty acids were 

affected by the dietary vitamin E supplementation but the influence was 
limited only to the lipid profile of m. LD (Table 4). The polyunsaturated 
fatty acids that are most abundant in pork are C18:2 and C20:4. They 
belong to n-6 fatty acids and displayed significantly lower amounts in the 
vitamin E supplemented pigs (P<0.01). The other n-6 fatty acids 
determined in this study include C18:3 n-6, C20:2 and C20:3. The content 
of C18:3 n-6 was affected by the diet (P<0.01) and the other two tended to 
show lower amount in the experimental group. The n-3 fatty acids (18:3n-3 
and C22:5) tended to be lower in the vitamin E supplemented group. The 
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differences in the individual fatty acids determined the lower total amount 
of PUFA observed in the m. LD of the supplemented animals and hence 
their lower PUFA/SFA ratio. The stronger influence of the vitamin E 
supplementation in m. LD than in m. SM suggests different response of the 
muscles to this factor. Our results are in agreement with those of Onibi et 
al. (1998) who reported reduction in the content of the polyunsaturated 
fatty acids, while on the other hand, Lauridsen et al. (1999) and Pieszka et 
al. (2006) did not observe significant changes in the polyunsaturated fatty 
acids in the muscles of pigs due tо dietary vitamin E supplementation. 
However, in most of the studies vitamin E is included in the diet with 
various lipid sources and hence it is difficult to discriminate between the 
effect of the fat or the vitamin E on the fatty acid profile.  None of the 
polyunsaturated fatty acids was influenced by the duration of storage in m. 
LD. This factor affected significantly only the contents of C18:3 n-3 of m. SM 
(P<0.05) which showed increase of the contents by the 6th month of frozen 
storage. This result corresponds to the previously determined higher 
content of 18:3 in the backfat of the pigs (Popova, 2014). In frozen pork 
Elefteriadou et al. (2010) also found increased content of PUFA.   

 
 

CONCLUSIONS 
In this study, considerable influence of the group (control vs.vit. E) was 

observed mainly on the fatty acid composition of m. LD. Vitamin E 
supplemented group showed increased content of the saturated C14:0 and 
C16:0 while decreased amount of C18:0. On the other hand, the content of 
C16:1 was higher in both muscles. Furthermore, m. LD of the pigs receiving 
vitamin E in the diet displayed significantly lower content of both n-6 and 
n-3 PUFA. Duration of storage influenced to a lower extent the fatty acid 
composition in the pig muscles. In m. LD its effect was significant for C14:0, 
C18:0 and the total amount of SFA, as the content of C14:0 decreased over 
time while that of C18:0 and SFA increased by the end of the storage. In m. 
SM duration of storage affected significantly the content of C18:3 n-3 which 
increased at the end of the storage period. 
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