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Fatty acid composition of backfat during frozen storage in pigs fed vitamin E supplemented
diet

T. Popova*
Institute of Animal Science, 2232 Kostinbrod, Bulgaria

Abstract. The changes in the fatty acid composition of the backfat were studiedin Q Youna x & Pietrain pigs. The animals were divided in two groups (vitamin E
supplemented and control) and after slaughter, samples of the inner and outer backfat layers were taken, frozen and stored for a period of 6 months. Fatty acid
composition was analysed in fresh backfat samples and after frozen storage of 3 and 6 months. The content of the major saturated and monounsaturated fatty
acids differed significantly between the two layers of the backfat in both groups. In the inner layer we observed significantly higher proportion of C16:0 (P<0.01)
and C18:0 (P<0.001) while C18:1 had higher content in the outer backfat layer (P<0.001). The differences were not dependent on the presence of vitamin E in
the diet, suggesting no effect of the antioxidant on the metabolism of the fatty acids of the two backfat layers. The total amount of unsaturated fatty acids (UFA)
was increased (P<0.001), higher values of UFA/SFA (P<0.001) and lower of the atherogenic (Al) and thrombogenic (Tl) indices (P<0.001) were observed in the
outer backfat layer in both groups. The duration of frozen storage affected significantly the content of the individual and total fatty acids, as the changes were
observed mostly between the 3“and 6" month of frozen storage. In both groups the content of C16:0 and the total saturated fatty acids (SFA) decreased while
the content of the total amount of UFA increased by the end of the 6" month. In the group supplemented vitamin E, the content of C16:1 significantly decreased
(P<0.01) and that of C18:1 significantly increased (P<0.01) by the 6" month of storage. The atherogenic and thrombogenic indices followed the same pattern,

showing the lowest values at the 6" month of frozen storage in both groups, thus indicating no negative influence on the duration of storage on the backfat.

Keywords: pigs, Youna, Pietrain, fatty acids, vitamin E, backfat

Introduction

The increasing demands of consumers for healthier meat
oriented pig selection towards genetic types with high lean meat
percentage as well as reduced carcass fat deposits (Pringle and
Williams, 2001; Bossi and Russo, 2004). Despite this trend pork
backfat is widely used in the meat processing industry since it is an
ingredient in various kinds of meat products or is traditionally
consumed in some cuisines, the Bulgarian amongst them. Backfat is
known to have a relatively high content of polyunsaturated fatty
acids, mainly the essential linoleic C18:2, as well as linolenic C18:3
and arachidonic C20:4. From dietetic and nutritional point of view the
increased content of unsaturated fatty acids (UFA) might be good for
the human health, but on the other hand it may affect adversely the
consistency and the oxidative stability (Mourot et al., 1991), since it
is known that UFA are more susceptible to oxidation than the mono-
and saturated fatty acids. Improvement of the oxidative stability has
been of interest in the pork meat production chain. It has been shown
that supplementing the pig diet with certain nutrients such as vitamin
E can successfully prevent lipid oxidation (Nirberg et al., 2002;
Lahucky et al., 2005). Vitamin E is generally regarded as an
acceptable nutritional supplement, since itis the primary lipid soluble
antioxidant in biological systems and when incorporated into animal
diets it acts effectively as an antioxidant, prolonging the shelflife of
the products of animal origin (Jensen etal., 1998).

The aim of this study was to examine the fatty acid composition
of the backfat in conventionally fattened pigs with and without added
antioxidant in the diet and the changes that occur in the lipid profile
during frozen storage.

* e-mail: tipopova@yahoo.com

Material and methods

Experimental animals
The experiment was carried out in the experimental farm of the

Institute of Animal Science, Kostinbrod, Bulgaria. Twenty @ Youna x

JPietrain 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 concentrate with a composition
presented in Table 1, and 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
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, respectively.

Slaughtering and sampling

The pigs were slaughtered in a standard slaughterhouse. The
carcasses were kept 24 h at 4°C. Samples of the inner and outer
layer of the backfat were taken at the last rib of each left half carcass
for analysis of fatty acid composition of fresh tissue and after frozen
storage (-20°C) for a period of 3 and 6 months.

Analysis of fatty acids

Total lipids of the backfat were extracted according to the
method of Bligh and Dyer (1959). Methyl esters of triacylglycerols,
isolated by preparative TLC were obtained using 0.01 % solution of
sulphuric acid in dry methanol for 14 h, as described by Christie
(1973). The fatty acid composition of triacylglycerols was
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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
Fatty acid composition Fatty acid, %
C14:0 0.30
C16:0 23.74
C16:1 0.48
C17:.0 0.16
C18:0 433
C18:1 33.74
C18:2 35.96
C18:3 1.29

determined by GLC analysis using chromatograph C Si 200
equipped with capillary column (TR-FAME — 60 m x 0.25 mm x 0.25
um) and hydrogen as a carrier gas. The oven temperature was first
setat 160 °Cfor 0.2 min, then raised until 220 °C atarate of 5 °C/min
and held for 5 minutes. The temperatures of the detector and injector
were 230 °C. Methyl esters were identified comparing to the
retention times of 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-ways ANOVA.
The model included fixed effects ascribed to layer (inner and outer),
the duration of storage (Om, 3m and 6m) and their interaction on the
fatty acid composition of backfat. Protected Fisher LSD test was
performed as post-hoc test to compare means, as differences with a
level of significance below 0.05 were considered significant. The
statistical evaluation was done using JMP v. 7 software.

Results and discussion

Significant effect of the layer (inner and outer) on the fatty acid
composition in the control group (Table 2) was found for the contents
0f C16:0 (P<0.01), C18:0 (P<0.001) and C18:1 (P<0.001). The inner
layer showed significantly higher content of C16:0 and C18:0, while
the content of C18:1 was higher in the outer backfat layer.

The differences in the contents of the individual fatty acids
between the two layers were similar in the group of the pigs that
received vitamin E in the diet (Table3). Significant effect of the layer
was found for the contents of the saturated C16:0, C18:0 and C17:0,
as the first two showed significantly higher contents in the inner
layer, while C17:0 was significantly higher in the outer backfat layer.
The contents of C18:1 was significantly higher (P<0.001) in the outer
layer as was already reported for the unsupplemented group. The
content of the polyunsaturated C18:3 was also found to be
significantly different between the layers (P<0.01); however,
significant interaction between the effect of the layer and the
duration of storage (P<0.01) was found for this fatty acid.

The changes in the contents of the individual fatty acids
determined those of their total amounts in the backfat. In both groups
the outer layer of the backfat had significantly lower total content of
saturated fatty acids (SFA) and higher content of unsaturated fatty
acids (P<0.001), and hence higher ratio UFA/SFA (P<0.001) (Tables
4 and 5). The atherogenic and thrombogenic indices were calculated
using the formulae of Ulbricht and Southgate (1991). Their values
were significantly lower in the outer backfat layer compared to the
inner.

In accordance with previous studies (Bee et al., 2002, Monziols
et al., 2007), our results show higher degree of unsaturation in the
outer backfat layer of pigs. This was determined predominantly by

Table 2. Fatty acid composition in the inner and outer backfat layer during frozen storage (control group)

Layer Duration of storage

Fatty acid, % SE Significance

Inner Outer Om 3m 6m
C14:.0 1.26 1.23 1.26 1.26 1.22 0.21
C16:0 22.70° 21.82° 2225 22.90° 21.80° 1.04 Layer **, Duration *
C16:1 1.15 1.24 1.13 1.26 1.19 0.21
C17:.0 0.45 0.44 0.41° 0.49° 0.44% 0.09 Duration *
C18:0 13.19° 12,03 12.76° 13.07 11.99° 1.15 Layer ***, Duration **
C18:1 44.43° 46.20° 4555 44.46 45.94 2.06 Layer™**
C18:2 16.18 16.36 16.01 16.08 16.71 1.97
c18:3 0.61 0.64 0.59° 0.62* 0.70° 0.09 Duration *
C16:1/C16:0 0.05° 0.06" 0.05 0.06 0.05 0.009 Layer ***
C18:1/C18:0 3.40° 3.88° 3.60" 3.45° 3.86° 4.27 Layer ***, Duration *

Values connected with different superscripts are significantly different (P<0.05)

Significance effects: * P<0.05; **P<0.01; ***P<0.001;
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Table 3. Fatty acid composition in the inner and outer backfat layer during frozen storage (experimental group)

Layer Duration of storage

Fatty acid, % SE Significance

Inner Outer Om 3m 6m
C14:0 1.55 1.49 1.46 1.61 1.49 0.28
C16:0 24.62° 23.64° 24.13* 24.76° 23.50° 1.41 Layer **, Duration *
C16:1 1.39 1.43 1.29° 1.57° 1.36° 0.26 Duration **
C17:0 0.32° 0.36° 0.33 0.32 0.36 0.07 Layer*
C18:0 13.41° 12.33 13.19 12.90 12.51 0.91 Layer ***
C18:1 4531 46.65° 45.86" 45.36° 46.72° 1.40 Layer ***, Duration **
C18:2 12.87 13.52 13.18 12.94 13.46 1.68
C18:3 0.49 0.56 0.51 0.50 0.57 0.08 Layer ** Duration *,
C16:1/C16:0 Layer x Duration **
C18:1/C18:0 0.05 0.06 0.05° 0.06° 0.08® 0.01 Duration **

3.3¢° 3.80° 3.50° 353 3.76° 0.31 Layer ***, Duration *

Values connected with different superscripts are significantly different (P<0.05)

Significance effects: * P<0.05; **P<0.01; ***P<0.001;

Table 4. Total amounts of fatty acid composition in the inner and outer backfat layer during frozen storage (control group)

Layer Duration of storage
Fatty acid, % SE Significance
Inner Outer Om 6m
SFA' 37.62° 35.54° 36.70° 37.56° 35.47, 1.62 Layer ***, Duration **
UFA? 62.57° 64.45° 63.29° 62.43° 64.52° 1.62 Layer ***, Duration **
UFA/SFA 1.66° 1.81° 1.73% 1.67° 1.82° 0.12 Layer ***, Duration **
AP 0.44° 041 0.43* 0.44° 0.41° 0.03 Layer ***, Duration **
T 114 1.03° 1.09° 1.3 1.03° 0.07 Layer ***, Duration **

Values connected with different superscripts are significantly different (P<0.05)

Significance effects: **P<0.01; ***P<0.001;

'SFA: Total amount of the saturated fatty acids = 3C14:0, C16:0, C17:0, C18:0
*UFA: Total amount of the unsaturated fatty acids = >C16:1; C18:1: C18:2, C18:3

*Al: Atherogenic index = [(4xC14:0)+C16:0)]/(MUFA+PUFA)

“TI: Thrombogenic index = (C14:0+C16:0+C18:0)/(0.5xMUFA+0.5xn-6PUFA+3xn-3PUFA+n-3PUFA/n-6PUFA)

the content of C18:1 in pigs that received no antioxidant, and also by
the increased content of C18:2 and C18:3 in the group
supplemented vitamin E.

The oleic fatty acid (C18:1) is the most abundant
monounsaturated fatty acid in the pigs and its amount is determined
by the dietary intake as well as the elongation and desaturation of the
homologues (Bee et al., 2002) by stearoyl-CoA desaturase (SCD).
In our study we did not measure the activity of the SCD but according
to Klingenberg et al. (1995), Kouba et al. (1997), the indices
C16:1/C16:0 and C18:1/C18:0 relate well to the activity of the
enzyme. According to Buller and Enser (1986), the stearoyl-CoA
desaturase has tissue specific activity which is higher in the outer
backfat layer. This confirms the results that we obtained. Dazaetal.
(2007) reported significantly higher content of the mono-and
polyunsaturated fatty acids in the outer backfat layer in Iberian pigs.

With exception of the content of C17:0, the changes of the fatty
acid composition in the two backfat layers showed the same pattern,
suggesting no influence of the added vitamin E in the diet. Numerous
studies have been conducted on the effect of vitamin E
supplementation in the diets of pigs, most of which concern the
influence on the lipid oxidative stability and changes in the fatty acid
composition mainly in the muscle tissue. A limited number of

experiments has been treating the possible alteration of the fatty
acid composition in adipose tissue or liver in pigs supplemented
vitamin E. Most of the studies do not show significant influence of
the vitamin E on the fatty acid composition of adipose tissue in pigs
and changes in the lipogenesis due to the presence of this
antioxidant in the diet (Monahan et al., 1992; Onibi et al., 1998; Bosi
etal., 2000, Morel etal., 2006).

Animal fats, like all the lipids are susceptible to different forms of
deterioration most important of which is the oxidative rancidity or
autooxidation (Ladikos and Lougovois, 1990). Freezing has been
accepted as an excellent method for prevention of food quality
deterioration, however, during storage at low temperatures the fatty
acid composition of lipids might be altered (Zymon et al., 2007) due
to the degree of unsaturation, temperature and duration of the
storage. The duration of frozen storage affected significantly the
contents of C16:0 (P<0.05) and C18:0 (P<0.01) in the control group
(Table 2), showing decrease between the 3° and the 6" month of
storage. The content of C17:0 was also significantly changed during
the storage (P<0.05) as itincreased significantly until the 3 month of
frozen storage. During the storage period the content of C18:3
significantly changed (P<0.05), displaying maximum at the 6"
month. Similar to the control group, the duration of storage affected
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Table 5. Total amounts of fatty acid composition in the inner and outer backfat layer during frozen storage (experimental

group)
Layer Duration of storage
Fatty acid, % SE Significance
Inner Outer Om 3m 6m

SFA' 39.91° 37.83 39.13° 39.61° 37.87° 1.94 Layer ***, Duration *
UFA? 60.08" 62.16° 60.86° 60.38° 62.12° 1.94 Layer ***, Duration *
UFA/SFA 1.51° 1.65° 1.56" 1.53° 1.64° 0.12 Layer ***, Duration *
AP 0.51° 047 0.49® 0.51° 0.47° 0.05 Layer **, Duration *
T 1.26° 1.15° 1.22° 1.25° 1.15° 0.10 Layer ***, Duration *

Values connected with different superscripts are significantly different (P<0.05)

Significance effects: * P<0.05; P<0.01;***P<0.001;

'SFA: Total amount of the saturated fatty acids = 5C14:0, C16:0, C17:0, C18:0
’UFA: Total amount of the unsaturated fatty acids = 3C16:1; C18:1: C18:2, C18:3

*Al: atherogenic index = [(4xC14:0)+C16:0)]/(MUFA+PUFA)

“TI: Thrombogenic index = (C14:0+C16:0+C18:0)/(0.5xMUFA+0.5xn-6PUFA+3xn-3PUFA+n-3PUFA/n-6PUFA)

significantly (P<0.05) the contents of C16:0 in the backfat of pigs that
received vitamin E (Table 3), showing decrease of its amounts
between the 3° and the 6" month. The contents of the two
monounsaturated fatty acids C16:1 and C18:1 changed as well in
the course of the storage period (P<0.01). The amount of C16:1
increased significantly until the 3° month and then decreased by the
end of the 6" month, while the content of C18:1 showed significant
increase between the 3“ and the 6" month of frozen storage. The
same trends for these fatty acids were observed in the control group.

The duration of storage affected significantly the total amount of
the saturated and unsaturated fatty acids in the two backfat layers in
the control (P<0.01) and the experimental (P<0.05) groups, showing
minimal content of the saturated fatty acids and maximal of the
unsaturated fatty acids on the 6" month of frozen storage. As a
whole, no differences in the dynamics of changes in the lipid profile
showed the same trend in the groups regardless of the presence of
vitamin E in the diet. Elefteriadou et al. (2010) found significant
decrease in the saturated fatty acids and increase in the
polyunsaturated fatty acids in pork after frozen storage, which is in
line with our results. De Pedro et al. (1999) also found certain
decrease in C18:0 and increase in C16:1 through frozen storage in
adipose tissues from Iberian pigs. On the other hand, Alonso et al.
(2013) found significantincrease in the individual and total saturated
and monounsaturated fatty acids and decrease in the
polyunsaturated fatty acids in pig meat after freezing for a two-year-
period of frozen storage. The changes observed in the content of the
fatty acids influenced the values of Atherogenic index (Al) and
Trombogenic index (Tl) during the frozen storage. Both indices

C18:0 in the inner layer, while C18:1 had higher proportion in the
outer backfat layer. The differences were not dependent on the
presence of vitamin E in the diet, suggesting no effect of vitamin E on
the fatty acid metabolism in the two backfat layers.

Significant increase in the total amount of UFA, higher values of
UFA/SFA and lower of the Al and Tl were observed in the outer
backfat layer in both groups.

The duration of frozen storage affected significantly the content
of the individual and total fatty acids, with changes observed mostly
between the 3" and the 6" month of storage. In both groups the
content of C16:0 and the total SFA decreased while the total amount
of UFA increased by the end of the 6" month. In the group that
received vitamin E, the content of C16:1 decreased and C18:1
increased until the 6" month of storage. The atherogenic and
thrombogenic indices followed the same pattern, showing lowest
values at the 6" month of frozen storage thus indicating no negative
influence on the duration of storage.
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