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FATTY ACID COMPOSITION OF PORK AS AFFECTED BY DIETARY VITAMIN E
SUPPLEMENTATION AND COOKING
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The changes in the fatty acid composition of m. Longissimus dorsi and m. Semimembranosus in response to vi-
tamin E supplementation in the diet (400 mg/kg feed) and cooking were studied in QYouna x JPietrain pigs. Meat
samples were cooked at 100 °C for 30 min. Fatty acid composition was determined and compared to that of non-
processed samples. Feeding pigs with vitamin E had a significant effect on the increase in the content of C14:0
(myristic acid), C16:0 (palmitic acid) and C16:1 (palmitoleic acid) in m. Longissimus dorsi (P < 0.01), while in
Semimebranosus muscle significant increase was detected only in C16:1 (P < 0.05). Regardless of cooking, the con-
tent of the total saturated (SFA) and polyunsaturated fatty acids (PUFA) remained unchanged in response to vitamin
E in Longissimus and Semimembranosus muscles. Cooking of meat samples had a significant effect on the increase of
the total saturated fatty acids content in the muscles, probably due to the high temperature. In terms of polyunsatu-
rated fatty acids the effect of cooking was not consistent in m. Longissimus dorsi, while in m. Semimembranosus sig-
nificant decrease (P < 0.001) in the content of C18:2 (linoleic acid), C20:3 (eicosantrienoic acid), C20:4 (arachidonic
acid) and increase in C22:5 (docosanpentaenoic acid) was observed (P < 0.001).
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COCTAB HA MACHH KHUCEJIMHHU BO CBUHCKO MECO 110/l BIMJAHUE HA BUTAMHWH E
N HET'OBA TEPMHUYKA OBPABOTKA

bea npoy4yBaHH POMEHUTE BO COCTABOT HA MAaCHH KHCeNWHU Ha M. Longissimus dorsi u m. Semimembrano-
SUS KaKo OJTOBOP Ha TUETETCKHOT JOAATOK (cymuiemeHT) BuTaMuH E Bo ucxpanara (400 mg/kg xpana) u TepMuykara
00paboTKa Ha MecoTo Kaj cBumbU @ Youna X JPietrain. Ilpumepouure Meco Tepmudku ce obpaborysaa na 100°C
oxoiny 30 muayTH. COCTaBOT Ha MAacHM KHCEIMHH Oelle yTBPIEH U CHopeneH co Heobpaborenute npumeponu. Mc-
XpaHaTa Ha CBUIGU CO BUTaMHH E MMmamie 3HaunTeIIHO BiIMjaHUE BP3 3rojieMyBame Ha conpxuHara Ha C14:0 (Mupu-
cruHcka kucenuna), C16:0 (manmurrHcka kucenuna) 1 C16:1 (maaMuronerHcka kucenuaa) Bo m. Longissimus dorsi
(p <0.01), momeka Bo MyckysioT Semimebranosus 3HaYuTeIHO 3rojieMyBame € oTkpueHo camo Bo C16:1 (P < 0.05).
U nokpaj tepmuukata oOpaboTka, coppuHata Ha BKyHHO 3acuteHH (SFA) M monmHe3acHTeHH MacHH KHCEIHHH
(PUFA) ocrana HempoMeHeTa Kako OJroBop Ha BUTaMHHOT E Bo Myckyimte Longissimus u Semimembranosus.
Tepmuukara 06paboTKa Ha MPHUMEPOLUTE MECO MMAlIe 3HAYUTENHO BIMjaHUE BP3 MOPACTOT Ha BKYIHUTE 3aCHTCHH
MacHH KHCEJIMHH BO MYCKYJIMTE, LITO BEpOjaTHO ce MOKM Ha BHCOKAaTa TemIieparypa. Bo oaHoc Ha
MOJINHE3aCUTCHUTE MAaCHU KUCEIMHH, eEeKTOT Ha FOTBEHETO HE € moctojaH Bo M. Longissimus dorsi, noxexa Bo m.
Semimembranosus uma 3HaunTenHO HamanyBawe (p < 0.001) Bo cocraBor Ha C18:2 (nmuHOnmHA KucenuHa), C20:3
(enko3zaHTpueHoHcka kucenuHa) u C20:4 (apammpoHckaTa KucenuHa), a Oeme 3a0elexaHo 3HAYUTEITHO
3ronemyBame Ha C22:5 (moko3aHneHTacHOHCKa kucenuna), (P < 0.001).

Knyuynn 36opoBu: ButamuH E; cBuHCKO Meco; TepMuiKa 00pab0TKa; MACHU KUCETMHHU

INTRODUCTION main components to undergo changes due to high

temperatures, including oxidative damage and

Meat is most often consumed thermally transformation of their fatty acid composition.
treated. Various forms of thermal treatment exist Oxidation is related to lipid characteristics and pro-
and they alter more or less the sensory, nutritional oxidant to antioxidant ratio in meat, and recent

and healthy quality of meat. Lipids are one of the studies focus on ways to increase the content of
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natural antioxidant compounds (a-tocopherol or a-
carotene) through feeding rather than use of syn-
thetic ones post mortem. The positive effect of die-
tary vitamin E supplementation for increasing lipid
oxidative stability of meat during pro-oxidative
conditions has been reported in meat of ruminants
[1, 2] and pork [3,4]. However relatively few re-
search is done on the possible role of vitamin E for
alteration of fatty acids in meat during thermal
treatment [5, 6].

Therefore the aim of this work is to provide
information on the effect of vitamin E in the diet of
pigs on the fatty acids of meat and on their possible
transformations during cooking process.

MATERIAL AND METHODS

Experimental animals

The experiment was carried out in the ex-
perimental farm of the Institute of Animal Science
— Kostinbrod. Twenty QYouna x JPietrain pigs
were allocated in 2 groups (control and experi-
mental) each containing 6 females and 4 castrated
males. The pigs from both groups were fattened
using concentrate (CP — 14.27%)), as the diet of the
experimental group was additionally supplemented
with vitamin E in amounts of 400 mg/kg feed for a
period of 10 weeks prior slaughter. The animals
had ad libitum access to feed and water. The aver-
age weight of the pigs at the beginning of the ex-
periment 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 vitamin E sup-
plemented goup.

Saughtering and sampling

The pigs were slaughtered in a standard
slaughterhouse (at a distance of 5 km from the ex-
perimental farm). After slaughter the carcasses
were kept for 24 h at 4°C. Longissimus dorsi and
Semimembranosus muscles were dissected of each
left side of the carcasses. Parts of the muscles were
cut into small size pieces in parallel with the mus-
cle fibers, put into glass tubes and boiled at 100°C
for 30 minutes in water bath. Samples for determi-
nation of the fatty acid composition were taken
from both raw and cooked meat.

Analysis of fatty acids

Fatty acid composition was analyzed in the
Laboratory of Lipid Analysis in the Department of

Ecology and Quality of Animal Production, Insti-
tute of Animal Science — Kostinbrod. Total lipids
of the muscles were extracted according to the
method of Bligh and Dyer [7]. Methyl esters of the
lipids, isolated by preparative TLC were obtained
using 0.01 % solution of sulphuric acid in dry
methanol for 14 h, as described by Christie [8].
The fatty acid composition of total lipids was de-
termined by GLC analysis using gas chromato-
graph C Si 200 equipped with capillary column
(TR-FAME — 60 m x 0.25 mm % 0.25 um) and
hydrogen as a carrier gas. The oven temperature
was first set at 160 °C for 0.2 min and then raised
until 220 °C at a rate of 5 °C/min and hold for 5
minutes. The temperatures of the detector and in-
jector were 230 °C. Methyl esters are identified
comparing to the retention times of the standards.
Fatty acids are presented as percentages of the total
amount of the methyl esters identified [8].

Satistical evaluation

The results were statistically analyzed using
two-ways ANOVA. The model included effects
ascribed to vitamin E supplementation, cooking
and their interaction on the fatty acid composition
of m. Longissimus dorsi and m. Semimembranosus.
The statistical evaluation was done using JMP v.7
software [9].

RESULTS AND DISCUSSION

Significant influence of the vitamin E sup-
plementation (P < 0.01) was found on the contents
of C14:0 (myristic acid), C16:0 (palmitic acid) and
C16:1 (palmitoleic acid) in m. Longissimus dorsi
(Table 1). The three fatty acids increased in the
animals receiving vitamin E in both raw and
cooked samples. The content of C18:0 (stearic
acid) and C18:1 (oleic acid) remained unchanged
in response to vitamin E in the diet.

Although no significant influence on the con-
tents of the individual polyunsaturated fatty acids
(PUFA) due to the vitamin E was observed, they
tended to decrease in the non-thermally treated
samples of the pigs from the vitamin E supple-
mented group. In a study with the same animals we
found more pronounced effect of diet leading to
decrease in PUFA in non-processed, stored up to 6
months at —20 °C muscles in pigs that received
vitamin E (unpublished data). The above men-
tioned tendency towards decreased content was
particularly observed for C18:2 (linoleic acid) and
C20:4 (arachidonic acid).
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The content of the major saturated acids
(C16:0, C18:0) in m. Semimembranosus (Table 1)
was not changed in response to the vitamin E in the
diet of the pigs. The content of C17:0 (margaric
acid) was lower (P < 0.01) in the vitamin E sup-
plemented group, while C16:1 displayed higher
contents in both raw and cooked samples (P <
0.05). The content of C20:3 (eicosantrienoic acid)
was also higher in the animals receiving vitamin E
(P <0.05).

No significant difference in response to the
dietary vitamin E supplementation was observed in
the total amounts of saturated fatty acids (SFA) as
well as PUFA in Longissimus and Semimembrano-
sus (Table 2) muscles. Only the content of n-3
PUFA differed significantly (P < 0.05) showing
lower content in samples of m. Semimembranosus
of the supplemented pigs.

Studies report different influence of vitamin E
in the diet on the fatty acid composition in meat
that could be due to the levels of dietary supple-
ment as well as the duration of the experimental
period. In studies with cattle Shorland et al. [10]
showed significant reduction in the content of the

Table 1

hypercholesterolemic C12:0, C14:0 and C16:0 and
increase of C18:0 when feeding the animals with
500 mg/kg vitamin E in the diet. Onibi et al. [11]
observed decreased content of the saturated fatty
acids in pork when fed 200 mg/kg vitamin E,
which is not in line with our results. However they
reported also decreased content of polyunsaturated
fatty acids. In broilers after cooking, Skiivanova et
al. [5] found decrease in the content of C20:5 (ei-
cosanpentaenoic acid), C22:5 (docosanpentaenoic
acid) and C22:6 (docosanhexaenoic acid) when
supplemented diet with vitamin E in amounts of
100g/kg and copper.

Thermal treatment of m. Longissimus dorsi
samples had strong influence on the contents of the
major saturated fatty acids — C16:0 and C18:0 (P <
0.001) that was not dependent on the presence of
vitamin E in the diet. As a result of cooking the
content of C16:0 and C18:0 increased in both con-
trol and supplemented animals. The contents of the
monounsaturated C16:1 and C18:1 remained un-
altered after cooking, although tendencies towards
decreased content of C16:1 were observed.

Influence of the dietary vitamin E supplementation and cooking on the fatty acid composition
of m. Longissimus dorsi and m. Semimembranosus in pigs (values presented as least squares means)

Fatty m. Longissimus dorsi S.E. Significance m.Semimembranosus S.E. Significance
Cidoiz Control Vitamin E Group Cooking Inter- Control Vitamin E Group Cooking Inter-
Raw Cooked Raw Cooked action Raw Cooked Raw Cooked action
C14:0' 122 1.14 143 136 020 ** NS NS | 096 122 1.08 124 0.19 NS ** NS
C16:0> 2271 2443 23.62 2527 091 ** HxE NS [22.38 24.54 22.68 2436 096 NS Hrx NS
ci6:1° 256 243 3.02 291 045 ** NS NS (249 272 279 3.09 040 * HE NS
C17:0* 0.19 031 0.19 023 006 NS *xE NS | 024 032 020 026 0.04 ** *rx NS
C18:0° 1098 12.89 10.55 12.76 1.02 NS *xE NS |11.07 12.54 1095 12.36 1.01 NS *rx NS
C18:1° 4692 4793 47.64 46.11 2.11 NS NS NS [45.90 4573 4532 46.32 2.72 NS NS NS
C182" 1078 892 955 886 129 NS *xE NS |12.02 10.51 12.18 9.56 1.76 NS *rx NS
C18:3n-6° 0.13 0.12 0.12 0.1 0.03 NS NS NS |0.13 0.14 0.12 0.14 0.04 NS NS NS
C18:3n-3° 024 026 023 029 004 NS ** NS | 028 028 0.28 0.28 0.03 NS NS NS
202" 034 037 031 035 006 NS * NS | 040 034 039 030 0.06 NS NS NS
C20:3"" 026 0.13 024 0.16 004 NS HHE NS 1026 0.14 028 0.17 0.04 * Hokx NS
C20:4% 333 096 2.80 140 048 NS ok *¥* 1356 127 354 1.73 071 NS Hokk NS
C20:5  0.08 002 0.08 004 004 NS *x NS 0.08 001 008 0.06 0.02 ** Hokx *x
C22:5' 025 008 022 0.14 004 NS ok *¥* 1021 024 010 0.13 0.02 NS Hokk NS

Significance effects:* P <0.01; ** P <0.01; *** P <0.001; NS — non significant;

1C14:0 - myristic acid; 2C16:0 — palmitic acid; 3C16:1 — palmitoleic acid; 4C17:0 - margaric acid; 5C18:0 — stearic acid; °C18:1 —
oleic acid; ’C18:2 — linoleic acid; *C18:3 n-6-y-linolenic acid, °C18:3 n-3-a-linolenic acid; '°C20:2 — eicosandienoic acid; ''C20:3 —
eicosantrienoic acid;'>C20:4 — arachidonic acid; '*C20:5 — eicosanpentaenoic acid; 14C22:5 - docosanpentaenoic acid.
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Table 2

Influence of the dietary vitamin E supplementation and cooking on the total amounts of fatty acids
in m. Longissimus dorsi and m. Semimembranosus in pigs (values presented as |east squares means)

Fatty m.Longissimus dorsi Significance m. Semimembranosus Significance
acids, . & I &

o,  Control VitaminE SE. g £ g Control VitaminE  S.E. o £ . 5
e < 2% e < £2%
Raw Cooked Raw Cooked °o 3 £ & |Raw Cooked Raw Cooked o 5 = 3

SFA' 35.10 38.77 35.78 39.62 1.50 NS *** NS [34.65 38.62 34.91 3822 1.65 NS *** NS
PUFA? 1541 10.86 13.55 11.35 1.82 NS *** * 11694 1293 1697 1237 249 NS *** NS
n-6> 14.84 10.50 13.02 10.88 1.76 NS NS * [16.37 1241 16.51 11.90 2.43 NS *** NS
n-3* 0.57 036 053 047 0.08 NS *** * 0.57 053 046 047 0.08 * **¥* NS
PUFA/SFA 044 028 038 028 0.05 NS ** NS [049 033 049 032 0.07 NS *** NS
AP 042 045 047 0.51 0.02 ** *** NS 1040 048 041 047 0.02 NS *** NS
TI° 1.03 122 106 125 0.1 NS *** NS [1.00 1.19 1.07 1.18 0.07 NS *** NS

Significance effects:*P < 0.01; **P < 0.01; ***P <0.001; NS — non significant

'SFA — total amount of the saturated fatty acids

2PUFA — Total amount of the polyunsaturated fatty acids

*n-6 — =C18:2, C18:3n-6, C20:2, C20:3, C20:4

n-3 — =C18:3n-3, C20:5, C22:5

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

TT — Thrombogenic index = (C14:0+C16:0+C18:0)/(0.5XxMUFA+0.5xn-6PUFA+3xn-3PUFA+n-3PUFA/n-6PUFA)

In terms of the polyunsaturated fatty acids the
influence of the cooking was not consistent in m.
Longissimus dorsi. Significant decrease due to
high temperature was observed in the content of
linoleic acid (P < 0.001), eicosantrienoic acid (P <
0.001) and eicosanpentaenoic acid (P < 0.01) in
control and supplemented animals. On the other
hand increase in the contents of C18:3n-3(a-lino-
lenic acid) (P < 0.01) and C20:2 (eicosandienoic
acid) (P < 0.05) was determined for both groups in
the cooked samples. Decrease in the content of
C20:4 and C22:5 was observed in the cooked mus-
cle in control and supplemented animals, however
significant interaction between dietary vitamin E
supplementation and cooking was observed (P <
0.01). It was confirmed by the higher contents of
these two fatty acids in the cooked samples of sup-
plemented pigs when comparing to the cooked
samples of the control group. The same was ob-
served for the total amount of PUFA, n-6 and n-3
where significant interaction diet x cooking was
determined (P < 0.05).

As in Longissmus muscle the cooking af-
fected considerably the fatty acid composition in
m. Semimembranosus. It led to significant increase
of the content of C14:0 (P < 0.01), C16:0, C17:0,
C18:0 (P <0.001) as well as C16:1 (P <0.01). The

contents of C18:2, C20:3 and C20:4 were signifi-
cantly lower (P < 0.001) in the cooked samples of
both control and supplemented animals while the
content of C22:5 became higher (P < 0.001).

These results indicate different response of
the two muscles to the cooking in regards to their
fatty acid composition. The higher content of
C14:0, C16:0 and C18:0 correspond to the higher
content of lipids in the cooked meat. Since the first
two fatty acids have been associated with increased
risk of cardiovascular diseases it could be said that
their transformation in the conditions of this ex-
periment is not positive in terms of health. The in-
fluence of the cooking concerning the total
amounts of SFA, PUFA, n-6 and n-3 confirmed the
already observed for the individual fatty acids. In
general the content of SFA increased (P < 0.001)
while those of PUFA, n-6 and n-3 decreased due to
cooking independently of the dietary vitamin E
supplementation. Thermal treatment has been re-
ported to have different effect on the fatty acid
composition of meat. Smith et al. [12] and Harris et
al. [13] did not detect any changes in the fatty acid
profile in sirloin after cooking. Our results are in
agreement with those of Duckett and Wagner [14]
who observed increase in stearic acid in total lipids
of cooked beef while the contents of linoleic, lino-

Maced. J. Anim. Sci., 4 (2) 69-74 (2014)



Fatty acid composition of pork as affected by dietary vitamin E supplementation and cooking 73

lenic and arachidonic acid decreased. Souza et al.
[6] also reported significant increase in SFA be-
tween raw Biceps femoris and cooked ham, made
of the same muscle. However they observed in-
creased PUFA and MUFA (monounsaturated fatty
acids) between the raw and cooked meat.
Skiivanova et al. [5] reported decreased saturated
fatty acids and increased MUFA in broiler meat
after stewing and roasting which is contrary to our
findings. These differences could be implicated to
the method of thermal treatment as well as dura-
tion.

PUFA/SFA ratio and two distinct indices —
atherogenic index (Al) and thrombogenic index
(TI), were proposed as indicators for the risk of
cardiovascular diseases in humans. In both muscles
the atherogenic and thrombogenic indices are cal-
culated according Ulbricht and Southgate [15]. The
ratio PUFA/SFA in raw muscle samples varied
between 0.44 and 0.38 in m. Longissimus dorsi and
0.49 in m. Semimembranosus. According to the
nutritional recommendations of WHO [16] the val-
ues of this ratio should be >0.4. However in the
cooked samples of both muscles significant de-
crease of this ratio was observed.

Atherogenic and thrombogenic indices in-
creased in thermal treated samples in m. Longis-
simus dorsi and m. Semimembranosus (P < 0.001)
mainly due to the content of SFA that increase in
both groups after cooking. However except in m.
Longissimus dorsi of the vitamin E supplemented
group, the values of Al remain below 0.5 that is
recommended by Ulbricht and Southgate [15].

CONCLUSIONS

Dietary vitamin E supplementation affected
significantly the content of C14:0 (myristic acid),
C16:0 (palmitic acid) and C16:1(palmitoleic acid)
in m. Longissimus dorsi showing higher values in
the vitamin E supplemented animals, while in m.
Semimembranosus  significant increase was ob-
served for C16:1 (palmitoleic acid) in the experi-
mental animals in raw and cooked meat samples.
The content of the total saturated and polyunsatu-
rated fatty acids remained unchanged in response
to vitamin E in Longissimus and Semimembrano-
sus muscles, regardless of the thermal treatment.
Strong influence of cooking was observed on the
fatty acid profile in meat. As a result of high tem-
perature the content of the saturated fatty acids
increased considerably. In terms of PUFA the in-
fluence of cooking was not consistent in Longis-
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simus muscle while in m. Semimembranosus sig-
nificant decrease in the content of C18:2 (linoleic
acid), C20:3 (eicosatrienoic acid), C20:4 (arachi-
donic acid) and increase in C22:5 (docosapen-
taenoic acid) was observed.
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