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The effects of giving pigs dietary vegetable oils on oxidative stability, cholesterol level and oxysterol formation in their meat were studied. A total
of 40 Polish Landrace pigs were randomly allocated to 4 groups with 5 gilts and 5 barrows per group and fattened from 50 to 105 kg body weight. Fat
supplements represented the experimental factor: palm oil, linseed oil, rapeseed oil, and sunflower oil given at 3% of ration dry matter. A significantly
higher MUFA level was found in the m. longissimus dorsi of pigs receiving dietary palm oil compared to the linseed oil-fed pigs (p<0.05). There was a
highly significant narrowing in the n-6/n-3 PUFA ratio between the experimental groups (p<0.01). In addition, the level of DHA acid was significantly
higher in gilts than in barrows (p<0.01). The use of dietary vegetable oils caused a significant decrease in the oxidative stability of meat, in particular
after 180 days of frozen storage of meat (p<0.01). A highly significant interaction was found for TBARS between the fat supplement used and sex
(p=0.003). There were highly significant differences in vitamin E content of meat between the group receiving palm oil and the linseed oil-fed group
(p<0.01). The type of oil had no significant effect on the total cholesterol content of meat. It was found that oxidized forms of cholesterol formed
during storage. There were highly significant differences in the level of 7-ketocholesterol between the groups receiving palm oil and sunflower oil and
the groups fed linseed oil and rapeseed oil (p<0.01). A similar, highly significant correlation was found between the level of total oxysterols and total
cholesterol, with additional differences between the groups receiving linseed oil and rapeseed oil (p<0.01). Highly significant interactions, ranging

from p=0.002 to p=0.08, were found between the level of oxysterols, and the source of fat and sex.

INTRODUCTION

Products of animal origin are usually characterised by
high fat content, in which saturated fatty acids (SFA) domi-
nate. However, the composition of fatty acids in animal food,
including pork, can be modified by altering the pool of fatty
acids in feed [Warnants et al, 1999; Pieszka et al., 2004].
Several studies have confirmed the possibility of incorporat-
ing feed fatty acids into body tissues, which affects the quan-
titative and qualitative traits of meat [Wiseman et al., 2000;
Wood ef al., 2004]. One of the ways of enriching meat with
n-3 polyunsaturated fatty acids (PUFA) and monounsaturat-
ed fatty acids (MUFA) is to use vegetable oils in pig diets as
a source of these acids [Lopez-Bote ef al., 2002]. Diets for
pigs raised in Poland are most often based on cereals, main-
ly barley and triticale, which are characterised by a high level
of linoleic acid (C18:2), which is an n-6 acid. As a result,
the level of n-6 PUFA in meat increases as the level of n-3
acids decreases, which is not favourable from the viewpoint
of consumer health. Pork, which has relatively high levels of
fat, cholesterol and iron, undergoes oxidation processes rela-
tively easily [Igene & Pearson, 1979]. The use in pig diets of
feeds rich in unsaturated fatty acids (UFA), including plant
fats, is beneficial for consumer health as these acids improve
the dietetic value of meat. However, excessive UFA levels in
animal fat reduce the oxidative stability of lipids, which may

negatively affect the sensory traits (flavour and aroma) and
storage life of meat [Leksanich ef al., 1997; Mottram, 1998;
Rey et al., 2001a]. Such meat and meat products are charac-
terised by shorter shelf life determined by a greater suscepti-
bility of PUFA to the oxidation processes, even after the meat
has been frozen [Buckley er al, 1995; Sheard et al., 2000;
Pieszka et al., 2006].

Cholesterol is oxidized in a similar way to UFA and phos-
pholipids. The oxygenated derivatives of cholesterol (known
as oxysterols) are mainly formed during the cooking, fry-
ing, grilling and storage of meat [Panianghwait ez al., 1995].
Cholesterol oxidation products (COP) are considered one
of the causes of atherosclerotic changes in humans as they
have a negative impact on the cardiovascular system [Kumar
& Singhal, 1992] and damage the central nervous system,
which is one of the causes of Alzheimer’s and Parkinson’s
diseases [Halliwell, 1992].

Because of its relatively high level of iron and adequate
level of cholesterol, meat is acknowledged as a potential
source of oxysterols [Kumar & Singhal, 1992]. Smith [1996]
postulated that cholesterol oxidation may take place in a
similar way to the oxidation of fatty acids. The high level
of PUFA in food phospholipids and the fact that they are
unprotected from the attacks of oxidative compounds within
cells and near cell membranes may trigger lipid oxidation at
the intracellular membrane [Igene & Pearson, 1979]. Smith
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[1996] suggested that the hydroxyperoxidation of PUFA, that
takes place during lipid oxidation, may be necessary for trig-
gering the cholesterol oxidation process.

Furthermore, results of some studies [Lopez-Bote ef al.,
2002; Daza et al., 2005] suggest that different classes of fatty
acids (SFA, UFA, MUFA, n-6 PUFA, n-3PUFA) in pig diets
have varying effects on tissue desaturase activity, as reflect-
ed in the level of particular fatty acids in lipids and the level
of cholesterol.

The aim of the study was to determine the effect of giv-
ing pigs vegetable oils with different MUFA and PUFA levels
on lipid oxidation, cholesterol level and formation of the oxi-
dized forms of cholesterol in meat.

MATERIAL AND METHODS

A total of 40 Polish Landrace pigs were randomly allocated
to 4 groups with 5 gilts and 5 barrows per group. Animals were
fattened from 50 to 105 kg body weight using a feed mixture
containing a 3% supplement of vegetable oils. Fat supplements
represented the experimental factor: palm oil, linseed oil, rape-
seed oil and sunflower oil given at 3% of ration dry matter.
The complete diets contained wheat, barley, triticale, soybean
meal, mineral additives, standard premix (Lutamix complete
NP, BASF Kutno) and vegetable oils.

The basic and amino acid composition of the diets was
determined using standard methods [AOAC, 1995]. The
nutritive value of the diets and the composition of fatty
acids in the oils used are presented in Table 1. Metaboliz-
able energy was calculated based on the composition of the
diet, accounting for tabular values for particular components
[Polish Nutrient Requirements,1993].

Animals were kept in individual pens equipped with nip-
ple drinkers and fed ad libitum. On the day before slaughter,

animals were fasted with free access to water and transport-
ed to a slaughterhouse. Pigs were slaughtered in a standard
slaughterhouse after electrical stunning. Following 24-h chill-
ing of carcasses at 4°C, meat samples were taken from the
m. longissimus dorsi near the 4% and 5™ lumbar vertebrae,
secured and stored at 19°C. Meat samples were analysed for
crude fat using a Buichi 810 Soxhlet apparatus (Flawil, Swit-
zerland) according to the method described by Budstawski &
Drabent [1972].

Chemical reagents. The following solvents were used
for the analyses: methanol, acetone, ethyl acetate, 30% meth-
anolic solution of sodium methylate, methyl tert-butyl ether
(MTBE), 2,6-di-tert-butyl-4-methyl phenol (BHT), gradi-
ent grade acetone, acetonitrile, chloroform, isopropanol,
n-hexane, ethyl acetate and methanol for HPLC (Merck,
Darmstadt, Germany) and reagents such as ethyl ether and
petroleum ether (POCH, Gliwice, Poland), 99% ethyl alco-
hol (Chempur, Piekary SI., Poland), citric acid, sodium sul-
phate, L(+4)ascorbic acid, perchloric acid, BF; in methanol
(Merck, Darmstadt, Germany), 1,1,3,3-tetrametoxypropane
and 2-thiobarbituric acid from Sigma-Aldrich (St. Louis,
MO, USA), silylating agent (HMDS, TMCS and pyridine at
a 3:1:9 ratio) (Supelco, Bellefont, PA, USA) and KOH and
NaCl (POCH, Gliwice, Poland) of analytical grade. Fatty
acid standards were obtained from Larodan (Malmo, Swe-
den). Standards 7a- and 74-hydroxycholesterol, 5,6¢-epoxy-
cholesterol, 5,68-epoxycholesterol, 20c-hydroxycholesterol,
cholestantriol, 7-ketocholesterol, 25-hydroxycholesterol, and
6-ketocholestanol as well as cholesterol, Sa-cholestan and
a-tocopherol standards were obtained from Sigma-Aldrich
(St. Louis, MO, USA). Water deionized using a Milli-Qplus
deionizer (Millipore, Vienna, Austria) was used for the anal-
yses.

TABLE 1. Nutritive value of complete mixture and composition of fatty acids (% of total acids) in fat supplements.

[tem Mixture and fat supplements

ME (MJ/kg) 13.6

Crude protein (g/kg) 173

Crude fat (g/kg) 40.1

Lysine (g/kg) 10.0

Methionine and cystine (g/kg) 59.0

Tryptophan (g/kg) 20.0

Threonine (g/kg) 62.0

Ca (g/kg) 12.0

P total (g/kg) 6.0

CLA 0.65

Composition of fatty acids (% of total fatty acids) Palm oil Linseed oil Rapeseed oil Sunflower oil
SFA 45.13 11.28 7.46 8.48
UFA 54.87 88.72 92.54 91.51
MUFA 38.91 24.41 59.86 24.78
PUFA 15.96 64.30 32.68 66.74
PUFA n-6 15.13 27.20 25.12 66.19
PUFA n-3 0.51 36.84 5.95 0.30
CLA 0.32 0.25 1.61 0.24

* tentative identification of CLA isomers
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Analysis of fatty acids. The fatty acid profile of the oils
and meat samples was determined using gas chromatography.
The analysis was based on the Folch ef al. method [1957], in
which the sample was homogenised in a mixture of chloro-
form and methanol (v/v, 2/1), the solvent evaporated, and the
evaporation residue saponified (0.5 N NaOH in methanol)
and esterified (BF; in methanol). The fatty acid methyl esters
produced were determined in hexane extracts using a Varian
3400 gas chromatograph (Sugar Land, TX, USA), a CP-Wax
58 capillary column packed with acid-modified polyethylene
glycol, an 8200 CX injector and Varian-Star software for the
processing and calculation of chromatograms.

Extraction of lipids from m. longissimus dorsi for
analysis of cholesterol and PUC. Lipid extraction for deter-
mination of total cholesterol and its oxygen derivatives was
performed using the method of Folch et al. [1957]. A ground
sample (5 g) was weighed to an accuracy of 0.01 g and placed
in centrifugation flasks, adding 250 g of internal standard
(6-ketocholestanol — IS, analysis of oxysterol; Sc-choles-
tan — IS, analysis of total cholesterol) and 5 mL of water at
35°C. This was supplemented with 50 mL of a chloroform
and methanol mixture (2:1; v/v) containing 0.006% BHT and
the mixture was homogenised for 3 min (8,000 rpm) using
a DIAX 900 homogenizer (Heidolph, Germany). The sample
was then shaken for 6 min and filtered through a paper filter
(Filtrak 389). The filtrate was transferred into a conical sep-
aratory funnel, adding 15 mL of redistilled water. The lower
chloroform layer was passed through anhydrous sodium sul-
phate (5 g) on a conical filter and the separatory funnel was
additionally rinsed with 5 mL of chloroform. The chloro-
form fraction was collected into round-bottomed evaporation
flasks (100 mL) into which 1 mL of anhydrous ethyl alcohol
was added, and then evaporated to dryness using an R-200
rotary evaporator (Biichi, Flawil, Switzerland) in a nitrogen
stream at a bath temperature of 40°C.

Analysis of cholesterol. To saponify a sample into pre-
viously evaporated samples, 20 mL of 1 N KOH in metha-
nol was added. The mixture was shaken for 1 h at 40°C and
left overnight at ambient temperature. After adding 20 mL of
water, non-saponifying fractions were extracted using ether
(25 mL). Ether fractions were rinsed 4 times with water, and
the remainder was dissolved in 200 uL heptane and analysed
using gas chromatography to determine cholesterol content.

Chromatographic analysis was performed using a Pro-
GC gas chromatograph (Unicam, UK) equipped with
a stream splitter and flame ionization detector (FID). Chro-
matographic separation was performed using a Chrom-
pack WCOT Fused Silica capillary column (30 m, 0.25 mm,
0.25 um) with a CP-Sil 8 CB stationary phase. The analy-
sis was performed at a column temperature of 290°C and an
injector temperature of 300°C. Helium was used as a carrier
gas at a flow rate of 1.5 mL/min. A lipid extract or a mixture
of standards (0.1-0.5 uL) was injected into the column using
a 1:40 stream separator. Peaks were identified by comparison
with standard retention times. The amount of cholesterol per
sample was calculated by comparing the peak areas of cho-
lesterol and Sa-cholestan (IS).

Analysis of oxysterols. Oxygenated derivatives of cho-

lesterol were determined using a modified version of the
method of Przygonski ef al. [2000] based on the following
modification: 2 mL of 10% sodium methanolate, mixed with
methyl tertiary butyl ether (MTBE) at a 4:6 (v/v) ratio, was
added to the lipid extract after evaporation of the solvent and
transferred into 12 mL probes (Schott) equipped with a plas-
tic screw cap and a PTFE seal and left for I h. Distilled water
(4 mL) and then 5 mL of chloroform were gently added onto
the probe walls. The sample was centrifuged to improve layer
separation. Water addition was repeated 3—-4 times until the
chloroform solution became transparent. After removal of
the aqueous phase, 2 mL of 1% aqueous citric acid solution
were added to neutralize the alkaline environment and the
sample was centrifuged again at 2,000 rpm. After removal of
the aqueous phase, 1 mL of anhydrous ethanol was added to
remove the remaining water. The chloroform phase was evap-
orated to dryness in a nitrogen stream at 30°C using a rota-
ry evaporator.

Anhydrous sodium sulphate was placed on top of the
Sep-Pak NH, column (Waters, Ireland) and conditioned
with 5 mL of n-hexane. The esterified lipids were dissolved
in 250 uLL of chloroform and transferred into Sep-Pak. Non-
polar matrix and cholesterol were eluted from the column
using 5 mL of n-hexane, 5 mL of n-hexane/MTBE (5:1) and
5 mL of n-hexane/MTBE (3:1). The polar fraction (oxyster-
ols) was eluted using 7 mL of acetone. The column purifica-
tion process was performed using gravitational force at a flow
rate of 0.3-0.5 mL/min. Acetone was evaporated in a nitrogen
stream in a water bath at 30°C.

The dry remainder was supplemented with 75 uL of
the mixture (HMDS, TMCS and pyridine at a 3:1:9 ratio)
obtained from Supelco (Bellefonte, PA, USA) and transferred
into chromatographic vials. The sample was closed under a
stream of nitrogen and gently mixed. After 4 h, pyridine and
the silylating agent were evaporated, and the dry remainder
was dissolved in 100 uL of hexane. Under refrigeration condi-
tions, silylol samples are stable for 48 h after preparation.

The calibration curve was plotted for six oxysterols (7a- and
7B-hydroxycholesterol; 5,6a-epoxycholesterol (a-epoxycholes-
terol), 5,65-epoxycholesterol (5-epoxycholesterol), 20a-hydroxy-
cholesterol, cholestantriol, 7-ketocholesterol and 25-hydroxy-
cholesterol) obtained from Sigma-Aldrich (St. Louis, MO,
USA). 6-ketocholestanol (200 ug/mL), added to the sample
before extraction, was used as the external standard.

Chromatographic analysis was performed using a Uni-
cam Pro-GC gas chromatograph (Cambridge, UK) equipped
with a stream splitter and flame ionization detector (FID).
Separation was performed using a Chrompack WCOT
Fused Silica capillary column (30 m, 0.25 mm, 0.25 um) with
a CP-Sil 8 CB stationary phase at a programmed tempera-
ture of 130°C for 2 min, 25°C/min to 270°C, 2.5°C to 290°C,
12.6 min at 290°C. Helium flow was 0.6 mL/min. Splitless
injection (1 uL) lasted 1 min.

Individual oxysterols were identified by comparing their
retention times with those of oxysterol standards, and oxysterol
content was estimated using the internal-standard method.

TBARS analysis. After 90 and 180 days of storage at -
19°C, TBARS (secondary products of meat lipid oxidation,
mainly malondialdehyde (MDA), which react with thiobarbi-
turic acid) was determined in the samples of m. longissimus
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dorsi according to a modified version of the method of Salih
[1987] as modified by Pikul [1993].

Ground meat was weighed to a weight of 10.0 g, adding
34.25 mL cold (approx. 4°C) 4% perchloric acid and 0.75 mL
alcohol butylhydroxytoluene solution, and homogenised for
2 min using a DIAX 900 homogenizer (Heidolph, Germany).
The product was then filtered through a Whatman 1 filter and
the filtrate was adjusted to 50 mL. After mixing, S mL of the
supernatant was collected and transferred into 20 mL probes,
adding 5 mL of 0.02-mol aqueous solution of 2-thiobarbitu-
ric acid (TBA reagent) and heated in a water bath in boiling
water for 60 min. Absorbance was measured using a Beck-
man DU-640 spectrophotometer (Fullerton, USA) at a wave-
length of 532 nm against the control sample containing 5 mL
of 4% perchloric acid and 5 mL of TBA reagent. A calibra-
tion curve was plotted, using the solutions of 1,1,3,3-tetrame-
toxypropane at concentrations of 1 x 10 to 8 x 10 mol as
a standard. The results were expressed as mg of malondial-
dehyde in kg™! of fresh tissue.

Analysis of tocopherol. The content of vitamin E in
m. longissimus dorsi was determined using a modified ver-
sion of the method of Ueda & Igarashi [1987]. A 0.5-g por-
tion of meat deprived of membranes and fascias was weighed
to an accuracy of 0.0001 g into Schott glass vials (12 mL)
and homogenised using a Moulinette® kitchen blender
(Moulinex, France). This was followed by adding 1 mL of
saturated solution of ascorbic acid in ethanol, 2 mL of KOH

(60% m/v), 100 uL of NaCl (1%, m/v) and 100 uL of etha-
nol. After cooling, 100 uL of the internal standard (a-tocoph-
erol), 100 uL of NaCl (1%, m/v) and 100 uL of ethanol were
added. Vials were sealed and shaken using a Vortex shaker
for approx. 10 s and then transferred to a water bath at 70°C,
where the samples were saponified for 60 min. After cooling,
4.5 mL of 1% (m/v) NaCl solution was added, and 3 mL of
an ethyl acetate and n-hexane mixture (1:9; v/v) was extracted
by shaking (Vortex) the sealed probe for approx. 1 min. Then,
1.5 mL of supernatant was collected into chromatographic
vials and evaporated to dryness under nitrogen gas in a water
bath (40°C). The remainder was dissolved in 400 uL of etha-
nol and placed in the apparatus.

The determination was performed manually using an
HPLC kit (Merck-Hitachi, Darmstadt, Germany) equipped
with an L-7100 pump, L-7250 autosampler and FL L-7485
fluorescence detector (injection 40 uL; eluent — methanol +
H,O (96.5:3.5, v/v) (Lichrosolv, Merck); flow rate 1.0 mL/
min (pressure approx. 160 atm.); time of analysis 27 min).
Prior to analysis, the eluent was degassed using an ultra-
sound bath. Chromatographic separation was carried out
using a LiChroCART™ 250-4 Superspher™ 100 RP-18 chro-
matographic column - 4 um (Merck, Darmstadt, Germany).
The data were integrated using HSM D-7000 LaChrom soft-
ware (Merck-Hitachi, Darmstadt, Germany).

Statistical analysis. The results obtained were analysed
statistically using two-way analysis of variance (ANOVA) and

TABLE 2. Fatty acids composition (the % of total fatty acids) in the m. longissimus dorsi of pigs (n=10) receiving different types of plant oils.

Type of plant oil Sex Inter-

Fatty acids ] ] ] ] ] ] SE action
Palm oil Linseed oil Rapeseed oil Sunflower oil gilt barrow oil X sex

C 10:0 0,049 0.048 0.036 0.092 0.053 0.059 0.009 0.907
C12:0 0.036 0.011 0.036 0.054 0.025 0.043 0.007 0.740
C 14:0 1.07 0.95 1.03 1.06 0.98 1.07 0.02 0.894
C 16:0 223 20.8 214 21.6 210a 22.0° 0.25 0.897
C 16:1 n-7 1.93 1.58 1.64 1.68 1.64 1.77 0.05 0.675
C 18:0 11.2 11.1 11.1 114 11.0 114 0.10 0.303
C 18:1n-9 35.7° 31.5¢ 33.4q0 34,1 333 34.1 0.53 0.911
C18:2n-6 2220 25.10 25.1° 25.1° 254 234 0.40 0.959
Cy18:3 n-6 0.15 0.15 0.16 0.13 0.15 0.14 0.005 0.622
C18:3n-3 1107 4.69¢ 2.178 1124 2.35 2.19 0.24 0.981
C 20:0 0.11° 0.112 0.11° 0.13° 0.11 0.11 0.002 0.461
C 20:4 n-6 2.63 2.20 2.33 2.09 2.49 2.13 0.12 0.840
C 20:5 n-3 (EPA) 0.15%8 0.50°¢ 0.25% 0.08% 0.26 0.23 0.027 0.956
C 22:6 n-3 (DHA) 0.107 0.115% 0.107° 0.0422 0.117% 0.068" 0.009 0.354
SFA 34.7 33.0 33.7 344 3310 34.8° 0.35 0.923
UFA 65.2 66.9 66.2 65.5 66.8° 65.1° 0.35 0.923
MUFA 37.6° 3310 35.0% 35.8%® 34.9 35.8 0.58 0.895
PUFA 27.5 33.7 31.1 29.6 31.8 29.2 0.87 0.957
PUFA/SFA 0.80 1.03 0.93 0.86 0.97 0.84 0.03 0.946
PUFA n-6/PUFA n-3 18.4<¢ 5.204 11.208 23.09¢ 143 14.7 1.19 0.688
Sum of CLA” 1.092 0.979 0.981 1.046 1.02 1.02 0.01 0.455

ab _ values in the same rows with different letters differ significantly (p<0.05); A - values in the same rows with different capital letters differ highly

significantly (p<0.01); " tentative identification of CLA isomers
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Tukey’s test. Interactions were determined between the exper-
imental factors used, sex of animals and traits being deter-
mined, using Statgraphics 4.0 software. Data were tested at
significance levels of p<0.05 and p<0.01.

RESULTS AND DISCUSSION

Feed mixtures are supplemented with vegetable oils to
replace animal fats in livestock diets. This procedure enrich-
es meat with UFA.

Table 2 presents the results of chromatographic analy-
sis of the fatty acid profile of m. longissimus dorsi. Analysis
of the fatty acid composition showed a significant difference
(p<0.05) in MUFA levels between the groups receiving lin-
seed oil and palm oil. This was affected by a higher level of
oleic acid (C 18:1) in the group receiving supplemental palm
oil. These results are corroborated by other studies, in which
a positive effect of increased MUFA levels in pig feeding was
obtained by Myer ef al. [1992] for rapeseed oil and by Wise-
man et al. [2000] for palm oil.

The effect of elevated MUFA levels in meat lipids on the
quality of meat and processed products has been investigat-
ed in several studies. Rhee e al. [1988] reported that feeding
pigs a 10% supplement of sunflower oil high in oleic acid for
90 days of fattening or a 12% supplement for 55 days dou-
bled the MUFA to SFA ratio in intramuscular fat and in back-
fat compared to the control animals. The increased MUFA
level in meat, when supplemental palm oil was used, did not
reduce the quality of raw meat or processed products [Wise-
man et al., 2000]. In the present study, the level of linoleic
acid (C18:2) decreased significantly in the group receiving
palm oil compared to the other groups (p<0.05). Pork from
pigs receiving dietary cereals is characterised by a high level
of n-6 linoleic acid (C18:2). Supplementation of the diets
with MUFA in vegetable oils (sunflower oil and palm oil)
and n-3 PUFA, rich sources of which include linseed oil and
rapeseed oil, results in significant changes in the fatty acid
composition of carcass lipids, which is reflected in the phys-
ical traits of meat such as cohesiveness, firmness and ten-
derness. The use of dietary vegetable oils in the experiment
induced differences in the level of n-3 PUFA acids, includ-
ing a-linolenic (C18:3), eicosapentaenoic (EPA) (C20:5) and
docosahexaenoic (DHA) (C22:6) acids. The highest level of
a-linolenic acid (C18:3) was found in the meat of the linseed
oil-fed group compared to the other groups. Similar relation-
ships were found for EPA and DHA acids, which were high-
ly significantly more abundant in the groups receiving linseed
oil and rapeseed oil compared to the groups supplemented

with palm oil and sunflower oil (p<0.01). This effect was
observed by other researchers [Barowicz & Pieszka, 2001;
Myer et al., 1992] who fed pigs supplemental linseed and/
or rapeseed oil, which is indicative of the high conversion
of n-3 acids from feed to tissues. One hypothesis suggests
that n-3 and n-6 acids compete in the activation of desatu-
rases and in the synthesis of fatty acids. Moreover, the addi-
tion of fat sources rich in linolenic acid (rapeseed oil and lin-
seed oil) and low in linoleic acid reduces the difference in
the proportions of n-6 and n-3 acids, as confirmed by sever-
al pig feeding trials [Barowicz & Pieszka, 2001; Myer et al.,
1992], which plays a significant role in the prevention of cor-
onary atherosclerosis in humans. In the present study, the n-
6 to n-3 PUFA ratio was found to narrow highly significant-
ly (p<0.01). In the groups receiving palm, linseed, rapeseed
and sunflower oil, these values were 18.4, 5.2, 11.2 and 23.0,
respectively. Significant differences were also found in the
composition of fatty acids according to sex. The lipids of gilts
showed a tendency towards a lower level of saturated acids
and a higher level of unsaturated acids compared to the lipids
of barrows (p<0.05). In addition, the DHA level was signifi-
cantly higher in gilts than in barrows. These data are consis-
tent with the findings of Warnants ez al. [1999], who reported
a higher level of saturated acids in barrows than in gilts. This
fact was attributed to the higher activity of the enzyme ace-
tyl-CoA-carboxylase (CBX) in barrows, reflected in the high-
er de novo synthesis of SFA and MUFA and the lower level
of PUFA. This may be indicative of fatty acid metabolism
following a different course according to sex [Hasty et al.,
2002]. The CBX enzyme is responsible for the first stage of
fatty acid biosynthesis and plays a key role in the regulation
of lipogenesis in pigs [Scott et al., 1981]. In order to avoid the
negative impact of high-PUFA diets on pork quality, several
suggestions have been made on the basis of many observa-
tions concerning the maximum level of PUFA in backfat and
feed. It was suggested that feed should not contain more than
12-21% PUFA, and that in backfat this level should range
from 12 to 22% [Warnants & van Oeckel, 1998]. The level
suggested may also depend on whether meat has been pro-
cessed, on storage conditions, on the antioxidants used and
on the composition of major fatty acids. However, this level
must be modified according to the composition of the major
fatty acids, dietary antioxidants, duration of feeding, and the
length of meat processing and storage periods.

The use of palm oil, linseed oil, rapeseed oil and sun-
flower oil supplements in diets in the second fattening period
caused significant changes in the oxidative stability of meat,
especially with longer storage periods. TBARS values for all
the groups increased after 180 days of frozen storage of meat

TABLE 3. Effect of oil type in diet of fatteners (n=10) on level raw fat, oxidative processes and vitamin E status in m. longissimus dorsi after meat

storage in -19°C.

ltem Type of oil Sex SE Intgr action
Palm oil | Linseed oil | Rapeseed oil | Sunflower oil gilt barrow oil x sex
Ether extract (%) 2.06 1.84 1.87 235 1.96 2.10 0.10 0.66
TBARS after 90 days of storage (mg/kg) 0.509 0.526 0.568 0.499 0.552°  0.499*  0.01 0.04
TBARS after 180 days of storage (mg/kg) 0.756* 1.0048 0.976" 0.8958 0.895 0.921  0.02 0.003
a-Tocopherol (ug/g) 2.48v8 17284 2.08a0AB 1.91a"8 2.11 1.99 0.08 0.248

for explanations see Table 2
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(Table 3). Highly significant differences were found in the
TBARS content of meat between the group receiving palm oil
and the group receiving rapeseed oil (p<0.01).

Similar results were obtained with rabbits by Lopez-Bote
et al. [1997], who suggest that vegetable oils rich in oleic acid
(C 18:1), e.g. sunflower oil and palm oil, reduce lipid oxida-
tion in meat. It was hypothesized that the degree of fatty acid
oxidation depends on the degree of fatty acid unsaturation.

Some studies have shown that n-3 fatty acids are particu-
larly susceptible to oxidation. Hu ef al. [1989] compared the
susceptibility of the tissues of rats receiving diets rich in n-
3 or n-6 PUFA acids to oxidation and found higher TBARS
levels in the tissues of animals receiving higher levels of n-3
acids. In our experiment, after 3 months of meat storage,
the TBARS level was significantly lower in the meat of bar-
rows compared to the meat of gilts (p<0.05). Similar results
were obtained previously by Pieszka ef al. [2004; 2006] and
Hasty et al. [2002], who found a higher TBARS level in the
meat of gilts, which can be attributed to the higher PUFA
content of meat lipids and the higher susceptibility of these
acids to oxidation. It seems interesting that the effect of sex
was more pronounced in the susceptibility of lipids to oxida-
tion in gilts after the first 3 months of frozen meat storage.
After this period, a stronger effect was exerted by the type of
fat supplement used. Regardless of the duration of storage,
a significant interaction was observed between the type of fat
supplement used, sex and TBARS level in meat (p=0.04 and
p=0.003). In the present experiment, highly significant dif-
ferences were found in vitamin E content of meat between
the group receiving palm oil and the group receiving linseed
oil (p<0.01). Similar findings were obtained for poultry by
Sheehy et al. [1994] and for pigs by Daza et al. [2005], where
a reduced vitamin E content in meat was observed as a result
of using vegetable oil supplements in the diets. This mecha-
nism is attributed to the use of tocopherols for stabilizing the
double bonds of higher fatty acids found in cell membranes.
Some authors reported lower levels of a-tocopherol in meat
with the increasing dietary MUFA/PUFA ratio [Lopez-Bote
et al., 2002]. However, other authors did not report this effect
[Monahan ez al., 1992; Rey et al., 2001a]. The role of vitamin
E is to prevent lesions caused by oxidative factors by neutral-

izing free radicals in body cells. The use of higher PUFA lev-
els in pig diets should account for increased levels of vitamin
E in feed to prevent the oxidation of PUFA-rich meat fat and
thereby increase its storage quality. Producers of meat prod-
ucts, especially cured meats, need fat that is stable, binds
meat tissue well and is less susceptible to oxidation process-
es, which extends the shelf life of cured meats.

The 3% supplement of vegetable oils used did not cause
any significant changes in cholesterol content of meat,
although a certain tendency towards a lower cholesterol con-
tent was observed in the groups of pigs receiving rapeseed oil
and linseed oil (Table 4). The total cholesterol content of m.
longissimus dorsi ranges from 55 to 65 mg/100 g of fresh tis-
sue [Maraschiello ef al., 1995], which is comparable with our
results. The effect of dietary lipid composition on cholester-
ol content of meat is not clear. It is known that unsaturated
acids found in the diet reduce the serum level of total choles-
terol and LDL cholesterol in humans and animals. This effect
results from the stimulation or inhibition of the activity of the
enzyme that controls the cholesterol synthesis of 5-hydroxy-
p-methylglutaryl-CoA (HMG-CoA) reductase in liver. Some
believe that SFA activate the enzyme HMG CoA reductase
responsible for cholesterol synthesis, while UFA reduce the
level of HMG CoA reductase, but in our experiment we failed
to observe this effect. Studies investigating the effect of feed-
ing UFA to pigs on cholesterol content have been inconclu-
sive. Some authors observed a tendency towards decreasing
cholesterol levels in pig meat, while others failed to observe
an effect of vegetable oils on the concentration of choles-
terol in meat. Zanardi et al. [2000] reported that different
dietary oils rich in MUFA or PUFA do not have an effect,
while other authors [Barowicz ef al., 2000] have shown that
n-3 fatty acids have a hypocholesterolemic effect. Oxidized
forms of cholesterol were found to form during storage.
Highly significant differences were found in 7-ketocholes-
terol content between the groups receiving palm and sun-
flower oil and the groups receiving linseed and rapeseed oil
(p<0.01). A similar highly significant correlation was shown
for the level of total oxysterols and the level of total choles-
terol, with differences between the group receiving linseed oil
and rapeseed oil (p<0.01). The levels of 7a-hydroxycholes-

TABLE 4. Effect of oil type in diet of fatteners (n=10) on levels of cholesterol and oxysterols in m. longissimus dorsi after meat storage at -19°C.

Type of oil Sex Inter-
Item Palm | Linseed | Rapeseed | Sunflower . SE action
ol | oil oil oil gilt | barrow oil x sex
Total cholesterol (mg/kg) 53.69 52.91 51.61 53.63 52.86  53.07 0.65 0.119
Ta-Hydroxycholesterol (1g/g) 0.23 0.22 0.21 0.24 0.21 0.23 0.005 0.01
7p-Hydroxycholesterol (ug/g) 0.15 0.16 0.14 0.17 0.16 0.15 0.005 0.03
7-Ketocholesterol (ug/g) 1.738A ]93B ].83bcAB 1.6724 1.81 1.77 0.02 0.10
a-Epoxycholesterol (ug/g) 0.16 0.16 0.15 0.18 0.16 0.16 0.006 0.03
B-Epoxycholesterol (ug/g) 0.18 0.19 0.17 0.21 0.19 0.18 0.007 0.03
20a-Hydroxycholesterol (ug/g) nd nd nd nd nd nd nd nd
25-Hydroxycholesterol (ug/g) 0.34 0.34 0.33 0.33 0.34 0.33 0.003 0.08
Cholestantriol (ug/g) nd nd nd nd nd nd nd nd
Total oxysterols (ug/g) 2.79 3.00 2.83 2.80 2.87 2.82 0.04 0.05
Proportion of cholesterol oxides to total cholesterol (%) 0.521*  0.569¢  0.550® 0.5234 0.546% 0.5354  0.003 0.002

for explanations see Table 2, nd — not detectable
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terol, 7B-hydroxycholesterol, a-epoxycholesterol, S-epoxy-
cholesterol, 25-hydroxycholesterol and total oxysterols were
observed to be highly significantly correlated to dietary ration
and sex. These values ranged from p=0.002 to p=0.08. Eder
et al. [2005] studied the effect of diets enriched with fatty
acids and supplemental vitamin E on the level of oxyster-
ols in meat and cured meats. A significant relationship was
found between oxysterol content depending on the type of fat
supplement used and the level of vitamin E in the diet. The
meat of pigs receiving higher doses of vitamin E and palm
oil in the diet was characterised by a lower degree of lipid
oxidation (TBARS) and a lower oxysterol content in meat
and meat products. Similar findings were reported by Eder
et al. [2005], who fed pigs with supplemental soybean oil,
palm oil and vitamin E and ascertained an inhibiting effect
of the a-tocopherol supplement on the formation of oxys-
terols, especially in sausages produced from this pork. Based
on a number of studies, it was found that fresh and briefly
stored meat contains small amounts of oxysterols [Monah-
an ef al., 1992; Eder et al., 2005], while in thermally-treated
and refrigerated or frozen-stored meat and meat products,
cholesterol can undergo considerable oxidation [Pie ef al.,
1991; Rey et al., 2001b; Eder et al., 2005]. A number of stud-
ies have shown that the use of antioxidants in the feeding of
animals or as a supplement in meat products is one of the
ways in which oxysterols are formed [Monahan ef al., 1992;
Eder et al., 2005]. It seems interesting that the levels of some
oxysterols are highly significantly correlated to the fat supple-
ment used and sex. It is concluded that the initiation of cho-
lesterol oxidation in meat is affected by the composition of
meat lipid fatty acids. In our experiment we observed that the
more 1-3 PUFA the meat had, the more easily the cholester-
ol was oxidized.

CONCLUSIONS

In conclusion, there is a certain conflict between the
dietetic and culinary value and the oxidative stability of pork
enriched with PUFA. The introduction of n-3 or n-6 fatty
acids into meat improves its dietetic value but may make the
meat more susceptible to oxidation and all the other nega-
tive consequences associated with this process. The majority
of secondary metabolites of fatty acid and cholesterol oxida-
tion in meat are not neutral to our health and should be mon-
itored to make food “safe”.

REFERENCES

1. AOAC, Official Methods of Analysis of the Association of
Official Analytical Chemists., 16th edition (ed. K. Helrich),
1995, Arlington, Virginia, USA.

2. Barowicz T, Pieszka M., Using linseed oil in fattening pig
rations to modify chemical composition and dietetic value of
pork. Pol. J. Food Nutr. Sci., 2001, 10/51 (3Suppl.), 42-45.

3. Barowicz T., Brzoska F, Pietras M., Hypocholesterolemic effect
of fat feed in the diets of growing pigs. Medycyna Wet., 2000, 56,
746-749 (in Polish).

4. Buckley D.J., Morrissey P, Gray J.I., Effect of dietary vitamin E
on the oxidative stability and quality of pig meat. J. Anim. Sci.,
1995, 73, 3122-3130.

5. Budstawski J., Drabent Z., Metody analizy zywnosci. 1972,
WNT, Warszawa (in Polish).

20.

21.

22.

23.

24.

25.

. Daza A., Rey A.L, Ruiz J., Lopez-Bote C.J., Effect of feeding in

free-range conditions or in confinement with different dietary
MUFA/PUFA ratios and -tocopheryl acetate, on antioxidants
accumulation and oxidative stability in Iberian pigs. Meat Sci.,
2005, 69, 151-163.

. EderK.,Muller G., Kluge, Hirche E,, Brandsch C., Concentrations

of oxysterols in meat and meat products from pigs fed diets dif-
fering in the type of fat (palm oil or soybean oil) and vitamin E
concentrations. Meat Sci., 2005, 70, 15-23.

. Folch J., Lees M., Stanley G.H.S, A simple method for the isola-

tion and purification of total lipids from animal tissues. J. Biol.
Chem., 1957, 226, 497-509.

. Halliwel B., Reactive Oxygen Species and the central nervous

system. J. Neurochem., 1992, 59, 1609-1623.

. HastyJ.L., van Heugten E., See M.T., Larick D.K., Effect of vita-

min E on improving pork quality in Berkshire- and Hampshire-
sired pigs. J. Anim. Sci., 2002, 80, 3230-3237.

. Hu M.L., Frankel E.L., Leibovitz B.E., Tappel A.L., Effect of

dietary lipids and vitamin E on in vitro lipid peroxidation in rat
liver and kidney homogenates. J. Nutr., 1989, 119, 157-82.

. Igene J.O., Pearson A.M., Role of phospholipids and triglycer-

ides in warmed-over flavor in meat model system. J. Food Sci.,
1979, 44, 1285-1290.

. Kumar N., Singhal O.P, Cholesterol oxides and atherosclerosis:

A review. J. Sci. Food Agric., 1992, 55, 497-510.

. Leksanich C.O., Matthews K.R., Warkup C.C., Noble R.C., Haz-

zledine M., The effects of dietary oil containing (1-3) fatty acids
on the fatty acid, physicochemical and organoleptic characteris-
tics of pig meat and fat. J. Anim. Sci., 1997, 75, 673-683.

. Lopez-Bote C.J., Isabel B., Daza A., Partial replacement of poly-

with monounsaturated fatty acids and vitamin E supplementa-
tion in pigs diets: effect on fatty acid composition of subcutane-
ous and intramuscular fat and on fat and lean firmness. Anim.
Sci., 2002, 75, 349-358.

. Lopez-Bote C.J., Rey AL, Isabel B. Sanz Arias R., Effect of feed-

ing diets high in monounsaturated fatty acids and a-tocopheryl
acetate to rabbits on resulting carcass fatty acid profile and lipid
oxidation. Anim. Sci., 1997, 64, 177-186.

. Maraschiello C., Diaz I., Garcia-Regueiro J.A., Determina-

tion of cholesterol in fat and muscle of pig by HPLC and capil-
lary gas chromatography with solvent venting injection. J. High
Resol. Chromatogr., 1995, 19, 165-168.

. Monahan EJ., Gray L., Booren A.M., Miller E.R., Buckley D.J.,

Morrissey PA., Gomaa E.A, Influence of dietary treatment on
lipid and cholesterol oxidation in pork. J. Agric. Food Chem.,
1992, 40, 1310-1315.

. Mottram D.S., Flavour formation in meat and meat products;

a review. Food Chem., 1998, 62, 415-424.

Myer R.O., Lamkey J.W., Walker W.R., Brendemuhl J.H., Cambs
G.E., Performance and carcass characteristics of swine when fed
diets containing canola oil and added copper to alter the unsatu-
rated: saturated of pork fat. J. Anim. Sci., 1992, 70, 1417-1423.
Paniangvait P, King A.J., Jones A.D., German B.G., Choles-
terol oxides in foods of animal origin. J. Food Sci., 1995, 60,
1159-1174.

Pie J.E., Spahis K., Seillan C., Cholesterol oxidation in meat
products during cooking and frozen storage. J. Agric. Food
Chem., 1991, 39, 250-254.

Pieszka M., Pasciak P, Janik A., Barowicz T., Wojtysiak D.,
Migdat W., The effect of sex and dietary antioxidants g-caro-
tene, vitamins C and E in CLA-enriched diet on lipid profile and
oxidative stability of pork meat. J. Anim. Feed Sci., 2006, 15,
37-45.

Pieszka M., Poltowicz K., Barowicz T., Pietras M., Effect of sun-
flower oil or CLA addition on a-tocopherol status and lipid oxi-
dation in pork . Pol. J. Food Nutr. Sci., 2004, 13/54 (3), 303-306.
Pikul J., Ocena technologiczna surowcoéw i produktéw przemy-
stu drobiarskiego. 1993, Wyd. AR Poznaf, Poznan, 104-118 (in
Polish).



516 M. Pieszka

26. Polish Nutrient Requirements, nutritive value of feds. PAN, increases susceptibility of tissues to tissues to lipid oxidation.
Omnitech, 1993, Warszawa (in Polish). Brit. J. Nutr., 1994, 71, 53-65.

27. Przygonski K., Jeleri H., Wasowicz E., Determination of choles-  35. Smith L.L., Review of progress in sterol oxidations: 1987-1995.
terol oxidation products in milk powder and infant formulas by Lipids, 1996, 31, 453-487.
gas chromatography and mass spectrometry. Nahrung, 2000, 44,  36. Ueda T, Igarashi O., Effect of coexisting fat on the extraction of
122-125. tocopherols from tissues after saponification as pretreatment for

28. Rey A.L, Lopez-Bote C.J., Kerry J.P, Lynch PB., Buckley D.J., HPLC determination. J. Micron. Analyt., 1987, 3, 15-25.
Morrissey P, Effects of dietary vegetable oil inclusion and com-  37. Warnants N., Van Oeckel M.J., Boucqué C.V.,, Incorporation
position on the susceptibility of pig meat to oxidation. Anim. of dietary polyunsaturated fatty ratio into pork fatty tissues. J.
Sci., 2001a, 72, 457-463. Anim. Sci., 1999, 77, 2478-2490.

29. Rey AL, Lopez-Bote C.J., Kerry J.P, Lynch PB., Buckley D.J.,  38. Warnants N., Van Oeckel M.J., Incorporation of dietary poly-
Morrissey P, Effect of dietary oils and a-tocopheryl acetate sup- unsaturated fatty acids in pork backfat on the quality of salami.
plementation on lipid (TBARS) and cholesterol oxidation in Meat Sci., 1998, 49, 435-445.
cooked pork. J. Anim. Sci., 2001b, 79, 1201-1208. 39. Wiseman J., Redshaw M.S., Jagger S., NuteG.R., Wood J.D.,

30. Rhee K.S., Davidson TL., Cross H.R., Ziprin Y.A., Rhee K.C., Influence of type and dietary rate of inclusion of oil on meat
Effect of dietary high — oleic sunflower oil on pork carcass traits and quality of finishing pigs. Anim Sci., 2000, 70, 307-315.
fatty acid profiles of raw tissues. Meat Sci., 1988, 24, 329-342. 40. Wood J.D., Richardson R.I., Nute G.R., Fisher A.V.,, Campo

31. Salih M., Smith D.M., Price J.E,, Dawson L.E., Modified extrac- M.M., Kasapidou E., Sheard PR., Enser M., Effects of fatty
tion 2-thiobarbituric acid method for measuring lipid oxidation acids on meat quality: a review. Meat Sci., 2004, 66, 21-32.
in poultry. Poultry Sci., 1987, 66, 1183-1188. 41. Zanardi E., Novelli E., Ghiretti G.P., Chizzolini R., Oxidative

32. Scott RA., Cornelius S.G., Mersmann H.J., Effect of age on stability of lipids and cholesterol in salami Milano, coppa and
lipogenesis and lipolysis in lean and obese swine. J. Anim. Sci., Parma ham: dietary supplementation with vitamin E and oleic
1981, 52, 505-511. acid. Meat Sci., 2000, 55, 169-175.

33. Sheard PR., Enser M., Wood J.D., Nute G.R., Gill B.P,, Richard-
son R.IL, Shelf life and quality of pork and pork products with Received March 2007. Revision received and accepted June
raised n-3 PUFA. Meat Sci., 2000, 55, 213-222. 2007.

34. Sheehy PJ., Morrisey PA., Flyn A., Consumption of thermally-
oxidized sunflower oil by chicks reduces a-tocopherol status and

WPLYW DODATKU OLEJOW ROSLINNYCH DO DIETY TUCZNIKOW NA UTLENIANIE LIPIDOW ORAZ
POWSTAWANIE UTLENIONYCH FORM CHOLESTEROLU W MIESIE

Marek Pieszka

Dzial Zywienia Zwierzqt i Paszoznawstwa, Instytut Zootechniki — Paristwowy Instytut Badawczy, Krakow

Badano wplyw podawania tucznikom olejow roslinnych w diecie na stabilno$¢ oksydacyjna, poziom cholesterolu i powstawanie oksy-
steroli w migsie. DoSwiadczenie wykonano na 40 tucznikach rasy pbz, podzielonych losowo na 4 grupy po 5 loszek i 5 wieprzkow w grupie
tuczonych od 50 do 105 kg masy ciata. Czynnikiem do$wiadczalnym byly dodatki ttuszczowe: olej palmowy, olej Iniany, olej rzepakowy i olej
stonecznikowy podane w ilosci 3% s.m. dawki pokarmowej. Stwierdzono istotnie wyzszy poziom MUFA w mi¢$niu najdtuzszym $win otrzy-
mujacych w dawce pokarmowej olej palmowy w poréwnaniu do grupy otrzymujacej olej Iniany (p<0,05),(tab. 2). Wykazano wysoko istotne
zawezenie w proporcji kwasow z rodziny PUFA n-6/PUFA n-3 pomigdzy grupami doSwiadczalnymi (p<0,01). Ponadto obserwowano istotnie
wyzszy poziom kwasu DHA u loszek w poréwnaniu do wieprzkow (p<0,01). Zastosowanie dodatku olejow roslinnych w dawce pokarmowe;j
spowodowalo istotne obnizenie stabilnosci oksydacyjnej migsa zwlaszcza po okresie 180 dni przechowywania migsa w zamrozeniu (p<0,01),
(tab. 3). Stwierdzono wysoko istotng interakcje pomiedzy zastosowanym dodatkiem ttuszczowym a picig w zawartosci TBARS (p=0,003).
Wykazano wysoko istotne roznice w zawartosSci witaminy E w migsie pomiedzy grupg otrzymujaca olej palmowy a grupg otrzymujaca olej
Iniany (p<0,01). Rodzaj zastosowanego oleju nie miat istotnego wplywu na zawarto$¢ cholesterolu ogdlnego w migsie. W trakcie przechowy-
wania stwierdzono powstawanie utlenionych form cholesterolu. Wykazano wysoko istotne rdéznice w zawartosci 7-ketocholesterolu pomiedzy
grupami otrzymujacymi olej palmowy i sfonecznikowy a grupami otrzymujacymi olej Iniany i rzepakowy (p<0,01) (tab. 4). Podobng wysoko
istotng zaleznoS¢ stwierdzono w poziomie sumy oksysteroli do zawartosci cholesterolu catkowitego, przy czym zaznaczyly si¢ rowniez rozni-
ce pomigdzy grupa otrzymujacg olej Iniany i olej rzepakowy (p<0,01). Obserwowano wysoko istotne interakcje pomigdzy zawartoscia oksy-
steroli a zastosowanym zrodlem tluszczu i plcia, wartosci te wahaly si¢ w zakresie p=0,002 do p=0,08 (tab. 4).



