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Abstract

This paper studies the change of fatty acid profile in four different tissues of the pig (backfat, abdominal fat, and the muscles trapezius
and longissimus thoracis et lumborum) in response to four diets containing increasing amounts (0%, 2%, 4% and 8%) of a high linoleic acid
fat blend, in a sample of 48 pigs of four different breeds (Landrace, Large White, Duroc and a crossbreed Landrace x Duroc). The effects
of dietary fat and breed on this profile have been separately tested for each tissue. The diet effect (increasing % of linoleic acid intake) was
positive on linoleic acid deposit in all tissues, meanwhile it was negative on palmitic and stearic levels, as well as for the oleic acid. How-
ever, this effect was clear in the four tissues for the linoleic acid, while the differences did not follow the same pattern for the saturated
fatty acids in trapezius muscle and abdominal fat. Although the levels of arachidonic acid in muscle tissues were higher than those found
in adipose tissues, the increasing effect of the diet was stronger, in relative terms, in adipose tissues. The breed effect was, in general, lower
than the diet effect. Landrace showed the higher ability to increase linoleic acid levels, particularly in the loin (longissimus thoracis et

lumborum), whereas Duroc pigs seemed to be the most resistant to change of fatty acid composition according to the diet.
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1. Introduction

The fatty acid (FA) composition and the total amount
of saturated fatty acids (SFA) have been identified as die-
tary risk factors, related to cardiovascular diseases (Katan,
Zock, & Mensink, 1994). In the developed countries, ani-
mal fats contribute substantially to the total fat intake

Abbreviations: FA, fatty acids; SFA, saturated fatty acids; MUFA,
monounsaturated fatty acids; PUFA, polyunsaturated fatty acids; EPA,
eicosapentaenoic acid; DHA, docosahexaenoic acid; FAME, fatty acid
methyl esters; LW, Large White; D, Duroc; L, Landrace; F1, crossbreed
Landrace x Duroc; LTL, longissimus thoracis et lumborum.
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and are the major sources of SFA. However, the composi-
tions of these animal fats (i.e., pork tissues’ fat) can be
modified by the nature of feeding fat, which can affect their
metabolic pathways in different ways. For example, when
pigs have a restricted feeding (low energy), fat synthesis is
reduced and the muscular lean production is enhanced
(Henry, 1977). It is also known that, under isocaloric con-
ditions, the fat added to animal feed can induce a diminu-
tion of endogenous fat synthesis, probably due to a parallel
reduction of carbohydrates utilization, which is the main
source of the lipogenesis (Allee, Baker, & Leveille, 1971;
Enser, 1984). It seems that this affects only the endogenous
synthesis, but not the total amount of fat, which is mainly
due to the diet. Besides, the dietary FA profile seems to
affect the metabolic pathways. In this sense, an increase
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of unsaturated and long chain FA can reduce the lipogen-
esis enzymatic activity (Mourot, Aumaitre, Mounier, Pei-
niau, & Francois, 1994). Finally, the enzyme regulation
mechanisms in the pig for the desaturases and the elongases
are not well known, even though their activities are crucial
for FA tissue composition. A-9 desaturase activities can be
modulated by the dietary FA composition, so a diet rich in
SFA can enhance these activities, whereas one rich in oleic
acid (Klingenberg, Knabe, & Smith, 1995) or in PUFA
(Kouba, Enser, Whittington, Nute, & Wood, 2003) can
decrease them. There are several papers dealing with the
effects of dietary fats on the FA composition of pork adi-
pose and muscle tissues, and with the interactions between
these effects and other factors, such as breed and feed
energy level (Averette Gatlin, See, Hansen, Sutton, & Odle,
2002; Bee, Geert, & Messikommer, 2002; Eder, Nonn, &
Kluge, 2001; Fontanillas, Barroeta, Baucells, & Codony,
1997; Wood, Buxton, Whittington, & Enser, 1986). Some
authors (Ahn, Lutz, & Sim, 1996; Eder et al., 2001; Schee-
der, Gléser, Eichenberger, & Wenk, 2000) have observed
that increasing the linoleic acid in the diet leads to a higher
content of linoleic acid in the loin, but not to a significant
increase in arachidonic acid. Fewer data are available on
the parallel increase of linoleic and arachidonic acids in
fat tissues in response to increased linoleic acid in the diet
(D’Arrigo et al., 2002). Other authors have also attempted
to study a nutritional model of the FA distribution within
pig tissues (Lizardo, van Milgen, Mourot, Noblet, & Bon-
neau, 2002). Such a model described the interactions
between dietetic FA intake and the different lipid metabolic
pathways. Moreover, this study concluded that the avail-
able models for predicting the FA composition of pork tis-
sues were still too simple, and more knowledge is needed
with regard to some metabolic processes. These authors
called for studies that might provide more information
on FA composition, taking into account different factors
to improve the accuracy of the predictions. We have exam-
ined, in this paper, the effect of the addition of increasing
amounts of a polyunsaturated fat in the diet on the FA
composition of muscle and adipose tissues of pork. We also
assess the differences between various breeds related to
these dietary changes. This information could be of great
interest from a productive point of view, and could be used
for enhancing some aspects of pork fat quality.

2. Materials and methods
2.1. Samples and experimental design

The experimental work was based on a 4 x4 complete
factorial design of two factors, diet and breed, with four
levels per factor. The sample size was 48, with three ani-
mals for each of the 16 diet-breed combinations. Cas-
trated male pigs of four breeds were used: Large White,
Duroc, Landrace and a commercial crossbreed Land-
race X Duroc (F1). Animals of each breed were distributed
uniformly according to their weight and original litter

(avoiding littermates inside the same group) and they
were fed a conventional adaptation diet during a 7-d per-
iod, before the start of the experiment. The control ani-
mal feeding (diet 1) was a mixture whose main
ingredients were wheat, barley and soya meal. The three
other diets were obtained by adding increasing amounts
of fat as follows: 2%, 4% and 8%, respectively, for diets
2, 3 and 4. The fat added to the feed was a commercial
mixture of 50% of a soy/sunflower acid oil and 50% of
animal fat. Diets were formulated to achieve minimal dif-
ferences in energy and protein content. A complete
description of the ingredients and the composition of
the four diets is given in Table 1. The experiment was car-
ried out under controlled conditions of temperature, light,
and ventilation. Animals were given ad libitum access to
feed throughout the experiment, and animal weight and
feed consumption were recorded each 15 days, until the
end of the experiment. Also, daily feed intake (kg feed/
day), average daily gain (kg live weight/day) and feed con-
version ratio were calculated. After slaughter, which took
place at a live weight of 85-90 kg, the following carcass
measurements were taken: carcass weight, carcass yield,

Table 1
Ingredients and composition, including FA, of the four experimental diets
Diet 1 Diet 2 Diet 3 Diet 4
Ingredients (g/100 g)
Wheat 61.86 48.06 27.76 10.00
Barley 20.00 25.00 34.00 45.94
Wheat bran 3.00 5.12 15.00 15.00
47% soy meal 9.50 14.50 13.94 15.44
50% meat meal 2.00 2.00 2.00 2.00
Added fat® 0.00 2.00 4.00 8.00
Salt 0.50 0.50 0.50 0.58
Calcium carbonate 0.88 0.78 0.74 0.94
Bicalcium carbonate 1.10 1.16 1.20 1.28
78% methionine 0.04 0.02 0.02 0.01
78% lysine 0.40 0.24 0.22 0.18
Vit-mineral premix 0.07 0.07 0.63 0.63
Composition (g/100 g)
Digestible energy® (kcal/kg) 3579 3579 3579 3734
Dry matter 88.48 88.82 89.51 90.55
Crude protein 16.4 17.5 17.9 17.5
Ash 4.78 5.56 6.18 6.88
Ether extract 2.71 4.34 7.35 10.56
Crude fibre 3.50 3.40 4.26 4.17
Fatty acids (mgl/100 g)
Cl14:0 16 38 66 133
C16:0 334 668 946 1729
C18:0 101 286 470 848
Cl6:ln—17 12 36 59 128
Cl8:1n—9 cis 392 917 1454 2575
C18:1 trans® 18 61 105 202
Cl82n—6 897 1526 2140 3208
C20:4n—6 2 4 5 12
Cl83n—-3 79 117 189 199
C20:5n—3 5 11 13 25

# 50% acid oil (soy and sunflower) and 50% animal fat.
® Estimated values.
¢ Total C18:1 trans isomers.
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backfat thickness measured at the 4th and last ribs (Fat-
O-Meter, SFK Ltd., Denmark), and percentage of lean,
calculated as proposed by Oliver, Gispert, Tibau, and
Diestre (1991). After slaughter, samples of four tissues
were taken from each subject: two adipose tissues, backfat
and abdominal fat, and two muscle tissues, longissimus
thoracis et lumborum (muscle LTL) and trapezius. Backfat
and longissimus samples were taken at the level of the
10th rib. Samples were then vacuum stored in plastic
bags, frozen and kept at —20 °C, until analysis.

2.2. Reagents

All solvents were ACS grade. Chloroform, methanol
and diethyl ether were from Panreac (Montplet & Esteban,
Barcelona, Spain) and n-hexane from E. Merck (Darms-
tadt, Germany). The other reagents were anhydrous
sodium sulphate and sodium chloride (both for analysis)
from Panreac and sodium (for synthesis), phenolphthalein
(ACS) and boron trifluoride in methanol (14% p/v for syn-
thesis) from E. Merck. All the standards of fatty acid
methyl esters (FAME) were supplied by Sigma Chemical
Co. (St. Louis, MO), except the dodecanoic acid methyl
ester from Altech Associates Inc. (Deerfield, IL). A mixture
of some FAME (PUFA-2) was supplied by Supelco Inc.
(Bellefonte, PA). Except for the C20:2 n — 6 methyl ester
(98%), all the standards were of 99% purity.

2.3. Fatty acids determination

Lipids were obtained by extraction, following the
method of Folch, Lees, and Stanley (1957), but with a
few modifications. Five gramme of muscle tissue or 0.5 g
of adipose tissue were weighed and homogenised with
30 ml of chloroform/methanol mixture (2:1 v/v) by using
a Polytron (PT 2000, Kinematica AG, Lucerne, Switzer-
land), at 20,000 rpm, during 30s. The solid residue was
re-extracted with 30 ml of the solvent mixture, and the
combined organic fractions were washed with a NaCl
aqueous solution (0.58%). The chloroform phase was then
filtered through anhydrous sodium sulphate and evapo-
rated to dryness. The fatty acids were determined in this
fat extract according to the method proposed by Guardi-
ola, Codony, Rafecas, Boatella, and Loépez (1994), by
obtaining their methyl esters (FAME) and by gas chro-

Table 2

matographic analysis. The FA were quantified by applying
relative response factors and the results were expressed as
compensated area normalisation. The repeatability and
intermediate precision of the FA analysis were evaluated.
In the repeatability assessment, six aliquots of a sample
were extracted, and their FAME were injected in triplicate
on the same day, following the design: 1 dayx 6 sam-
ples x 3 replicates. In the intermediate precision determina-
tion, 12 aliquots of a sample were used, following the
design: 4 days x 3 samples X 3 replicates. The repeatability
and intermediate precision estimates for the six selected
FA, expressed as % RSD (relative standard deviations in
percentage scale) ranged between 0.89% and 7.18% for
the repeatability, and between 0.52% and 6.73% for the
intermediate precision. Values were similar for muscle
and adipose tissues. For the non-reported FA, the results
were similar.

2.4. Selection of FA markers

For this purpose, we classified the FA according to their
accumulation pattern in different tissues, which allowed us
to reduce the number of variables to be studied. So, in this
study, we determined 22 FA in all tissues, but the presenta-
tion of the results is restricted to six selected FA (o-linoleic,
palmitic, oleic, arachidonic, palmitoleic and eicosatrienoic
acids). A previous study on these samples (Pascual,
2000), based on correlations and on principal components
analysis, showed that the rest of the FA are highly corre-
lated to one of the six markers. The six FA selected are suf-
ficient to understand the effects of the diet on FA profile,
and the strong correlations observed support the extrapola-
tion to the rest of FA. Table 2 summarises the classification
of the 22 FA, based on these correlations. The first group
of FA showed a deposit from a dietary origin, not from
endogenous metabolism, and it consisted of the n — 3 and
n — 6 PUFA located at the head of these two series, the
trans FA, C15:0 and C16:1 n—9. From this group we
selected linoleic acid (C18:2 n — 6), as it shows the highest
level in all tissues. This is due to the composition of the fat
added to the feed. If a fat rich in n — 3 PUFA were to be
added to the feed, then C18:3 n — 3 would also be useful
as a marker of this group. And if a hydrogenated fat or tal-
low were used in feed, then trans C18: isomers could also be
good markers. The second group consists of FA whose

Classification of fatty acids in the pork as markers of different metabolic processes (bold letters indicates the markers selected)

Effect

Fatty acid markers

Markers of dietary supply

Markers of the de novo synthesis

Markers of the A-9 desaturase activity

Markers of the A-6 desaturase activity

Markers of competition for the A-9 desaturase

Markers of competition for the A-6 desaturase
between n — 3 and n — 6 PUFA

Ci182n—-6,Cl83n—6,C202n—-6

C18:3 n— 3, C18:1 n — 9 trans, C18:2 n — 6 trans, C15:0, C16:1 n — 9
C16:0, C18:0, C20:0, C20:1 n —9

Ci81n-9

C20:4n—6,C20:5n—-3,C22:5n—-3

Cl16:1 n— 17, C18:1 n — 7, C10:0, C12:0, C14:0

C20:3n—-3
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deposit is mainly the result of de novo synthesis. Within
this group, palmitic (C16:0) is the most abundant FA
and, as a consequence, it would be the most reliable marker
of a predominant de novo FA synthesis in pork tissues.
Oleic acid is the only FA classified in the group of markers
of the A-9 desaturase activity. The fourth group consists of
n — 3 and n — 6 PUFA located at the end of these two ser-
ies, and a higher level of these FA in the fat depots is a
result of a higher activity of the A-6 desaturase. Within this
group, arachidonic acid (C20:4 n — 6) shows the highest
content in all tissues, while the » — 3 metabolites are minor
components. When a fat source rich in linolenic acid (i.e.,
linseed oil) was used, C20:5 n — 3 could also be useful as
a marker of this activity. In the fifth group we find the med-
ium chain saturated fatty acids leading to the synthesis of
palmitic acid (C10:0, C12:0 and C14:0), as well as palmito-
leic acid (C16:1 n — 7). Therefore, these FA can be markers
of the competition of FA for the enzyme A-9 desaturase.
Among them, we have selected palmitoleic acid, since it
shows the highest levels in pork fat tissues, although
C14:0 could also be a good marker. Finally, we have
selected eicosatrienoic acid (C20:3 n — 3), since it shows
an ability to indicate a priority activity in the n — 3 PUFA
synthesis at the expense of the n — 6 PUFA synthesis.

2.5. Statistical methods

Two-factor analysis of variance (ANOVA) was used for
testing the significance of the diet and breed effects. F tests
were used to test the overall significance, and Bonferroni
tests for pair-wise comparisons. The analysis was carried
out with the SPSS 11.0 statistical package (2001).

3. Results and discussion
3.1. General

No significant differences were observed for any of the
productive parameters evaluated, with respect to the factor
diet. In contrast, significant differences were observed
related to the breed, but only for two parameters. So, mean
values of daily feed intake were significantly lower for LW
(1.72 kg feed/day) and D (1.58) than for L (1.88) and F1
(1.89), and values of average daily gain were also lower
for LW (0.58 kg weight/day) and D (0.56) than for L
(0.67) and F1 (0.67). However, feed conversion ratio did
not show significant differences at the end of the experi-
ment. No significant differences were observed for any of
the carcass measurements. Similar results are described
by other authors comparing different diets and breeds.
So, Coutron-Gambotti, Gandemer, and Casabianca
(1998) reported that, comparing a concentrated diet versus
a chestnut diet (rich in oleic and linoleic acids), no differ-
ences were found in carcass fatness, live-weight or carcass
weight at slaughter. However, significant differences were
found when Corsican pigs were compared with Corsi-
can X Large White pigs.

3.2. Effect of the breed on the fatty acid composition

3.2.1. General

Breed differences were, in relative terms, lower than
those induced by the diet. Differences in linoleic acid con-
tent between breeds changed from tissue to tissue (Table
3), being significant only in muscle LTL (p = 0.019), while
the diet-breed interaction effect was not significant. Pal-
mitic acid levels showed significant differences only in
abdominal fat (Table 4), although they were quite small
in relative terms. The interaction effect was not significant,
so the diet effect was quite similar in the four breeds for
palmitic acid levels. As opposed to linoleic and palmitic
acids, the breed effect was significant in all tissues for oleic
acid (Table 5), although it was higher in adipose
(» <0.003) than in muscle tissues (muscle LTL p = 0.022
and trapezius p = 0.012). Except in the muscle LTL, Land-
race pigs always had the highest and Large White the low-
est levels of oleic acid. The interaction effect was not
significant, so diet effects on oleic acid content were similar
for all breeds. The greater differences, with respect to the
breed, were found for arachidonic acid whose levels
showed very significant differences in muscle tissues and
abdominal fat (p <0.001), while they were less significant
in backfat (p = 0.031). Landrace pig tissues always showed
the highest arachidonic acid levels (Table 6). In addition,
the interaction effect of breed and diet was significant for
arachidonic acid only in fat tissues, where the diet effect
was not uniform across breeds. Finally, there was also a

Table 3
Linoleic acid contents, expressed as compensated area normalization (%)
(means of three animals)

Diet 1 Diet 2 Diet 3 Diet 4 Mean
Abdominal fat
Large White 11.7 15.0 17.9 20.5 16.3
Duroc 10.3 12.1 16.5 21.7 15.1
F1 10.5 15.6 17.3 20.8 16.1
Landrace 11.9 14.9 20.7 20.8 17.1
Mean 1.1* 14.4° 18.1° 20.9¢ 16.1
Backfat
Large White 11.2 14.0 14.6 20.4 15.0
Duroc 9.91 13.3 19.6 22.6 16.4
F1 9.28 14.2 16.1 21.7 15.3
Landrace 10.8 12.2 17.1 19.1 14.8
Mean 10.3% 13.4° 16.8° 21.0¢ 15.4
Longissimus thoracis et lumborum
Large White 9.87 11.1 13.7 16.9 12.9%
Duroc 6.99 10.2 12.9 17.3 11.9%
F1 7.49 10.7 13.6 18.5 12.6*
Landrace 9.91 13.5 15.1 19.6 14.5°
Mean 8.57° 11.4° 13.4° 18.1¢ 13.0
Trapezius
Large White 8.07 12.9 14.9 19.3 13.8
Duroc 7.71 9.04 15.4 19.2 12.8
F1 7.86 10.9 159 19.7 13.6
Landrace 8.47 11.2 15.0 19.9 13.6
Mean 8.03° 11.0° 15.3¢ 19.59 13.5

a4 Mean values with different letters are significantly different (p < 0.05).
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Table 4
Palmitic acid contents, expressed as compensated area normalization (%)
(means of three animals)

Diet 1 Diet 2 Diet 3 Diet 4 Mean
Abdominal fat
Large White 26.2 24.0 23.3 20.9 23.6°
Duroc 26.8 26.0 23.6 20.9 24.3°
F1 25.9 24.1 23.4 20.9 23.5°
Landrace 24.8 23.0 20.2 20.6 22.0°
Mean 25.9¢ 24.3¢ 22.6° 20.8% 23.4
Backfat
Large White 244 22.6 23.4 19.6 22.5
Duroc 25.5 233 21.5 19.1 22.4
F1 24.5 23.0 22.3 20.1 22.4
Landrace 24.1 22.7 20.7 19.5 21.7
Mean 24.6° 22.9° 21.9° 19.6 22.3
Longissimus thoracis et lumborum
Large White 243 233 22.9 21.3 22.9
Duroc 243 234 233 20.3 22.8
F1 242 23.5 22.6 20.7 22.8
Landrace 24.0 21.8 21.3 20.8 22.0
Mean 24.2¢ 23.0° 22.5° 20.8% 22.6
Trapezius
Large White 24.6 22.4 22.5 19.8 22.3
Duroc 24.0 23.9 22.4 20.1 22.6
F1 23.5 23.2 21.4 19.9 22
Landrace 23.5 22.1 20.2 19.4 21.3
Mean 23.9¢ 22.9° 21.6° 19.8° 22.0

a4 Mean values with different letters are significantly different (p < 0.05).

Table 5
Oleic acid contents, expressed as compensated area normalization (%)
(means of three animals)

very significant breed effect on the palmitoleic acid level
(p <0.01) in all tissues, except in trapezius muscle where
it was less significant (p =0.044), while the interaction
effect was not significant for this FA. For palmitoleic acid,
the higher levels were found in muscle tissues and in the
Duroc breed (Table 7). Eicosatrienoic acid levels showed
significant differences only in backfat related to the breed.
The most relevant characteristics of each breed, related to
the modification of the FA composition according to a lin-
oleic acid-rich diet, can be further categorised.

3.2.2. Large White

Results corresponding to this breed show a good ability
to change their FA composition in different tissues, accord-
ing to increasing % on intake of this FA. But LW pigs
showed very small differences with respect to the other
three breeds. Palmitic, palmitoleic and oleic acid levels
showed no relevant differences. Only arachidonic acid lev-
els showed small differences, which can be summarised in a
significant lower level in backfat with respect to the other
three breeds, and in abdominal fat with respect to LD
and F1.

3.2.3. FI crossbreed

No relevant linoleic acid differences were observed for
F1 pigs, while some interesting differences were noted for
arachidonic acid. So, significantly higher levels were
observed in adipose tissues with respect to the other three
breeds, while significantly lower levels in muscle tissues

Table 6
Arachidonic acid contents, expressed as compensated area normalization
(%) (means of three animals)

Diet 1 Diet 2 Diet 3 Diet 4 Mean Diet 1 Diet 2 Diet 3 Diet 4 Mean
Abdominal fat Abdominal fat
Large White 34.2 34.2 329 334 33.7% Large White 0.22 0.23 0.29 0.37 0.28*
Duroc 35.7 339 35.2 33.5 34.6* Duroc 0.18 0.21 0.3 0.39 0.27%
F1 36.4 34.1 339 34.5 34.7% F1 0.2 0.3 0.28 0.43 0.30°
Landrace 38.6 37.4 35.7 35.1 36.7° Landrace 0.25 0.3 0.39 0.38 0.33¢
Mean 36.2 34.9 34.4 34.1 349 Mean 0.21* 0.26° 0.32¢ 0.39¢ 0.29
Backfat Backfat
Large White 37.7 37.2 37.2 36.3 37.1* Large White 0.19 0.23 0.25 0.31 0.24%
Duroc 38.7 38.5 36.6 35.8 37.4% Duroc 0.18 0.22 0.35 0.38 0.28°
F1 41.0 37.7 36.8 34.8 37.6* F1 0.18 0.26 0.26 0.44 0.29°
Landrace 39.6 40.1 38.7 394 39.4° Landrace 0.22 0.24 0.32 0.35 0.28°
Mean 39.2¢ 38.4b° 37.3® 36.6° 37.9 Mean 0.19° 0.24° 0.29¢ 0.37¢ 0.27
Longissimus thoracis et lumborum Longissimus thoracis et lumborum
Large White 38.3 38.3 36.6 35.8 37.2%0 Large White 1.32 1.42 1.21 1.7 1.41%
Duroc 41.9 394 37.6 38.1 39.3¢ Duroc 0.69 0.84 1.22 1.31 1.02%
F1 41.8 39.4 37.8 354 38.6°° F1 0.98 1.17 1.07 1.4 1.15%
Landrace 39.1 37.6 37.5 33.7 37.0% Landrace 1.51 2.15 1.75 2.7 2.03°
Mean 40.3° 38.7° 37.4° 35.8° 38.0 Mean 1.12° 1.39° 1.31° 1.78° 1.4
Trapezius Trapezius
Large White 38.8 37.2 36.2 35.8 37.0° Large White 0.54 0.98 0.9 1.04 0.86*
Duroc 41.5 39.9 36.6 35.7 38.4%° Duroc 0.61 0.6 0.75 1 0.74*
F1 42.5 39.2 37.1 35.1 38.5% F1 0.57 0.95 0.78 1.02 0.83%
Landrace 41.3 40.2 39.7 36.1 39.3° Landrace 1.07 1.18 1.33 1.04 1.15°
Mean 41.0¢ 39.1° 37.4° 35.7% 38.3 Mean 0.69* 0.92° 0.94° 1.03° 0.9

a-d Mean values with different letters are significantly different (p < 0.05).

ad Mean values with different letters are significantly different (p < 0.05).
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Table 7
Palmitoleic acid contents, expressed as compensated area normalization
(%) (means of three animals)

Diet 1 Diet 2 Diet 3 Diet 4 Mean
Abdominal fat
Large White 2.09 1.7 1.68 1.49 1.76*
Duroc 2.31 2.14 2.3 1.83 2.15¢
F1 1.93 1.78 1.7 1.9 1.82%0
Landrace 2.36 2.11 1.83 1.71 2.00°¢
Mean 2.17° 1.93% 1.88% 1.73% 1.93
Backfat
Large White 2.04 1.71 1.91 1.48 1.79%
Duroc 2.21 2.32 2.29 1.72 2.15°
F1 2.04 1.87 1.67 1.79 1.84%
Landrace 1.97 2 1.76 1.87 1.90*
Mean 2.07° 1.97° 1.91%° 1.73 1.92
Longissimus thoracis et lumborum
Large White 2.52 2.36 2.51 2.18 2.38%
Duroc 3.13 2.77 3.24 2.38 2.88°
F1 2.89 2.28 2.31 2.09 2.48*
Landrace 2.67 2.36 2.29 2.48 2.45%
Mean 2.79° 2.54° 2.58%° 2.28% 2.55
Trapezius
Large White 2.32 1.94 2.15 1.89 2.08
Duroc 2.61 2.57 2.43 1.91 2.38
F1 2.39 2.2 1.9 1.78 2.07
Landrace 2.45 2.16 2.07 1.91 2.15
Mean 2.44° 2.22% 2.14° 1.87% 2.17

a4 Mean values with different letters are significantly different (p < 0.05).

were only found with respect to LD pigs. This differences
suggest a clear different activation pattern of the A-6 desat-
urase, depending on the type of tissue. More complex is the
analysis of the differences for palmitoleic and oleic acids,
but in general there is not a particular pattern for F1 pigs.

3.2.4. Landrace

Pigs of this breed only showed linoleic acid differences in
the loin (muscle LTL), where the levels of these FA are sig-
nificantly higher than those of the other three breeds
(» =0,019). Also, Landrace pigs showed arachidonic acid
levels much higher in muscle tissues than LW, D and F1
pigs, while differences in adipose tissues were minimum
or zero with respect to the other breeds. In contrast, levels
of the other FA markers were scarcely different with
respect to the other breeds. So, palmitic acid showed only
significantly lower levels for Landrace pigs in the abdomi-
nal fat, but not in the other three tissues. Moreover, oleic
acid levels, corresponding to Landrace pigs, were similar
to those of LW in muscle LTL, and similar to those of D
and F1 in trapezius. Palmitoleic acid levels in Landrace
were only significantly higher than those of LW in abdom-
inal fat, and significantly lower than those of Duroc in
backfat and muscle LTL.

3.2.5. Duroc

In contrast to the results corresponding to the other
three breeds, the FA profile of Duroc pigs seemed to be
the least affected by the fat content of the diet. This breed

showed only particular differences for oleic acid levels in
loin, which were significantly higher levels than in LW
and LD pigs, but similar to F1 pigs. Duroc pigs also
showed significantly higher levels of palmitoleic acid in
backfat and loin, with respect to the other breeds. These
differences suggest a lower inhibition of the A-9 desaturase
in Duroc, with respect to the other breeds, when linoleic-
rich fat was added to the feed.

Our results agree with those reported by some authors,
who also observed that D pigs showed a lower capacity to
deposit linoleic acid when increasing amounts of polyunsat-
urated fats were added to the feed (Wood et al., 1996). Most
of the works dealing with breed differences in pork FA com-
position show that D carcasses are less polyunsaturated
than those of L (Cameron & Enser, 1991), those of Land-
race crossbreeds (Honkavaara, 1989), and those of LW
(Bout, Girard, Sellier, & Runavot, 1990). Only Cameron,
Warris, Porter, and Enser (1990) found that L backfat
was more polyunsaturated than D, at the expense of stearic
acid levels. The fact that muscle LTL shows a lower linoleic
acid accumulation rate than the corresponding backfat was
also reported by some authors in D carcasses (Bout et al.,
1990; Cameron et al., 1990). This could be explained by
the results reported in a study (van Laack & Spencer,
1999), showing that D pigs have lower PUFA deposits in
the muscle phospholipid fraction than other breeds fed
identical diets. However, all of this effects cannot be taken
as a whole, since the type of experimental diet can change
some patterns of increase or decrease of certain FA. So,
we now consider the influence of the factor diet (% increase
of the linoleic acid supply) on the FA composition in muscle
and adipose tissues, focusing on the FA markers selected.

3.3. Effect of the diet on the fatty acid composition

3.3.1. General

The results for fatty acid composition in the four tissues
are shown in Tables 3-8. FA content is expressed as mean
values. We do not report the usual measures of dispersion,
which have been used in testing the significance of the diet
and breed effects, in order to simplify the Tables. As a glo-
bal conclusion, the diet effect can be seen as a shift toward
the FA of the dietary supply. The increase in the levels of
this group (represented by linoleic acid in this paper) and
in the levels of those FA metabolised from them, repre-
sented here by arachidonic acid, must be compensated
mainly by a decrease in palmitic, stearic and oleic acids.
However, these differences seem to be tissue-dependent.
Therefore, palmitic and stearic levels significantly
decreased in all tissues when linoleic acid levels increased,
but oleic acid levels showed only a clear decrease in muscle
tissues, a slight decrease in backfat, and no significant dif-
ferences in abdominal fat. The most notable pattern of
deposit corresponded to arachidonic acid (Table 6), indi-
cating a higher dietary linoleic effect on the A-6 desaturase
activity in fat tissues than in muscle tissues, although levels
were much higher in muscle than in adipose tissues.
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Table 8
Eicosatrienoic acid contents, expressed as compensated area normaliza-
tion (%) (means of three animals)

Diet 1 Diet 2 Diet 3 Diet 4 Mean
Abdominal fat
Large White 0.12 0.13 0.14 0.13 0.13
Duroc 0.12 0.12 0.13 0.12 0.12
F1 0.11 0.13 0.13 0.10 0.12
Landrace 0.11 0.11 0.14 0.11 0.12
Mean 0.12° 0.12¢° 0.14° 0.12° 0.12
Backfat
Large White 0.14 0.15 0.14 0.15 0.14%
Duroc 0.13 0.15 0.17 0.15 0.15¢
F1 0.11 0.13 0.16 0.12 0.13%
Landrace 0.12 0.11 0.14 0.13 0.13*
Mean 0.13 0.14%° 0.15° 0.13 0.14
Longissimus thoracis et lumborum
Large White 0.11 0.11 0.12 0.10 0.11
Duroc 0.09 0.10 0.11 0.11 0.10
F1 0.08 0.10 0.12 0.10 0.10
Landrace 0.08 0.09 0.11 0.11 0.10
Mean 0.09 0.10 0.11 0.10 0.10
Trapezius
Large White 0.11 0.14 0.15 0.14 0.13
Duroc 0.10 0.11 0.15 0.13 0.12
F1 0.09 0.11 0.15 0.12 0.12
Landrace 0.10 0.09 0.12 0.14 0.11
Mean 0.10° 0.11° 0.14° 0.13° 0.12

a4 Mean values with different letters are significantly different (p < 0.05).

3.3.2. Linoleic acid content

A large positive diet effect was evident (about a 100%
increase in relative terms) for linoleic acid in the four tis-
sues (p <0.001). All the pair-wise comparisons between
diets gave significant differences (Table 3). The linoleic acid
levels were higher in fat than in muscle tissues, but the rate
of increase from diet to diet was similar in both types of tis-
sue. These effects can be extrapolated to a group of FA
having a high correlation with linoleic acid in the four tis-
sues, which are C15:0 (minimum correlation 0.760 in mus-
cle LTL, and maximum 0.934 in trapezius), C16:1 n —9
(min. 0.756 in muscle LTL, and max. 0.809 in backfat),
Cl18:1 n—9 trans (min. 0.874 in muscle LTL, and max.
0.942 in trapezius), C18:2 n — 6 trans (min. 0.819 in abdom-
inal fat, and max. 0.921 in trapezius), C18:3 n — 3 (min.
0.640 in muscle LTL, and max. 0.838 in backfat), C18:3
n — 6 (min. 0.786 in muscle LTL, and max. 0.936 in trape-
zius) and C20:2 n — 6 (min. 0.820 in muscle LTL, and max.
0.927 in trapezius). Our results, showing linoleic acid as a
good marker of the influence of the dietary fat agree with
those found in other studies (Irie & Sakimoto, 1992; Mor-
gan, Noble, Cocchi, & McCartney, 1992; Wiseman, Red-
shaw, Jagger, Nute, & Wood, 2000), with diets rich in
linoleic, linolenic, and long chain PUFA (EPA and
DHA, in fish oil diets). In all cases, a high positive correla-
tion existed between levels in the diet and levels in fat and
muscle tissues for these FA, usually at the expense of pal-
mitic and oleic levels in these tissues. In contrast, some
authors (Cava et al.,, 1997, Coutron-Gambotti et al.,

1998) found, in Iberian pigs and Corsican pigs respectively,
that “montanera” diets (based on acorns) and chestnut
diets, both rich in oleic acid, led to higher linoleic deposits
in intramuscular fats than other diets containing more lin-
oleic acid. These authors propose that rustic breeds may
possess a different lipid metabolism, from commercial
breeds which are genetically more fatty.

3.3.3. Palmitic acid content

In contrast, the diet effect for palmitic acid was negative
(about a 25% of decrease in relative terms, between diet 1
and 4), but weaker than the positive effect for linoleic acid,.
The overall significance level was less than 0.001 in all tis-
sues, but the diet effect was slightly stronger in the adipose
than in the muscle tissue (Table 4). However, only in
abdominal fat and muscle trapezius were the differences sig-
nificant for the four tissues. In contrast, in backfat and
muscle LTL, diets 2 and 3 gave no differences in palmitic
acid levels. The majority of remarks made for palmitic also
apply to stearic acid, since their levels were well correlated
in all tissues (0.70-0.75). Other studies, which yielded sim-
ilar conclusions for linoleic and linolenic acids, did not find
significant decreases in palmitic acid (Averette Gatlin et al.,
2002; Cherian & Sim, 1995; Warnants, Van Oeckel, & Bou-
cqué, 1999). However, the variety of experimental designs
and dietary treatments tested in those studies should be
taken into account, since they show the additional influ-
ence of other dietary factors. The level of energy of feed,
the simultaneous presence of high linoleic and linolenic
acid levels, and the length of the treatment were able to
modify the rate of incorporation of linoleic, linolenic and
palmitic acids into pig tissues.

3.3.4. Oleic acid content

The diet effect on oleic acid tissue content was also neg-
ative, showing a decrease between 2 and 5 points, which is
stronger and more significant in muscle tissues (p < 0.001)
than in backfat (p = 0.008), while for abdominal fat there
was no significant differences (Table 5). An interesting
effect is that oleic acid levels were higher in muscle than
in adipose tissues when there was no fat added to the feed
(diet 1), but this pattern was changed by the diet, so that
the differences between the tissues were reduced when the
amount of added dietary fat increased. In contrast, other
studies, working with diets rich in PUFA, did not find sig-
nificant decreases in oleic acid levels (Bee et al., 2002; Bry-
hni, Kjos, Ofstad, & Hunt, 2002; Enser, Richardson,
Wood, Gill, & Sheard, 2000; Qverland, Taugbel, Haug,
& Sundstel, 1996).

3.3.5. Arachidonic acid content

Arachidonic acid content in the four tissues increased as
a function of the fat enrichment of the diets, more than
50% in relative terms (Table 6). But, whereas in adipose tis-
sues the pattern of increase was the same as for the linoleic
acid, an unclear fluctuating pattern appeared in muscle tis-
sues, where the level of arachidonic acid was much higher.
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The overall significance level for the diet effect was
p <0.001 in fat tissues and around p = 0.03 in muscle tis-
sues. Except for muscle tissues, due to the fluctuations
mentioned above, all the pair-wise comparisons among
diets showed significant differences. In muscle LTL, only
diet 4 showed significantly higher values of arachidonic
acid whereas, in trapezius, only diet 1 showed significantly
lower values. These effects can be extrapolated, at least, to
C22:5 n — 3, since the correlation between its levels and
those of arachidonic acid range from 0.59 in abdominal
fat to 0.86 in muscle LTL. Table 6 shows very clear differ-
ences in arachidonic acid content in the four tissues and the
pattern of variation of the arachidonic acid deposit
between the different muscles was clearly related to the lin-
oleic acid deposit, although the correlation was stronger in
adipose tissues than in muscle (Table 9). Similar, but neg-
ative, correlations were also found between arachidonic
and palmitic acids. This suggests that the A-6 desaturase
in pigs was more activated in adipose than in muscle tissues
by the increasing addition of a polyunsaturated fat in the
diet. Different authors (Ahn et al.,, 1996; Eder et al.,
2001; Scheeder et al., 2000) observed that diets with a high
content of linoleic acid lead to a high linoleic deposit in the
loin (muscle LTL), but not to significant increases in ara-
chidonic acid. Only one study (Wood et al., 1986) reported
a slight but significant increase. More data is available on
the parallel increase of linoleic and arachidonic acids in
fat tissues when linoleic acid increases in the diet (D’Arrigo
et al., 2002; Warnants et al., 1999). Other authors (Bout
et al., 1990; Enser et al., 2000; Fontanillas et al., 1997; Les-
kanich, Matthews, Warkup, Noble, & Hazzledine, 1997),
giving dietary fats rich in linolenic acid, observed that
C20:5 and C22:6 levels in pig fat and muscle tissues were
good markers of the activity of A-6 desaturase, instead of
arachidonic acid, although the rate of increase was clearly
higher for C20:5 than for C22:6.

Table 9

Correlation matrix between the levels of the selected fatty acid markers, in
the four tissues (from left to right and from top to bottom: abdominal fat,
backfat, longissimus thoracis et lumborum, and trapezius)

Linoleic Palmitic Oleic Arachidonic
Palmitic

—0.864 —0.876

—0.867 —0.858

Oleic

-0.316 -0.617 —0.156 0.230

—0.789 —0.793 0.429 0.411

Arachidonic

0.891 0.883 —0.893 —-0.819 —-0.039 -—0.467

0.497 0.365 —0.409 —-0.455 -0.614 —-0.221

Palmitoleic

-0.416 —0.239 0.420 0.414 0.317 0.135 —-0.296 —0.172
—0.518 —0.567 0.607 0.743 0.338 0.281 —-0.171 -0.125

3.3.6. Palmitoleic acid content

An overall negative diet effect for palmitoleic acid was
clear (p <0.02), in spite of the fluctuations observed when
comparing different tissues. The overall significance level
was below 0.05 for all tissues, but pair wise comparisons
(Table 7) revealed different patterns among the four tissues.
So, significant differences were observed only between diet 1
and diet 4 in backfat and muscle LTL, whereas in abdominal
fat diets 2, 3 and 4 showed no differences, and in trapezius
there were differences only between diets 1 and 3, and
between diet 4 and the other three. These conclusion on pal-
mitoleic acid could be extrapolated to another FA, since we
found a good correlation between palmitoleic acid and
C18:1 n — 7 (around 0.8) and C14:0 (around 0.6), and lower,
but worth mentioning, with C10:0 and C12:0 (around 0.5).

3.3.7. Eicosatrienoic acid content

As regards eicosatrienoic acid levels, only the trapezius
muscle showed a certain pattern of accumulation, depen-
dent on the dietary treatment (Table 8). This could suggest
that competition for A-6 desaturase favours the synthesis
of n — 3 PUFA at the expense of n — 6 PUFA, mainly in
this tissue. Eicosatrienoic acid is the marker that shows less
significant differences, which is easy to understand since the
fat added to the diet was poor in linolenic acid. However,
our results agree with those obtained by other authors
(D’Arrigo et al., 2002; Fontanillas et al., 1997), who found
a large increase in linolenic acid and total n — 3 PUFA in
the backfat of pigs fed linseed oil, as opposed to pigs fed
olive or sunflower oils. But they also observed that C20:3
n — 3 showed a higher rate of increase than the other
n —3 PUFA (EPA and DHA). This confirms that this
FA could be the best marker to indicate a synthesis favour-
ing n — 3 PUFA at the expense of n — 6 PUFA.

3.3.8. Correlation matrix between FA markers

Finally, interesting changes between selected FA across
tissues need to be considered. Table 9 shows the 4-fold cor-
relation matrix for the FA selected as markers (except eicos-
atrienoic acid). The main points are: (a) the negative
correlation between linoleic and palmitic acids in terms of
the opposition between the dietary supply and the de novo
synthesis, and (b) the differences between fat and muscle tis-
sues, in the accumulation patterns of oleic and arachidonic
acids. Oleic acid and arachidonic acid correlations with the
pair linoleic/palmitic changed from adipose to muscle tis-
sues. The pattern is clear for arachidonic acid levels, which
showed positive correlation with linoleic acid levels and
negative correlation with palmitic acid levels, the correla-
tion being stronger for adipose than for muscle tissues. In
contrast, the oleic acid levels were negatively correlated with
linoleic acid levels in all tissues, the correlation being weaker
in adipose tissues (particularly in abdominal fat). However,
the correlation between oleic acid and palmitic acid levels is
controversial. Our results suggest that there is a weak posi-
tive correlation in muscle, but no correlation in adipose tis-
sues. This can be due to the fact that oleic acid supply
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increased a lot from diet 1 to 4 (Table 1), compared to the
increase of palmitic acid supply. So, levels of palmitic acid
would be more dependent on the activity of the de novo syn-
thesis, whereas oleic acid levels would also be dependent on
the diet. Finally, the correlation between palmitoleic and
palmitic acids was higher in muscle than in adipose tissues.
This could be attributed to a preferential activity of the A-9
desaturase in muscle tissues for palmitoleic synthesis, at the
expense of oleic synthesis.
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