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Abstract

Four diets prepared, respectively, with 0%, 2%, 4% and 8% of a high-linoleic added fat were administered (76 days of treatment)

to a sample of 112 pigs of four breeds (Landrace, Large White, Duroc and a crossbreed Landrace>Duroc/>·>Duroc/>Duroc). The

effects of diet and breed on the evolution of the fatty acid composition of backfat were examined by taking biopsies. Over time, a

continuous increase in stearic, palmitic and oleic acids throughout the pig�s life was observed. Oleic acid showed the smallest dif-

ferences among the four diets at the end of the experiment, while stearic and palmitic acid showed higher differences according

to the increase in the percentage of dietary fat. Stearic acid showed the highest rate of increase over time, according to the increasing

intake of linoleic acid (diets 1–4). These increases were compensated by a decrease in linoleic acid, although this decrease tended to

stabilize according to a higher percentage of added fat and also, for diet 4 (8% fat), an increase in linoleic acid was observed at the

end of the experiment. Among the minor fatty acids, arachidonic acid showed a clear decrease over time, although higher levels at

the end of the experiment were observed for diets including 4% and 8% of added fat, compared to the other two diets including lower

amounts of linoleic acid. Moreover, a significant effect was observed for the factor breed. So, Duroc pigs showed the highest rate of

deposit of linoleic acid and the lowest of stearic acid, while the other three breeds showed similar rates.

� 2005 Elsevier Ltd. All rights reserved.
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1. Introduction

The effect of dietary fats on the fatty acid (FA) com-
positions of pork adipose and muscle tissues and the
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interactions between this factor and others, such as

breed or feed energy level, is well known (Averette Gat-

lin, See, Hansen, Sutton, & Odle, 2002; Wood, Buxton,
Whittington, & Enser, 1986). An increase in dietary lin-

oleic acid leads to a higher content of this FA in the loin,

but not to a significant increase in arachidonic acid

(Ahn, Lutz, & Sim, 1996; Eder, Nonn, & Kluge, 2001;

Scheeder, Gläser, Eichenberger, & Wenk, 2000) and

some data are also available on the parallel increase in

linoleic and arachidonic acids in fat tissues in response
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to an increase in dietary linoleic acid (D�Arrigo et al.,

2002). Moreover, a few studies report results on re-

peated measures of FA during pig life (Camoes, Mou-

rot, Kouba, Cherot, & Mounier, 1995; Fontanillas,

Barroeta, Baucells, & Guardiola, 1998; Irie & Sakimoto,

1992; Warnants, Van Oeckel, & Boucqué, 1999). These
studies have used various diets, some rich in cis-mono-

unsaturated, others in trans-monounsaturated, and oth-

ers in n-3 or n-6 polyunsaturated fatty acids. Their

respective rate of deposit in backfat over time was quite

variable and dependent on a number of factors, such as

the FA concentration in feed, possible metabolisation of

the FAs (arachidonic, eicosapentaenoic or docosahexae-

noic acids), and the possibility of being synthesized by
the pig (oleic acid). The best markers of diet influence

seem to be linoleic and linolenic acids, because they

are major FA and, also, trans FA because they are scar-

cely affected by lipid metabolism. But a minimum level

of fat addition is always necessary to reach a significant

deposit of these dietary FAs in the pig�s backfat. There-
fore, these kinds of studies can be useful for the formu-

lation of diets aimed to control pig fat composition.
In this paper, we present the results and conclusions

of the analysis of longitudinal data on the FA profile

of pigs subjected to fat-enriched diets in order to exam-

ine progressive changes. Four diets with increasing

amounts of added fat (0%, 2%, 4% and 8% of a high-

linoleic acid fat blend) were administered to a sample

of 112 pigs of four breeds and the effects of diet and

breed on FA profile were examined. We studied the
incorporation rate of dietary FA into backfat against

time in order to determine an adequate level of a poly-

unsaturated dietary fat, and also the influence of weight

and breed. We chose a high polyunsaturated diet, specif-

ically a high-linoleic diet, to obtain a desirable amount

of PUFA in backfat, from a human nutritional point

of view. The detailed presentation of results in this paper

is mainly focussed on the weight and the four main com-
ponents of the FA profile, linoleic acid (C18:2 n-6) pal-

mitic acid (C16:0), oleic acid (C18:1 n-9) and stearic acid

(C18:0), since, on average, they accounted for 88% of

the total FAs at the end of the experiment. Nevertheless,

we also include relevant results about the effects on some

minor FAs. The development curve of each variable, for

the different breeds and diets, was also examined. In two

further papers we will give results of fatty acid and triac-
ylglycerol composition of four different tissues, obtained

from the same animals after slaughter.
2. Materials and methods

2.1. Samples and experimental design

The experimental work was based on a 4 · 4 com-

plete factorial design of two factors, diet and breed,
with four levels per factor. The sample size was 112,

i.e., seven pigs for each of the 16 diet-breed combina-

tions. Castrated male pigs of four breeds were used:

Large White, Duroc, Landrace and a commercial

crossbreed Landrace·Duroc (F1). Duroc and F1 pigs

came from the same farm, while Large White and
Landrace pigs were from two other farms. At the

beginning, mean weight of Duroc pigs was

15.40 ± 1.60 kg (age, 62.18 ± 3.01 days), that of F1

pigs was 16.10 ± 1.57 (age, 60.93 ± 2.11 days), that

of Large White was 24.74 ± 2.12 kg (age, 69.33 ±

4.07 days), and that of Landrace was 21.11 ± 2.24

(age, 70.32 ± 6.24). Animals of each breed were dis-

tributed uniformly according to their weight and origi-
nal litter (avoiding littermates inside the same group)

and they were fed a conventional adaptation diet dur-

ing a 7-d period, before the start of the experiment.

The control group (diet 1) was fed a diet that con-

sisted of a mixture of wheat, barley and soy flour.

The other three diets were obtained by adding increas-

ing amounts of fat as follows: 2% for diet 2 and 4%

for diet 3 and 8% for diet 4. The additional fat was
a commercial mixture of 50% animal fat and 50%

soy/sunflower acid oil. Diets were formulated to ob-

tain minimum differences in energy and protein. A

complete description of the ingredients and the com-

position of the four diets is given in Table 1. The

experiment was carried out under controlled condi-

tions of temperature, light, and ventilation. Animals

were given ad libitum access to feed throughout the
experiment, and animal weight and feed consumption

were recorded with the same periodicity that biopsies

were taken, and at the end of the experiment. Also,

daily feed intake (kg feed/day), average daily gain (kg

live weight/day) and feed conversion ratio were calcu-

lated. After slaughter, the following carcass measure-

ments were taken: carcass weight, carcass yield,

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, Ti-

bau, and Diestre (1991).

2.2. Biopsy procedure

Samples of subcutaneous adipose tissue were taken

from the area between the 3rd and 4th dorsal verte-
brae, on the level of the 10th rib. To take the biopsy,

we used a Czech gun with an adapted cannula (PPB-

2 Biotech, Nitra, Slovakia). Measurements were always

taken from whole fat thickness. All the necessary mea-

sures were taken to prevent animal discomfort during

and after the process. The first biopsy (day 0) was per-

formed at the end of the adaptation period (start of the

experiment) and successively on days 22, 37, 55 and 76.
All samples were stored in plastic bags at �80 �C prior

to analysis.



Table 1

Ingredients and composition, including FA, of the four experimental

diets

Ingredients (g/100 g) Diet 1 Diet 2 Diet 3 Diet 4

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 fata 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 energyb (kcal/kg) 3579 3579 3579 3733.9

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 (mg/100 g)

C14:0 16 38 66 133

C16:0 334 668 946 1729

C18:0 101 286 470 848

C16:1 n-7 12 36 59 128

C18:1 n-9 cis 392 917 1454 2575

C18:1 transc 18 61 105 202

C18:2 n-6 897 1526 2140 3208

C20:4 n-6 2 4 5 12

C18:3 n-3 79 117 189 199

C20:5 n-3 5 11 13 25

a 50% Acid oil (soy and sunflower) and 50% animal fat.
b Estimated values.
c Total C18:1 trans isomers.
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2.3. Reagents

All solvents were of ACS grade. Chloroform metha-

nol and diethylether were from Panreac (Montplet &
Esteban, Barcelona, Spain) and n-hexane was from E.

Merck (Darmstadt, Germany). The other reagents were

anhydrous sodium sulfate and sodium chloride (both for

analysis) from Panreac and sodium (for synthesis), phe-

nolphthalein (ACS) and boron trifluoride in methanol

(14% p/v for synthesis) were from E. Merck. All the

standards of fatty acid methyl esters (FAME) were sup-

plied by Sigma Chemical Co. (St. Louis, MO), except for
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.

2.4. Analytical methods

All feed samples taken were analysed for crude en-

ergy, dry matter, crude protein, ether extract, crude fibre
and ash (AOAC methods 15th ed., 1990). Mean values

for each diet are given in Table 1.

The determination of the FA profile was done in the

lipid fraction obtained by the method of Folch, Lees,

and Stanley (1957), with a few modifications. Homoge-

neous sample (0.5 g) was weighed and homogenized
with 30 ml of chloroform/methanol mixture (2:1 v/v)

by using a Polytron (PT 2000, Kinematica AG, Lu-

cerne, Switzerland), at 20,000 rpm, for 30 s. The solid

residue was re-extracted with 30 ml of the solvent mix-

ture, and the combined organic fractions were washed

with a NaCl aqueous solution (0.58%, p/v). The chlo-

roform phase was then filtered through anhydrous so-

dium sulfate and evaporated to dryness. The fatty
acids were determined in the fat extract, by obtaining

their methyl esters (FAME) and by gas chromato-

graphic determination according to the method of

Guardiola, Codony, Rafecas, Boatella, and López

(1994). The FAMEs were prepared by a double reac-

tion, first with BF3/methanol solution and, after that,

by a sodium methoxyde/methanol solution. FAMEs

were then extracted with hexane and injected into a
Hewlett Packard Series II 5890 gas chromatograph

(FID detector), equipped with a glass precolumn

(2.5 m · 0.25 mm i.d.) coated with deactivated cyano-

propyl/phenyl/methyl silicone, and a glass capillary col-

umn (50 m · 0.25 mm i.d.) coated with 0.2 mm of

stationary phase of 100% cyanopropyl silicone (CP

Sil 88 Chrompack, Middleburg, Holland). The chro-

matographic conditions were: oven temperature pro-
gramme, a first period of 11.2 min at a constant

temperature of 177 �C, followed by a second period,

increasing the temperature from 177 to 225 �C, at

7 �C/min, and by a third period of 11 min at 225 �C;
injector temperature of 270 �C; detector temperature

of 300 �C; inlet pressure of 24 psi; and split ratio equal

to 1:30. The injected sample volumes ranged from 0.2

to 0.5 ll. A PE Nelson 1020 personal integrator was
used for the acquisition and treatment of the chro-

matographic data. The FAs were quantified by apply-

ing relative response factors and the results were

expressed as compensated area normalization. The

repeatability and intermediate precision of the FA

analysis were evaluated. In the repeatability assess-

ment, six aliquots of a sample were extracted, and their

FAMEs were injected, in triplicate, on the same day,
following the design: 1 day · 6 samples · 3 replicates.

In the intermediate precision determination, 12 aliquots

of a sample were used, following the design: 4 days · 3

samples · 3 replicates. The repeatability and intermedi-

ate precision estimates for the four reported FAs, ex-

pressed as %RSD (relative standard deviations in

percentage scale), ranged between 1.27% and 4.16%

for the repeatability, and between 0.52% and 4.45%
for the intermediate precision. For the non-reported

FAs, the values were similar.
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2.5. Statistical methods

We applied a two-factor test of parallelism (Davis,

2002) to the five variables studied, and examined the sig-

nificance given by the Wilks lambda statistic for the

effects of diet and breed, and also for the interaction,
diet-breed. The effects on FA variation for the four peri-

ods of the study were tested with an ordinary two-factor

ANOVA F test. The analysis was performed with R, the

public domain version implementation of the S statisti-

cal language (Venables & Ripley, 2002). A description

of the methods used for the analysis of repeated mea-

sures can be found in Davis (2002).
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 parame-

ters. So, mean values of daily feed intake were signifi-

cantly 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 experiment. No significant differences
were observed for any of the carcass measurements.

3.2. Weight

We observed some differences in initial weight, which

can be attributed to breed and farm (Fig. 1). At the

beginning of the study, Large White pigs were the heavi-

est, but were exceeded by Landrace pigs between days 37
and 55 of treatment. Comparing the whole increase,

from start to the end, the effects of breed and diet on

the weight were highly significant (p = 0.000), whereas

the interaction diet · breed was not significant

(p = 0.104). Overall, the highest and lowest weight in-

creases were registered in diets 3 and 1, respectively.

For all diets, Duroc showed the lowest mean weight in-

crease (from 34 kg in diet 1 to 49 kg in diet 3) and Land-
race the highest (from 49 kg in diet 1 to 56 kg in diet 4).

The range of the final mean weights across diets within

the same breed was maximum for Landrace (18 kg)

and minimum for F1 (5.5 kg). On the other hand, the

analysis of the individual curves of weight variation,

for each diet and breed (Fig. 1), showed that diet · breed

was significant (p = 0.025). This interaction is repre-

sented by the higher rate of weight increase of Landrace
on diet 3 with respect to the other diets, while F1 showed

a similar curve for the four diets. Duroc and Large
White pigs gave similar response for diets 1 and 2, and

similar for diets 3 and 4, showing, for the two diet pairs,

a clear difference in weight response. In addition, a cor-

relation study, at time four (day 76), between the values

of weight and the four fatty acid contents in backfat, re-

vealed that there was a significant positive correlation
(p = 0.000) between the weight of the animal and the

backfat levels of oleic acid (0.364) and of stearic acid

(0.458), and a significant negative correlation between

the weight and the linoleic acid level (�0.453). Palmitic

acid did not show significant correlation with the

weight. These correlations were calculated after sub-

tracting the diet and breed effects. Thus, for instance,

it can be concluded that, among those of the same breed
following the same diet, those with higher weight had

lower linoleic acid levels and higher stearic and oleic

acid levels in backfat. This higher weight must be related

to a higher de novo synthesis in this tissue, and our re-

sults show that the increase is more due to a higher accu-

mulation of stearic and oleic acids than to the deposit of

palmitic acid.

3.3. Fatty acid composition

Results on the evolution of the four major FA can

be summarized as a continuous increase of stearic acid

during pig life, an increase in oleic acid in the first

stages and of palmitic acid in the last stages, and all

this compensated by a decrease in linoleic acid (mainly

in the last stages). This competition is clear throughout
the growth period, and the effect of the percentage of

added dietary fat is highly relevant. Stearic and pal-

mitic acid levels were more affected by the increase in

the percentage of added dietary fat while levels of oleic

acid showed a smaller change. The effect of an increase

in palmitic acid was reversed as added dietary fat in-

creased (diet with 8% added fat showed a slight de-

crease over time), but this effect of reversion,
according to the percentage of added fat, was not ob-

served for the increase in stearic and oleic acids levels.

Finally, the levels changing most significantly corre-

sponded to linoleic acid. In accordance with the in-

crease in the percentage of added dietary fat (which

involves increasing intakes of linoleic acid), the de-

crease in backfat linoleic acid levels with time tended

to stabilize and, at 8% of added fat (diet 4), a slight in-
crease was observed. In respect of the effect on D6-
desaturase activity, the level of arachidonic acid in

backfat was the best marker. Changes in the levels of

this FA across time were characterised by a relevant in-

crease during the first weeks and a clear decrease (par-

allel to that of linoleic acid) during the last weeks of

treatment. However, when the most-fat-enriched diet

(8%) was given to the pigs, the levels of arachidonic
acid were maintained during the last weeks. This was

confirmed by the analyses done in the carcass samples



Fig. 1. Curves of weight increase (kg), corresponding to the four experimental diets (0%, 2%, 4% and 8% high-linoleic added fat), for the four breeds

(a, Large White; b, Duroc; c, Landrace; d, F1).
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from the same animals (Part II of this paper), where
there was a statistically significant correlation between

arachidonic and linoleic levels in adipose tissues.

In general, the different FA development across time

were linear for diets 1 and 2. In contrast, clear curvilin-

ear patterns occurred in most cases for diets 3 and 4

(Figs. 2(a)–(d)). Compared to diet, the factor breed

showed a smaller effect. Overall, the changes in the FA

profile related to breed were minimum for Duroc pigs
and maximum for F1 and Landrace (Figs. 3(a)–(d)).

Diet 3 curve was usually coupled to diet 4, except for

Large White pigs (in order to simplify the graphical pre-

sentation, individual curves for each diet and breed are

not shown, but main interaction effects are widely com-

mented upon in detail in the text).
3.4. Linoleic acid

The effects of diet and breed on the linoleic acid profile

(Figs. 2(a) and 3(a)) were highly significant (p = 0.000),

whereas those of diet-breed interaction were moderately

significant (p = 0.030). Diet 1 led to a decrease of linoleic

acid levels (on average i.d. 6%), but this decrease was

slightly compensated by diet 2, while no variation was

observed in diet 3. Pigs on diet 4 showed an increase in
linoleic acid levels. Non-linear behaviour was observed

in diets 3 and 4, with an initial increase, followed by a de-

crease in the last days of the experiment. The decrease of

linoleic acid levels in diets 1 and 2 was compensated by

an increase in palmitic and stearic acids. Camoes et al.

(1995) reported similar observations in backfat biopsies



Fig. 2. Changes in backfat FA levels (a, Linoleic acid; b, Palmitic acid; c, Oleic acid; d, Stearic acid), corresponding to the four experimental diets:

0%, 2%, 4% and 8% high-linoleic added fat (data expressed as percentage of total FA).
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from pigs fed linoleic acid-rich diets, followed by a period

with a saturated fat diet. In this case, the levels of this

acid increased and decreased with time, depending on

the type of dietary fat. When a diet rich in n-3 PUFA

is administered, these FAs replace linoleic acid as mark-

ers of dietary effect on the FA composition of pig tissues.
This observation is supported by results from other

authors (Fontanillas et al., 1998; Irie & Sakimoto,

1992; Romans, Wulf, Johnson, Libal, & Costello,

1995), who assayed dietary treatments containing lin-

seed, linseed oil or fish oil. Pigs administered a 15% flax-

seed diet, during a range of periods before slaughter,

show significant differences, between all periods, in the

levels of linoleic acid in backfat level, and also in other
n-3 PUFAs derived from linoleic, mainly in C20:5 and
C22:6 (Romans et al., 1995). After the addition of 4%

of linseed oil to the feed, the linoleic and eicosapentae-

noic acid levels in backfat biopsies increase greatly over

time, which is mainly compensated by the decrease in

n-6 PUFA levels, because SFA slightly increases and

MUFA does not show significant changes (Fontanillas
et al., 1998). For diets supplemented with fish oil, the best

dietary markers are eicosapentaenoic and docosahexae-

noic acids. In a four-week treatment with increasing per-

centages of fish oil, the levels of these two long-chain

PUFAs in backfat biopsies clearly increase over time

(Irie & Sakimoto, 1992). This increase is significant for

diets containing 4% and 6% fish oil, but less so with 2%

added oil. In addition, our results showed that Duroc
pigs have the highest linoleic acid levels and F1 the



Fig. 3. Changes in backfat FA levels (a, Linoleic acid; b, Palmitic acid; c, Oleic acid; d, Stearic acid) corresponding to the four breeds: Large White,

Duroc, F1 and Landrace (data expressed as percentage of total FA).
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lowest ones (Fig. 3). Moreover, D and LD showed more

balanced levels of linoleic acid across time, since levels

started to fall between days 37 and 55. In contrast, LW

and F1 seem to be less able to maintain backfat linoleic

acid levels, that started to fall around day 22 of treat-
ment. Also, an interesting diet · breed interaction effect

was observed. When breed individual curves correspond-

ing to diet 4 (the only diet able to increase the backfat fi-

nal levels of linoleic acid) were analysed, only LW and D

showed this increase, while LD and F1 showed flat

curves without significant increases.

3.5. Palmitic acid

Like linoleic acid, the effects of diet and breed were

significant for palmitic acid (Figs. 2(b) and 3(b)), but
the interaction effect was non-significant (p = 0.063). In

general, the levels of palmitic acid were negatively corre-

lated with those of linoleic acid (p < 0.001), when a cor-

relation analysis was performed, point by point. In

general, we observed that curves differed mainly during
the first 56 days (diets 1 and 2 increased while diets 3 and

4 decreased), but from this point all curves showed an

increase, proportional to the percentage of added fat.

However, except for the diet 4 curve, there were lower

changes for palmitic acid than for linoleic acid levels

over time. Thus, we detected decreases of 6% and 4%

of linoleic acid for diets 1 and 2, respectively, against in-

creases of 2.3% and 1.7% of palmitic acid. For diet 3,
changes in these two FA levels were balanced while,

for diet 4, the relative change in palmitic levels was

greater than that for linoleic. These results are consistent
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with those reported in another longitudinal study (Fon-

tanillas et al., 1998). In addition, no significant changes

in palmitic acid levels for three types of added dietary fat

(linseed oil, olive pomace oil and hydrogenated fat) were

reported by these authors. In contrast, the levels of poly-

unsaturated, total trans, stearic and oleic acids changed
significantly. Similar results, showing the opposition of

palmitic acid to n-3 PUFA levels, have been reported

by another authors (Irie & Sakimoto, 1992), who

worked with diets supplemented with flaxseed and lin-

seed oils. Significant differences were also observed in

our results for breed with respect to the evolution of pal-

mitic acid. Duroc pigs showed a decrease in the levels of

this FA, while the other three breeds showed a more bal-
anced and similar evolution (Fig. 3(b)). In comparison

with Duroc curves, for the other main FAs, this breed

also shows a higher propensity to accumulate stearic

acid, and these lower levels of both saturated FAs are

compensated by the higher levels of linoleic acid.

3.6. Oleic acid

For oleic acid (Figs. 2(c) and 3(c)), the effects of diet

and breed were moderately significant (p = 0.018 and

0.022, respectively), whereas the interaction effect was

non-significant (p = 0.090). There was a general increase

in oleic acid during pig life, but the increase was lower in

relative terms compared to that of stearic acid. Oleic

acid levels in diet 1 were the highest and also showed

the maximum rate of increase, while the curves tended
to a smaller increase when the percentage of added fat

increased. This fact is quite interesting since from diet

1 to 4, there is an increase in the linoleic supply but also

in the oleic supply. However, there is a higher effect of

the diet on backfat linoleic acid deposit than on oleic

acid deposit. This observation indicates that the inhibi-

tion of the D9-desaturase activity rose when increasing

amounts of linoleic fatty acids were given in the diet,
although similar increases in oleic acid intake occurred

simultaneously. This inhibition of the D9-desaturase
activity was supported by the palmitoleic acid curves

(Fig. 4(b)) which also showed lower backfat levels for

diets 3 and 4, and included higher linoleic acid concen-

trations. Some authors (Dı́az, Garcı́a-Regueiro, Casi-

llas, & de Pedro, 1996; Fontanillas et al., 1998; Tejeda,

Gandemer, Antequera, Viau, & Garcı́a, 2002) showed
that diets, particularly rich in oleic acid and low in

PUFA, can increase the levels of oleic acid in backfat,

while slight decreases or no significant changes are ob-

served upon giving polyunsaturated diets (Fontanillas

et al., 1998; Irie & Sakimoto, 1992). Oleic acid levels

slightly increased in all breeds over time, but our results

showed significant differences in oleic acid levels among

breeds. Landrace showed higher levels than the rest (D,
LW and F1), among which there were no significant dif-

ferences. The levels of oleic acid in Landrace pigs were
already much higher at the beginning of the experimen-

tal treatment than levels observed in the other breeds.

But the fact that the high oleic acid levels in Landrace

also increase over time can only be explained by a higher

activity of the D9-desaturase, related to the genetic type.

The relevance of the factor breed in the control of oleic
acid level in backfat is also supported by our results

showing that differences among breeds (Fig. 3(c)) were

higher than differences between diets (Fig. 2(c)).

3.7. Stearic acid

For stearic acid, both effects of diet (Fig. 2(d)) and

breed (Fig. 3(d)) were highly significant (p = 0.000),
whereas interaction was only moderately significant

(p = 0.040). A consistent linear increase in levels of this

acid was observed during pig life. In relative terms, at

the end of the experiment, there were similar differences

between diet 1 and diet 4 for stearic acid levels as for pal-

mitic acid levels (4–5%). However, development curves

were quite different, because stearic acid curves always

increased over time, while palmitic acid showed increas-
ing curves for diets 1 and 2, but decreasing curves for

diets 3 and 4 (Fig. 2). This effect is in accordance with

the observation (commented upon above) that increas-

ing percentages of polyunsaturated fats are able to inhi-

bit D9-desaturase, which could lead to accumulation of

stearic acid as the substrate of this enzyme. Moreover,

while pigs on diet 4 (8% added fat) showed a develop-

ment curve similar to that of diet 3 for palmitic and oleic
acids, the stearic acid curve for diet 4 clearly diverged

from the other three curves and showed a much lower

rate of increase. This indicates that a critical level of

added fat existed between diets 3 and 4, which induced

a higher activation in the de novo synthesis. In other

studies (Fontanillas et al., 1998; Irie & Sakimoto,

1992), a similar effect was observed, since stearic acid al-

ways shows a higher rate of increase in backfat with time
than did other FAs. However, this increase was greater

for high-polyunsaturated and saturated diets than for

monounsaturated ones (olive pomace oil), where the rise

in oleic acid compensated for part of the increase in stea-

ric acid (Fontanillas et al., 1998). Furthermore, there

was a lower increase in stearic acid for the Duroc breed

at the end of the experiment with respect to the other

three breeds, which showed similar development curves
(Fig. 3(d)). The significant interaction found between

diet and breed indicates that, for LW, the stearic acid

curves were not different according to the diet, while

the D, LD and F1 diet curves showed a higher rate of

increase for diet 4 than for the other three diets.

3.8. Minor fatty acids

For the minor components of the FA profile, varia-

tion was much higher in relative terms but, in most



Fig. 4. Changes in backfat levels of arachidonic acid (a), palmitoleic acid (b) and total trans C18:1, corresponding to the four experimental diets: 0%,

2%, 4% and 8% high-linoleic added fat (data expressed as percentage of total FA).
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cases, there were no clear differences between diets, with

the exception of palmitoleic, and arachidonic acids, and

trans FA (Fig. 4). So, the levels of palmitoleic acid pre-

sented a consistent linear decrease during the pig�s life

and the range of the group (breed · diet) means was

from 4.4 at the start to 1.8% at the end. This trend

was increased by fat-enriched diets, showing the

above-mentioned inhibitory effect on the D9-desaturase.
Moreover, Duroc pigs showed significantly higher levels

of palmitoleic acid than the other breeds at the end of

the experiment. Arachidonic acid showed a particular

profile, since it increased during the first 22 days, peaked

at day 37, and then decreased at a low rate. This last de-
crease was almost totally compensated by the adminis-

tration of the most fat-enriched diet (8%) in a similar

way to that observed for linoleic acid levels. This paral-

lelism indicates the obvious dependence of arachidonic

acid levels on its synthesis from linoleic acid, since the

four diets supply very small amounts of arachidonic

acid. Differences related to the breed can be summarized

as a higher rate of arachidonic acid synthesis throughout
the growth period for Large White, which is the only

breed not showing decreasing backfat levels at the end

of the experiment. Finally, a pronounced dietary effect

was also observed for trans FA levels (Fig. 4(c)). These

levels decreased consistently to less than one half of
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the initial value in diet 1 while, for diets 2 and 3, they

showed more moderate decreases. For diet 4, a slight in-

crease was obtained at day 76. The intensity of this effect

is not relevant since our diets have low trans FA levels

but, in a study carried out in pigs fed hydrogenated

fat-enriched diets, the level of total transMUFA showed
a very high and constant increase, compared with the

slight decrease observed when polyunsaturated or

monounsaturated diets were given to animals (Fontanil-

las et al., 1998).
4. Conclusions

The aim to find the most adequate diet and breed for

a higher linoleic and less saturated FA pork meat, shows

that diet 3 (supplying 2 g C18:2 per 100 g feed) marks a

reference point. First, pigs on diet 3 in all cases showed

the highest rate of weight increase. Moreover, with re-

spect to backfat FA deposit, diets 1 and 2 showed sim-

ilar curves, while diet 3 showed clear separate curves

for all FAs. This change from diet 2 to 3 is the most rel-
evant when all FA are compared, since the change ob-

served between diets 3 and 4 is only relevant in some

cases. However, the higher linoleic increase rate for diet

4 than for 3, indicates that diet 3 is not enough to avoid

a certain linoleic acid decrease in backfat during pig life.

This difference between diets 3 and 4 is also clear for

stearic and palmitic acids, which showed a higher rate

of decrease for diet 4, compensating for the higher in-
crease observed for the linoleic acid. Another interesting

conclusion is that, in spite of the breed, there is a signif-

icant inverse correlation between the weight and the

backfat linoleic content. This suggests that it is neces-

sary to undertake studies reaching higher weights, in or-

der to quantify the level of decrease in backfat linoleic

acid according to the weight. Also interesting are the ef-

fects of the factor breed, particularly on the weight and
the linoleic acid deposit curves. The experimental diets,

on the four breeds studied, showed a clear differentiation

for the Landrace curves, and diet 3 showed the highest

weight increase rate. In contrast, F1 crossbreed is the

least affected by the diet, since its four diet curves were

quite coincident. Duroc is the breed showing the highest

rate of linoleic increase, while the other three breeds

showed similar and quite lower rates. Obviously, this
higher linoleic increase for Duroc is compensated by a

significantly higher decrease in palmitic and stearic acid

levels for this breed than for the others, while oleic acid

levels are less variable.
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(1994). Fatty acid composition and nutritional value of fresh eggs,

from large- and small-scale farms. Journal of Food Composition and

Analysis, 7, 171–178.

Irie, M., & Sakimoto, M. (1992). Fat characteristics of pigs fed fish oil

containing eicosapentaenoic and docosahexaenoic acids. Journal of

Animal Science, 70, 470–477.

Oliver, M. A., Gispert, M., Tibau, J., & Diestre, A. (1991). The

measurement of light scattering and electrical conductivity for the

prediction of PSE pig meat at various times post mortem. Meat

Science, 29, 141–151.

Romans, J. R., Wulf, D. M., Johnson, R. C., Libal, G. W., &

Costello, W. J. (1995). Effects of ground flaxseed in swine

diets on pig performance and on physical and sensory

characteristics and omega-3 fatty acid content of pork: II:

duration of 15% dietary flaxseed. Journal of Animal Science,

73, 1987–1999.
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