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Abstract

In this study, composition and fatty acid profiles of intramuscular lipid fractions, proteolytic and lipolytic muscle enzyme ac-

tivities in muscle Longissimus dorsi have been determined in three lines of Iberian pigs (‘‘Lampi~no’’, ‘‘Retinto’’ and ‘‘Torbiscal’’)

reared under the free-range system and slaughtered at 90kg live weight and industrial genotype pigs (IGP) (Large White-Land-

race ·Large White) reared intensively. Intramuscular fat content was significantly higher (p < 0:05) in Iberian pig lines (IPL) than in

IGP. Neutral lipids of IPL showed higher (p < 0:05) percentages of palmitic, oleic, total saturated fatty acids and monounsaturated

fatty acids and lower (p < 0:05) percentages of polyunsaturated acids and linoleic acid in neutral and polar lipids than IGP. No

statistical differences were found in cathepsin B or B+L or phospholipase residual activities between IPL and IGP, while cathepsin

H residual activity was significantly (p > 0:05) higher in IGP than in IPL. The ratio cathepsin B+L/B was significantly lower

(p < 0:05) in IGP and ‘‘Lampi~no’’ line than in ‘‘Retinto’’ and ‘‘Torbiscal’’ lines. Acid lipase residual activity showed a significantly

(p < 0:05) higher activity in IPL than in IGP. The activity of neutral lipase was significantly higher (p < 0:05) in ‘‘Torbiscal’’ line and

lower in the ‘‘Lampi~no’’ line while the ‘‘Retinto’’ line and IGP showed intermediate activities. Acid esterase activity was higher

(p < 0:05) in ‘‘Retinto’’ and‘‘Torbiscal’’ lines than in IGP and the ‘‘Lampi~no’’ line. The different enzyme patterns in fresh meat may

explain the wide proteolysis and lipolysis variations usually observed in the processing of dry-cured ham.

� 2004 Elsevier Ltd. All rights reserved.
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1. Introduction

In recent years consumers have started to demand

other types of meats, different from those typically pro-

duced under intensive production schemes. These new

models of meat production, commonly imply the use of
non-selected pig breeds, with both productive and meat

characteristics very different from those of industrial pig

genotypes and feeding based on natural resources (Cava,

Est�evez, Ruiz, &Morcuende, 2003; Johs€all, Johansson, &
Lundstr€om, 2001; Norgaard & Bennett, 1995). Previous
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studies have shown that muscles from rustic pig breeds, in

contrast to muscles from selected pig breeds, contain

higher amounts of intramuscular lipids and heme pig-

ments (Cava et al., 2003; Morales, P�erez, Baucells,

Mourot, & Casa, 2002; Serra et al., 1998) and different

muscle enzyme residual activities lipase, phospholipase
and cathepsin activities (Rosell & Toldr�a, 1998; Toldr�a,
Flores, Aristoy, Virgili, & Parolari, 1996). Additionally,

dietary fat differences induce alterations in the fatty acid

profiles of total fat and lipid fractions that have impor-

tant consequences for the oxidative stability of meat

(Cava, Ruiz, Tejeda, Ventanas, & Antequera, 2000;

Morrissey, Sheehy, Galvin, Kerry, & Buckley, 1998).

Both fatty acid composition of lipid fractions and enzyme
activity pools lipolytic and proteolytic- of muscles are

directly related to the development of the particular
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characteristics of raw, cured, stored and cooked meat

(Cava, Ruiz, Ventanas, & Antequera, 1999; Est�evez,
Morcuende, Ventanas, & Cava, 2003; Garc�ıa-Garrido,

Quiles-Zafra, Tapiador, &Luque deCastro, 2000;Miller,

Shackleford, Hayden, & Reagan, 1990; Toldr�a, Flores, &
Aristoy, 1995).

Lipolysis, based on the action of muscle lipases, es-

terases and phospholipases, is responsible for the deg-

radation of intramuscular lipids during storage and

processing of meat and meat products (Coutron-Gam-

botti & Gandemer, 1999; Currie & Wolfe, 1977; Flores,

Alasnier, Aristoy, Navarro, Gandemer, & Toldr�a, 1996;
Motilva, Toldr�a, Nieto, & Flores, 1993; Sklan, Tenne, &
Budowski, 1983). Lipolysis generates free fatty acids,

which may promote lipid oxidation and contribute to

the generation of compounds responsible, in part, for

the flavour of meat and meat products (Nawar, 1996;

Toldr�a & Flores, 1998; Vestergaard, Schivazappa, &

Virgili, 2000). Moreover, muscle protein breakdown in

raw meat leads to an increase in the proteolysis index

and content of free aminoacids. Proteolysis during the
processing of dry-cured meat products mainly depends

on muscle lysosomal proteinases (Quali, 1992; Toldr�a,
1998). The differences in the activity of the proteolytic

enzymes may affect important aspects of meat quality,

such as tenderness and contribute to the improvement of

meat taste by generation of peptides and aminoacids

and meat flavour precursors (Aristoy & Toldr�a, 1995;
Essen-Gustavsson & Fjelkner-Modig, 1985; Mottram,
1998).

Little is known, however, about the proteolytic and

lipolytic activities in muscles from light-weight Iberian

pigs and the possible differences in enzymatic pools

when compared with muscles from IGP. In the present

study, we have examined the composition, fatty acid

profile and levels of proteolytic, cathepsin B, B+L and

H, and lipolytic, acid and neutral lipases, esterases and
phospholipases, in fresh m. Longissimus dorsi from three

typical Iberian pig lines, reared under free-range sys-

tems, and industrial genotype pigs, reared under the

intensive system, in order to determine the influence of

genetic factors and the relationship with other compo-

sitional traits.
2. Materials and methods

2.1. Samples

Twenty-one Iberian pigs (�50 kg live weight) from

three different lines: ‘‘Lampi~no’’ (n ¼ 7), ‘‘Torbiscal’’

(n ¼ 7) and ‘‘Retinto’’ (n ¼ 7), commonly produced in

the South-West of Spain and belonging to Iberian pig
pure breed selection schemes, were free-range reared

during late spring and early summer seasons, being feed

on grass and a concentrate feed based on cereals without
incorporation of any animal source of protein or fat.

Feed analysis (AOAC, 1990) showed a protein content

of 16.2 g/100 g dry matter (d.m.) and a fat content of

2.68 g/100 g d.m. Fatty acid composition of feed (ex-

pressed as percentage of total fatty acids identified) was
as follows: palmitic acid (C16): 14.2%; stearic acid

(C18): 3.13%; oleic acid (C18:1, n-9): 51.3%, linoleic acid

(C18:2, n-6): 26.6% and linolenic acid (C18:3, n-3):

1.65%. Pigs were stunned and slaughtered at the end of

the fattening period at a live weight of �90 kg and an

age of �7 months. Samples from industrial genotype

pigs (IGP) (Large White-Landrace ·Large White) (n ¼
5) were procured in the same slaughterhouse. IGP were
reared in an intensive system and fed on a commercial

concentrate feed and slaughtered at a live weight of �90

kg and an age of �4 months. Mm. Biceps femoris were

dissected, freed of visible fat, vacuum-packaged and

kept frozen at 85 �C until analysed.

2.2. Analytical methods

2.2.1. Intramuscular fat isolation and fatty acid profiles

Intramuscular total lipids from muscles were ex-

tracted according to the method described by Bligh and

Dyer (1959). From the fat extracted, neutral lipid (NL)

and polar lipid (PL) fractions of muscles were isolated

according to the method developed by Garcia-Regueiro,

Gilbert, and Diaz (1994). Fatty acid methyl esters

(FAMEs) of free fatty acids, neutral and polar lipid
fractions were prepared by acidic esterification in the

presence of sulphuric acid (Cava et al., 1997). FAMEs

were analysed using a Hewlett–Packard, mod. HP-

5890A, gas chromatograph, equipped with a flame

ionisation detector (FID). FAMEs were separated on a

30 m FFAP-TPA fused-silica column (Hewlett Packard)

with an i.d. of 0.53 mm and a 1.0 lm film thickness. The

injector and detector were maintained at 230 �C. Col-
umn oven temperature was maintained at 220 �C. The
carrier gas was nitrogen at a flow rate of 1.8 ml/min.

Identification of FAMEs was based on retention times

of reference compounds (Sigma).

2.2.2. Assay of cathepsin activity

Two grammes of muscle Longissimus dorsi were ho-

mogenized in 20 ml of 50 mM sodium citrate buffer, pH
5.0, containing 1 mM EDTA and 0.2% (vol) Triton X-

100. The extract was homogenised (three times at 27000

rpm for 10 s with cooling on ice) with a polytron (Ki-

nematica, Switzerland), and centrifuged at 12000 g for

20 min at 4 �C.
Cathepsin B, B+L and H were assayed, as previously

described by Toldr�a and Etherington (1998), using N-

CBZ-l-arginyl-l-arginine 7-amido-4-methyl-coumarin
(Z-Arg-Arg-AMC) at pH 6.0, N-CBZ-l-phenylalanyl-l-

arginine 7-amido-4-methyl-coumarin (Z-Phe-Arg-AMC)

at pH 6.0 and l-arginine 7-amido-4-methyl-coumarin
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(Arg-AMC) at pH 6.8, respectively, as fluorescent sub-

strates. For each assay, 50 ml of extract was diluted with

250ml of reaction buffer (40mMsodiumphosphate at the

different pH levels, containing 0.4 mM EDTA, 10mM

cysteine, and 0.05 mM substrate) and then incubated for
20 min at 37 �C. Four replicates were measured for each

experimental point. The fluorescence was measured at an

excitation wavelength of 355 nm and an emission wave-

length of 460 nm by using a Fluoroskan II multiscanning

fluorimeter (Labsystems, Finland). One unit (U) of pro-

teolytic activity is defined as the amount of enzyme ca-

pable of hydrolysing 1 nmol of substrate per minute at 37

�C.

2.2.3. Assay of lipolytic enzyme activity

Five grammes of muscle were homogenized in 25 ml

of 50 mM phosphate buffer, pH 7.5, containing 5 mM

EGTA by using a polytron homogeniser (three bursts of

10 s each at 27,000 rpm, with ice cooling). The ho-

mogenate was centrifuged at 10,000g for 20 min and the

resulting supernatant filtered through glass wool and
used for further enzyme assays.

Enzyme assays were performed as previously de-

scribed by Motilva, Toldr�a, and Flores (1992) with

slight modifications. The reaction mixture consisted of

50 ml of enzyme extract and 250 ml of reaction medium

containing 1.5 mM of the specific substrate. Lipase and

esterase activities were determined using 4-methylum-

belliferyl oleate and 4-methylumbelliferyl propionate
(Sigma Chemical Co., St. Louis, MO) as substrates,

respectively. Acid activities were assayed in 0.1 M citric

acid/0.2 M disodium phosphate containing 0.8 mg ml�1

of bovine serum albumin (BSA) and 0.5 mg ml�1 Triton

X-100 at pH 5, with the addition of 150 mM sodium

fluoride when measuring the acid phospholipase activ-

ity. Neutral activities were assessed in 0.1 M citric acid/

0.2 M disodium phosphate containing 6 mg ml�1 bovine
serum albumin (BSA) and 0.012 mg ml�1 of heparin at

pH 7.5. In all cases, the reaction medium was incubated

at 37 �C and fluorescence was periodically monitored at

k excitation¼ 355 nm and k emission¼ 460 nm by using

a Fluoroskan II multiscanning fluorimeter (Labsystems,

Finland). One unit (U) of activity was defined as the

amount of enzyme hydrolysing 1 lmol of substrate per

hour at 37 �C. Four replicates were measured for each
experimental point.

2.3. Statistical analysis

The effect of pig breed on studied parameters was

assessed by analysis of variance (ANOVA) using the

General Linear Model of SPSS 10.0 (SPSS, 1999) and

significant means were established by Tukey’s test at
level of p < 0:05. Principal component analyses were

performed with the SPSS Advanced Models of SPSS

10.0 software package.
3. Results and discussion

Moisture, intramuscular fat and protein contents and

the fatty acid profiles of neutral, polar and free fatty acid

fractions of the intramuscular fat of the m. Longissimus

dorsi from Iberian pig lines (IPL) and industrial geno-

type pigs (IGP) are shown in Table 1.

Moisture content, ranging from 72.28% to 73.78%,

and protein content, ranging from 23.5% to 24.8%, did

not differ among pig breeds. However, the intramuscular

fat content showed significant differences between IPL

and IGP. Average intramuscular fat content in m.

Longissimus dorsi from IPL was 1.8–2.4 fold-times
higher (p < 0:05) than in industrial genotype pig muscle

(3.01 g/100 g vs 1.41 g/100 g muscle). No differences

were found among Iberian pig lines although the

‘‘Torbiscal’’ line showed a trend towards less intramus-

cular fat than the other two lines (‘‘Lampi~no’’: 3.34 g/100
g d.m.; ‘‘Retinto’’: 3.17 g/100 g and ‘‘Torbiscal’’: 2.51 g/

100 g muscle). This is in accordance with previous works

showing higher contents of intramuscular fat in Iberian
pig muscles than the same muscles from lean pig breeds

(Cava et al., 1997; Cava et al., 2000; Serra et al., 1998).

Fatty acid composition of lipid fractions showed

noticeable differences among pig breeds. Neutral lipid

fraction in m. Longissimus dorsi from IPL exhibited

significantly higher (p < 0:05) percentages of monoun-

saturated fatty acids (51.5%, 49.7%, 50.0% and 43.4%

for ‘‘Lampi~no’’, ‘‘Retinto’’, ‘‘Torbiscal’’ and IGP, re-
spectively) and oleic acid (46.4%, 44.5%, 44.4% and

39.0%, for ‘‘Lampi~no’’, ‘‘Retinto’’, ‘‘Torbiscal’’ and IGP,

respectively) and lower percentages of polyunsaturated

fatty acids (7.51%, 9.15%, 8.95% and 17.6%, for

‘‘Lampi~no’’, ‘‘Retinto’’, ‘‘Torbiscal’’ and IGP, respec-

tively) and linoleic (6.11%, 7.11%, 7.23% and 14.2%, for

‘‘Lampi~no’’, ‘‘Retinto’’, ‘‘Torbiscal’’ and IGP, respec-

tively) and arachidonic acids (0.89%, 1.39%, 1.03% and
2.27%, for ‘‘Lampi~no’’, ‘‘Retinto’’, ‘‘Torbiscal’’ and IGP,

respectively) than muscles from IGP. In the polar lipid

fraction, there were no great differences in fatty acid

composition between IPL and IGP. Polar lipids from

IGP contained significantly (p < 0:05) higher percent-

ages of linoleic acid than ‘‘Lampi~no’’ line (31.3% vs

23.2%, for IGP and ‘‘Lampi~no’’ line, respectively). The
other two lines (‘‘Retinto’’ and ‘‘Torbiscal’’) of Iberian
pigs did not show differences in the percentage of linoleic

acid with respect IGP. The study of dimethyl acetals

from polar lipid fractions showed a significant difference

in C16-al and C18:1-al proportions between groups. The

percentages of hexadecanal (C16-al) were the opposite

to that of octadecenal (C18:1-al), C16-al being statisti-

cally significantly (p < 0:05) higher and C18:1-al signif-

icantly lower (p < 0:05) in IGP than in the three IPL.
Free fatty acids did not exhibit a clear trend as reported

for neutral and polar lipids fractions. IGP showed sig-

nificantly (p < 0:05) higher percentages of C16 (26.0% vs



Table 1

Means and standard errors (SE) of moisture, intramuscular fat and protein contents and selected fatty acid composition (% methyl esters identified)

of neutral, polar and free fatty acid fractions of intramuscular fat

Iberian pig lines Industrial genotype pigs

‘Lampi~no’ ‘Retinto’ ‘Torbiscal’

Mean SE Mean SE Mean SE Mean SE

Moisture 72.28 0.50 73.37 0.29 73.65 0.31 73.78 0.63

IMF 3.34a 0.18 3.17a 0.53 2.51a 0.15 1.41b 0.09

Protein 24.3 0.44 23.5 0.36 23.8 0.35 24.8 0.63

Neutral lipids

C16 26.0 0.30 26.4 0.40 26.3 0.44 24.9 0.32

C18 12.4 0.21 12.6 0.26 12.6 0.26 12.0 0.60

RSFA 40.7 0.40 41.2 0.69 41.1 0.74 39.2 0.78

C18:1 46.4a 0.49 44.5a 0.52 44.7a 0.95 39.0b 1.76

RMUFA 51.7a 0.53 49.7a 0.52 50.0a 1.03 43.4b 2.03

C18:2 6.11b 0.37 7.11b 0.66 7.23b 0.43 14.23a 1.91

C18:3 0.36b 0.03 0.45a,b 0.03 0.52a,b 0.04 0.66a 0.14

C20:4 0.89b 0.06 1.39b 0.25 1.03b 0.12 2.27a 0.16

RPUFA 7.51b 0.30 9.15b 0.40 8.95b 0.44 17.6a 0.32

Polar lipids

C16 19.82 1.46 22.4 0.79 23.9 1.34 21.2 0.26

C18 8.84 0.68 9.05 0.30 8.99 0.94 9.65 0.39

RSFA 30.6 1.33 32.9 0.92 34.0 2.33 31.8 0.62

C18:1 24.3 1.91 25.2 1.60 23.0 2.68 20.5 2.15

RMUFA 28.1 1.50 28.1 1.87 25.6 2.71 22.8 2.39

C18:2 23.2b 1.76 26.8a,b 1.55 33.3a 2.84 31.3a 1.50

C18:3 1.08 0.10 0.87 0.05 1.04 0.15 0.78 0.02

C20:4 14.5 2.20 10.0 0.92 12.4 0.80 11.8 0.69

RPUFA 41.3 2.45 38.9 2.55 48.2 3.30 45.4 1.84

C16-al 52.5a 1.22 54.2a 1.40 51.6a 0.75 46.2b 0.36

C18-al 30.9 0.84 29.7 0.98 30.4 0.75 32.4 0.55

C181-al 16.6b 0.67 16.1b 0.56 18.0b 0.61 21.4a 0.51

DMA/FA 20.0 1.73 18.80 1.64 24.0 1.08 22.7 1.02

Free fatty acids

C16 22.9a,b 0.70 22.0b 0.97 20.9b 1.12 26.0a 1.00

C18 12.6a,b 0.30 13.3a 0.73 11.6a,b 0.59 10.8b 0.50

RSFA 38.5a,b 0.46 38.8a,b 0.70 34.9b 1.47 39.2a 1.33

C18:1 39.4 1.58 40.2 1.63 36.3 2.55 37.1 1.02

RMUFA 45.9 1.29 46.0 1.68 40.3 2.78 42.1 0.75

C18:2 11.1a,b 0.66 11.7a,b 1.23 9.40b 1.33 14.7a 1.31

C18:3 1.07a,b 0.09 0.65b 0.09 1.99a 0.90 0.84b 0.11

C20:4 3.09 0.36 2.45 0.43 3.18 0.55 2.87 0.52

RPUFA 15.8 1.11 15.3 1.72 13.9 1.84 18.9 1.79

a,b,c – Different letters indicate significant difference (p < 0:05) between means.

SFA: saturated fatty acids (C14, C16, C17, C18 and C20); MUFA: monounsaturated fatty acids (C16:1, C17:1, C18:1, C20:1); PUFA: poly-

unsaturated fatty acids (C18:2, C18:3, C20:2, C20:4); C16-al: hexadecanal; C18-al: octadecanal; C18:1-al: octadecenal; DMA/FA: dimethyl acetals/

fatty acids ratio.
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20.9%), saturated fatty acids (39.2% vs 34.9%) and

C18:2 (14.7% vs 9.40%) than the ‘‘Torbiscal’’ Iberian pig

line. The other two lines of Iberian pigs (‘‘Lampi~no’’ and
‘‘Retinto’’) showed intermediate percentages between

IGP and the ‘‘Torbiscal’’ line that were not statistically

significant.

It is well known that fatty acid composition of tissues
and lipid fractions in pigs is directly related to dietary

fatty acid composition (Miller et al., 1990), so differences

found in this experiment could be attributable to dif-

ferences in fatty acid composition of feeds administered
to pigs during the fattening period. In relation to fatty

acid profiles, the higher contents of polyunsaturated

fatty acids in intramuscular lipids and mainly their

higher proportions in polar lipids of commercial geno-

type pigs, make their meat more susceptible to oxidative

stress (Morrissey et al., 1998) and therefore to the de-

velopment of rancid flavour after culinary preparation
or refrigerated and frozen storage. This fact has been

recently confirmed by Est�evez et al. (2003) who evalu-

ated the volatile compound profiles of meats from Ibe-

rian and commercial genotype pigs. They found higher



Table 2

Comparison between cathepsin activities in three Iberian pig lines and Industrial genotype pigs

Iberian pig lines Industrial genotype pigs

‘Lampi~no’ ‘Retinto’ ‘Torbiscal’

Mean SE Mean SE Mean SE Mean SE

Cathepsin B 6.31 0.39 6.21 0.33 5.83 0.46 6.28 0.52

Cathepsin B+L 19.9 1.08 23.2 1.45 23.4 1.52 19.7 1.71

Cathepsin B+L/B 3.17b 0.10 3.73a 0.10 4.03a 0.10 3.15b 0.12

Cathepsin H 11.5b 0.50 12.1b 0.35 11.8b 0.23 14.5a 1.52

Results expressed as units per g of muscle.

a,b,c – Different letters indicate significant difference (p < 0:05) between means.
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relative amounts of certain compounds related to off-

flavour in refrigerated and cooked and refrigerated meat

from the commercial genotype pigs.

The analysis of residual activities of lysosomal pro-

teases in m. Longissimus dorsi from lines of Iberian pigs

and IGP revealed important differences in the proteo-

lytic activities caused by genetic factors. The results are

shown in Table 2.
The activities of cathepsin B and cathepsin B+L did

not show significant differences between pig breeds or

even within Iberian pig lines. In the case of cathepsin B,

the values were around 5.8–6.31 U/g while for cathepsin

B+L they were 19.7–23.4 U/g. However, some signifi-

cant differences were found in the ratio of the mea-

surements of cathepsin B+L activity and cathepsin B

activity. This ratio was calculated to obtain an indica-
tion of the contribution of cathepsin L to the activity

using a common substrate (Schreurs, Schreurs, van der

Heide, Leenstra, & Witt, 1995). Significant differences

were obtained in the ratio cathepsin B+L/B, indicating

that cathepsin L should make an important contribution

to most of the differences observed between pig breeds

and Iberian pig lines. In this sense, the activity was

significantly higher (p < 0:05) in the ‘‘Retinto’’ (3.73 U/
g) and ‘‘Torbiscal’’ (4.03 U/g) IPL than in the

‘‘Lampi~no’’ (3.17 U/g) Iberian pig line and IGP (3.15 U/

g). The activity of cathepsin H was significantly higher

(p < 0:05) in the IGP (14.5 U/g) than in the three lines of

Iberian pigs (11.5 U/g, 12.1 U/g and 11.8 U/g, for

‘‘Lampi~no’’, ‘‘Retinto’’ and‘‘Torbiscal’’ Iberian pig lines,

respectively). No significant differences were found

among them. Results agree in part with previous studies
which reported that muscle cathepsin activity is related

to breed (Armero, Barbosa, Toldr�a, Baselga, & Pla,

1999; Flores, Romero, Aristoy, Flores, & Toldr�a, 1994;
Rosell & Toldr�a, 1998; Toldr�a et al., 1996). However,

some findings, (those related to cathepsin B and B+L

activities) are not in agreement with results described by

Rosell and Toldr�a (1998) in a study in which lysosomal

protease activities were assessed in muscles from Iberian
and white pigs (Large-White ·Landrace ·Duroc). These

authors found significantly higher activities of cathep-

sins in industrial genotype pigs than in Iberian pigs al-
though the lack of agreement may be due to the different

age of animals used in each experiment (18-month-old in

that study vs 7-month-old in our study). In this sense,

S�arraga, Gil, and Garc�ıa-Regueiro (1993) and Toldr�a
et al. (1996) reported higher cathepsin B and B+L in 7

month-old pigs than in 11 months old pigs, differences

that are in accordance with the role of lysosomal en-

zymes in the regulation of protein turnover (Goll, 1991),
that decrease with the animal age. On the other hand,

the higher activity of cathepsin H in IGP is related to the

evidence that leaner genotypes show higher cathepsin H

activity than poorer conformation genotypes (Armero

et al., 1999; Rosell & Toldr�a, 1998). On the basis of the

results obtained, it could be proposed that meat from

IGP would be more prone to proteolysis than meat from

IPL, as would be reflected in different generation rates of
peptides and aminoacids, as well as proteolysis-derived

volatile compounds and, thus, sensible differences in

sensory properties.

The analysis of lipolytic enzyme activities showed

important differences (Table 3). Acid lipase showed a

significantly (p < 0:05) higher activity in IPL (0.72 U/g,

0.63 U/g and 0.49 U/g in ‘‘Lampi~no’’, ‘‘Retinto’’ and

‘‘Torbiscal’’, respectively) than in the muscle of IGP
(0.34 U/g). In this way, activity of acid lipase was more

than twice higher in the ‘‘Lampi~no’’ line than in IGP.

Also, the statistical analysis of acid lipase activity de-

noted a significant (p < 0:05) difference among the three

lines of Iberian pig studied, that increased in the order

‘‘Torbiscal’’ > ‘‘Retinto’’ > ‘‘Lampi~no’’. A close relation-

ship could be noticed between acid lipase residual ac-

tivity and intramuscular fat content, the higher
intramuscular fat content, the higher was the acid lipase

residual activity (Tables 1 and 3). In relation to neutral

lipase activity, no relationship between enzyme activity

and pig breed was observed. However, statistically sig-

nificant differences were found (p < 0:05). The ‘‘Torbi-

scal’’ (0.63 U/g) Iberian pig line showed the highest

activity and ‘‘Lampi~no’’ (0.19 U/g) Iberian pig lines the

lowest. ‘‘Retinto’’ (0.41 U/g) and IGP (0.41 U/g) breeds
shown intermediate activities. Inversely to the pattern

showed by acid lipase, the measured activity in IGP

muscle doubled the neutral lipase activity found in the



Table 3

Comparison between lipolytic enzyme activities in three Iberian pig lines and Industrial genotype pigs

Iberian pig lines Industrial genotype pigs

‘Lampi~no’ ‘Retinto’ ‘Torbiscal’

Mean SE Mean SE Mean SE Mean SE

Acid lipase 0.72a 0.02 0.63b 0.03 0.49c 0.01 0.34d 0.02

Neutral lipase 0.19c 0.03 0.41b 0.03 0.63a 0.03 0.41b 0.03

Phospholipase 0.47 0.05 0.45 0.02 0.42 0.01 0.41 0.03

Acid sterase 4.38b 0.10 5.42a 0.16 5.40a 0.22 3.85b 0.21

Results expressed as units per g of muscle.

a,b,c – Different letters indicate significant difference (p < 0:05) between means.
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‘‘Lampi~no’’ Iberian pig line. Concerning acid esterase
activity, Iberian pigs exhibited higher values than

muscle from IGP, and significantly different (p < 0:05)
from the ‘‘Retinto’’ (5.42 U/g) and ‘‘Torbiscal’’ (5.40 U/

g) Iberian pig lines, while the activities in the

‘‘Lampi~no’’ (4.38 U/g) Iberian pig line and IGP (3.85 U/

g) muscles were not statistically different. Phospholipase

activity did not show significant (p > 0:05) differences

among groups, the values being very similar for all the
analysed groups (0.41 U/g in IGP and 0.47, 0.45 and

0.42 U/g in ‘‘Lampi~no’’, ‘‘Retinto’’ and ‘‘Torbiscal’’

Iberian pig lines, respectively). Results obtained in the

present work did not agree at all with previous results

from Rosell and Toldr�a (1998), who assayed the lipo-

lytic enzyme residual activities in the m. B. femoris from

Iberian and lean pigs and found a lower acid lipase

activity in Iberian pig muscles than in those from IGP
although this could be due to the differences in the age

and weight of slaughtering of the animals in the two

studies, as previously commented upon. These results

show the important effects of slaughtering age and

weight on the lipolytic and proteolytic enzyme patterns

in m. Longissimus dorsi from heavy and light-weight

Iberian pigs and industrial genotype pigs. Lower age

and slaughtering weight lead to more similar enzyme
muscle patterns in Iberian pigs and industrial genotype

pigs, in contrast with results described when muscles

from heavy-weight Iberian pigs and industrial genotype

pigs are compared. In recent years, in Spain, there is an

increasing interest in meat from light-weight Iberian

pigs for fresh consumption and these differences in the

muscle enzyme pattern in light-weight Iberian pigs and

industrial genotype pigs could be responsible, among
other factors, such as fatty acid profiles and phospho-

lipids contents, for a different formations of flavour
Table 4

Results of the principal component analysis

Component Eigenvalue Cumulative eigenvalue To

#1 11.23 11.23 27

#2 6.58 17.81 16

#3 4.55 22.35 11

#4 3.50 25.85 8
compounds in meat during refrigerated storage, as
previously reported Est�evez et al. (2003) that could af-

fect the sensory quality.

A principal component analysis (PCA) was carried

out to determine the relationships between the different

studied traits. Tables 1–3 show the means and standard

errors for the variables used in the analysis. PCA of

these variables resulted in three significant factors that

accounted for 54.5% of the variability, increasing
to 63.1% when the fourth component is computed

(Table 4).

Fig. 1 shows the score plot of the different variables

(coefficients of the eigenvectors) for the first two prin-

cipal components (PC#1 and PC#2). In this plot it is

possible to distinguish a group of variables, composed

of C20:4 from TG, octadecenal, polyunsaturated fatty

acids from TG and C18:2 from TG, in the positive axis
and of C18:1 and monounsaturated acids from TG,

IMF, hexadecanal and acid lipase in the negative part of

the first principal component (PC#1), far from the ori-

gin. This group explains an important part of the vari-

ation. C16, C18 and total saturated fatty acids from PL

are located on the second PC (PC#2), far from the or-

igin, explaining an independent cause of variation, not

related to the C20:4 from PL. The distribution of the
data on the two first PC variables (Fig. 2) shows two

great separate groups of points. The m. Longissimus

dorsi from IGP is confined to right along the PC#1, to

the plane area corresponding to high values of cathepsin

H, polyunsaturated fatty acids, C18:2 and C20:4 from

TG, whereas the m. Longissimus dorsi from Iberian pigs

are grouped in the left with high values of total mono-

unsaturated fatty acids and C18:1 from TG, intramus-
cular fat and acid lipase activity. The two breeds may be

distinguished by principal component analysis since
tal variance explained (%) Cumulative variance explained (%)

.38 27.38

.05 43.43

.09 54.51

.54 63.06
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each one presents a different pattern, based on the meat

composition and enzyme activities.

In summary, although feed is the main factor affect-

ing the fatty acid composition of intramuscular fat and

lipid fractions in the assayed pigs, some other parame-
ters, such as proteolytic and lipolytic enzyme pools,

which are under the control of the genetic factors of the

breed and are hard to manipulate to obtain desirable

meat traits, have shown important differences. Small

differences have been found among IPL that could be
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related to the different origins of the ‘‘Lampi~no’’, ‘‘Re-
tinto’’ and ‘‘Torbiscal’’ Iberian pig lines. The interaction

between chemical composition and enzyme activities

might explain the usual differences found in proteolysis

and lipolysis during the processing of dry-cured meat
products, such as Iberian dry-cured ham and its influ-

ence on the development of sensory characteristics of the

fresh meat or cooked meat.
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