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Abstract

The e�ect of pig feeding in an extensive system based on acorn and pasture or in con®nement with a control diet containing 5 mg
a-tocopheryl acetate kgÿ1 of feed and a 100 mg a-tocopheryl acetate kgÿ1 enriched diet on evolution of lipid changes throughout
ripening of dry-cured hams was investigated. Feeding regime signi®cantly a�ected TBA-RS, peroxide value and hexanal content of
Biceps femoris and Semimembranosus muscles. Muscles from pigs fed supplemented diet with a-tocopherol or fed extensively on

acorn and grass showed signi®cant lower ( p < 0:05) TBA-RS and peroxide value than ham muscles from pigs fed the basal diet at
210 days of processing. Both feedings reduced signi®cantly ( p < 0:05) hexanal content at day 210 and day 700. Muscle slices from
pigs fed on acorn showed signi®cant higher scores ( p < 0:05) in aroma and ¯avour intensity, cured ¯avour and numerically lower

rancid scores than those from control diet hams. # 1999 Elsevier Science Ltd. All rights reserved.
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1. Introduction

Iberian ham is a high value dry-cured product of the
south-west of Spain characterised by a high intramus-
cular fat content and a particular and intense ¯avour.
Features of the pigs fattening phase, either raising in
extensive system on acorns and pasture or in con®ne-
ment with concentrate feeds, are the main factor a�ect-
ing sensory quality of hams. Consumers prefer hams
from pigs fed in extensive system due to the particular
and intense ¯avour (GarcõÂ a et al., 1996).

Typical ham ¯avour is generated in biochemical pro-
cesses involving proteolysis (CoÂ rdoba et al., 1994; Bus-
cailhon, Monin, Cornet, & Bousset, 1994a), lipolysis
(Antequera et al., 1992; Buscailhon, Gandemer, &Monin,
1994b) and lipid oxidation (Antequera et al., 1992). Vola-
tile aldehydes, the dominant volatile compounds found in
Iberian hams and other types of dry-cured hams, suggest
that lipid oxidation phenomena play an important role in
the development of the ham ¯avour (GarcõÂ a et al., 1991;
LoÂ pez et al., 1992a; Buscailhon et al., 1994c).

Lipid oxidation in meat and meat products is in¯u-
enced by several factors including prooxidants (metal
ions, sodium chloride, myoglobin) and antioxidant
muscle (vitamin E) content, fat content and fatty acid
pro®le, processing and storage conditions (Ladikos &
Lougovis, 1990; Kanner, 1994; Gray, Gomaa, & Buck-
ley, 1996).

Some of them, such as tissue vitamin E status and
fatty acid pro®les, are highly in¯uenced by diet. Rhee,
Davidson, Cross, and Ziprin (1990) found that mono-
unsaturated fatty acids-enriched diets resulted in a rise in
oleic acid in pig muscles that enhance oxidative stability
of meat, while polyunsatured oils-enriched diet increases
the susceptibility of meat to oxidative processes and
rancidity (Monahan, Buckley, Morrissey, Lynch, &
Gray, 1992). Raising vitamin E supplementation above
the dietary requirement levels is thus known to be an
e�ective means of reducing lipid oxidation in fresh meat
and stored meat (Monahan et al., 1992; De Winne &
Dirinck, 1997). Numerous studies have been carried out
in fresh and cooked meat but there is no information
about the e�ect of a-tocopherol on oxidative stability of
long period dry-cured products as Iberian dry-cured
ham.
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The aim of this study was to evaluate the e�ect of
extensive feeding regime and a-tocopherol supple-
mentation on the products from lipolytic and oxidative
reactions occurring during the ripening of Iberian hams
and their implications on the sensory quality of the
hams.

2. Materials and methods

2.1. Animals and diets

Sixty castrated male Iberian pigs at 105 kg live weight
were randomly allotted into three groups (20 animals
per group) according to the type of feeding during the
®nish-fattening period (last 8 weeks prior to slaughter).
One group was reared outdoors and fed in a traditional
extensive fattening system based on acorn and pasture
(EXTENS). The other two groups were fed in con®ne-
ment based on mixed feeds, containing 5 mg a-toco-
pheryl acetate (a-TAc) kgÿ1 of feed (CONT), and a
concentrate feed enriched with 100 mg a-TAc kgÿ1 of
feed (VITE). Pigs were stunned and slaughtered at the
end of the fattening period at a live weight of 145±150
kg.

The chemical composition of diets was determined
according to AOAC (1984) methods (Table 1).

2.2. Processing of hams and sampling

Thighs were removed from the carcass and were pro-
cessed into dry-cured hams according to a prolonged
dry-curing method described in Table 2.

Samples were obtained from m. Semimembranosus
located in the lateral side of hams and not protected by
subcutaneous fat, and from m. Biceps femoris, in the
core of the ham, protected by a thick layer of sub-
cutaneous fat and other muscles. Muscles were dis-
sected, liberated of visible fat and vacuum packaged and
kept frozen at ÿ85�C until analysed. Sampling was
done in raw meat, after 210 days of ripening (end of
drying) and at the end of ripening (700 days).

2.3. Chemical analysis

Moisture was determined according to AOAC
method (AOAC, 1984). For the determination of chlor-
ide content of cured muscles 10 g of muscle were boiled
for 1 h in 100 ml ethanol 40%, then deproteinized by
adding 2 ml of ferrocyanide 15%-zinc acetate 30%. The
mixture was ®ltered through paper ®lter and the chlor-
ide content was determined in the ®ltrate according to
the Volhard method. Residual nitrite content was
determined according to AOAC methods (AOAC,
1984).

2.4. Intramuscular fat and fatty acid pro®les

Intramuscular total lipids from muscle were extracted
according to the method described by Bligh and Dyer
(1959). Fatty acid methyl esters (FAMEs) of total lipid
extracts were prepared by acidic trans-steri®cation in
presence of sulphuric acid (Cava et al., 1997). FAMEs
were analysed using a Hewlett-Packard, mod. HP-
5890A, gas chromatograph, equipped with a ¯ame
ionisation detector (FID). FAMEs were separated on a
30 m FFAP-TPA fused-silica column (Hewlett-Pack-
ard) with an i.d. of 0.53 mm and a 1.0 mm ®lm thickness.
The injector and detector were maintained at 230�C.
Column oven temperature was maintained at 225�C.
The carrier gas was nitrogen at a ¯ow rate of 1.8 ml
minÿ1. Identi®cation of fatty acid methyl esters was
based on retention times of reference compounds
(Sigma). Tridecanoic acid (Sigma, St Louis) was used as
internal standard. Standard curves for quanti®cation
were obtained for all fatty acid determined under the
conditions described above.

2.5. Determination of �-tocopherol in fresh meat

a-Tocopherol content in fresh muscle was determined
according to the method described by Rey, LoÂ pez-Bote,
Soares, and Isabel (1997a). Representative samples were
homogenised in a 0.054 mol lÿ1 dibasic sodium phosphate

Table 1

Composition, a-tocopherol concentration and major fatty acids (g

100 gÿ1 total fatty acids) of acorn, grass and formulated mixed

experimental diets

Experimental diets

Mixed diets Extensive

CONT VITE Acorn Pasture

Dry matter 89.01 89.95 67.05 26.35

Crude protein (% DM) 13.62 13.56 4.71 13.72

Fat (% DM) 4.47 4.75 6.34 6.26

Crude ®ber (% DM) 4.92 4.32 5.70 22.22

Ash (% DM) 6.92 5.08 1.70 7.31

NFE (% DM) 70.07 72.29 81.55 50.49

a-tocopherol (mg kgÿ1 DM) 19.50 125.40 20.20 171.00

Fatty acid (FA) (g per 100 g FA)

16:0 23.72 23.93 12.59 15.57

18:0 9.37 9.74 3.22 2.03

Other SFA 1.16 1.17 0.25 1.09

16:1 (n-7) 1.33 1.27 0.09 0.35

18:1 (n-9) 30.31 30.18 66.06 9.35

18:2 (n-6) 28.82 29.00 14.67 11.82

18:3 (n-3) 3.18 3.08 1.01 44.94

The basal diet contained (g kgÿ1 DM): barley 475; wheat bran 400;

soybean meal (44%) 80; Iberian pig lard 20; calcium carbonate 8; cal-

cium phosphate 12; sodium chloride 3; mineral/vitamin mix 2. The diet

had a calculated metabolisable energy content of 3190 kcal kgÿ1.
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bu�er adjusted to pH 7.0 with HCl. After mixing with
absolute ethanol and hexane, the upper layer containing
tocopherol was evaporated to dryness and redissolved
in ethanol prior to analysis by reverse phase HPLC
(Hewlett-Packard 1050, with UWD, HPIB 10 detector,
RP-18 endcapped column, Waldbronn, Germany). The
mobile phase was methanol:water (97:3) at ¯ow of 2 ml
minÿ1 and the detector was ®xed at 292 nm.

2.6. Measurement of induced lipid oxidation

The liability of muscle tissue homogenates to iron-
induced lipid oxidation was determined by the method
of Kornbrust and Mavis (1980). Homogenates were
incubated at 37�C in 40 nM tris-maleate bu�er (pH 7.4)
with 1 mM FeSO4 in a total volume of 10 ml. At ®xed
time intervals, aliquots were removed for measurement
of 2-thiobarbituric acid-reactive substances (TBA-RS)
by the method of Buege and Aust (1978). TBA-RS were
expressed as nmoles malonaldehyde (MDA)/mg pro-
tein. Protein was measured following Lowry procedure
(Lowry, Rosebrough, Farr, & Randall, 1951).

2.7. Lipolytic-oxidative measures

The determination of free fatty acids (FFA) and per-
oxide value (PV) were carried out in the extracted fat
using the methods recommended by AOAC (AOAC,
1984). TBA reactive substances [expressed as mg mal-
onaldehyde (MDA) kgÿ1 tissue] were measured follow-
ing the distillation method of Tarladgis, Pearson, &
Dugan (1964). Hexanal content of muscle samples was
analysed by headspace-gas chromatography according
to the method described by LoÂ pez-Bote, Rey, Ruiz,
Isabel, and SanzArias (1997).

2.8. Sensory analysis

Thin slices were taken in the middle of the Biceps
femoris and Semimembranosus muscles parallel to ham
axis and were provided to each panellist in standard
sensory booths equipped with white lighting and water.

A 10 cm horizontal scale anchored on each end to indi-
cate low and high magnitude of intensity was used by
the panellist to evaluate intensity of odour, after-taste,
cured meat ¯avour and rancid ¯avour.

2.9. Statistical analysis

The e�ect of feeding regime on studied parameters
was assessed by analysis of variance (ANOVA) using
the General Linear Model of SAS (1997), then sig-
ni®cant means were compared by a Tukey test at level
of p < 0:05.

3. Results and discussion

3.1. E�ect of diet on meat composition and lipid
stability

The fatty acid pro®le of the intramuscular fat of fresh
B. femoris and Semimembranosus muscles as in¯uenced
by experimental diets is shown in Table 3. Muscles from
pigs fed acorns and pasture revealed higher amounts of
monounsaturated fatty acids, basically oleic acid, and
lower amounts of saturated fatty acids ( p < 0:05) than
pigs given mixed diets, in agreement with literature data
(Rey, LoÂ pez-Bote, & SanzArias, 1997b; Cava et al., 1997)
and re¯ected the higher monounsaturated fatty acid
content of acorn. a-TAc supplementation did not a�ect
fatty acid amounts of intramuscular lipids from pigs fed
on concentrate feeds, as previously reported by several
authors in lean pigs (Monahan et al., 1992), rabbit
(LoÂ pez-Bote et al., 1997) and chicken (Lin et al., 1989).

The concentration of a-tocopherol in B. femoris and
Semimembranosus muscles is shown in Table 3. a-
Tocopherol content was higher in pig muscles given the
a-TAc-enriched diet than in pigs given the basal diet
( p < 0:05). The same trend has been reported by Mon-
ahan et al. (1992) and Rey et al. (1997b). Muscles from
pigs extensively fed on acorn and pasture (EXTENS) had
higher a-tocopherol content ( p < 0:05) than muscles of
pigs fed on basal (CONT) or supplemented a-TAc diet

Table 2

Stages in the processing of Iberian hams, together with the relative humidity, temperature and duration of each one

Stage of processing Characteristics

Salting The hams were throughly rubbed with 100g of salt containing 1% of curing agenta and placed in piles with alternate beds

of ham and salt for 10 days at 4� 1�C and 90� 5% relative humidity (RH)

Post-salting The hams were brushed to free them of the salt left on the surface. Then they were hung and left for 80 days in a

chamber. The ®rst 60 days at 4� 1�C and 80� 5% RH, and then the temperature was increased and the RH decreased

to 17.5�C and 75� 1% RH respectively

Drying During the summertime, the hams were kept at environmental conditions for 115 days, where the temperatures varied

between 25� 5�C and the RH between 60� 10%

Cellar phase The hams were kept in a cellar for 500 days. The conditions in the cellar were highly constant: temperatures varied

between 19.5�C and RH between 75� 10%

a 1 g of curing agent contains: KNO3: 0.25 g; NaNO2: 0.05 g; Na ascorbate: 0.40 g and Na citrate: 0.30 g.
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(VITE) as consequence of high levels of a-tocopherol in
pasture (Table 1). Mutettika and Mahan (1993) descri-
bed an increase in the concentration of a-tocopherol in
serum and milk of gilts fed on pasture in comparison to
those given mixed diets. Therefore, raising animals on
acorn and pasture appears as a natural way to enhance
a-tocopherol concentration in muscle.

Iron induced lipid oxidation of B. femoris and Semi-
membranosus muscle homogenates from pigs fed on
experimental diets are shown in Fig. 1. a-Tocopherol
content of muscles signi®cantly a�ected the stability of
muscle homogenates to iron induced lipid oxidation
( p < 0:05). Muscles from pigs given supranutritional a-
tocopherol levels in feed (VITE) were more stable to
lipid induced peroxidation than muscles from pigs fed
control diet (CONT). A similar tendency has been descri-
bed by Monahan et al. (1992), but in the present paper
such e�ect is shown in pigs with a high intramuscular fat

content and lower a-TAc supplementation in feeds.
Feeding acorn and pasture increased lipid stability of
muscle homogenates to iron-induced peroxidation,
showing lower TBA-RS values ( p < 0:05) throughout
the experiment than control pigs, as consequence of a-
tocopherol content and fatty acid composition of intra-
muscular fat and lipid fractions. In this sense, Cava et
al. (1997) studying the fatty acid pro®les of intramus-
cular lipids as a�ected by dietary means observed that
phospholipids from pigs fed concentrate feeds contained
a higher percentage of PUFA than those from pigs
extensively raised on acorn and pasture. Therefore, both
the higher a-tocopherol content and the lower poly-
unsaturated fatty acid content of the phospholipids
might contribute to the lower susceptibility of meat
from pigs fed acorn and pasture to lipid oxidation.

3.2. Lipolytic parameters (acidity)

Acidity degree, measured as % oleic acid, markedly
increased from day 0 to day 210 as result of intense
lipolytic reactions, and continued increasing, but at a
lower rate, throughout the ripening process (700 days)
agreeing with previously reported papers (Antequera et
al., 1992; Motilva, Toldra, Nieto, & Flores, 1993).

Acidity was not signi®cantly a�ected by feeding regime
(Table 4); however at the end of the curing process (700
days) muscles of hams from pigs fed in extensive
(EXTENS) or on an a-TAc-enriched diet (VITE) tended
to show higher acidity degree, but not to signi®cant
extent, than those from pigs fed on basal diet (CONT).
In this sense, Cheah, Cheah, and Krausgill (1995) found
a decrease in phospholipase A2 activity in longissimus
dorsi muscles from pigs fed on a 500 ppm a-tocopherol
diet as result of inhibitory e�ect of tissue phospholipase
by vitamin E.

Anatomical location signi®cantly a�ected acidity values,
being higher in Semimembranosus muscles than in B.
femoris muscles. These variations might be attributed to a
di�erent presence of micro-organism with lipolytic enzy-
matic systems (yeast, moulds and micrococci) (RodrõÂ guez
et al., 1994) and a di�erent lipase enzymes content in both
muscles (HernaÂ ndez, Navarro, & ToldraÂ 1998).

Fig. 1. Iron-induced lipid oxidation in muscle homogenates from B. femoris and Semimembranosus muscles of Iberian pigs fed on extensive system

(Ð*Ð), fed on control diet with 5mg kgÿ1 a-tocopheryl acetate (Ð&Ð) and 100mg kgÿ1 a-tocopheryl acetate supplementation diet (Ð&Ð).

A±B means with di�erent letters at same time-points are signi®cantly di�erent, p < 0:05.

Table 3

a-Tocopherol content (mg gÿ1 DM muscle) and fatty acid composition

(g FA 100 gÿ1 of intramuscular fat) of fresh B. femoris and

Semimembranosus muscles from Iberian pigs fed on extensive system

(EXTENS) or fed on commercial feeds: 5mg kgÿ1 a-tocopheryl acetate
(CONT) or supplemented diet 100mg kgÿ1 a-tocopheryl acetate

(VITE)

Location

B. femoris Semimembranosus

EXTEN CONT VITE EXTENS CONT VITE

a-Tocopherol 15.6a 5.9c 9.4b 26.7a 6.4c 10.3b

Fatty acids

C14 12.4 12.0 11.3 11.5 11.9 11.3

C16 213.1 221.3 216.3 206.2b 220.2b 213.1ab

C18 80.7b 96.7a 97.2a 81.1b 95.0a 95.1a

�SFA 306.2b 329.9a 324.9a 298.8b 327.1a 319.5ab

C16:1 39.4 36.7 33.6 39.3 37.1 34.9

C18:1 498.2a 476.2b 471.2b 473.6a 462.4b 458.6b

�MUFA 537.6a 512.8b 504.8b 512.8a 499.5b 493.5b

C18:2 54.2 49.8 54.2 69.6 60.0 64.0

C18:3 4.6a 3.3b 3.6ab 5.2a 3.5b 3.9ab

C20.4 9.2b 11.9a 15.9a 17.8 16.6 21.6

�PUFA 67.9 65.0 73.7 92.5 80.1 89.6

a,b,c Di�erent letters for the same stage of opening indicate sig-

ni®cant di�erences, p < 0:05, Tukey's test.
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3.3. Oxidative parameters (peroxide values, TBA
reactive substances and hexanal content)

The means of TBA reactive substances, hexanal con-
tent and peroxide value of B. femoris and Semimem-
branosus muscles are shown in Table 4.

Analysis of residual nitrites in B. femoris and Semi-
membranosus muscles did not show di�erences caused
by feeding regime (Table 5). Numerous papers described
the e�ect of nitrites in cured meats on retardation or
prevention of oxidative damage as result of their
protection of lipids against oxidation (Morrissey &
Tichivangana, 1985; Freybler et al., 1993).

The study of primary lipid oxidation compounds
(Table 4), lipid peroxides and hydroperoxides, measured
as peroxide value (PV) test, revealed lower values
( p < 0:01) at the end of drying stage (210 days) in hams

from pigs fed on a-tocopherol-enriched diet and fed on
acorns and pasture compared to hams from pigs fed the
basal diet. However, at the end of ripening, muscles
from pigs fed on a-TAc supplemented diet or fed on
acorns reached higher values than those from control
diet ( p < 0:05).

In general, both TBA reactive substances and hexanal
content in B. femoris and Semimembranosus muscles
showed a parallel tendency throughout the curing pro-
cess, showing a positive correlation (r2 � 0:84;
p < 0:01). Both, TBA-RS and hexanal content mark-
edly increased in the three groups and two muscles from
day 0 to 210 days of processing and notably fell at the
end of ripening (700 days). Results of evolution of the
oxidative processes agree with data from Antequera et
al. (1992) who studied the dynamic of the oxidative
changes in lipids from Iberian hams. These authors

Table 4

Lipolytic and oxidative parameters of B. femoris and Semimenbranosus muscles of Iberian pigs raised in extensive system (EXTENS) or in

con®nement with 5mg kgÿ1 a-tocopheryl acetate (CONT) or 100 mg kgÿ1 a-tocopheryl acetate supplementation diet (VITE) during the ripening

of Iberian hams

Stages

Raw meat (0 days) End of drying (210 days) End of ripening (700 days)

EXTENS CONT VITE EXTENS CONT VITE EXTENS CONT VITE

(n � 5) (n � 5) (n � 5) (n � 5) (n � 5) (n � 5) (n � 10) (n � 10) (n � 10)

B. femoris

Acidity1 1.81 2.22 2.43 9.54 10.42 10.96 19.22 18.34 22.05

Peroxide value2 1.05b 2.1ab 2.72a 20.93b 30.23b 7.38c 6.99a 1.67b 8.98a

TBA-RS3 0.02b 0.08a 0.01b 0.23b 0.48a 0.28b 0.07 0.07 0.09

Hexanal4 1.21c 2.58a 1.61b 7.02c 20.12a 14.43b 3.74b 5.44a 3.69b

Semimembranosus

Acidity1 3.37 3.00 2.89 17.66 17.41 14.88 31.93a 26.50 31.92a

Peroxide2 value2 1.11b 1.72ab 2.72a 6.90b 16.39a 4.37b 30.28a 11.12b 21.89a

TBA-RS3 0.03b 0.08a 0.01b 0.21b 0.66a 0.18b 0.08 0.06 0.07

Hexanal4 0.83b 1.46a 1.30ab 5.32b 14.60a 4.48b 2.25b 4.55a 1.58b

1 : %oleic acid; 2: mequiv O2 kg
ÿ1 fat; 3: mg MDA kgÿ1 meat; 4: mg gÿ1 muscle DM.

a,b,c Di�erent letters for the same stage of ripening indicate signi®cant di�erences, p < 0:05, Tukey's test.

Table 5

Humidity, chloride and nitrite content of B. femoris and Semimenbranosus muscles of Iberian pigs raised in extensive system (EXTENS) or in

con®nement with a control diet 5mg kgÿ1 a-tocopheryl acetate (CONT) or 100mg kgÿ1 a-tocopheryl acetate supplementation diet (VITE) during the

ripening of Iberian hams

Stages

Raw meat (0 days) End of drying (210 days) End of ripening (700 days)

EXTENS CONT VITE EXTENS CONT VITE EXTENS CONT VITE

(n � 5) (n � 5) (n � 5) (n � 5) (n � 5) (n � 5) (n � 10) (n � 10) (n � 10)

B. femoris

Humidity 67.77 69.90 70.14 56.52 54.61 57.91 49.99 48.67 48.05

Chloridea 0.00 0.00 0.00 6.63 7.64 8.60 10.56 10.30 11.04

Nitritesb 0.00 0.00 0.00 0.42 0.33 0.28 0.34 0.40 0.48

Semimembranosus

Humidity 71.96 71.68 72.07 51.65 47.57 51.90 40.01 37.52 38.00

Chloridea 0.00 0.00 0.00 6.17 6.25 5.81 6.41 6.21 6.84

Nitritesb 0.00 0.00 0.00 0.45 0.35 0.30 0.38 0.41 0.43

a : expressed as %DM.
b : expressed as ppm DM.
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reported an increase in the oxidative reactions during
the ®rst processing phases (salting, post-salting and
drying) followed by a marked diminution at the end of
the ripening as result of temperature and relative
humidity conditions at the cellar phase.

a-Tocopherol appeared as an e�ective way to control
lipid oxidative reactions in B. femoris and Semimem-
branosus muscles during the ripening of hams (Table 4).
At the end of drying (210 days) muscles from pigs fed
on high a-tocopherol diets, a-TAc-enriched diet (VITE)
or fed in an extensive system (EXTENS), showed lower
TBA reactive substances ( p < 0:05) than muscles from
pigs fed on basal a-tocopherol diet (CONT), following
the tendency described previously in iron-ascorbate-
induced lipid peroxidation test (Fig. 1). However, no
di�erences in TBA reactive substances were found at the
end of ham processing among groups. Many researches
have indicated that dietary supplementation of a-toco-
pherol improves storage stability of beef, poultry and
pork (Faustman et al., 1989; Lin et al., 1989; Monahan
et al., 1992).

Feeding regime a�ected the hexanal content of the B.
femoris and Semimembranosus muscles during ripening
of hams (Table 4). Analysis of headspace volatile alde-
hydes from B. femoris and Semimembranosus muscles
revealed a signi®cant reduction ( p < 0:05) of hexanal
concentration at the end of drying stage (210 days) and
at the end of curing process (700 days) as a�ected by
dietary supplementation with a-TAc. Numerous
authors (Ajuyah, Ahn, Hardin, & Sim, 1993a,b) have
reported a decrease in lipid oxidation products, and
particularly hexanal, in cooked meat stored to 6�C from
animals given a-TAc in diets. De Winne and Dirinck
(1997) reported a decrease in the level of hexanal in
cooked cured hams of a-TAc supplemented animals in
comparison to hams of basal a-TAc pigs at the end of
processing and after 14 days of storage. In the same
way, muscles from pigs raised in extensive conditions
showed lower hexanal content ( p < 0:05) than muscles
from control diet at the end of drying and at the end of
the curing process, agreeing with results from Melgar,

Cid, Astiasaran, and Bello (1993) who reported lower
carbonilic compounds and hexanal in hams from pigs
fed on acorn and pasture than in those from pigs fed on
concentrate feeds.

Di�erences found in the lipid oxidative parameters
studied throughout the ripening could be attributed to
a-tocopherol content of samples as a result of the pig
feeding regime, since residual nitrite analysis did not
reveal di�erences among treatments as previously
described in the present work. Many researchers have
previously reported small losses in the a-tocopherol
content of meat and cooked hams during storage
(Pfalzgraf, Frigg, & Steinhart, 1995; De Winne &
Dirinck, 1997), cooking (Ahn, Wolfe, & Sim, 1995) and
dry-cured ham processing (Isabel, LoÂ pez-Bote, Rey, &
SanzArias, 1998). Furthermore, De Winne and Dirinck
(1997) studying the in¯uence of a-TAc supplementation
in pig diets on the time-dependent lipid oxidation of
cooked cured hams found that antioxidant e�ect of a-
tocopherol remained una�ected in both ``in vitro'' stu-
dies and ham slices during storage.

B. femoris and Semimembranosus muscles showed
notable di�erences in peroxide values, TBA reactive
substances and hexanal concentration. Therefore, it
seems that not only fatty acid pro®les and a-tocopherol
muscle content but oxygen accessibility to lipids, due to
ambient exposure because of anatomical location, are
important in the course of lipid changes (Antequera et
al., 1992; LoÂ pez et al., 1992b; Ahn et al., 1995).

3.4. Sensory analysis

Scores in the sensory evaluation of B. femoris and
Semimembranosus muscles were signi®cantly a�ected by
diet (Fig. 2). Hams produced from acorn-fed animals
showed signi®cantly higher scores in odour intensity,
¯avour intensity, cured ¯avour and after-taste attributes
than those from pigs fed in con®nement. Rancid ¯avour
in muscle slices from pigs fed extensively showed lower
scores than those from hams belonging to pigs fed con-
centrate feeds. Feeding on high a-TAc doses reduced

Fig. 2. E�ect of feeding regime: extensive feeding on acorn and pasture (&) and in con®nement with a control diet containing 5mg kgÿ1 a-TAc (&)

or a 100mg kgÿ1 a-TAc supplemented diet (&) on sensory test of B. femoris (A) and Semimembranosus (B) sliced samples at day 700. a±b Columns

for the same sensory attribute with di�erent letters are signi®cantly di�erent ( p < 0:05, Tukey test).
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rancid ¯avour scores in muscle slices but these reduc-
tions were not statistically signi®cant. Lower hexanal
content in ham sliced samples from pigs fed acorn and a-
TAc-enriched diets could contribute to the less rancid ¯a-
vour detected by panellists, as previously reported Shahidi,
Yun, Rubin, & Wood, (1987) in fresh and cooked meat,
who found a positive correlation between hexanal content
and rancid ¯avour. In a study in which birds were fed con-
trol and a-TAc supplemented diets Ajuyah et al., (1993a)
described a signi®cant e�ect of a-tocopherol lowering ran-
cidity scores in cookedmeat and duringmeat storage. Also,
De Winne and Dirinck (1997) studying the e�ect of a-TAc
inclusion in pig diets and its in¯uence on cooked cured
hams characteristics found that after 16 days of storage
ham slices from pigs fed on an a-TAc-enriched diet had a
fresher odour and taste and a lower content of lipid oxida-
tion derived substances, aldehydes and sulphur com-
pounds, than ham slices from pigs received a basal
concentration of a-TAc in diet.

4. Conclusion

In summary, di�erences in the extent of oxidative
processes throughout the ripening as a�ected by diet are
very noticeable. Variations in the fatty acid composition
of intramuscular lipids due to feeding regime are not the
only factors responsible for di�erences in the sensory
quality, but also the presence of substances with anti-
oxidant e�ect like a-tocopherol a�ects the trend of the
oxidative phenomena during the processing of dry-cured
ham. The increase in a-tocopherot content in muscles by
a-TAc feed enrichment is shown as an e�ective method
to control lipid oxidation during ham processing.
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