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Abstract

We investigated the effects of salting duration (3, 4 or 5 days) on lipid oxidation and the total fatty acid content
of muscular fat and subcutaneous fat during the manufacturing of dry-cured lacon, a traditional meat product
made in NW Spain from pork foreleg. Two batches of lacon were processed using each salting duration. In each
batch, samples were analysed at seven different times throughout the manufacturing process. In each sample, the
moisture and NaCl contents, and the peroxide value of the fat and the total fatty acid contents were determined in
both the muscular and the subcutaneous fat.

Increasing the salting duration significantly increased lipid oxidation (as indicated by peroxide values), in both
the muscular and the subcutaneous fat and at all sampling times throughout the manufacturing process. At the
end of the ripening stage, the average peroxide values were 7.69, 17.79 and 21.72 meq. of O,/kg of subcutaneous
fat and 10.78, 24.96 and 26.48 meq. of Oykg of muscular fat, in the batches salted for 3, 4 and 5 days,
respectively.

Salting duration significantly affected the fatty acid content, particularly that of polyunsaturated fatty acids and
the linoleic acid within these. The polyunsaturated fatty acid content of lacon pieces salted for 3 days were
significantly higher than those of pieces salted for 4 or 5 days, in both the muscular and subcutaneous fat.
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1. Introduction

Dry-cured lacon is a salted, dried and ripened meat product manufactured in the northwest of Spain by
traditional methods that use pork foreleg as the raw material. The manufacturing process is very similar to that of
dry-cured hams, in regard to the steps, equipment and facilities required (Marra et al., 1999). The final product is
usually consumed after cooking; however, it can be consumed in the raw state if the ripening period has been
long enough.

This product is highly appreciated and consumed abundantly in NW Spain, with good marketing implementation.
However, the quality of manufactured lacén is very variable (Lorenzo et al., 2002), which can spoil the image of
the product and hamper its promotion. The variable quality is mainly the result of insufficient standardization of
the manufacturing process. It is also due to the limited knowledge about the effects of different factors on the
biochemical and microbiological phenomena that occur throughout the manufacturing process and that are
responsible for the organoleptic characteristics and quality attributes of the final product.

Several studies have been carried out in recent years to investigate the microbiological (Vilar et al., 2000) and
biochemical (Lorenzo et al., 2003) characteristics of lacon at different stages of the manufacturing process. The
effects of the use of several additives on the microbiological and chemical phenomena that occur during the
process have been also studied more recently (Lorenzo et al., 2007; 2008; 2010; 2012). However, the effects of
other aspects of the manufacturing process on the characteristics and attributes of the final product remain
unknown.

The organoleptic and nutritional characteristics of raw-cured meat products are the result of the physicochemical
and chemical changes that occur during manufacture, mainly dehydration, proteolysis, lipolysis and
autooxidation (Shahidi et al., 1986; Toldra et al., 1997; Toldra & Flores, 1998; Gandemer, 2002; Toldra & Flores,
2007). The effect of the level of salt on the activity of tissue proteases and lipases involved in these changes has
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been widely demonstrated (Sarraga et al., 1989; Rico et al., 1990; Motilva & Toldra, 1993). The effect of the
NaCl concentrations on lipid oxidation in specific cured meat products has also been described
(Coutron-Gambotti et al., 1999). According to this, the duration of salting and the resulting salt content in the
meat pieces should affect the proteolytic, lipolytic and oxidative phenomena that occur during ripening as well as
the organoleptic and nutritional attributes of the final product.

Following the guidelines established for the manufacture of cured hams, the recommended duration of salting is
one day per kg of weight of the raw piece (Marra et al., 1999). However, given the particular characteristics of
pork shoulder (larger surface per unit of weight and less thickness than hams), this may not be the most
appropriate salting duration for dry-cured lacon.

The effects of the salting duration on the proteolytic processes during the manufacture of dry-cured lacén and on
the sensorial characteristics of the final product have been investigated in a previous study (Garrido et al., 2012).
The aim of the present study was to assess the effect of the salting duration on lipid oxidation and the fatty acid
content of the pieces during processing. The overall conclusions of these studies will help manufacturers to
standardize production in relation to the salting process, thus yielding a more homogencous product with
improved organoleptic and nutritional qualities.

2. Materials and Methods
2.1 Samples

Six batches of lacon were manufactured following the usual industrial methods, as described by Garrido et al.
(2012). Each batch consisted of nine lacon pieces that at the green stage weighed 4 kg each. Two batches were
salted for 3 days (0.75 days/kg of the raw piece), two batches for 4 days (1 day/kg) and two batches for 5 days
(1.25 days/kg).

In each batch of lacon, samples were obtained from fresh pieces, at the end of the salting stage, after 7 and 14
days post-salting, and after 7, 14, 28, 56, and 84 days of drying-ripening. Each sample comprised one whole
piece. Lacon pieces were transported to the laboratory refrigerated (< 4 °C) and they were analysed on arrival. In
the laboratory, the pieces were skinned with the aid of a knife, and the subcutaneous fat was taken. The pieces
were then boned and the muscular portion was obtained. Both the subcutaneous fat and the muscular portion
were triturated separately in a high-capacity mincing machine.

2.2 Analytical Methods

The moisture and NaCl contents were assessed in duplicate in each sample (piece), following the procedures
reported by Marra et al. (1999). The muscular and subcutancous fat was extracted following the procedure
described by Folch et al. (1957). The peroxide values of the fat were determined following the Spanish Official
Standard UNE 55.011 (B.O.E., 1977).

Fat extracts were methylated and fatty acid profiles of both muscular and subcutaneous lipids were determined
following the procedure described by Franco et al. (2006).

Fatty acid methyl esters were analysed by Gas Chromatography in a chromatograph (Thermo Finnigan Trace GC,
Thermo Finnigan, Austin, Texas, USA), equipped with a Split/Splitless AI 3000 auto-injector and a flame
ionization detector (FID). The different fatty acids were separated on an Innowax column: 30 m; 0.25 mm ID;
0.25 pum film thickness (Agilent Technologies, Palo Alto, CA, USA). The temperature of the detector was 250 °C
and that of the injector 230 °C. The chromatographic conditions used in the fatty acid determination were as
follows: initial oven temperature: 50 °C for 1 minute; rampl: 5 °C/min to 248 °C; ramp2: 248 °C for 6 minutes.
The gasses used were air (350 mL/min), hydrogen (335 mL/min) and helium (carrier gas) (30 mL/min).

For comparative purposes, a standard containing between 2% and 4% of each of the following fatty acids was
obtained from Sigma-Aldrich Chemical Co. (St Louis, MO, USA): butyric (C4); caproic (C6), caprilic (C8);
capric (C10); undecanoic (C11); lauric (C12); tridecanoic (C13); myristic (C14); myristoleic (C14:1);
pentadecanoic (C15); cis-10 pentadecanoic (C15:1); palmitic (C16); palmitoleic (C16:1); margaric (17); cis-10
heptadecanoic (C17:1); stearic (C18); oleic (C18:1 cis); elaidic (C18:1 trans); linoleic (C18:2); linoelaidic
(C18:2 trans); linolenic (C18:3); arachidic (C20); cis-11 eicosanoic (C20:1); cis-11, 14 eicosadienoic (C20:2);
cis-11, 14, 17 eicosatrienoic (C20:3); arachidonic (C20:4); heneicosanoic (C21); behenic (C22); erucic (C22:1);
cis-13, 16 docosadienoic (C22:2); cis-4, 7, 10, 13, 16, 19 docosahexanoic (C22:6); tricosaenoic (C23); lignoceric
(C24); and nervonic (C24:1).

All the samples and standards (Sigma-Aldrich) were injected onto the chromatography column in duplicate (at
least). Tests of repeatability were performed by injecting a standard and a sample consecutively six times a day.
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Tests of reproducibility were also carried out, by injecting the standard and the sample twice a day for 3 days
under the same experimental conditions. There were no significant differences (P < 0.05) between the results
obtained in either of the tests.

The fatty acids were quantified by using an internal standard (C13 and C19 fatty acids), and calibration curves
were prepared for this purpose, by using different concentrations of each methyl ester. Fatty acids were
determined in duplicate (at least) in each sample. Results for each fatty acid are expressed as percentages of the
total fatty acid composition.

2.3 Statistical Analysis

Analysis of variance (ANOVA) was used to evaluate the effect of the ripening time and the effect of the salting
duration for each ripening time, and any difference were considered significant at P < 0.05. When differences
were indicated, mean values were compared by the least squares difference (LSD) test, with the aid of Statistica
5.1 for Windows (Statsoft Inc, 1996, Tulsa, OK, USA).

3. Results and Discussion

Table 1 shows the changes in the total solid (TS) and NaCl contents in the muscular portion of the lacon pieces
during manufacture in relation to the different salting periods. The total solid content increased gradually and
significantly (P < 0.05) throughout the process, and the final values reached were 47.86 + 3.64, 48.31 + 0.67 and
50.16 = 1.54 g/100 g in the pieces of the batches salted for 3, 4 and 5 days, respectively.

Table 1. Evolution of the total solid (g/100g) and NaCl (g/100g of total solids) contents during the
manufacture of dry-cured lacon salted along the different times (mean + standard deviation values of two
batches)

After Post-salting (days) Drying-ripening (days)
Fresh piece 3
salting 7 14 7 14 28 56 84
Total ) . _ . _ .
Salting along 3 id 2536071 32.25+1.47%" 37.43+0.98"! 37.64+1.68"" 37.35£0.11%" 39.46:2.55° 42.84+0.02°" 44.11+1.66%' 47.86+3.64°'
sohas
days
NaCl  0.39+0.07"' 4.58+0.36" 5.87+0.23*' 7.50+1.82°""  9.39+0.03""  9.65+0.10%' 10.37+0.18%' 10.90+0.46*" 11.23+0.08'
Total . .
Salting along 4 i 25.86+0.93% 31.41+2.34%" 33.69+0.57%' 36.26+1.41¢" 37.32+0.28%" 40.65+1.66%' 42.95+1.56°' 44.03+0.91°" 48.31+0.67°"
solds
days
NaCl  0.4240.03" 5.17+0.06°" 7.21£0.71¢"  8.62+0.57°"  10.48+1.03*" 10.32+0.09%' 11.09+0.19°" 11.45+0.01°" 12.22+0.75"
Total 1 bl bel 1 dl deel 1 1 1
Salting along 5 i 24.97+3.10°" 31.62+0.63%" 35.50£0.85"" 36.87+3.62°0  41.52+0.50%" 38.64+3.58%! 40.81£0.01°' 46.85+4.05" 50.16x1.54
solds
days

NaCl  0.47+0.04*" 5.80+0.55"" 9.67+0.64> 10.40+1.04°"" 10.85+1.03%" 11.51£0.25%" 12.39+1.83°" 12.42+1.26°" 12.75+0.73"

T Mean values in the same row (corresponding to the same parameter) not followed by a common letter differ
significantly (P < 0.05).

'3 Mean values corresponding to the same parameter and sampling time not followed by a common number
differ significantly (P < 0.05) between the batches salted along 3, 4 and 5 days.

Although the manufacturing time is shorter for lacon (3 months) than for other raw-cured meat products made
from whole pieces, such as hams (usually between 6 and 12 months), the final total solid contents in the present
study are similar to or even higher than those reported for hams (Astiasaran et al., 1991; Monin et al., 1996;
Bellatti & Reverbi, 1997; Schivazappa et al., 1998; Bafnon et al., 1999; Toscani et al., 2000). This may be
explained by the fact that pork foreleg pieces are smaller and thinner than hams, and the surface area per unit of
weight is therefore larger. This favours dehydration throughout the post-salting and drying-ripening stages, and
therefore the weight losses in lacon are even higher than those observed in hams (Lorenzo et al., 2005). This may
also cause greater loss of moisture due to osmotic phenomena during the salting process.

An increase in the total solid contents was observed after salting, and the increase was significant (P < 0.05) in
the pieces salted for 4 and 5 days.

The loss of moisture was more marked during the drying-ripening stage, as a result of the longer duration of this
period and the environmental conditions (higher temperature and lower relative humidity than in the other
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stages). The total solid contents were higher in the pieces that were salted for longer, although the differences
were not statistically significant.

The mean values of total solid contents at the end of the manufacturing process were similar to those reported by
Marra et al. (1999) and slightly lower than those reported by Lorenzo et al. (2003; 2008) for the same meat
product.

The NaCl contents increased significantly (P < 0.05) during salting, reaching average values ranging from 4.58
g/100 g of T.S. (in the batches salted for 3 days) to 5.80 g/100 g of T.S. (in the batches salted for 5 days). The
increase was even higher during the post salting stage; at the end of this stage, the average NaCl contents were
7.50, 8.62 and 10.40 g NaCl/100 g of T.S. in the batches salted for 3, 4 and 5 days, respectively. During the
drying-ripening stage, a slight increase was observed, this being only significant (P < 0.05) during the first 7
days of this stage and in the batches salted for 4 and 5 days. The mean NaCl contents at the end of the
manufacturing process were 11.23, 12.22 and 12.75 g NaCl/100 g of TS in the batches salted for 3, 4 and 5 days,
respectively. Although the salt contents of the pieces salted for the three times were different, especially at the
post-salting and drying-ripening stages, the differences were not significant (P > 0.05).

The NacCl contents of the final product were generally lower than those reported by other authors for this meat
product (Marra et al., 1999; Lorenzo et al., 2008). According to previous reported data in the relevant literature,
the NaCl contents in lacon pieces at the end of the manufacturing process in this study are at the lower end of the
range of values described for different varieties of ham (Astiasaran et al., 1988; 1991; Buscailhon et al., 1994a;
Gou et al., 1995; Bellatti & Reverbi, 1997; Monin et al., 1997; Martin et al., 1998; Schivazappa et al., 1998;
Toscani et al., 2000; Candek-Potokar et al., 2002; Moller et al., 2003; Mariscal et al., 2004).

Table 2 shows the variation in the peroxide values in both the muscular and subcutaneous fat of the pieces during
manufacture of the batches salted for different times.

Table 2. Evolution of the peroxide values (meq Oy/kg of fat) in the muscular and subcutaneous fat during the
manufacture of dry-cured lacon salted along the different times (mean * standard deviation values of two
batches)

Fresh Post-salting (days) Drying-ripening (days)
. After salting
piece 7 14 7 14 28 56 84

Muscular fat ~ 2.38+0.13"  556£0.63""  6.12+020" 4.71+027"  4.56£034" 3.44+0.51" 823+095" 10.3420.63° 10.78+0.10°
Salting along 3 days
Subcutaneous fat - 2.56+0.16"  4.29+0.38°" 2294035 2.86+0.74"  221+032" 3524028 6.04+0.08" 9.38+0.41¢ 7.68+0.07"

Muscular fat ~ 3.324091"  839+2.14”  9.80+1.16"” 10.98+142” 9.88+0.10” 6.97+1.37% 17.83+2.94% 20.83+1.57% 24.96+0.00%
Salting along 4 days
Subcutaneous fat  3.46+0.73%  4.95+0.05°" 59240042 595£137%  691£1.42% 846+0.752 8911452 14.81£127% 17.79+0.112

Muscular fat ~ 349+0.70" 10.14£2.20” 14.05+0.63° 15.81+2.83° 20.06+1.06° 21.81+5.56® 24.71+1.11% 22.58+4.58 26.48+6.05%
Salting along 5 days
Subcutaneous fat  2.94+1.40°"  5.86+2.82"  6.90+1.40% 593+0.01” 11.33+0.67° 13.83+0.01° 15.76+0.09% 17.43+0.62% 21.72+2.76"

" Mean values in the same row not followed by a common letter differ significantly (P < 0.05).

23 Mean values corresponding to the same location and sampling time not followed by a common number
differ significantly (P < 0.05) between the batches salted along 3, 4 and 5 days.

In the fat of the muscular portion, the peroxide values increased significantly (P < 0.01) during salting and, to a
lesser extent, during the post-salting stage. Thus, in the batches salted for 3 or 4 days, the peroxide values
decreased significantly (P < 0.05) during the first 14 days of drying-ripening stage and later increased (P < 0.001)
until the end of the process; the decrease during the first days of the drying-ripening period may be due the
higher degree of peroxide degradation than oxidative phenomena at these stages and in these batches, with a
final overall decrease in the peroxide values. In the batches salted for 5 days, the peroxide values increased
significantly (P < 0.05) during the first 7 days of drying-ripening, and they then remained relatively constant
until the end of the manufacturing process.

In the subcutaneous fat, the peroxide values increased significantly (P < 0.05) during salting, remained relatively
constant or even decreased during the post-salting stage, and then increased significantly (P < 0.001) during the
drying-ripening period. The latter increase, although also significant (P < 0.05), was less marked in the batches
salted for 3 days.
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At almost all the sampling points, and in both the muscular and the subcutaneous fat, the peroxide values were
significantly (P < 0.001) higher in the batches salted for 5 days than in those salted for 4 days; the values were
also significantly (P < 0.001) higher in batches salted for 4 days than in those salted for 3 days. These data
clearly indicate the pro-oxidant effect of the salt. For all sampling times and salting durations, the peroxide
values were significantly (P < 0.05) lower in the subcutaneous fat than in the muscular fat, possibly because salt
may not reach this area of the pieces, and possibly also because of the lower diffusion in the oxygen.

The final average values were 7.68, 17.79 and 21.72 meq. of O,/kg of subcutaneous fat and 10.78, 24.96 and
26.48 meq. of Oy/kg of muscular fat, in the batches salted for 3, 4 and 5 days, respectively.

The final peroxide values in the fat of the muscular portion were similar to those described by Marra et al. (1999)
and by Rodriguez et al. (2001) for raw-cured lacon at the end of the manufacturing process. However, these
values were generally higher than those reported for Serrano hams (Flores et al., 1985; Astiasaran et al., 1988)
and Iberian hams (Antequera et al., 1992) after a similar ripening time; the final average values in the
subcutaneous fat were also higher than those described by Flores et al. (1985) for ham. This may be related to
the smaller, thinner lacon pieces, resulting in a larger surface area per unit of weight and, therefore, a larger
surface area in contact with the air.

Tables 3, 4 and 5 show the variation in the total fatty acid content of the muscular fat throughout the manufacture
of the lacon batches salted for 3, 4 and 5 days, respectively.

Table 3. Evolution of the total fatty acid content (expressed as %) in the muscular fat during the manufacture of
dry-cured lacon salted along three days (mean =+ standard deviation values of two batches)

Post-salting (days) Drying-ripening (days)

Fatty acids Fresh piece After salting 7 14 7 14 28 56 84

C14 1.2240.03*"  1.23+031°' 1.21+0.16"'  1.17+0.32" 1132026  1.2040.25*  1.19£0.32*' 1.21+0.28""  1.13+0.12"
Cl14:1  0.01+0.01""  0.02£0.01*"  0.01£0.01*'  0.010.01*' 0.01£0.01" ND 0.01£0.01*"  0.02+0.01*"  0.01+0.01*'
C15 0.08+0.01*'  0.07+0.01*'  0.06+0.02"'  0.05+0.01*'  0.06+0.01°  0.06+0.01*'  0.06+0.01'  0.05+0.01°'  0.04+0.01*'
C15:1  0.03£0.01*"  0.02£0.02*'  0.04+0.03" ND 0.02+0.02*" ND 0.03+0.02*" ND 0.02+0.01%'
C16  22.83+0.01%' 22.23+0.55" 23.34+1.02*' 23.82+0.34*  22.22+2.72*' 22.75+0.54*" 21.71£3.53*' 22.46+1.05*" 21.76+1.61%!
C16:1  0.04£0.02"'  0.04+£0.01*'  0.06£0.02"'  0.04+0.01*' 0.01£0.01°"  0.03+0.01*'  0.05£0.01*'  0.02+0.01"'  0.02+0.01""
Cc17 0.59+0.01*"  0.40+£0.04°"  0.43£0.08"'  0.30+0.01°' 0.35+0.01°"  0.34+0.02°'  0.37+0.08"" 0.26+0.02¢'  0.32:0.06*!
C17:1  0.54+0.01*'  0.41£0.02° 0.37£0.10"  0.33£0.01®"  0.32+0.03°"  0.33£0.01°  0.32+0.03°"  0.32+0.02*'  0.28+0.06"
C18  11.63+0.13*' 10.47+1.71%" 12.58+025" 11.19+0.16"  10.78+1.25"" 12.29+2.36™*' 11.03+1.84*' 10.61+0.22"' 10.66=0.57"'
C18:1  43.15£0.08" 44.82+0.56™" 42.25+4.04*" 49.51+£0.04°*' 45.54+1.05"" 45.64+1.09™" 42.45+4.48" 49.07+2.23"" 47.34+3.28"
C18:2  15.09£0.01°! 14.84+0.27*" 14.89£2.20°" 10.69+0.01°*! 15.36+2.20" 13.36+2.85%" 18.30+1.11*" 11.93+1.67°" 13.43+2.79°'
C20 0.10£0.01*"  0.07+0.01*'  0.06+0.05"  0.04+0.02*'  0.05£0.07*'  0.07+0.01*'  0.09+0.01°'  0.06+0.01°'  0.07+0.02"'
C18:3  0.82+0.01"' 0.85£0.12*' 0.82+0.13*'  0.62+0.01°'  0.89+0.07*'  0.78+0.22*'  0.89+0.08"' 0.71£0.14*'  0.75+0.18"
C20:1  0.90+0.01°!  0.89+0.14"  0.88+0.12*  0.81£0.01*'  0.72+0.20*"  0.89+0.16*  0.90+0.07*'  0.96+0.34*'  0.90+0.32%!
C21 0.04£0.01*"  0.05+0.01*'  0.05+0.01*'  0.04+0.01"' 0.04£0.01*'  0.04+£0.01*'  0.04+0.01*'  0.07+0.03*'  0.05+0.03*!
C20:2  0.71+0.01*" 0.67+0.09°" 0.67+0.03*' 0.43£0.01°"  0.71£0.12°'  0.63+£0.02°' 0.79£0.11*'  0.60+0.07*'  0.78+0.19"'
C20:3  0.24+0.01°' 0.17£0.01%!" 0.21+0.02*°'  0.1120.01°' 0.17+0.0°"  0.16£0.02%"  0.20+0.04®' 0.13+0.01%! 0.15:£0.02%*!
C22 1.00£0.01*"  0.61£0.05"' 1.02+0.46°  0.47+0.01®  0.68+0.30  0.56+0.19"' 0.85+0.06™' 0.48+0.11"" 0.54:+0.12"
C20:4  0.14+0.01**'  0.14£0.01*' 0.13£0.01**'  0.08+0.01*"  0.13£0.01**'  0.14+£0.01°" 0.142£0.03"*' 0.12+0.01®' 0.15+0.01*'
C22:1  0.03x0.01°!  0.02£0.01*"  0.03£0.01*'  0.03£0.01°'  0.0120.02*'  0.03£0.02*'  0.02+0.01*'  0.02+0.01*'  0.03+0.01%!
C22:2  0.44£0.01°"  1.73£1.38"" 0.62+0.39®" 0.01£0.01°'  0.56+0.75"*' 0.4320.56""  0.49+0.64"" 0.65+0.86™' 1.25+1.41"
C24  026+0.01%*' 0.18£0.03°*' 0.24+0.03**' 0.13+0.01°"  0.17£0.01°*' 0.18£0.04**' 0.21+0.01°*' 0.16+0.02"" 0.19+0.02"'
S 37.79+0.12%' 35.33+0.97' 39.00+2.07' 37.25+0.11""  35.50+3.96" 37.52+1.31%' 35.55+5.87"' 35.39+1.66" 34.77+0.96"
MU  44.72£0.07°' 46.21£0.67*' 43.63+3.98"" 50.73£0.09°*' 46.64+0.80™" 46.96+1.20™" 43.79+4.47" 50.43+2.53"" 48.63+3.67"'
PU 17.48+£0.03*" 18.44+1.65*" 17.35+1.93*" 12.01+0.05"*'  17.86+3.15°" 15.5242.51%" 20.85+1.70°" 14.17+0.88%' 16.57+4.62°"
U 62.21+0.12%" 64.66+0.98"" 61.00+2.06"' 62.75£0.13"!  64.50+3.94" 62.47+1.31"" 64.65+6.17"" 64.60+1.66" 65.22+0.96"
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S: sum of saturated fatty acids; MU: sum of monounsaturated fatty acids; PU: sum of polyunsaturated fatty
acids; U: sum of unsaturated fatty acids; ND: Not detected.

#7¢ Mean values in the same row (corresponding to the same fatty acid or group of fatty acids) not followed by a
common letter differ significantly (P < 0.05).

* The value of this fatty acid or group of fatty acids in this sampling time and salting duration differ significantly
(P <0.05) between the muscular and the subcutaneous fat.

23 Mean values corresponding to the same fatty acid (or group of fatty acids) and sampling time not followed
by a common number differ significantly (P < 0.05) between the batches salted along 3, 4 and 5 days.

Table 4. Evolution of the total fatty acid content (expressed as %) in the muscular fat during the manufacture of
dry-cured lacon salted along four days (mean * standard deviation values of two batches)

Post-salting (days) Drying-ripening (days)

Fatty acids Fresh piece  After salting 7 14 7 14 28 56 84

C14 1.47£0.02*1  1.41%0.12" 1.45+0.06* 1.43+0.04% 1.48+0.12%0  1.49+0.10"  1.67+0.16%  1.46+0.03™*'  1.53+0.07%'
Cl4:1  0.0240.01*"  0.02+0.01*'  0.02£0.01**'  0.02+0.01*' 0.02+0.0  0.02+0.01*'  0.02+£0.01°  0.02+0.01*'  0.02+0.01%*'
C15 0.07+0.01*"  0.08£0.01°'  0.07£0.02""  0.05£0.01"' 0.05£0.01*"  0.06+0.01*'  0.08£0.01°'  0.08+0.04*"  0.09+0.03"!
C15:1  0.04+0.01*"  0.10£0.01*'  0.07+0.05"  0.02+0.02"' 0.02+0.01*'  0.04+0.03*'  0.01%0.02"' ND 0.05+0.03"
C16 24.69£0.05% 252420.92%*! 26.02+0.17%*! 26.43+0.41%*'  26.31+1.03*" 25.73£021%! 27.50+2.712  25.98+0.18""  25.69+0.12%
C16:1  0.0240.01*"  0.02+0.01%'  0.03£0.01**'  0.03£0.01*' 0.03+0.01%"  0.03£0.01*'  0.07+0.02*'  0.02+0.01*'  0.03+0.01*'
Cc17 0.34+0.02*"  0.39£0.05"  0.34£0.01""  0.29+£0.05" 0.3740.12*1  0.4120.06"  0.44£0.07"'  0.46+0.23*!  0.45+0.09"!
C17:1  039+0.01*'  0.46+0.02*'  0.40£0.07"  0.33+0.03" 0.38+0.10°  0.41+0.05*"  0.45+0.02"'  0.48+0.17'  0.49+0.05"
C18  12.18+0.01%" 12.01+0.77*" 12.67+1.69™" 13.75+0.16™** 14.40+0.38"> 14.48+0.26"*' 14.13£0.93*? 13.05£0.67"? 11.75+0.63'
C18:1  44.96+0.01 45.07+2.38%*2 44.24+120™" 45.65+0.80  43.53£0.62 42.34+1.06° 37.68+3.51°*> 44.86+2.232  44.06+4.34"
C18:2  12.95+0.10%% 11.26+0.88™ 10.94+1.34™  925+1.04”  10.36+0.95™* 11.74+0.99™" 14.05£0.15°* 10.50+0.72"" 12.30+3.15%%!
C20 0.07£0.01%"  0.23£0.20""  0.23+021*"  0.07+0.01"' 0.06+0.04*"  0.08+0.01*  0.08+0.05*"  0.07+0.02*'  0.07+0.06"'
C18:3  1.00£0.10°"  0.68+0.04*  0.69+0.05"!  0.66£0.09™*'  0.65£0.11*"  0.75+0.03*!  0.93£0.04"  0.72£0.05°'  0.84+0.18"*!
C20:1  0.71£0.05%  0.87+0.10*  0.92+0.03"  0.98+0.12" 1.10£0.09°  1.004£0.22*'  0.97+0.04"  0.88+0.01°  0.96+0.05"
C21 0.06+0.01*"  0.05+0.01" 0.06£0.01*"  0.05+0.01"' 0.06£0.01*"  0.05+0.02*'  0.06+0.01°  0.05+0.01"  0.06+0.01"'
C20:2 ND 0.09+0.02*"  0.05+0.03*'  0.04+0.01%' 0.01+£0.01"  0.01+0.01*"  0.05£0.03""  0.46+0.02*'  0.28+0.02"'
C20:3  0.1120.01*"  0.12+0.01®"  0.12£0.01°°  0.12£0.01®®"  0.14£0.02%®°"  0.14£0.01°!  0.15£0.01®"  0.12£0.01°*>  0.13+0.01°*!
c22 0.56£0.06""  1.30+0.82" 1.17£1.02*"  0.48+0.05" 0.63+0.08*"  0.73+0.23*'  1.07+0.23%"  0.44+0.12*'  0.76+0.32"
C20:4  0.11£0.02  0.19+0.09"*'  0.19£0.11°*'  0.11+0.01"' 0.14£0.01""  0.15£0.03®'  0.2120.03*'  0.11£0.01®"  0.15+0.04°*!
C22:1  0.03+0.01*"  0.06£0.03  0.05+0.04*'  0.03£0.01*' 0.03£0.01°'  0.03+0.01*'  0.03£0.04"  0.02+£0.02*'  0.04+0.01"'
C22:2  0.01+0.01*"  0.02£0.04®  0.03£0.01*'  0.03£0.01"' 0.02+0.02*"  0.03x0.02*'  0.03£0.02°'  0.04+0.59*"  0.04+0.35"!
C24 0.14+0.022  0.24+0.07#'  0.21£0.11'  0.14£0.01°'  0.17+0.01%'  0.19£0.01%'  0.25£0.05**'  0.13+£0.01*'  0.19+0.04"'
S 39.58+£0.21%" 40.96+1.34%%2 4221+0.42°*2  42.70£0.27°%  43.51+£0.67°7 43.23+0.26™*> 4528+3.40°> 41.73£0.69*> 40.58+1.24%
MU 46.16+0.25"  46.58+2.27*!  45.69+1.01™? 47.02+0.87°  45.08+0.42% 43.84+1.31"? 39.15+3.55%7 46.26+2.10° 45.62+4.29"?
PU 14.2420.12°"  12.44+0.92*  12.08+1.43  10.25£1.14°%  11.38£1.09 12.90+1.05®" 15.50+0.13°2 11.99+1.41°! 13.78+3.04!

U 60.42+0.48%" 59.04+1.34%*2 57.79+0.42°°%2 5730027  56.49+0.67 56.77+0.26™*> 54.72+3 40°%> 58.27+0.692 59.42+1.24%

S: sum of saturated fatty acids; MU: sum of monounsaturated fatty acids; PU: sum of polyunsaturated fatty
acids; U: sum of unsaturated fatty acids; ND: Not detected.

¢ Mean values in the same row (corresponding to the same fatty acid or group of fatty acids) not followed by a
common letter differ significantly (P < 0.05).

* The value of this fatty acid in this sampling time and salting duration differ significantly (P < 0.05) between
the muscular and the subcutaneous fat.

123 Mean values corresponding to the same fatty acid (or group of fatty acids) and sampling time not followed
by a common number differ significantly (P < 0.05) between the batches salted along 3, 4 and 5 days.
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Table 5. Evolution of the total fatty acid content (expressed as %) in the muscular fat during the manufacture of
dry-cured lacon salted along five days (mean + standard deviation values of two batches)

Post-salting (days) Drying-ripening (days)

Fatty acids Fresh piece After salting 7 14 7 14 28 56 84

C14 1.314£0.03*'  1.22+£0.09°'  1.25+0.12*' 1.32+0.01*'  1.26+0.90*" 1.36+0.22*' 1.21£0.03*  1.29+0.19"  1.13+0.01*
Cl4:1  0.02£0.01a' 0.01£0.01*"  0.02+0.01°'  0.02+0.01°'  0.02+0.01*'  0.01+0.01*'  0.01£0.01*'  0.02£0.01*'  0.01+0.01"'
C15 0.05+0.01*'  0.04+0.01°'  0.06+0.01*'  0.07+0.01*'  0.03£0.01*'  0.06+0.01*'  0.06+0.02*'  0.05+0.01*'  0.05+0.03"'
C15:1  0.06£0.01"'" 0.05£0.02*'  0.03+0.01°'  0.03+0.01"'  0.04+0.0"' ND 0.03+£0.01*'  0.03+0.01*'  0.02+0.01*'
C16  23.61£0.64™" 23.17+0.65™" 23.04+0.26™' 23.54+0.01®*' 25.91+1.80*" 23.99£0.57%" 22.47+1.65"' 23.09+2.35®' 23.56+0.71"'
C16:1  0.08+£0.02*'  0.05+0.02*'  0.03x0.01"" 0.03+0.01"  0.02+0.01°"  0.02+0.01°"  0.02£0.01°"  0.02+0.01*" 0.04+0.02*"!
C17 0.38+0.02*'  0.33+0.02*'  0.35+0.05"'  0.40+£0.01"'  0.26+0.04"" 0.30+0.01®' 0.43+0.04*"  0.30+0.09"'  0.32+0.13"'
C17:1  0.40+0.01"'  0.3420.01°"  0.36£0.01*" 0.44£0.01""  0.30£0.04""  0.35+0.05""  0.46£0.03"  0.34£0.06"' 0.34+0.07"'
C18  12.20+0.94"" 12.34+0.182 11.67£0.51*' 11.58+0.01*" 12.94%1.36"*? 11.04+1.66° 11.92+0.87"' 11.64+0.09"' 12.72+0.71%
C18:1  45.10+£1.24% 47.45+0.19°' 47.24+0.542 47.07£0.02" 46.90+2.16" 48.30+0.21*' 47.33+0.98"' 47.97+0.47"' 48.49+2.57"
C18:2  12.64£023% 11.3240.282 12.25+0.55" 12.04+0.01® 9.29+1.03**> 11.35+0.64%' 12.53+2.96™* 11.61£1.53*' 9.82+2.79°!
C20  0.08+0.01%*' 0.05+0.01°" 0.07+£0.01*'  0.04£0.04*'  0.06£0.02*'  0.03+0.04*'  0.07+0.02*'  0.04+0.01*'  0.07+0.03"
C18:3  0.75£0.01°"  0.65£0.01*'  0.73£0.02*'  0.77+0.01°'  0.61£0.09°*' 0.71+0.05"' = 0.84£0.24"  0.73£0.12*'  0.61+0.18"!
C20:1  0.86+0.02"'  0.99+0.10*"  0.91+0.04*'  0.77+0.01"'  0.87+0.07°+' 0.82+0.15"'  0.82+£0.09"  0.93+0.01*'  0.96+0.08"'
C21 0.04£0.01*"  0.06+0.01°'  0.05+0.01*'  0.05+£0.01*'  0.05£0.01*'  0.04£0.01*'  0.05+0.01*'  0.05+0.01°  0.06+0.01"'
C20:2  0.50£0.01*"  0.56£0.03*'  0.53+0.01°'  0.44+0.01"'  0.47+0.07*' 0.47£0.03" 0.54+£0.06™' 0.55+0.06*' 0.48+0.14%'
C20:3  0.17+0.01! 0.14+0.01*2 0.15£0.03" 0.13£0.01""  0.1120.05°"  0.12+0.01™"  0.13+0.03™' 0.15£0.01®" 0.14+0.05*
C22 1.1240.02*'  0.70+0.21°"  0.70+0.17°"  0.65+0.01°"  0.42+0.23"  0.50£0.01°' 0.50+0.14*' 0.60+0.10""  0.63:0.30"
C20:4  0.11£0.01%*' 0.12+0.01°" 0.12£0.01°" 0.10£0.01""  0.09+0.01*' 0.11£0.01* 0.13£0.01°" 0.13+0.01®*" 0.1120.01*"'
C22:1  0.04£0.01*  0.02£0.01*"  0.03£0.01*'  0.03£0.01°"  0.01£0.02*'  0.02+0.01*'  0.04+£0.03*  0.02£0.01*'  0.03+0.01°!
C22:2  0.13£0.01°'  0.09+0.02**  0.09+0.01°'  0.21+0.01°'  0.12+0.05"'  0.14+0.07"'  0.17£0.04"  0.16£0.01*'  0.14+0.02°!
C24  025£0.01%*' 0.21+0.04**' 0.20+0.02*' 0.18+0.01**'  0.13£0.07°"  0.13£0.01°"  0.14£0.03** 0.17£0.02°*' 0.15:+0.08""
S 39.09+1.54*" 38.13+0.70" 37.41+0.01*' 37.86+0.03*' 41.11+0.89% 37.48+0.81%' 36.87+2.30° 37.27+2.24* 38.73+0.85"
MU  46.56£1.26" 48.93+0.33" 48.64+0.52° 48.41+0.02"" 48.15£2.09" 49.56£0.09*' 48.71+1.00° 49.34+0.53"" 49.92+2 36"
PU 14.36+0.27*' 129240372 13.94+0.53 13.7240.01*'  10.74+1.20° 12.96+0.71*' 14.40+3.31% 13.37+1.71*' 11.35+3.21%
U 60.91+£1.54" 61.86£0.70" 62.59+0.01%' 62.14+£0.03"" 58.88+0.84™2 62.51+0.81*' 63.1242.30* 62.73+2.24* 61.27+0.83*

S: sum of saturated fatty acids; MU: sum of monounsaturated fatty acids; PU: sum of polyunsaturated fatty
acids; U: sum of unsaturated fatty acids; ND: Not detected

-* Mean values in the same row (corresponding to the same fatty acid or group of fatty acids) not followed by a
common letter differ significantly (P < 0.05).

* The value of this fatty acid in this sampling time and salting duration differ significantly (P < 0.05) between
the muscular and the subcutaneous fat.

'3 Mean values corresponding to the same fatty acid (or group of fatty acids) and sampling time not followed
by a common number differ significantly (P < 0.05) between the batches salted along 3, 4 and 5 days.

The fatty acid composition of pig fat is very variable and depends on several factors such as the cut of meat, as
well as the race, sex and diet of the animal (Wood et al., 2008). The fatty acid composition of the fat in whole
cuts used for manufacturing cured products is of great interest because it influences the salting and dehydration
processes (Ventanas, 2001), thus determining the suitability of the raw materials for transformation into cured
products. It also plays an important role in the development of important sensory characteristic such as the visual
aspect, hardness of the fat and aroma of the manufactured products (Ruiz-Carrascal et al., 2000).

In the fresh pieces under study here, the total fatty acid profiles of the muscular and the subcutaneous fat were
very similar. The main fatty acids were oleic and palmitic (together representing around 70% of the total fatty
acids), followed by linoleic, estearic and miristic acids. The fatty acid profile in the fresh lacon pieces is
consistent with previous reports for pork shoulder fat (Lorenzo et al., 2003; 2008) and also for fresh cuts used to
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produce ham (Melgar et al., 1990; Cava et al., 1997; Garcia-Regueiro & Diaz, 1997; Davenel et al., 1999).
However, the oleic acid contents (around 45%) were lower than the very high values reported by Ventanas (2001)
for the intramuscular fat of the pieces used to produce Iberian ham (50-58%), and they were also lower than
those reported by Melgar et al. (1990) for fresh pieces of pork from Iberian pigs (53%) and from Iberian x Duroc
pigs (51%).

Throughout the manufacturing process, the fatty acid profiles of the pieces were similar to those of the fresh
pieces, with very small modifications; this is consistent with previous findings for ham (Buscailhon et al., 1994b;
Coutron-Gambotti & Gandemer, 1999).

The salting duration had significant effects (P < 0.05) on the fatty acid profile of the fat of the muscular portion.
These effects were most consistent for the polyunsaturated fatty acid content. The polyunsaturated fatty acid
contents were higher in the batches salted for 3 days than in the batches salted for 4 or 5 days, and the
differences were significant after salting (18.44%, 12.44% and 12.92% respectively), and at all sampling points
except after 14, 56 and 84 days of drying-ripening; differences in polyunsaturated fatty acid content between
batches salted for 4 and 5 days were only significant in the final product, and the values were higher in the
batches salted for 4 days (13.78% and 11.35% respectively). These differences were mainly due to the different
percentages of linoleic acid, which was the main polyunsaturated fatty acid at all sampling points, comprising
between 9% and 18% of the total fatty acids.

Information about the effect of the salt content on the fatty acid composition of meat products is very scarce.
Coutron-Gambotti et al. (1999) reported that there was little difference in the fatty acid contents of intramuscular
lipids of ham in relation to different salting times, and that only the polyunsaturated fatty acid contents of the
phospholipid fraction were significantly affected; as in the present study, they were highest in the hams salted for
the shortest time.

The lower contents of polyunsaturated fatty acids in the sampling points after salting in the most intensely salted
batches appear to be related to the higher intensity of oxidative phenomena in these batches. Salt has a
well-known pro-oxidant action (Olson & Rust, 1973; Chen et al., 1984; Shahidi et al., 1988; Kanner et al., 1991),
and polyunsaturated fatty acids are the most susceptible to oxidation.

As a consequence of the high percentages of unsaturated fatty acids in the batches salted for the shortest time (3
days), the saturated fatty acid contents were smaller and the differences in the percentages of these fatty acids
were significant at all the sampling times, relative to the batches salted for 4 days.

The fatty acid profile in the muscular fat in the lacon pieces at the end of the manufacturing process is consistent
with previous observations (Lorenzo et al., 2003, 2008) and is also similar to that reported by other authors in
hams of different origins (Delgado et al., 2002; Gandemer, 2002; Larrea et al., 2007). However, the percentage
of linoleic acid was higher in the muscular fat of the lacon pieces in which the percentages were already higher
in the fresh pieces. This difference may be associated with factors such as the breed, age and feeding. The lacon
pieces used in this study were obtained from carcasses of young animals (carcass weight around 90 kg) coming
from an industrial crossing that were mainly bred for consumption as fresh meat; the characteristics of this meat
are very different from those of the meat used to produce the different ham varieties (other races of pigs, older
and heavier animals and possibly fed with different types of foodstuff) (Delgado et al., 2002; Gandemer, 2002;
Larrea et al., 2007).

The variation in the total fatty acid content of the subcutaneous fat during the manufacture of the lacon batches
salted for 3, 4 and 5 days are shown in Tables 6, 7 and 8, respectively.
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Table 6. Evolution of the total fatty acid content (expressed as %) in the subcutaneous fat during the manufacture
of dry-cured lacon salted along three days (mean =+ standard deviation values of two batches)

Post-saling (days)

Drying-ripening (days)

Fatty acids Fresh piece After salting 7 14 7 14 28 56 84
Cl4 1.21£0.09"  1.20£0.07*'  1.22+0.09*  1.33+0.07%'  1.26+0.42*' 1.29+0.16" 1.32+0.12°' 1.41+0.14*  1.24+0.05"
Cl4:1  0.02+0.01*'  0.01+0.01°  0.02+0.01*"  0.02+0.01*'  0.02+0.01*'  0.02+£0.01'  0.02+0.01*"  0.02+0.01*"  0.02+0.01*'
C15 0.07£0.01*"  0.06£0.01°"  0.07+0.02'  0.07+0.01*  0.05+0.01°'  0.06+0.01°' 0.0620.01"  0.06£0.01*'  0.07+0.02"'
C15:1 ND 0.01+0.01*" ND 0.01:0.01*! ND ND 0.01£0.01*"  0.01£0.01*'  0.01+0.01*!
C16  23.32+1.23* 2331+0.15* 22.83+1.07°' 22.94+1.20" 21.8242.60" 22.56+0.51*' 21.40+0.83*' 22.88+0.87*' 22.16+0.58"
C16:1  0.0120.01*'  0.010.01°"  0.02£0.01*"  0.02+0.01*"  0.02+0.01*'  0.01£0.01"" 0.02+£0.01°"  0.02+0.01*"  0.02+0.01*'
Cc17 0.43+0.12*"  0.38+0.03®'  0.38+0.07' 0.39+0.09'  0.25+0.05"" 0.34+0.01°' 0.30+£0.06"" 0.28+0.02°  0.36+0.12%'
C17:1  0.44+0.11""  0.40£0.02*'  0.39+0.07*'  0.40+0.06*  0.32+0.01*'  0.39£0.01* 0.32+£0.01*  0.38+0.01*  0.39+0.05*
C18 11.31£0.03*"  9.7120.57"'  10.94+0.97*' 10.26£0.41*'  8.81+0.56" 9.21+4.38" 9.60+1.18" 9.30+0.06"  9.81=1.08"
C18:1  46.66:1.34™" 46.66+0.97°" 45.14£0.93®! 43.81+0.26"  46.45+3.42% 4571+0.01%" 43.47+1.14"1 47.29+1.44%" 464443 62!
C18:2  12.81+1.77% 15.45+1.06" 15.27+2.70°" 16.2142.30™" 15.67+8.70™" 16.00+2.83"" 18.7142.66"" 14.62+1.71°" 15.43+3.18™"
C20 0.06£0.02*"  0.02+0.05"  0.07+0.02'  0.07+0.01*  0.03+0.05"'  0.06+0.01"' 0.03%0.05' 0.05£0.01°"  0.07+0.02"'
C18:3  0.78+0.07*'  0.93+0.04™' 0.93+0.18' 1.02£0.12®"  0.79£0.28®" 1.02+0.25®' 1.00+0.09*" 0.95+0.15®"  0.95+0.18%!
C20:1  1.01+0.06"  0.83+0.03' 0.86+0.03*' 0.80+£0.02'  0.65+0.07°" 0.83+0.13® 0.64+0.10*" 0.83+0.29"'  0.93+0.15
Cc21 0.05£0.01°"  0.04£0.01"  0.05£0.01°'  0.04+0.01"'  0.04+0.01'  0.05+0.01' 0.04£0.01°"  0.05£0.02*'  0.06+0.02"'
C20:2  0.67+0.09"  0.67+0.03*'  0.67£0.03"  0.66+0.05*"  0.61+0.32*'  0.70£0.03*! 0.74£0.12*'  0.64£0.06"  0.69+0.02"'
C20:3  0.11£0.04"  0.1120.01*"  0.13£0.03*'  0.1320.02*'  0.09+0.03*'  0.12+£0.01*" 0.12+£0.02*'  0.10£0.01*"  0.12+0.03"
Cc22 0.2740.08""  0.14+0.19"  0.30+0.11°'  0.30+0.08"'  0.25+0.11°' 0.32+0.02*' 0.30£0.07*" 0.26£0.06""  0.30+0.10"
C20:4  0.15£0.01*"  0.11£0.05®"  0.15£0.01°"  0.16£0.01*!  0.1120.03°"  0.16£0.01°" 0.14+0.03*' 0.14+£0.01°"  0.16+0.01°!
C22:1 ND ND ND 0.01£0.1°"  0.02+£0.01°  0.02+0.01°"  0.0120.01" ND ND
C22:2 043033 0.82£0.99"' 0.37x0.37' 1.18£0.88™"  2.59+2.47°" 0.96+0.70" 1.56+1.85" 0.55£0.61*'  0.59+0.57"
C24 0.10£0.03*"  0.10£0.02*'  0.12+0.03*'  0.12+0.03*'  0.08+0.01*  0.10£0.01*" 0.10£0.01*  0.10£0.02*'  0.12+0.03"'

S 36.83+1.02%' 33.99+1.06" 35.99+1.69°" 35.54+1.47"" 32.61+3.36"" 34.00+£3.68*" 33.16+1.82°' 34.40+0.73"" 34.19+0.85"!
MU  48.161.30° 50.27+1.06" 46.46£0.88" 45.10£0.16™" 47.50+3.52"' 47.00+£0.08"' 45.10£1.02°" 48.57+1.71* 47.82+3.73"
PU 14.99+2.31°" 18.11£2.06™" 17.55+2.57" 19.38+1.62' 19.87+6.90®' 19.00+3.76™' 22.33+0.79"" 17.03+2.44™' 17.97+2.87%!
U 63.17+1.02%' 66.06£0.99" 64.00£1.69"' 64.46+1.47""  67.39+3.38"" 66.00+3.68"" 66.84+1.81°' 65.60+0.73® 65.81+0.84""

S: sum of saturated fatty acids; MU: sum of monounsaturated fatty acids; PU: sum of polyunsaturated fatty
acids; U: sum of unsaturated fatty acids; ND: Not detected.

#7¢ Mean values in the same row (corresponding to the same fatty acid or group of fatty acids) not followed by a

common letter differ significantly (P < 0.05).

'3 Mean values corresponding to the same fatty acid (or group of fatty acids) and sampling time not followed
by a common number differ significantly (P < 0.05) between the batches salted along 3, 4 and 5 days.
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Table 7. Evolution of the total fatty acid content (expressed as %) in the subcutaneous fat during the manufacture
of dry-cured lacén salted along four days (mean + standard deviation values of two batches)

Post-salting (days) Drying-ripening (days)

Fatty acids  Fresh piece  After salting 7 14 7 14 28 56 84

Cl4 1.6240.16™"  1.34+0.13""  1.63£0.09®'  1.82+0.01°  1.57+0.18"" 1.50+0.01®" 2.25+0.967  2.93+0.057  2.91+0.04%
Cl4:1  0.02+0.02*" 0.0120.01°¢ ND 0.01£0.02%  0.01£0.02°2  0.02£0.01°"  0.03+0.01°'  0.01+£0.01%' ND

C15 0.07£0.01"  0.07£0.01*"  0.06+0.02"  0.06£0.02"  0.05+0.02"'  0.07=0.01*"  0.13£0.09""  0.20£0.01°"  0.16+0.06"'
C15:1  0.03:0.01"  0.02+0.01" ND ND ND ND ND ND ND

C16 20.97+7.93"  19.37+7.56" 20.44+8.97°' 18.60+0.06" 25.50+1.81%! 24.27+0.07°" 22.93+1.81%" 21.56+0.02°* 21.43+0.21%"
C16:1 0.18+0.252  0.23+0.322  0.20£0.28  0.010.01" ND ND ND ND ND

c17 0.43£0.16*"  0.46£0.08"  0.41£026*"  0.41£0.05*  0.31£0.12°  0.37£0.04"  0.64£0.41""  0.46+0.66" ND

C17:1 0.52+0.08%1  0.48+£0.04'  0.74+0.58%1  0.64£027%'  0.42+0.13"'  0.48£0.04"'  0.80£0.41°'  1.04+026*"  0.75+0.16"
C18  13.05£1.33* 13.39£1.27*" 11.43£0.23"" 16.93£1.97°" 12.34£1.04° 11.59+2.11°° 9.93+0.22°'  10.83+1.50°"  12.34+0.64"
Cl18:1  46.80+5.41"" 51.69+3.57" 51.47+£536™ 46.22+0.16"  47.01£0.95" 46.74+0.97"" 43.26+5.48" 42.86+0.047 42.66+2.33"
C18:2  13.372023% 10912412 11.3122.74*" 12.43+1.86™%  10.3241.34™ 12.30+1.45*4" 16.74+4.82°" 15.87+0.38*" 15.41+0.60"
C20 0.70£0.87""  0.4120.49*"  0.44+0.62"  0.46+0.57"  0.02+0.02"  0.04=0.01*"  0.03x0.01*"  0.07£0.06""  0.08+0.03"!
C18:3 1.04+0.13%"  0.82+0.22""  1.02£0.47®"  1.19£0.46™'  0.78+0.14*"  0.98+0.15®'  1.32+0.32°  0.78+1.07*"  1.32+0.08"
C20:1 0.44+0.53*1  0.46£0.56"  0.57+0.68%"  0.80+1.00°  1.05£0.01*'  0.94+£0.15"'  1.05£0.30°"  1.40+0.20'  1.53+0.02"'
c21 0.05£0.01"  0.05£0.01°"  0.04+0.03""  0.07+0.04"  0.06+0.01"'  0.05%0.01'  0.06£0.01*'  0.67+0.83*"  0.02+0.01¢?
C20:2 0.16£0.18°"  0.14+0.16*"  0.13+0.18"  0.13+0.13"  0.0120.02'  0.0320.01*'  0.04+£0.02*'  0.07+0.01*'  0.09+0.01"'
C20:3 0.08+0.07*"  0.06+0.07°!  0.08+0.09°  0.08+0.11%®'  0.15£0.01®°" 0.16+0.01®°"  0.18+0.03®*'  0.31+0.15""  0.42+0.01%"!

c22 0.20£0.07*"  0.17£0.07"  0.18+0.01"  0.19£0.04"  0.22£0.05"  0.25£0.01*"  0.33£0.12"'  0.24+0.25""  0.04+0.02"'

C20:4  0.04+0.06™'  0.03+0.04*'  0.03+0.05*'  0.04£0.06°'  0.08+£0.01®°' 0.09+0.01®'  0.12+0.03""  0.07+0.10®' ND
c22:1 0.02+0.01*"  0.01£0.01*  0.01+0.01*"  0.02+0.02"' ND 0.01£0.01*"  0.02+0.01*'  0.11£0.13*'  0.21=0.01"
C22:2 ND ND ND ND ND ND ND 0.01£0.01*"  0.01+0.02"

C24 0.09+0.01°"  0.11£0.01®"  0.10£0.04®"  0.10£0.01®'  0.09+0.03"  0.11+0.01®"  0.13£0.04®"  0.16+0.01>  0.16:0.01"'
S 37.17+547" 35.37+5.66™" 34.74+8.40™" 38.64+1.35"! 40.16+0.72°% 38.24+2.00°" 36.44+0.55° 37.12+1.52¢" 38.43+0.34'
MU 47.83£4.93%%! 52.67+3.05°2 52.79+£527"2 47.69+0.56°*" 48.49+0.81%" 48.19+0.40° 45.15+4.69°' 45.43£0.56 45.15+0.15%
PU 14.70£0.12°" 11.99+2.65*3 12.56+3.26™% 13.89+£2.25°%  11.35+1.54 13.57+1.60*% 18.41£5.25"% 17.14+£1.39%" 15.9120.62%

U 62.7245.32%"  64.89+6.03*"  65.56+8.82"" 61.58+1.68°" 59.84+0.72%2 61.76£2.00™' 63.56£0.55®" 62.57+1.94®" 61.10+0.77%!

S: sum of saturated fatty acids; MU: sum of monounsaturated fatty acids; PU: sum of polyunsaturated fatty
acids; U: sum of unsaturated fatty acids; ND: Not detected

#7¢ Mean values in the same row (corresponding to the same fatty acid or group of fatty acids) not followed by a
common letter differ significantly (P < 0.05).

'3 Mean values corresponding to the same fatty acid (or group of fatty acids) and sampling time not followed
by a common number differ significantly (P < 0.05) between the batches salted along 3, 4 and 5 days.

55



www.ccsenet.org/jfr Journal of Food Research Vol. 3, No. 1; 2014

Table 8. Evolution of the total fatty acid content (expressed as %) in the subcutaneous fat during the manufacture
of dry-cured lacon salted along five days (mean * standard deviation values of two batches)

Post-salting (days) Drying-ripening (days)

Fatty acids Fresh piece After salting 7 14 7 14 28 56 84

Cl4 1.24+0.01°"  1.2540.11°' 1.30+£0.16" 1.36£0.10"  1.47+£0.26" 1.43+0.29*' 1.28+0.09°' 1.3140.13*' 1.25+0.05"
Cl4:1  0.02+0.01* 0.02£0.01*' 0.02£0.01"" 0.03+0.01"  0.03£0.01*' 0.03+0.01"' 0.01x0.01*' 0.01=£0.01*" 0.02+0.01"'
C15 0.05£0.01*"  0.04+£0.01""  0.07£0.01* 0.07+0.02*'  0.05+£0.01*' 0.06£0.01*' 0.07+0.01*' 0.05£0.01*" 0.05+0.01*'
C15:1  0.08£0.09" 0.01=0.01"' ND 0.01=0.01"' ND 0.01£0.01°"  0.01£0.01°"  0.01:0.01"" ND

C16  22.98+0.12%' 23.56+0.63"' 22.58+0.38* 24.09+0.07*' 23.88+0.29%' 23.32+0.61%' 22.29+1.18*' 22.64+1.49*" 23.66+0.56"
C16:1  0.0120.01"" 0.01+0.01*" 0.01£0.01°" 0.01£0.01*  0.02+0.02*' 0.02+0.01*" 0.02+£0.01*' 0.02+0.01*' 0.01+0.01"'
C17  0.41x0.07*' 0.30£0.01*' 0.36£0.05"' 0.35£0.09*'  0.25+0.02°' 0.29+0.02%°' 0.39+0.05*! 0.30+0.04"' 0.32+0.07*!
C17:1  0.45£0.06" 0.35+0.01°" 0.45+0.01"" 0.45+0.08"  0.42+0.02' 0.40+0.06" 0.49+£0.01*' 0.36£0.06"" 0.38+0.06"'
C18  11.06£0.19" 11.54+0.24" 9.7120.47*' 10.43+0.06" 9.95+2.11*' 9.33+1.96"" 10.41+0.19"' 10.09+0.09*' 10.67+0.24"'
C18:1  49.54+0.23"' 48.55+0.04*! 48.78+0.38"' 48.03+1.80*! 49.78+0.27*! 49.28+0.95"' 48.26+2.02' 50.41+0.46"' 49.45+1.61*
C18:2  11.4120.19*"" 11.38+0.67*' 13.38+0.15" 12.14+1.37* 11.31£1.77% 12.75+0.12* 13.37+2.70° 11.63+0.70*' 11.10+1.52*
C20  0.06+0.01"" 0.05£0.01"" 0.06£0.01*' 0.03£0.04*"  0.05£0.01*' 0.0620.01°" 0.07+0.02*' 0.06+0.01*' 0.05+0.01*'
C18:3  0.78£0.01°' 0.76+0.05*' 0.88£0.06"" 0.92+0.01*'  0.94+0.06" 0.88+0.03*' 1.00£0.32*' 0.79+0.07*' 0.78+0.12°!
C20:1  1.01+0.11°" 0.94+0.14*"  0.89+0.03*' 0.83£0.06"'  0.66£0.14*' 0.83£0.17°"" 0.83+0.16™' 0.93+£0.02*' 0.96+0.01"'
c21 0.06£0.01°"  0.05+0.01*'  0.06+0.01*' 0.05£0.01*'  0.05£0.01*' 0.05£0.01*' 0.04=0.01*" 0.06+0.01"' 0.04+0.01"'
C20:2  0.57£0.02' 0.56+0.08*' 0.58+£0.04*' 0.47+0.02*'  0.49+0.04* 0.51£0.08*' 0.60£0.07*' 0.57+0.01*' 0.54+0.08"'
C20:3  0.09+0.01*' 0.07+0.01*" 0.12+£0.01*" 0.08+0.01*'  0.07+0.01*' 0.10£0.01*" 0.09+0.02*' 0.08+0.01*' 0.08+0.01*'
C22 0.23£0.05*"  0.21+0.01"'  0.33£0.07*' 0.21+0.03"'  0.2120.04*' 0.25+0.03"' 0.29+0.08*' 0.22+0.05"' 0.210.06"'
C20:4  0.14£0.01""  0.13£0.02*' 0.14£0.02*' 0.13£0.03*  0.11£0.01*" 0.13£0.01" 0.15£0.02*' 0.14+0.01*' 0.14+0.02*'
C22:1  0.010.01* ND 0.02+0.01*"  0.01£0.01*"  0.02£0.01*'  0.02+0.01*"  0.02£0.01*'  0.02+0.01*' 0.02:+0.01*!
C22:2  0.11x0.10"  0.07£0.07*' 0.10£0.06*" 0.13+0.10°"  0.10£0.03 0.10+0.09*"' 0.12+0.08 0.14=0.13*' 0.09£0.01"'
C24  0.11£0.02*"  0.07£0.02°' 0.1320.02*' 0.09+0.02*'  0.07+0.01°' 0.08+0.01*' 0.10+0.02*" 0.09£0.01*' 0.09+0.01*'
S 36.24+0.04*1 37.10£1.00°" 34.59+0.10*' 36.68+0.31°! 36.01+2.04*' 34.89+1.03' 34.98:+0.87* 34.81+1.42*' 36.38+0.21%
MU 50.63+0.31*' 49.88+0.11*' 50.18+0.32*' 49.39+1.79* 50.94+0.42*' 50.59+0.87*' 49.67+2.16™ 51.78+0.51*' 50.86=1.54"'
PU 13.11£0.27*' 13.01£0.90 15.2240.22*! 13.91+£1.462 13.04+1.58 14.51+0.15% 15.35+3.05*' 13.41£0.912 12.75+1.76%

U 63.76:0.05"" 62.90+1.01*" 65.40+0.11*' 63.32+£0.30*" 63.99+2.04* 65.10+1.03"' 65.02+0.86"' 65.19+1.42*' 63.62+0.21"'

S: sum of saturated fatty acids; MU: sum of monounsaturated fatty acids; PU: sum of polyunsaturated fatty
acids; U: sum of unsaturated fatty acids; ND: Not detected.

-* Mean values in the same row (corresponding to the same fatty acid or group of fatty acids) not followed by a
common letter differ significantly (P < 0.05).

'3 Mean values corresponding to the same fatty acid (or group of fatty acids) and sampling time not followed
by a common number differ significantly (P < 0.05) between the batches salted along 3, 4 and 5 days.

We observed smaller variations in the subcutaneous fat than in the muscular fat when quantifying the different
fatty acids during manufacture of the batches salted for different lengths of time. Regarding the effect of the
salting duration, there were again significant differences in the polyunsaturated fatty acid content, which was
higher in the batches salted for 3 days than in those salted for 4 or 5 days. This difference was significant (P <
0.05) at all post salting sampling times, except after 28, 56 and 84 days of drying-ripening. Differences in
polyunsaturated fatty acid contents in pieces salted for 4 and 5 days were only significant at the two last
sampling times, and the contents were highest in the pieces salted for 4 days. The saturated fatty acid content of
the subcutaneous fat in batches salted for 3 days was only significantly lower than in the batches salted for 4 or 5
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days on the 7™ day of drying-ripening.

The fatty acid profile in the subcutaneous fat in the lacon at the end of the manufacturing period was similar to
that described by other authors (Antequera et al., 1994; Cava et al., 1997; Countron-Gambotti & Gandemer,
1999; Delgado et al., 2002; Larrea et al., 2007) in the subcutaneous fat of hams of different origin.

The unsaturated fatty acid content was generally lower in the muscular than in the subcutaneous fat of the pieces.
This difference, which was particularly marked and significant at many sampling points in the pieces from the
batches salted for 4 days, may be due to the pro-oxidant effect of the salt, which barely diffuses through the
subcutaneous fat tissue (Wood, 1966), thus favouring the degradation, via oxidation, of unsaturated fatty acids.

4. Conclusions

Increasing the salting duration significantly increased lipid oxidation in both the muscular and the subcutaneous
fat, and it significantly decreased the polyunsaturated fatty acid content (especially the linolenic acid content)
during the manufacture of dry-cured lacon. Shorter salting times (3 days) yielded dry-cured lacon with less
oxidized fat that was richer in polyunsaturated fatty acids (i.e. healthier fat).
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