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SUMMARY

Dry-cured meat products represent a large part of the meat products on the European market. The technologies develop for these products
lead to the production of a large scale of meat products with typical sensory traits. Numerous studies have been devoted to optimise the
Quality traits of these products which are considered as traditional products by the consumer and provide a high added value to the producer.
Among the components of the raw material, lipids play a key role in the final quality of these products. Many sensory traits of dry-cured
meat products depend on lipid traits of muscle and adipose tissues of fresh meat and on their degradation through a complex set of lipolytic
and oxidative reactions during processing. Lipid traits of both muscle and adipose tissues of fresh meat are strongly related to pig rearing
conditions, mainly genotype and feeding strategy. During processing, lipids undergo intense lipid hydrolysis controlled by both lipases and
PhOSpholipases, which remain active all along the process. Lipids are also subjected to oxidation, which generates numerous volatile
compounds. These volatiles contribute to some typical aroma notes of dry-cured meat products such as rancid, aged ham and dry-cured
odours. This paper reviews the recent knowledge on the influence of lipid traits of fresh meat, lipid hydrolysis and oxidation on the
dEVelopment of sensory traits of dry-cured meat products.

1 - Introduction
rying after salting or fermentation and before a long ripening period is a process used since centuries to preserve meat from spoilage. In the
Present, these traditional technologies are used to produce high quality dry meat products with a large variety of eating quality (Flores, 1997).
The meat industry produces through these processes a wide class of products which are appreciated by the consumers because of their
Sensory traits and their image of traditional products. These products hold a large place on the market, specially in the Mediterranean
Countries (Chizollini, Novelli & Zanardi, 1998). The most famous products arising for these technologies are dry-cured hams (Spanish
Crrano and Iberian hams, Italian Parma ham, French Corsican and Bayonne hams) and dry fermented sausages (Milano salami, Spanish
¢horizo, French saucisson sec). These dry meat products provide a large added value to the producer and, at a lesser extend to farmers,
because they are regarded as high quality products and consequently are often very expensive (Lopez-Bote, 1998; Bosi, Cacciavillani,
Casini, Lo Fiego, Marchetti & Mattuzzi, 2000). That is why during the last decades, numerous studies were devoted to optimise the quality
traits of these products. The quality of dry-meat products is related to both the quality of raw matter (adipose tissue and muscle) and the
control of complex biochemical reactions which take place during processing (Buscailhon & Monin, 1994b: Toldra & Flores 1998). The
quality of the raw matter is strongly related to the rearing conditions of pigs (Lopez-Bote, 1998: Buscailhon & Monin, 1994c¢). The control of
the biochemical reactions which contribute to the development of the typical sensory traits of dry products depends largely on the process
(Toldra et al., 1998).
Among the components of the raw matter, lipids have been widely studied for at least 2 reasons (Gandemer, 1999):
lipids in muscle and adipose tissues largely vary both quantitatively and qualitatively according to the rearing system of pigs and are
subjected to intense degradation during processing, namely lip'olysis.and oxidation ;
lipids play a key role in many quality traits of meat products including nutritional value and sensory properties, mainly flavour because
they are both solvent and precursors of aroma compounds. .
his paper is an overview of the recent knowledge on the relationships between lipid traits of adipose tissues and muscles, their changes
uring processing and the quality of dry-cured meat products.

2 - Lipid traits of muscle and adipose tissues
In European countries, most of the dry-cured and dry fermented meat products are manufactured from muscles and adipose tissues from pigs
'eared in intensive systems. Pigs are from industrial genotypes (Large White, Pietrain, Landrace and their crossbred) reared indoors and fed a
COmmercial concentrated diet. These diets mainly consist in cereals and soya meal and contain a low amount of fat (3-5%). Pigs have a fast
€rowth rate and are slaughtered at 100-120 Kg around 5-6 m.onths qf age. Selected against fatness since half a century, carcasses of these
Animals are very lean (Girard, Bout & Salort, 1.988b).‘SometnT1es, pigs are slaughtered heavier (160-180 kg) and older (9-12 months) (i.e.
Aarma area) (Bosi et al., 2000). Muscle and gdlpose tissues of these pigs show very similar compositional traits. In some limited areas of
Urope, pigs are produced in traditional rearing systems : the most famous ones are Corsica and Iberian ones (Benito, Vasquez, Menaya,
errera, Garcia Casco, Silio, Rodriganez, & Rodriguez, 2000; Coutron-Gambotti, Casabianca, de Sainte Marie & Gandemer, 1999). These
SYstems rely on local breeds (Iberian, Corsican) reared outdoors and on a feeding strategy based on the availability of natural resources
acorns, grass, roots, oaks). The pigs are slaughtered between 18 and 24 months of age because they have a low growth rate and are subjected
to alternating periods of scarcity (summer) and abundance (autumn) (Lopgz-Bole, 1998; Coutron-Gambotti, Casabianca, de Sainte-Marie &
‘andemer 1999c¢). Pigs are fattened undef chestnut grooves or oak plant‘atlons eating large quantities of chestnuts or acorns for 4-6 months
Uring the winter. During this period, adipose and muscle tissues acquire their typical chemical traits which are characterised by a large

developmem of subcutaneous adipose tissue and a sharp in(;rease in intramuscular lipid content leading to raw matter very different from
these of industrial pigs (Lopez-Bote, 1998; Coutron-Gambotti et al., 1998).

2.1, Adipose tissue ; ) !
dipose tissues of industrial genotype pigs are mainly subcutaneous adipose tissues : backfat accounts for at least 80% of the total adipose
Ussues of the carcasses (Girard et al., 1988a). That is vyhy this adipose tissue traits were widely studied. On average, backfat contains 75-80%
ipids, 5-15% water and a small proportion of proteins as collagen. Lipids are mainly triacylglycerols (TAGs)(at leat 99%) with a small
AMmount of cholesterol and degradation products of triacylglycerols (diacyl and monoacyl-glycerols, free fatty acids) (Girard et al., 1988a).
ackfat from Iberian and Corsican pigs are very develloped (23-30 mm thickness for Iberian pigs and 40-50 mm for Corsican ones)(Benito, J.
®tal, 2000 : Coutron-Gambotti, et al , 1998; Secondi, Gandemer, Luciani, Santucci & Casabianca, 1992) and contain more lipids (> 90 %)
Secondi et al., 1992 ; Coutron-Gambotti &‘Ga‘ndem.er, 1999a).
N average, fatty acid composition (Tf back?at from industrial pigs are : 36% saturated fatty acids (SFA), 44% of monounsaturated fatty acids
UFA) and 12% polyunsalurated 1atty_ac1ds _(PUFA)( Davenel, Riaublanc, Marchal & Gandemer, 1999) (Table 1). This composition varies
aCCOrding to numerous rearing factors including diet, breed, sex, age, physiological stage (Girard et al., 1988a). Except those related to
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dietary lipids, differences in fatty acid composition are explained by differences in fatness of the carcasses related genotype, sex or rearing
conditions. More developed is the backfat in the carcass, less is the content in PUFA. Thus, more developed is the backfat, higher is the part
of fatty acids stored in the adipose tissue arising from, de novo, fatty acid synthesis (which produces SFA and MUFA) and lower is the
proportion of PUFA provided by dietary lipids. Many experiments have demonstrated that fatty acid composition of backfat depends on
dietary lipids. However in practice, the lipid content of diets is low and no fat is added to the raw matter. So the effect of dietary fat on
backfat is not marked except in some particular case such as Iberian pigs where the backfat shows a high proportion of oleic acid. This is
explained by the high proportion of this fatty acid in acorns eaten by pigs during the fattening period (Ruiz, Cava, Antequera, Martin,
Ventanas, & Lopez-Bote, 1998).

More recently, the attention was focused on triacylglycerol (TAG) composition of backfat because TAGs represent the chemical forms in
which the fatty acids are in adipose tissues. So most of the physical and chemical properties of backfat lipids are related to these of TAGs.
The main TAGs in backfat of industrial pigs are POO (38%), PSO (24%), POL (13%) and OOO, PSL, PPO, OOL (3% each) where P, S, O,
L mean palmitic, stearic, oleic and linoleic acids respectively (Davenel et al., 1999). TAG composition of backfat is strongly correlated with
fatty acid composition. Despite very little is known about the factors involved in TAG composition differences between pigs, we can
assumed that they are very similar to those of fatty acid composition. However, differences in TAG composition between backfat are more
marked than those in fatty acid composition (Davenel et al., 1999). So TAG composition is more efficient for distinguishing adipose tissues
according to the rearing conditions (Riaublanc, Gandemer, Gambotti, Davenel & Monin, 1999; Gandemer, Viau, Navarro, Sabio and Monin,
2000). The main interest in the knowledge of TAG composition is that it determines the melting point and the solid fat content of adipose
tissues, parameters strongly correlated with the consistency of adipose tissue. Thus each TAG possesses a melting point depending on its
fatty acid composition and on the position of each fatty acid on the glycerol moiety. Recently, it was established that solid fat content at 20°C
is strongly correlated with disaturated TAG, namely PSO (R* > 0.90) because these TAGs are solid at ambient temperature (Davenel et al.,
1999) On average, solid fat content of adipose tissue is around 20% with a large variation (from 7% to 30%). Backfat with a solid fat content
at 20°C lower than 15-17% lacks of consistency (Davenel et al., 1999). Because of the low amount of PSO and the high amount of 00O in
the backfat of Iberian pigs which contain a low proportion of stearic acid and a high proportion of oleic acid, the adipose tissues of these
animals present the low solid fat content at ambient temperature ( 10-12%) (Gandemer et al., 2000).

2.2. Muscle

Intramuscular lipids refer to lipids contained in both intramuscular adipose tissue and muscle fibres. The intramuscular adipose tissue is
comprised of cells located along the fibres and in the interfascicular area (Cassens & Cooper 1971). The fat cells are isolated or in clusters.
They contain almost exclusively TAGs. The lipids of the fibres consist of cytosolic droplets of TAGs and membrane lipids, phospholipids
(PL) and cholesterol. The amount of TAGs in the fibres only accounts for a small part of the total intramuscular TAGs.

Thus, intramuscular lipid content is low in muscles of industrial genotypes (2.5 — 3.5%)(Girard et al., 1988b). Pigs reared in traditional
systems exhibit a high intramuscular lipid content. Thus, muscles of Iberian pigs and, to a lesser extent, of Corsican pigs have higher
intramuscular lipid content than these of industrial pigs (7-12%)(Coutron-Gambotti et al., 1998 ; Secondi et al., 1992; Antequera, Cordoba,
Ruiz, Martin & Ventana, 1993; Andrés, Cava, Mayoral, Tejeda, Morcuende & Ruiz., 2001; Tejeda, Gandemer, Antequera, Viau & Garcia,
2002). These differences are mainly related to TAG content, PL content is very similar in the muscles of all types of pigs. TAG content of
muscles depends on numerous factors. However, recently, it has been postulated that intramuscular TAG content is under the control of a
major recessive gene, named HIMF gene (Janss, Van Arendink & Brascamp, 1994). Only the double carriers of the HIMF allele exhibit a
high intramuscular TAG content. It seems that the frequency of double carriers is higher in traditional unselected breed such as Meishan,
Iberian and Corsican breeds than in industrial breeds selected against fatness during many years. For pigs reared in extensive systems, the
main cause of the high lipid content of muscles is the fattening period which takes place when pigs are old (16-18 months) and have a low
capacity to deposit muscle in the carcass and consequently deposit a large amount of the feed energy as fat in both adipose tissue and
muscles. PL content of muscles is not greatly affected by rearing conditions(Gandemer, 1997). The main factor determining PL content of
muscles in pigs is the metabolic type of the fibres (Leseigneur- Meynier & Gandemer, 1991). Glycolytic muscles contain less PL than
oxidative ones. Fatty acid composition of TAG in muscles are very close to that of adipose tissues. In contrast, PL is characterised by high
PUFA proportions (45-55%) where at least 1/3 are long chain PUFA with 4, 5 or 6 double bounds. The presence of these fatty acids explains
why PL are the main substrate of lipid oxidation in muscles (Gandemer, 1999). Differences in fatty acid composition of PL in muscles are
very small whatever the genotypes and the rearing conditions of pigs which suggests that the potential sensitivity of intramuscular lipids to
oxidation is very similar whatever the origin of raw meat (Gandemer, 1997).

3 — Lipid changes during meat processing.

During dry-cured ham or fermented sausage processing, lipids are progressively altered through both lipolysis and oxidation. In the European
southern countries, the processes include the same steps : salting, fermentation drying and ripening. However, large differences are observed
in the time-temperature- relative humidity cycles, mainly during drying and ripening according to the process used for each product in each
country (Toldra et al., 1998). Obviously these large variations in processing conditions affect the kinetics of reactions of lipolysis, and
oxidation to a large extend.

3.1. Lipolysis in adipose tissues and muscles

Lipolysis is one of the main process of the degradation of lipids in fresh meat during processing (Toldra et al., 1998). Lipolysis is governed
by a set of specific enzymes, namely lipases and phospholipases and leads to the formation of free fatty acids (FFA). Both endogenou$
enzymes of fat cells and muscle fibres and enzymes of bacteria are involved in lipolysis. However, it was established that the contribution of
bacteria in lipolysis in dry fermented sausages is weak because the medium conditions are far from the optimal conditions of bacterial lipases
(Molly, Demeyer, Johanson, Raemackers, Ghistelinck & Geenen,1997).
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In fat cells of both adipose tissues and muscles and in muscle fibres, TAGs are hydrolysed by two important lipase systems : lipoprotein
lipase (LPL) and hormono-sensitive lipase (HSL)(Belfrage, Frederikson, Strilfors & Tornqvist, 1984). The former acting at the capillary
endothelium, is responsible for the degradation of lipoprotein TAGs and permits fatty acid uptake by the cell. The latter, located in the
Cytosol, hydrolyses TAGs and diacylglycerols permitting fatty acid mobilisation. A monoacylglycerol lipase ends the process by hydrolysing
the monoacylglycerols. The activity of the monoacylglycerol lipase is higher than that of HSL (Belfrage, Frederikson, Strilfors & Tornqvist,
1984). This explains why monoacylglycerols do not accumulate in tissues. A third lipase system, an acid lipase located in the lysosomes, was
described in adipose tissue and muscles but its activity is low (Belfrage et al., 1984).
Two lipases and three ones have been detected in backfat and in muscles of pigs, respectively (Motilva, Toldra & Flores, 1993) (Motilva et
al., 1993a). In both backfat and muscles, lipases have been described as neutral and basic lipases corresponding probably to HLS and LPL. In
addition, muscles present an acid lipase activity which is probably related to lysosomal lipase (Motilva et al., 1993a). Despite the activity of
these lipases decreases during dry-cured processing, these enzymes remain active during the whole process for dry sausages and a large part
of process for dry-cured hams (Hernandez, Navarro & Toldra, 1999 ; Motilva, Toldra, Nieto & Flores, 1993). In adipose tissues, neutral
lipase remains active over 12 months in dry-cured hams suggesting that neutral lipase, namely HSL is the main enzyme involved in lipolysis
in adipose tissue TAGs during dry-cured ham processing (Motilva, Toldra, Aristoy & Flores, 1993; Toldra et al., 1998). In dry-cured ham
muscle, neutral and basic lipases are very active during the first 3-4 months of the process, then their activities decrease slowly. In contrast,
acid lipase have low activity during the entire process (Motilva et al., 1993c¢). All these lipases exhibit an activity equal to 10-20% of their
Maximal activity up to 15 months of processing (Toldra, Flores, & Sanz, 1997). Acid and basic esterase activities have been described in
ham adipose tissues and muscles. They have a higher activity than lipases and are more stable during processing (Motilva et al., 1993c). Very
little is known about the factors affecting the activity of these enzymes. The activity of these enzymes varies according to the anatomical
location of the muscles (Hernandez, Navarro, & Toldra, 1998 ; Flores, Alasnier,, Aristoy, Navarro, Gandemer, & Toldra, 1996) and oxidative
Muscles have a higher activity of both acid and neutral lipases than glycolytic muscles (Flores et al., 1996). The activity of these enzymes are
similar in light and heavy pigs (110-110 kg versus 160-170 kg) (Toldra, Flores, Aristoy, Virgili, & Parolari, 1996).
PLs are hydrolysed by specific enzymes named phospholipases. Phospholipases are divided into 3 main groups according to the ester bounds
they hydrolyse (Waite, 1987). Phospholipases A; and A, hydrolyse fatty acids in 1 and 2 of the glycerol backbone of Pls, respectively. The
“POlysis of PLs is ended by lysophospholipases which hydrolyse the remaining fatty acid after phospholipases A action. Phospholipases of
Mammal tissues have been widely studied because they play a key role in the metabolism of phospholipids (Waite, 1987). However, data on
muscle phospholipases and lysophospholipases are limited. Most studies have been devoted to the mammalian heart phospholipases because
of the role of these enzymes in ischemia. lnw heart, except those from lysosomal origin, the phospholipases and lysophospholipases have a
heutral or basic pH optimum, are often Ca” dependent and membrane associated (Nalbone & Hostetler, 1985). Studies devoted to the
Chzymes in skeletal muscles are rare.
Very little is known on the post-mortem activity of phospholipases in muscles. Phospholipases and lysophospholipases are active post-
mortem in fresh muscles. The main activities are related to basic phospholipases A and lysophospholipases (maximum activity at pH 8-9)
Which are probably membrane-bound enzymes (Alasnigr & Gandemer, 2000). Muscles, more specially glycolytic ones, exhibit also a low
phospholipase A activity with acid pH optimum suggesting the presence of lysosomal phospholipases A. The activity of lysophospolipases is
far higher than that of phospholipases in muscles (A|aSl]l€l.' et al., 2000). This result is consistent with the low proportion of
l}’sophospholipids in the muscles during dry-cured ham process'mgbecausc lysophospholipids formed by phospholipases are immediately
hydrolyscd by lysophospholipases. These enzymes are more active in oxidative muscles than in glycolytic ones (Alasnier et al.., 2000). No
data are available on the evolution the activities of these enzymes during dry-cured meat processing. However, we can postulate that these
€nzymes remain active because the proportion of long chain PUFA in the free fatty fraction increases for at least 6 months in dry-cured
hams, giving evidence of PL hydrolysis (Buscailhon, Gachmcr & Monin, 1994). )
Free fatty acid (FFA) amount increases during processing both in dry-cured sausages (Molly, Demeyer, Civera & Verplasetse, 1996;
ernandez et al., 1999) and in dry cured hams (Coutron-Gambotti & Gandemer, 1999b : Motilva et al., 1993c). Low in fresh meat products,
FFA amounts sharply rise during dry-cured proccs‘sipg, Th.us‘ in dry cured hams FFA amount rises from 1-2% to 10-12% of the total. lipids in
10 months in adipose tissue. In muscle, the rate of llp‘olysw is fast during the first six months, but then slows towards the end of the process
of dry cured hams (12 - 24 months). At thg end 0{ the process, FFAs account for 8 to 20% of total lipids in muscle according to the
lechnology used and the raw material (Buscallhor?,‘(xandemer & Monin, 1994a ; Motilva, Toldra, Nadal & Flores, 1994 ; Gandemer et al.,
2000). then it increases slowly. In dry sausages, FFA content rises from 1-2% in raw matter to 4-5% in one month (Molly et al., 1996). In
adipose tissue, the kinetic of FFA release is consistent with the decrease in neutral lipase activity during processing. The larger proportion of
linoleic acid in FFA compared to that in TAGs (14% versus 8%) suggests that lipolysis preferentially affects the TAGs containing linoleic
acid such as palmitoyl-olcyl-linoIcy]-glyccrol‘(Coulr'on-Gambolti et al., 1999a). These results could be explained by the liquid state of this
TAG which differs from most of the TAGs of pig adipose tissue which are solid at the temperature of dry-cured ham processing (Davenel et
al., 1999),
In muscl)e, both TAGs and PLs contribute to FFA generation and the relative contribution of these lipids depends on the TAG content of the
aw material. In most cases, PLs are the main substrates for lipolysis in dry-cured hams (Buscailhon et al., 1994a ; Motilva et al., 1994 ;
Flores, Nieto, Bermell & Miralles, 1987). This conclusion is supported by the fact that the FFA composition is closer to the fatty acid
Composition of PLs than to that of TAGs ‘whatevcr the type of ham (Gandemer et al., 2000). The hypothesis of a PL origin of FFAs is
Consistent with the decrease in PL content in muscle during dry-cured ham processing (Buscailhon et al., 1994a : Flores, Nieto, Bermell &
Miralles, 1985 ; Coutron-Gambotti, Gandemer, Rousset, Maestrini, & Casabianca, 1999 : Flores, Nieto, Bermell & Alberola, 1987) (Figure
). However, TAGs also provide a significant amount of FFAs (30-50%) in muscles with very high TAG content such as muscles from
Iberian and Corsican pigs (Martin, Cordoba, Ventanas & Antequera, 1999: Alasnier, David-Briand & Gandemer, 1999). Thus the
Contribution of TAGs to lipolysis is low in Bayonne, Parma and Seranno hams while it is more important in Iberian and Corsican hams
(Gandemer et al., 2000). X
Very little is known about the e(‘fect.s of ante mortem fgctqrs and _technological parameters on lipolysis. Oxydative muscles contains more
FA than glycolytic muscles (/\las_meli et al., 1999) which is consistent with the higher activity of phospholipases, lysophospholipases and
oth neutral and acid lipases in oxidative muscles (Flores et al., 1996 : Alasnier et al., 2000). Lipolysis is not significantly affected by the
tYpe of pig diets during fattening (Cava, Ruiz, Ventanas, & An'lcquera. 1999). Heavy and light pigs have similar pattern of lipolytic enzymes
(Toldra et al., 1996). Regarding teclm}ologlcal parameters, it is clear that the time/temperature cycles of the different stages of processes
8reatly affects FFA content and lipolytic enzyme activity. Thc longer is the stage and higher is the temperature, the higher is the FFA content
of the hams. Other parameters have obtained less attention. The use of frozen raw matter instead of refrigerated one and reducing salt content
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of ham by reducing the time of salting stage have no subsequent effect on lipolysis during dry-cured ham processing (Motilva et al., 1994 ;
Coutron-Gambotti et al., 1999b). Muscles with a low initial pH (<6.1) have a higher FFA content all along the process indicating that a low
initial pH in meat promotes lipolysis (Buscailhon, Berdagué, Gandemer, Touraille & Monin, 1994d).

Many authors have postulated that lipolysis promotes lipid oxidation during dry-cured ham processing (Buscailhon, et al., 1994a ; Cava et
al., 1999 ; Antequera, Lopez-Bote, Cordoba, Garcia, Ascensio, Ventanas, Garcia-Regueiro & Diaz, 1992). This assertion is based on the
concomitant increase in the amounts of both lipolysis and oxidation compounds during the first stages of processing. However, nobody have
clearly established a close relationship between the two processes of lipid degradation. Moreover some recent data support the hypotheses
that the two processes would not be interrelated or lipolysis protects long chain PUFA against oxidation. Thus, several authors underline that
the amounts of various volatile compounds arising from lipid oxidation decrease during the last months of processing whilst FFA amounts
always increase (Buscailhon, Berdagué & Monin, 1993 ; Ruiz, Ventanas, Cava, Andres, & Garcia, 1999) and some parameters promoting
lipolysis have no effect on volatiles arising from lipid oxidation or on aroma notes related to oxidation products (Buscailhon, Berdagué,
Bousset, Cornet, Gandemer & Touraille, 1994¢). In addition the amount of FFAs reaches 8-20% of total lipids in muscles at the end of the
dry-cured process and FFAs contain almost all the long chain PUFAs initially esterified in PL of fresh meat (Buscailhon et al., 1994a ;
Coutron-Gambotti et al., 1999b). These results strongly suggest that the hydrolysis of PL during processing protects the long chain PUFAs
from oxidation. However, the exact mechanism remains unknown.

3.2. Lipid oxidation in adipose tissue and muscle

Lipid oxidation is one of the main causes of deterioration in the quality of meat during storage and processing (Asghar, Gray, Buckley,
Pearson, & Booren, 1988 ; Gray, Gomaa & Buckley, 1996 ; Morrissey, Sheehy, Galvin, Kerry, & Buckley, 1998). However, it do not only
contributes to off-flavour but it is also essential to the typical aroma of many meat products (Shahidi, Rubin & D’Souza, 1986).

The overall mechanism of fatty acid oxidation is well established. The main process of lipid oxidation in muscle food is a chemical process
named autoxidation. It is a free radical process involving initiation, propagation and termination steps (Frankel, 1982 & 1985). The initiation
step takes place by the removal of a hydrogen from a methylene carbon in a fatty acid to form an alkyl radical (L*). This process affects
polyunsaturated fatty acids (PUFA) preferentially because it is easier to remove a hydrogen from a methylene carbon as the number of
double bounds in the fatty acid increases (Frankel, 1985 & 1984). This explains why PLs which contain a large a amount of these fatty acids,
are the main substrates of lipid oxidation in muscles (Wilson, Pearson & Shortland, 1976 ; Gandemer, 1997). Lipid oxidation initiates by a
large number of molecules in muscles including chemicals such as reactive oxygen species (OH") and iron-oxygen complex (Asghar et al.,
1988). The propagation step starts with a reaction between the L* radical and oxygen to form a peroxyl radical (LOO®) which then extracts a
hydrogen from another fatty acid and forms hydroperoxides (LOOH), the primary products of autoxidation. The termination step starts by
hydroperoxide decomposition which leads to the formation of numerous volatile and non volatile compounds through a very complex set of
reaction pathways (Frankel, 1984). These reactions have been studied extensively and attention has been focused on volatile products
because of their impact on aroma. The nature and the relative proportions of compounds in the volatile fraction extracted from foods depend
on numerous factors. Among them, fatty acid structure is the most important because it affects the number and the proportion of
hydroperoxide isomers (Frankel, 1982). Another important factor is the conditions in which peroxides are formed and decomposed, including
the mechanisms of oxidation (autoxidation, thermo-oxidation, photo-oxidation, etc...) and the medium conditions (temperature, pH, presence
of iron, etc.....) (Frankel, 1985 ; Grosch, 1987). A large variety of volatiles including alkanes, aldehydes, alcohols, esters and carboxylic acids
arises from this process (Frankel, 1982). Among the numerous volatiles formed, the most important are those with a low odour threshold
because of their impact on aroma of foods. These are aldehydes and several unsaturated ketones and furan derivatives (Grosch, 1987). They
include C3-C10 aldehydes, C5 and C8 unsaturated ketones and pentyl or pentenyl furans. These compounds have a large variety of aroma
notes and their odours have been described as oily, tallowy, deep-fried, green, metallic, cucumber, mushroom and fruity.

In muscle food time course of lipid oxidation is currently evaluated using peroxide value and TBA-reactive substance measurements and
more recently by volatile compound quantification. Low in fresh adipose tissue and muscle, the level of hydroperoxides rises rapidly to reach
a maximum several months after the beginning of the process and then it decreases slowly to the end of the process. It is difficult to know
exactly when peroxidation reaches its maximum during processing because of the instability of these molecules. However, peroxide value
reaches its highest value generally 2-4 months after the beginning of the process. In constrat, TBA test value and volatile content of muscle
and adipose tissues show a continuous increase during several months during dry-cured ham processing (Figure 2). At the end of the process,
the general oxidation level in muscle and adipose tissues tends to decrease (Buscailhon et al., 1993 ; Ruiz et al., 1999 ; Hinrischen &
Pedersen, 1995). Oxidation leads to a significant decrease in long chain polyunsaturated fatty acids in both FFA and PLs during dry-cured
ham processing (Buscailhon et al., 1994a , Coutron-Gambotti et al., 1999b). Many factors are involved in the control of lipid oxidation in
muscles (Morrissey et al., 1998). High temperatures and long time of drying and ripening favour lipid oxidation (Toldra and al., 1998). High
salt content increases oxidation product content in dry cured hams (Coutron-Gambotti et al., 1999b). In contrast, high vitamin E content in
muscles prevents dry-cured hams from oxidation (Cava et al., 1999). A low initial pH in muscles favours lipid oxidation in dry-cured hams
(Buscailhon et al., 1994d). The genotype of pigs have a limited effect on lipid oxidation (Berdagué, Bonnaud, Rousset & Touraille, 1993a).
Volatiles arising from lipid oxidation have been extensively studied in dry cured hams of various countries (French : Buscailhon et al., 1993 ;
Berdagué et al. 1993a ; Italian : Bolzoni, Barbieri & Virgili 1996 ; Barbieri,, Bolzoni, Parolari, Virgili, Buttini, Careri, & Mangia, 1992 ;
Careri, Mangia, Barbieri, Bolzoni, Virgili & Parolari, 1993 ; Spanish Serrano and Iberian : Flores, Grimm et al., 1997 ; Dirinck, Van
Opstaele & Vandendriessche 1997 ; Garcia, Berdagué, Antequera, Lopez-Bote, Cordoba & Ventanas, 1991 ; Garcia et al., 1991) and also in
dry sausages (French saucisson : Berdagué, Monteil, Montel & Talon, 1993b ; Milano salame : Meynier, Novelli, Chizzolini, Zanardi &
Gandemer, 1999). More than 100 volatile compounds were identified. They are formed from lipids, carbohydrates and amino-acids.
Whatever the type of dry-cured hams, most of the volatiles are formed by lipid oxidation. In dry sausages, volatiles arising from lipid
oxidation are not always the main volatiles because of the presence of spices which are often potent antioxidants (Meynier et al., 1999). The
main volatiles generated through oxidation process are aldehydes. The contribution of these compounds to flavour depends on the chemical
structure of molecules and on their concentrations (Shahidi et al., 1986). Aldehydes formed through fatty acid oxidation are linear saturated
(C5 to C10 alkanals), unsaturated (C5 to C11 alkenals) with some polyunsaturated ones (2,4 nonadienal and decadienal). These adhedydes
have a large impact on the overall aroma of dry cured meat products because of their typical aroma and their low odour threshold (Shahidi et
al.. 1986 : Dirinck et al., 1997). These aldehydes exhibit unpleasant odours such as fatty, oily, rancid, deep fried (nonanal, t-2-heptenal, 2-
pentyl-furan, 2.4 decadienal) whereas other volatiles have more pleasant odour notes such as greenish odour (hexanal). Ketones arising from
lipid oxidation are mainly methylketones (C5-C10). They exhibit a large variety of aroma notes such as fruity (2-heptanone, 2-decanone, 2-
undecanone) oily and fatty (2-dodecanone) or blue cheese (2-heptanone) (Shahidi et al., 1986). One of the possible origin of these methyl
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ketones are an incomplete B-oxidation of free fatty acids by bacteria. Thus, some Staphylococci added as starters in dry-fermented sausages
such as French saucisson produce methyl ketones in a significant amount (Talon, Leroy-Sétrin & Fadda, 2002). They are Staphylococci.
carnosus and S. xylosus. Moreover these strains possess a catalase and superoxide dismutase activity which prevents fatty acids from
autoxidation (Talon et al., 2002). So the choice of the starters affects the balance between oxidation products arising from autoxidation and
B-oxidation of fatty acids. Some bifonctional ketones such as 3-hydroxy-2-bytanone have been detected (Careri et al., 1993). They are
for.n1ed by oxidation of hydroxy fatty acids. They have buttery aroma notes. Linear, saturated or unsaturated alcohols (C4-C8) are also from
L) lipid oxidation origin. They contribute to the overall aroma of dry-cured meat products, mainly unsaturated such as 1-octen-3-ol (mushroom)

af‘d I-penten-3-ol (grass) (Shahidi et al., 1986). In contrast, hydrocarbons have probably no significant impact on aroma because of their

high odour threshold (Shahidi. et al., 1986 ; Dirinck et al., 1997). Whatever the type of dry-cured products, volatile fraction show a similar

Set of oxidation products. It isn’t surprising because the fatty acid compositions of TAGs and PLs which determine the type of volatiles
fOF_med during oxidation are similar in all the types of pigs used to produce these hams (see part 1)(Table 3). So the main differences in lipid
OXidation products between dry-cured meat products are mainly related to the quantity of volatiles formed during the process (Buscailhon et
al., 1993; Dirinck et al., 1997; Garcia et al., 1991) which depends on raw material traits such as intramuscular lipid content (Berdagué et al.,
1993a) and on some processing traits such as the length and temperature of the process (Buscailhon et al., 1993; Ruiz, et al., 1999), the
amount of sa|t (Coutron-Gambotti et al., 1999b), the antioxidation pattern of the raw meat or the mixture of bacteria strains in starters and
_Cicfc’r‘fldaliox1 of amino acids and carbohydrates (Dirinck et al., 1997). So to evaluate the impact of lipid oxidation in aroma of dry-cured hams,
ILis essential to determine precisely the contribution of each volatile compound to the overall aroma of dry-cured hams.

4- Lipids and sensory traits of dry-meat products

-1 - Lipids and quality of dry sausages.

d‘p()}e tissue traits determine several quality attributes of dry-cured sausages because this tissue accounts for at least 30% of the raw
Materie] of these products. The production of high quality dry cured sausages such as French saucisson or Milano salami requires adipose
Ussue with specific physical properties. The producers are looking for firm adipose tissue. The consistency of adipose tissue have been
'ecognised as the most important quality trait to consider in the choice of adipose tissue for dry-cured meat product processing (Girard et al.,
) )883: Whittington, Prescott, Wood & Enser, 1986) because lack of consistency induces many quality defaults in the final products. When

\ ;‘lje'FL’Sit 1Essuc lacks of consistency, dry mn‘*al produc'ts are difﬁcul% to cut ax}d Ljohesi.vcncss ofcu%s is poor becagsc adipose tissue and muscle
L’enc: Iof ll.le sausages lcn.d to separate. Cuts are oily because of the liquid fat which exudes Irom.adl;-)ose tissue an'd covers the megt. In
;lith? > d.dlposc. tissue which low consistency has a yellow colour gnd a lransluccnl appearance while firm adipose tissue appears white or

SHy pink (Girard et al., 1988a; Davenel et al., 1999). Moreover, liquid fat exuded from fat cells covers the small meat cubes and prevents

Ii{;é’“’qucu‘rom drying. Bccausq so‘l'l adipose ljssuc cpntains a high amount of linoleic acid with a low amount of SFA, it is very sensitive to

OXidation and becomes rancid faster than firm adipose tissue.

‘1e Overall aroma of dry sausages strongly depends on the type of starters used in the fermentation stage of the products. Among the bacteria
:J::d In the mixlure of starters, ;S’iup/n'/u('r')c('i play a key role in lh'c formation of vola.lilcs. Sm‘nc (.)ricnlalc the fermentation process l(')wa.rds
rcac{?oduegon of carbohydratff degl'zldzlllf)ll products (S. \\"ul'l?(‘l:l), others luwards: linear oxidation progiucls through classic autoxidation

ons (S saprophyticus) while others favour the generation of methylketones (S. carnosus) (Berdagué et al., 1993b; Talon et al., 2002).
CO:]S, hv;c;ause of the spcciﬁF aroma of each group of v.olatilcs, the overall aroma of dry-sausagcs is very diff‘erqﬂ according to the stal.u:r
» morSOSlllon. Thus Berdague.e} al (1993b) have cslablished that French saucisson prepared with starters cgnlzlvlnlng S. carnosus contains
methylketones and exhibit stronger aroma of dry-cured meat products. In contrast, those produced with S warneri producing higher
3:::;1:1:1) ,Of volatiles from c?a_rbohydrales sugh as 1,3 and‘:?,3 hutaneqione and die{cgtyl cx.hibit a more pr(?nounge‘d bul.lcry. aroma. In dry
ﬁddi;i%,ﬁs.” many others addulwcs_such as spices grea‘lly ai?eclcd‘ the time course Qf forn'm.lmn Ql v.olalllcs from lipid oxidation. _Thus these
Which L% are often potent anlnox‘ld.zu.)t redpcmg the (ormanon of _volatlles arising from lipid ()).(]\(?iﬂl()n anvd they havg strong spc.c1ﬁc aroma,
m”ectmn mask aroma notes of llp!d oxidation volatiles (]\/!cyl'ncr et al., 1999). Morwvcr, (llllcrcn'ccs in aroma of various Milano salami
¢d on the local market are mainly related to the type of spices used by the manufacturer (Meynier et al., 1999).

4.2, Intramuscular lipids and dry-cured ham quality
“frilmuscular lipid content affects several quality traits of dry-cured hams. The first one is the aspect of slices because intramuscular lipids
©Come visible when their content in muscles exceeds 5% (Buscailhon et al., 1994c). The hams with high intramuscular lipid content such as
nt‘;ﬁ;les‘t‘rom Il_)cArian and (‘orsigan pigs have‘ a highq marbling score than lhos‘c of Parma and 3ayor1l1e Hams (Rousse.l & Martin, 1998).
cOmcmls.cu]ar lipids strongly affect colour of ham slices. Thus, rc‘dlimss and hrlghmgss scores of hqm cut dccrcase.as l.ntramuscular l!de
COme,m Increases .(Qou‘, Guerrero & Arnau, 1995). Imram_uscplar |'lpld content also _aifects t'exturc of hams. Thus, lhgh‘ intramuscular hp_ld
igh Nt has a posunfc‘lmpacl on ham tcndcr_ness (Pa‘rolan. RIVa|'dl.. Leonilli, Bellati & Bovis, 1988). Hams produ?cd from genotypes w1}h
mogthramuscular lipid CE)I‘ItCI"lI'hzl\/'C more mtcn}sc tqt aroma (H l'm’lSChCn et al.v, 19?5) bccause‘ mtranwscular.TA(nls are a gooq sol\ient for
CO“‘] aroma COmeunds (Shalnd! et al., 1986). The hlghcr is the mlramusculal: TAG content of muscle, th%' higher is the quantity of aroma
()xidz?llllds traps in the ham. Lipids play a key role m.t.hc‘overall aroma of .dry-c%lrpd h‘ams be.cause.: ot‘ the volatiles g.cqeratf:d throqgh
acig alﬂn The overall aroma of‘hums dcpends on lhg equn]lbrlum bctwcgil? volatiles arising from lipid ox@au()n and thpse arising from amino
» o ".d Carbiol?ydrat.e d;gradatnon_ reactions. There is some cvn_dcnce of mdependencg between the reactions producmg vola}nle Conlpouqu
o atioenvh?r lipid oxidation or amino acid degradation (qucallhon et al_., 1993; Runz' et al., 1999). Many studies have tried to establish
Studie "lﬁhlps between aroma traits of ¢y—cured hams described by panellists and volatile u_)mpgunds‘ extracted from t.he same ham§. Thgse
eCauS ead to some consistent conclusloqs. Th_us, dt"y curL“d hams produced through a !o¥1g ripening process have lhc h|ghc§l aroma intensity
{use they have the highest amounts of all kind of volatiles generated through both lipid and amino acid degradation (Ruiz, J. et al., 1999).
& Ur:r:)% Tipen.ing, the aroma of dry-cured ham changcs. from fat, pork, fresh meat aroma notes to ‘dry-cure.d and aged aroma noles.(Flores et‘
ri[;eni 97; Ruiz et al., If)‘)l); l).mn%'k et q].,. 199?; B.uscallhhon etal., ‘1 994e). Du‘rmg the first steps of processing (salting, firymg a‘nd first part 91
Ng), volatiles mainly arise from lipid oxidation while those formed during the second part of ripening stage are formed from both lipid

>

angd gpn; ; I i ; : e :
ang aMino acid degradation (Hinrischen et al., 1995). Rancid aroma is correlated to oxidation products, mainly to aldehydes such as nonanal
‘ e 2-thenal which exhibit a strong rancid odour (Ruiz et al., 1999; Berdagué et al., 1993a). Positive aroma notes such as “cured ham”,

me?'h‘clllrcd ham“. or “u‘gcd" aroma notes have been correlated to c.ilhcr branched alc_lehydes .arising from amino acid degradation or

Ylketones arising from lipid oxidation (Flores et al., 1997; Hinrischen et al., 1995; Buscailhon et al., 1994¢). All these results are
Nt with the differences between the hams from different European countries. Thus, hams with a short processing (9-12 months) such
Nl country style, French Bayonne and Italian Parma hams exhibit an aroma characterised by a fresh meat and fat aroma. In contrast,

Congiste
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hams with a long ripening process (18-24 months) such as Corsican and Iberian hams have a more pronounced aroma with strong “aged” and
“cured aroma” notes (Rousset et al., 1998). Aroma of Parma hams differs from that of other hams because of the high ester content of
volatile fraction which have a pleasant fruity aroma (Barbieri et al., 1992; Careri et al., 1993).

5. Conclusion

Lipids are largely involved in the quality of dry-cured hams and dry-fermented sausages. Both the quantity and the composition of adipos¢
tissues and intramuscular lipids have to be considered. Lipid traits of the fresh adipose tissue and muscle affected by rearing conditions, are
lipid content of both tissues and consistency of adipose tissue. These traits influence mainly aspect of cuts such as marbling, oily aspect,
colour and, also flavour of the final product because intramuscular fat traps volatile aroma formed in aqueous phase of the muscles. During
processing, lipids undergo an intense lipolysis controlled by both lipase and phospholipases. Because of the long processing time, often at
relatively high temperature, a large amount of the volatile compounds generated in dry-cured meat products are formed through fatty acid
oxidation through both autooxidation process and bacteria incomplete B oxidation. These molecules are aldehydes, ketones, hydrocarbons,
and alcohols. Aldehydes are responsible of rancid aroma while methylketones have a more positive impact on ham aroma (aged and dry-
cured ham odours). The control of lipid oxidation and the balance between volatile compounds arising lipid oxidation, carbohydrate
fermentation, amino acid degradation and additives such as spices, are the critical points to control for producing high quality dry-cured meat
products. Further studies are required for a better understanding of the contribution of individual molecules and the processes involved in
their generation to the typical aroma of dry-cured meat products such as aged flavour and dry-cured flavour.
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Table 1. Fatty acid and triacylglycerol compositions and solid fat content (SFC) of adipose tissues from pigs of various European areas (as %
metthyl esters or triacylglycerols)(adapted from Gandemer etal., 2000)

Hams
Parma Italian Bayonne Corsican Serrano Ibérian Statistical
n=10 Country n=10 n=10 n=10 n=10 effect
style
n=9
Fatty acids (%)
16:0 9274 22,6 20,74 Dili6es 2140/ 20,4 Hokok
18:0 12,44 1254 12,9¢ [0 12 5% 10,6¢ ok
18:1 48,7¢ 492° 49,1°¢ il 51,5° 54,99 ok
18 :2n-6 10,7¢ i1 91942 8 7% 10222 8.4°¢ *
18 : 3 n-3 0,4°¢ 150 O 140 DIRE 0,6 *ox
Triacylglycerols (%)
PSO 26,0¢ 26,6 7i5@ 25,6 19,94 18,9° ook
POO 43,0 4382 41,6° ADL0 S 45.8% 47.84 ok
000 40° 4,1°¢ 44°¢ 6,5° 6,2° 10,9¢ Hokok
OOL 1484 Il 1,9¢ 2.2¢ 2474 3104 kK
SFC at 20°C (%) 6.7 17,04 17,3 15,9¢ 12,0° 10,8° Hokok

On the same row, means supperscript by different letters are significantly different at the level : 5 % (*), 1 % (**), or 0,1 % (***), ns : non
significant.
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Md composition of biceps femoris muscle from pigs of various European areas (adapted from Gandemer et al., 2000)

[bérian Corsican Serrano Bayonne
- n=10 =6 n=6 n=40

Lipid content (g/100g fresh meat)
Total lipids 9,3 (2.9) 5.3 (1,6) 3,5 (0,5) 2,6 (0,1)
Triacylglycerols 8,6 (2,9) 4.6 (1,6) 2,7(0,5) 2,0 (0,1)
Phospholipids 0,72 (0,09) 0,71 (0,01) 0,75 (0,06) 0,60 (0,01)
Fatty acid composition (% methyl esters)
Triacylglycerols
Saturated 32.1(0,8) 27,6 (6,6) 35,3 (1,5) 37,1 (1,3)
Monounsaturated 62,3 (0,8) 65,1 (5,6) 55,9 (2,8) 57.8 (2,9)
56 5.0 (0,4) 6,5 (1,8) 79 (2,1) 4.8 (2,6)
03 0,6 (0.04) 0,8 (0,3) 0,9 (0.4) 0,4 (0,2)
Polyunsaturated 5.6 (0,5) 73 (2,1) 8,8(2,3) 52(3,1)
{)””Spllolipids (% methyl esters)
Saturated 30,5 (1,6) 29,4 (2,1) 31,4 (0,5) 29.5 (3.6)
-'1\/;020unsaturated 21,1 (3.6) 15,6 (1,3) 18,2 (2,9) 21,4 (4.6)
& :;"-6 31,4 (2,4) 33,8 (1,0) 30,6 (1,6) 32,2 (5,2)
<Y :4n-6 11,8 (1,5) 14,6 (1,5) 12,1 (1,7) 10,8 (2,0)
:f 45,5 (2,5) 50,6 (1,5) 46,1 (1,6) 46,0 (6,8)

2,9 (0,5) 4,5 (0,4) 4,3(0,3) 3.1.(0,1)

LPolyunsaturgs 48,4 (3,1) 55,0 (1.8) 50,4 (3,2) 49,1 (6.8)

Values =
alues between brackets are standard deviation

Tabl§ 3. Volatiles arising from lipid oxidation in dry-cured hams. (number in parentheses is the proportion of the components in % of total
Volatiles of ham) (adapted from Coutron, 1986)

Amount Typical odour
(pg d’eq. nonane/
30 g of ham)
Alkanes, alkenes 5070 (39%)
Pentane 56
Hexane 45
heptane 445
octane 4296
nonane 114
deacane 16
undecane 7
1-octene 25
4-octene 44
2-octene 12
Aldehyges 4011 (31%)
Pentanal 80 bitter, almond
hexanal 3021 green, bitter, fruity
heptanal 533 oily, fruity, soapy-fruity
octanal 228 fatty, soapy-fruity
nonanal 107 tallowy, soapy-fruity, rancid
decanal 11 orange peel
t-2-heptenal 18 putty, fatty
Keto cis-2-heptenal 13
nes 631 (5%)
butan-2-one 46
pentan-2-one 399 fruity
hexan-2-one 46
heptan-2-one 124 blue cheese
octan-2-one 11 fruity, green
Aleoh 3- octan-1-one 6
ols 663 (5%)
pentan-1-ol 320 fruity
hexan-1-ol 54 green, floral
1-penten-3-ol 242 buttery, green
Est 1-octen-3-ol 47 mushroom
“Sterg
Ethyl- butanoate 5
Ethyl- hexanoate 8
Others Ethyl- octanoate 2

2-pentylfuran 24 buttery, rancid
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A
Figure 1 : Changes in lipid composition of Serrano
dry cured ham during processing
(Gandemer, unpublished data)
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Figure 2 : Changes in volatiles arising from lipid oxidation
during dry-cured ham proccessing
(adapted from Buscaillon et al. [46 |
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