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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, Berdague, 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, Berdague & 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, Berdague, 
Bousset, Comet, Gandemer & Touraille, 1994e). 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 (Berdague, 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 ; 
Berdague 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, Berdague, Antequera, Lopez-Bote, Cordoba & Ventanas, 1991 ; Garcia et al., 1991) and also in 
dry sausages (French saucisson : Berdague, 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 CIO alkanals), unsaturated (C5 to C ll 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 (3-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-Setrin & 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 
¡Voxidation of fatty acids. Some bifonctional ketones such as 3-hydroxy-2-bytanone have been detected (Careri et al., 1993). They are 
|Ormed by oxidation of hydroxy fatty acids. They have buttery aroma notes. Linear, saturated or unsaturated alcohols (C4-C8) are also from 
■Pi oxidation origin. They contribute to the overall aroma of dry-cured meat products, mainly unsaturated such as l-octen-3-ol (mushroom) 

?" ' 'Penten-3-ol (grass) (Shahidi et al., 1986). In contrast, hydrocarbons have probably no significant impact on aroma because of their 
Jgf odour threshold (Shahidi. et al., 1986 ; Dirinck et al., 1997). Whatever the type of dry-cured products, volatile fraction show a similar 
fe of oxidation products. It isn’t surprising because the fatty acid compositions of TAGs and PLs which determine the type of volatiles 
0°rn,led durmg oxidation are similar in all the types of pigs used to produce these hams (see part l)(Table 3). So the main differences in lipid 
a| a1’011 products between dry-cured meat products are mainly related to the quantity of volatiles formed during the process (Buscailhon et 
1997 3’ Dirinck et al" 1997; Garcia et al., 1991) which depends on raw material traits such as intramuscular lipid content (Berdague et al.,

~ and on some processing traits such as the length and temperature of the process (Buscailhon et al., 1993; Ruiz, et al., 1999), the 
^nount of salt (Coutron-Gambotti et al., 1999b), the antioxidation pattern of the raw meat or the mixture of bacteria strains in starters and 
^gradation of amino acids and carbohydrates (Dirinck et al., 1997). So to evaluate the impact of lipid oxidation in aroma of dry-cured hams, 

Is essem'al to determine precisely the contribution of each volatile compound to the overall aroma of dry-cured hams.

■J' Lipids and sensory traits of dry-meat products
. ; lipids and quality o f dry sausages.

|Pose tissue traits determine several quality attributes of dry-cured sausages because this tissue accounts for at least 30% of the raw 
ti«,?!*6' °5 tbcse Products- The production of high quality dry cured sausages such as French saucisson or Milano salami requires adipose
tissue with specific physical properties. The producers are looking for firm adipose tissue. The consistency of adipose tissue have beenJ, _ » I-----J --------- | |---------------- - f ----------------------- ----* xxx»*» u u ip v u v  u u ju w . l i 1V WVIIOIOIVUVJ VI UUIVVOV IIOJIK. HUVV. 1

198ffn'Se<̂  aS dle 111051 tinportiint quality trait to consider in the choice of adipose tissue for dry-cured meat product processing (Girard et al., 
adi 3 ' V*llttln8ton’ Prescott, Wood & Enser, 1986) because lack of consistency induces many quality defaults in the final products. When 

ipose tissue lacks of consistency, dry meat products are difficult to cut and cohesiveness of cuts is poor because adipose tissue and muscle 
„e Ces <d tile sausages tend to separate. Cuts are oily because of the liquid fat which exudes from adipose tissue and covers the meat. In 
sli hi adlPose tissue which low consistency has a yellow colour and a translucent appearance while firm adipose tissue appears white or 
the5  ̂^ Pink Ĝlrard eI aL, 1988a; Davenel et al., 1999). Moreover, liquid fat exuded from fat cells covers the small meat cubes and prevents 
II i9roduct from drying. Because soft adipose tissue contains a high amount of Iinoleic acid with a low amount of SFA, it is very sensitive to 
•j,P oxidation and becomes rancid faster than firm adipose tissue.
us ? Verail aroma of dry sausa8es strongly depends on the type of starters used in the fermentation stage of the products. Among the bacteria 
the 111 dle m'xture ol starters. Staphylococci play a key role in the formation of volatiles. Some orientate the fermentation process towards 
tea f roducti°n ° f carbohydrate degradation products (S. warneri), others towards linear oxidation products through classic autoxidation 

ions (S saprophyticus) while others favour the generation of methylketones (S. carnosus) (Berdague et al., 1993b; Talon et al., 2002). 
coir|S ^ecause ° f  tite specific aroma of each group of volatiles, the overall aroma of dry-sausages is very different according to the starter 
^P osition . Thus Berdague et al (1993b) have established that French saucisson prepared with starters containing S. carnosus contains 
an /6 methylketones and exhibit stronger aroma of dry-cured meat products. In contrast, those produced with S warneri producing higher 
s a /Unl vo'atiles from carbohydrates such as 1,3 and 2,3 butanedione and diacetyl exhibit a more pronounced buttery aroma. In dry 
addSaSeS’ many otbers additives such as spices greatly affected the time course of formation of volatiles from lipid oxidation. Thus these 
Wh ' !Ves are °ften potent antioxidant reducing the formation of volatiles arising from lipid oxidation and they have strong specific aroma, 
col] C3n mask aroma notes of tipid oxidation volatiles (Meynier et al., 1999). Moreover, differences in aroma of various Milano salami 

ected on the local market are mainly related to the type of spices used by the manufacturer (Meynier et al., 1999).

hit n̂tramuscu âr lipids and dry-cured haw quality
b / amUSCular lipjd content affects several quality traits of dry-cured hams. The first one is the aspect of slices because intramuscular lipids 
mu°I|1e Vlsible when their content in muscles exceeds 5% (Buscailhon et al., 1994c). The hams with high intramuscular lipid content such as 
Intr 6S fr°m lberian and Corsican Pigs have a higher marbling score than those of Parma and Bayonne Hams (Rousset & Martin, 1998). 
Co art1uscidar lipids strongly affect colour of ham slices. Thus, redness and brightness scores of ham cut decrease as intramuscular lipid 
coni6'11 'ncreases (Gou- Guerrero & Amau, 1995). Intramuscular lipid content also affects texture of hams. Thus, High intramuscular lipid 
hj , ent has a Posit've impact on ham tenderness (Parolari, Rivaldi, Leonilli, Bellati & Bovis, 1988). Hams produced from genotypes with 
'Host "ltramuscular '¡pid content have more intense fat aroma (Hinrischen et al., 1995) because intramuscular TAGs are a good solvent for 
com ar°ma compounds (Shahidi et al., 1986). The higher is the intramuscular TAG content of muscle, the higher is the quantity of aroma 
oxidP°UndS trapS 'n tbe bam' blPids Pti'Y a key r°le in the overall aroma of dry-cured hams because of the volatiles generated through 
acifjatlon- The overall aroma of hams depends on the equilibrium between volatiles arising from lipid oxidation and those arising from amino 
fro and carbohydrate degradation reactions. There is some evidence of independence between the reactions producing volatile compounds 
relaf 6nher lip’d oxidation or amino acid degradation (Buscailhon et al., 1993; Ruiz et al., 1999). Many studies have tried to establish 
stud '°nSh'PS between aroma traits of dry-cured hams described by panellists and volatile compounds extracted from the same hams. These 
bee 16S '6ad t0 some consistent conclusions. Thus, dry cured hams produced through a long ripening process have the highest aroma intensity 
Quause they have the highest amounts of all kind of volatiles generated through both lipid and amino acid degradation (Ruiz, J. et al., 1999). 
al Iqq ripening’ tbe aroma of dry-cured ham changes from fat, pork, fresh meat aroma notes to dry-cured and aged aroma notes (Flores et 
tip'en' Plllz aL> 1999; Dirinck et al., 1997; Buscailhon et al., 1994e). During the first steps of processing (salting, drying and first part of
and lln8X volatiles mainly arise from lipid oxidation while those formed during the second part of ripening stage are formed from both lipid 
and / u n0 acid de8radal'°n (Hinrischen et al., 1995). Rancid aroma is correlated to oxidation products, mainly to aldehydes such as nonanal 

^  “d "hexenal which exhibit a strong rancid odour (Ruiz et al., 1999; Berdague et al., 1993a). Positive aroma notes such as “cured ham”, 
tried ham” 0r "aged” ar°ma notes have been correlated to either branched aldehydes arising from amino acid degradation or 
cons/ ket° neS arising from lipid oxidation (Flores et al., 1997; Hinrischen et al., 1995; Buscailhon et al., 1994e). All these results are 
as / | tent with the differences between the hams from different European countries. Thus, hams with a short processing (9-12 months) such 

a ian country style, French Bayonne and Italian Parma hams exhibit an aroma characterised by a fresh meat and fat aroma. In contrast,
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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 (Barbiéri 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 adipose 
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 [1 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
n= 10

/

Italian
Country
style
n = 9

Bayonne
n= 10

Corsican
n= 10

Serrano
n= 10

Ibérian
n = 10

Statistical
effect

Fatty acids (%)
22,2“*“ 21,6 *“ 21,0 20,4cd16 : 0 22,7“ 22,6“* ***

18 : 0 12,4“ 12,5" 12,9“ 12,1"* 11,2*“ 10,6“ ***

18 : 1 48,7 c 49,2“ 49,1“ 51,7* 51,5* 54,9" ***

18:2 n-6 10,7“ 9,1““ 9 9 ab 8,7““ 10,2"* 8,4“ *

18 : 3 n-3 0,4“ 1,1“ 0,7"*“ 1,0“* © 00 §■ 0,6““ **

Triacylglycerols (%)
19,9“* ***

PSO 26,0“ 26,6" 27,5“ 25,6" 18,9*
POO 43,0 66 43,8*“ 41,6“ 42,9*“ 45,8"* 47,8" **

OOO 4,0“ 4,1“ 4,4“ 6,5* 6,2* 10,9" ***

OOL 1,8“ 1,6*“ 1,9“ 2,2“ 2,7"* 3,0" ***

SFC at 20°C (%) 16,7“ 17,0“ 17,3" 15,9“ 12,0* 10,8*
Ç 0/ 1 0/

***
(**\ o rfll 0/ /**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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.Igble 2. Lipid composition of biceps fei

Lipid content (g/100g fresh meat)
Total lipids
Triacylglycerols
Phospholipids

Patty acid composition (% methyl esters)

Triacylglycerols
Saturated
Monounsaturated
n-6
n-3
Polyunsaturated

Phospholipids (% methyl esters)
Saturated
Monounsaturated
*8 :2n-6
20 :4n-6
n-6
n-3

-P ojyunsaturcs_____________________________
Values between brackets are standard deviation

muscle from nigs o f various European areas (adapted from Gandemer et al., 21
Ibérian 
n= 10

Corsican 
n = 6

Serrano 
n = 6

Bayonne 
n = 40

9,3 (2,9) 5,3 (1,6) 3,5 (0,5) 2,6 (0,1)
8,6 (2,9) 4,6 (1,6) 2,7 (0,5) 2,0 (0,1)
0,72 (0,09) 0,71 (0,01) 0,75 (0,06) 0,60 (0,01)

32.1 (0,8) 27,6 (6,6) 35,3(1,5) 37,1 (1,3)
62,3 (0,8) 65,1 (5,6) 55,9 (2,8) 57,8 (2,9)
5,0 (0,4) 6,5 (1,8) 7,9 (2,1) 4,8 (2,6)
0,6 (0.04) 0,8 (0,3) 0,9 (0,4) 0,4 (0,2)
5,6 (0,5) 7,3 (2,1) 8,8 (2,3) 5,2 (3,1)

30,5(1,6) 29,4(2,1) 31,4 (0,5) 29.5 (3,6)
21,1 (3,6) 15,6(1,3) 18,2 (2,9) 21,4(4.6)
31,4 (2,4) 33,8(1,0) 30,6(1,6) 32,2 (5,2)
11,8(1,5) 14,6(1,5) 12,1 (1,7) 10,8 (2,0)
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)
48,4(3,1) 55,0(1,8) 50,4 (3,2) 49,1 (6,8)

Table 3. Volatiles arising from lipid oxidation in dry-cured hams, (number in parentheses is the proportion of the components in % of total

Amount Typical odour

______
(gg d’eq. nonane/ 
30 g of ham)

A|kanes, alkenes
Pentane

5070 (39% )
56

Hexane 45
heptane 445
octane 4296
nonane 114
deacane 16
undecane 7
1 -octene 35
4-octene 44

Mdehydes
2-octene 12

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

Ketones
cis-2-heptenal 13

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

A|cohols
3- octan-l-one 6

663 (5% )
pentan-1-ol 320 fruity
hexan-l-ol 54 green, floral
l-penten-3-ol 242 buttery, green

Esters
l-octen-3-ol 47 mushroom

Ethyl- butanoate 5
Ethyl- hexanoate 8

Others Ethyl- octanoate 2

2-pentylfuran 24 buttery, rancid
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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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