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sum m ary
Forty Iberian hams were processed by traditional dry-cure 
Procedure and the degradative changes of the marbling lipids and 
Proteins during the maturing phase studied. A large amount of 
Proteolysis and lipolysis occurs during the drying step as 
re^ealed by the increase of non-protein nitrogen (NPN ) 
p°ncentration and free fatty acids ( FFA ) content. Next, while 
hams are kept in the cellar, NPN and FFA levels raise 
c°ntinuously , whereas an intense autooxidative activity takes 
p*ace, as assessed by a significative increase of peroxide value 
'pU ). These proteolytic and lipolytic processes lead to
^cumulation of free amino-acids and amines, aldheydes, alcohols, 
ihrocarbons, lactones, ketones and esters found in the final 

Product , which are assumed to be highly related to their 
Pdrticular taste.

In t r o d u c t i o n
. e Iberian pigs is a porcine breed of great economic importance 
pp the Southwestern area of Spain. The Ministry of Agriculture 
isheries and Food estimated that about 1 million hind legs from 
berian pigs are processed into cured hams each year (MAPA, 

). Some Iberian hams (Montanchez, Jabugo, Guijuelo) have 
Qttained a high degree of consumer acceptance due to their 
pbarasteristic and strong flavour. For these hams, pigs were 
attened in pastures with acorn (Quergus ilex and Querqus suber ) 

basic food until a final live weight of about 140Kg. After 
^laughter hams are salted and, later on, left to ripen up. to 12 
°nths at environmental conditions.

f\Jn tt systematic work has been carriec 
Tj**ing place during the processing 

ls Rt-nrlv uî<=r undertaken withd -- atudy was
^e9radative processes leading tc 
^Ponsible for the desired flavour

out until now on the changes 
of these high-quality hams, 

the aim to elucidate the 
the formation of compounds 
in Iberian hams.

P^TERIAL a n d  m e t h o d s
Prty thighs from iberian pigs were selected and handed to a 
I dpt to be processed in the traditional way. The lot was divided 
1nt° 7 groups of hams to fill in the following sampling protocol: 
(Z Green state (G) n=10, 2. Salted (S) n = 4 , 3. Post-salting 1 
7 ol ) n = 4 , 4. Post-salting 2 (PS2 ) n-4 , 5. Dryed (D) n = 8 , 6 and 

Half-Cellar ( HC ) n-10 and aged ham (A) n=10.

ampies giceps femoris (BF ) muscles of each ham were taken and 
d iysed as follow:

^ er activity (Aw) was determined at 2QQC by the graphic
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interpolation method using saturated salt solutions as standards 
(Landrock & Proctor, 1951). The pH was measured in a homogeneized 
slurry made of lOg of sample and 10ml of distilled water. Nitrite 
were analysed espectrophotometrica1ly by using the Gries reaction 
(AOAC, 1984a).

Protein nitrogen (PN ) was determined following AOAC, ( 1984b)
recommended method, and the non-protein nitrogen (NPN ) content 
was analysed following the method of Johnson (1941). Peptidic 
(p e N ) and amino-acidic nitrogen (AN) contents were determined 
according to Moore and Steine (1948). Basic volatile nitrogen 
(BUN) content was measured following the method of Pearson 
( 1968 ).

Free amino-acids and amines were indent ified and their content 
measured by HPLC following the methods of Yang and Sepulveda 
(1985) and Edwards et a l . (1983) respectively with minor
modi ficat ions.

The fat was extracted according to the method 
(1959). The subsequent determinations of 
content (FFA ) and peroxide value (PD) 
respectively by the method described by the 
The carbonyl (aldehyde) compounds of 
2 ,4-dinitropheny1 hydrazone der ivat ives

of B l igh and D y e r  
free fatty acids 
were carried out 

AOAC, ( 1984c & d )•
the hams were made into 

and separated into
individual compound: 
following the method

; with HPLC. The 
of Reindl and Stan

carbonyls were 
, ( 1982 ).

ident i fied

The volatile compounds from mature hams were entrained in cooled 
traps after distillation under high vacuum. The d i s t i 1 l a t e  was 
collected with dichlorometane and analysed by combined 
gas-chomatography-mass-spectrometry (GC-MS ) according to Dumon 
and Ada ( 1976 ).

RESULTS AND DISCUSSION . .
The time-course evolution of limiting factors for bacteria1 
growth, proteolytic and lipolytic activity along the processing 
of Iberian hams is shown in Figure 1. The .low temperature and the 
presence of residual levels of nitrate and nitrite seem to b  
the main bacteriostatic factors during the salting-postsaltin9 
period. When hams are placed in the natural dryer to favou 
flavour development, combined effects of these inhibitory 
obstacles (pH=6.08; Aw=0.96; N03--374ppm; N02=7ppm ) could
enough to ascertain the absence of microbial spoilage.

The figure 2 s 
the elaboration 
breakdown takes 
reached in the dr 
N P N . Next , while 
continuously. Thi 
to format ion of 
peptide intermedi 
period, the rat

hows the evolution of nitrogen fractions durirl9 
process. As expected, an intense proteol/tlG 
place when higher temperatures ( 25-30bC) 
ying stage as revealed by the shift increase 0 
hams were kept in the cave, NPN levels rose 
s increase in NPN was progressive apparently ^  ' 

free amino-acids through the correspond i’1̂  
ates. However, at the end of the maturatj0  ̂
e of formation seems to be compensated by ^



degradation to volatile dérivâtes, as revealed by 
IV N • Drying and aging steps resulted in a strong 
the amino-acids identified, except for a number 
^ ^ no~ac ids (Asp, His, and Arg ), presumably due 
their corresponding amines.

the increase of 
increase of all 

of individual 
to formation of

f i g u r e  1
r°cess i ng

Evolution of temperature; 
of Iberian hams. V pH and nitrite along the

prP ^dic breakdown along the processing of Iberiam hams is 
^t?Sented in figure 3. Lipolytic activity was stimulated in two 
QCpPs °h processing; first by salting and a second activation 
Qf Jt*rs by high temperatures of drying, as assesed by the increase 
fQ rpA content. Also an intense autooxidative degradation was 
(ppPcr during salting. However, in contrast to lipid acidity 

'* no relevant changes in the autooxidative reactions were 
s^Qect:ed during the drying period. Peroxide test (Pd) values 

highest levels at sixth month of ageing, and then 
reased. Carbonyl formation through processing of Iberian hams



Figure 2.- Evolution of protein nitrogen (PN); non-protein 
nitrogen (NPN ); peptidic nitrogen (peN); amino-acidic nitrogen 
(AN) and basic volatile nitrogen (BYN ) through the maturation o  

Iberian hams.

Figure 3.- Lipolytic—autooxidative decomposition during
processing of Iberian ham. FFA is expressed as a percentage o  

oleic acid and PV as meguiv 02/kg fat. Carbonyls represent t 
contents of aldehydes identified by HPLC (C6:0, C7:0, C 8 - 0, C9* 
C9:1, C 9 :2 and C10:2 )
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a *so seems to be biphasic; its contents increased after salting, 
decreased during drying and then rose again in the latter months 

ageing. The large decrease of carbonyls during the drying 
stage is difficult to understand. It may be due to losses 
through volatization that are favoured by fat melting when the 
hams were kept in the dryer. Other possible explanation would be 
a depletion of precursors or the interaction with free 
amino-acids . The latter possibility is supported by the small 
increase in some amino-acids as histidine. Moreover, it has been 
demonstrated that Maillard products yield an antioxidative effect 
and thus retard development of rancidity and formation of hexanal 
in foods.

^Qst of the volatile compounds are derived from the 
iipolytic-oxidation of lipids (hydrocarbons, straight chain 
a idehydes and alcohols), whereas the major formation route of 
R a n c h e d  chain, aldehydes ( 2 -met hy Ibut ana 1 and 3-met hy lbutana 1 ), 
ketones ( 3-methylbutan-2-one) and alcohols (2-methylbutan-1-ol 
and 3-methy1butan-1-o1 ) seems to be the oxidative deamination- 
decarboxi1 ation of amino-acids via the Strecker-degradation.
conclusion
J"he large amounts of ol fact i ve-act i ve compounds found in Iberian 
hams processed by a traditional way could explain the consumer 
acceptance for hams ripened at environmental conditions in 
the processing areas. Most of these decomposition products are 
dependent on the intense proteic and lipydic breakdown that 
takes place during ripening. As natural drying (at summer 
temperatures 25-30QC ) activates both processes (and probably 
the react ions between generated carbonyls and free
aMino-acids) special attention should be addressed to control 
the stuffing conditions. Also the accumulation of several 
t-aste compounds (free amino-acids, amines, aldehydes, alcohols, 
factones, etc) seems to occur during the latest steps of aging 
ln the cellar. It would be necessary to keep the prolonged 
PeTiods (up to 12 months) in the cave to assure development of 
desirable Iberianm ham flavor.
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