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ANSTRACT

The term “curerg ", in the Mediterranear vegion of Europe, weans a long
period of aging where an intense enzymatic actton develops the disnaciive fluvor
af dvy cured hams. The traditoral process consiste of rabbing o mixtawre of dre
CRring ingredienis over the ennre surface of the hams. aliowsag ime for umform
distribution of the curing ingredients, and fineliy, o ripeaing oage vheee the
prodieet is suleniteed to different cpcles of temperatare. humidiy and time. The final
wiigue teaste ane flavor fa complex af sensationy eecwliony from the siemulation of
adar ond tastey are ackieved by pratcolyvic and Bipalyic acton Thic ipaiync and
vxidative degradation joined vith the catabolisen of amine acids procluce volaiile
compounds, porticulorly during ripening under kigh tempervarure. which are
responsible for the typical aromar of dey-cured kams. Buw material (the wse of
Duroe gewetic material e growing pige and freding of acarns) and ripering
comditions play ar beportan role m dey-ewredd fam producieon in this aree of the
world
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INTRODUCTION

AS meat consumplion n mosi European countrics has widely expantad,
particulacly Iresh purk or processed pork products (Fischer and Palmer 1995},
extensive offunt has been direcred oward developiog u quality park prexluct
Lately, Spain has become the leading Ewtopenn country in the production of diy
cuzed hams | Ferrer-Faledn 1990), [1s ham prothuction began in e 2nd cetury NC,
Ihistory sugprests dhat Cantabria and Cerdedin were the first and most unportant harm
producing regions, and exportations were ditected to Rome and the Orient
{Uinnzalez Hlasco 1998

The dre-cuning process was ouiginally used ax o prescrvation methad, however
thie process has been improved 1o develup a moze dusirable Navor and a firmer
texture producing rhe characteristic Mediterranean Haens. Tn the Mediterranen
wgians of Europe, the term “cured” is used when they produce hams unlizing
long period of aging (usuzlly between 6 o 12 months) wheee COLYMALG sclion
aocurs aixd u distinctive Mavar is developed However, in the northern segron, the
term “enred™ is mited ta products that receive nifrite dnrmg processing (Flores
1997) A dry-cured product 1 ane subjected 1o diving it ripening aller Uie
addition of dry wgredients and a ting for these myredients 1o equalize throughoet
the tissues | Flares and Taldrg 1943),

The gualicy ot the div-cured ham depends an mulliple Vactors, such as anizmal
hreeduig, snimal age. ferdung, envitonmental conditions previans 10 slaughterg
fantemortens factors) and sefoigeration aml transportation of the pnxkict
(pastnartem factors). However, the mis smportane factars that mlluence e
seusary properties of hams aee the raw matenials and e npening conditions
(Taldrd eraf 1993, Toldrd (998 Spanish (Thersan and Searunn) hams, lafian
(Panna snii San Duniele) hams, and French | Bayunne) hans are representatives ol
Ligh quality dry-cured hames of the Mediterranenn arcas

Dry-cured Ham Technology

Ihe Spanisl: (benan hains are peaduced from the Ibezian breed al'hogs frum the
Southwestem region of Spain that were finished in pastures watl acoms. Ihe
product achicves a high degree of marhling, lin fextuze and typieal dry cur ed-hany
fiavor. The erm flavor is dehned as @ =ombina wn ol taste and siuma sensations
Doty o ol 1961; Toldra 1998). The Serranc hams are peaduced fiom srossl el
whire pigs with o law marhling scare, i lexture aml a Ivpreal dey-cured-ham
flavar, which depends on the leagth of dpenng (Toidid et af, 19971 1n both
Itetian and Seerane hams, the high degree of amrbling and amour| of autside fal
reduce the moistuse loss duteey drying whicls increases the tenderness (Arnan
1008).

The Tterian breed of hags, i contrast 1o the methodolagy applied for breeding
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white pig ernssbiewds arrive at their finial weight due 1o 2 procedure system called
“Montanera". Briefly, Therian Pigs are placed in "Montaneca” ar 8-10 months of
age, weighing belween of §5-9 kg. Duriog this period 16-9 weeks) the hops are
led a diet of acorus (Quercus dee, Quercus rotndifulia amt Guercus Subery an
Pastures. The gained weight duning dhis periad ranges from S7-69 kp. which results
ina fmal weight of 140- 160 kg. Ihe acom is compased of 70.72%, casbohydrates
anel 6-8% of fat, and s considered 3 high-energy nutnent. Acoen far s nch i olere
acid (> &04% of \he fatty acids) ami Jow m hinoleie acd (= 16-18%). As a
comsequence of the high enceay level of the acamm, the age of slaughter 3 1012
manths, Alse, this diet has g tendency to deposit (st between the museles and
restilts m the thenan breed of hogs having  high subcutanesus and mtramuscinlag
fat content { Veatanas ef uf 199%),

The traditional dry-curing process consists of # mixture of curing sd;uncts that
are spplied to hams widsour Any added water. In this process, the curing smxmre
i prrmitted 10 penetrate hy diffusion asled by the onginal moisture of the meat. A
bong ripening procedure s wiilized und the product is ool smoked For 1he fiese fous
manths, the hains are held under controlled low temperatire gnd high relatve
Bumidity, but duning the last 14.20 months they are exposed 1o the same fatural
soviconments] conditions found i e mountsm ranges of Spain (Cardoba er ol
19943). The current steps mvolved in the dry-curing procedure are braefly
eaplained m the follawing outline (Flores and Toldrid 1993; Cordoha & of. 1901 5,
b Flores 1997; Toldrd, er ai 1997; Ainau 1998),

(1} Gireen State: Usually the hams are held for 45 b at 040 after e hoys are
slaughrered. Then they are pantially skinned, but the haof, bines and neay fy all the
fat remaan on the hap,

(2) Sulting Sage: Hams are placed fat side down n flye saltiog chamber, courely
covered by n muxture of cunmg ingredients, that inclusdes sodim chlogide,
PORsSM bidrate al {or) nitrite {trice amounts), sugar (suceose aixt dextrose) and
ascorbic agid, ‘Then, the hams jpe amanged i a single layer, o jvoid touching cach
uthez, or stacked in piles in the curing mixouse, The wom s held a¢ 2-4¢° for a
penod of ume {dependung on the size of e hams) of |- § dayskg far usually, 8-
10 duys. The curuig mixture and the Procedure utihzens vaiws acconeling 1 the type
ol ham and Jocation of the production. As an exurnple, hams could he pre-saleed
With 200 gan nf'a mixture nf sodsum chlaride: devrese: nitate (46% S0P 4%, far
24 h a1 3C, and then covered wath sodurn chlaride and stacked for a peeind
depending an the weiplie of the frech ham (Ohver e af. 194;

(3} Past Salting Stage | After jemoy ing the excess shll, the pieces arc placed
under refrigeration {1-4 C) g 909 relative bumnalivy for 20-60 Havs t get a more
uniform distribution uf the cure adjuncts,

(4) Post Salting Stage 7: The hams are 1axen to a chamber for 45 days, where
emperature is Progressively raised to 150 and the relative humidity decreased 1o
§0%.
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(3} Diymg Stage: Dunag the semmer. bams aie kept al environmental
candirtions for 45 days ws drying raarne, al W0 with a relative humidity of 45 1
.

(61 Ripenung: The harns are 38 in natural o asr-canditioned d:ying chambers
avnd subyectes! o relative humudity of 60-790°%. Darfferent lime-temperature cycles
are wsed depending on the tune of the year The ripening stages vacy with the type
ol hams  The longer the period the widee the variton m process conditions,
Lzually the longer the opening period the better the quality of the Al product,
Half-ripened homs Cizpid process |, requires at feast 6 montas at 149 1o 16, but (o
fully npened hams (slow process) equices anothier 6 or maore months at 16 10 22C.
The Secrano ham g npened for 9 w12 months while the Iberan ham may be held
lor 18 10 28 months The complexuty amt caombanion of hiechemical reactions

eccurmng dunmg the npenmyg slape determine the sensory characlenshies pf the
hams (Vemlaetse 1994, Plores 1997,

Develapment of the Final Flavor and Taste

Protealytic Action. The intenze paptealysis shservest during the dry-curing
process in Spamish style hame is, m part. a reselt of the scton of muscle
profeinases, especially calpains and cathepsis. Buth proteslyl: systems have been
widely smadied in fiesh and sged meat lrom difTerenr species (Zeece of af. 1986:
Ethetmgton ef af. 1987, Ouab ¢t of 1987; Koohmaraie 1988, Kovlaiase v al
I988; Zeece and Katch 1989 Ethenmgion e @l 1990: Whipple ef ol. 1990;
Koolunaraie 1892, CGuali 1992, Whipple and Koohmataie 1992}, The valume af
research turmg the last ten vears, on dey-cured bams hays been rapudly increasing
(Toldrd and Etherington L98S; Parveie of af, 1990, 1994, Gyl ef of. 1991, Rice o
af 1991 Toldra e al, 1991, 1993, Shrrage «f of. 1993; Virgah af wf. 1995)

The caleum dependent protease system involves oyseein endopepridases located
mainly in the cylosel and i the Z-disk arca of the muscie sarcomere. The pratease
system s conpased manly of Calpain 1 and Calpain 1] enzymes, which vequire Jow
and high catermn concentrstiong, respectively. for actovation: {alpastalin another
camponnd af this system, is the endogenous calpao uhibilor, activated by 7o',
and may also play a part m this process Mavimal enzyme activity is achieved at
aculral pH. Thus, ol » postulated that anly a liltle enzyme achivily oceuns in the
lsanes al & pH of 6.0, The cnzyme system s responsikle for the fagnentstion of
miyafibrils along the Z-line by acting primarily on treponin T and L tropemyosin,
C-protein. flarmn, vincuting desmin. titin and nebulin (Goll or ai 1983, 1992
Koahmaraie L1988 10%2; Dranshield of af 19%92; Ouah 1992) Susties focused on
e wcidence af calpams in the cunng process revealed that calpain activity conld
nest be derecied in hams alter 2 5 monrhs of Ireatment, and that the activity Tevel
during the salting stage was significantly Jower than i fiesh muscle {Shriagn e of.

1953 it as postolated that the snstabahity of the proleases mvalvers w an nportant
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key in fhis long salting process

Lysosomal protesnases inchule manely cathepsing 13, 13, 1 and L They are
cysteine proteinases (B, H and L) and asparny| proteinase (D) wheeh are respansible
for the degradation of different myofibrillar prozeins in viwo. az acidic pH values.

Catbepsin 1) s stable at s lugh tempeiatine aod exhibuls oaesomuans acavety wilh
myofibrils at 45C and a pH of 5 3. The enzyme 1apgidly degrades myusin beayvy
chaing (MHU ), titia, and C- and M-proteins. Actin god myasin hight chaims are alse
degradedt but a1 a much slower rate (Zeece ond Katoh 1989} The prorewns of the
muscular regulatory complex, & acanin, tfrapomyosin and tropenins T and | are
cleaved by cathepsin D buc in the area of pH 2 (Matsumoto ef af. 19831 e lacy,
anly one part of MIIC depracdinn could he due 1a the enzyme since only a low
pereentage of Use antial conzyme sctivity level senuans at the el of the cunng
process and this almost disappeared afier 3-10 months of processing. [n genesal,
cnzyme activity 13 stongly affected by both sall and pil duneg te diy-cuning
process (Ouali ef @, 1987; Toldra and Lthezrington 1988, Taki of ef. 1997, 1952,
1992, Sdrraga erad. 1993).

Sienilaly, cathepsin B can degrade suyosio and actn {SChwane and Bad 1977,
Noda er ol 1981), although this proteinase usually segrades only low mplezular
weight proteas such as vopenins 1 and © (Duali of ! 14987 A decrease m
enzyme activity has been found Tom 2.5 e A moenths of cannz o the
Sernimembranosus (SM ) muscle ¢ 30-403 nf reswclual scavity . Wik i tie Hrceps

femeris (BF) muscle, the deciease has been detecrsd a1 a lacer slage ol the cunmg

process (approximately 5.5 monihs), probably duc w an iegelar salt dustribution
w thus heterogenie muscle {Toldrd and Frheringlon 198F; Sirrags erad 19930
Nevertheless, enzymme activity has boen secovered in pan {10-15%) at the end of
1he curing process in both muscles {Sirraga ef of 1991).

A companson ol tos schivity i e same two muscles at n tvo diffesent
processes, shor aging (4 owoths) and long aging (8 months), has revealed Ihat the
ratia of cathepsin I3 cystatin in the shor process increases, probebly broause
cvstatin falls Baster than cathepsan 13 achivity, However, e the Jorg process thes
ratio decreases slightly suggeshing a medificaiien of cathepsin B acuvicy according
1o the curing process waed (Pacelo of el 1994)

Catlsepsin: L produces mywsin heavy chain (MOC) degradation peving peplides,
which also disappears dunng the process (Ouah eral. 198 1), Io fact 0 s postulatad
that the dsappearance of the MHC could be due 10 bath cathepsing 1 and ||
although D has the handicap of an earlier and greater reductian ol us sctivaty
Actin, a-actinin and tropomin T oand | ocan alsa e degradet by cathiegson L
(Matsukura e @l 19815 Teldid eral, 19933, The combuned cathepsins 3+ L acthivin
shows a similar patiern o cathepsin B actvity deserihed previously Pl and
Frheringlon 1988 Sioraga of . 19921, However when ihis acuiviey 1 compared
in different length processes, the resules asicate that cathepsin L deses s acuvily
more ragadly than cathepsun B, whicl is more slable thraughont the cunng process
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(Parredia ef al. 1994).

In contrase, cathepsin H degrades very few of the myofibmillar proteins {Onsh
et g 1987) The range of pH achyily 15 5.5 10 6.5 sod cathepsun H is commonly
defined as an endo-ammopeplidase {(Kookmaraic 1988 Results of cathepsin I are
conrroversial since same scientists have ool fousd any differcnce between the
sctivty of cathepsin H and that of the other cystein protemases studiest { Toldra and
Flherington 198K, Tuldid o ol 1991). Funtbeomore, Tokdeh of wf (1992} bave
demonstared that cathepsin H has low activity (16.5%) m the first stage of the dry-
cunng process die o the inhibitary action af the salt used, hot ther the sctvity 8
recavered mring the drying stage, On the contracy, Parretio ez al. [1994) bave
shown that the acteeity in fresh muscle falls shaply and s practically negliginle
tless than 4%} throughout 1he rest of the curing process.

The profile of cystatn bike activity (oysten proleingses inhibicor) decreases
slowly bur progressively during the curmy provess and thas aught result ae an
uniderestimation of the cathepsin scivites. However, both have a similar
developmental partern and it seems 1na1 the inhshitor has lirtle influence on ths
protenlytie action during cipeneig (Pancho ef ai. 1994).

The slow losses of enzyme activity during the ripeming process, and the
recovered activites of the cathepsing B, H, and L ar the end of the process ind:cate
that snzyme proteolytis action temains active al the finsl stage of the cunng
precess (i some cases even after 13 months). This observation is astributahle to the
stabilized action of the curmg <alis agmnst further denaturation (Tolded and
Frhenmgmon 198K, Foldra o2 al. 199)

Acsording 10 the evolufion of snryme activity and i the proteas degradation
praliles, cathepsms 13 aml 1. play s amportant tode througlout the processing of
dryv-cured hams. Cathepsin L acts mainky in the sitial stage with fresh muscle to
the postsaliing stage and cathepsan B bas an mleimediate ole in degrading low-
melesniar-weighs proleins into amirs-acads. Cathepsin 8 seemns to display Litke
actvaly during the npeoisg process and it is not kKisown if it participates in protein
degradauen Participanen of cathepsin D would be restricted to the first few
nvenths of procesang when o sillachve {Tolbid o of 1993, Parcetio e al. 1994),

Une speetfic tale of cystatins s oot well documented and needs more research

Changes us muscle prozeins and structure during the dry-canng process can be
explasned by considering a symergistic achion of boih lysnseinal and caleiun-
dependent proteinases. The cantnbutian af calpas o the preteolytic action is
restretesd 1o e eazher breakdown of myofibrillar proteins either by cleaving anly
1a¢ large peptides {Giall ot ol 1983, 1991 ) o1 by degradmg muscle w small peptides
arnd annzg sesits (Haros ed el 1993), The most important action performed by
cathepsins dunng the dry-znnng pracess is ta collabarate wath U mtial muscie
graten degradation exened by the calsium-dependent protease system

Catheparst and Calpare are not thangh 1o ke entirely respansihlz for the final
tasteand Moo of e oo e e proten degsedatne s maimts o the flast

—
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steps of the dry-curing procedwe. Nevestheless, they conld sepply te substrate for
the consequent action of other clzynws, which sre able 10 produce crcaer
degradation.

Muscle exopeptidases {metallu-profeins) seem ta he involved i e latter saaes
of the protealytical degradintion. Studies with sznnapeptstases Pl g, Ayl
slunyl, pyroghitamyl, and 1oyl eneymes) demonsorated Mat they aze localizesd
i the Cytosol, 2ie achivated al neurral pH (oplimal at 6.5 7 %) and ar a remperature
range ol 11-25C; however. the oplimum lemperature is 370 (Toldig o af 1992,
L997). Enzyenes are much more stable during the dey curing process even though
salt pancipally. and then ascorhate 2t nurite, have inbkibitory effects on st
creyme activities (Teldri eral 1991, 1992, 1991) Muscl= aminopeplidases el on
many different subsizates (proteins ond pepluies) whech wauid suppon their
participation in the free anune sexd liberation and accouny e imost of the desrable
Mavar of dey-zured hams (Told:a er ol 1997,

The effect of proteolytic enzymes on Navor and texture of dey cured hams
depends on the quantily of free o weds st low-mealzcular-weight compounts
produced. However, when pratealysis s i excess ir imgarts a bitler and metalls
1aste, develops abumclant swhite crystals on the cut suiface and increases safiness
(Viegili o7 al, 1995, 1998a)

The peptide generation pattern amalyzed by different methodalogy showed o
substantial change in peptide mapping during curing as vestenved by the presence
of componznts ranging in inolecolar mass of 160 10 4500 Da and by the increass
in low-mnss peptides ( 160-1200) afier 3.5-5 montls (Rodnguce Nuder of ol
1995). Further studies wilh electropharesis in the pressnce of 5005, revealed 3
progressive reduction of the 220 kDa 1o the 17 kDa badhs unnl there was o 1ozl
disappeatance of the 220 kDa dunng the npening peniad, sndicating intense
proteolytic activity {Cordoba ef af. 19941,

Maost of the amune aculs detected n the first peosd inereased significantly
durng ripening, particulacly alaniwe and glulamic el lollowed by lenane, plyome
and lysine. However, the fastest increase tn the concenuatcas of all the minnn
acide was achieved dunmng the drymg stage (Taldr of «f 1952, Cordoba or af
1994a), This period and also the salling step were (he stages of maximal NI'N
(noopepticle mtrogen) merease and also there was a marked reduction
coyofibrillar proteins {Condoba ef af. 195k} Later e the oipeming, process, amina
acid nitrogen was the majos source of NPN, prubably due w further pratealyne
activity induced by the relatively high temperatures mamniained st this stage
(Ventuanas et ol 1992; Condoba eral 1594 2 h)

Also, amines [putrescute, hstarmne, aixl tprosime} eereased duning ripening,
while spermine decrensed Yet the concenteations of these biogenic anunes aic
neither un the range of toxic levels nor enaugh woresch values thal can be a
problemn m dry cured hams (Cordoba or af. 1 %4a),

Those NPN, novalatile amma seads and pephides prodused under controlled
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pratealysis, niight be precursors of a whale seiies of valaule aroma compuur;::
Jivand in dry-cured lams since sensony Laits are alfected by_ moisture: anik e N &
content. and zlsa 1he latrer 15 incecased by greater cathepsin 1 avlivily, loTv:v MIK‘
level and higher temparature { Légez-Bote of al. 1990, Ventunas e ol 1997; .ngl i
o1 . 1995) Flowever. more stiches need to be peefonmed to correlalc flavor to
specific amino acids and peplides.

Lipolytic Action

e 1o the Magh leved of fatlening of the Spansh hops, 1lavor varinrion tas bu::
atnbuted 1o the lignd compasinon of faty hesues and |o.lhe. lir.jgu:\- of l;p:]
hreakdawn during processing. The enzyme lipolytic system is dls(nhulfd e bol 'I
adipose and muscle tssne. The mozt charic tenzed adipose enzyine (.\hl)c; i :;| A
1981, Motilva of al. 1993 2h) 1w hpoprefein li|1as.= wheeh i3 :espﬂm.ublc or t' e
uptake al mglycernds faity scuds fom the cuuuhuon_w _(I\ytlmlyscs primary E:l:ls
and unsaturated monoacylplycerols), hormone. sensitive I'x;une which regula z;
faty sc:d moobilizaton m the tissue {ester-homl of macyl[v,;ywrlul '_an :
diacylylycerol allimiy) and monoacylglycerol lpase xcsponsublz- [ t:c lllli;
pmd-uch.on ol frec falty acids amd glyceral ljany‘uumoacylglyrcml.a.- a s-..z. sirale).
Neutral or basic pIf is the optimum far oaximal activity. Maximal a..uv'nty li
present a the beginuing of processing bul the processing lemperature (Mc:: \:u ..‘
ai. 1992 ab) restrices this uctivily. Fsterases lrom adipose fssue seem te ® ‘tl:k
slahie even after 7 manths of processing and nmimv;'.rpluh.mc a::,hvuy s alu;vw;n
reparted me lhus tissue i hoth raw and dry-cured lum._s (Toldri et al. I‘J;Jl > a),
Musenlar by susemnl acul lipase hydrmlyses prancipally nentral hgnds, suc -
canlestern] csters and primary ester-bonds of liscylgtycerals a pli 4-5 ! Imau;a
o1 al. 1984y, Lipoprotein lipase w responsible for the hydrolysis oflltt‘: di- f\m ;"1
acylplicerol camponents ol the very Iow-dr.nsn)' llpo?mfe|ns alu.! r.h)i ?T‘L?nl.i :‘
an ophown pEL of B9, Acd rhasphalipase (A7) is alse involves k"| E"
degradation (Flores et al. 1985, Nuscadhon er a.'. 1944 ). fn peneral, mus; . \-pa. g
Nave shown better stahility than Uwse framn adipose hssue dusng the dry curing
~ oldrd et el 19910 4
N“:Tri-lgref:lc merease 3n the concentration uf free nonvalatile (n?(yl' n;ubs' h:f
Lieen reported it the first stages (up o 3 months] alang wm’ the I_ug If I:o :.;:.j
ety durng this same persod (Maotlva ef af 19918, 1994). Thes free alvl =
productien consiules  first step af gecursors las secondary reactions (oxid : ‘l; i'
nteractions with proteins, ele.) o achieve avor dcvelbpanm'(‘ Neulral an : :,;
muscle lipases are more active al e beginming uf the cwring pn}ccsf mehe
affected by changes in curning conditions, while lysosemal acid lipase swenss
actyer thraugh the enbire process (Motilva & al. l«m’m . ; "
Muscle eetearases show an excelient slabﬂn): during processii : nv:»c; h.,m
seens (al the enzyme does not play a key role in the hpolysis of diy-cured ha

>, :
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i view of the absence uf aequate substtates snd the low amount of volatle free
farty acids produced (Motilva = al. 29935; Buscaillan o af 1994: | abird ve af
1997).

Yolutile Components

Typical aroma of dry cured ham is correlated with the lipuly e s oxidanve
degradation of unsaturated fatty acids or witl the catabolism of e arids.
Uinnsequently, these reactions gencrate volalile compounds especially dunng the
lalest stage of ripening, due 0 high winpessture developed alang with Jong
processing of Sparush hams {Fleses ex ol 1935; Lopes Bate ¢2 of 1990, Buscarlhon
el wl. 1994, Veplactse 1994) The chemcal reaction involved 15 the Maillard
reachon, m which 3 prateic compound {pephidss, amines and aRnnky aming acads)
reacts wilb @ supar compound, fallowed by differeat chemical raactions such as
conclensation, dehyduation, degradation, ete. 1 Tarm furans, Tustural, aldehydes,
ketones, efe. Fually, they react amany themselves or wilh products ot hpels
resctioms o produce valatile conmpoanngs T oldes 1995

Capillacy gas hquid chromatograpky-mass specual chioma lograms shaw maore
than 70 mdividual peaks ranging frony Mw ot 84 to 310, The comnpasands ideniicd
belong i alkanes, brauched alkanes, ldehydes, kelones, aliphauc alcohels,
carboxylic acids, esters, lactones, lurans and sulfu: vamponnds wil other
mascellaneous groups (Herdugue ef wl. 1991; Garcia il 1991 Diniack o «f
1),

N-alkanes, ararmatic compounds and hranched slhanes are present in laese
hame They may be produces of the 2utanxidation of bpids. The braeked alkanes
are alsy fournd i fresh meal. prohably copung fzam the syidation af branc hes) fany
acuds in animal tssue or ram the wnsapomniicable fraction from the foed consumed
by the ammals {acoms). Becauze of their relnevely lugn threchold value.
hydrocaibons probably are vt sygnilicant conusbutors to die fMavor of the 3w
hams (Rewbold er @f 1989, Devas o2 of, 1990),

Aldehyde compounds make up the majar class of volatiles and the wenntied
hexanal s the most abundan: They may be lormed by the breakdown of
hydrperoxides derves! frony unsaturated fatty acids, supgar catabolism or meat
proteolysis. Because of their fow threshahd vislees and distinetive ador clisacters
they may be the major conteibutars 1o the ham's Davor (Mestz and Chang 1970;
Frankel 1985, Dinack eral. 19974 OF the alcaliols whennfied, J-mcthvibutanol, |-

octen-3-nl, pentanol. hexanol, heplanal and phenylethanol, the lalest seems tn e
respanzible for a Moral note and the T-acten-2-ol produces 2 potent s wdar
(Berdagué eval, 1991, Garcia ot of 1991 Dinnek ef wl. 1997

Ketones are represented basseally by methyl hetones, e hich e producrs o
decarhoxylation of B ketaucids or of saturated fatly aeed i axadanion Ansang 1he
bifuitctional ketones. 3-hydroxy-Z-butanesc rmight he IMPortant as a conrbut
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10 the buttery notes | Berdagoé o ol 1991; Garcia et al. 1991, Duninck e al. 1597).
The free carboxylic acids come from the hydrolyss of the trigiycerides and
phospholipids (Herdaguc e g 19911 A Jurje nusnber of eatery found have nol
heen properly wentificd, bit they probably az from the esterificaton of alechols
and carbonylie acids and sce generally assoc iated watk fruity favors (Garcia of al.
19491
The lactones idennficd are the priclucts of the dehyération and cyclization af
the hyvdiogyacits of the animal fats. They woult be refated to buttery, aaly, fatty.
frury and eoconul-like Navaes (Baines and Mloztizwics 1984)

Sultur containmg carpounds were found n luw concentration. Ilowever,
amang (he idenhitied components. the dimety] i, wi- and tetra-sulfide compounds
aight inNuence overall Mavor {Darinck e wl. 19970

Ihe amonnt ¢l ulfactary volatles fornd m Spanish hams suggesis an nlense
ensyiie actian dufing matuzation; m particular, hpolysis and lipsd oxidation are
considered 10 be the major processes s e valzule flavor production (1 apez-Bote
et al. 1990; Yerplactse 19943 Some of the peaks faunid in the chronatograms have
heen identified and associated with the chaacteristic smell of the praduct,
Howeves, several malecules with & weak chromatographic signal resosa
andentified and need more reszatch to determune which are really compeaents in

e dry-vured Havor

Influence of Crosshreed Pigs

Famming, slaughiering technigues, manufactonng procedures, ami consumer
preferences are impurtant factors u determining the quatity of dry-cured hams
tvugtheral 169803 Hawever, raw malerial is one of the key Gaclos.

Visgh pHl levels gl Tevels of snframusculas far o low-sallmstire 1atio

niluence wexiore (Parofar of of . T94S) Aninal age affrcts colag, fof contenl
st le resistance 1o drying lension and proteolytic enzyme activity {Sacraga of af.
15935, Some studics have demorstrated the assaciatini between certain quality
factors wnd piy breeds {Lameran e al. [0 Oliver of al. 1998, 1004, Hawever,
chemical analyses have revealed a restniied effect of crosshreeding on the content
of volatie corponnds snd am faver (Berdagué v Wi, 19970 Ninety man pereent
af the productian :n Spain is ahtained from confined pork production and the rest
(1 the Thesran breed, enther pure or crussed, reared i exensive or sCR-exiEnsive
conditinns (Oliver e al. 1994 Tle Duroc treed was inunduced in busope o
improve quality Particularly in S, thie heeed has been wsed to manufacaurs dry
cured meat producrs due ta ug high intracusciiar Fat level.

Incressing Durae genetic matenial an growag pigs produces 8 higher degree al
maibling  (caicass measutenent) and intramuscutar fat contenot {cheerncal
imeasurementl that improves meat guality, parhculadly teniderness (Echwards ¢f af
10972: Olsver ef of 1994; Virgih #f al. 1998h). Furthermaee, the Durec breed seems

FLAVOR AND TASTE OF DRY.C1RED HAMS I

:n: ::;m:d‘: cmssing because of its growth characteristics, the quality of the
s 5 & € superior feed conversion ralin. It is also resistant 10 te PSE-
(uT a:;;o:: -’mil ;l');: cgnlnu thutes (o the high quality dry cured bans manufnﬂu!in.g
al. i Oliver er el 1993, 1994; Guerrero et af 1996] The
flavor vl the dry-cured hnfn of the Durac line may be associated with l;;t' II:N:
;I:::;l’lll. of mm.rhng and intiamuscnlar fal observed (campare to Lasge Wh:‘re
i u;;:', S::;m. fat:d ;lelgun Kll.:?ilmm) and with the volatile compounds fonned'
of its fauy aci Oper Hote ef wi. 1990; Guerrero ef af i
by th i X : . 1996},
:he !ncmlascd anarhling _could akq make salt and warter diffus:on more difficult a?'c:i
.meig:n?ﬁ: dcm;;q: ;cm‘ej No differences between genetic rypes bsve been found
: P rdague or al. 1993; Guemero e ud. 1996

. 4 K 2 ). D 4 d
'Bclgml lLandrace crossh hreeding inproves overall acceptability of the ltll:r:\ t:i’:h
:::::; : :l:: ,:i:::r :r‘::d t‘vp.cs (Belgian-Landrace x [ andsace or x Large Wihite)
it ed fess desirable and producing mwre defective hasns (Olver er

Main Differences with Other Products

The most important diflerences between meat products from the northerm and
;l::;clt;l' rc:::m of Europe are faund in diy-cured products. In the case ul.l::
lediterrancan typ:_mducts. mirte is used exclusively since such prad
i'sr: ;rm:g u;na ::g pe::d of mpening, nitrite is not usually used, and s‘:‘okﬁ:
e mmkmn.“ e nr;:m 'm European aren meat prodducts are cured with nitrite
s an |:;lzgnl part of l!:: curing process. flams are sinuked
These illrent mithoologion s o o ooy eeoeno oo P
variation _in the sensory characteristics of the l:m:l;:::g::ﬁ:::efr;;';‘f : ik
. m:ﬁr::zt::u:)f'rz'cuﬂ:;d hams also diler uspally accordimg to the lacation of
pres mm;,.ul rgI .bpaﬂ, some producers ulilized peanuis as feed 10 pruchuce
s ﬂn: L W s::h would encourage muare oxidation contmhuting to pen
S o s I?I.-' 1, sn;muuncs SUZAr, DITALS, Stanetirnss nitice, sumelimas
s kZpt : ;u.nng l(o lrfn‘ peppert are utilzed as cure ad fMavor adjuncis.
2 o e cure | 1o 1% days per pound {0.434 k), allowed w equalize
iring adjuncts, and aged fur  to 12 months [mors intense Mavor with lon
agimg). American huens are usually soaked in wates prior 1o cooking vrmog:e'
:o'mc .of the salt Tbc.y are uswally simmeeed i water and then baked or sliced snd
ried in contrast to European hams that are ofen saten uncooked

CONCLUSIONS

The quality of the Mediterranean hams is refated fo the penmg ame snd
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: ili ipening. the intense protealytic
deisons and to the raw materal utilized Durmg vipening. ¢ "
::: I;polym breakdown prixluces precursars of a series of impartant volatile oroma

compounds. : :
Cr:osshrudmg his been Gsed extensively tn amprove ham produciion;

particularly the Durue line has mereased marhlag and ntramuscular fae conlent.
Foading seorne is nlsa i Laetor affecting fat composition aied consequently ultimate
Nayar in fbesan sivls hams
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