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SUMMARY : The minimum p e rio d  o f  c o ld  s to rage  p o s t -s a lt in g  in  Spanish Ib e r ic o  ham has been s ta b '" '

e v a lu a tin g  th e  s a l t  and w ate r con ten t in  the  depth o f  ham d u rin g  t h is  p e r io d . T h is  s tudy shows a ̂

p a tte rn  1n the  w ate r and s a l t  d is t r ib u t io n  1n the  depth o f  ham near the  h ip  j o in t .  The minimum period 10

storage is  s ta b lis h e d  in  43 days f o r  hams kept in  s a l t  f o r  11 days and in  87 days f o r  hams sa lte a

days. The s ta b i l iz a t io n  p e rio d  is  over 150 days in  th e  area under th e  s k in  near the  t i b i o f ib u la r  j o i n t '

INTRODUCTION Spanish ham is  produced by d ry  s a l t in g  and p a r t ia l  d e h yd ra tio n . Two m ajor proce
ss®s

req u ire d  to  o b ta in  t h is  p ro d u c t, s t a b i1i t a t io n  and ag ing . S t a b i l i t a t io n  is  re q u ire d  f o r  room storaH®
and

if la'
su p o rtln g  a h igh  tem perature  p rocess ing  s tep  1n ag ing th a t  g ives  ham I t s  de s ire d  sensory q u a l i t ie s  <■ 

te x tu re ) .

terS
Ham, as any o th e r food p ro d u c t, depend on a few group o f  param eters f o r  s t a b i l iz a t io n .  These para1" 8 tfe

h u r t le s  th a t  m icrobes must overcome to  grow and s p o il food p ro d u c ts . Each s ta b i l iz e d  food product

result of the sum of specific hurdles in  that product that cannot be overcome by microbes (Leistner,
19^ '

if

t  ^  !
In  Spanish ham m ic ro b ia l sp o ila g e  1s c o n tro lle d  1n th e  su rfa ce  by s a l t  rubb ing  in  the  f1rS ro>>eS

i"1
process ing. However, in te rn a l s p o ila g e  is  s t i l l  a common fa c t  in  t r a d i t io n a l  p ro du c ts . The causal

withmust be anaerobic ones, due to the specific conditions of their growth, u s u a lly  Clostridia, .hgp
m etabo lic  e f fe c t  th a t  even " in f la t e s "  the  hams. Among these C lo s t r id ia  th e  C .bo tu l inum  species ^  f r  

is o la te d  from  s p o ile d  c o u n try  hams in  France (Sebald, 1970). Thus, th e  aim f o r  s t a b i l iz in g  Spanish

the  m ic ro b ia l p o in t o f  view is  a v o id in g  c lo s t r id ia  grow th. n a®

C lo s t r id ia  f in d  fa v o ra b le  redox c o n d itio n s  In s id e  th e  ham due to  th e  a c t iv i t y  o f  muscle enzymes ^ ^  ^  i*1 

Emberger, 1980). The pH c o n d itio n s  in  ham t is s u e s  are a lso  adecuate f o r  C lo s t r id ia  growth although , l

(C o r le t t  and Brown, 1980). In  a d d it io n ,  c lo s t r id ia  s t a r t  grow ing near the  lim ph nodes (Cosnett et 
and the  pH can be h ig h e r th e re .

a1-

The s p e c if ic  hu rd les  th a t  may a c t in  Spanish ham to  avo id  in te rn a l sp o ila g e  are co ld  tempera
tur®5

at

1«'

ob ta ined by a 5* s a l t  con cen tra c ión  ( C h ir i f e  and R esnik, 1984). C o o ling  under 12 C avo ids c ^°

outgrow (M ichener and E l l i o t ,  1964). C oo ling  ham as soon as p ig s  are s la ug h te red  is  a common prac
tic®

go'✓

s torage 1s mantained d u r in g  th e  s a l t in g  s tep  and f o r  an a d d it io n a l p e rio d  o f  tim e  p o s t - s a l t ^  .jjfi ^

a lthough a l l  producers are 1n accordance w ith  t h is  p ra c t ic e  th e re  is  no an un ifo rm  c r ité r iu m  in  ^

the  le ng h t o f  t h is  p o s t -s a lt in g  p e r io d . The o b je c t iv e  o f  t h is  work has been to  fo l lo w  th e  s a l t  d ist
f coHham during the post-salting period, in order to evaluate the length of this critical period ot

p o s t-s a lt in g  in  Spanish ib é r ic o  ham.

MATERIALS AND METHODS : The s tudy has been re a liz e d  on 54 hams c la s i f ie d  in  two groups, lo t

th a t  inc luded  27 hams under 10 Kg o f  i n i t i a l  w e igh t (range 7.66 -  9.79 Kg) and lo t  B, in c lu d in g 2?

and then b u rie d  in  s a l t )  f o r  a t o t a l  o f  10 days and lo t  B was s a lte d  d u r in g  11 days. A f te r  the s®
,,, ---------- ---  ---------------- --------- ----------------------- -■ — ---------------  im®nti

a l l  the  hams were washed us ing  co ld  w a te r, d ra in ed  and then hung a t 0-5 C d u r in g  th e  whole exp®r ^

step was com ple ted). Each ham was analyzed taken a c l l in d e r  from  the  deepest area o f  th e  ham ^  

j o in t ;  samples 1 to  8 ) and two more samples under th e  s k in  near th e  t i b i o f ib u la r  j o in t  (sampl®s

pH of
impose some d i f f i c u l t i e s ;  bu t even w ith  an id e a l f a l l ,  pH goes to  5 .4  and c lo s t id ia  have a minimum ^5

r i t i 0®1
beg in ing  o f  the  process and s a l t  c o n c e n tra tio n  a f t e r  the  e q u i l ib r a t io n  s tep  1s com pleted a t a c r ^

. thlS “
The c r i t i c a l  Aw to  avo id  C lo s t r id ia  to  grow is  near 0.97 (B a ird -P a rk e r and Freame, 1967) ana

ostr , c « ]

{0

h®*s J

10 Kg o f  i n i t i a l  w e igh t (range 10.14 -  11.39 Kg). Lo t A was s a lte d  1n th e  t r a d i t io n a l  way (rub - -
a lt1 _ t"

«i®nt

and \ a1tv(150 days). Three ham o f  each lo t  were taken to  th e  la b o ra to ry  fre s h  (0 t im e , be fo re  s a l t in g )  —■ 5°■ ^

experim enta l tim es d u r in g  the  p o s t -s a lt in g  p e rio d  (2 , 25, 45, 75, 95, 110, 130 and 150 days a f te r   ̂ ^
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Figure 1 Includes the  experim ental procedure to  ob ta in  the 

samples from each ham.

Samples were analyzed fo r  m oisture and c h lo r id e .

RESULTS AND DISCUSSION : During the p o s t-s a lt in g  period , 

water and s a l t  1n muscle present complex changes.

In  Table 1 the water con tent 1n the d i f fe re n t  samples 1s 

Included. I t  can be seen th a t the  water con tent 1n the depth 

o f fre sh  ham 1s q u ite  un ifo rm , about 70% m ois tu re , except fo r  

sample 1, th a t 1s the f a t t y  t is s u e  covering  ham. A fte r  

s a lt in g  (2  days a f te r  the  s a lt in g  step) the m oisture content 

1s s ig n i f ic a n t ly  reduced on ly  1n samples 7 and 8 . Part o f the 

water contained 1n ham 1s ex trac te d  out by s a lt  1n th is  step.

During the re s t o f the pe riod , water con tent 1s reduced 1n a 

complex way 1n these sample and in  the o th e r ones. Thus, 

water con tent keeps 42 -  44 % a t 75 days and fo r  the re s t o f 

the p o s t-s a lt in g  period 1n sample 8 1n both experimental 

lo ts .  Changes 1n water content are a lso  q u ite  s ig n if ic a n t  1n 

samples 6 and 7 and less s ig n if ic a n t  1n sample 5 during 

p o s t-s a lt in g  storage. There 1s almost no changes 1n water 

con tent in  samples 2, 3, 4, 9 and 10 du ring  the  whole stud ied
F19Ure , .  c pe riod . These f in d in g s  in d ic a te  th a t  water 1s lo s t  to  the a i r

■ Experimental procedure fo r  sampling . , ,  _  . .. ,
du ring  p o s t-s a lt in g  storage 1n ham s p e c ia lly  through the lean

V* that
on

surface (sample 8 ) .  A lso from these re s u lts  1t is  poss ib le  to  

d ry in g  process 1s more s ig n i f ic a n t  than w a te r d ifu s s lo n  d u rin g  the  f i r s t  75 days and from 

Dredominant change is  w a te r d ifu s s io n  to  the  s u rfa ce .

Srcent
° t  m o is tu re  in  Spanish ham in  th e  p o s t -s a lt in g  p e rio d  (da ta  are means from 3 hams each)

LOT A LOT B

! >*.«

>S ' 5 . 1

1! H.3

>! 5.1

l! 0.3

'I| >.9

» . 9

Hi » . 1

69.2

H.9 

>1.9 

«>.3 

67. )  

«1.1 
>0.1

01.3

1

SAMPLE 
5 6 7 8 9 10 1 2 3 4

SAMPLE 
5 6 7 8 9 10

70.9 73.9 71.7 71.1 68.8 77.1 74.3 17.9 64.7 69.0 69.6 11.5 71.9 70.2 71.0 72.2 70.5
« 1 .0 71.7 71.4 65.9 59 .0 72.1 70.6 13.7 69.1 67.5 « 9 .4 68.5 65.6 62.2 60.2 67.3 67.3

71.1 70.3 72.5 67.7 56.0 70.6 70.4 16.8 70.0 74.0 69.9 70.9 68.8 68 .4 57.1 it. 3 71.5
« 9 .8 62 .3 64.3 61.5 49.2 67.1 69.2 7.6 67.2 69.3 68.9 65.9 66.0 61 .4 ( 7.1 68.3 69.5
« 5 .4 66 .4 66.6 62 .0 43.1 66.3 65.7 11.7 70.6 69.7 69.3 67.3 64 .8 61 .8 ( 4.3 67.8 66 .0
« 7 . « 66.8 64.8 62.2 44 .0 65.2 65.2 11.9 64.4 69.7 65.6 66.6 63.8 58.2 42.7 64.7 63.9
6 7 . 7 ’ 67.0 65 .0 59 .4 43.2 64.8 66.1 8 .6 63.7 63.6 64.7 66.2 64.5 59.9 43 .8 62.9 64 .4
65.7 66.6 64.6 « 0 .5 49.6 66.6 67 .3 13.8 68 .4 68.7 69.8 68.7 66.2 59 .4 44.2 65.9 67 .3
64.0 64.8 64.6 60 .4 44.1 66.5 65.9 7.3 63.3 63.5 64.7 61 .0 60.5 58.3 42.3 64 .4 63.6
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S a lt  con ten t 1n th e  d i f f e r e n t  s tu d ie d  samples d u rin g  th e  150 days o f  p o s t -s a lt in g  1s Inc luded 1 

I t  is  p o s s ib le  to  check th a t  c h lo r id e  con te n t in  fre s h  ham 1s low (near 0 .2 * )  and q u ite  un ifo rm  in  t *18

n

o f  ham. J u s t a f te r  th e  s a l t in g  s tep  (2 days) th e re  1s a h igh  s a l t  con ten t in  sample 8 1n both lo ts ,
hi 9 '

lo t  B. Then onward s a l t  con ten t is  reduced 1n t h is  sample 8 to  va lues near 4* a t 45 days p o s t-s a lt in g -  ^

t h is  va lues f o r  the  re s t o f  the  s tu d ie d  p e rio d . S a lt  va lues in  the  re s t o f  the  samples inc reases  in  a

Table 2: Percent o f  s a l t  in  Spanish ham d u rin g  th e  p o s t -s a lt in g  p e rio d  (da ta  are means o f  th re e  hams
eacf>

LOT A LOT B

SAMPLE SAMPLE

days 1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10

0 0 .2 0 .2 0.2 0.2 0 .3 0.1 0 .2 0.2 0 .3 0.2 0.1 0 .2 0 .2 0.1 0.1 0.2 0 .2 0 .2 0 .2 0 .3

2 0 .2 1.1 0 .7 0 .5 0 .4 1.0 3 .4 7.5 0.7 0.7 2 .3 1.9 0 .8 0.7 1.6 3 .0 4 .8 10.4 1.4 1.1

25 0.5 1.5 1.3 1.3 2 .4 3.9 4.7 5 .8 1.8 1.6 0 .5 1.8 1.7 1.9 3.9 4.6 5 .9 6 .4 1.8 1.6

45 0 .3 1.5 1.6 1.9 3.2 4 .4 5.2 4 .4 1.6 1.5 0 .5 1.4 1.6 2.1 4 .2 5.0 5 .6 4 .8 1.9 1.8

15 0.1 2 .0 2 .3 2 .8 4.1 4.6 4 .8 4 .2 2 .0 1.7 0 .5 2 .4 2 .9 3.3 4.1 4.9 5 .4 4 .3 2 .3 2.6

95 0 .7 3.1 3 .2 4 .0 4 .9 5 .0 5 .2 4 .0 2.1 1.9 0 .2 3.6 4.1 4.7 5 .5 5 .9 5 .6 4.5 2 .9 3.0

110 0.5 3.6 3.7 4.3 4 .9 5 .0 4 .6 3.9 2 .6 2 .9 1.2 4 .0 4 .3 4.7 5 .4 5.6 5 .3 4.1 2 .9 3.1

130 0.7 3.9 4 .3 4.5 5.1 5 .2 5 .2 4 .0 3 .0 2 .9 1.0 4 .4 4 . « 4.7 5 .6 5.8 5 .5 4.2 3.1 3.2

150 0 .7 4 .3 4 .3 4 .5 5 .3 5 .3 4 .9 3 .9 2 .7 3 .0 0.7 4 .8 4.9 5.2 5 .6 5.5 5 .3 4 .0 2 .8 3.2

way in  th e  o th e r samples d u rin g  the  p o s t -s a lt in g  p e rio d . As 

th e  r e s u lt ,  i t  is  p o s s ib le  to  d e te c t th a t  s a l t  c o n te n t in  

a l l  samples 1s s im i la r  near the  end o f  the  s tu d ie d  p e rio d , 

o r even th e re  1s a h ig h e r s a l t  c o n te n t in  samples 2 to  7 

than in  sample 8 ( th e  one w ith  th e  s ta r t in g  h ig h e r s a l t  

c o n te n t) .  From these re s u lts  i t  is  p o s s ib le  to  deduct th a t  

th e re  is  a d ifu s s io n  o f  s a l t  to  the  in s id e  o f  ham s ta r t in g  

in  the  lean su rfa c e .

The s a l t  c o n c e n tra tio n  in  the  w a te r o f  ham is  showed 1n 

f ig u re s  2 and 3 d u rin g  th e  d i f f e r e n t  s tu d ie d  tim e s . From 

these f ig u re s  i t  1s p o s s ib le  to  s ta b lis h  the  complex na tu re  

o f  the  d i f fu s s io n  o f  s a l t .  There 1s a tendency to  

e q u i l ib r a te  s a l t  c o n c e n tra tio n  toward the  end o f  th e  s tu d ie d  

p e r io d . The complex na tu re  o f  th e  d ifu s s io n -d ry in g  processes 

shows a s im i la r  p a tte rn  in  both lo ts ,  bu t w ith  an im p o rtan t 

p r a c t ic a l d i f fe re n c e :  the  c r i t i c a l  s t a b i l iz a t io n  tim e .

From these r e s u lts  1 t is  p o s s ib le  to  s ta b lis h  a best f i t t i n g  

l in e  f o r  s a l t  c o n te n t versus tim e  f o r  each sample.

The correspond ing  eq ua tion s  and th e  c a lc u la te  p e rio d  

re q u ire d  f o r  each sample to  reach th e  c r i t i c a l  c o n c e n tra tio n  

o f  5 *  s a l t  1n the  w a te r phase is  shown in  ta b le  3. The 

c a lc u la te  p e rio d  f o r  s to rag e  b e llo w  12 C o f  ham depend 

s ig n i f ic a n t ly  from  the  s a l t in g  s te p . As the  c r i t i c a l  area 

f o r  in te rn a l s p o ila g e  is  lo ca te d  between samples 4 and 5,
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'H ty
p e rio d  o f  c o ld  s to rage  to  ach ieve s t a b i l i t y  is  87 days in  lo t  A and 43 days in  lo t  B. However,

and 1 0 ,c0rr. Versus C lo s t r id ia  growth 1s no t ob ta ined  a f t e r  150 days 1n both lo ts  in  samples 9 
“SponrH

ln 9 to  the  area under th e  s k in  near the  t i b io f ib u la r  jo in t .

rabi
» 3 •

Best f i t t i n g  equa tions  f o r  s a l t  in  w a te r c o n c e n tra tio n  in  the  s tu d ie d  samples versus tim e

LOT A LOT B

best f i t t i n g  l in e * * da ys*** r * best f i t t i n g  l in e * * days***

0.8739 Y = 0.8545 , X0 *3588 142 0.7455 Y - 2.0646 . X0 - 2075 71
0.9521 Y = 0.4640 . X° . 4 9 7 2 120 0.9442 Y = 1.2043 , X° . 3 5 4 9 56
0-9823 Y = 0.3305 . X0 - 8098 87 0.9521 Y = 1.1969 . X0 - 3818 43
0.9892 Y = 0.3350 . X0 - 8887 58 0.9169 Y : 3.0257 . X0 * 2217 10
0-9701 Y = 1.0334 . X° •4 4 1 1 36 0.9433 Y = 5.1360 . X0 - 1204 1
0.9422 Y = 4.7038 . X °• 1204 2 0.7710 Y r 8.1216 . X0 - 0290 1
0-9370 Y =14.0467 . X- 0 - 0988 1 0.8737 Y =14.9448 . X '0 - 0999 1
0-9750 Y = 0.6146 . X0 - 3858 >150 0.9196 Y = 2.0558 , x° • 1807 >150
0-9517 Y = 0.5886 . X0 - 3879 >150 0.9664 Y = 1.6374 , X0 - 2280 >150

at1on
' Per,°ent

c° e f ld e n t

s a l t  in  th e  w a te r phase; X : days p o s t -s a lt in g

W e ire d  to  o b ta in  a 5* s a l t  in  w a te r in  th a t  p a r t ic u la r  sample

%CL'll t^ S l o Ns Th
^  deep '1e p o s t ~ s a " - ' n9  Pe r i ° d ham presen ts  a complex view  o f  changes in  s a l t  and w ate r con ten t

fat t v . . ° f  m uscle. depending on whether muscle t is s u e  is  exposed d i r e c t ly  to  a i r  o r  i t  is  loca ted  underth, >  t i

\

Cri,:lc a iSSUe ° r  s k in ‘ The s a l t  c o n c e n tra tio n  in  the  w ate r phase tends towards e q u i l ib r a t io n  w ith  tim e  and

lage la s t  f o r  43 to  87 days in  the  area near the

150 days near the
K t

IEf

H o '

1
P eriod f o r  c o ld  s to rag e  to  p reven t In te rn a l s p o il

Pending o f  the  le ng h t o f  the  i n i t i a l  s a l t in g  s te p , and la s t  more than 

d°1nt to  reach a c r i t i c a l  5% s a l t  in  th e  w ate r phase.
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