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SUMMARY
n a study o f  th e  e v o lu t io n  o f  d i f f e r e n t  components o f  d ry  cured 

hams a lon g  r ip e n in g ,  an unexpected  d ec rea se  in  p r o t e in  and l i p i d  

c ° n t e n t  d u r in g  th e  s a l t i n g / p o s t - s a l t i n g  s t a g e  was o b s e r v e d .  

C o n tra ry  t o  th e  d e m o n s tra te d  p o s i t i v e  e f f e c t  o f  low  s a l t  

c°n c e n tr a t io n s  on p r o t e in  s o l u b i l i t y ,  p r o t e in  as w e l l  as l i p i d  

e* t r a c t a b i l i t y  showed minimum v a lu e s  when s a l t  l e v e l s  were o f  

°u t  4%. a  p a r t  o f  the  u n ex tra c ted  p r o t e in s ,  m a in ly  a c t in ,°C  -  

a c tm in  and myosin as r e v e a le d  by SDS-PAGE, cou ld  be re cove red  

r e a t in g  th e  samples w ith  6 M u rea . However, as i t  was c l e a r  from 

i c r o s c o p i c  o b s e r v a t i o n s ,  a p p a r e n t l y  i n t a c t  g rou p s  o f  m usc le  

lb r e s  were p resen t  in  the  sediment a f t e r  p r o t e in  e x t r a c t io n  from 
t u p l e s  aged  f o r  75 and 120 d a y s .  T h e r e f o r e ,  some k in d  o f  

^es i s t a n t  s t ru c tu re  th a t  keeps muscle f i b r e  reason ab ly  u n a lte red  

s t o  be e f f e c t i v e  during hom ogen iza t ion  and e x t r a c t io n  w ith  6 M 

such as th ose  d e r iv e d  from th e  fo rm a t ion  o f  a s t a b le  g e l  o r  
0111 changes in  c o l la g e n  f i b r e s  th a t  made i t  more r e s i s t a n t  t o  

chem ica l a t ta c k .

^ troductionUpy
st cured hams p rocessed  f o l l o w in g  th e  t y p i c a l  Spanish country  

 ̂ a re  uncooked, s a l t e d  and d r ie d  h ind le g s  from Ib e r ia n  p ig s  
^ at  a re  s a i l e d  and l e f t  t o  mature f o r  a t o t a l  p e r io d  o f  about 18 

bs * a Pa r t  of  a study where th e  changes th a t  take  p la c e  in

ch Produ ct throughout m atu ra t ion  (s e e  Ventanas e t  a l . . 1989), 

anges  in  p r o t e i n  and l i p i d  c o m p o s i t i o n  w ere  s t u d ie d .  The 

 ̂-sent work a rose  as a consequence o f  a d ec rease  in  the  t o t a l  

^  th ese  components o b ta in ed  d u r in g  th e  s a l t i n g  and p o s t -  

Un ^"*'ng s t a g e s ,  t h a t  w o u ld  b e  an im p o r t a n t  d ra w b a c k  i f  

^ t r a c t e d  compounds had d i f f e r e n t  c h a r a c t e r i s t i c s  t o  th e
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extracted ones.
Even though the interaction of protein and salt in meat products 
is rather complex, there seems to be a clear and positive effect 
of low salt concentrations on protein solubility (Grabowska and 
Hamm, 1979; Knight and Parsons, 1988; Kenney and Hunt, 1990) and 
an irreversible denaturation of myosin at high salt 
concentrations (Knight and Parsons, 1988). In addition, as it has 
been reviewed by Tarrant (1982), there are some other functional 
properties of myofibrillar proteins that could be related with 
protein solubility and extractability, such as dissolved proteins 
acting as emulsifying agents in sausage emulsions or the 
formation of a stable gel in comminuted meat products. Finally/ 
other changes in muscle tissue could also interfere with protein 
extraction. For example, those derived from the decrease in the 
amount of reducible crosslinks in collagen that could be 
responsible for a lower solubility and increased resistance to 
chemical and enzymatic attack of collagen (Bailey and Robins, 
1976). Some preliminary attempts have been done to elucidate what 

the reasons of these changes are and to try to solve this 
problem.

MATERIALS AND METHODS
The process followed to obtain the dry cured hams is described in 
Ventanas et al. (1989). Batches of 4 hams each were drown during
the initial steps of the processing at 0 (48 h post-mortem), 15/ 
75 and 120 days after slaughter. All results given are mean 
values of four determinations. Biceps femoris (Bf) and 
Semimembranosus (Sm) muscles were extra'cted from the thighs/ 
ground separately in a Moulinex meat grinder, and stored at -18 °c 
until analysis.
To estimate the salt content, chlorides were extracted wit*1 
water/ethanol (60/40, v/v) and quantified by the Carpentier" 
Vohlard method (AOAC, 1984a).
Sarcoplasmic and myofibrillar protein extractions were carried 
out following the method of Helander (1957) . For this, 2 '<? 
samples were consecutively homogenized in a Sorvall Omni-mixer 
for 3 0 sec at maximum speed with 2 different solvents; 4 0 ml
0.03 M pH 7.4 phosphate buffer and 1.1 M IK pH 7.4 + 0.1 ^
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Phosphate ( 0 .6  M) b u f f e r . In  a d d i t io n ,  a fu r th e r  e x t r a c t io n  w ith  

6 M u re a  was a ls o  used t o  r e c o v e r  aS many u n ex tra c ted  p r o t e in s  as 

P o s s ib le .  The n itro g e n  e x t r a c t e d  in  e v e r y  s te p  was q u a n t i f i e d  by 
the K je ld a h l  method acco rd in g  t o  (AOAC, 1984b ).

The p r o t e in s  ob ta in ed  in  th e s e  3 f r a c t i o n s  were c h a ra c t e r iz e d  by 

SDs - p a g e  f o l l o w in g  th e  p rocedure  o f  Weber and Osborn (1969 ). For 

t h i s ,  5 ml a l i q u o t s  w ere  d i a l y z e d  a g a in s t  a 0 .01  M pH 7 .1  

Phosphate b u f f e r  and incubated  w ith  1.5% Sodium Dodecyl S u l fa t e ,  

1% m e r c a r p to e th a n o l ,  0.01M pH 7 .1  p h os p h a te  b u f f e r .  Ten 

^ i c r o l i t e r s  o f  a 1.5 ^ig/pl s o lu t io n  o f  p r o t e in  were loaded  p e r  
s l o t  o f  th e  e le c t r o p h o r e s is  g e l .

hon p r o t e i n  n i t r o g e n  (NNP) was d e t e r m in e d  by th e  method o f  

Johnson (1941 ), a f t e r  p r o t e in  p r e c i p i t a t i o n  w ith  0 .6  N p e r c h lo r i c  
acid ,  as d es c r ib ed  by De K e t e la e r e  e t  a l .  (1974 ).

F° r  l i p i d  e x t r a c t i o n  th e  m ethod d e s c r i b e d  by B l i g h  and Dyer 

C1959) was f o l l o w e d .  From th e  e x t r a c t  so  o b t a in e d  f r e e  f a t t y  

a c id s  ( FFA) w ere  d e te rm in e d  as d e s c r i b e d  in  th e  AOAC methods 
(1984c) .

'i i le  changes in  the  m ic ro s t ru c tu re  o f  th e  sediment ob ta in ed  a f t e r  

P r o t e in  e x t r a c t io n  w ith  b u f f e r s  o f  in c r e a s in g  m olar s t r e n g th  were 

^ b i t o r e d  by l i g h t  m icroscopy. A f t e r  s t a in in g  w ith  h e m a to x i l in -  

eso s in ,  l  urn th ic k  samples were observed  w ith  a Nikon Labophot. 

S ta t i s t i c a l  a n a l y s i s  was p e r fo rm e d  u s in g  Tukey a n a l y s i s  o f  

Varian ce  o f  S ta tg r a p h ic s . The c o n f id e n c e  l e v e l  was s e t  a t  99% to  

^®hermine d i f f e r e n c e s  in  means.

Resu lts  and  d is c u s s io n  
As •

1-t  can be seen in  F ig .  1, t o t a l  l i p i d s  e x t r a c t e d  by th e  B ligh  

D yer (1959 ) method from  e i t h e r  B f o r  Sm sam p les  showed a 

a s t i c  red u c t ion  through th e  s a l t i n g / p o s t - s a l t i n g  s ta g e s  o f  d ry  

Ulred ham p ro c e s s in g .  Even though a c co rd in g  t o  th e  in c re a s e  in  

a c id  d eg ree  (F ig .  1) some l i p o l y s i s  took  p la c e  du rin g  t h is
the
Per
Phe
that

l 0d, i t  was not im portant enough t o  e x p la in  s a t i s f a c t o r i l y  the 

bomenon in  i t s  whole e x t e n t .  S t a t i s t i c a l  a n a ly s is  r e v e a le d

th e  red u c t ion  in  l i p i d  e x t r a c t a b i l i t y  showed s i g n i f i c a n t  

hes b e fo r e  in  Bf than in  Sm muscle.

a t l y ,  im p o r ta n t  d e c r e a s e s  in  th e  amount o f  p r o t e in s  

r a c ted  from e i t h e r  Bf o r  Sm samples w ith  0.03 M and 0.6 M

siinii 
6kt
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b u f f e r s  (F ig .  2) were a ls o  ob served . A ga in , t h i s  cou ld  not be 

e x p la in e d  by th e  r e s p e c t i v e  i n c r e a s e  in  non p r o t e i n  n i t r o g e n  

(F i g .  2) . In  t h is  case , the  d ec rea se  in  th e  amount o f  p ro te in  

e x t r a c t e d  w ith  the  0.6 M b u f f e r  was a lways s i g n i f i c a n t  in  both 

muscles s tu d ied ,  w h i le  e x t r a c t io n s  w ith  0.03 M b u f f e r  showed only 

sm all and o c c a s io n a l ly  s i g n i f i c a n t  d i f f e r e n c e s .

G iven th a t  th e  maximum p o s i t i v e  e f f e c t  on p r o t e in  e x t r a c t a b i l i t Y  

has been ob ta in ed  a t  NaCl l e v e l s  o f  4% (Kenney and Hunt, 1990) 

and 5.8% (Kn igh t and Parsons, 1988), th e  p o s s ib le  r e la t io n s h ip  

b e tw een  t h e s e  two f a c t o r s  was s t u d i e d .  In  s p i t e  o f  th e  more 

e x t e r n a l  s i tu a t io n  o f  B f, s a l t  con ten t  showed a f a s t e r  increase 

in  Sm ( F i g .  1) due t o  th e  t h i c k  l a y e r  o f  f a t  t h a t  c o v e r s  the 

fo rm er reach in g  in  both  muscles f i n a l  v a lu es  v e r y  c lo s e  t o  the 

optimum f o r  p r o t e in  e x t r a c t a b i l i t y . T h e r e fo r e ,  n e i th e r  a p o s i t i v e  

c o r r e l a t i o n  o f  s a l t  con ten ts  o f  about 4-6% w ith  h ig h e r  p ro te ih  

e x t r a c t a b i l i t y  nor  lo w e r  e x t r a c t a b i l i t y  in  B f a f t e r  bein'? 

su b je c te d  t o  s a l t  l e v e l s  h igh e r  than 6% has been found.

As p r o t e in  e x t r a c t a b i l i t y  does not seem to  be d i r e c t l y  c o r r e la te d  

t o  s a l t  con ten t ,  some kind o f  p h y s ic a l  in t e r a c t i o n  between these 

c o m p o n e n ts ,  such  as  e m u ls io n  f o r m a t i o n  d u r in g  sa m p le 

hom ogen iza tion , was thought t o  be r e s p o n s ib le '  f o r  th ese  phenomena 

throughout s a l t  e q u a l i z a t io n .  As i t  i s  shown in  F ig .  2, p a r t  but 

not a l l  th e  p r o t e in  th a t  in  a l l  samples had not been ex trac ted  

w ith  th e  0.6 M b u f f e r  cou ld  be r e c o v e re d  from th e  p e l l e t  w ith  6 M 

urea . E le c t r o p h o r e t ic  a n a ly s is  o f  t h i s  f r a c t i o n  (F ig .  3) revea led  

th a t  th e  main p ro te in s  p resen t  were myosin, a c t in  and -a c t in in *  

In  a d d i t io n ,  the  same trea tm en t w ith  6 M urea a p p l ie d  t o  soWe 

sed im ents ob ta in ed  a f t e r  l i p i d  e x t r a c t i o n  by the  B l ig h  and Dyer 

method a l l o w e d  t o  r e c o v e r  o n ly  a p a r t  o f  th e  u n e x t r a c t e d  

(Data not shown) . T h e re fo r e ,  t rea tm en t o f  th e  samples w ith  6  ̂

u rea  w ou ld  h e lp  t o  c o l l e c t  a h i g h e r  p r o p o r t i o n  o f  l i p i d s  and 

m y o f i b r i l l a r  p r o te in s  from th e  samples, but can not be regarded 

as th e  b e s t  way o f  s o lv in g  the  problem .

In  some way th ese  r e s u l t s  cou ld  support th e  em ulsion fo rm a t !011 

h y p o t h e s i s ,  g i v e n  t h a t  th e  e x t r a c t i o n  o f  a f r a c t i o n  o f  th e 

p r o t e in s  th a t  in t e r a c t  w ith  w a te r  and f a t  would r e l e a s e  a p a rt  

th e  l a t t e r .  On th e  c o n t r a r y ,  m ic r o s c o p i c  o b s e r v a t i o n  o f  th e 

s e d im e n t  o b ta in e d  b e f o r e  and a f t e r  e x t r a c t i o n  w i t h  6 M u t ° a
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Points to something quite different. As it is shown in Fig. 4,
 ̂ the typical structure of muscle ti-ssue of samples drawn in the 

fitst sampling time is severely damaged after homogenization and 
e*traction with the 0.6 M buffer. As it was expected, after 
®xtraction with 6 M urea no sign of muscle structure was evident 

these samples. However, the sediment obtained at the two last 
sampling times after protein extraction with the 0.6 M buffer and 
®ven with 6 M urea revealed that there were fractions where 
tissue structure was virtually intact.
As a consequence, the differences in extractability could derive 
ft°m the formation of a resistant structure that kept the muscle 
fibres reasonably unaltered has to be effective even after 
homogenization and extraction with 6 M urea. Examples of possible 
causes are the formation of a stable gel, as it has been shown 
ln comminuted meat products, being the heavy chain portion of the 
Myosin molecule the only muscle protein apparently involved 
(Schmidt, 1979). Another reason for the high resistance to 
homogenization could be related to changes in the connective 
hissue. As it has been reviewed by Bailey and Robins (1976), 
c°ilagen fibres become less soluble and more resistant to 
chemical attack with age in a process recognized as normal 
Saturation where reducible crosslinks were found to decrease. In 
addition, the rate of disappearance of these compounds seems to 

faster in in-vitro ageing than in vivo. Therefore, to clarify 
lf any of these or some others are the reasons for the lower 
e*tractability observed further investigation is needed.
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B i c e p s  fetnor i s  Semimembranosus

F i g u r e  1. E v o l u t i o n  o f  t o t a l  l i p i d s  e x t r a c t e d  ( ”  ) 

M a t t e r ) , a c id  deg ree  ( O ) (% o l e i c  a c id )  and s a l t  con ten t

Wett  M a t te r )  throughout s a l t i n g / p o s t - s a l t i n g  s ta ges  o f  

ham m atura t ion .

(% W  
( ■ )  (% 
I b e r i ^ 11
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Biceps femorii Sent imembranosus
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k u f f f 6  ̂ "  Ev° l u t i o n  o f  P r o t e in  N i t r o g e n  e x t r a c t e d  w i th  0.03 M 
th t0l, L  ( ' °-.6 M b u f f e r  ( -  ) and 6 M urea ( O ) , and NPN (<«►)
Al d^ fhou t  sa -}-t in i3'/P0st - s a l t i n g  s ta g e s  o f  I b e r i a n  ham maturat ion .  

ara a re  g i v e n  as mg o f  N/ g Dry M a t te r .
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(X Actinin

Act in

i'tev-i  ̂* ~ SDS-PAGE o f  p r o t e in s  e x t r a c t e d  
° Us e x t r a c t i o n  w i th  0.6 M b u f f e r  from4 )

secon d

w i th  6 M urea a f t e r  a 
th e  f i r s t  ( la n e s  3 and 

( l a n e s  5 and 6 ) ,  t h i r d  ( l a n e s  7 and 8) and f o u r t h  
anC* 10  ̂ i samP l i n9' t i m e s .  Lane 1, m o l e c u l a r  w e i g h t  

p d: Hemocyanin c r o s s - l i n k e d  (210,000; 140,000; 70 ,000 ) ;
! m o le cu la r  w e igh t  s tandard :  bov in e  serum albumin (66 ,000 ) ,  

n ic  anhydrase (2 9 ,0 0 0 ) ,  cytochrome ox id a se  C (12 ,500 ) .
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F ig u re  4 . -  T y p i c a l  m icrophotograph o f  th e  sediment ob ta in ed  ± ^ 
Sm a f t e r  c o n s e c u t i v e  e x t r a c t i o n s  w i th  0.6 M b u f f e r  ( t op  ^eQ_6 
and 6 M urea ( t op  r i g h t )  in  th e  f i r s t  sampling t im e  and w ith  \  
M b u f f e r  (bottom l e f t )  and 6 M urea (bottom r i g h t )  in  the  f ° u 
sampling t im e .
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