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INTRODUCTION
In Spanish raw cured hams, tyrosine 
precipitates can be found in two d i f ­
ferent forms: as crystals in the flesh 
and white film in cut surface (S i l l a  
et al.,  1S85, Arnau, et al.,  1986).

Several theories have been elaborated 
in order to explain the orig in  of free 
tyrosine in the muscle:

A rt io l i  (1952) found some correlation 
between blastomicetic f lora  and free 
tyrosine in the muscle. Comi et al., 
(1981, 1982, 1983) in Parma hams i so ­
late yeast species of Debaryomyces, 
Torulopsis and Trichosporon that could 
synthesize tyrosine.

However proteolytic act iv ity  of ca- 
thepsins is the more feasible theory 
because the microbial counts in the 
muscle are too small to ju s t i f y  the 
proteolysis. Melo et a l ., (1974) ob­
served a decrease in catheptic a c t i v i ­
ty after an aging period of s ix  
months, and holding hams in frozen 
storage at -29^0 for long periods were 
not detrimental to specif ic  enzyme ac­
t iv i t y .  Sárraga et al.,  (1988) found 
an increase of calpain act iv ity  that 
reaches i t s  maximum two months after 
the beginning and remains constant 
until the end. Cathepsin L shows a 
constant act iv ity  during all the pro­
cess and cathepsine D decreased pro­
gressively  since the fourth month.

The main component of white film was 
tyrosine (Butz et al.,  1974) and the 
relative proportion of phenylalanine 
is  also increased (Arnau et al.,  1987). 
Storage of ham s l ices  at -18RC inh i ­
bí t e s white film, but it  appears when 
ham is thawed. White film decreases 
as the thickness of vacuum packaged 
ham s l ices  diminishes, and does not

appear when cut surface is treat ^ I 
with high adherence products sue ^  t 
p lastic  solutions and gelatine ( '
et al.,  1988), white film is ch1 per r 
found in muscles with the sma1ie t 
centage of sa lt  in the beginning r  r 
the process that have the high®), J 
centage of sa lt  in the ham at t 
of the process. t

In Spain an important percentage^ c 
raw cured hams are manuf actured^ 0|r  ̂
previously freezed hams. Thus ^
jective of these study was to a §ifle  ̂
the influence of freezing on ty 
precipitation. j

MATERIAL AND METHODS ,r0uPn
23 animals were sampled. I n gt 
right leg hams (n=23) were fr°z, ¡¡,°S• 
-182C for 48 hours and thawed a ^  
In Group I I  left  leg hams (n=  ̂
refrigerated.

i*/1$
Both groups were cured separate^

o f  1-a mixture of salt  (40 g/Kg 0T 
ham) and nitrate in a ratio ot 
Fifteen days later the hams we 
washed and hung at 3-5^0 T°r ^ , seS
and then the temperature i ncre?h. 
1,5^0 weekly until the s ix mon.^e ^__ _ _ _ _ _ _ _ _ _ „ _ _ _ _ _ _ _ _ _ _ _ _  f y
twelve cm ham s l ice  from the ^ ^ 1
each ham was taken in order f° 
ate white film.

f t
100 g of ham from the medium P 0̂r 
Biceps femoris muscle was use 
chemical analysis.

, dices d 
23 hams were sliced, three 5
nam has been stored at three ^  A_ __ . ̂ *  n r  r  ¿ C  . 'temperatures 3-4^0, 12- 142C,
White film has been evaluate  ̂ or#  
days. Kramer test was used i $ 
to compare the difference be 
tratements.

aTtef
$

lodium chloride was analyze^
nethod o f  C h a r p e n t i e r - V o l h a n  * ^

<<■Protein content was analyze1̂  ¿ei ulc i i i L u i i ic i i i  was aiiu> j -  -

; j e l d h a l  m e t h o d .  T y r o s i n e  w ^o0d> ,, 
l i n e d  a f t e r  t h e  t e c h n i q u e  01, 
l i g u r d s s o n  and D y e r  m o d i f i e 
¡on ( 1 9 6 8 ) .

k
'he Wilcoxon-Mann-Whitney ^an
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*-e$t w
'̂"arrietS -Used 1n order  to compare non 

l0wri' c data between high pH hams 
a ^  hams. The parametr ic data  

r̂ dce a ^ e d  by the ana l y s i s  of  va-

1«

¡̂ ULts% P  * and discussion
sl- ^arr|s has had a higher sa lt in- 

^d,05) due to an acceleration 
Penetration in freezed hams, 

h V  ^  ce^ u^ar disruption 
°ut by ice crystals.

Sis

6 (p
PlŶ 't

« f i!? '!
I the number of  hams with 

g,■'canL of t y r o s i ne  (n=19)  was s i g -  
%  Tt ^'  higher  ( P <  0 ,01 )  than in 
1 Vin 1 ( n = i ) and 

occurs
as shown in t a b l e  
f o r  white f i1m

III,

S Phcilar f0rm 
%e henomen%  L Of

as the c r y s t a l l i z a -  
on in a s o l u t i o n ,  a high 

Cry s t a l s  would be found inivnam if +t ----- -- -----  ■
i ovp the tyrosine concentration 
i > i d r the maximum so lub i l i t y  and 
> i d uPersaturation is  produced byS^"¡¡ process  ( i n c r e a s i n g  the

dprv,ent and decreas ing  humidity)'"Sr i6« -  • ■ -V  % l H ^ e ln temperature.  Free -  
II taci i .  d i s rupt  c e l l u l a r  membranes 
J  a1tate  t y r o s i ne  d i f f u s i o n  to
td] 1̂ t i o n 6 t ( i e  c r y s t a l .  As s u p e r ­
as .10̂ ^ . d e c r e a s e s  t h e  r a t e  o f  c r y s -  
pgyJW-ja l 0 n  9e t s  down.  Thus i n  hams 
t ^ lQd 0 .̂ s e r r a n o  hams w i t h  an a g i n g  

t r  t°^rnat- mont h s ,  t h e  r a t e  o f  c r y s -  
- ^ s t a i •,] 0n wi 11 be s m a l l e r ,  and t h eM al 1 i 
N ^ g i n g

°d r^M|n z a t i o n  dur ing  the broad pe-  
wi 11 f a c i l i t a t e  the

the large crysta ls.
i °$i

1 pi t a t e s  
%  ! Jner part  of  

ik hams.\  LW.hdnis , .
* sJ^hosll1th a pH > 6 , 2  in the Semi-  
V * a1l s and Biceps femor is  showedoumb

have been found 
the bone only in

5f p e d  ̂ nher ° t  Tyros ine  c r y s t a l s  in 
ra-.1 ’ a lower white f i l m  in

i j l ? d hams (P < 0,01) and a 
Soi,? bp . C o s in e  concentration. 
I'¡'^■ ¡i.implicated by the

de-  
I t

increase  in
^ . el?ctrir~as Ptl moves away from the

;n -, 1q7?oint  ( P i  = 5 , 6 3 ) .  (Butz  
h0 Kemp e t . a l . ,  1988)

storec| ' ei"ence in white f i l m  sam- 
at d i f f e r e n t  temperatures .

In our experiment s i g n i f i c a n t  d i f f e r e n  
ces ( P < 0 , 0 1 )  in white f i l m  have been-  
found between d i f f e r e n t  s torage  tempe­
r a t u r e s .  The d i f f e r e n c e  was more im­
portant  when f i l m  scor ing  was < 3 .  The 
lower the temperature the intenser  
the white f i l m ,  owing to the decrease  
of  the s o l u b i l i t y  of  t y r os i ne  as tem­
pera ture  goes down.

Tab le I

Group I SD Group I I SD
pHBF 1 6,06 0,45 5,94 0,40 NS
pHBF2 6,43 0,21 6,30 0,23 NS
Humidi ty 61,19 3,23 62,20 2,65 NS
NaCl 7,21 0,97 6,30 1,12 ★
Ty ro s i ne ( 3 )  284 113 305 106 NS
Protei  ne 
Hams with

28,15 4,17 27,00 2,57 NS

t y r o s i ne 
c r y s t a l s 19 _ 1 _

pHBF1 = pH in Biceps f emor is  in f r e sh  
ham

pHBF2 = pH in Biceps femor is  at the 
end of  the aging process

(3 )  : Tyros ine  in mg/100 g

Table 2. D i s t r i b u t i o n  o f  the white  
f i l m  scores

f i l m  scores
Group 0 1 2 3 4 5

Group I 0 8 S 6 0 0
Group I I 0 3 7 5 5 3

Film scor ing  0=none 1=very s i i  ght
2=s1i ght 3=moderate 4=heavy
5=very heavy
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