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sUge 0f n C0Chl6mica1 analysis and Ultrastructural disorganization were studied during the postsalting
ar'd b1c ry~Cured process. The muscles under study were : Gracilis, Semimembranosus, Semitendinosus

epS ferr|oris. Physicochemical parameters ( pH, water activity , salt concentration and residual
^H e a t!Î0wed that during the postsalting stage reached inhibition values for Clostridium botulinum, 
Gr.

'acHu
Ultr;
Sem i

astructure ( A and I bands, H zone, M line ) showed that al
Tembranosus and Semitendinosus at the end of postsalting

ultrastructure disappeared for 
stage.

Sa,

Dt>rtPr1.. ’ DIJt the most important of these products is the Dry-Cured Ham
0 that the

^ dan1sh processed meat industry traditionally made dry-cured products like " Chorizo ", "
" DIAZ RUIZ ( 1990 ) 

In 1991 the Dry-Cured Ham% try j tbe Spaniards have the highest consum of this product in CEE 
The 9<>ln9 t0 produce 173,000 Tm.

D % , ^ ' : CUred process can be divided in three fundamental stages : Salting, Postsalting and Dry
e Salting and Postsalting stage take place at low temperature ( < 3.3 ^c ). The Spanish

a grc^am bas hot been sufficiently studied because this product was a craft industry. Actually 
, DiJri'"at' ,nterest to know all factors that have Influence in this process.

.,n9 the postsalting stage physicochemical and ultraestructural changes take place." SAYAS et al.
that in this stage the physicochemical parameters more important are saltreD o rted

3r,
•ain.g res)dual n itrite, water activity and pH, while the ultrastructural changes affect the

^ 9  the"^6 a1m of tb1s worl< was tbe studV of the Physicochemical and ultrastructural parameters 
rn,tendinocD0Stsalt1n9 sta9e in the principal muscles of ham ( Gracilis, Semimembranosus, 

°Sus and Biceps femorls ).

-O ilHODS

S *  T ^6 Present. t
S ' 6re s K s-udy was carried out with 10 female hams ( Large White x Belgium White ). All the 

6de,1rrtit ect:1ona,:ed for the Spanish Inspection like IB ( aproximately 76 Kg ). The zone under study 
■ D,°'' a beTween the central part of the femur bone and the perpendicular zone at that bone. The

6 obtained with a hollow cilinder of stainless steel with an inner diameter of 38 mm and 160 
ln The meat cilinder were identified the following muscles : Gracilis, Semimembranosus,

\  Qf6s ̂ er,

\ i tJen9ht.
S in  ainosus ................. —  -------- ---------------- - -  ..................=■----------------  ------------------- ------- -------------------->

lriir|9 or t-K and Blceps Temoris. The samples were successively taken at 0, 7, 14, 21 days after the 
S9,t Cor̂  e pr°cess. The physicochemical parameters under study were : pH, water activity ( aw ), 

-entration (C D  and the residual n itrite  ( NO2 ). The engaged methods were :
D̂ ~ Ingold Crison 406 Electrode
aw. Novasina Thermoconstanter TH2. Humldat recording TH2/ IC11. 

temperature 252C.
ISO R1 841
ISO/DIS 2918. Diode Array HP 8451 A. Spectrophotometer.

Working
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•tiir
The samples for ultrastructural analysis were cutted into strips ( 3mm x 1 mm ) of long11 ^  

sections of muscle fibers, before subsequent fixation. Tissue samples were immediately fixed 
Glutaraldehyde solution. The samples were postfixed in a \% Osmiun Tetroxide solution and tn®n jfl 
dehydrated with a graded series of acetone and embedding in Araldite. Silver section were ®ut
Reichert Jung Ultracut. 
sections.

A Phillips EM 40 Transmission Electron Microscope was used for obsef'yin9

RESULTS, and DISCUSSION

The tables l to 4 show the physicochemical and ultrastructural analysis of the musdeS 
study during the postsalting stage.

Fig. 1 Electron micrograph of Gracilis muscle 
at 0 days after the beginning of postsalting 
stage ( x 12 500 )

Fig. 2 Electron micrograph of Semimembrab0 
14 days after the beginning of postalting 
( x 10 000 ) Z = Z line.

J«

\  process 
v . time 

para >(days) 
meters

0 ~7l 14 21

PH 5,66 i 0,04 5,55 ± 0,05 5,60 ± 0,10 5,70 ± 0,08
2aw X 10 97,76 ± 1,35 96,15 ± 3,25 95,13± 2,87 95,65 ± 2,25

%  salt in 
aqueous phase 15,90 ± 2,84 15,56 ± 1,84 13,07 ± 1,69 5,15± 0,84

residual nitrite 
ppm 68,28 ± 8,88 243,5 ± 23,13 273,32 ± 17,08 352,15 ± 14,75

Jltrastructural
changes

-  At the beginning of Postsalting stage all banding patterns 
( A and 1 ), H zone and M line disappear.

-  Filamentous aspect of the sarcomere disappear.
-  These characteristics can be observed during the postsalting 

stage.

Table 1.- Physicochemical parameters and Ultrastructural changes 
for Gracilis muscle during the postsalting stage. 

pH values increased In this stage in all the muscles of ham. This phenomena ^ p fA ^ i 
agree with the " BELLATI et al. ( 19 83 ) results " for Parma Ham and the results of ^
( 1 9 8 6  )" for Spanish Dry-Cured Ham, in these works showed that the pH value at th® ^  

stage is aproximately 5,9. s /
Water activity values ( aw ) showed notorious differences in the d iffer®naC|1|5(1|(if 

under study. The muscles with an important decrease of aw values were & \ ef  
Semimembranosus, this was for a high salt concentration that this muscles had at
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Process

PH

aw x i o '

salt in 
Phase 

res’dual nitrite
ppm

Ult
^structural

Ganges

5,63 ± 0.28

99,40 ±0,16

2,29 ± i ,03

38,34 ± 5,83

5,78 ± 0,13

99,25 ± 0,38

5,27 ± 1,04

40,74 ± 7,73

14

5,65 ± 0,05

98,61 ± 1,27

5,38 ± 1,76

1 15,94 ± 11,88

21

5,81 ±0,13

97,20 ± 0,24

4,69 ± 1 ,44

126,07 ± 12,05

- H zone disappear at the beginning of the postsalting stage
- Definition lose between juntions A band and l band at 14 days 

after the beginning of the postsalting stage ( Fig. 2 ).
- All banding patterns ( A, I bands ), H zone and hi line disappear 

at 21 days after the beginning of the postsalting stage.

Table o ~ m
Pluses r t -  pT|ysicocherriical parameters and Ultrastructural changes for Semimembranosus 

during the postsalting stage.

°f PO stsalHawyal c,n9 stage, at the same time the Semitendinosus and Biceps femoris the decrease of 
^ s ir f  Was 1n funct'on °T salt diffusion.

took; pia Ual n'tmtes values increased during the postsalting stage, the higher residual n itrite  
concent;Ce *n Grac1,ls muscle, in the " HUERTA ( 1986 ) work reported " that the higher 
ar*a Semra1:'0n was for the 9r0wth °f Nitrate reductase flora, at the end of this stage for Gracilis 
C/ô / J rnembranosus musc,es reached inhibition concentration of n itrite  for the growth of 

iUrr>ootu/jnum, for Semitendinosus and Biceps femoris muscles the effect of salt

5,87 ± 0,28

99,58 ± 0,09

0,67± 0,12

19,74 ± 4,14

5,80 ± 0,14

99,53 ± 0,05

1,49 ± 0,39

33,27 ± 6,22

14

5,70 ± 0,07

99,48 ± 0,13

,55 ± 0,30

77,42 ± 10,18

21

5,95 ± 0,13

99,30 ± 0,09

3,32 ± 0,28

1 13,56 ± 1 1,48

S u t u r a l
-  All banding patterns remain 8nd a myofibrillar swelling occurs 

at 7 days of the beginning the postsalting stage
-  Myofilaments structural disorganization and disappsareance of 

all banding patterns take place at the 21 after the beginning of the 
postsalting stage

e 3-
aiJr'hq t ĥ PhVsicochemical parameters and Ultrastructural changes for Semitendinosus muscle 
c nhe ^ s a l t in g  stage.

'^ 'b it thP°n' tl1e decrease of water activ ity  and residual n itr ite  generated the conditions for 
5 At  the b̂ r°wi;h of Clostridium botulinum
e raciijs~ spinning of postsalting stage the muscle with the higher salt concentration was the 
^ O f thjg ot:her muscles increased salt concentration in function of the process time. At the 
1q y ^s, 'l.Kta‘3e was when it  W3S reached a salt equilibrium in Gracilis and Semimembranosus 

mis s’t „ hereas for Semitendinosus and Biceps femoris the salt equilibrium did not take place 
»e' The higher salt concentration in Gracilis muscle at the beginning of the postsalting

845



N . process 
>time 

Para
meters x .

0 7 14 21

PH 5,62± 0,15 5,75 ± 0,23 5,80 ± 0,28 5,88 ±0,18

2
aw x 10 99,62± 0,16 99,56 ± 0,1 1 99,57 ±0,22 99,34 ± 0,23

%  salt in 
aqueous phase

1,27 ±0,40 1,50 ±0,47 1,87 ±0,38 2,18 ± 0,60

■esidual nitrite 
ppm 16,68 ± 1,87 19,03 ± 2,93 95,25 ± 10,44 102,00 ± 9,91

Ultrastructural
changes - Ultrastructural remain with all characteristics of fresh 

muscle ( all banding patterns remain ), development a 
swelling of sarcomeres at A band, at 21 days after the beginning 
of the postsalting stage.

Table 4.- Physicochemical parameters and Ultrastructural changes for Biceps femorls muscle 
during the postsalting stage.

stage was the cause of ultrastructure disorganization, this disorganization can be observed in 1 
The salt diffusion to the other muscles made that ultrastructural disorganization took place at n 
different times of the process. In the postsalting stage reached the ultrastructural disorganize1 
in Gracilis, Semimembranosus and Semitendinosus muscles, whereas for Biceps femoris this 
ultrastructural disorganization took place In the Dry-Maturation stage

CONCLUSIONS

During the postsalting stage the ultrastructural disorganization do not take place at the saMe cie 
•time ,the ultrastructural disorganization begins In the upper muscles. Gracilis is the f i rst n 5 /  
that all the banding patterns and myofibrilar structure disappear, these changes occur W tne ¡ndall the banding patterns and myofibrilar structure disappear, these changes occur in 
stage. In Semimembranosus the total disorganization takes place at 7 days after the ^e9 ^  
postsalting stage, for Semitendinosus all structural disorganization takes place at 21 days ^  
beginning of the postsalting stage, and for Biceps femorls during the postsalting stage of'v

tn!

swelling at the end of this stage, and all banding patterns remain.
The pysichochemical parameters in the postsalttng stage are not yet in egullibrlum, 10 ^

the dry-cured ham does not reach the conditions to be Included like an Intermediate Moisture f ° ‘ ' 
the end of this stage the Clostridium ùotuünunzm be Inhibited in his growth.

t#

REFERENCES

BELLATI, M., DAZZI, G., CHIZZOLINI, F., PALMIA, F., PAROLARI, G. ( 1983 ) : ModlfIcazione fISiCFie 
del le proteine durante la maturazione del prosciutto dl Parma. Industrie Conserve 58 : 143

AÓ

DIAZ RUIZ, M. ( 1990 ) : El consorcio de Exportación del Jamón Curado Español hará de locof10 
mejorar la calidad del producto. Cárnica 2000 78:22 - 31

t or* 1

HUERTA, T. ( 1986 ) : Aspectos Físico-Químicos y Mlcrobfológicos del Jamón Salado por Via - (
para optar al grado de Doctor en Ciencias Biológicas. Facultad de Ciencias Biológicas. 
Valencia. Valencia Spaln. 286 pages

SAYAS BARBERA, M. E., PEREZ ALVAREZ, J. A. ( 1989 ) e l*1aAportaciones al proceso tecnológico ó®'  r|(p _ 
del Jamón Curado : Evaluación de los parámetros ftslcoquímlcos y estructurales durante 
postsalado. Tesis para optar al grado de Master en Ciencia e Ingeniería de Alimentos. DePar 
Tecnología de los Alimentos. Universidad Politécnica de Valencia. Valencia Spaln. 262 pa9eS




