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COLOR PARAMETERS EVOLUTION DURING THE SALTING AND POSTSALTING STAGES OF DRY-CURED HAM
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BRACKGROUND
The Spanish meat industry has traditionally made dry-cured products. From all of these, dry-cured ham is the most important 

of them. The study of color development is very important because in the mind of the average consumer about to purchase this type 
of product, color is synonymous with dry-cured ham quality. Little information on color is available for dry-cured ham.

OBJECTIVE
The aim of this work was to study the color parameter evolution (CIEL*a*b*, 1976 notations) and reflectance ratios (IN: 

R560/R500, ITP: R630/R580, ID: R650/R570) during salting and the postsalting stage of the dry-curing process.

EXPERIMENTAL METHODS
This study was carried out with 8 female raw hams with a pH of 5.6 (measured with a Crison 507 pHmeter and in accordance 

with the industrial practice). The hams were put in salt for 8 days (salting stage) and let to rest for 21 days (2 ± 1°C) (postsalting 
stage).

The area under study was limited to between the central part of the femur bone and the perpendicular area of that bone. Six 
slices from each ham, 2.5 cm thick, were obtained and, on each one of these, the following muscles were studied: Semimembranosus 
(SM), Semitendinosus (ST) and Biceps femoris (BF). The samples were taken at 0, 3, 4, 5, 6, 7, 8, 16, 24 and 30 days after the 
beginning of the process.

CIE L* a* b*, 1976 notations and reflectance ratios (R560/R500, R680/R580, R650/R570 were measured. For all color 
measurements a Minolta CM1000R spectrophotometer was used and the American Meat Science Association Guidelines for color 
measurements were followed. Statistical analysis (ANOVA) with a BMDP version 9 was undertaken.

T A B LE  1 :  M e a n s  ( x )  a n d  s t a n d a r d  d e v i a t i o n s  (S d )  o f  r e f l e c t a n c e  
r a t i o s  ( I N ;  ID  a n d  IT P )  d u r i n g  s a l t i n g  a n d  p o s t s a l t i n g  s t a g e s .

B ic e p s  f e m o r i s S e m i t e n d in o s u s S e m im e m b ra n o s u s
t IN ID IT P IN ID IT P IN ID IT P

3
X 1 .4 8 1 .2 4 1 .1 5 1 .6 3 1 . 0 5 1 .0 4 1 .7 2 1 .0 6 1 .0 4

S d 0 .0 3 0 .1 7 0 .1 4 0 .0 3 0 .1 7 0 .1 4 0 .0 3 0 .1 7 0 .1 4

4
X 0.68 2 . 5 0 2 . 3 1 0 .5 7 3 . 7 9 3 . 2 6 0 .8 3 2.12 1 .8 3

Sd 0 . 0 3 0 .1 7 0 .1 4 0 .0 3 0 .1 7 0 .1 4 0 .0 3 0 .1 7 0 .1 4

5
X 0 . 6 3 2 .8 2 2 . 5 5 0 .6 7 3 .0 7 2 . 6 9 0 .7 8 2 . 3 1 2 .0 7

S d 0 .0 3 0 .1 7 0 .1 4 0 .0 3 0 .1 7 0 .1 4 0 .0 3 0 .1 7 0 .1 4

6
X 0 . 6 1 3 . 1 5 2 . 8 5 0 . 6 3 3 .2 2 2 . 8 5 0 .7 8 2 .1 4 1 .9 6

S d 0 .0 3 0 .1 7 0 .1 4 0 .0 3 0 .1 7 0 .1 4 0 .0 3 0 .1 7 0 .1 4

7
X 0 . 6 9 3 .1 8 2 .9 4 0 .6 5 4 .0 2 3 . 6 5 0 . 7 9 2.21 2.02

S d 0 . 0 3 0 .1 7 0 .1 4 0 .0 3 0 .1 7 0 .1 4 0 . 0 3 0 .1 7 0 .1 4

8
X 0 . 6 5 3 . 6 6 3 . 4 1 0 .6 5 4 .4 1 4 .0 4 0 .7 8 2 . 1 5 1 .9 7

S d 0 . 0 3 0 .1 7 0 .1 4 0 .0 3 0 .1 7 0 .1 4 0 . 0 3 0 .1 7 0 .1 4

16
X 0 .6 2 2 . 7 9 2 . 6 1 0 .6 4 3 . 4 6 3 .1 1 0.86 2 . 1 6 1 . 9 0

Sd 0.02 0 .0 7 0.10 0.02 0 .0 7 0.10 0.02 0 .0 7 0.10

24
X 0 .6 1 2 .7 7 2 . 4 9 0 .6 0 3 .4 1 3 . 0 5 0.86 1 .9 4 1 .7 1

Sd 0.02 0 .0 7 0.10 0.02 0 .0 7 0.10 0.02 0 .0 7 0.10

3 0
X 0 . 6 0 2 . 7 8 2 .5 0 0 .8 2 2 .0 7 1 .8 7 0.86 1 .7 8 1 .5 8

Sd 0.02 0 .0 7 0.10 0.02 0 .0 7 0.10 0.02 0 .0 7 0.10

t :  t im e  ( d a y s )

t (time)

Figure 1: aL*/ time.
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Í?ABLE 2 : Means 
Parameters (L*,

I
and standard deviations (Sd) of color 
, b*) during salting and postsalting stages.

r— _ Biceps femoris Semitendinosus Semimembranosus
t L* a* b* L* a* b* L* a* b*
3 X 53.50 9.11 13.07 44.03 11.35 11.74 44.72 5.44 8.25

Sd 2.78 3.02 0.72 2.78 3.02 0.72 2.78 3.02 0.72

4 X 54.1 8.87 13.72 41.39 12.67 11.77 45.24 7.47 11.14
Sd 2.78 3.02 0.72 2.78 3.02 0.72 2.78 3.02 0.72

5 X 46.63 9.27 11.75 43.96 11.40 12.27 41.88 8.18 8.19
__ Sd 2.78 3.02 0.72 2.78 3.02 0.72 2.78 3.02 0.72

6
X 44.62 10.79 12.11 44.93 11.46 12.71 38.29 6.67 6.06
Sd 2.78 3.02 0.72 2.78 3.02 0.72 2.78 3.02 0.72

7 X 42.20 12.4 11.47 43.03 15.57 13.75 36.76 6.98 5.61
Sd 2.78 3.02 0.72 2.78 3.02 0.72 2.78 3.02 0.72

8 X 42.8 13.87 13.02 40.87 17.57 14.13 37.94 6.59 5.89
Sd 2.78 3.02 0.72 2.78 3.02 0.72 2.78 3.02 0.72

16 X 43.37 8.46 10.60 39.60 12.35 11.22 34.42 7.19 7.05
Sd 0.80 0.58 0.38 0.80 0.58 0.38 0.80 0.58 0.38

24 X 41.18 7.82 8.85 41.00 11.41 10.86 37.60 5.89 7.10
Sd 0.80 0.58 0.38 0.80 0.58 0.38 0.80 0.58 0.38

30 X 42.17 8.00 9.27 48.72 7.49 9.77 38.93 4.94 7.49
Sd 0.80 0.58 0.38 0.80 0.58 0.38 0.80 0.58 0.38

V

t (days)

F i g u r e  3 :  A b * /  t i m e .

9 6

time (days) t (days)

F i g u r e  4 :  a C * /  t i m e .

Results
T a b le s  1 a n d  2  s h o w  th e  m e a n s  a n d  s ta n d a r d  d e v ia t io n s  o f  C IE  L * a * b *  p a r a m e te r s  a n d  th e  r e f le c ta n c e  r a t io s  r e s p e c t iv e ly  f ro m  

^ach m u s c le  d u r in g  s a l t in g  a n d  p o s t s a l t in g  s ta g e s .  T h e  l ig h tn e s s  v a lu e s  f o r  e a c h  r a w  m u s c le  u n d e r  s tu d y  w e r e  s im i la r  to  th a t  o b ta in e d  

^ Kauffman e t  a l. ( 1 9 9 1 ) .  S ig n i f i c a n t  d i f f e r e n c e s  b e tw e e n  f r e s h  a n d  s a l te d  m u s c le s ,  d u r in g  s a l t in g  s ta g e , w e r e  n o t  f o u n d . T a b le  3 
^ ° W s  aE *  f o r  e a c h  m u s c le  a n d  s a m p l in g  t im e . A c c o r d in g  to  P ra n d l  e t  a l i n te r p r e ta t io n  ( 1 9 9 4 )  o n  a E *  v a lu e s ,  i t  c a n  b e  o b s e r v e d  th a t  

e d if fe r e n c e s  b e tw e e n  th e  th r e e  m u s c le s  a r e  b ig  in  g e n e r a l  te rm s . T h e  a E *  in c r e a s e  o n  th e  B F  m u s c le  d u r in g  s a l t in g  s ta g e  w a s  
d en t, b u t  th e  in c r e a s e  w a s  o n ly  i r r e g u la r ly  m a in ta in e d  d u r in g  p o s ts a l t in g .  O n  th e  S T  m u s c le  a E *  b e h a v io r  s h o w s  a n  i r r e g u la r  

° 'u t io n ,  w i th  a  n o t ic ia b le  in c r e a s e  a t  th e  e n d  o f  th e  s a l t in g  a n d  p o s t s a l t in g  s ta g e s .  O n  th e  S M  m u s c le ,  c o lo r  d i f f e r e n c e s  a r e  v e ry  

d en t a t  th e  b e g in n in g  o f  s a l t in g ,  b e c o m in g  b ig  d u r in g  th e  r e s t  o f  th e  s ta g e  a n d  a ls o  in  th e  p o s t s a l t in g  s ta g e .
S ig n i f i c a n t  d i f f e r e n c e s  b e tw e e n  m u s c le s  w e r e  f o u n d  f o r  a ll  c o lo r  p a r a m e te r s .  T h e s e  d i f f e r e n c e s  o n  th e  c o lo r  p a r a m e te r s  

u h o n  c a n  a ls o  b e  o b s e r v e d  in  f ig u r e s  1 to  4 . F ig u r e  1 s h o w s  th e  a L *  e v o lu t io n .  In  th i s  f ig u r e  i t  c a n  b e  o b s e r v e d  th a t  th e  d a r k e s t
evo]

^ Uscle  d u r in g  th e  p r o c e s s  e v o lu t io n  w a s  th e  B F  m u s c le ,  h a v in g  a  lo w e r  lo s s  o f  L *  o n  th e  S T  m u s c le  a n d  th e  S M  a n d  B F  m u s c le s  

th 16 o n e s  ^ a t b e c a m e  d a rk e r .  T h e  d e v e lo p m e n t  o f  Aa* c a n  b e  o b s e r v e d  o n  f ig u r e  2 . T h is  f ig u r e  r e f le c ts  th a t ,  d u r in g  s a l t in g ,  a ll  
e m u s c le s  b e c o m e  m o r e  r e d d is h .  H o w e v e r ,  d u r in g  p o s t s a l t in g ,  th i s  p a r a m e te r  d e c r e a s e s  in  a ll  th e  m u s c le s .  F ig u r e  3 s h o w s  th e  Ab* 

(it KUt' 0 n  I* c a n  h e  o b s e r v e d  th a t  w h i le  th e  Ab* d e c r e a s e s  o n  S M  a n d  B F  d u r in g  th e  w h o le  s tu d ie d  p r o c e s s ,  o n  S T  th e  v a lu e s  in c r e a s e  
ji e c o m e s  y e l lo w i s h )  d u r in g  s a l t in g  a n d  d e c r e a s e  d u r in g  p o s ts a l t in g .  F ig u r e  4  s h o w s  th e  a C *  e v o lu t io n  D u r in g  s a l t in g  i t  c a n  b e  s e e n  

at *he S M  m u s c le  t u r n s  g r a y is h  a n d  th a t  B F  a n d  S T  g e t  m o r e  s a tu r a te d ;  b u t  d u r in g  p o s t s a l t in g  a ll th e  c o lo r s  b e c a m e  g ra y e r .

£ T h e  e v o lu t io n  o f  r e f le c ta n c e  r a t io s  s h o w s  th a t  I N  d e c r e a s e d  d u r in g  s a l t in g  s ta g e ,  b u t  ID  a n d  I T P  in c r e a s e d  d u r in g  th i s  s ta g e . 

'S n if ic a n t d i f f e r e n c e s  f o r  a ll  r e f l e c ta n c e  r a t io s ,  d u r in g  p o s t s a l t in g  s ta g e ,  w e r e  n o t  fo u n d .

I n c l u sio n s
r B ig  d i f f e r e n c e s  o n  c o lo r  b e tw e e n  th e  m u s c le s  c a n  b e  o b s e r v e d  d u r in g  s a l t in g  a n d  p o s ts a l t in g .  S M , B F  a n d  S T  w e r e  m o r e  

p ' lsh d u r in g  s a l t in g ,  lo s in g  th e  c o m p o n e n ts  o f  a *  d u r in g  p o s t s a l t in g  S M  a n d  B F  lo s e  th e  c o m p o n e n ts  o f  b *  d u r in g  th e  w h o le  
cess, w h i le ,  in  S T , th e  v a lu e s  o f  th e  y e l lo w  c o m p o n e n t  in c r e a s e  d u r in g  s a l t in g  a n d  a f te r w a r d s  d e c r e a s e  d u r in g  p o s ts a l t in g .  T h e  

sat Ut' 0 n  ° f  th e  a C *  o n  S M  d u r in g  th e  w h o le  p r o c e s s  t e n d  to w a r d s  l e s s  s a tu re d  c o lo r s .  D u r in g  s a l t in g  C *  o f  B F  a n d  S T  le a d s  to  m o re  
red  c o lo r s ,  w h e r e a s  o n  p o s t s a l t in g  th e y  te n d e d  to w a r d s  g ra y . T h e  e x c e le n t  c u r e d  c o lo r  w a s  o b ta in e d  a t  th e  e n d  o f  t h e  s a l t in g  s ta g e .
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