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T r i g l y c e r i d e  changes  d u r in g  two e l a b o r a t i o n  p r o c e s s  o f  S pan ish  cu red  ham 

I .  DIAZ and J .  A . GARCIA-REGUEIRO

I n s t i t u t  R e c e r c a  1 T e c n o l o g i a  A g r o a l im e n t a r i e s  ( I R T A ) .  C e n t r e  de  T e c n o l o g í a  de l a  earn- 

Camps i  A rm et.  17121 M o n e l l s  (G i r o n a )  Spa in

SUMMARY: T r i g l y c e r i d e  changes  w ere  s tu d i e d  d u r in g  two e l a b o r a t i o n  p r o c e s s ,  s h o r t  ( 6  

and lo n g  (12 m on th s ) .  The main t r i g l y c e r i d e s  in  f a t  and m uscle  f a t  ( semimembranosus and 6  ̂

f e m o r i s ) w ere  POO, POS, POL, 000, SSO and PPO. M usc le  f a t  showed lo w e r  POL percenta<3eS

Y&'
subcutaneous  f a t .  In  s a l t i n g  s t e p  w ere  o b s e r v e d  th e  more im p o r ta n t  changes  w i t h  s im i l a r  L 

f o r  subcu taneous  f a t  and semimembranosus sam ples  c h a r a c t e r i z e d  by  a d e c r e a s e  o f  0 0 0  

i n c r e a s e  o f  POO. No s i g n i f i c a t i v e  d i f f e r e n c e s  w ere  o b s e r v e d  be tw een  th e  two p r o c e s s  a t  

o f  c u r in g  p r o c e s s  e x c e p t e d  f o r  POS. ( P ,  p a l m i t i c ;  S, s t e a r i c ,  0 ,  o l e i c ,  L ,  l i n o l e i c ) -
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INTRODUCTION: The d eve lop m en t  o f  th e  o r g a n o l e p t i c  c h a r a c t e r i s t i c s  o f  cu red  ham i s

w i th  th e  breakdown o f  p r o t e i n  and l i p i d s .  Cured ham can be e l a b o r a t e d  by s h o r t  (4 -6  mon

lo n g  (1 2 -1 8  m onths) p r o c e d u r e s ;  th e s e  d i f f e r e n t  p r o c e s s  can p rodu ce  hams w i th  d i

o r g a n o l e p t i c a l  p r o p e r t i e s ;  s o ,  in  lo n g  p r o c e d u re s  a more i n t e n s i v e  breakdown o f  pr ° te

l i p i d s  can be r e l a t e d  w i th  an in c r e a s e  o f  compounds a f f e c t i n g  f l a v o u r .  N e u t r a l  l i p i ^ s

i y Ce

in

im p o r ta n t  component o f  t o t a l  l i p i d s  as in  subcutaneous  f a t  as in  m usc le  f a t  and t r i g

a r e  th e  main components o f  n e u t r a l  l i p i d s ,  c o n t r i b u t i n g  t o  d e f i n e  th e  s t r u c t u r a l  prope
r t i a» 1

f a t  and l i p o l y t i c  ch an ges .  However t h e  s t u d i e s  abou t  l i p i d  changes  have  been  e a r n  

b a s i s  t o  f a t t y  a c i d s  (CANTONI e t  a l .  1970; FLORES e t  a l .  1986, 1987, 1 9 8 8 ) .  The r e s u l t s

ed oV

r eP'

d id  n o t  show im p o r ta n t  changes  among th e  p r o c e s s ,  a f f e c t i n g  m a in ly  t o  more in s a t u r a t e  f a
ato4r<

( e . g .  l i n o l e i c ) .  The p o s s i b i l i t y  o f  t r i g l y c e r i d e  d e t e r m in a t i o n  by  c a p i l l a r y  g a s  chrom

( CGC) in  b a s i s  t o  number o f  u n s a tu ra te d  f a t t y  a c id s  (NUFA) and number o f  d o u b le  b °un 

(GEERAERT and SANDRA, 1985; TERMONIA e t  a l .  1987) a l l o w s  a new e v a lu a t i o n  sys tem  to  

a more a p p r o p ia t e  way l i p i d s  changes  in  cu red  meat p r o d u c t s .  In  a p r e v i o u s  work  (GARC1^ 

e t  a l .  1989) s t u d i e d  th e  changes  o f  n e u t r a l  l i p i d s  d u r in g  a s h o r t  p r o c e s s ,  show ing  a 

in  p e r c e n t a g e s  o f  LOL and OSL in  subcu taneous  f a t .  In  th e  p r e s e n t  work  a comp3  

t r i g l y c e r i d e  changes  be tw een  two p r o c e s s  has been  e v a lu a t e d .

MATERIAL and METHODS: 80 an im a ls  w ere  sam p led . Hams w ere  r e f r i g e r a t e d  (2

s e l e c t i o n  t o  a v o id  PSE and DFD a n im a ls .  Hams w ere  cu red  w i t h  a m ix tu r e  o f  s a l t  ( 4° ^

idS

4 T

deP1«

r i 5'
o’1

n i t r a t e  in  a r a t i o  o f  1 0 0 :1 .  F i f t e e n  days  l a t e r  th e  hams w ere  washed and hung a t  

d a y s ,  a f t e r  th e  t e m p e ra tu re  was in c r e a s e d :  s h o r t  p r o c e d u r e ,  l , 5 ° C / w e e k l y  u n t i l  s i x t *1 ,
m o'1'

l o n g  p r o c e d u r e ,  0 ,6 °C / w e e k ly  u n t i l  t w e l t h  month. F i v e  sam p les  o f  subcutaneous 

semimembranosus and b i c e p s  f e m o r i s  m usc les  w ere  ta k en  f o r  a n a l y s i s  a t  d i f f e r e n t  

e l a b o r a t i o n  p r o c e d u r e s :  f r e s h  ham and s a l t i n g  w ere  common f o r  bo th  p r o c e s s ;  s h o r t ,  P °S
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4)
and

ag in g  2 ( T 3 ) ,  4 ( T 4 ) and 6 ( T 6 ) months; l o n g ,  p o s t - s a l t i n g  (T 2 )  and a g in g ,  4 ( T 3 ) ,

Sa 1 2  ( T 6 ) months. T r i g l y c e r i d e  a n a l y s i s : 1 g  o f  subcu taneous  f a t  and 20 g  o f  muscle
> l 6s
dt we r e  e x t r a c t e d  w i th  c h lo r o fo r m :m e th a n o l  2 :1  (FOLCH e t  a l .  1 9 5 7 ) .  An a l i q u o t  o f  50 mg

S

HI

A c t a b l e  f a t  was e v a p o r a t e d  t o  d ry n e s s  and r e d i s s o l v e d  in  1  ml c h lo r o f o r m ,  t h i s  s o lu t i o n  

le d  t o  an a m in o p r o p y l s i l i c a  m in ico lum n ( A n a l y t i c h e m ) . N e u t r a l  l i p i d s
aJ>Pl

ch l
w ere  r e c o v e r e d  w i th

01l°Wir

° ° c t

° t o f o r m : i s o p r o p a n o l  2 :1 .  T h is  f r a c t i o n  was e v a p o r a t e d  t o  d ry n e s s  and r e d i s s o l v e d  in  10 

a n e • H igh  te m p e ra tu re  c a p i l l a r y  gas  ch rom atography  ( HTCGC) was p e r fo rm ed  in  th e  

tV ng c ° n d i t i o n s : a c a p i l l a r y  FSOT column 25 m x 0 .25  mm (0.15/j.m) c o a t e d  w i th  50%
nvii)et

t>t̂  y l s i l i c o n e  (Rescom, B e lg iu m ) was used ,  c a r r i e r  g a s  h e l iu m  a t  45 cm / sec , t em p e ra tu re

c - l - 5  C/min-365 C, d e t e c t o r  FID a t  380 C and 0 , 4jul w ere  i n j e c t e d  v i a  an on column 

gu ip p ed  w i th  s e co n d a ry  c o o l i n g .  The s t a t i s t i c a l  a n a l y s i s  a p p l i e d  was c a r r i e d  ou t 

sys tem  by ANOVA p ro c e d u re  and Tukey t e s t  was used .

AQd—DISCUSSION: The i d e n t i f i c a t i o n  o f  t r i g l y c e r i d e s  was c a r r i e d  o u t  in  b a s i s  t o

5s,:ct ot

sAs

t( l  !e ® 4 l S

% 'Hi,
gue

t im e s  o f  s ta n d a rd s  and o t h e r  w e l l  known t r i g l y c e r i d e  p r o f i l e s ,  how ever  th e  a n a l y t i c a l

hsed c an n o t  e s t a b l i s h  th e  p o s i t i o n  o f  f a t t y  a c i d  in  t r i g l y c e r i d e  m o le c u le  ( s o ,  i t  i s  
, &0ss ib l
\ i  6  d is t in < ?u is h  be tw een  POO, OPO ); d e s p i t e  o f  t h i s  i t  i s  p o s s i b l e  t o  s e p a r a t e

e i n b a s i s  t o  NUFA and NDB ( e . g .  POL, POS, POO, PLS ) i n t o  a same ca rbon  number (CN) 

S and SANDRA, 19 8 5 ) .  T a b le s  1 and 2 show th e  r e s u l t s  o b ta in e d  f o r  th e  two e l a b o r a t i o n

®red t o  main t r i g l y c e r i d e s  p r e s e n t s  in  f a t  and m uscle  sam p les :  PPO, POS, POO, POL, 

Subcutaneous f a t  showed h i g h e r  POL p e r c e n t a g e s  ( 1 3 .5 9 )  than  m uscle  f a t s  ( 9 . 5 4

tan
~ 10.66  b i c e p s  f e m o r i s ) , t h i s  f a c t  was o b s e r v e d  in  o t h e r  s t u d i e s  ( GARCIA-REGUEIRO

N  s 89 ) .  on th e  o t h e r  hand PPO had h i g h e r  p e r c e n t a g e s  (1 0 .7 6 )  in  b i c e p s  f e m o r i s  than f a t

sam p les  (7 .1 2  and 7 .7 5 ,  r e s p e c t i v e l y ) .  The main t r i g l y c e r i d e  POO d id  n o t

di f f

ahd
ittii'Por

e r e n c e s  be tw een  th e  t h r e e  t y p e  o f  sam p les .

0 0 0  showed a d e c r e a s e  in  p e r c e n t a g e s  in  s a l t i n g  p e r i o d  in  f a t  sam p les  bu t i t was

■*-n m uscle  f a t .  0 0 0  p e r c e n ta g e s  a t  th e  end o f  p r o c e s s  w ere  lo w e r  than i n i t i a l

Oh in
s f besh hams, t h i s  f a c t  was o b s e r v e d  in  bo th  p r o c e s s  but i t  was more r em ark ab le  in  lo n g  

Su ^Tab l e

%

%

f o r

ifio

Le 1 and 2 ) .  A l s o  POL p e r c e n t a g e s  w ere  l o w e r ,  than  in  f r e s h  hams a t  th e  end o f  two 

b o th  m u sc le s .  S i g n i f i c a t i v e  d i f f e r e n c e s  be tw een  p r o c e s s  w ere  o b s e r v e d  in  th e  

s t a g e s ;  p o s t s a l t i n g ,  POL and PPO p e r c e n t a g e s  in  f a t  sam ples  w ere  lo w e r  in  lo n g

n T 3  s t a g e  POL showed a s i m i l a r  b e h a v io u r  t h a t  in  T2 s t a g e  in  f a t  sam p le s ;  in  T4
^ ° ° °

6 r c e n ta g e  in  b i c e p s  f e m o r i s  was lo w e r  in  l o n g  p ro c e d u re  and POS showed a lo w e r  

n m usc le  sam ples  a t  th e  end o f  s h o r t  p r o c e d u r e .

'S SU lts  o b t a in e d  f o r  th e  t o t a l  p r o f i l e  o f  th e  t r i g l y c e r i d e s  d e te rm in ed  d id  n o t  show

*91
di f f e r e n c e s ,  t h i s  f a c t  t o  p o i n t  ou t  t h a t  d e g r a d a t i o n  a f f e c t  in  a s i m i l a r  way t o  a l l

S  ^ de s .

in f * t  s
Sam p les ,  bu t t h e i r  e v a lu a t i o n  was v e r y  d i f f i c u l t  due t o  low  p e r c e n ta g e s  and g r e a t

I t  was o b s e r v e d  a more i n t e n s i v e  change f o r  more i n s a t u r a t e  t r i g l y c e r i d e s  (OSL,
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l l o w  a c o r r e c t  s t a t i s t i c a l  s tu d y .  A l s o  b ecause  th e s e  t r i g l ^ 2

o f

v a r i a b i l i t y  t h a t  d id  n o t  a

w ere  p r e s e n t s  in  a low  p e r c e n t a g e s  t h e i r  d e p l e t i o n  d id  n o t  a f f e c t  t o  p e r c e n ta g e s  

t r i g l y c e r i d e s ,  s i m i l a r  r e s u l t s  w ere  r e p o r t e d  by ANTEQUERA (1990 ) in  a s tu d y  ab ou t  i b e r i arl

In  a p a r a l l e l  s tu d y  w i th  th e  same sam ples  (D IAZ and GARCIA-REGUEIRO, 1991) i t  was o b s e f
yS0

more p r o n u n c ia t e d  o x i d a t i o n  r a t e  in  f a t  than  in  m uscle  f a t ,  t h i s  c o u ld  e x p l a i n  th e  more 

OOO d e p l e t i o n  in  f a t  d u r in g  s a l t i n g  in  com par ison  w i t h  m usc le .

i X

s v
CONCLUSIONS: T r i g l y c e r i d e  a n a l y s i s  i s  a p r o m is in g  t e c h n iq u e  t o  s tu d y  th e  t r u e  chany o'

gglf1
a f f e c t i n g  t o  n e u t r a l  l i p i d s  in  c u r in g  p r o c e s s ,  how ever  i t  i s  n e c e s s a r y  t o  e s t a b l i s h  th e  P ,,

t
o f  f a t t y  a c i d  i n t o  th e  t r i g l y c e r i d e  m o le c u le  t o  make a more a c c u r a t e  e x p l o r a t i o n  abou 

breakdown in  cu red  meat p r o d u c ts .
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TABLE 1. T r i g l y c e r i d e P e r c e n ta g e s in  Subcutaneous F a t  o f Cured Ham

00° /
S ta g e P ro c e s s PPO POS POO POL SSO

7 - 75
F resh B 8 . 0 2 17.27 27.95 13.59 5.04

6 >
S a l t i n g B 8.33 19.43 30.71 11.29 5.30

i : 8T2 S 6.83 15.26 27.70 1 6 .8 2 a 5.40
L 7.73 20.29 31.15 1 1 .9 3 b 5.03

7.°°,
T3 S 8.15 14.60 26.83 15.79 5.28 6 . 76

L 8 .51 18.25 31.49 1 1 0 . 8 4.89

T4 S 7 .75 15.36 25.86 17.64 4.69 5.5®
L 8 .95 19.16 30.98 13.18 4 .95

6 .° l
T 6 S 9.51 16.04 28.81 14.31 4 .71 5 .O jy

L 9 .51 2 1 . 0 0 29.80 12.03 4.34

B, common b o th  p r o c e s s .
S, s h o r t .
L , lo n g  p r o c e d u r e s .
Means o f  f i v e  sam p les .
T 2 , T 3 , T 4 , T 6 ( s e e  m a t e r i a l  and m e th o d s ) .
Means w i t h  d i f f e r e n t  s u p e r s c r i p t s  a r e  s i g n i f i c a n t  d i f f e r e n t  ( p < 0 .0 5 ) .
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T r i g l y c e r i d e  P e r c e n ta g e s  in  M usc le  F a t  o f  Cured Ham

I r i g

P r o c e s s PPO POS POO POL SSO OOO

B/SM 9.84 17.10 31.26 9.54 4 .05 7 . 1 2
B/BF 9.63 14.69 28.79 1 0 . 6 6 5.24 10.76

B/SM 9.46 16.45 29.75 8.98 5.33 8 .48
B/BF 9.01 17.70 29.87 10.35 4 .82 8 . 0 2

S/SM 9.57 15.01 29.08 11.31 5.04 8 .72
L/SM 11.32 16.05 26.22 11.96 4.92 8.28
S/BF 9.76 15.81 28.94 11.05 4.73 8 . 0 0
L/BF 10.96 15.27 26.48 10.71 5.14 8.43

S/SM 10.15 15.39 29.88 9.09 4 .95 7 .96
L/SM 11.71 19.37 27.82 9 .65 4 .59 7 .35
S/BF 9 .65 15.31 27.90 9 . 63a 4 .61 8.74
L/BF 10.60 18.56 26.59 8 . 91b 4 . 8 6 9.01

S/SM 10.56 16.01 29.80 12.08 4 .60 6 . 2 2
L/SM 9.76 15.50 28.87 14.59 3 .95 7 . 0 1
S/BF 1 0 . 0 2 14.83 28.07 11.14 4 .72 7 . 98a
L/BF 7.99 14.10 30.97 13.30 5.26 6 . 7 3b

S/SM 10.23 14 .97a 29.35 11.31 4 .36 7 .34
L/SM 10.49 18 .6 4 b 28.85 9 .92 4 .29 6 . 8 6
S/BF 10.51 14 .6 0 a 28.24 11.49 4.89 7 .98
L/BF 9.67 17 .6 4 b 31.33 9 .13 4 .78 7 .15
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