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Introduction

are also very im portanT crittU of value o f carcasses, tenderness, juiciness and coolg
exercise, sex, breed, marbling, fat covering c o ^ o 7  ion’ T  (1" 4̂ refers t0 the l o w in g  factors affecting meat
electrical stimulation. As refered by Smulders et al (1991) ™nnectNUS “ T  ° f  ,ngor raortls’ cold-shortning, thaw-shortning, 
determine the tenderness of meat. The contribution o f mvofibrilW n T '  T * ’ myofibrmar Protein matrix are the main cofflp0116
ageing process (Smulders et a l ,  1991) The mechanism of n * ^  t" UghlleSS 1S largely determined by rigor mortis a n d / ^ " *  
temperatures remains controversial. However 7 tX T s  o i Z o f i S  °  te” demeSS post-mortem  storage at M
cathepsins and the multicatalytic p ro te in asT co Ifex  M W  Z *  t ^  role- contrast to l y <
system responsible for post-mortem proteolysis (Koohiiiaraie!’l 996) 6VldenCe SUggeSts 11131 calpams (mainly p-calpain) are the P

relation between tenderness assessed o b je ^ e ^ m d ^ L l^ c r iv e N  ̂ n d 0” 86 ° fveal at refrigeration temperature in its quality^ 

Materials and Methods

were used. Carcasses were chilled 1 h at ^  m°ntbs ^  carcasses wei8bt of l0° '1/

(Jaime e/ a l,  1993). g P sarcomeres for each sample) on a optic microscope (x 1000) using phase ^

protein c o n c e n t r a t io ^ T f o e ^ ^ ^  1 ^ 7  ^  ^  ^  ' ' 978) * * *

»

■S#

myofibrillar suspension, measured at 540 run multiplied f i v T o n T f ^ f l ^ 7 " 1* “ UB0 1(110 ~  U U5 mg/ml. MFI is the value o f absorb 
buffer at pH 7.0 (0.4 M NaCl, 1 mM EDTA 19 raM KH2PO 31 mM ^ â ™ tem s° lubüjty (MPS) was determined in a high ionic * 
pH 5.5 (0.4 M NaCI, 1 mM EDTA 100 mM citric acid and ¡ ’mMand NaNïJ f° r determination o f MPS pH7. 
n , p r o Ub, c o o c m i o .  WIS deteimined in the « L " 5 “ ?  S “ :5.  « •» C l ^ ,  .< • '

loSS
/

The protein concentration was determined in the T m e m a t r m X pH5>5 acc° ^ g  to Claeys ^  
solubilized protein / g muscle. P y h buret method (Gomall et al., 1948) and results expresse

determined in meat sam pleThealedT m  to t e m l r t ^ e m to e 'o n o V m r w a “8 US“ 8 PJ r° leUm ether (IS° ’ 1973)' The Cooking j> 
weight. After measurement o f cooking loss the samples were ,,cPH r a f  exPressed as percentage of loss by heating based on tbe 
12 sub-samples with ±1 cm2 cross secrionand 4 5T 1  ' 7 7  det™ atmn o f Wamer-Bratzler shear force (WBSF) measured*
apparatus. Ct,° n *** 4' 5 ^  Mth fibres Popendicular to the direction o f the blade attached to a Stevens 0T

internal temperature o f 70°C~To a^ ^ -tra in e ^ n a m e l 7  30 aIumiruum foU and heated in a double side contact grill (230°C>’!
estremely tough, 9 = extremely ^  *  7 * , * °  *” *  °D 3 9-pohlt scale: fol * * < 1
durab le), Data an ,bay ,„  parfonned with Syria, 5.0. Tukey H s b ™ . < i o 5 h H o .  9 "  ^

tb>'

Results and Discussion

increase o f tenderness o f meat from d a ^ i^ d a y T ^ ^ lu L 'e d  by nanT fP  c o n s t 1 ' ' 7 7 ^ ^  dayS The results show a
days did no, increase the tenderness evahreted hr b o f t t e f t l d s  E w l ' . t  K ' “a ̂  T 511 <P " ° 001> A P ™ d  o f ageing long« 
(measured at 28 h post-mortem) and sign ifican t^  < 0 0011 core 1 ,* observed that the tenderness increase linearly wttith Liltin’*1' ,
tenderness to the three days p J . - m o r t e T f r U  %  ■ £ ’s i l i i S  (̂7 < V o Z  r  , , ^ ' ^  PH”  “ <* ’h'  va7ues ®T WBSF «« '  
assessed objectively and subjectively, may partialy explain t te  increase in t , correlatlon o ftbe  cooking loss and juiciness with tend 
found between WBSF and 'pane. t L e m e ^  0^85? 0 8^1 “  881 at . T *  T f / ? “  (Guign0t ^  a / ’1992)- 1116 * ™ g <  
correlated to justify the use either one or other for assessing veal meat tenderness.^' da^  postm ortem ) suggest that it is ^

support this relation (Culler ^ . , ^ 8 , ™  sarcomere length (Bouton et al., 1973), other works dj'
with WBSF and sensorial tenderness, excluding curiously at dav 6 and i ‘u ’ 6 sarcomere length was not significantly (P>0.05) cori

Various works showed that MFI i n ^ s f s ^ h  a i l o  n f  t ^  Y ^  SarC° mere lengtb 311(1 (Tabl* 2) 
mcrese o f  MFI with ageing seems to be related to the nhenn (f° lsS0“  ef1a7 ’ 1976: 01sson and Parrish, 1977; Heinz et a l ,  1994>
post-mortem  storage of meat (Olsson et al. S6gmentS at 01 near the Z-disk d1yso.ot-utu,¡cm storage or meat Olsson et a 1976) A hinh npo«n,» *■ , „  771? “ »cgmous at or near the -
Culler et al. (1978) the MFI is a potential method f o r l £ r S t o UT S T  T T  e 311(1 WBSF haS been doCLlmented and, as ref^‘ 
agemg, although between day 6 and day 13 this increase w a ^ f  s t a f f beef  calcasses- 711 ese results show that MFI increases
correlated with WBSF and with panel tenderness ( ^ 6 7 6  ^  ^ 6 7 ^  0 ^ ^ ^ ?  ^  >, °  05)' At day 1 P ° * ™ * e m  the MFI is ^  These reciiltc u w a  « o r + i n i i . . ________ j- „  espectrvely) but, at dav 6 and 13 nnst-nu-irto™ , 10vcorrelated with WBSF and with panel t e n d e m e s s T ^ e T d ^ f  7  > A‘ day 1 P ^ ^ t e m  the MFI is ®
These results were partially according with Shackelford et al n  9 9 0  I  I  but’ at day 6 311(1 13 post-mortem  the relationship was 
WBSF and MF, in b e f  t o l ^ m o s W J tS Z lZ  ^  ^  *
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founrt^y°®)Î ar protein salt solubility at pH 7.0 and pH 5.5 incrased significantly (P < 0.05) from day 1 to day 6. Claeys et al. (1994) have 
C  a »gnificantly negative correlation (P < 0.01) between MPS at pH 7.0 and at pH 5.5 with WBSF in longissimus thoracis muscle three 
■ P ° st~rnortem, wich suggests that myofibrillar protein solubility is the result o f proteolytic breakdown of key proteins t ^  minor u
daVs ,?nt Ganges in the myofibrillar meat structure and promotes tenderization. In this study it was observed a signi cant ( a an

. < 0 01 at 13 days post-mortem) correlation between MPS at pH 7.0 and the tenderness assessed by both methods. However, no 
'cantly (p > o.05) correlation was found for the MPS at pH 5.5. It is to remark that, in day 1, the MFI and MPS pH 7.0 were strongly

Means TABLE 1
and 13 stan0ard deviations (sd) o f various parameters measured at 1, 6 

-5f^fost-mortem. ___

TABLE 2
Simple correlations of various parameters whith WBSF 
(above) and panel tenderness (below) at 1, 6 and 13 days

1
Mean ± sd Mean ± sd

13
Mean ± sd

6.08 ±0.36 

arC°mere length (pm) L

^ ( K g W )
Mpi

.66 ±  0.21

6.09 ±0.36

1.59 ±0.17

12.39 ±3.00 8.75 ±3.27

6.01 ±0.32

1.57 ±0.13

8.67 ±3.30

Mh$

Mis

PH 7.0

pH 5.5

(mg/g) 

(mg/g) 

'8 loss (%)'-«»ki,

79.28a ± 16.51 118.73b ± 15.37 124.67b ± 12.31

26.86a ± 10.51 32.41b ±8.01 33.71b ± 8.55

19.37a ±3.71 21.90b ±3.22 21.51b ±2.90

14.36a ±3.27 14.67a ±4.47 15.74a ±3.89
b .  ___  , ._b

5.28 ±1.30 

5.5l a ± 0.94 

5.04a ± 1.02

6.21 ±1.29 

5.81a ±0.80 

5.70a ±0.78

6.12 ±1.25 

5.70a ±0.78 

5.13a ± 1.21

1 6 13

pH28 -0.832*** -0.702*** -0.784***
0 779*** 0.710*** 0.812***

Sarcomere length -0.109"5 -0.551** -0.230“
-O.OOd1“ 0.280“ 0.203“

MFI -0.676*** -0.521* -0.506*
0.671*** 0.354“ 0.435*

MPS pH 7.0 -0.655*** -0.825*** -0.595**
0.701*** 0.760*** 0.552**

MPS pH 5.5 -0.220ns 0.207“ 0.294“
0.474* -0.036“ -0.185“

Intramuscular fat 0.055“ 0.097“ 0.130“
0.033 “ -0.208“ -0.226“

Cooking loss 0.791*** 0.665*** 0.741***
.0.844*** -0.642*** -0.764***

Panel tenderness -0.852*** -0.801*** -0.881***

Flavor -0.566** -0.606** -0.412“
0 74i*** 0.684*** 0.609***

Juiciness -0.784*** -0.742*** -0 749***
0.876*** 0.803*** 0.868***

ns, not significant; * P < 0.05; ** P < 0.01; *** P < 0.001
(P^q row, means different superscripts are significantly different

°.82vfted (p  < 0.001) with WBSF and with sensorial tenderness but, at day 6 the MPS pH 7.0 showed a better relationship with the WBSF (- 
Sl% St''” '1 with the sensorial tenderness (0.760) than MFI (-0.521 and 0.354 for the WBSF and sensorial tenderness respectively). I his 

s that at day 6 post-mortem  MPS pH 7.0 is a better predictor o f tenderness than MFI. .
With in S '* is shown (Table 2), intramuscular fat is not relationed with tenderness. Usually, higher intramuscular fat contents are associate 
P iw  ^ a s e d  tenderness, possibly because: per volume unit o f muscle, less tissue and fibrillar elements are present (Smu ders et a ), a
lriTrair|teS sahvary flux and easily chewing and facilate the separation o f fibres bundles during chewing (Wood, 1993). The low mean content o 

W'Cular fat found (1.9%) was probably the reason ofnegleted relationship between intramuscular fat and tenderness. / 1Qq^  ■
•»ea( pi 6 0̂sses o f moisture determined as cooking loss did not change with the time of storage as previously showed by Honike (19 111 P'S

avour and juiciness also showed no significant differences with storage of meat.
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