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SUGARY: The objective was to study the kinetics of beef carcaS5
aging with respect to its postmortem quality characteristics. ^
^ w ^ y enCeS packaging and chilling; and fat coV®rthickness as function of aging time on colour, water holdi11̂ 
capacity, pH, press juice and cooking loss were assessed' 
Longissimus dorsi muscle from 8 steers, for with less than 4mm 
cover and 4 with more than 6 mm fat cover, and either slow chiHe\ 
(7 C for 4 h and then stored at 2°C for 16 d) or fast chilli 
(stored at 2°C for 16 d) were used. The time history plots of 
measured quality parameters as a function of experimental variah^^ 
were developed. Total colour difference of aged meat was shown 
follow zeroth order kinetics with the rate of constant dependent 
the fat cover thickness and packaging time. Similarily, the r3te 
constants of brightness difference, hue difference, Hunter col°Uj 
L and b values, and pH were dependent on fat cover thickness ^  
th® types of chilling and packaging. The pH and brightne^ 
difference obeyed the zeroth or second order kinetics. The L a?1 
b showed a second order kinetics. Similarly, hue different 
followed zeroth, 0.5th and 2nd order kinetics depending on experimental variables.
INTRODUCTION* Aging is the holding of meat at varying peri0̂  
under controlled temperature and relative humidity conditions. Tjl* 
mechanism by which cooler conditions improves tenderness is unclear 
and inconclusive despite the extensive studies. Lanari et a ĵ 
(1987) reported the variation of tenderness of vacuum-packa^ 
semi-tendmosus muscles for 20 d aging period at different storair 
temperatures (0, 4, 10 and 13°C) . Tensile and Warner~Bratzle,
shear measurements were used to determine the tenderness of raw an. 
cooked beef. They developed an exponential decay equation \ 
quantify changes in beef tenderness during aging: ln(F/F )=k(t't'i 
where F and F0 are forces at time t and at the end of° the acf*11’ 
process (t0), respectively, and k is the rate constant. f

Thus, the objective of the study was to study the kinetics 0 
carcass with respect to its postmortem quali^ 

Ci?^ff^teriStlCS* T^e i-nfluences of the type of packaging aI\, chilling; and fat cover thickness as function of aging time 0 
textural, profile and stress relaxation parameters, colour, wata 
holding capacity, pH, press juice and cooking loss were assessea‘
MATERIALS AND METHODS:
Carcass Chilling and Packaging: Eight steers which ranged in a€ 
from 14 to 24 months were obtained from the Animal and Poultn
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Sci e n c e 's  b e e f  h erd . The anim als were m a in ta ined  a t  th e  same 
^ t i o n  p r i o r  t o  s la u g h te r .  They were c o n v e n t io n a l ly  s la u gh te red  a t  
A f f e r e n t  t im e  in t e r v a l s  a t  th e  U n i v e r s i t y ' s  a b a t t o i r .  The 

ngissimus dorsi muscle between th e  f i r s t  and fo u r te e n th  r ib s  were 
Used. The ca rc a s se s  were d iv id e d  in t o  two groups: fo u r  w ith  4 mm 

l e s s  o f  subcutaneous f a t  th ic k n e ss  ( low  f a t  c o v e r )  o v e r  th e  
■*°ngissimus dorsi a t  th e  12th r i b ,  and th e  o th e r  fo u r  w ith  6 mm to  
8 mm subcutaneous f a t  (h igh  f a t  c o v e r ) . Two r e p l i c a t i o n s  were 
Used. Slow and f a s t  c h i l l i n g  p roc e s s e s  were employed. For the  
f^st c h i l l i n g  t rea tm e n t ,  th e  c a rc a s s ,  a f t e r  s la u g h te r  was c o o le d  a t  
2°C. For th e  s low  c h i l l i n g ,  th e  ca rcass  was f i r s t  c o o le d  a t  7°C f o r  
4 h, and then c o o le d  a t  2°C up t o  a g in g  t im e  o f  16 d.

A f t e r  24 h o f  f a s t  o r  s low  c h i l l i n g ,  th e  longissim us dorsi 
^ s c l e  o f  one s id e  o f  th e  ca rcass  was removed. I t  was then  d iv id e d  
lrfto  s i x  s e c t io n s  and vacuum-packaged in  e th y le n e / v in y l  a c e ta t e  
Copolymer p o l y - v in y l i d e n e - c h lo r id e  (PVDC) 400 mm X 800 mm lam in a te  
kags. The packaged meat samples were kep t in  th e  c o o l e r  a t  2°C f o r  
*6 d. The o th e r  h a l f  s id e  o f  th e  ca rcass  was aged on th e  ca rcass  

th e  same c o o l e r  a t  2°C, whereby samples o f  about 12 cm were cu t 
^tom i t  on days 0 (24 h postm ortem ), 2, 4, 8, 12 and 16. The l e f t  
Und r i g h t  s id e s  o f  th e  ca rcasses  were s e l e c t i v e l y  a l t e r n a t e d  f o r  
ei t h e r  no packag ing  (c a rc a s s  a g in g )  o r  vacuum packag ing  f o r  th e  8 
c^ t c a s s e s .

J*°lour: The c o lo u r  param eters o f  ' L ' ,  ' a '  and ' b '  were determ ined  
uy u s in g  a S p ec tro ga rd  c o lo u r  system (model 96, P a c i f i c  S c i e n t i f i c  
c° . )  . The o p e ra t in g  c o n d it io n s  o f  th e  instrum ent w ere : o b s e r v e r  a t  
8°, l a r g e  a rea  s p e c u la r  r e f l e c t a n c e  in c lu d ed , Hunter Lab Colour 
8ca l e  and a ve rage  d a y l i g h t  i l lu m in a t io n .  Two 3 cm th ic k  s l i c e s  o f  
uhe meat were cu t from th e  muscle, and l e f t  t o  stand f o r  20 min in  
t ig h t  b e f o r e  r e c o d in g  th e  d a ta .  Four re a d in g  were taken  f o r  each 
s*h p le .

The measured Hunter Co lour Va lues  (L ,  a, b) s e r e  used to  
Cal c u l a t e  changes in  t o t a l  c o lo u r ,  b r ig h tn e s s ,  hue a n g le  and 
s^ tu ra t io n  (Moore, 1988) based on th e  f o l l o w in g  eq u a t ion s :

■8° t a l  c o lo u r  d i f f e r e n c e (TCD) = C ( V Lx )2 + ( ao"ax )2 + ( V bx )2] 0-5

t i g h t n e s s  d i f f e r e n c e (BD) = [S (L 0-L x) 2]°-5

^ 6  a n g le  d i f f e r e n c e (HD) = [ t a n ‘ 1(ax/bx) - t a n '1(a 0/b0) ] 0-5

Ŝ tu ra t io n  d i f f e r e n c e (SD) = (a x2 + bx2) 0-5 -  (a 02 + bQ2) 0-5

^ e r e  L0, ao, b0 a re  a t  t im e z e ro ,  and Lx, ax, bx arfe a t  t im e x . 
t i g h t n e s s  measures th e  l i g h t  s c a t t e r in g ,  o r  g reyn ess  o f  th e  meat, 
w*U le  s a tu ra t io n  measures th e  depth o f  th e  dominant hue.

t>H: <pen grams o f  a meat sample was m acerated in  90g d e io n iz e d
^ t e r  in  a Waring B lender a t  21,000 rpm f o r  60s. The s lu r r y  was 

f i l t e r e d  through a coa rse  f i l t e r  paper (Whatman, medium). The 
o f  th e  f i l t r a t e  was determ ined  by u s in g  a d i g i t a l  P i c c o lo  ATC pH 

^ t e r .  The t e s t  was r e p l i c a t e d  th r e e  t im es .
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werePt a K n ifS reeach p ^ L d ^ h e *  57‘ 8 60 **• ^ i v l  ?eadii#
ju ice  lo s t  divided by the in i t i a f i f s ®  ^ o t **  ^

X t o i S j i S  wTs^cut?a n d ^ n l¡P T  ^  S^ le Used *>r the colour
aluminum c w  T t  ™  . u i f j l  a ?  ln 3 Fisher Vacuum 0ven in a” temperatu?eP fo r  \  h subjected to a pressure o f 0.5906 Pa at r00*

Pla?ef r , / 0o U  p re fea?edT OCh1010^cWiaoSr W21 9hht tc a .?  MS 1 5
w a f c a l c u ^ f ^ ' -  •F„1.Ve G em in ation s  were carried out The &  
noLture d lV id “ 9 the “ is t «re  ! • «  by the in it ia l

s ^ r S a r S & r s ?
cooking divided by the cooked m s s“."“ TOS l0SS “  mass durin9

S £ * . £ u S i £ l  L a? y2 S a“ s? m ? f % A' IBf “°?e01 30S\> f?S usad S
(GLM) procedure to perform a covariate sp lit 3 1 laneai  mc0a-

e a r l a n c ? ^  « ^ ^ £ « 5 3 ^
included: ( i )  whole p l r t e ^ f l c t t  e9'’®^ f Xper“ ®nt. The modal

e ^ i ^ i f r S u b ^ ^ i f i ^ f * *  u T S  t ^ e *  pi?
the two-way in t e r a c t in n ^ f  f ° r  packa9lnS and aging time; ( i i J 
varia tion s (su bp lo i e r iS rs ! T s t i a lPanda9T n9''- 3nd <iv) residu?
Multiple range test w*^<used ^o^the^eans^eparat^jn.* ^  '
specified? t S  resid iaISm iin '^ 0t ^ ° VA model was complete» 
Hence, the m o ? t e™  ,h T ,T  ° f  squares for error was zerf

S T a t S ?  e ^ at ™ " "  U S E E S ? f i t  ^ v . r t h ui ^

» « " S ' «  - -  y s s i ?

replicates^ere^used ST?he analysesva riab le s  as ^n^r,+- , „„ "p .analy s is . Regresion models o f respond
and their interactions » S i f i S  S s W t h 9' t3t C-°ver' ihioKn?S  
and GUI procedures at 15%' significance level Stepwlse «gressJO

procedure o f the^A^to^etera ine3'the" UEir?. the NLIH (non-linear) 
constant o f the kinetic e ^ a S m  thS reactlon and the rat*

dP/dt = -kPn
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Where dP/dt = change o f  P w . r . t .  t im e  
iuf k = r a t e  con s tan t
jn) p = p r o p e r ty  param eter o f  th e  meat a t  t im e  t
i) - n = o rd e r  o f  r e a c t io n
o f

ei Results and discussion:
9s

1. Colour: The 'L *  p o s i t i v e l y  c o r r e la t e d  (P < 0.001) w ith
c h i l l i n g  r a t e ,  a g in g  t im e  and f a t  c o v e r  th ic k n e s s .  A p o s i t i v e
c o r r e l a t i o n  e x i s t e d  between ' a 1 and a g in g  t im e  (P < 0 .0 5 ) .  The ' b 1 
had a s t ro n g  p o s i t i v e  c o r r e l a t i o n  (P  < 0.001) w ith  th e  c h i l l i n g  
f a t e , f a t  c o v e r  th ic k n e ss  and a g in g  t im e . M orover, TDC, HD and SD 

ß had a p o s i t i v e  c o r r e l a t i o n  (P  < 0.001) w ith  a g in g  t im e . The change 
?r‘ in  hue a n g le  r e f l e c t s  th e  d eg ree  o f  change in  meat redness .
$ S a tu ra t io n  d i f f e r e n c e  (SD) i s  an in d ic a t io n  o f  th e  depth  o f  th e  
lc dominant hue (red n ess ) . The ANOVA showed th a t  a g in g  t im e
ß in f lu e n c e d  ' L 1, ' b ' ,  TCD, BD and HD. Packag ing ty p e  a f f e c t e d  ;

and 'b *  and TCD changed by th e  in t e r a c t i o n  f a t  x c h i l l i n g  x 
packag ing . 'a *  was n o t  changed by any o f  th e  v a r i a b l e s .

:t TCD fo l lo w e d  a z e ro  o rd e r  r e a c t io n  but th e  r a t e  con s tan ts  were
d dependent on f a t  c o v e r  th ic k n e ss  and packag ing  ty p e  (T a b le  1 ) .  BD 

a ls o  e x h ib i t e d  a z e ro  o rd e r  r e a c t io n  w ith  r a t e  con s tan t o f  0.31 
® 1/day dependent on c h i l l i n g ,  0 .5 th  o rd e r  r e a c t io n  w ith  r a t e
0 cons tan t o f  0.054 1/day dependent on f a t  c o v e r  th ic k n e s s  and second 

o rd e r  r e a c t i o n  w ith  r a t e  con s tan t  o f  0.019 day '1 dependent on 
Packag ing . ' L '  f o l lo w e d  a second o rd e r  r e a c t io n  but was in f lu e n c e d  
by f a t  c o v e r  th ic k n e s s  and c h i l l i n g  r a t e .  The f a t  c o v e r  th ick n ess  
dependent r a t e  con s tan t  and c h i l l i n g  dependent r a t e  con s tan t f o r  
' L e were 2.6E-4 and 2 . 8E-4 day '1, r e s p e c t i v e l y .  S i m i l a r i l y ,  ^b' 
f o l lo w e d  a second o r d e r " r e a c t io n  which was dependent on packag ing 
and c h i l l i n g  ty p e s  w ith  9.1E-4 and 0.001 day '1 r a t e  con s ta n ts ,  
r e s p e c t i v e l y .  HD e x h ib i t e d  a z e ro  o rd e r  r e a c t io n  but dependent 
on ly  on packag ing . The r a t e  con s tan t was 0.0106 d a y '1.

TCD fo l lo w e d  z e ro th  o rd e r  k in e t i c s  w ith  r a t e  cons tan t 
dependent on f a t  c o v e r  th ic k n e s s  and ty p e  o f  packag ing . BD showed

1 a s im i la r  b e h a v io r  e x cep t  th a t  th e  r a t e  con s tan ts  were dependent on 
c h i l l i n g  r a t e  and th e  typ e  o f  packag ing ; and a ls o  e x h ib i t e d  0 .5 th  
o rd e r  r e a c t i o n  w ith  f a t  c o v e r  th ic k n e ss  dependent r a t e  con s tan t .  
Param eters ' L 5 and ' b 1 fo l lo w e d  second o rd e r  r e a c t io n  whereby th e  
bate  con s ta n ts  depended on f a t  c o v e r  th ic k n e ss  and c h i x l i n g  r a t e ;  
and th e  ty p e s  o f  packag ing  and c h i l l i n g ,  r e s p e c t i v e l y .

ftHC, Press J u ic e ,  pH and Cooking Loss: WHC was n e g a t i v e l y
c o r r e la t e d  (P  < 0 .05 ) w ith  c h i l l i n g  r a t e  and p o s i t i v e l y  (P < 0.001) 
With a g in g  t im e . P ress  j u i c e  n e g a t i v e l y  c o r r e la t e d  w ith  f a t  c o v e r  
th ick n ess  (P < 0 .0 5 ) .  P o s i t i v e  c o r r e l a t i o n  e x i s t e d  between pH and 
Packag ing ty p e  (P  < 0 .05 ) and ag in g  t im e  (P  < 0.001) , and
n e g a t i v e l y  c o r r e la t e d  (P < 0.001) w ith  f a t  c o v e r  th ic k n e s s .  
Cooking l o s s  was p o s i t i v e l y  c o r r e la t e d  w ith  c h i l l i n g  r a t e  and ag in g  
tim e (P  < 0 .0 0 1 ) ,  and n e g a t i v e l y  w ith  f a t  c o v e r  th ic k n e ss  (P < 
0 .0 0 1 ).

ANOVA in d ic a t e d  th a t  a g in g  t im e  s i g n i f i c a n t l y  in f lu e n c e d  o e e f  
PH and cook in g  l o s s ,  however, in t e r a c t i o n  f a t  x c h i l l i n g  x t im e 
E f f e c t e d  p ress  j u i c e .  pH a ls o  in f lu e n c e d  by vacuum packaged a g in g .

//If
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None of the hydration properties followed any kinetics order
(?SIer,i,pH £o,llowed zerf th and second «»<&*■>(iapxe 1) . a  zero order reaction with fat cover thickness 

rate constant of 0.01 day'1 was followed by pH. Also pH 
denenripntsecond order reaction with packaging and chilling types dependent rate constants of 2.7E-4 and 2.9E-4 day'1, respectively.

Table l: Kinetics of Colour Parameters During Beef Aging

Parameter Rate Constant 
(day'1) Dependent

Factor Mean Sum of 
Square of Error

Reacti°n
Order

L 2.6E-4 Fat cover thickness 1.41E-6 2
L 2.8E-4 Chilling type 1.73E-6 2
b 9.IE-4 Packaging type 1.20E-5 2
b 0.001 Chilling type 1.31E-5 2
BD 0.019 Packaging type 0.008 2
BD 0.054 Fat cover thickness 0.24 0.5
BD 0.31 Chilling type 1.58 o.o
TCD 0.297 Fat cover thickness 3.48 o.o
TCD 0.298 Packaging type 1.30 o.o
HD 0.011 Packaging type 0.003 o.o
pH 0.01 Fat cover thickness 0.003 o.opH 2.7E-4 Packaging type 2 . E-6 2.0
pH 2.9E-4 Chilling type 1.5E-6 2i ^

S h e S h v 1?!,8 ^ BD; H° and TCD followed zeroth-order reaction, whereby their rate constants depend on chilling and packaaina
types and fat cover thickness. BD, 'b* and 'L' also followed^hl 
second order kinetics. The rate constant of BD affected by
Pc M n l n a \ Z P e \ t nd ° y L ' influenced ^  fat cover thickness and chilling type. The rate constants of 'b' depended on packaging and
S iS S ^ J ^ in g .  PH f0ll0Wed Zer° th and SeCOnd - d-  " - " t i c s

107 b
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