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In troduc t ion

x S S '  R a t i o n  (ES) o f  beef carcasses has been shown to increase the ra te o f  g lyco lys is  in musculature 
%  t' iskin 6 ° nset o f  r ig o r  mort is  thus enabling fa s t  carcass c h i l l i n g  immediately fo l low ing  s laughtering 
»!s (r,???t andC+k shorten ing (Davey e t  a l . ,  1976). In add it ion  ES could prevent the toughening o f  p re - r ig o r  

re f a c i l i t a t e  hot processing, combining the advantageous e f fec ts  o f  both these proce- 
tL is-  do 1976; G i lb e r t  e t  a l . ,  1976; Seideman e t  a l . ,  1979). In many instances however p ra c t ica l

W W o f  ,  m the absence o f  cold shortening cond it ions .  I t  has been suggested th a t  i r re spec t ive  o f  
V 1® tii been co^  induced toughening ES can increase the tenderness o f  beef and the term "extra tender iz ing  
ij M)eJyp°se P r o s e d  (Vanderkerckhove and Demeyer, 1978).

Es . b i s  study was to  inves t iga te  whether ES has such an add it iona l tender is ing  e f fe c t  and to 
ed to Cnln combination w ith hot-boning and fa s t  c h i l l i n g  can y ie ld  a product o f  at leas t  equal q u a l i t y  

, nven t io n a l ly  processed meat.

Material and Methods
Î^Xÿlls of ------- -- ----■-

ij ‘ s u i t e d  Meuse-Rhine-IJssel (MRIJ) breed o f  app"■if1 S i t L ■ 'c u ic -n in i ie - iu j i t ! i  ;n iu u j ureeu ui approximately 1J years old were immediately e l e c t r i -
ber conti r  bi eedin9 and decap ita t ion (5-10 min. post mortem). Stim ulat ion took place w ith  300 V o l t ,  

‘V t * ,  ’ "uously (n=5) or in te rm i t te n t ly  (n=5; impulses o f  2J seconds and 1J seconds in te r v a l ) ,  v ia 
' 'Jted cnn+Ctro< ês mounted in  the t a i l  and neck region fo r  a to ta l  o f  1| minute. Ten animals served as

(P.nMUr* the M. adductor and M. longissimus dorsi were determined a t  1, 2, 4, 6, 8 and 24 hrs. 
nf at a depth o f  approx. Z \  cm.

"ted :  l-r uQes mo
C > P e r a ? t r o ls  (NS).

‘W 1”*- U.I.
V «s We s at  3_!i!X1niate GGO g was removed from the longissimus muscle a t  the 8-10th r ib  a t  the righthand 
S j } ftej7e Weiqhlj P°s t  mortem ( "ho t  boned" = HB). Immediately a f te r  excis ion these hot boned (HB)
: ?boraqp di  “ acuum-packed, c h i l le d  in icewater f o r  approximately 5 hrs. and subsequently stored at
V * n  'c o ld , k ° f  bbe carcasses at 2°C fo r  24 hrs. cold boned (CB) samples o f  the le fthand carcass-sides 
Sc 'h ^  p0stDOned" = CB)> weighed, vacuum packed, and kept a t  2°C.
IsjSlon ® waf e mortem d r ip - lo s s  and colour (Hunter L ,  a and b values) were determined and samples were
». « » „ “Sing a abb u n t i l  a centra l core-temperature o f  70°C was reached. Samples were cut in a long itud ina l 
V S ^ i ^ - B r  ecb|a n ic a l ly  driven borer. From each sample ten cores were used f o r  shear force measurements 

HfSed Satnpiest2 ^ei" operating head mounted on an Instron Universal te s t in g  machine. Cold boned stimulated 
¡ ' i ' S  ,, 4*>d Sr~„Were paired f o r  a pre fe rence-tes t by a t ra ined  10 member tas te  panel. Each p a ir  o f  cores 
V sis * > 9inq d f ° r  tenderness.
S u S  bpi0|' dina f Ver reP ! ica te  measurements, data were subjected to a one-way analysis o f  variance or to an 
* Ween t r  ° 3 sP l i t p l o t  model based on well-known general methods (Snedecor and Cochran, 1967). D i f -
, C S  l?be comheatm®nts were tested by t - te s ts  using the between or w i th in  carcass residual mean square or 
6p»r th6 ^6 cory, ln ®tion o f  these. In the l a t t e r  case the number o f  degrees o f  freedom can be approximatedJ ~ Phr * 1 r “Snnrw/J-; ~ ___ j_l _ l_j_.__ ________ ___ __ _'eterenSPOndbn9 f ig u re  fo r  the between carcasses mean square.

ce t e s t ,  pa irs  were formed cons is t ing  o f  an NS and ES carcass. Comparisons w i th in  these pairsX * :  Difi 3 t r aV'‘c Lest ,  pa irs were formed cons is t ing  o f  an N 
% of ^encec11̂  ^  member tas te  panel each member assigni-Of ’ '^nces h * ”  ",CI,IL’CI '•“ 3 «  cQi.il mciuucr a j i i y n in g  a rank and a score fo r  tenderness to  each

v4 r ianc between these ranks and scores, ca lcu la ted w i th in  p a i rs ,  were subjected to  a mixed model 
° l'comhi' . general mean and the d i f fe rence  between treatments were tested against an appropria te

nation o f  mean squares.

Results and Discussion

and measurements o f  the various groups o f  animals are presented in tab le  1. 

t r a i t s .

ES/continuousfy E S / in te rm it ten t NS

319°

3.00

3.53

342°

2.80

3.47

345

3.25

3.80

S N erent superscr ip t  d i f f e r  s ig n i f i c a n t l y  (p < .05)

5 > t i VeT  non~stimulated groups we found a s ig n i f i c a n t l y  higher warm carcass weight in  the la t te r .  
^  4riq J r6g 'y small d i f fe re nce ,  not corresponding w ith  a d i f fe rence  in age, is  u n l ik e ly  to be o f  any 

teinpe “ s the meat-qua lity  parameters measured in th is  breed o f  c a t t le  (Van der Wal et a l . ,  1979). 
Ure data are presented in  tab le  2.
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Table 2. Mean pH and temperature data f o r  (cold-boned) longissimus and adductor muscle.

Muscle hrs. p.m. PH Temperature

ESC ES1 NS ESC ES1 NS

M. longissimus dorsi 1
a*

6.70a 6.70a 7.47b 37.0a 38.7b 38.3b

2 5.70a 6.00a 7 . 17b 32.6 33.5 34.6

4 5.50a 5.56a 6.67b 23.8 23.4 24.2

6 5.42a 5.54a 6.34b 18.5 18.7 18.5

8 5 .44a 5.50a 6 ,07b 14.5 14.5 14.6

24 5.48a 5.56ab 5 .67b 5 .5a 5 .5a 6.0b

M. adductor 1 6.20a 6.42a 7.05b 39.4 40.4 39.7

2 5.82a 6.24b 6.73c 39. l a 38. l a 37.4b

4 5.52a 5.68a 6 . 29b 33.9a 35. l a 32.0b

6 5.44a 5.56a 5.89b 29.7 29.2 30.0

8 5.44a 5.52a 5.69b 24.9 25.6 25.2

24 5.40 5.42 5.45 11.0 11.5 12.0

f igu res  w ith d i f f e re n t  superscr ip t  d i f f e r  s ig n i f i c a n t l y  (p < .05)

p.m., both s t im u la t ion  methods resu lted in a
raP1

With the exception o f  pH-values 2 hrs 
p H - fa l l  during the f i r s t  8 hrs. p.m. p.P

The resu l ts  o f  the temperature measurements show a s l i g h t l y  higher temperature.at 2 and 4 hrs-
adductor muscle o f  the con tro l group &ca of

Combination o f  pH and temperature measurements show tha t  in the r e la t iv e ly  s low ly  cooled 
sides the average pH has already fa l le n  below 6.1 a f te r  8 hrs. while the temperature is  s t i l l  aD
According to  the general view 
occurred.

ujr I a I I Cll U C I W VJ « J. CA I UC I CJ IIIJ* Wllllt. I* I I w UUIÎ CI U UU I C I-» 11 it

(Bendall ,  1972) co ld-shorten ing in th is  contro l group is  un l ike ly  .e

Table 3 sunmarizes the resu l ts  o f  d r ip lo s s ,  co lou r ,  cooking loss and Instron-Warner-Bratzler red ^ffe'
ous s t im u la t ion  resu lted  in  higher cooking losses as 

18.8 % and 22.7 vs. 20.9 % respec t ive ly .  As otherwise no sign1'

-jAgU
Both in  HB and CB samples continuous s t im u la t ion  resu lted  in  higher cooking losses as c? ^ cant 1,1value

non-stimulated samples: 20.9 vs. 
rences were observed between continuous and in te rm i t te n t  s t im u la t io n ,  data were pooled.

Table 3. Means f o r  longissimus dorsi t r a i t s .

T ra i t Stimulated Non-Stimulated

HB CB HB CB

Driploss (%) 2.88bc 1.34b 2.76c 0 .54a

Colour L-value 31.7 3 33.1 a 29.4 b 31.3 a

a-value 16.0 b 18.4 a 14.2 c 16.7 b

b-value 7.9 b 9.3 a 6.7 c 8.3 b

Cooking loss (%) 19.8 b 22.2 c 18.8 ab 17.8 a

W.Br.Shearforce
(kg/cm2) 2.87a 2.80a 5.9 I e 3.81b

*  f igu res  w ith  d i f f e re n t superscr ip t  d i f f e r  s ig n i f i c a n t l y (P < .05)
a is  pre ferab le to  b, b is  preferable to c.

In th is  experiment both ES and HB procedures resu lted in higher d r ip - losses 
add it iona l adverse e f fe c t

ES sh«"
. Within the HB-g1'° uP $

As regards cooking-losses, a s ig n i f i c a n t  increase was observed a f te r  s t im u la t io n ,  in te rm it  ng
-• i ____j j. „ a. u ̂  „ _________a. -r i .— j : -  I z________________4- r r  i________i .. - zrx- a. ̂  4 - a Y ' - n O  I u ,

t  st <  fa .
tte^ AaPa V---  WWW.,... 3 .WWWWW, W W . 3. . .  . .  WW..W . . .      WWWW..WW w . ^ w .  W W . ... W     . . ,  h n |  0 1 "  ̂  .

being less d ra s t ic  in  th is  respect. These f ind ings  suggest tha t  ES adversely a f fec ts  water-"“
The d i f fe rence  between hot and cold-boned contro l samples may possib ly be explained by the f a

in

boned samples loss o f  moisture during the f i r s t  day was not taken in to  account. an;
Colour assessment w ith  the Hunter equipment showed fo r ES/HB-samples s ig n i f i c a n t l y  high61" J  £ 

l e c t r i c a l  s t im u la t ion  was o b s e rv e d ^ ^
W 3

in d ic a t in g  a b r ig h te r  red co lour.  A s im i la r  tendency f o r  e ________  ___ _______ __  ...
although the di f fe rences in  L-values were not s ig n i f i c a n t .  Overal l data on stimulated and n?Jern3tlV^v3'j, 
showed s ig n i f i c a n t l y  higher L, a and b values in  both CB and in  HB samples. Comparing the al co10lJ 
and conventional (NS/CB) ways o f  processing meat however, both procedures re s u l t  in  equivale ^  th® ^ ¡ i  , 

Warner-Bratzler maximum shear-force values ind ica te  tha t  cold-shorten ing may have occunre g an“ ^  >’
group on ly.  Apparantly e le c t r ic a l  s t im u la t ion  has overridden the toughening e f fe c t  o f  hot-t>o £5/ 
c h i l l i n g . '  In the CB-group however ES-carcasses showed an add it iona l ten der iza t ion .  When COII'p1.cass65'
NQ/PR nwMin a c i nni -Fi rant rli ffov^onro ran ho nKcan/oH in faumiv n - F  ol art v»i ra 1 1 \/ c +■ i mi il a t.GONS/CB group a s ig n i f ic a n t  d i f fe rence  can be observed in favour o f  e l e c t r i c a l l y  stimulated 

Results o f  the taste panel preference te s t  are shown in  tab le  4.

ig n i f i c a n t ly  m°r {h*

s*'
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-^J^Pänel preference; ranking and scoring fo r tenderness o f  cold boned samples.

Preference fo r  
_  f i r s t  treatment

SE P Difference in 
tenderness score

SE P

88 % 8.2 % .00 1.14 .27 .00

74 % 8.2 % .02 .90 .27 .01

and 
ng to

V N i t t  iamP‘es were ranked and scored for tenderness by a trained panel. ESc(continuously) a 
(¡M Si W  were preferred above NS-samples in 88 % and 74 % of all  comparisons, relati
'•«nt^ed ESC, ESj and NS samples of 7.28, 7.04 and 5.14, respectively.

te tences between the two s t im u la t ion  methods in taste panel ranking and scoring were non-signi

(i V ? |JS and ?r ®Sen'ted in th is  paper suggest an equal improvement o f  co lour and tenderness o f  beef by 
N l ^ a s e T ' arn|i t t e n t  ES.

ect "  m ter|derness by ES seems to cons is t  o f  both co ld-shorten ing prevention and an "extra  tende- 
jj t f j j r  3s ^¿nj 0re recent unpublished data support t h is  view.
t,lot C lonal Mcrness concerned the ES/HB procedure may produce meat o f  a s im i la r  q u a l i t y  as compared to 
^ns^PPort Procedure. Drip and cooking losses are adversely affected by ES. In general,  our resu lts

1n9 for"+uVlew (Cuthbertson, 1980) tha t  hot boning reduces d r ip  and cooking losses thus p a r t i a l l y  
toe negative e f fe c t  o f  ES in th is  respect.
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