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— Sjtfra low v o ltage e lectrical s t imulation 
s b e e f s t e r n o c l e i d o m a s t oid m u s c le

J ^ - m m a m o r o s

lt-Utu
F. J I M E N E Z - COLMENERO, and A. MORAL 

del Frio, C i u d a d  U n i v e r s ! taria, Madrid-3, S p a i n

S U o n

Uj 8ubjectCrt6r8 have atudied the tenderness o f  meat from carcas- 
pj'̂ ' They6^ e isctrical stimul a t i o n  and then t o  quick chil- 
- 61 te8t/  ayree* m a i n l y  on the basis o f  the results of taste 

' •• an*  —  • ' --------  that meat treat-1 ° n W a r n e r - B r a t z i e r  measurements,
Ho*t is m ° r e  tender.

r on electr i c a l  s t i m u l a t i o n  a n d  meat tenderness
Uni, «Ub.C? Cied out at h i g h  v o l t a 9 e (C h r y s t a l l  and Hagyard, 
U. ° Vi Gi,K and Davey, 1976 - 3,600 V; D a v e y  et a l . , 1976 - 

’98o J-bert. 1978 - 1,100 V; Bendall et a l ., 1976; T a y l o r  et 
¡>0k  - 44(T 7°0 V? M c K e i t h  et al., 1980 - 550 V; S aveli et al. , 
“ f* «tat B e n d all, 1-976 - 250 V). Nevertheless, c e r tain 

cUv* jte that the use of low and extra low v o l t a g e  is also 
III w 0 tenderiziag meat.

O ' e i i ears w °rk has b e e n  u n d e r t a k e n  o n  the use of extra low 
isctri«al stimulation, which, b e cause of its s a fety and 

"'ore attrac t i v e  for commercial a p p l i c a t i o n s  and as 
Snd>  (» ® voltage stimulation.

. « l a naann -1 , rno . Mil»».
According to certain

l9ftn OBOn et
i C 0i And i?.. : 20-40 V; V a l i n  and Vigneron, 

1980 - 32 V; Powell et al.
1980 - 20-80 V; 

, 1983; B o u t o n  et¡5j' i9a0a "*r«h«u,
%  , > 4 ;  la9 8 0 b . . ________

u9hen, y st«ms p r event cold shortening, t h ereby preven t i n g  
\  , n9 of meat.

of
®xtr 1 tbe P r esent study was to evalu a t e  t h e  effects of■■In e x t r a  . ^ h*1- c s k i i l  s t u u y  w a o  e v a j - u a u t  i . » «  — *■

^ beef low voltage s t i m u l a t i o n  on the tender n e s s  of q uick- 
ficttv0ffefingU8ing a P r o t o t y P e d i r e c t - c u r r e n t  e l e c t r i c a l  s t i m u 

li», Values.

p r o t otype 
v e r s atile range of voltages. impulses, and ef-

8iaUsed in the study w e r e  o b t a i n e d  and p r e p a r e d  at the 
be/ 9hterhouse from l - y e a r - o l d  a n i mals w i t h  a d r e s s e d  

een 250 a n d  ^00 kg. T h e  m u s c l e  u s e d  was sterno- 
S i  lti9, 3. . rahacle, w h i c h  w a s  r e moved five t o  ten m i n u t e s  after 
x ^  quier l a t e d * a n d  immedi a t e l y  p a c k a g e d  in p o l y e t h y l e n e  
,f|9 v -chilled in crushed ice.
’ mJSclea

femoved f r o m  the a n i m a l s  w e r e  t r eated in the follow- 
S  n o * Is h e l d  for 24 h ours at 15 QC w i t h  no prior

ClUcbiii^0t n o * 2 s m u s c l e s  taken f r o m  u n s t i m u l a t e d  c a rcas-
ed t o  0 Q C ; and lot 3s

rcasses and q u i c k - c h i l l e d  t o  0
m u scles taken from 

QC. All the muscles

d uring rigor m o rtis was not recorded, since it has n o r m a l l y  sub
sided after three days in storage, w h e n  the a n a lysis was carried 
out. However, the study of rigor m o r t i s  was not one of the ob 
jectives of the experiment. W i t h  r egard to the stimul a t e d  or 
unstim u l a t e d  q u i c k - c h i l l e d  muscle, the o p p o s i t e  e ffect as that 
found for the lot h e l d  at 15 QC was observed, a l t hough h igher 
shear s t r ength values w e r e  r e c o r d e d  in the initial a n a lysis for 
the lot stimul a t e d  at 20 V  t h a n  for the o t h e r  t w o  lots d u e  to the 
m uscle c o n t r a c t i o n  c aused b y  t h e  e lectrical stimulation, w h i c h  
was p r o l o n g e d  in the experi m e n t  b y  the r e f r i g e r a t i o n  s y s t e m  used. 
S i milar results w e r e  r e p o r t e d  by T a y l o r  and M a r s h a l l  (1980) for 
beef c a r c asses stimul a t e d  a t  extra low v o l t a g e  (32 V) and by 
Bendall (1976), Bendall et al. (1976). and C h r y s t a l l  and Hagyard 
(1976) for h i g h  voltage. S i g n i f i c a n t  t e n d e r i z i n g  w a s  o b s e r v e d  in 
the stimul a t e d  lot o n  the t h i r d  day of storage. B o u t o n  et a l : 
(1980b) n o t e d  that in veal s t i m u l a t e d  at 45 V, h i g h e r  tenderness 
levels o c c u r r e d  in m u scles removed from the c a rcass 22 hours 
after s l a u g h t e r  c o m pared w i t h  t h o s e  r e moved after 1 and 2 hours, 
w h i c h  w e r e  tougher.

E x c e p t  in the case of the s t i m u l a t e d  samples, the t a s t e  panel 
detected n o  s i gnificant d i f f e r e n c e s  in toughness o v e r  the storage 
period. However, w h i l e  s ignificant differ e n c e s  w e r e  o b s e r v e d  in 
the shear strength, t here w a s  still g o o d  c o r r e l a t i o n  b e t w e e n  the 
results of b o t h  these tests (r - 0.56, P < 0.01).

T a b l e  1. T o u g h n e s s  m e a s u r e d  b y  K r a m e r  shear cell (KSC) and 
taste p a n e l  (TP) a n a lysis

Days in S t orage

Lot A n a lysis 0 3 5 11

H e l d  at 15 QC K S C  (kg/g) 20. 1 9 . 4 f b 1 8 . 6 f c 17.4?

U n s t i m u l a t e d " 19. i f 22.6^ 28.4? 24.5?

Stimulated " 2 4 . 3f 1 7 . if 23.6? 28.2?

H e l d  at 15 QC TP - 5 - 6î,2 5.4? 4.3?

Unsti m u l a t e d - - 6.8f 6.3? 5-6?,2

Stimul a t e d " - 4.8? 6 . 2 ? b 6.8?

T h e  d i f f e r e n t  letters in each row a n d  the d i f f e r e n t  n u mbers in 
each c olumn indicate s i g n i f i c a n t  d i f f e r e n c e s  (P < 0.05)

A n a l y s i s  of v a r iance of the d a t a  o n  shear s t r ength (Table 2) as 
m e a sured w i t h  the K r a m e r  shear cell and e v a l u a t e d  b y  the taste 
panel showed s i g n i f i c a n t  d i f f e r e n c e s  b e t w e e n  t h e  lots t r eated by 
h o l ding a t  15 QC and the s t i m u l a t e d  a n d  unstimulated, q “ l c K- 
c h illed lots. However, the results o b t a i n e d  for the stimu l a t e d  
and the unstim u l a t e d  lots s howed no signif i c a n t  differences, 
w h i c h  means that m u s c l e s  from s t i m u l a t e d  c a r c a s s e s  w e r e  n o  more

the
atials'"udy w e r e  s tored for ten d a y s  in a refrig e r a t o r  at 2 

yses w e r e  p e r f o r m e d  at 0, 3, 5, a n d  11 days.

r-

0j-ta9 e e l e c t r i c a l  s t i m u l a t i o n  was e f f e c t e d  u sing an Si -wave, d i r e c t  c u rrent electr i c a l  stimulator, a
Urn« 7 x 10“ 2 seconds, a n d  a frequ e n c y  of 14.3 Hz. The 

35a6li-vered b y  the d evice can b e  regulated b e t w e e n  1.3 x 
) ^ U n Weer,X l0“ 3 seconds, with a d e l i v e r e d  o u t p u t  v o l t a g e  vari- 
i tin nt : 1*5 and 40 V. In t h e  experi m e n t  an a v erage o utput 

was used, w i t h  an elect r i c a l  s t i m u l a t i o n  time of 
One electrode w a s  i n s e r t e d  in the nose and the o t h e r

-£gll t o u g hness analysis

y^entai and s e n sory tough n e s -  -----u--- ------  »
y the m u s c l e  at 100 Q C  in a w a t e r  bath for 40 min-

texture a n a lysis was c a r r i e d  o u t  using a m odel 1140 
retell Urometer to m e asure the shear s t r ength u s i n g  a Kramer
•t

2,11 a>) ^  The m uscle was a l lowed t o  cool to room t emperature 
• ¡. tllen cut into six p o r t i o n s  m e a s u r i n g  1.5 x 1.5 x 5

wr t, ad d rive was 100 m m / m i n  and paper speed w a s  90 mm/-
i nis D*>.h* iyht on sample w e i g h t  w a s  used as the measur e m e n t
v  U g / ( J ) P

t n was c o n d ucted b y  a six-me m b e r  taste p a n e l  made
)Nh. **ete ined labora t o r y  staff m e m b e r s  using a s t e p  scale.
* vl 1 =* / ta rated using the scale w e r e  toughness (7 = very 

0. ty tender) and o v e r a l l  a c c e p t a b i l i t y  (7 = v e r y  good;
^ r ) .

Vi* Hlh-

S^ a ei9hed°rtion8 U 8 « d for t e x t u r e  a n a l y s i s  (Kramer shear cell) 
^  b ®fore a n d  after cooking. T h e  p e r c e n t a g e  of liquid 
^ taken as the c o o king loss.

Of 8ig n i f i c a n c e  a m o n g  the means was d e t e r m i n e d  by 
C°rreia i:i‘ance osing an F test. The d egree of s i gnificance

!̂ i8£ u a sion

^  l. bbe tough n e s s  a n a lysis of the m u s c l e  can be seen 
Si* *̂0r bbe niuscle8 in lot no. I, held a t  15 2C for 24

8 t o 8'’renyth m e a s u r e d  b y  the K r a m e r  shear c e l l  w a s  lower 
lth t ^ a9e p e r i o d  at 2 2C, indicating tender i z i n g  of the 

ni®* T h e  m a x i m u m  tough n e s s  that o ccurs in the muscle

étions was e v a l u a t e d  using L a m o tte's t ables (1981).

-JHs

t e n d e r  than those s u b j e c t e d  to q u i c k - c h i l l i n g  alone (cold
shortening). O n  the o t h e r  hand, m u s c l e  h e l d  at 15 2 C  w a s  more 
t e n d e r .

T a b l e  2. Analysis o f  v a r iance for t o u g h n e s s  m e a s u r e d  b y  K ramer 
shear cell a n d  taste p a n e l  d e t e r m i n a t i o n

T o u g h n e s s
K r a m e r  shear cell T a s t e  panel

in the anus.
H e l d  at 15 Q C / u n s t i m u l a t e d ** **

H e l d  at 15 Q C / s t i m u l a t e d  
U n s t i m u l a t e d / s t i m u l a t e d NS NS

** P < 0.01 NS *  N o t  significant

W a t e r  h o l ding c a p a c i t y  may be r e l a t e d  t o  toughness (Table 3). In 
the p r e s e n t  e x p e r i m e n t  it was d e t e r m i n e d  as the c o o king loss (by 
weight), and, t h o u g h  the c o r r e l a t i o n  c o e f f i c i e n t  was not c a l c u 
lated, it w o u l d  n o t  a p p e a r  to b e  good. A  s l i g h t l y  g r eater water 
h o l ding c a p a c i t y  w a s  obser v e d  in the lot h e l d  at 15 2 ~  compa e 
to the water h o l d i n g  c a p a c i t y  of the o t h e r  t w o  lots.

H e l d  at 15 QC
Unsti m u l a t e d
Stimul a t e d

(%) d uring storage

Days in storage
0 3 5 n

30.8 32.9 35.7 32.8

34.1 31.6 43.1 35.9

35.4 31.0 39.3 35.7

T a b l e  4. O v e r a l l  a c c e p t a b i l i t y  b y  taste p a n e l  analysis

Davs in storage

Lot 3 ---- ------ 5 11

Held at 15 QC 4.2 4.0 4.4

U n s t i m u l a t e d 3.0
Stimul a t e d 4.2

T h e  scale used r anged from 7 (very good) t o  1 (very poor)

73



The o v erall a c c e p t a b i l i t y  of the m e a t  as d e t e r m i n e d  b y  sensory 
a n a lysis (Table 4) indicated that the a c c e p t a b i l i t y  of the sample 
held at 15 2C w a s  h i g h e r  than that of the o ther two samples. It 
should be noted that, w h i l e  the a c c e p t a b i l i t y  o f  the s timulated 
lot d e c lined d u r i n g  storage, the a c c e p t a b i l i t y  of the o t h e r  two 
lots remained stable. The a c c e p t a b i l i t y  rating d e p e n d s  on the 
t o u g hness of the muscle, w h i c h  w a s  h i g h  in the lot h e l d  at 15 2C, 
p e r h a p s  b e c a u s e  of special c h a r a c t e r i s t i c s  of the m u s c l e  tissue 
used.

On the basis of the r e sults obtained, it c a n  be c o n c l u d e d  that 
extra low v o l t a g e  s t i m u l a t i o n  of beef c a r c asses h a d  no s i g n i f i 
cant e f f e c t  under the c onditions o f  the p r e s e n t  experiment. Buts 
et a l . (1982) r e p orted similar results concer n i n g  the toughness
of s t e r n o c l e i d o m a s t o i d  muscle. These findings m a y  be due to the 
fact that this m u s c l e  is not the most approp r i a t e  for studying 
the e f f e c t s  o f  electrical stimulation, as suggested b y  B o u t o n  et 
a l . (1980a). T a y l o r  (1981) p o inted out that extra low v o l tage
stimul a t i o n  m a y  not be e f f e ctive for c e r t a i n  beef muscles. Sale 
(1980) found that the e f f e c t i v e n e s s  d e p e n d e d  on the p o s i t i o n  of 
the electr o d e s  (the electr i c a l  field) a n d  o n  the waveform, w hich 
act d i f f e r e n t l y  on d i f f e r e n t  m u s c l e s  (Bouton et a l . , 1980c).

Nonetheless, various studies r e c o mmend the use o f  extra low v o l t 
age (Shaw and Walker, 1977; F a b i a n s s o n  et a l ., 1979; N i l s s o n  et 
a l . , 1979; Ruderus, 1980; T a y l o r  and Marshall, 1980; E i k e l e n b o o m  
et a l . , 1981; etc.) in v i e w  o f  the b e n efits of the technique. As 
a result, further research in this area w o u l d  a ppear to be e x 
t r emely important in o r d e r  t o  d e t e r m i n e  the m o s t  a p propriate 
electr i c a l  parameters, so that the p r o p o s e d  stimulator p r o t o t y p e  
can b e  used e f f e c t i v e l y  t o  p r event c o l d - s h o r t e n i n g  in beef.

A c k n o w l e d g e m e n t
Part of the w o r k  i n v olved in this s tudy was carried o u t  at the 
G Y P I S A  slaughterhouse, and t hanks are e x t ended t o  that firm's 
manager, Mr. Dur&n, a n d  t e c h nical d i r e c t o r  for sanitation, Mr. 
Jimenez, for their cooperation, w i t h o u t  w h i c h  this e xperiment 
w o u l d  not h a v e  b e e n  possible.
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