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!j^ "--^¿PW-VOLTAGE STIMULATION ON POST MORTEM BIOCHEMISTRY IN NORMAL AND DFD BEEF
g^RSWARD,1) Q. JOHANSSON,1) B. KULLMAR,2) H. RUDERUS1)

" ’eclenat Research Institute, S-244 00 Kavlinge, Sweden ^ N o r d r e c o ,  S-267 00
%%\ 'CTion

n
elltod of low voltage stimulation (LVS) of beef carcasses (MITAB), is now 

A*, Li^- .n most Swedish abbatoirs and in several European countries. Like high voltage
*̂>6(3

m ° !
jMtjArCa ®) LVS has been shown to increase the rate of glycolysis after slaughter in

S  : th.
-as
in measured as faster pH decline (Fabiansson et al. 1979, Ruderus 1980).

.. e same ultimate pH as in unstimulated carcasses it has also been shown to 
e !opment of tenderness (Buchter 1980, Ruderus and Fabiansson 1980). HVS has 
give rapid ATP depletion, as well as rapid pH decline (Bendall 1980), and to

nj -hi, Jst rei1 colour and a better flavour than unstimulated carcasses (Smith et al.
‘"s ) a^ e  rti Lhe research so far on electrical stimulation has been focused on trying to 
inei 11 b,.. c"a n l sms of the tenderizing effect, as reviewed by Cross (1979), Bendall 
et S°n (1980).
ln s ai- Igyg e lectrical stimulation on dark cutting beef (DFD) was studied by Sorin-
4 a,1c| D ■
CottlmontS° n a l ‘ who found no improvement in muscle colour of DFD beef.

f  Problem in most countries causing problems as dark colour, firm and dry
■ Um  ̂ 1 ~ aSter cnni 1ano i Tarrant 1 QRD ̂ lin ̂  +■ n V-» 1 n -f- 1 n T 7 /—V nr mrrv 1 orvrm-v n t ( Hi r* n

who found that stimulation does little to enhance tenderness of stressed

Vi ieSs ister spoilage (Tarrant 1980) unacceptable flavour development (Dutson
un-«/$(// iesnin°nenzYm a tic browning reactions during frying (Laser Reutersward,

V 5 °fltlVest'tS ̂ d ocumentation is available concerning the influence of nVS on DFD.
a_?atlon was carried out in order to study the effects of LVS on the inci-

Ôcl-j °n different meat quality aspects of DFD compared to normal beef
V'd R -

\
V %  l'1Qdia _____

an<3 Ruderus 1981, Erichsen and et al. 1981). The purpose of this part of 
t w^?n Was to study the contents of some metabolites in glycolysis and from ATP 

evei0p^c^ are e s Pecially important for pH decline, nonenzymatic browning and

Srs > , t.V v l 4°0 vtlQn Was carried out on 32 young bulls at a slaughter weight ranging between 
of the bulls were exhausted before slaughter according to 

and Ruderus (1981) and the other 16, which were gently treated, were used 
s in each group were electrically stimulated (85V, J2s, I41iz)V ’ S l v  8 bull

•î  2 er e x sanguination (Ruderus 1980). About one h after slaughter the carcasses
i 8 too. + 2°c for 2 ’ ’ ----- -■ -----  ■ L' <■-- ---

, %  “u 
V N ? * 1

for 2 h and then kept at about +5°C for two days. 
v eĉ  a nd samples were taken from the M. longissimus dorsi opposite the 

A ^̂ ''ine^eir1-et>ta 1 h and 42 h after slaughter respectively. pH was measured with a
cin f17 Portamess 651) with a glass electrode (Ingold 404T) at a depth of

^ 0IT1 P-̂ -ace where pH was measured samples of about 6 grams were taken
ClJt of:C^ ^ nder (diameter 2 cm, lenght 5 cm). The outer part (1 cm) of the meat 
Sarapl anc  ̂ the remainder was immediately frozen in liquid nitrogen. Within 2 h 

A * U  ‘ The eS Were homogenized with percloric acid and centrifuged at 10 000 x g for 
¡ V  T̂t> lactSUpGrnatant was adjusted to pH 4.0 with KOH and the extract was used for
'h. M j - '-5t" P _ 1 i ■ !  n  r  t \  \  i-  r  i . .(¡VJ 1)-’ ADp a t e > glycogen, glucose, glucose-6-phosphate (G6P 
A h  N..ssUo AMP 

La
 ̂ _ f ructose-6-phosphate

A i  h ^ Sl)e, / AMP, i m p , inosine and hypoxanthine. All metabolites are expressed in 
ay ate was determined with test-combination Cat. No 139 084 from Boeh- 

y«[j Lycogen was determined by the enzymic method of Keppler and Decker
|(|V a an<1 F8P were determined by the enzymic methods of Bergmeyer et al.

Bergmeyer (1974). Nucleotides, inosine and hypoxanthine were sepa- 
0n ^^0 HPLC equipment and detected by UV absorption at 254 nm. ATP and ADP 

^ ® on<1a p a k - N H2 column (Waters Associated) eluted with 0.125M 
W V H  a p ^ KC1, pH 5.0 at a flow rate of 1.6 ml/min. AMP and IMP were

Ji-c flow ^t:*‘s:>-l SAX anion exchanger (Whatman) eluted with 0.03M (NH4 )H2PC>4 ,
. 3,qS coinrate °f 1 • 1 ml/min. Inosine and hypoxanthine were separated on a p  

Is, t'a-, at a ^  (Waters Associated) elute \ s c^ r a a„ flow
% 9825 rate of 1

Mt Se s s i o n
desk top computer

¡luted with 0.005M (NH4 )H2P04 + 0.005 M 
.5 ml/min. The data were analysed ^v Student's t-test on a

\  1^9
) A g ^ ) ,  saate P11 the muscle samples were assigned to different classes (Fischer 

/ ̂  V 5) Lr^1"' a n d ^ eS wlth pH 45.80, 5.81 4 pH 46.20, and pH >6.21 being designated as
4iftS^niui r e s p e c t i v e l y . All samples from gently treated animals, both stimu-

giate(ja1le<̂ ' w e r e classified as normal. Of the exhausted animals 4 stimulated 
'A (j°a . Orj Were classified as DFD and thus the incidence of DFD was not affected 

r®as ex^ austed stimulated animal with an ultimate pH <5.80 was classified 
¡V 8? n UP wi°nS 9iven below). The remaining 7 animals were classified as medium, 
//iff fe °lr,na i i 6 classes or groups of samples designated unstimulated normal,
Huai's t6shlt Unstimulated DFD, stimulated DFD, unstimulated med i u m  and stimulated 

iti 9Co u d  are reported in table 1 and 2 as means with standard deviations for 
a® tayA" however, for reasons given below the stimulated med i u m  group is notLabie s .
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Table 1. Contents of metabolites 1 h post m o r t e m  (pmol/g tissue), means with standarcl 
d e v i a t i o n s .

Normal Group
Unstimulaterl Stimulated
n=8 n=8

DFD Group
Unstimulated Stimulated 
n=4 n=4

Middle
Unstimul3
n=4

, 2.40) 
61)

pH 6.. 58 ( 0 ..34) 5..96 ( 0 ..04) 6..75 (0..19) 6,.84 (0..03) 6,.62
Lactate 12 ..42 ( 2..44) 40,.84 ( 8,.64) 14.. 30 (5..20) 27 ,. 70 (7..94) 23,.00
Glycogen 66..52 (10..83) 56 .11 (10,.51) 6 ,.10 (2..52) 3,.96 (2,.78) 42 .89
Glucose -6P 1..18 ( 0 .. 54) 4..21 ( 0 ,.86) 0.,22 (0..17) 0..25 (0..23) 1,.26
Glucose 0..20 ( 0 ..04) 2 ,.35 ( 0 ,.57) 0,. 12 (0..09) 0,. 34 (0..37) 0..37
Fructose -6P 0..23 ( 0 ..09) 1..09 ( 0 ..20) 0.,06 (0.,03 ) 0..08 (0..08) 0..28

ATP 5..61 ( 0 ..50) 4 .25 ( 0 ,.68) 3 ,.00 (1,.20) 2,. 06 (1..29) 4,.93
ADP 1 ..24 ( 0 ..07) 1,.36 ( 0 ..18) 0., 95 (0..06) 0..99 (0., 38) 1..17
AMP 0..04 ( 0 ..03) 0,.04 ( 0 ,.01) 0 ..40 (0.,42) 0,. 17 (0..09) 0,. 78
IMP <0..01 0,.42 ( 0 ,.39) 0..40 (0.,34) 0..86 (0..35) 0..39
Inosine <0..02 ■i 0 ,.09 0..31 (0.. 49) 1 .09 (0..79) 0 .12
Hypoxanthine <0..02 s<0,.08 0 ,.08 (0..01) 0,. 16 (0..09) 0,.04

Table 2. Contents of metabolites 42 h post mortem.

pH 5 ..55 (0.,12) 5,.68 (0..07 ) G ,.56 ( 0 ..20) 6,. 53 ( 0,.24)
Lactate 93,. 62 (5..96) 92,.03 (8,.49) 45,.17 (14..97) 52,.07 (20.. 93)
Glyconen 13 ..62 (5..53) 20..60 (8..44) 0 ..22 ( 0..13) 0.. 60 ( 0 ..93)
G l ucose'6P 12 ,.14 (0.. 96) 11,. 76 (1..33) 0,. 22 ( 0 ..21) u.,.40 ( u..67)
G1ucose 4 ,.57 (0..41) 5 ,. 51 (0,.46) 0,.60 ( 0 ..42) 0..45 ( 0 ..41)
Fructose-6P z .42 (0..22) 2 ,. 48 (0..27) 0,.05 ( 0 ..04) 0,. 08 ( 0 .. 09)

ATP 4 0 . .38 <0 ,. 14 0,.12 ( 0..05) «0,.20
ADP 0,.36 (0..05) 0,. 53 (0..07) 0,.64 ( 0 ..14) 0,. 38 ( 0 ..10)
AMP 0.. 29 (0.,09)1 0,. 18 (0.,10) u..35 ( 0,.06) 40..40
IMP 4..45 (0., 17) 3.. 92 (0..34) 2.. 55 ( 0,.54) 2 ,.40 ( 1.. 00)
Inosine 0..31 (0.,08) 0..54 (0.,08) 1..28 ( 0 .,62) 1..76 ( 1..19)
Hypo xa n t h i ne 0..08 (0.,03) Ü .. 22 (0., 09) 0..43 ( 0., 24) 0 ,.56 ( 0 ..22)

6.O'* ¡7.6*'
90.49 ,_74
9 * 9l ,.¡¡5 
4'78X-1" Ü.21’
0.28

i Ü 'l°2 I0,

toA ° (0.1 «
0.34 ,,y

1) n = 7

The discussion below is mainly based on comparisons of two or more of the differer

Normal unstimulated versus stimulated
s t i  ' " VData in Table 1, 1 h after slaughter, clearly show the fast pH decline caused ,

lation, resulting in higher amounts of lactate, G6P, glucose and F6P, (a“ll P  <^*^s n 0 ^ 
pared to the control group. The glycogen level, in the stimulated group at 1 1

th e o  gi°up- ■group. None of the glycolytic metabolites w e r e  significantly different in the t jp 
at 42 h after slaughter, except the content of glucose which was higher (P <0-u 
stimulated group. aPd
Concerning ATP degradation, data show lower content of ATP after 1 h (P <0.001)< -1

re i 
ntmne

significantly different from, but slightly lower than the control group. Data sn c0r>l s 
ultimate pH was slightly higher (P <0.05) in the stimulated group compared to the r0uPtwo

high e r  content of IMP in the stimulated group. The contents of ADP and AMP were W3

s3l3
ficantly different between the groups, and the contents of inosine and hypoxant 
very low. p„mu:
Bendall (1976) showed that 50% of the ATP was depleted in less than 1 h in HVS ^ afld g(  
(at a depth of 5 cm), and that 10 h was required for unstimulated muscle. Tarra ug d e 
Mothersill (1977) and Bendall (1976) found an initial level of ATP in normal hD ^ gr 
about 6 pmol/g. The level of 4.25 jjmol/g obtained in this study of the stimulate 
thus shows a somewhat slower A T P  depletion. At 42 h (Table 2) the contents of <8-®, ji> 
in both groups, ADP higher (P <0.001) in the unstimulated group and AMP lower ^ q .o O-* 
The content of IMP was lower (P <0.01), and inosine and hypoxanthine higher (8 
the stimulated group.

DFD - unstimulated versus stimulated s
----------------------------------------  te "' g
Data show no significant difference in pH after 1 h although the content of laC^ 0f 
higher in the stimulated group (P <0.05). No significant differences in conten a
other glycolytic metabolites were found after 1 h. After 42 h, pH and the leVe 
glycolytic metabolites showed no significant differences between the two groups '
C o n cerning A T P  degradation, data after 1 h show lower content of ATP, higher c° ,1er 1j 
IMP, inosihe and hypoxanthine in the stimulated group. After 42 h lower IMP. “ g6 
sine and hypoxanthine contents were found after stimulation although none of ^  di 
(1 and 42 h) were significantly different between the two groups. No signiflC 42 X1 
rences in contents of ADP and AMP after 1 h were found but the ADP value after 
higher in the unstimulated group (P <0.05).
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—pFP - without and with stimulation

'V? levof"131 and DFD samples, after 1 h, without stimulation, there were differences
|%t i'1' Dfd S glycogen (P <0.001), G6P (P <0.01) and F6P (P <0.01) all three being 
, th samPles. Stimulation, however, resulted in all glycolytic metabolites being

e ^FD group, lactate (P <0.01), glycogen (P <0.001), G6P 
^  42 h' 9lucose (P <0.001), and F6P (P <0.001).

(p <^e c°ntents of all glycolytic metabolites were lower in DFD than in normal 
^  -001) both in the stimulated and the unstimulated groups. Thus the results 

,V, ir>-Q Sre is a clear-cut difference in metabolic pattern between normal and DFD 
i H j N  toP-Ctive of stimulation.

’"O:
th,
ion

Hamm et al. (1973) glycogen, glucose, G6P, F6P and lactate make up more than^talWe glycolytic metabolites in muscle at all times post mortem. Based on this

fQ exPressed as glucose equivalents). The recovery for the unstimulated normal 
T°ih' The to be 117.6 + 14.4% and for the stimulated normal group 99.3 + 16.0% (P
I unstimevels are higher than in the studies by Hamm et al. (1973) and Hamm (1977) 
1% ^  j_̂ ulated bovine muscle with high levels of glycogen 1 h post mortem found

C°Very from glycogen, although there were some large variations between the 
JHlj ? Pits ?artle calculation, as above, for the DFD groups show much higher formation of
 ̂ 1 n t  P T*m o ̂  -i —. 4- r-* 4- V. —. v. 4- "U « /% 1 *—> 4- -i v-» -f- 1 , , s—t  ̂*-» 4 v-. ,5 i r~\ —% 4- r» ( n mv~\ —i v" rt 4- /—v r> Cv 1* Thi ^^termediates than the depletion of glycogen indicates (compared to 

* ! ls the case for all samples in both the unstimulated and stimulate
normal 

ted DFD
¡Noç lactSU^tS indicate that there could be a difference between normal and DFD 

formation. Lactate in DFD has probably been formed from some other
C  5ftitril,lat jSt:i-9ated here.sla6d '•’FD muscle Fischer and Hamm (1980) have shown that the content of ATP, 30 

O  vas "'^er, was lower compared to a normal group, due to exhaustion. Rapid ATP 
O 1* ; also shown to result in lower IMP and higher inosine and hypoxanthine 42 h
o, 1 r 7̂) Unstimulated DFD pigs compared to a normal group. (Potthast and Hamm 197b). 
((1%, QUf sJ;d also show that a maximum of IMP is reached at about 48 h in normal muscle. 

a£te£. udy show that when comparing unstimulated normal group to unstimulated DFD 
^fter the contents of ATP and ADP were both higher (P <0.001) and AMP lower (P

<0 jW *-Mp  ̂h ADP, inosine and hypoxanthine were lower (P < 0.001, P <0.001, 
v “l)j ^9her (p <0.001) but no significant difference was found for AMP. St]

I n°n'Par ing the normal group to DFD, resulted in higher contents of ATP (P

°S) ^ t e p ^ ^ y  show that when comparing unstimulated normal group to unstimulated DFD

A )  wHen ^her (p <0.001) but no significant difference was found for AMP. Stimu- 
p̂QrnParing the normal group to DFD, resulted in higher contents of ATP (P 

°f a <0.05) and lower contents of AMP (P <0.01) after 1 h together with higher 
^  <0.05), IMP (P <0.01) and lower contents of inosine (P <0.05) and

^^nts^ <^*(-)T) after 42 h. Our data thus clearly show that exhaustion result in 
*.W.̂ ir\w °f ATP and higher contents of IMP after 1 h and also more rapidlon Qf
i*l ATp ,lMP to inosine and hypoxanthine after 42 h. Stimulation increases the 
N i c e s t  i^9^adat ion towards hypoxanthine in both the normal and DFD groups, but is 

'l6<3 both DFD groups, which results in the following order for the 4 groups:
Unstimulated DFD > stimulated normal > unstimulated normal.

(<> JSgdilum

lactate, glycogen, IMP, inosine and hypoxanthine were not 
V  (t> ° 9fou ifferer't from the unstimulated normal group, but comparing to the unstimu- 
\  ̂ 5 v?-05 )P -*-actate (P <0.01), glycogen (P <0.05) and IMP (P <0.001) was higher, ino- 
\J't’O ?nd hypoxanthine (P <0.05) lower. However, glucose and F6P were lower and
*l*%, ji'bhp Ia 11 P <0.001) than the normal group, but not significantly different from 
%  r* The level of G6P was found to be in between the unstimulated normal and DFD

from both groups (P <0.001)). Thus the medium group could be characte- 
with respect to some metabolites and as DFD with respect to others. There 
Dtes with levels in between.abop

h V  thbolit

-Jîgaiym
'PI,

stimulated medium group, did not show the same uniform pattern of
(V^h the iltes as the 4 samples in the unstimulated group. They are therefore not 
$  and_ will be discussed individually as samples A, B, C and D. Sample
] of PH °f 5.90, was, after 42 h, found to have levels as the stimulated

npaCtate (^2.08), IMP (3.50), inosine (0.44) and hypoxanthine (0.10) and as 
9toup of glucose (0.63), F6P (0.17), ADP (0.35) but in between of 

N  ,^*83) an(̂  G^P (5.57). For sample B, with an ultimate pH of 6.18, the contents of 
Lf ^lykogen (0.36), G6P (0.96), glucose (1.38), F6P (0.32) and ADP (0.41) at 

$ ̂ same levels as the stimulated DFD group. IMP (3.70), inosine (0.54)
) were more close to the levels of stimulated normal group. Sample A 

i sbi S' aracterized as being in a medium group, but sample B was very similar to a

*>s PH t®d n tast PH decline after 1 h (pH 5.80), which was lower than any sample in
K1* Alj, aftef°rtT,a*' 9r<aup and ultimate pH was found to be 5.54. pH was also measured at 

d6pi slaughter (Fjelkner-Modig och Ruderus 1981) which confirms the low level 
■' *-°n was at the same level as stimulated normal group. After 42 h sample C■\loi ) f Ut w ,  as ^tate (91.98), glycogen (16.48), IMP (3.40), inosine (0.51) and hypoxan- 

(0_Qg^e stimulated normal group. However, low levels of G6P (5.49), glucose
and ADP (0.35) were found, which are at the same level as the
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stimulated DFD group. Finally sample D , after 1 h showed a fast pH decline (pH, 5.9°)',, ¡1 
high contents of lactate (79.88) and fast ATP degradation (ATP 0.43, IMP 3.5). After 4 - 
ultimate pH was found to be 5.82. Levels of glycogen (14.18) inosine (0.59), hypoxanth1̂  
(0.22) were the same as the stimulated normal group, while glucose (0.77), F6P (O.I5)' 
(0.35) and IMP (2.80) were at the same levels as stimulated DFD and levels of lactate ^ 
(79.81), G6P (3.75) were found to be in between. With respect to levels of metaboliteS 
ultimate pH samples C and D both could be characterized as medium samples. a a5
Sample C and especially sample D, both with rapid glycolysis, could probably be deflne 
PSE, as described by Hamm and Hoof (1970) and Fischer and Hamm (1980). Wateriness waS 
found to be higher in both samples compared to the control group (Fjelkner-Modig and ,i0» 
Ruderus 1981). No sample ip the stimulated normal group showed such a fast ATP degt3 ,̂,} 
as sample D. Bendall (1980) discusses the possibility of PSE due to stimulation, but dyjts 
not find any differences in drip between stimulated and control normal groups. The res 
obtained here indicate that stressed animals which still have rather high contents ot 
glycogen and ATP before slaughter, probably could be prone to rapid glycolysis and 
depletion and thus may show properties as PSE when electrically stimulated.
CONCULEIONS

t metabolitepfD
norma1'

■Its of this, investigation show
- that stimulation does not affect the incidence of DFD
- that stimulation speeds up glycolysis, but that final contents of most m 
are at the same levels as for unstimulated muscle. This is true both for
and medium groups.
that, the medium groups with respect to different metabolites could be character1 
as in some part normal and In some other as DFD. 
tb?*t in the DFD groups, both stimulated and unstimulated, the formation of iacta 
nlus intermediates are much higher than the depletion of glycogen indicates*

• - - --owing
stimulate<̂

te
* ‘>'uv~n niyut:! tuan cuts uepietion or giycogen j______

that concerning the extent of ATP degradation towards hypoxanthine the folloWin9fD 
order for the different groups were found to be: stimulated DFD > uns ' ' 
stimulated normal > unstimulated normal. eri

muscles which still have rather high levels of 9li'C°yo"' 
hen electrically stimulated could be more prone to 5 

than unstimulated muscles.
----  GOP and F6P are important for keeping quai111"'0uPs

flavour and browning during frying the lower contents found in DFD and medio» 
(compared to normal) could be of large importance. Stimulation has probably n°

id

fiavjUr’

that, in st res.sed animals
and Arj.’P before slaughter,
PSE <;};aract eri et.ics than
that 5inee the 1eveIs of ■

t.he levels of IMF found were much lower in DFD (compared to medi-U^^^jU
in this respect.

- that since
normal groups), irrespective of stimulation, this could be of importance

A ck i! 01 jli: dg i:r: el j t s
for
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