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SUMMARY
The incidence of  beef with a dark- 
f i rm -dry  condit ion (DFD; pH24 >6.2) in 
The Netherlands was monitored. In ad
d i t io n  i t  was investigated how t rans
port and de l ive ry  condit ions affected 
the incidence. Through measuring pH2, 
values in the M. longissimus dorsi of  
800 bu l ls  del ivered at the abat to i r  
a f te r  a to ta l  o f  10 h of  transport 
( inc luding stops at the c a t t le  market) 
the DFD incidence was calculated to be 
27.3%. This percentage is much higher 
than the estimated 0.4% based on the 
records of  insurance companies. The 
fac t  tha t  in a second experiment 3.4% 
of  a to ta l  o f  263 bu l ls ,  d i r e c t l y  
transported from farm to aba t to i r ,  
exhibited DFD suggests that  transport  
and de l ive ry  condit ions were the major 
determinants fo r  the di f ference in DFD 
incidence. However, these do not f u l l y  
explain the contrasts in actual and 
estimated incidence. I t  is  suggested 
that  the o r ig in  o f  insured vs non-in- 
sured slaughter bu l ls ,  carcass inspec
t ion  1 day post mortem and/or use of 
e le c t r i c a l  s t imula t ion are possible 
causes of  underreporting.

INTRODUCTION
Dark cu t t ing ,  or DFD meat is found on 
carcasses o f  healthy animals and is 
induced by cer ta in  s t ressfu l  pre
slaughter condi t ions.  I t  is  charac
te r ized by a high pH, a purp l ish-b lack 
colour, a f i rm  texture and a 'd ry '  
s t icky  surface. I t  occurs in both beef 
and pork. In contrast with DFD in pig 
carcasses, dark cu t t ing  is the most 
frequently  occurr ing q u a l i ty  deviat ion 
in beef and is of  great concern to the 
meat industry. Although s t i l l  f i t  fo r  
consumption the meat is  general ly d i s 
counted upon discovery because of  i t s  
unat t rac t ive colour and texture and

i t s  reduced s h e l f - l i f e .  On the 
hand, i t  is  recognized that  DFD N s 
has superior waterbinding P̂ °P.er f0r 
which makes i t  p a r t i c u la r l y  f i t  
the production of  cer ta in  sausages- s 
The DFD condit ion occurs in carC?LeS

st to
be a p a r t i c u la r  problem in bul ls ft 
gust in i  & Fischer, 1979; Bucn 
1981; Fabiansson et a l . ,  1984). aC- 
I t  has repeatedly been shown 
t i v i t i e s  associated with regroup y  
leading to physical exhaustion ^  
thus to glycogen deplet ion, tare ef 
primary cause fo r  dark cutt ing u 
(Bartos et a l . ,  1988). Two °r .t j 0fls 
days spent in optimal rest  condi^ ei 
are necessary fo r  the glycogen 
to be restored (Warris et a l . , ft i$ 
Recovery from glycogen deplet i°nc()ir 
thus p ra c t i c a l l y  impossible unden ter 

condi t ions. A bec0ft

of slaughter animals wi th low 
of  muscle glycogen and i t  appfar\

mercial aba t to i r  
a l te rna t ive  is 
exhaustion. I t  
tha t ,  at least 
transport  to the 
be as short as possible 
However, precise l im i t s

:o prevent 
is general ly 
fo t  bu l ls ,  l'-ch0Dl

slaughterhouse
(Hood, Lo i4

_ _ _ _ _ _ , r _ _____  _ __ __  on transP
distance have not been re p o r te d * p jp 
Exact f igures on the impact of D pfP 
The Netherlands are not avai 1 a t> lp e  
meat is  not a condit ion that  has j ¡jp 
registered as such. Estimates bas 
the records of  insurance c0JnP̂ eaSt 
indicate a f inanc ia l  loss of  ft ^ l 1
0 .8 3  d o l l a r c e n t s  per  s laughtered gjr

S' j L‘With 309.000 bu l ls  having been j\t1 
tered in 1988 (Netherlands' CO I jgfj9J 
Board fo r  Livestock and Meat, ft 
th is  means an annual loss of af3?0sSe5 
mately $ 256,000. The actual ' S  
are l i k e l y  to be much bigger, 
l a t t e r  f igures are based on reg1  ̂ 0 
animals with a carcass pH of 
higher. , a t°'
The present experiment included ft 
ta l  o f  1063 animals and the irVethefj 
o f  transport  condit ions in The %  ft 
lands upon the incidence of v 
assessed.

MATERIALS AND METHODS 
A to ta l  o f  1063 bu l ls  with 
weight o f  300-400 kg 
ed. In experiment I 
transported over a distance

were ■ , ,  . ,
800

lometers from the farm via the c 
market to slaughterhouse. ' inl
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V ° r t  to s l a u g h te r ,  inc lud ing  
,at the c a t t l e -m a rk e t ,  was es -  

Iri a to be at l e a s t  10 hours.
bn^*:>er^ment ^  the remaining  

%  f  ls were d e l i v e r e d  d i r e c t l y  from 
Hide f*"111 to the a b a t t o i r .  The average  
S lB* y  t r a n s p o r t  to s l a u gh te r  was 
“Hlls • Attempts were made to separa te  

îtis ° r i 9 in a t in g  from d i f f e r e n t6]

!$ cally-ah! M .

Carcasses  were not st imulated

- 2̂ *. tr iceps brachi i  
J“le nu a f te r  slaughter

experiments the 
longiss imus dors i

^  PH
V i sed
V ' \ 6"5re

h  ' '

meter, type

pH values of  
M. adductor 

were measured 
(pH24) . A port - 

Polymetron PM55,

considered DFD at pH

¿55
LTs and DISCUSSION 

< includes the
i l tf .P««

frequency d is -  
S ,  V ° n of  pH24 values o f  the adduc- 
J c l e 0n9 i ssimus and t r iceps brachi i  
J PH ln experiment I .  The incidence 
) lonV-a^u.es was the Highest in 
T the l lss i t"us muscle and the lowest 
Jhtis m. t r iceps  b rach i i .  This con- 
¿ V ^ l l e r  reports that  the 
ds s , Ssi^us dorsi is one of  the 
loî'k s u i v e  muscles with regard to 

>9; ï ^ i n g  (Augustini
S L  Bdchteih tor»

S " *

& Fischer, 
er, 1981; Tarrant & She- 

1980-1981). Tarrant and She- 
(1980-1981) suggested that  the 

° f  longissimus dorsi muscle
of nrSec* eva i uate the occur -  

UFD because only  a small p ro 
ca rc a sse s  conta in ing  some

be

of
Unf Ĉ es wi th abnormally high pH?. 

; S  ^ . e s c a p e  detect ion.  The ob2- 
iv Uneŷ a r i a t i ° n amongst muscles is 

i cted fo r  some muscles w i l l  
Cm f i ^s t6ss 9lycogen than others, 
tii'ect ^ exPeriment was conducted to 
k^  more re l ia b le  data on the in- 

DFD. We were rather sur- 
to f ind  the incidence 
27.3%, i . e . , 90 times 
estimated incidence, 
o f  the experiment, 

l i k e l y  to be a possible 
fo r  the resu l ts .  In The 

arpQS transport  distance and 
\  l ight re ] a^ ive ly  short and thus 
CL a si ap t ic ip a te  tha t  transport  is

¿5« L hh'!'e^er’as
the

^ O ^ u a t i o n

9 n i f i cant  fac to r  under Dutch 
deliVeCes* ^e t ’ in Netherlands 

systems ex is t ,  one imply

ing d i re c t  transport  from farm to 
aba t to i r ,  the other transport  from 
farm to c a t t le  market and subsequently 
to the aba t to i r .  The observed high 
incidence in experiment I might have 
p a r t ly  resulted from the transport  and 
de l ivery  condi t ions. Therefore we con
ducted experiment I I  in which we a t 
tempted to achieve short transport 
distance and de l ivery .
In Figure 2 resu l ts  of  both experiment 
I and I I  are integrated. As Mm tr iceps 
brachi i  turned out to be re la t i v e ly  
insens i t ive  to the treatments, the pH 
values of  th is  muscle are not i n 
cluded. Figure 2 indicates that the 
transport  procedure g rea t ly  influenced 
the ul t imate pH values. Direct t rans
port (experiment I I )  resul ted in the 
lowest incidence o f  DFD: based upon 
pH24 o f  the M. longissimus dorsi the 
incidence was reduced 9 times as com
pared with ind i rec t  transport  (expe
riment I ) .
However, the DFD incidence a f te r  d i 
rect transport  was s t i l l  considerably 
higher (3.1%) than the estimated i n 
cidence (0.4%) based on the estimation 
of  the insurance companies. Several 
explanations are possible fo r  th is  
discrepancy. In The Netherlands only 
50% of  the slaughter bu l ls  were i n 
sured in 1988. Especial ly large 
slaughterhouses do not systematical ly  
insure t h e i r  animals before slaughter 
and i t  are mainly these larger f irms 
who buy th e i r  animals on the market. 
Thus the d i f ference between insured 
and not- insured c a t t le  population may 
have affected the outcome o f  our expe
riments. Furthermore, not every animal 
with a high ul t imate pH is  noticed 
a f te r  slaughter. Moreover, DFD meat is 
not considered ' u n f i t  f o r  consumption' 
and inspection at 24 hours a f te r  
slaughter to discover DFD is  not com
mon practice at every slaughtering 
operation. Especial ly when carcasses 
are not insured the incentive check 
fo r  aberrant carcass q u a l i ty  might be 
lacking. For pract ica l  reasons we mea
sured the pH at 24 h post mortem, of  
animals which were not e le c t r i c a l l y  
stimulated. As the ul t imate pH value 
is not always reached in th is  period 
(Bodwell et a l . ,  1965) we may have 
s l i g h t l y  over-estimated the DFD i n 
cidence.
The use of  e le c t r i c a l  s t imula t ion is



increasing in The Netherlands and w i l l  
be common practice in most beef 
slaughterhouses w i th in  a few years. 
Dutson et a l . (1981) reported that
although e le c t r i c a l  s t imula t ion can, 
not prevent DFD meat, i t  s l i g h t l y  
lowered the muscle pH by 0.1 pH un i t .  
E lec t r ica l  s t imula t ion has been shown 
to improve and brighten muscle colour 
(Savel i ,  1982) and re su l t  in higher 
grading scores provided grading is 
conducted w i th in  24 h post mortem 
(Calkins et a l . ,  1980). This implies 
that  the use o f  e le c t r i c a l  st imulat ion 
might in te r fe re  with subject ive selec
t ion  fo r  DFD carcasses when less 
severe cases are overlooked. Although 
Dutson et a l . (1981) did not f ind  a 
s ig n i f ic a n t  e f fe c t  o f  e le c t r i c a l  s t i 
mulation on u lt imate pH, others report 
tha t  e le c t r i c a l  s t imula t ion might 
s l i g h t l y  lower the ul t imate pH (Shaw & 
Walker, 1977). I t  is  not c lear which 
mechanism is  responsible fo r  th is  phe
nomenon but i t  might be s im i la r  to the 
unknown mechanism causing a lower u l 
t imate pH in PSE meat (Bendall & Swat- 
land, 1988). I f  indeed e le c t r i c a l  s t i 
mulation does have a s l ig h t  e f fec t  on 
pH24 some " re a l "  DFD meat (pH >6.2) may 
be converted in to  "medium" DFD (5.8 
<pH <6.2). This may have pos i t ive  f i 
nancial consequences as in the l a t t e r  
pH range meat is  not registered as 
DFD. On the other hand Fjelkner-Modig 
and Ruderus (1983) demonstrated that 
"medium" DFD meat is  tougher than 
' r e a l '  DFD or normal meat. Thus the 
use o f  e le c t r i c a l  s t imula t ion of  DFD- 
prone carcasses may negat ively a f fec t  
sensory q u a l i t y  of  some muscles.

CONCLUSION
The actual incidence o f  DFD meat in 
The Netherlands is  somewhere between 
3.5% and 27.3%, heavi ly depending on 
transport  and de l ive ry  condit ions. 
Direct transport  from farm to aba t to i r  
is  to be preferred. However, even when 
bu l ls  are d i r e c t l y  transported to the 
slaughterhouse the incidence o f  DFD is 
much higher than one might ant ic ipa te  
based on the est imation o f  insurance 
companies.
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Fig. 2 Influence of transport and de
l ive ry  system on distr ibution of pH24- 
values in M. longissimus dorsi and 
M. adductor (closed symbols short 
transport, open symbols long trans
port)




