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INTRODUCTION:
During several years a lot of research 
has been done on the occurrence,phy­
siology and biochemistry of PSE pork, 
but little is known on the incidence 
of watery,pale beef.
Nearly two decades ago,Hamm & Van Hoof 
(1970) reported,for the first time,the 
incidence of bovine longissimus dorsi 
muscles (LD) with an unusually acce­
lerated post mortem (pm) glycolysis.
In 1973 Khan & Lentz observed bovine 
muscles with low pH^ values (1 h pm pH 
5.6-6.2) and with low levels of ATP at 
the time of slaughter.That same year ;> 
Khan & Ballantyne measured the pH in 
the semimembranosus muscles of 1200 
beef carcasses and observed that in 
1.8 to 2 % of the animals the pH^ va­
lues were lower than 5.95.These au- 
thers,however,did not evaluate the wa­
ter-holding capacity (WHC) nor the co­
lour of the meat.
The results of Martin & Fredeen (1974) 
did not give any significant correla­
tion between the rate in pm drop in pH 
and either the WHC or tenderness in 
beef.
Hunt & Hedrik (1977) observed an occa­
sional occurrence of watery,pale and 
soft beef in the U.S.A..
During previous investigations on DFD- 
meat in cattle,a small percentage of 
the carcasses showed an accelerated pm 
breakdown of glycogen, (ultimate pH 
5.5 within 4 h .)
For that reason,it was the purpose of 
this paper to investigate the possible 
correlation between an accelerated 
glycolysis and either the muscle fiber 
composition or some quality characte­
ristics such as the WHC,the colour,the 
cooking loss and the tenderness.
MATERIALS AND METHODS:
The experiment was carried out on the

m. longissimus dorsi (LD) of 87 
old bulls,originating from a selectl 
center and divided into five group5 
according to the breed:the belgian

-nie°white-blue breed (WB),the black-P 
breed (BP),the red-pied breed (R^  ̂
the respective cross-breeds,the WB 
BP and the WB x RP.
Samples for histochemical examinat1 
were taken within the first hour 3

an0

i oi> 
ft«*

slaughter. The muscle specimens werS(j 
frozen in liquid nitrogen and stote 
at -30 ° C .
Serial cryocut sections (10 pn) 
stained for myofibrillar ATP-ase

W®re,,ctJ
the
ivi*5'vity (Brooke & Kaiser,1970) and 

succinic dehydrogenase (SDH) acti 
(Nachlas et al, 1957 ). Some modif fca.pg
tions were carried through conce 
the preincubation pH and time in the.
method of Brooke & Kaiser.On the ^  
of the stain intensity, fibers werejr[tle' 
tegorized as having a high,an ¿nte
diate or a low enzymic activity 
& Kaiser defined the dark staib 
bers (preincubation pH 4.3) as

B i°° K«
ed 
be i

fJ

re«el>
slow-contracting type I fibers,P1 ^  
ting an oxidative metabolism.TyP®^ p« 
fibers are fast-contracting and
divided into IIA and IIB fibers

IIA i5ding to their metabolism. Type J-J" .rneoxidative and glycolytic in its
bolism,whereas type IIB is glyc° t 
and only weakly oxidative (Peter ^
1972).Ashmore & Doerr (1971) had
same results,but these authers us®cd
parallel nomenclature where beta, to_-qO-is equivalent to type I,alpha'1 
IIA and alpha-white to IIB. A
From these histochemically star ^  
sections,three parameters were 
red : - the percentage of each 

type
- the percentage area 

type
- the mean surface of th®

of eacd

fip)3

( H ) tagf
Using the results of the pereen1 r\X ^area, two factors could be ca-L̂  
as indicators of the metabolistn' j +
- an aerobic factor (AF)= % are 

% area IIA / % area IIB.
- an anaerobic factor (ANF) =

tad

I I A  + %
0farea IIB / % area -- .pav' 

Besides this histochemical eXa , „rX9,
a biochemical determination of 13al

12* 5)
dehydrogenase ( LDH : Boehringer 
and malate dehydrogenase (MDH-
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124940) activity was carried out
Parameter of the metabolism.
^ ately after slaughter blood sam-

0£ Were taken for the determinationthe -i-Lactic acid content as an indi-

bi ce
U
'6tw

°f an accelerated glycolysis, 
there is a positive correlation

Vc
tcs

sen
°3en

an accelerated breakdown of 
and meat quality characteris-

1̂9qq^S mentionned by Fischer & Hamm
v !
980 ) 1-h• the evolution of the pH was

until 4 h. 
s f

following meat quality analy­
se Lne wHC,the brightness of colour,

until 4 h. pm (pH-meter Por- 
'•ith S,tYpe 654 Knick) and correlated

! :thi 
v  ,C o o k6 WHc m g  loss and the tenderness, 

was determined 4 8 h. pm by the 
$̂7) PaPer press-method (Grau & Hamm 
'•hg area of expressed fluid in

Uter paper around the film ofh 2meat (cm /300 mg tissue) was as a measure for the wateriness
V  b
Itl6ast̂ '*'̂ kPness of the colour was also

4 8 h. pm by means of the Hun- 
^  ̂c°l°ur/dif f erence meter D 25-2)
H a„ l1:ion to the colour evaluation,Wis  ̂S ̂ o  p, ̂ lament of the pigment content 
H hn^e dy the method of Wierbicki et
S J5’-
<̂1 p.to a core temperature of 75°C

this piece of meat,the shear-

Uî  -Ys pm the cooking loss was de­
lê  ed by heating a steak of 2.5 cm

hot Et°m 
i vadue was measured with the

C lu°-
5or'~~-Urements and lactic acid-----------------V  ’''---5t__in_the bloodplasm

&H le 1
US

(LA)

Presents the mean pH^.pH^  ̂ and 
, es as well as the mean LA con-

for the five different
results are compared with

» N  P
S-Au
Suits of the double muscled WB
.appearing to be the most stress-•Vo

s;v treed.
¡,’H  j4 values of the five groups were 
^  the WB,6.32 for the BP, 6.13

kp>6.09 and 6.13 for the WB x 
lv —  WB x RP cross-breeds res-the

0 th ly- Ur 6 Wr kc breed seemed to establish a
u,̂ ta-L̂  *-° highly significantly ac-ted■'* ^  ' Pm glycolysis in comparison 
% 6v°l °tller groups (cfr. figure 1 : 

-̂°n of the five groups). The 
also appeared to be the one.

showing the highest mean carcass 
weight (table 1).
Eventhough the WB breed showed the 
highest LA content of 7.49 mmol/l,this 
amount was only slightly significantly 
different for the RP breed (p< 0.05). 
Table 2 gives the values of pH,LA and 
carcass weight for all animals,making 
abstraction of the breed,and dividing 
them into two groups,according to an 
arbitrary standard of pH^ < or > 5.80. 
Out of that it seemed that,despite a 
highly significantly lower pH^ (5.60), 
the LA content exhibited only a weakly 
significantly higher rate.Therefore, 
it could be suggested that in the fu­
ture the LA content could not be used 
as a parameter for early detection of 
an accelerated glycolysis.

WHC:No significant differences occur­
red between the five breeds,pre­
senting values between 44.2 and 
45.6 % of bound water.
The expectation that meat from a- 
nimals with an accelerated glyco­
lysis, should produce a lower WHC, 
could not be affirmed.

Cooking loss:The WB bulls did not ex­
hibit the expected higher cooking 
loss.On the contrary,they had the 
lowest mean cooking loss of.26.%. 

Tenderness:An accelerated glycolysis 
in the WB group could not be cor­
related to a decrease in tender­
ness of meat,presenting 42.2 N and 
58.9 N as extreme shear-force va­
lues, for resp. the pure BP breed 
and the cross-breed WB x RP.
In general,the shear-force values 
were rather high in rate.This 
could possibly be explained by the 
used fast-cooling system,including 
the risk of producing meat with 
cold-shortening, (air-flow : 2 to 
3 m/s,air-temperature slightly be­
low 0°C)

Colour and pigment content:
These two aspects came up to the 
expectations.
In the domain of the brightness of 
colour (L) and the hue (a/b),the 
WB animals differred slightly to 
highly significantly from the 
others of the same age-group,sho­
wing an L-value of 36.2 against 
values between 32.4 and 33.7 for
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the others.The ratio a/b exhibited e- 
qually significant differences with a 
lower hue for the WB bulls,partially 
due to a highly significantly lower 
pigment content in that group.As pre­
sented in table 4,the pigment content, 
expressed in mg myoglobin (Mb)/g tis­
sue, amounted 2.21,3.44 and 3.40 mg Mb/ 
g meat for the WB.the BP and the RP 
breed respectively,and the amount for 
the cross-breeds fitted in between the 
results of the pure breeds,showing 
2.93 and 3.01 mg MB/g meat for resp. 
the WB x BP and the WB x RP.
32_Metabolic capacity.
The WB breed was characterized by a 
higher frequency of an accelerated 
glycolysis as shown in table 1 (8 ani­
mals out of 33).It was obvious to ex­
pect that this breed possessed a more 
anaerobic fiber composition.To find 
the origin of this faster glycolysis, 
the metabolic capacity of the muscle 
was determined,given by the proportion 
of the two muscle enzymes:LDH/MDH = Q. 
Figures of Q for the five groups are 
summerized in table 4.
As expected,the WB animals revealed 
themselves as having a significantly 
higher Q-value of 6.80 compared with 
the BP (4.04) and the RP (4.85) and 
again the results for the resp. cross­
breeds were in between the pure parent 
breeds i.e. 5.89 and 5.57 for the WB x 
BP and the WB x RP.The Q-value for the 
two groups,divided according to the 
arbitrary standard of pH^ < or >  5.80, 
is given in table 5.These figures con­
firmed the opinion that muscles with 
an accelerated glycolysis,had a more 
anaerobic metabolic capacity,with 
highly significant differences.
4_)_Muscle_fiber composition.
From six animals of each group,the fi­
ber composition was determined with 
the exception of the WB x BP cross­
breed,where only four muscle samples 
could be analysed because of damage by 
ice-cristaIs.The histochemical data 
were statistically examined by 
Students t-test and the results are 
given in table 6 :

- As expected by the biochemical da­
ta, the fiber composition of the WB 
breed was distinguished from those 
of the other groups by an extreme­

ly significantly higher percenta9e 
anaerobic type IIB fibers (51
against 30-40 % for the other gr'0uPs'
and a significantly lower percent  ̂
of type IIA fibers.The percentage  ̂
the aerobic type I fibers seemed “c 
approximately equal for all group5’ 
(22-28 %) t ne 

as- Generally,the mean surface of 
fibers increased in proportion
they were more anaerobic,conse<3uAtly type I < type IIA < type 
the same time the fibers of 
animals in general seemed to hav® 

wassmaller surfaces.Since there 
such a great variation on those

Id
d3
i,e

t3

no significant difference couJ 
revealed.

- The same tendency was found f03" 
percentage of area as for the ^^
tribution of the fiber types . The
breed showed the following Pr°^typ3 
tion i.e.: the percentage area V 
I < the percentage area type 1 
the percentage area type 
In the pure BP and RP breeds $

©a1d*

re3

type IIA fibers preponderated
B and the I fibers.The cross
did not show any difference
the IIA and IIB fibers.
Due to the higher percentage
the IIB fibers in the WB bree^ ei5
group was distinct from the 0 ^
by a highly significantly lo ^ e ic^ 1'
(0.50) and an extremely sign3piely higher ANF (6.65)(cfr. ta

CONCLUSIONS : * 4
ê 'f red3The WB breed showed a higher J-

cy of an accelerated glycoiyslS ’
histochemical and biochemical
confirmed the results of the P ^ t e
surements.A pH = 5.91 was coCre pd4 i ismwith a more anaerobic metaboJ--1- f
fiber composition.(cfr. Q-value'
and ANF) ^
When we tested the correlati°n  ̂^ e  ^
tween the fiber composition an
quality characteristics,no si9 ^
correlation was found between ,
anaerobic muscle and paler 01
watery meat.
It could be concluded that the
breed,presenting mainly an anaea a PrOmuscle type (67 % area) had a ^
position for producing an acce
glycolysis.
However,despite the highly slgni
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„! erences i-n fiber composition and 
SeSC'*-e metabolism, no significant con- 
fences could be found for the meatlUaii,k -‘■ry.Except for a significantly 

bi.1̂ ^^er colour, the meat of the WB 
t-̂es^'was not distinct from that of

°ther groups.The lower pigment 
ent partially contributed to this 

1hl9hter colour-bQ i°wer WHC could not be correlated
TWQan accelerated glycolysis.
th- P°Ssible hypotheses could explain s result

) Because of the lower collagen 
content and the less rigid 
structure of the collagen fi­
bers, the muscle of a WB animal 
is less submitted to a squee­
zing effect in the rigor mortis 
phase.(Rowe,1988)
Despite the significant diffe­
rence with the other groups,the 
PH decline was possibly not ex­
treme enough to cause altera­
tions in the WHC and the ten­
derness .

results of the cross-breedsthethe genetic background of the 
boi ■ imposition and the muscle meta- 

n,as shown in the data of Q,AF, 
arid the pigment content, it could

a 0ncluded that further selection on V b i eit muscled animal could result 
more anaerobic muscle type.
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BREED CONFORMATION pH 1 pH 2 5 pH 4 LA (mmol/l) C.W (Kg) «.58
While-blue

n - 33 Double muscled 6 64 
1 0.26

6 17 
1 0.27

5 91 
1 0.24

7 49 1 2 73 347 1 36 8 33
Black-pied 

n - 14 Normal 6 86
± o.ii

6 54 
1 0.20

6 32 
± 0.22

6 78 i 2 47 280 i 24 1 14
Red pied 

n - 15 Normal 6 75 
i 0 15

6 42 
i  0 19

6 13 
i 0 18

5 83 i 1 91 301 117 1/15
WB x BP 

n - 10 Normal 6 76 
± 0.26

6 34 
± 0.19

6 09 
± 0.15

7 36 i 2 42 315 1 18 1 / 10
WB x RP 

n - 15 Normal 6.86
....I QJ1,

6.41
—1 0.16

6.13 
1 0.14

6 40 ± 2 49 317 1 23 0 / 15

Table 1 : pH - Lactic acid content (LA) - Carcass weight (C.W.)
• • • p < 0.001 
‘ ‘ p < 0.01 

p < 0.05

C.W. (kg) pH 1 pH 2.5 pH 4 LA (mmol/l)

pH 4 > 5.80 
n - 76

316 ± 33 6.81 
± 0.12

6.40 
± 0.18

6.14 
± 0.17

6.66 ± 2.27

pH 4 < 5.80 
n - 11

349 ± 45 6 .3V '
± 0.24

5.85" ’ 
± 0.20

5.60* * 
± 0.13

8.43 ± 3.68

Table 2 : pH & LA content in relation to pH 4 < or > 5.80
p < 0.001 
p < 0,01 
p < 0.05

BREED WHC
(% bound HjO)

Colour Cooking loss
(%)

Tenderness
(N)L a / b s iT T T “

White-blue 
n . 12 44.2 ± 2 8 36.2 

± 1.4
1.90 

± 0.15
12.58 

± 0.63
26 1 ± 5.5 51.0 t 8 8

Black-pied 
n - 6 45.7 ± 3.6 32.9 

± 2.8
2.25* * 

± 0.28
12.70 

± 0.47
30.8 ± 3.0 42.2 ± 12.7

Red-pied 
n - 6

44.6 ± 4.5 32 4' 
± 1.2

2 38*
± 0.25

12.24 
± 0.54

29.9 ± 2.3 57.9 ± 12.7
WB x BP 

n - 5
45.0 ± 2.9 33.7 ' 

± 2.6
2.19* * 

± 0.23
12.41 

± 1.00
32.2 ± 4.6 54.9 t 12.7

WB x RP 
n.7

45.5 ± 2.1 33.2’ " 
± 1.6

2 29’
± 0.23

12.81 
± 0.67

31.0 ± 1.6 58.9 ± 13.7

Table 3 Meat quality characteristics
p < 0,001 
p < 0,01
p < 0,05

BREED „ LDH
°SÖ T Pigment (mg Mb / g meat) ANF AF

White-blue 
__ ft- 12

6.80 ± 1.47 2.21 ± 0.32 6.65 ± 1.04 0.50 ± 0.13
Black-pied 

---P-6
4.04 ± 0.81 3.44 ± 0.62 3.94 ± 0 97 2.08 ± 0.25

Red-pied 
__ n - 6

4.85 ± 1.30 3.40 ± 0.50 4.56 ± 1.24 2.06 ± 0.37
WBx BP 

__ n - 5
5.90 ± 0.30 2 93 ± 0.10 5.58 ± 0.93 1.32 ± 0.04

WB x RP 
---0-7

5 58 ± 0 56 3.01 ± 0.40 4.24 ± 1.04 1.40 ± 0.28

Table 4 Metabolic capacity (Q - )  & Pigment content
p < 0,001 
p < 0,01 
p < 0,05
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o J£L  KCH Pigment (mg Mb / g m.)
pH 4 > 5.80 

n - 29 5.28 ± 1.29 3.09 ± 0.54

pH 4 < 5.80 
n . 7 7.20 ± 1.03 2.28 i  0.50

Table 5 Metabolic capacity & pigment content 
in relation to pH 4 < or > 5.80

P < 0,00t 
P < 0.01

BREED rype 1 (dark stained) Type ll A (not stained) Type II B (intermediate stained)
% fibers Area % Surface (if ; % fibers Area % Surface (pJ) % fibers Area % Surlace (̂ )

White-blue 26 t  4 13.31 t  2.13 1080 
± 116 23 ±4 19.65 ± 5.28 1762 ± 139 51 ± 5 67.09 t 6.22 2724 ± 381

Black-pied 28 I 4 20.91 ‘ ’ ± 4.21 1566 ± 241 42 ± 5 46.50 ± 4.84 2296 '± 437 30 ± 3 32.59 
± 2.65 2332 

± 544
Red-pied 26 1 5 1894 

± 5.32 1767 ‘ ‘ * 
t  347 43 ± 6 47.98 ' ‘ * 

± 6.39 2754 
± 390 31 ± 5 33.08 

± 4.09 2674+
WB x BP 22 I 2 15.41 

1 1 98 1515 ± 203
• • •

39 ± 2 41.59 
± 1.93 2291 

t  274 40 ± 2 43.00 ± 0.72 2332 ± 292
WB x RP 28 i  4 19.73 

1 4.08 1590 *± 414 37 ± 4 37.99 
± 5.29 2321 '

± 456 | 35 ± 3 42.27 
± 4.99 2748 t 495

|H

fibers
100- 
90 

80 
70 
60 - 
50 - 
40 
30 i  
20 
10 
0

Table 6 Muscle fiber composition in the m. longissimus dorsi
• • ' p < 0,001 
** p < 0,01
• p < 0,05

«-we
O-BP
■' RP 
□■WB.BP
4-wbxrp

Figure 1 : pH-«volution of the 6 groups.

■  p reef ( type I )
S3 ored ( type II A ) 
CU owhite ( type II B )

I
White-blue Black-pled Red-pled WB * BP WB x RP

Breed

Figure 2 Fiber distribution In the m. longissimus dorsi
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