
J1

C-49 Anim al Product

" o œ ^ S m  M  G R 0 W I N G  b e e f  c a t t l e  o f  d i f f e r e n t  b r b e »1

JOCHEN WEGNER, ELKE ALBRECHT, HANS-JUERGEN PAPSTEIN AND KLAUS ENDFR 
Research Inst.tute for the Biology of Farm Animals; D-18196 Dummerstorf, Germany

Keywords: muscular hypertrophy, muscle fibre, meat qual.ty, growth, breeds, cattle

B a c k g r o u n d

mosckh|ib" st  ^feci the meal quality in pigs. t "° '™ ,hal muscle flbre sl“ . type frequences and the total muscle fibre »«'

O b j e c t iv e

The objective of the study was to examine the known conelation between muscle stmeture tmits and me,, quality in cattle.

slow twitch~[ ' fast t

M a t e r ia l  a n d  M e t h o d s

s augntered at 0, 2, 4, 6, 12, 18, and 24 months of age and muscle samples were taken 24 h n m 
Samples both from living animals and carcasses were immediately frozen in liquid nitrogen^nd 
later cut with a cryostat microtome (10 pm). For fibre typing, sections were stained formvn.in 
adenosine triphosphatase activity after alkaline preincubation (Fig. 1). About 500 muscle fibres
T h e T o ir  y SC eCr td bUnd'f S ° f  each SampIe were measured and identified by image analysis 
The total muscle fibre number was calculated from muscle cross section area and muscle fibre

E i S  — —

Analysis System (SAS® T l  i T l ^ M i S i n  ^  ’ IndiCati° n ° f  ’mUSC'e ^
different, capital letters refer to differences between the age groups, small letters between the breeds.
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Table 1: Muscle fibre diameter during growth [pm] Table 2: Total muscle fibre number during growth [ * 10 ■

age
[months]

White-Blue
Belgian

German
Angus

Galloway Black pi

0 3.9 Aa 2.1 A b 1.3 Ab $
2 3 5 ah a 1.9 Ab 1 4 ABb 1.7 Ab
4 3.6 ABa 1.6 A b 1.5 ABb 1.6 ;
6 3.1 Ba 1.7 Ab 1.9 Bb

12 3.1 Ba 1.8 A b
j y ABb 1.8 J

18 3 4 Alla
1.8 A b

j y AB b 2.1 J ,
24 3.4 Ba 1.7 A b

j y AB b 1.8 A

R e s u lt s  a n d  D is c u s s io n

Although the meatiness is different between the four breeds, the muscle fibre diameter was only slightly different in all aue «rout* 4  
en, animals (Tab. I serai slaughter trial) and during ,he lifetime of the same animal (Fig 5 . b S S S S t w L n  t i f  S  c»«'1

etl.m,a" AnguS and the dairy cattle breed Black Pled was a difference of about 13 pm at the age of 24 months. This difference is ass l̂ 
with differences in meatiness, because the to ta l  m u s c le  fibre n u m b e r  (Tab. 2) is at the same level. The muscle fibre diameters o f t^ f !  
Blue Belgian and Galloway were between them. That means that the muscular hvoertronhv in Hr,, .hie ... .u. „ ,„lt0fcle fihrp hvr.prtrr.nhx, Thm * c i ,V "fFciuupny in uouoie muscled cattle is not the rest
cle fibre hypertrophy. The high percentage of muscle m White-Blue Belgian double muscled cattle is caused by the doubling of to 
fibre number in this breed. The total muscle fibre number is fixed at birth ^

White-Blue Belgian German Angus Galloway
Black Pied

6 12 18 

■  fast twitch ESI intermediate slow twitch

Figure 2. Changes of muscle fibre type frequencies during growth
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n I ’ --------------- v mu.iiuci ( 1 au. z; is ai me same level, the muscle fibre diameters off*10
pIp fih h “  t  t a 0r?'ayuW! re between them That means that the muscular hypertrophy in double muscled cattle is not the result' cle fibre hvDertronhv The hlffh nprrpnta.yp nf n,..onlaa i - ni — J < . . . . . b.wbdiuc is 1IUI
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e '  Changes of diameters of muscle fibre types during growth

ir* USCle f ib r e  t y p e  f r e q u e n c ie s  changed in all investigated breeds from birth up to 2 months of age (Fig. 2). The percentage 
rea;  ^ a s e d  at Z  expense of the intermediate fibres. In White-Blue Belgian the percentage of fast twitch f ib »  £  3
t £ ?  b'Th. The slow twitch and intermediate fibres of White-Blue Belgian grew at a lower level m comparison to the other breeds ( g. ). 

0re> the slow twitch fibre cross section area in the muscle is significant lower in the White-Blue Belgians.

The number of m u s c le  f ib r e  n u c le i  per muscle fibre area, including nuclei of satellite cells, 
decreased until 300 days of life in all breeds and then stood constant until 700 days ( Fig. ). 
The White-Blue Belgian had the highest number of nuclei per fibre area. That means that the 
White-Blue Belgian has a higher muscle growth potential.

The m e a t  q u a l i t y  traits WB shear force value, cooking loss, pH-value (data not shown) and 
meat colour (Tab. 3) were not different between the German Angus, Galloway and Black Pied 
cattle. Only the White-Blue Belgian had a significant paler and more exudative meat, his
agrees with results of Uytterhaegenetal. (1994). . .  ..
The comparison between the animal species cattle and pig (Fig. 5) shows dramatica y 
differences in the growth of the muscle fibres. The one-sided selection for high meatiness led 
to a stronger hypertrophy of the muscle fibres and a higher percentage of fast twitch fibres in 
pigs. Clear differences existed between different boar progeny groups. Extremely large 
muscle fibres and an especially high percentage of fast twitch fibres are connected with

___ . < n/xA tit- i . i t r \ r \  s  \  rpi •___ 1A  /xrt«firmprl in HpUCP TIO

__ German Angus

_  Black Pied

700 days
Ure 4. x,

dumber of muscle fibre nuclei per 
mm2 muscle fibre area (biopsy)

ifprj muscle fibres and an especially mgn percentage 01 tasi twuv..
¿ r*eat quality (PSE) (Wegner and Ender 1990, Fiedler et al. 1993, Wicke et al. 1996). This could not be confirmed ,n cattle. Hence no 
lo j '^ e n c e s  in the muscle fibre diameter were found despite of clear differences in the muscle hypertrophy of the examined cattle, he 
niruai musc*e mass of the double muscled cattle is not developed by hypertrophy but by hyperplasia already before birth. With these 

s> already at birth exist a high percentage of fast twitch fibres in the muscle, and this leads to brighter and more exudative meat. 
rab|e r
v  • Meat colour (brightness, L*)

k'°fiths]

0
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White-Blue
Belgian

German
Angus

Galloway Black
Pied

46 3 AC a 49.6 Aab 48.5 Aab 50.1 Ab
49 7 B a 44.3 Bb 46.4 ABab 44.4 Bb
48 6 AUa 40 3 cd b 44.3 Bc 42.8 Bbc
45.8 Ca 44 2 H ab 43 3 tícb 44.6 Bab
43.1 Ua 43.1 BCa 41.4 Ca 43.3 Ba
44.0 CUa 38.9 UKb 38.6 Ub 40.0 cb
40.8 Ka 37.2 lib 37.8 1)b 36.9 Ub
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Figure 5: Comparison of muscle fibre growth in cattle and pig (biopsy)

fu sio nV | |

tbe exception of the double muscled cattle, the muscle fibre characteristics of the cattle are only little changed by breeding in contrast to{}' v  . I U1 IIUUUUlv liiUijVivu vattiv, mv/ iiiwjvjv 1II/1V v J  u ^

Ihere are hardly indications for effects on the beef meat quality. Only with cattle of the breed White-Blue Belgian (double muscled) 
^ i t y  problems arise despite of high total muscle fibre number because of changes in the fibre type frequencies. The improvement of 

quality with constant high meatiness by breeding should be directed to a high total number and a higher percentage of slow twitch 
blr|ce both characteristics are fixed in the myogenesis, a prediction is possible shortly after the birth.
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