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OPSOMMTNG: DIE INVLOED VAN RAS, GESLAG I ,N OUDERDOM OP DTF TIPE EN DEURSNEE VAN SPIERVESELS VAN

FR IES- EN AI. -R IKANERB EF,STE.

Bulle en osse van die Afrikaner- en Friesrasse op ad liD. voeding is op verskil lende ouderdomme van geboorte tot en met 24

maande geslag. Monsters van die M. sernimembmnosus en M. semitendinosus (ligte en donker deel) is histochemies ondersoek met barn-

steendehidrogenase vir rooi en wit spiervesels en die spierveseldeursnee is ookgemeet. Geen groepering van die spierveseltipes in patrone

kon waargeneem word nie. 
'n 

Geleidelike verskuiwing van rooi- na witspiervesels vind met toenemende ouderdom plaas Die Fries het 'n

groter persentasie wit spiervesels en 
'n laer persentasie rooi spiervesels as die Afrikaner vir die betrokke spiere. Bulle het 'n groter

persentasie rooispiervesels en 'n laer persentasie witspiervesels as die osse. Die toename in spierveseldeursnee volg 'n kenmerkende

patroon vir die betrokke spiere. Die M. semimembranosus en M. semitendinorus (donker deel) toon'n toename tot op l2 maande voor-

dat spierveseldeursnee afplat terwyl die M. semitendinosus (ligte deel) 'n toename tot 20 maande toon voor afplatting plaawind. Wit

spiervesels het 'n groter spierveseldeursnee as rooi spiervesels by alle ouderdomme. Die Afrikanerbulle het 'n kleiner gemiddelde spier-

veseldeursnee as die Friesbulle. Die bulle egter, het 
'n groter gemiddelde spierveseldeursnee as die osse ten spyte van die laer persentasie

wit spiervesels. Die moontlike verwantskrp tussen die tipe spiermetabolisme en vleiskwaliteitseienskappe word bespreek.

SUMMARY..

Bulls and steers from Afrikaner and l 'riesland cattle fed od lib. were slaughtered at different ages from birth to 24 months inclu-

sive. Sampfes were taken fronr the M. semimembranosus and M. semitendinosus (dark and light) and histochemically treated with suc-

c in ic dehydrogenase f 'or  red and whi te muscle l ' ibre ident i f icat ion.  Muscle l ibre d iameter was also determined. No pirouping into any

part icular  pat tern of  the nruscle t ibrc types could be observed.  A gradual  t ransi t ion f rom red to whi te muscle f ibre types occurs wi th age.

The I':riesland has a larger percentage white nluscle fibrcs and a lower percentage red muscle fibres than the Afrikaner for the muscles

concerned. Bulls havc a larger perccntage red muscle t-ibres and a lower percentage white nruscle tlbres than the ste€rs The increase in

mux' fe f ibre d ianreler  t 'o l lows a character is t ic  pat tern for  the part icular  musclcs.  The M. semimembranosus and the M. semitendinosus

(dark area) show an incrcase in diameter up to l2 m<lnths before tapering off while the M. semitendinosus (light area) shows an increase

up to 20 months before level l ing of f .  Whi te rnuscle f ibre diameter is  larger than red muscle f ibre diamcter at  a l l  ages Tire Afr ikaner bul ls

have a smal ler  mean f ibre drarneter  than l ; r ies land bul ls .  The bul ls ,  however,  have a larger mean muscle f ibre diamcter than thc steers not-

wi thstanding the lowcl  percentage of  whi te muscle f ibres.  Thc possib le re lat ionship between the type of  muscle rnetabol ism and meat

q ual i ty  character is t ics is  d ix 'usscd.

The recognized fibre types found in skeletal mus-
cle have been identified by employing specific controlled
histochemical procedures such as succinic dehydrogen-
&s, phosphorylase, myosin adenosine triphosphatase.
No doubt with further advancement in histochemical
techniques more subtle differences between muscle
fibres could be demonstrated in future. [:or the present
only 3 types are acknowledged - the white, red and
intermediate muscle fibres. Ashmore & Addis (1912)
recognised 2 types of red fibres, o-red and p-red as de-
monstrated by myosin ATP-ase. Of the 2 types the a-red
fibres go through an intermediary stage to white fibres
while $red fibres remain as such throughout l i fe. Possi-
bly the intermediate muscle fibre type is a true interme-
diary, representing a transitional stage between the a-red
and the white fibres (Ashmore & Addis, 1972).

A detailed description of these particular f ibre
types have been given for a variety of animal species
from invertebrates (Ogata & Mori, 1964) to humans
(Dubowitz & Pearse, 1960). The effect of double muscl-
ing on fibre types have been discussed b-v West ( 1914)

who found the homozygous double muscled animal to
have more and larger white fibres than normal animals.

The importance of knowing the fibre type compo-
sition of the muscle before interpreting results from bio-
chemical and physiological research in relation to meat
science is emphasized by Moddy & Cassens (1968). The
influence of sex, breed, nutrit ion, enviroruxent and
stress on muscle fibre type in terms of the post mortenl
muscles is also accentuated. Hunt & Fledrlck (1977)

studied the histochemical and histological structure of
muscles of beef carcasses selected from 4 different quali-
ty groups to i l lustrate differences in their metabolic po-
ten t ia l .

To our knowledge no comparison has been made.
as yet,  of  the muscle f ibre type content of  muscles of
different strains of cattle. ln the Republic of South
Africa the beef cattle breed which outnumbers all others
is the Afrikaner as it lends itself extremely well to pre-
vail ing extensive ranching corrdit ions. It is, however, a
type inclined to deposit fat early during the finishing
per iod. The Fnesland is numerical ly the most inrportant
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dairy breed in the country, and is a type associated with
the production of lean meat presently preferred by the
consumer.

For this reason these breeds were chosen for a de-
tailed study of certain major aspects of meat characteris-
tics which will be published elsewhere (Boccard, Naud6,
Cronjd, Smit, Venter & Rossouw, 1977). Some of the
available rnaterial was used for studying the muscle fibre
type percentage and diameter in selected age groups. The
M. semimembranosts and M. semitendinosus were
chosen for this study in view of their economic impor-
tance in the beef animal as well as their inherent meta-
bolic differences peculiar to every muscle.

hocedure

Afrikaner and Friesland bull calves and bulls from
age one week to 24 months as well as steers from age I 2
months were used" The steers were castrated at 8 months
of age. Of both breeds 5 bulls and 5 castrates were
slaughtered at  12,  16,20 and 24 months respect ively,
as well as 5 bull calves at one week and asain at 8
months of age.

All animals were stunned by captive bolt and the
blood vessels severed. lmmediately after skinning, sec-
tions of the M. semitendinos.ts and M. semimenbronosus
were rapidly removed from the carcass. A thick portion

A*.1.i..".

AFR.
ST. light

sometimes known as a "steak" was removed from the
central portion of each muscle. From these chunls of
muscle pencil sized strips, approximately 5 x 7 mm were
quickly excised with a dissecting blade from both the
tight and dark side of the M. semitendinosus. These
strips were fastened at rest length by tying the ends with
sewing cotton (no. 40) to srnall screws fitted on a wood-
en block of approximately 120 x 20 x 5 mm. This pre-
vented a rapid contraction of the muscle with a sudden
immersion in liquid nitrogen. Exposure to the nitrogen
was about 20 seconds and after removal from the blocks
the frozen strips were transported in a Dewar flask on
dry ice to the laboratory for processing. Conditioning of
the samples was done in an ordinary deep freeze at ap-
proximately minus 25oC before sectioning on a cryostat.

For histochemical demonstration of succinic de-
hydrogenase situated in the mitochondria the nitro-blue
tetrazolium technique of Malaty & Bourne (1953) was
used. Fibres were classified into red, white and inter-
mediate according to the intensity of the staining re-
action, and all future reference to fibre types will be to
the SDH-types. Fibre diameter was taken as the mean of
the long axis and the longest short axis (Dreyer, Naudd
& Gouws, 1972). All measurements and counts were
executed on a Reichert Visopan at magnification 500x.
Fifty measurenrents were taken and the fibres identif ied
simultaneously. ln this way the diameter of each fibre
type could also be determined separately.

FR.
ST. l ight

Plate I

Cross sections of M. semitendinosus /S7'/ (light) of the Afikaner (AFR) and Friesland (FR) steers
showing the lack of pattern formotion. Note the larger number of red fibres in the Afikaner steer muscle (x 144 )

-
,$s
{
{;i6.
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Data was statistically analysed using a 3 way analy-
sis of variance (Snedecor & Cochrane, 1966).

Results and Discussion

The muscle sections of the M. semitendinosus dark
and light and the M. semimembronosus reacted for suc-
cinic dehydrogenase, were scanned microscopically for a
possible pattern formation of the muscle fibre types. [n
pig muscle the pattern is characteristic - a few red fibres
are loated centrally in a muscle bundle surrounded by
white fibres very much larger in size (Morita, Cassens &
Briskey, 1969). This fits in with the theory of Ashmore
& Addis (1972) that the B-red serves as a nucleus around
which the other fibre types develop. The beef muscle
shows no comparable grouping, but tends to follow the
pattern as descr ibed by James (1971) for  the rabbi t

muscle. According to him the appearance of any pat-
tern depends on the ratio of red to white muscle fibres.
However, in general there is a tendency for the white
mtscle fibres to be located peripherally in a bundle and
for the red muscle fibres to be more centrally situated.
In the beef animal the muscle fibres tend to follow a
similar pattern (Plate l).

As the formazan is deposited in the mitochondria
it is clear that the highest density of mitochondria oc-
cun in the smaller fibres and as fibre size increases, mito-
chondrial density decreases. When frozen sections are in-
cubated with succinate in the presence of nitro-blue
tetrazolium in a buffered medium the enzyme activity
will produce a disposition of formazan pigment (Barka,
1963). The 3 fibre types were readily discernable on
this basis and the percentage and diameters of each were
determined.

PERCENTAGE OF MUSCLE FIBRE TYPES

Percentage of red muscle fibres of bulls

i) Ase
When muscle fibre types are considered collective-

ly for all age groups hrghly significant changes are indi-
cated for changes in percentage with an increase in chro-
nological age. The percentage of red fibres in the M.
semimembranosus shows a decline with an increase in
age especially between birth and l2 (Afrikaner) to l6
(Friesland) months of age (Table I , Fig. I ).

The M. semitendinosus (light area) shows a sharper
decrease in the percentage of red flbres from birth to 8
(Afrikaner) and l2 (Friesland) months of age and then
stabilzes as the animal matures. The increase in size and
decline in number of the red fibres are continued unti l
puberty. From this period on maturity is reached as far
as muscle growth changes are concerned.

With the M. semitendirwsus (dark area) a similar
decrease is noted as with the M. semitendinosus fltght
area) from birth to 8 (Afrikaner) and 12 (Friesland)
months followed by an increase up to l6 (Friesland) to
20 (Afrikaner) months and then a slight decrease to 24
months.

ii) Age x muscle
Insofar as the red muscle fibre percentage is con-

cerned the M. semimembranoflts and M. semitendinoslts
(light area) show a comparable pattern in the decrease of
the percentage red fibres with age. ln contrast to this the
M. semitendinosus (dark area) shows a decrease in red
fibre percentage up to 8 (Afrikaner) and l2 (Friesland)
months only and then an increase again to 16 (Afrikaner)
and 20 (Friesland) months of age with a slight decrease
indicated towards 24 months (Table I , Fig. I ).

Table I

Analysis of vaiance results of musc'le fibre types of the M semimembranosus, M. semitendinosu s (dark) and
M. semitendinosus (li9ht)ol'Afrikaner and Friesland bulls of ages between birth and 24 months

Parameter

Percentage red muscle
fibres

Percentage intermediary
muscle fibres

Percentage white muscle
fibres

A
(Breed)

2 ,53

0,04

1 , 4 3

B
(Aee)

e3s
* *

3 ,05
*

6,33
rF r!

C
(Muscle)

7 9 , 1 8
{.*

6 , 8 1
tf i(

5 7 , 1  0
*c d<

F-values

A B

1 , 3 9

3 , J 8
t f t *

4,44
{ < *

BC

3 , 8 4
:lr *

1 , 7 0

2 , 1 6
t(

ABC

0,52

0 ,29

0 , 7 1

cv%

14,69

3 3 , 5  g

1 6 , 9 1

AC

0 , 4 1

0 , 6 1

l , 5 l
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Fig. I Percentage red and white muscle fibres in the
muscles of bulls (Red - Age;P <0,01;Muscle:
P <0,01; Age x muscle:  P <0,a1;White -  Age:
P < 0,01 ; Agc x muscle: P <0,05; Breed x age:
P <0.0 t  )

Fig.2 Percentage intermediary murcle ftbres in the
murcles of ktlls (Age: P <0,01;Murcle: P {
A,0 I ; Breed x age: P <.0,0 I )

O-O Afr ikrner

a -- - a Frialand

8  1 2  1 6

Age I mon ahs I

M.  smi t€ndinolus (  dark )

or decrease of the red fibres. The same trend is observed
for both breeds as the animals grows older.

Differences between the muscles in the percentage
red fibres are found between the M. semitendinosus
(dark area) and M. semimembranosus with approximate-
ly 48 /' red fibres on one hand and on the other hand the
M. Semitendinosus (light area) with approximately 35/,
red fibres.

Percentage white murle libres of bulls

i) Ase
In the M. semimembronosls an increase in the

percentage of  whi te f ibres is encountered up to 12
(Friesland) to 16 Afrikaner) months of age and this is
in keeping with the decrease in red fibre percentage over
the same period. Increase in the percentage of white
fibres in the M. sernitentlinows (light area) is practically
constant t i l l  20 (Afrikaner) to 24 (Friesland) months
which is directly related to the decrease in red fibre per-
centage (Table l ,  Fig.  I  ) .

The tendency for the percentage of white fibres in
the M. semitendinosTts (dark area) to increase from birth
to 8 (Afrikaner) to l2 (Friesland) months and then to
show a continuous decrease is exactly the converse of
the trend shown by the red fibres. This is distinctive for

Retl
l .rhit
Wh i t c

8  l l  l r 5

A 8 a  l m o n l h \ l

V  *mr t cn t l i nosus  t hgh t  r

The action of the M. sernitendinosus according to
Sisson (1967) is to extend the hip and hock jo ints act ing
together with the M. biceps fernois and M. sernimem-
branosus to propel the trunk forward and allow the ani-
mal to rear. The young and vigorous male animal is
usually engaged in testing its strenglh against an oppo-
nent by continual jostl ing and pushing. Rearing for
copulation or simulated copulation with another male
brings this muscle into action. For sustained action of
this type the red muscle fibre is required. ln both breeds
the tendency is observed for the initial decline of the
percentage red fibres in the M. semitendinosus (dark)
and the subsequent increase of these fibres from 8 (Afri-
kaner)  and I  2 (Fr iesland) months onwards.

Observations on the percentage of red muscle
fibres show a decrease between birth and l2 months of
age for all 3 muscles concerned. This decrease can be at-
tributed to the fact that a percentage of these red fibres
are converted to white fibres through the intermediary
stage. There is a highly significant increase (P (0,01) in
in the percentage red muscle fibres of the M. semitendi-
nosus (dark area) with a muscle x age interaction. This
increase coincides with the onset of puberty and is main-
trained for the period 16 to 20 months after which a
slight decrease sets in towards 24 months. No difference
is found between the breeds in the percentage increase

,.il::,Til::::,,r,,
;z\.
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the pattem of red fjbre variation especially in the
Afrikaner.

An initial increase in the percentage of white fibres
from birth to 8 and 12 months followed by a decrease
and the reverse in the case of the red fibres is either an
atypical or unique growth phenomenon of this muscle
area.

ii) Age x breed
Between ages 20 and 24 months there is a sudden

increase in the percentage white muscle fibres in the
Friesland but not in the Afrikaner (Table l, Fig. l).

iii) Age x muscle
The M. semimembranosus and the M. semitendi-

nosus (light area) show the same gradual increas0 in the
percentage of white fibres with age but the M. semiten-
dinows (dark area) shows an initial increase followed by
a continuous decrease in the Afrikaner, while the Fries-
land shows an increase from l6 months onwards. This is
effected in the latter muscle by the converse pattern of
change in the red muscle flbres (Table l, Fig. l).

From the data it can be gathered that there is an
increase in the percentage of white fibres with an in-
crease in age. However, the decrease in the percentage of
red fibres is more drastic than the increase in the per-
centage of white fibres. It seems that the transition
from red fibres to intermediary fibres buffers the rate at
which the intenmediary fibres pass into white fibres. The
increase in white fibre percentage is more gradual on this
account. As the percentage of red fibres decrease and in-
crease so the percentage ()f white fibres increase and de-
crease and a muscle x age interaction is noted.

Percentagc oJ'intcnnedtan, Jibres oJ bulls

i) Ase
The M. ,semimembranosus shows a decrease in the

percentage of intermediary fibres from birth to 8
months of age followed by a gradual increase .In the M.
semitendinosts (light area) it is observed that an increase
in the percentage of intermediary fibres occurs from
birth to 12 months and is followed by a decrease. The
M. semiterulinosus (dark area) follows the same pattern
as the M. semitendinosls (light area) but it is not as pro-
nounced (Table l, Fig. 2). According to these observa-
tions it would appear that the M. semimembranosus is
maturing at a slightly slower rate than the M. semitendi-
rtosts (both areas). This fits in with the funtions of the
M. semitendinostts as the major muscle in extending the
hip and hock jo int .

ii) Age x muscle
The M. semitendinosus (light and dark area) ex-

hibits an init ial increase followed by a decrease in con-
trast to the M. semimembranosus which shows an initial
decrease before an upward trend is noted (Table l, Fig. 2).

iii) Breed x age
The Friesland and Afrikaner display reverse trends

for the period between 20 and 24 months for the per-
centage of intermediary fibres; otherwise they seem to
follow the same pattern for identical muscles (Table l,
F ig .2 ) .

Concerning the similarity between the percentages
of the intermediary and white fibres, the M. semimem-
branoss and the M. semitendinows (dark area) appear
to react identical but in the case of the M. semitendino-
vs (light area) this tendenry only occun between birth
and l2 months of age and then shows an opposite trend.

When considering the intermediary fibres as a
transitional stage between red and white fibres the per-
centage coefficient of variation elucidates the matter. At
34/' in the case of the intermediary fibres it is much
higher than the l4/' for the red fibres or the 17 / ' of the
white fibres. It is more difficult to assess whether a fibre
is an intermediary than when it is either white or red.
This could be the reason for the differences in the coef-
ficient of variation (Table l).

Percentage of red and white muscle ftbres of bulls and
steerc.

i) Breed
In all three muscles studied it was observed that

the Friesland had a larger percentage of white and a
smaller percentage of red muscle fibres than the Afrika-
ner (Table 2, Fig. 3). These differences were statistically
significant for the percentage of white fibres of the M.
semimembronosus (P < 0,05) and the red fibres of the
light area of the M. semitendinows (P < 0,01).

Cronjd (1976) in his studies on the same material
established that the muscles of the Afrikaner had a high-
er haenratin-iron pigment content than the correspond-
ing muscles of the Frieslands. This brought him to the
conclusion that the Frieslands have a higher anaerobic
muscle metabolisrn than the Afrikaner.

The Friesland, as a breed, is a faster grower and
sexually earlier developer than the Afrikaner (Cronjd,
l9l6) and shows in the larger number of white muscle
fibres it possesses that it has a higher anaerobic muscle
metabolic rate than the Afrikaner.

ii) Castrafion
The M. semitendinosus (light area) and the 11.

semitendinosus (dark area) of the bulls contain a larger
percentage red and a smaller percenta{e white fibres
than those of  the steers (Table 2,  Fig.  4) .

General ly speaking the data of  Cronle (1976) indi-
cates that the muscles of  bul ls contain more pigment
(myoglobin) than those of the steers pointing to a more
aerobic metabolism which fits in with the observation
that there is a higher percentage of red fibres in the nius-
cles of the bulls than in those of the steers.

The M. semimembronosts shows the same tenden-
cy in the Afrikaner where the bulls have a larger percent-
age red fibres in their muscles than the steers but in the
Friesland the converse is found which also tall ies with
the muscle pigrnent analysis of this rnuscle in the study
of Cronje (  1976).
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Table 2

Anolysis of variance results of muscle fibre types of muscles of Afrikaner ond Fieslond bulls and steen

of ages between I2 and 24 months

F-values

Parameter A B C AB AC BC ABC

(Breed) (Sex) (Age)

M. semimembranonts 2,29 0,28 0,35 0,40 0,02 0,14 0,54

(% Red muscle fibres)

I, l. sernintembranosu.s 0,97 0,10 0,23 0,00 0,80 0,02 I,22

(% lntermediary muscle fibres)

M. semimembranosus 5,g4 0,37 1,03 1,34 0,64 0,19 1,86

(/' White muscle fibres) 'F

M. semitent l inost ts (dark) 3,22 0,05 3,53 0,71 1,53 0,83 0,57

(l Red muscle fibres)

M. semitencl inosus (dark) 2,27 0,58 l , l7 1.70 3,30 0,40 0,60

(fr Intennediary muscle fibres) 
*

M. semiterul inosus(dark) 0,58 0,58 1,42 0,00 2,65 0,50 A,74

1/, ttlhite nruscle fibres)

M. semitent l inosus ( l ight)  9,55 6,95 0,71 0,31 0,86 0,16 0,15

(% Red muscle fibres) ** *

M. semitendinosus (l ight) 0,41 2,62 2,45 0' I 5 0,J9 | ,52 1 ,20

(% lntermediary muscle fibres)

M. semitentl inosus (l ight) 3 ,84 10,7 I 2,78 0,26 I ,88 0,3 I 0,43

(% White muscle fibres) *t' *

Fig.3 Percentage white and red muscle libres in the muscles of both sexes of 8 to 24 months of oge.

SM: M. semimembranosus; ST (D): M. semitendinosus (dark);ST (l ' /: M. semitendinosus(liTht)

White muscle fibres Red muscle fibres

Afrikaner

Friesland

cv%

1 3 , 1  5

33,36

12,94

14,57

33 ,3  5

18 ,84

19,03

35,40

12,99

S T  ( L )
( P  <  0 , 0 1 )

r76
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Fig.4 Percenta

fibres in
breeds o.

f Bullsr
--r
l a a a . - -
! . . . a 1

E:l:i;i;!;l Steers
lt_a-r-a r-l-

%

tage red, white and intermecliary muscle
in the M. semitendinosus (light) of both
of all ages

Fig.5 Murcle ftbre diameter (vm) of the muscles of
bulls of both breeds (Breed: P (-0,01; Age:
P < 0,01; Muscle: P < 0,01; Age x muscle:
P  <  0 , 0 1 )

r-A M. cminrnrbnncrl

l - t  M.  smi tcndincur(drr t )

o -o M. rmitcndincu3 (li3ht)

6C

BC ABC CV %

/ . /

MUSCLE FIBRE DIAMETER

Muscle fibre tliameter of bulls

i) Ase
Fibre diameler ;nr:rease follows a distinctive pat-

tern for t]re 3 muscles concemed. The M. semimem-
branosus and the M. semitendinosus (dark area) show a
sharp increase in fibre diameter up to l2 months of age
and then tapers off. The M. sernimembranosus increases

E  1 2

Agr {months)

from 25 um at birth to 64 um at 24 months, the M.
semitendinosus (dark) from 23 ym to 75 iim and the
M. semitendinosus (light) from27 pm to 80 pm.

This coincides with the pattem of change in the
percentage of white fibres. In the case of the M. semi
tentlinosus (light area) this increase is nraintained up to
the age of 20 months before tapering off which corre-
sponds to the increase in the percentage of white fibres
in the same muscle to the same age (Table 3, Fig.5).
While the fibres of the 3 muscles had approximately the
same diameter up to 8 months of age differences in size
only became apparent after this period. A differential
growth rate following this phase results in the size dif-
ferences in the fibre types of these 3 m:rscles.

ii) Muscle
White muscle fibres have a larger diameter than red

muscle fibres and the M. semitendirutsus (light area) has

Red
( P  <  0 . 0 5  )

A B
(Breed) (Age)

White  In termediarv
( P  <  0 . 0 1  )

Table 3

Analysis of variance results r,tf muscle fibre diameter (vm) of muscles of Afrikaner and Fiesland bulls
of ages between birth and 24 months

F-values

C A B A C
(Muscle)

14 ,87
* *

251,70
t *

3 9 , 1  8
{.*

3 ,36
{ < *

1 , 3 4

177

1 , 2 3 0,94 3,44



a significantly higher percentage of white fibres than the
ll[. semimembranosus and M. semitendinows (dark area)
(55 : 38: 36%). The M. semitendinosus (l ight area) with
its higher percentage of white fibres has a larger mean
rnuscle fibre dianreter than both the M. semimembrano-
sus and M. semitenclinosus (dark area) which has a lower
percentaqe of  whi te f ibres (Table 3,  Fig.  .5) .

i i i) Aga x nutscle
The M. semiten<linosus (l ight area) shows a con-

tinuous increase in tlbre diameter up to 20 months of
age coinciding with the percentage change of f ibre type
while the M. sernimcmhranosus anrJ M. semitendinosus
(dark area) has a slower rate of diameter increase from l2
rnonths onwards which can also be direct ly related to
the percentage of red and white muscle fibres changes
with age (Table 3,  Fig.  5) .

iv) Breed
The smaller diameter of the muscle fibres of the

Afrikaner bull can be related to the fact that the Afri-
kaner has a lower body mass and hence a lorver muscle
nrass than the Fr iesland (C'ron16.1976).  This is ref lected
irt the fibre diruneters of all three muscles (latrle 3,
F ig .  6 ) .

Muscle .fibre diameter of bulls atkl stu.'rs

Castratiort
Due to the nless advantage of bull over steer

(('ronje, 1916) the muscle flbre diameter of the muscles
of the bull are larger than those of the steer despite the
fact that the bulls had a lower percentase white l lbres
(Tab le  4 ,  F ig .7 ) .

Conclusions

In a recent review of the metabolic and functional
properties of skeletal muscle in relation to meat quality,
Heffron ( 1973) summarized certain muscle metabolism
characteristics such as aerobic and anaerobic muscle
fibre types which could affect the water-holding capaci-
ty, tenderness and colour of meat. Much of this inforrna-
tion is available for laboratory anin'rals as well as the pig,
but research results regarding the muscle metabolism of
the bovine is rather l irnited.

The result of a selection progriunme for growth
rate is increased muscularity which is evident fronr larger
sized muscles with increased muscle fibre size. An in-
crease in the proportion of white relative to red muscle
fibres in concomitant with an accelerated increase in
rnuscle mass and because of the larger mean muscle fibre
size of muscles containing lnore white muscle fibres. The
relationship between intensive selection for growth rate,
nruscularity, anaerobic muscle metabolisrn, white muscle
fibre content of muscles, stress susceptibil i ty of animals
and deterioration of certain meat qualitv attributes has
been rvell i l lustrated wittr pigs.

Muscle ftbre diamter (vm) in the muscles of
bulls of all ages. SM: M semimembranosus;
ST (L): M. sernitendinosus (l ight); ST (D): M.
semitendinosus (Cark) (Breed: P
muscle: P < 0,01)

Afrikaner

Friesland

SM ST (L) ST (D)

Muscle libre diameter (1trn) of the muscles oJ
animals of I to 24 months of age
(Afr Afrikaner; Fr: Friesland)

F ig .6

N
n

F i g . 7

I Burs

'  Alt  Fr

Jl, l  rmtnrcmbrrncus

BEd
S.r r P 0.01
BEC<I r Ex r P 0.Ol

Afr  Fr

M kmi r .nd indus  (d r \  )

P .  O  O l

Afr. Fr.

M. smircndrnos {thl)

P  <  0 ,0 t
P  <  0 .01
P  <  0 . 0 1

1 7 8



Table 4

Analysk of vaiance rentlts r>f mttscle .libre tliameter (vm) of muvles of Afrikaner otd Fiesland butls and steers
of uges between I2 and 24 months

Parameter

M. semimembranosus

M. se mit e nd ino sus (dark)

M. semi te ndinosus (light)

A
(Breed)

0,46

0,33

8 , 1 4
*{.

B
(Sex)

9,23
* *

9,49
{r: t

20,90
{. tF

ln the present study certain observations of mrxcle
metabolism characteristics have been made which could
well have a bearing on meat quality.

Histologically no particular grouping of red and
white muscle fibres into definite patterns could be ob-
served in sections of muscle of either breed. According
to Ashmore & Addis (1972) the p-red fibres are the fint
to develop and remain the red fibre throughout the l ife-
span. Around these fibres the q-red fibres develop which
later change into the intermediaries and finally irrto the
a-white fibres. The most common pattern to expect in
the fibre bundle of an animal would be the chequer-
board pattern.

Changes that occur in the percentage of f ibre types
between bir th and l2 to l6 months of  age show a gradu-
al shift from red to white fibre types. This can be related
to the growth of  the nonnal  aninral .  The speed with
which the changes take place wil l be an indication of in-
crease in size of the individual muscles.

The muscle fibre size of the different muscles
studied varied between the M. semimembrlnosus and M.
semitendinosus (dark area) where a sharp increase in
fibre diameter was noticed up to l2 months of age and
then a tapering off. The light area of the latter muscle
had a high proportion of large white fibres ancl an in-
crease of f ibre diameter up to 20 months of' age hefore
tapering off. This could lead to the observation that the
light and dark areas of the M. semitendinosus has a dif-
ferential growth rate as far as muscle {'ibre diameter is
concerned. Differences in fibre diameter may well be
implicated when differences in meat quality between
muscles of the sarne carcass are to be explained.

F-values

AB

10,96
rf:fi

1 , 5 8

4 , 1  5
rt rF

AC

0,83

0,65

2,O5

BC

1,24

2 , 1 3

2 ,61

ABC CV %

l ,16  7 ,84

0,93

2,38

8 , 5 8

8 , 1 5

The important influence of xga, muscle type,
breed and the effect of castration on the percentage and
diameter of the fibre was demonstrated in this study. ln
his review Heffron (1973) concluded that "prese nt evi-
dence, although indirect in most respects, suggests that
a desirable meat producing species should be physio-
logically oriented to a highly aerobic muscle metabo-
l ism .  .  . " .

Muscles of young anrmals are metabolically more
aerobic than those of older animals, the muscles of bulls
have a higher proportion of aerobic fibres than steers
and Afrikaner cattle have more red and less white muscle
fibres in comparison to the rnuscles of Friesland cattle.
The results of Boccard et al (1971) on these same ani-
mals showed that the muscle collagen of younger ani-
mals was more soluble and the meat more tender and
that muscles of Afrikaner cattle had a irigher solubil ity
of muscle collagen than in the case of Friesland cattle.
Different biological characteristics of the meat produc-
ing animal therefore fortunately seem not to have con-
trasting effects on the various important meat quality
characteristics.
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