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present, neither the accuracy of the test nor its relationship with 

ultimate meat quality are sufficient for pig performance testing.

2. Muscle biopsy analyses. The levels of various metabolites e.g. 

energy-rich phosphate compounds, lactate, pyruvate and glucose-6-phospf13 

have been analysed in muscle biopsy samples, and correlated with ultimatB 

meat quality.

3. The non-destructive testing of young pigs for sensitivity to the 

malignant hyperthermia syndrome. When stress susceptible (SS) pigs 

are anaesthesized with halothane they develop severe muscle rigidity 

and progressive hyperthermia. In an evaluation of the relationship 

between trie reaction of SS Dutch Landrace pigs to halothane anaesthesia 

and the occurrence of PSE meat, considerable differences in growth

and carcass composition traits were observed between susceptible and 

non-susceptible pigs. Susceptible pigs were leaner than the others 

and their ham and loin muslce had a significantly lower pH^ and a 

significantly higher temperature. This incompatibility of meat quanti^ 

and quality is in contrast to the findings of McGloughlin and McLoughl^ 

in the previous paper. Perhaps Irish pigs differ in this respect 

from the Dutch.

The ease, cheapness and obvious promise of this non-destructive test

will surely hasten its evaluation in commercial pig testing and breeding 

schemes for meat quality.

I shall now review, very briefly, cellular aspects of muscle growth 

development and differentiation. (Slide No 3 here).

At a cellular level there are two main developments during muscle

growth. These are morphological changes in all muscle cells, together with
. . . .a differentiation of myofibers into their various biochemical and p h y s io lo Q 1

types.



SLIDE NO 3
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Muscle mass increases by:-

1. Elongation of (a) continuous myofibers, and
(b) intrafascicularly terminating myofibers

2. Myofiber hyperplasia

3. Mynfiber hypertrophy, and

4. Development of intramuscular adipose and co.i.uctive
tissue

SLIDE NO 4

MYOFIBER TYPES

(a) Biochemical Characteristics

Type I or Red: Aerobic glycolysis .
Type II or White: Anaerobic glycolysis
Type III or Intermediate: Combined .....

(b) Phys iological Characteristics 

Speed of Contraction: E ast 
Slow

a

ß

RResistance to Fatigue. High
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Dr Schoen, in her paper (A4) discusses the factors which 

significantly effect the formation of intramuscular fat. However, 

because myofibers constitute up to 90%, on a moisture free basis, of 

muscle mass, any change in their shape, size and mass will have a far 

greater effect on muscle mass than changes in intramuscular adipose 

and connective tissues.

Hyperplasia, which is genetically controlled with high heritabili^ 

(Staun, 1972) appears to be fixed about the time of birth in meat 

animals. It has a significant effect on ultimate muscle yield.

Meatier animals are said to have a greater number of myofibers per 

muscle.

The post-natal growth of skeletal muscle is due to both hypertrop1 

and elongation of myofibers. Two types of myofiber elongation viz. 

that of the continuous and of the intrafascicularly terminating types 

are recognised. According to Swatland and Cassens (1972) 

intrafascicularly terminating myofibers in both bovine and porcine 

muscles grow at a slower rate than those with completely tendinous 

insertions. Swatland, (1973, 1974) has more recently elaborated on ^  

importance of the growth of intrafascicularly terminating myofibers 

during the fetal and neofetal period. With regard to the contributiof1 

of hypertrophy and hyperplasia to variation in muscle mass, we can 

only guess very imperfectly from the work of Staun (1963) that they ^  

respectively, account for about 40/i and 35/b of the total variation
£ j,

in muscle mass. Others regard double muscling in cattle as a combine 

of heritable hypertrophy and hyperplasia.

When we come to consider that very question, which is basic to 

muscle mass increase; how is protein biosynthesised in myofibers?

00

can only hypothesise in answer. We do not know for sure.
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SLIDE NO 5

MYOFIBER HISTOCHEMISTRY

Indicator Enzyme.

NADH-TR, SDH, a-GPDH 

GPase, LDH 

SDH + GPase 

KATPase, Heavy 

MATPase, Light

Nicotinamide adenine dinucleotide 
tétrazolium reductase

Succinate dehydrogenase

a-Glycercphosphate dehydrogena

Glycogen phosphorylase 

Lactate dehydrogenase

Myofibrillar adenosine triphosphatase
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have and continue to be made, which means that there are some 

drawbacks to the histochemical approach. These drawbacks stem 

ambiguous methods, lack of controls, unsatisfactory definitions, 

and an inadequate knowledge of the basal metabolism of skeletal 

muscle. What associations that exist between myofiber histoche ' y 

and the biochemical and physiological characteristics of myof' ,

have been deduced by comparing myofiber aggregates with mu^cl 

is, therefore, an urgent need to establish, especially for 

animals, a correlation between the physiology, biochemistry, 

histochemistry of individual myofibers. Time may not p 

satisfactory discussion of the material on Slide No 5, but 

Points may serve to illustrate- the criticisms which can 

For example, a-glycerophosphate dehydrogenase is used by 

investigators to identify anaerobic or white myofibers. 

this enzyme is part of the glycerophosphate shunt for t 

nicotinamide adenine dinucleodide (NAD) and is intimut. y 

with mitochondrial activity. This method of producing NAD does in
_ . f,:n «„GlycerophosphateTact cease when anaerobic conditions pertai .
, , . . „ H i e  therefore more correctlydehydrogenase activity is oxidative and is

associated with Red myofibers.
i * . „4* nrosent pertains in the usageIn summary the situation which at p -

„ • _ on„ where hypotheses haveof histochemistry for myofiber typing is
t „f- nur aoDroaches are intuitive. not been critically tested and much of 0 D*

.. ,, . ,-ntiiition is the means by whichHowever, it is well to remember that in
. • „innrp Let us now turn to the finalQreat leaps forward are made in science.

/ v „„nor 'The effect of body size andPaper (A2) of this session. This pape_

selection on skeletal muscle fiber typos in medals' by Gunn anti Dayies 

is concerned generally uith muscle composition, in terms of myofiber 

types, as related to function and body size. They report the results
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of three investigations:-

1. In studies on the diaphgram of IQ species of animals, ranging 

in size from the shrew to the horse, they found that the 

proportion of fast contracting myofibers increased with decreasing 

body size. There was no apparent variation in muscle oxidative 

capacity with body size. The larger the animal the more myofibers 

rich in anaerobic capacity were observed. Taken with the 

evidence from ATPase staining this indicates a preponderance of

ay (fast-white) myofibers in larger animals. It would appear 

that with the inclusion of the author's data cri red myofibers, 

there are indications of a greater amount of od (fast-interme diate) 

myofibers in the diaphragm of larger animals.

In relating the myofiber composition of the _M. semitendinosus 

to animal size, the authors observe that with increasing body size 

the proportion of slow-twitch myofibers increased. They suggest 

that the speed of movement of the diaphragm and the limbs decrease 

with increasing body size.

2. Of special interest to meat research workers is the observation of 

Gunn & Davies that the transverse area of porcine JA. lonqissimus 

dorsi increased with increasing body weight in a relationship

to the § power of the body weight. They also found that the mean 

myofiber transverse area was directly proportional to the whole 

muscle transverse area. Gunn 4 Davies have also observed a most 

interesting point that the proportion of myofibers with low ATPa50 

activity increased throughout growth and that the area of muscle 

occupied by these slow myofibers "bears a linear relationship to

body weight
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3. Dr Gunn has told me that he has long been interested in f' ' g 

an answer to the question; why do racehorses and greyhounds run 

so fast? This curiosity has led him to the observation that breeds 

which have been selected to run quickly have a lower p̂ -op

of slow-twitch myofibers in their muscles.
, . the ratio of slow-contractingFinally, Gunn & Davies generalise that tn

to fast-contracting myofibers can be related to sp~ed

movement and muscular function.

I stated at the outset of my review that I was goi g
p n. the significanceselective. There are therefore, many aspec *9

, Hi er-i icqsd. There areof innervation of muscle in meat animals, n
i -ixa fn refer to before finishing, however, two further points I woulo like -o

In lookiny to the future one may expect a major
• nf feed to meat. A prerequisite increasing the efficiency of conversion or

to this is the need to discern the real mechanisms whic . regulate
• ft corollary here is (a)growth and development in meat animals.

the establishment of means for identifyin9 which my ' -

actively synthesising protein, and (b) the charting of the pattern
. • nrowth of meat animals. Oneof myofiber differentiation during the g
„ i_ fihilitv of these traits andmay expect a quantification of the fieri

-oiopHnn the superior meatthe exploitation of such knowledge m  

Producing animals.
0 and muscle composition.The second point concerns exceici

 ̂ i. _ c ovrprcise on muscle composition.We are aware of some of the effects o
Hypertrophy of „yofibers occurs and fast-uhite, « .  »^fibers are said

to change into slou-red, PR types. About the converse, lack of
„  „ n o n r p  In times when intensive excercise, our knowledge is much more 9
in size and in number, there is a beef production units are increasing i
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SLIDE NO 6

Red and White Muscle
R.C. Cassens 4 C.C. Cooper. fldv/. Fd. Res. JL9 : 1-7 4, 1971

Postembryonic Growth and Differentiation of Striated Muscle
G. Goldspink. In: The 
Vol 1 (2nd Ed) 179-235 Structure and Function of Muscle, 

19'72, New York & London: Academic Press

Selected Topics in Skeletal Myogenesis
H. Holtzer et_ al. In: 
Quantitative Biology, Cold Spring Harbor Symposia on 

37: 549-555, 1973

Myogenesis: Differentiation of Skeletal Muscle Fibers.
T.L. Lent; 
169-192, * *ni De'/®1°PmGi;t Regulation (Ed. S.3 . Coward), 

-973. New York & London: Academic Press

Cellular Regulations of Growth and Development in Skeletal rluscle

Q.G. Burleigh Biol. Rev.. 49_; 267-320. 1974

Symposium on Protein
65th Ann. Meet. Amer 
38: 1050-1175, 1974

Synthesis and Muscle Growth 
Soc. Lincon. Neb. 1973, 3. Anirn, Sci.
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need to research what are the effects such a sedentary existence has 

on beef muscle composition. Are undesirable combinations of myofiber 

types being produced in such circumstances?

fly final slide (Slide No 6 here) contains a selection of reviews 

and articles, relevant to our Session, which have appeared within the 

last three years.
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