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INTRODUCTION

Three general classes of pathological conditions are often encountered
in the muscles of food animals - all of which may lead to rejection of the
ap~mal, carcass or part as material for food. They are, in order of
importance, diseases caused by infecting agents, degenerative changes, and
to a less extent, congenital defects. An additional set of changes are
preslaughter alterations in the live animal resulting in protound changes
in the quality of the carcass thus leading to a reduction of its value on
t be market.

Unlike infections, there are here no threats to public health in any
of the foregoing conditions. On the other hand, like degenerative and
congenital changes, these manifestations may lead to a condemnatio~ of the
meat on purely aesthetic grounds.

10 Infections involving Muscles
In muscle, diseases predisposed by infecting agerrts are of ti'1Okinds:

(a) Infections resulting from devitalized muscle tissue. All al~of
baterial origin and include clostridial myositis, suppurative myositis o.nd
actinobacillus granuloma. All develop from conditions pertaining to
wound or injury of nus c.l.e among which clostridial myositis is the most
important.

(b) Infections of parasitic orgin: These are mainly helminth in oriein,
the muscles affected are highly active having abundant blood and nutrient
supply. The orGanisms involved arc Trichinella spiralis whi.ch is
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responsible for trichinosis in man and pig. The specific species being
Cysticercus bovis and Co cellulosae. A less threaterning infection also
occurs in muscle: sarcosporidiosis which has sarcocystis as its eticlogical
agent.

In both groups, the dangers posed are far-reaching as the diseases
can be transmitted to man through consumption of an infected neat. Below
is described selected cases pointing to their pathogenesis, symptons,
lesotns and control.

Clostridial I.'yositis

Clostridial myositis, as the name implies is a general pat.ho.Log.i.ca.L

condition (or inflanmatory reaction) caused by the invasion, intoxication
and putrefaction of devitalized muscle tissue by clostridia. TI.c result
of this invasion is the production of swollen muscle whi.chmay also become
edematous. The infections an; usually localized in the reGion of the
shoulder or the rump in deep tissue. These muscles are tlo:."Cfol'othe common
sites of a'ttaok since they an; +or-e or less exposed and are vulnerable to
the injuries of forced exercise such as attack by dogs. They are also
sites for injection of drugs into the aniraaL, in all cr-errt mg Hounds wrii.ch

can cause devitalization of the muscles.

Microscopically, clostridial myositis may evidence an acute condition
involving destruction 0 f capillary vra.l L and the seeping out of edamatous
fluid. In certain instances, the myositis may be accompanied by an acute
degeneration and necrosis of the muscle •.fibers nith gas fOF1atior.. In
this co~~ection, it is n;cognized as a gas gangrene. On the other hand,
where severe edema occurs in intermuscular connective tissue ':.-ithless
necrossis of muscle, the condition is termed malignant edema. As a rule,
large numbers of Cl. perfringens tend to accumul a+e in GG-s gancrene vrhereas
malignant edema harbours chiefly Cl. septicum
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A third condition, black leg (on black quarter) sonetioes also called

emphysematous gangrene with CI. chauvoei as etiologicaJ. agent, occurs in

cclves and sheep. No wound is involved here, although some form of trauma

may initiate the muscular devitalization. The infection is acquired by

ingestion of spores which are taken across the alimentary mucosa by

macrophages and then distributed to the tissues including muscle. Here

they remain until activated by the lowering of the muscle redox potential.

Normally death occurs within 24 - 48 hours follovring the first visible

signs of attack. These signs are seen in the first 12 hours during which the

muscles involved becone swoLLen and discoloured. Soon they become cOld.

There is profuse toxemia followed by circulatory collapse and death.

Anirae.Ls';lith clostridial myositis especially bLack lee, (<lndthis

includes ~ addition to calves almost all the large domestic species) are

unf'Lt for slaughter for food. They are removed for tre2.tr::ent or if treatment

is impr<lcticable, they are condemned and destroyed. Routine vaccinations

ar-e highly effective in the control of blacl~ lee vrhi.ch is enzootic and

selective of i~';3host. ilhere this is not poss.lbLe, Gcod managouerrt practices,

avoid<l~ce of injuFJ and high sanit<lry standards ~elp reduce its incidence.

This latter neasure is true at least' of maLLgnant edema .rhi.ch is sporadic.

Trichinosis

The causative agent of this myo-infestation, Trichinella spiralis

occurs in pig muscles where it spends part of its life cycLe as an encys'ted

larva. The c+he1" part is cornp.Le te d finally in man where the larva is rele ase d

into the individual through ingestion of the infected poz-k , In -.an the

parasite again lodges in muscle bundle, becoming encysted <::.ndremaining

there throughout the life of the host further deveLopr-orrt f'o'Ll.owi.ngonly

upon L~cestion of the infected muscle by another host.



4

The clinical symptoms in man vary with the severity and stQge of the

infection, and inclu e vomiting)diarrhoea, sweati~g, rheumatic and musculo.r

pains. In animals, however, t.be symptoms of trichinosis are rarely observed.

The severity of the invasion depen~s ~pon the number of larvae ~resent.

Encysting larvae lodge mainly in the aponeuroses or tendons of the hiGhly

acti ve muscle s , eapecially the diaphragm, tOl1gue, larynx, the muscles of

mastication and the intercostals. Postmortem examination of trichina-

infested pork muscle may reveal ~cified cyst waLl,s haroouring livinG lc.rvae.

The prevention of trichinosis in pigs is crucial to its elimination in

man. Ideally, there are two general rne thod.s by which this is accomplished:

Glicination of the parasite from tl1e diet of meat - pr-oduc ing cn.imeLs , or

its removal froQ the diet of man.

In pig husbandry, garbage (or kitchen and market waste) is conmonly
fed to these an.inaLs , Investigations have shown that swine which are fed

such waste 112.vea high Lnc.id ence of trichinosis whiLe those are fed on srQin

have a low occurence of the parasite. On the other hand, when the sarbage

is cooked prior to fee dine;, most of the trichina are destroyed. In the

U.S., federal laws require that all garbage feed that is channelled through

inter-state co~uerce be cooked to 2120F and held at that level for 30 ninutes

before being fed to the stock.

There is evidence further that certain fonttS of wildlife and pets,

have long been known to be sources of trichinosis in pigs. r,iice, r-at.s , dogs,

cats and furbearing animals are all implicated. The mode of transmission

from these forms to pigs is either through fecal contamination or by

consumption of the infected ~Tcass. The elinL~ation of rodents from arouna

farms is therefore important in the control of the parasite.
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Eliwrrnating the parasite from the diet of ~an has called for distinct
methods in various countries. They include:-

a. Complete abstinence from conaumption of neat. This is
ve~tarian method.

b. Abstinence from animals which are known to be infected '::ith
the parasite (HebrevT and LsLaru c method)

c. Identification and elimination of meat y;hich contains
trichina (the European method) and

d. Treatment of meat to assure the destruction of trichina
before consumption (the .American method).

The European method follo\i~C the German Virci:1onts recommendation,
basically involves microscopic or trichonoscopic examinction of all
s.Laughter- pork for the parasite. So successful ::c.s bcen -'elle practice that

now"for nearly seventy years A. no outbreak of trichinosis aas occured in Germany
that is traceable to inspected pork, and there is no thought of risk when
the GerTIan consumer eats raw pork. The Scandinavian countries employing the
same techniques, have for all practical purposes eliminated trichina
infections from thoir butcher hogs to the extent that only breeder swine
are subjected to microscopic examination.

The American method, on the other hand, is based on the principle that
thorough cooking of pork and of meat products containing pork, destroys the
encysted larvae thus renderin8 the meat safe for hunan consumption. Federal
regulations stipulate that processed pork products ·.;~:ichare customarily
purchased w i thout cookinc and served, must in the first instance, be treated
by heat , refriGeration or curing before use. Heat i.ngfOr instance, must be
ma~e to a tenperature of at least 13~F, and refrigeration, below (but not
above) 4DoF.
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Much can be said for or against the many different :et~:ocls of

Labor-a to ry control of trichina, but the important thine is that it is a

system that has proved its merit in several situations - not the least in

the German and Scandinavian systems. Here strict inspection coupled TIith

an efficien~ feed back or[anization has so successfully aidod in eliminating

the parasite from slaughter hogs th..at attention is now being devoted to

other classes of pigs such as breeders.

2. Deeenerative Diseases

Diseases resulting from general disturbance of metabolism are not

of par-t i.cu'Lar- .impor-t ance f r-orn the public health point of vioi'; as those

ariSinG frOB irritations due to bacteria or parasitic aGGnts. This is

because no infections as a rule, are involved, henee no Lnmedia te dangers

are posed.

The deGonerative condit i.on in muscle of' significance hcro is nutritional

muscle cliseo.st.(NJ,ID)which occurs most frequently in youn.jer- stock. In the

sheep, it is often referred to as "stiff lamb disease", vzh.iLe in the calf,

it is called "white muscle disease". Foals have an older nar:e "enzootic

polymyositis" whiLe it is simply referred to in the piC as "muscle

de gene r-at Lon" •

All these conditions are characterized by serious alterc:.-;;ion of

skcLeta.L (usually appendage) and cardiac musculature - due to nutritional

(i~ficiencies and imbalances - sometimes complicated by stress. The lesions,

involve areas of skeletal or cardiac musc~ which are pale or practically

white in colour. Microscopically these al~as may be foul1Qto be progressing

from hyaline (Zenker) degeneration to coagulative necrosis riith =s=>
tation and disa]pearance of the muscle fibers. In sono fo~s, calcification

of sore indiviQual muscle fibers place. 'E>'1eweight-bearing muscles such as

those of the pelvic and pectoral group become involved, occasionally getting

sti:f in the process. Lambs have difficulty noving these limbs. In the

heart, wlri.t e areas ar-e less distinct because of the anat ozri ce.L disposition
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of",fibers. Iiacrophage s may accompany the condition. There may be

evidences of attempts at regeneration but these are generally not so

succ e asfu L,

A deficiency of Vitamin E or alpha-tocopherol seems to oe the chief

cause of t~is form of degeneration. This is strongly evidenced in stiff

lamb disease. However-, Vlhe~there is oversupply of iron (as; appens

frequently in iron injections) an antagorri.stic situation arises whi.ch pre-

disposes the stock to muscle degener-at i.on, Recently t~le .irrpor-tance of seLen.ium

as a factor in preventing Nl\lD appears to be outstripping that of Vitamin Eo

In TIhite muscle disease, at least, the addition of selenium to 0.1 part per

million of total ration serves as a preventive measure.

Calves ~ost co~only exhioit muscle deGeneration in all its varied

f'or-ma, In the cardiac and t.hor-acLe varieties, the arrir-aL S~,o-.IS an ederia of

the lung, due to hyperemic passive conr-est i.on, vrhi.Le accumu Le.ti on of

~etabolites in the blood leads to an aseptic fever. 2ventual'y, the heart

fails and there is acute death. Prior to t~~s dyspnoea (rapid cessation

of breathing) sets in, cornpenaa't ed by abdozrinaL bre at har.g,

These symptoms have often been confused -,7ith pneunon.i,c and attempt s to

treat "'r-:;zj "-3 such by use of antibiotic shave Genorally boon fruitless.

This error noed not be Dade as postmortem findincs of si~lar cases normally

show a coagulative necrosis of intercostal and diaphr-agnat ac nuscu.Lat uz-e

coupled nith cardiac degeneration, involving pale conditions or "\'lillte areas

in the Left ventricular septum and papillary muscle s , Fur-l.hormore the type

o manage~ent pursued on the farm may ~end to provide no~e clues to the

condition. Thus where calves have been under confinement (havi.n.g been born

in i'linter and held in a barn t.hroughout the season ni -'.;l">outaccess to

excercise and the liI!liting nutrients), :n,:D shouLd be suspected. It nay be

noted Jc11atthe pecuo ra'l and pelvic f'orms of tile disease arc ccc orrpa'i.ned

respectively by symmetrical swelling of the involved muscle groups, and

t:lis is soon f'oLl.owed by their hardening and lameness.
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C'Lirricc.Lanalysis of the ser-umin miD cases usually shows an

increase in SGOTand SGPT\~lich is indicative of necrotic processes and

Zenker type of de~11orationo On the othor hand, calcium, Dagnesiurn and

phosphate idJi'lS renaan normal. Treatment of Nl.J) is by administration of

0.6 mg seLeru.un and 30.0mgol-tocopherol acetate per 10kg body ':Ieight,

2 - 4 times a week,

A fen other nutritional disturbances involving selenium, sulfw.~-

containing am.ino 'acids and unsaturated fats also occur in the pig, r.hi.Le

in horses a non-nut~ition.:J.l condition of muscular dam.:J.geresultinG in release

of myoglobi~ in urine occurs in periods of inactivity of the animal.

From these discussions it seems ampor+ant tr.at an.ima Ls should be

carefully sc.rut i.ni aed wi th respect to limitine nutrients whor-e necessary,

and be exercised liberally to prevent muscle deGeneration and 11811COensure ~e..-

safety of the Deat supply.

3. ConGenital De~~cts

Occ<.:.sionaldevelopmental anomalies in brain tissue and lesions in

the central nervoues system often lead to disturbance in muscle struc'tur-e

and function. For Lnstance in the condition known as arthrog;r.l.~o~sis, the

brain and spinal cord do not develop norr~lly, cor:.sequently thoro is lack

of proper induction f'r on t!:ese centres to r-egu'Late -:;nedeveLopnorrt and

activity of the muscu.l.at.ur-e, 'I'hr-o ugh a def'e ct of muscLcs , arthl'oc::,,-ropsis

may also affect tce sketetal systen, in all pl~se11tinG serious oost~etical

proble~s over lonG term.

In another instance, the lesions involved tend to danage -~~lenedi.a-

ting centres in the brain to the extent that corrtr-oL is 'Lost ovcr tile hind

limb - most frequently in Eolstein-Fresian cattle, thus 'induci:'l~ a state

of paralysis (spastic paresis) 0 Clinically and morphologically tl:ere is

contraction of the Achille's tendon, but not its attached muscle the

gastrocr:.emius. (T~ere is no local lesion in the castrocnenius or .:J.t~.:J.ched
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tendon and aponeurosis, since the type of injury norna.l.l.y cf'f'e c'ti.ng them

is central or upper motor neuron paralysis).

In anoth0r condition, calves or lambs attain g~eat increase in size
of the genera+ musculature glVll1g rise to the so-called giant calf or giant

lamb (the so-called doppenllender or storkalvern) condition. This is

hereditary hyperplasia of muscle, particularly of ths truruc and limbs

mainly the rump, ihie;hs and shoulders. There is also an accompanying defi-

ciency of subcutaneous, abdominaland intermuscular as ','rell as intramuscular

fc.t. Microscopically, the condit ion is seen as an increase in the number

of muscle cellso Other than that the deficiency or fat in t~ muscles appear

normal.

Undesirable hereditary manifestations are easiLy culled from animal

populations by suitable schemes o~ genetic crossing. The ~l~nciple here is

to breed out tne character and tl'!en re~ove it as it S~_Oi7S up phenotypically

to prevent its infusion into the population.

4. Preslaup;hter lJ..terations in r.:uscle

Disease in animals does not constitute the sole criteria upon wh.ich

inspection and control are based. aperience has ahovm ~chat changes in the

condition of animals prior to slaughter can have adverse ~ffect on the

quality of the carcass whi.ch in turn may provide a basis for its rejection -

here on aesthetic grounds. For instance, animals in suI'f'o cat.l on or in some

kind of eXhaustion, or those affected by shipping fever prior to slaughter

may evidence bleeding carcasses or muscle and profound changes in t.re colour

and texture of the lean meat. Similarly, fatigued anirna.Ls or weak, unhealthy

ones are not likely to bleed properly. Fatigue also Lower's the processabi-

lity value of meat, as it causes a reduction in its ~';ater-holding capacity-

something evidenced in pork as the "pse" (pale-soft and exudative) condition.
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Besides in beef a condition called 'dark-cutting', which is a term

used for dark-muscle colour, may develop f'o.Lloxi.ng excessive exhaustion.

In practice exhaustion can be overcome by allor;in€ the animals a period

of rest (at least 12 hours) prior to sLauglrte r- during wha.ch time the animals

are allowed ample supplies of water.
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