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THE STRESS SYNDROME AND MEAT QUALITY

P05T nORTEW GLYCOLYSIS IN THE 5EWITENDINOSUS, PSOAS AND 
LONGISSinuS DOWS I MUSCLES OF CAPTIVE BOLT SLAUGHTERED AND 

ANAESTHETIZED BOER GOATS (CAPRA HIRCUS)
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The rates of post mortem glycolysis in some muscles of 
captive bolt slaughtered and halothane-anaesthetized goats 
were measured. Unlike the pig it is shown that the captive 
bolt slaughter technique does not produce a very rapid post 
mortem glycolysis. Initial pH values in the semitendinosus. 
psoas and lonqissimus dorsi muscles of the slaughtered animals 
were in the region of 6,8, while the pH values were about 
6 ,6. The lonqissimus dorsi was affected less by captive bolt 
slaughter than either the psoas or the semitendinosus. Data 
on levels of ATP, phosphocreatine and glucose-6-phosphate in 
these muscles are also presented, and are related to the fibre 
types of the muscles as determined by succinic dehydrogenase 
histochemistry.

LA GLYCOLYSE POST MORTEM DES MUSCLES SEMITENDINOSUS, 
PSOAS ET LONGISSIMUS DORSI DES CHèVRES BOER (CAPRA HlRCUg) 
ABATTUES (ET ANESTHéSIEES) AU MOYEN DU PISTO LET D’ABATTQfl? 
CAPITVE BOLT1
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Les taux de g lyco lyse post m o rtem  de c e rta in s  m u sc le s  de c h è v re s  abattu«*! 
e t  a n e sth é s ié e s  au balo thane ont é té  m e s u ré s . C o n tra irem en t à  ce  qui se  pr°^u' 
chez le p o rc  i l  e s t  m o n tré  que la  technique d ’abattage au p is to le t d ’a b a tto ir : "cap1*' 
b o it"  ne p rodu it pas  t r è s  rap idem ent une g lyco lyse p o s t-m o rte m . Les v a lu e rs  P** 
in itia le s  des m u sc le s  se m ite n d in o su s , p so as  e t long iss im u s d o rs i  des  anim aux | 
aba ttus se  s itu è re n t dans la  rég ion  de 6 ,8  tandis que les v a le u rs  pH furent 
d ’en v iro n  6, 6. Le lo n g iss im u s d o rs i  fut m oins affecté  p a r  l ’abattage au pisto le t 
"cap itv e-b o lt,, que le p so as  ou le sem iten d in o su s. Des données dans les niveau* | 
de l ’A T P , phosphocrea tine  e t g lu co se -6 -phosphate de ces  m u sc le s  son t égalerne^  \ 
p ré s e n té e s , e t son t m ise s  en  re la tio n  avec le s  types de F ib re  des m u sc le s  p a r  ■ 
d é te rm in a tio n  su ccin ic-d eh y d ro g en ase  h istoch im ique .

POST MORTEM GLYCOLYSE IN DEN MUSKELN SEMITENDINOSUS, 
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Die Gew indigkeit d e r  po st m o rtem  G lycolyse w urde in ein igen  M uskeln von 
Z iegen  g em essen  welche m it S ch lagbo lzen-p isto le  o d er H a lo thane-narkose  getö tet 
w a re n . In G egensatz  zum  Schwein v e ru rsa c h te  die Tötung m it Schlagbolzen
p is to le  keine s ta r k  e rh ö h te  post m o rtem  G lycolyse. Die pH W erte  in den 
sem iten d in o su s, p soas und lo n g iss im u s d o rs i  M uskeln w urde w eniger von d e r  
Tötung m it S ch lagbo lzen-p isto le  b ee in flu ss t a ls  sowohl die M. p so as  w ie auch 
d ie  M. sem itend inosus. Die W erte  d e r  M engen an  A T P, P h o sp h o crea tin  und 
G lu co se-6 -phosphat w erden  d isk u tie r t ,  und ih re  B eziehung zu dem  auf Grund 
d e r  S uccinat-D ehydrogenase h isto ch em isch  id en tifiz ie rte n  F a se rty p s  d e r  M uskel.
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is well known that the rate of postmortem glycolysis in the skeletal 
textUlatura of the pig determines the quality of the pork as assessed by colour, 
is aff8 9nd ^ i c i n e s s  (1, 2). The postmortem glycolytic rate of porcine muscles

fected by many factors, notably, the method of stunning, genetic composition, 
QXüdr°nrnantal stressors and physiological status. The incidence of the pale, soft, 
r̂Qad *VB rnusĉ 8 condition (PSE) is greatest in the so-called stress susceptible 
mU3ciS of Pig, the Pietrain, Poland China and Landrace breeds. The most affected 
thQ es Qre the longissimus dorsi and the semimembranosus, and to a lesser extent 
its f8ctus famoris. The longissimus dorsi is affected to different degrees along 
bar 0n9th* the most susceptible regions being the tenth thoracic and third lum- 
r®tQ^artebral r8gions (3). The method of stunning can produce sufficiently rapid 

s postmortem glycolysis to cause the PSE condition in the musculature of 
Ss susceptible and stress resistant pigs alike (4, 5). It appears that thePhVsi,lcai stimulation which pigs encounter before slaughter is accentuated in the 

râ .gSS SusC3ptible breeds by failure of the mechanisms which regulate the resting 
aj of glycolysis in muscle (6). Of the three methods of stunning, carbon dioxide, 

^ical and captive-bolt, the latter seems to be the most severe in terms of 
b0iteff8cts on postmortem muscle metabolism (4, 5). Apparently the impact of the 
n,QtQr>procluces neural discharges which pass down the spinal column in the intact 

tracts and activate the voluntary muscle (2).

the °ur knowledge there is little comparative information on the effects of
or Running method on the rate of postmortem muscle metabolism of bovines, sheep, 

Da+‘". In the present study the effect of the captive-bolt stunning method on 
of postmortem glycolysis in the skeletal muscles of the Boer goat (Capra 
ia examined. The Boar goat, raised in many parts of Southern Africa, has 
selected for high total muscularity or growth rate unlike the various

the rate

not bean

breeds of pis already referred to. Furthermore thB fibre types of the muscles ore 
predominantly red while those Df the pig are mainly white. It was of interest to 
determine the rate of postmortem glycolysis in the muscles of goats stunned with 
the captive-bolt and to compare the results with those of pigs stunned by the same 
method.

fctetarials and Methods
Animals: Adult Boer goats, reared on the Institute farm, were used. The ani

mals were in the livewaight range 35 to 50 kg and were fed on a stock diet ad lib
itum.

Slaughter and anaesthesia: A polythene bag, having two apertures for inspir
ation and expiration of gases, was placed over the an Inal's head. Anaesthesia was 
induced with 6# halothane and an oxygen flow rate of 2 litres per minute, deliver
ed from a closed circuit anaesthetic apparatus by an endotracheal tube inserted in 
the inspiration aperture of the polythene bag. The concentration of halothane was 
controlled with a 'Fluotec' vaporiser in the closed circuit. After a suitable pla
ne of anaesthesia was obtained, the upper region of the trachea was exposed and 
partially transected and a tracheal tube was inserted. Anaesthesia was maintained 
with 1.5 to 2.5# halothane and an oxygen flow rate of 0.5 litres per minute. After 
twenty minutes had elapsed, the muscles were excised. Goats were stunned with the 
standard captive-bolt pistol, exsanguinated immediately and the muscles removed 
from five to ten minutes after stunning.

Biochemical measurements: Three muscles were used in the present investigati
on namely, the m. semitendinosus, longissimus dorsi and psoas. The semitendinosus 
and psoas were excised as intact as possible while the longissimus dorsi was samp
led between the second and fourth lumbar vertebrae. In the case of the stunned 
animals the time of excision of the muscles was standardised tg five to ten minut
es after stunning. After removal the muscles were placed at 37 C in an incubator 
having a moist nitrogen atmosphere. One gram samples were taken from each muscle 
at one hour intervals for pH determination and for analysis of phosphocreatine,
ATP and glucose-6-phosphate. For analysis of the organic phosphate compounds, the 
muscle samples were frozen in a dry-ice/acetone mixture and stored at -40°C.

Muscle pH was measured on homogenates prepared in five volumes of 5 mM iodo- 
acetate, pH 7.0 at 25°C. A Radiometer pH meter with glass electrode and scale ex
pansion accessory was used to make the measurements.

Phosphocreatine, ATP and glucose-6-phosphate ware determined by the coupled 
enzymatic method of Lamprecht and Stein (7 ). The frozen muscle samples were ext
racted with 9.25 volumes of ice-cold 5# perchloric acid by homogenisation with a 
•Ultra-Turrax' homogeniser. The extracts were filtered at 0 C with Whatman No. 1 
paper supported on a 'Millipore' microanalysis filter holder. The filtrate was 
neutralised with saturated potassium carbonateQand the precipitated perchlorate 
allowed to settle out for fifteen minutes at 0 C. 0.05 ml. aliquots of the filt
rate were assayed in duplicate using a Beckman 'Acta' III spectrophotometer at 
340 nm. Concentrations of the phosphate compouns are expressed as pioles per gram 
of tissue, wet weight.

Fresh muscle samples were taken from the three muscles already named for 
histochemical demonstration of succinic dehydrogenase using the nitro-blue tetra- 
zolium method of Malaty and Boume (8). Fibres were classified into three groups 
according to the intensity of staining i.e. red, intermediate and white (9 ).

® and Discussion
PH V9, l°Psy specimens were taken from five anaesthetised goats, and the initial 
P°stmoÜeS and 10V81S of phosphocreatine, ATP and glucose-6-phosphate determined. 
89r0bi ^  changes in these parameters ware followed for several hours under an- 
for qQC.Conditions at 37 C. Ultimate values (after 24 hours) ware also obtained

b Parameter. Similar measurements were made on the muscles of the captive- 
&tunnjj Unnad animals, the first ones being made eight minutes (mean value) after 
W q u_ 9* The results obtained from the anaesthetised goats are used as reference 
tiva * and departure from these indicates the magnitude of the effect of the cap- 

"b°lt stunning.

fiuscj initial pH values of the semitendinosus, lonaissimus dorsi and psoas 
^.13 +3nfr°m the anaesthetised goats were 7.08 ♦ 0.05 (S.E.M.), 7.22 + 0.03 and 
stunnRri °6* rssP0Ctively. In contrast, the corresponding values for the five 
Ping 8d 9°ats were 6.64 + 0.05 , 6.84 + 0.05 and 6.59 + 0.03. The effect of stun- 
9na _ n tha initial pH is significantly greater in the case of the semitendinosus 
PH muscles than in the longissimus dorsi (P 0.05). Generally the initial
*"ius dU8s the three muscles are higher than the initial values for pig longiss- 
the rriu°rs* QTter stunning, by 0.3 to 0.5 pH units (10). The initial values for 
^Paesth0* 83 the live animals ara 0.1 to 0.2 pH units higher those obtained for 
the eti3ed pigs (10), but are the same as initial value of 7.2 reported for 
shc* 3 ^Sissimus dorsi of anaesthetised pigs which were also curarised (ll). Fig.1 
the thr 8 rate °f P°st»"°rtBm glycolysis, measured as decrease in muscle pH, in 
irrun̂ l aa muscles from the anaesthetised and stunne4  goats during the three hours 

t h r ^ *  Postmortem and after twenty four hours. The rates of pH decrease in 
bein 88 muscles from the anaesthetised animals are greatest in the first hour, 
the r ab°ut 0.25 units, thereafter levelling off to about 0.15 units, similar to 
SlycQj® of PH decrease in the muscles of the stunned goats. It is shown that the 
then ytic rates after the first hour are the same in the muscles from the anaes- 
range3ed and stunned animals. In all instances the ultimate pH values fell in the 
burS£ to 5.65. It is clear from Fig.1 that stunning produced the greatest
'/gig of glycolysis in the psoas muscle, and least in the longissimus dorsi, the 
fivQ s being 0.54 and 0.38 pH units, respectively. pH decreases of 0.7 units in 
strQ mTnutes have been reported for the longissimus dorsi of captive-bolt stunned, 
PH d a re3istant Landrace and Large White pigs (10) while the subsequent rate of 
rkj3cj raase was 0.3 units per hour compared with 0.2 units per hour in the same 
Cpnsid frc,m anassthetised pigs. Thus the effect of captive-bolt stunning differs 
VSis ^Qbly between the goat and pig. The goat responded with a burst of glycol- 
9fterak°ut half that reported for the pig but the rate continued for several hours 
lsQd Initial burst at the same value as for the muscles from the anaesthet-
\iaclanimals. It is worth noting that the glycolytic rate observed here in the 
thQt1es from the anaesthetised goats is similar to reported rates for pigs anaes- 

sed with halothane (10).

Of Tha results for phosphocreatine content of the muscles from the two groups 
Qne Parimental animals are shown in Table 1. Only the values at zero time and 
ClQa Pur postmortem are shown here. The phosphocreatine levels of the three mus- 

^ m  the anaesthetised animals at zero time are just slightly lower than the 
raported for porcine longissimus dorsi (10). Seventeen ̂ jmoles of phospho- 

stunn 8 P8r 9ram wara broken down in eight minutes in the psoas muscle of the 
DH d 8d 9°ats similar to the amount hydrolysed in the pig for the same degree of 
i>Qd8preasB. As in the case of pH, the least hydrolysis of phosphocreatine occu— 
Dhos J;n tha longissimus dorsi. In pig mu9cle about 50# of the resting levels of 

pbocrsatine were hydrolysed when the pH reached 6.8, while it was almost com- 
Qly depleted at pH 6.6 (l0). In the present study only 10# of the initial

FIG.1

Fig. 1 Rates of postmortem glycolysis in the semitendinosus (A), longissimus 
dorsi (B) and psoas (c) of anaesthetised and stunned goats. Circles 
indicate anaesthetised and squares indicate stunned animals. The diam
eter of a circle or side of a square corresponds to 0.075 pH units,and 
represent 2 x S.E.M. where bars are absent.
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TABLE 1
Phosphocreatine content of three muscles of anaesthetised and stunned Boar goats

Anaesthetised ______ Stunned________
Muscle

0 Hours 1 Hour 0 Hour 1 Hour

Semitendinosus *16.7+ 2.1 8.7+ 2.0 3.3+ 0.4 3.0+ 0.3

Longissimus dorsi 20.1 + 1.9 9.6+ 1.2 7.4+ 1.8 4.0+ 0.5

Psoas 19.3+ 2.1 6.8+ 1.4 2.6+ 0.1 3.1+ 0.5

•Phosphocreatine content 
mean values + 3.E.M. , 5

is expressed as ̂ imo] 
animals per group.

.as per gram of tissue, wet weight,

phosphocreatine remained at pH 6.6. Thus, in the goat as -rail as in the pig, the 
extant uf phosphocreatine hydrolysis is the most sensitive indicator of the phy
sical stimulation elicited by the stunning procedure. The ATP values for the th- 
reo muscles at zero time in both anaesthetised and stunned animals are shown in 
Table 2. As already noted for the pH and phosphocreatine, the amount of ATP hyd
rolysed’ during the initial burst of glycolysiswas greatest in the psoas of the 
stunned goats while it was intermediate in the semitendinosus. Surprisingly, the 
initial ATP content of the longissimus dorsi was greatest in the stunned goats.

TABLE 2
ATP and qlucose-6-phosphate content of muscles of anaesthetised and stunned goats

Anaesthetised ______ Stunned
Muscle *ATP

*
G—6—PÜ4 ATP G-6-P04

¿emitendinosus 9.2+ 0.4 1.7+ 0.7 7.3+ 0.6 8.0+ 0.6

Longissimus dorsi 7.4+ 0.7 0.5+ 0.1 8.4+ 0.7 4.5+ 1.0

Psoas 9.6+ 0.4 1.1+ 0.3 6.3+ 0.3 4.8+ 0.9

•Values are given as ̂ noles per gram of tissue, met »sight, means * S.E.M., 5 an. 
imals per group.

The resting levels of gluooss^-phosphats (S-6-Pt4 ) in the anaesthetised goats^ 
shown in Table 2, sho. the same trend as tne pH and phosphocreatine valuas. Th
era is no apparent coreelation between glucose-6-phosphate levels and initial pH
lithe muscled of the stunned animals. It may be that the lack of correlation «t
the initial time point is due to non-steady state fluxes of hexose monophosphates 
through the glycolytic cycle soon after the stunning trauma.

Histuchemical staining of the psoas and semitendinosus 
Jehydrogenase activity shewed that the former .as composed of 5 ^  red 14? inter
mediate and 32? »hits fibres, «hile the latter consisted of 49* red 21* inter 
msrHets and 34? «hits fibres. Enzyme measurements on the longissimus dorsi nave

It ~ s  n^ e d  that'the semitwtdinosus of the goat .as not visually 
divided into distinct red and »hits araas as occurs in the pig and other species.

It is clear that the muscles of the goat used in the present study are compost 
predominantly aerobic fibres i.e. red and intermediate fibres, and it may be t 
the apparent resistance of the goat muscles to stunning with the captive-bolt 
pared with the corresponding pig muscles is due to the dominant aerobic fibre 
of the muscles of the former. A further difference the goat and pig was obsen* 
in the present study, namely, the slowing of the glycolytic rate to the resting 
rate after the initial burst of glycolysis in the stunned animals. At present • 
is not known what is the extent of neurological differences in the motor units 
the pig and goat, since differences at this level could also determine the resi 
siveness of the muscular system to the trauma of the stunning method. It is al 
possible that glycolytic control mechanisms are more labile in the predominant^ 
white muscles of the pig compared with the mechanisms which operate in red fi^ 
of animals such as the goat.
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