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SUMMARY

The cause for the appearance of giant fibres observed in post-mortem muscle samples is still not well
understood. The purpose of this study was to analyse metabolic response and pH in muscle samples btaiﬂed
longissimus dorsi) from two earlier studies in which giant fibres were found. In study A, samples W.ere(.) i
immediately at exsanguination from ten halothane-gene free and ten halothane homozygote Yorkshire p1e
which had been lairaged for 2 hours before they were electrically stunned without a restrainer. In study ,o ped?
samples were obtained 30 min after exsanguination from twentyone F2 animals (crosses between the .ur ;
wild boar and the Swedish Yorkshire pig breed) which had no lairage and were electrically stunned usii jcal
restrainer. Eleven of these pigs were carriers of the halothane-gene. Samples were taken both for histo®
(myofibrillar ATP-ase, NADH-tetrazolium reductase, PAS and Sudan black B) and biochemical (H {n'ed
ATP, ADP, AMP, IMP, lactate, glycogen) analyses. Two days post-mortem, colour of the meat was meas

as surface reflectance.

In study A giant fibres were found in three of the halothane homozygote pigs. These pigs had the highes
lactate and IMP concentrations and lowest glycogen, ATP and CP concentrations, with muscle pH less fthes"
6.3. In study B, most of the pigs revealed giant fibres although a large variation was seen in the number ©
fibres. The appearance of giant fibres was positively correlated to lactate and IMP concentrations and polic
negatively correlated to pH and ADP concentrations. The results show that the halothane gene and meta 0
stress-situations in muscle will give rise to giant fibres. Furthermore, the results indicate that the appe’
giant fibres is related to glycogenolysis with lactate accumulation and a marked pH fall in connection w be
slaughter and a pronounced ATP degradation with IMP accumulation. The appearance of giant fibres G,Ou
one factor of importance for meat quality, and a positive correlation was seen between the number of @
fibres and reflectance values of the meat.

f

Introduction

Giant fibres have been observed on histochemically stained sections from muscle samples obtained after 986,
slaughter from both turkeys, chicken, bovine and pigs (Klosowska et al. 1979, Bader, 1982, Sink et al.
Sosnicki et al. 1991). These fibres are usually found in the periphery of a fascicle among type IIB fibré® ol
have an oval or round shape which differ from the normal fibre pattern seen in a cross-section (Cassen® p g
1969 ). Giant fibres have been said to represent a different fibre type and to be an anomaly caused by mufer a0
contraction during rigor development. They seem to appear only in muscle samples obtained after slaugh
mainly in muscle with PSE-charactheristics (Klosowska and Klosowski, 1985). Giant fibres have bee? pat
observed in muscles from wild pigs but were then located in the centre of the fascicle and had propemes.
resembled type I and IIA fibres ( Solomon and Eastridge, 1987). Giant fibres have also been found in P!
which succumbed due to a diet low in E-vitamin (Jensen et al. 1988). This was said to be related to
peroxidation and free radical formation giving rise to membrane damage and tissue destruction. velo?
The cause for the appearence of giant fibres is still not clear. One hypothesis could be that giant fibres de

due to metabolic stress-situations in connection with slaughter. The purpose of this study was therefor® "
analyse pH and metabolic response in muscle samples obtained after slaughter which contained differe?
amounts of giant fibres.




Material and methods

. Muscle samples (M.longissimus dorsi) investigated in the present study were obtained in two earlier
ey (ESSén-Gustavsson et al. 1992, Karlssson, 1993). In study A, muscle samples were oblamec} .
hml-nediately at exsanguination from ten halothane-gene free and ten halothane homozygote Yorkshire pigs
hich Were slaughtered the week they reached 100kg. They were transported 5 km from the research station to

® battor and had been lairaged for 2 hours before they were electrically stunned wnthqut a restrainer. In
o Muscle samples were obtained 30 min after exsanguination from twentyone F2 amma]s (crosses :
between the European wild boar and the Swedish Yorkshire pig breed). Eleven of the F2 pigs were carriers of
the_hal()[hane gene (HalVHal") whereas ten pigs were free of this gene. The pigs were slau_ghtered the week
Ehelr live Weight reached 80 kg or at a minimum age of 190 days. They were transported 5 km from lhe’
iesea A station to the abbattoir. Because of a violent behaviour of these pigs they had no lairage agd }x ere
d 3 diately electrically stunned using a restrainer. In both study A and B the samples from M.lpngls:muih )
r:sru]llWere taken both for histochemical and biochemical analyses. Excepl)l fc;rg 2!)Jservat|ons of giant fibres the

. rom st / n presented earlier (Essén-Gustavsson et al. 2). .
o emiCaluadr?al/;sZ? ;:ﬁ:l tSansverse sections were cut in a cryostat and stained for myofibrillar ATPase
37§:r did (pH 4 3 for 3 min and pH 4.6 for 5 min at room temperature) and alkaline (pH ‘l 0.3 for 9 min at
% Preincubation (Brooke and Kaiser, 1970), NADH-tetrazolium reductase (Novikoff e; al. 1961), PAS~
wearse) 1961 and Sudan black B (Dubowitz, 1985). The number of giant ﬁbrf:s re\;e_aled in the NADH stain
Bia | Sounteq On a circular screen (19 cm diameter) of a Visopaq-microscope with a 55 x magJ.n'ﬁc:.zt‘ton A
the Cmica] analyses: Muscle samples were freeze-dried and dissected ffee of bloqd, connectll.\ e tissue z;r\xD Pa .
A]\,?Pweighed and extracted in perchloric acid before being neutralised with potassium hydroxide. ATP, d,
gl i concentrations were determined using a HPLC-technique (Sellevold et al. 1986). Lactate an :
pﬁ%gen Concentrations were determined using fluorimetric techr}iq‘ues (Lowry and Pa;soncau, 1973). Muscle
Me;:l " analysed on a pH-meter after homogenisation of muscle in 10doacetaLte Ir)];fl;tr?llze;i t::é:ii L% ke
By 1 Colour Was measured at 2 days post-mortem as surface reflectance (EEL, Diffusion ystems : !

540) using o Y_filter (400-700nm).

Qsll
lts ang Discussion.

Ilrxllusstsdy A, giant fibres were seen in 3 of the halothane homozygotes_ which had 9, 4 and 3 giant ﬁbTeS6 a?fxg z'ar L
metakl,e PH of 5.98,6.21 and 6.25 at slaughter. In samples with no giant fibres muscle pH was above : S.

(Tab] '®Tesponse at exsanguination is shown to differ between halothane homozygot;s and non-cz:.jn;er Ls
in% 5 -.The three pigs that revealed giant fibres seem to have been exposed to the highest demzin7 or S
Cong CCtion with slaughter as they had the highest lactate (146-219 mmol/kg) aqd IMP (10.9-15. tr}x;nm werge
homenlratims and lowest ATP (1-16 mmol/kg) and CP (0-4 mmol/kg) concentrations. The fact t{ml : ciy

Shoy, 80les for the halothane gene is likely a contributing faglor to this metabolic response. The§e p)g? are
Supp) © have large fibre areas and a low capillary density which may cause not onlyja ]lmlIaIIOT] 1N OXYy %ex} W
Pigs : Ut alsg jp release of waste products like lactate (Esséq-Gusta\'sson etal. 1992). In stud_\. B, m;)s ’?he
Dpe Caled glant fibres although a large variation was seen in me occurence of Ehese fibres (F 1gurg 6)1,

Q()ncar ¢ of giant fibres showed a significant negative correlation to pH (r= -0.52) an ADP (r=-0.61) e
c()nczn tra%n and a significant positive correlation to IMP (r= 0.60) and lqclate (r=0.57) conceptratvxonts«.mese
Pigs ;;lrallOn Was highest in the carriers of the halothane-gene and most glantvﬁbres were seen in t\;(t)) o ‘

Not;;b OWever, one pig that was a carrier of the halothane gene was an exception as it had’no giant fi rt;s.n o
the hi © Was that this pig also had the lowest IMP (3.1 mmol/kg) and lactate (141 moV kg) conciptrallolate
Wp Pl ATP (16 mmol/kg) concentration of all the pigs. In contrast, most of the pigs revealed high lactate,
d% o P concentrations. The pigs were exposed to a stressful sxtuqtlon pre-slapghter and therefore enext'gy
Torte, ; Might have been high in the muscles of these pigs. The metabplxc response is related both to the post-
Slaught "akdown of glycogen and ATP but also to the exposure to dxﬂ?:rent stressful treatments pre- 5
rnuscl °r When the rate of energy utilisation exceeds the rate of producnqn ADP co.ncentranon increase ;
the 7 increased ADP content leads to AMP formation via the myokinase reaction and IMP formation via
Py | “®aMminase reaction which has its pH-optimum around 6.3 (Wheeler and Lowenstein, ]‘9793{“2221 :
o sﬁmoWered 1o values around 6.3 due to increased rate of glycogenolysis and lactate accumulation is -
(Fig‘lr Ulate production. A close correlation was found between musclg lactate and II\:{P conccrftrauo
%'Tes; D-In agreement with previous results in study A, lactate concentrations arou}r;cli‘rltiodr?rmﬁgg i3
ey 0;) nd to PH values around 6.3. Results from study A has previously shown a pH linked tres

“formation in muscle ( Essén-Gustavsson et al. 1991). The appearance of giant fibres in this study
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. 3 k- ) 3 rten
and the correlation to lactate and pH support an earlier study on pigs in which giant fibres, 5 min post M )

were rather low in M.longissimus dorsi of normal muscle but higher in PSE muscle (Klosowska et &' pave
That study also showed that an increase had occured in giant fibres 45 min post mortem. Similar flfldmg; o
been observed in chicken where samples obtained 15 min after slaughter had a higher content of giant i dr
compared with samples obtained immediately after slaughter ( Klosowska et al. 1979). In the present waz; of
samples taken 30 min after exsanguination had higher IMP and lactate concentrations and a greater purtt hane
giant fibres than the samples in study A, taken immediately at slaughter. Pigs that are carriers of the halol otate
gene seem to be susceptible for development of giant fibres. In both syudy A and B the highest TMP and bae oneé
concentrations and most giant fibres were found among these pigs. The appearance of giant fibres ?OUIdb e
factor of importance for meat quality, and a positive correlation was seen between the number of giant s
and reflectance values of the meat (r=0.55). ; of 8
The giant fibres were shown to have an unnormal staining pattern and were usually located in the Penphcr}; B
fascicle among type IIB fibres (Figure 2). In agreement with previous observations the fibres appear 85
fibres as they are heavily stained with both 4.6 and 10.3 preincubations. Fibres with an oval shape 01 orllle il
stained section did not always appear as giant on another serial stained section. They could be quite SM2 }; E
having the oval shape, or they seemed to have disappeared. This indicates that not only h)perconlfact}q1
ruptures and other structural changes may occur within a giant fibre It is likely that the unnormal ?‘amlng
pattern of giant fibres could be related to these changes. It can be questioned if the NADH-tetrazohum lipid
reductase and Sudan black B staining intensity in giant fibres indicate a high oxidative capacity and 8 h'g}vler
content in these fibres or is an artifact due to structural changes. Unstained fibres in the PAS-stain, hoWe™"
likely reflect glycogen depleted fibres.
The results in the present study indicate that the appearance of giant fibres is related to damages of cell
membranes and hypercontraction due to a pronounced glycogenolysis with lactate accumulation and A%
degradation with IMP accumulation in muscle. Further studies with investigation of metabolic respons i
single fibres are, however, needed to better understand the cause for appearance of giant fibres.

Conclusion

The results of this study show that both the halothane gene and metabolic stress-situations, especially stres>
treatment of pigs before slaughter, will give rise to giant fibres. Furthermore, the results indicate that 1
appearance of giant fibres is related to glycogenolysis with lactate accumulation and a marked pH fall 12
connection with slaughter and a marked ATP degradation and.IMP production.
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