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ABSTRACT: Three experiments were carried out fo investigate
the contribution of some factors on the frequency of appearance and
on histochemical and morphological traits of giant fibres (GF), and
the effect of the GF presence on muscle fibre type and morphology
and on meat quality. Experiment 1 tested the effect of the type of
muscle (biceps femoris - BF, gastrocnemius medialis - GM, soleus -
SOL, semimembronosus proprius - SMP, longissimus lumborum -
LL, psoas major - PM). Experiment 2 considered the age at slaughter
(5, 8 and 11 weeks) and feeding restriction (ad fibifurm: until 5 weeks
of age, followed by slaughter; L-H: 70% ad fibitum from S to 8 weeks
of age, then 90% from 8 to 11 weeks; H-L. the opposite). Experiment
3 took into account the sire genetic origin (INRAS077, INRA3889,
Hy+), the dietary energy concentration (H

diet; 11.99 MJ DE/kg DM; L diet: 9.67 MJ DE/kg DM) and the age at
slaughter (69, 74 or 84 days) at equal body weight (2.5 kg). On all
muscles considered, GF were always classified into the 3 fibre types
(@W, aR and BR) even though one or more fibre types were not
present into the normal fibres of a given muscle. The type of muscle
influenced (P<0.001) the appearance of GF (BF> GM = SOL = SMP
> LL > PM). The frequency of appearance of GF was reduced as age
increased (P<0.05). Animals with GF exhibited the highest pHu ( BF:
583 vs 576, P<0.05), percentages (BF: 5.3 vs 3.6%, P<0.10) and
cross-sectional area (LL: 1643 vs 1243um?, P<0.01) of BR fibres.
Increasing numbers of GF in BF muscle also led to an increase in
percentage of aR fibres (P<0.05), aldolase activity (P<0.01), and
pHu (P<0.05).

RESUME: Effet des facteurs biologiques et zootechniques sur
Iapparition des fibres musculaires géantes chez le lapin.
Conséquences sur typage et surface des fibres musculaires et
sur la qualité de la viande.

Dans le but d'étudier la contribution de plusieurs facteurs sur la
fréquence d'apparition et sur les caractéristiques istochimiques et
morphologiques des fibres géantes (GF) et l'effet de leur présence
sur le typage et la morphologie des fibres musculaires et sur la
qualité de la viandz, 3 expérimentations ont été conduites.
L'expérimentation 1 a évalué leffet du type de muscle (biceps
femoris - BF, gastrocnemius medialis - GM, soleus - SOL,
semimembronosus proprius - SMP, longissimus fumborum - LL,
psoas major - PM). Lexpérimentation 2 a considéré l'age a
I'abattage (5, 8 et 11 semaines) et le rationnement alimentaire (ad
libitum: jusqu'a I'age de 5 semaines, suivi par I'abattage; L-H: 70%
du ad libitum de 5 & 8 semaines, puis 90% de 8 a 11 semaines; H-L.
l'opposé). L'expérimentation 3 a étudié l'effet du type geénétique

(INRASO77, INRA 3889, Hy+), la concentration énergétique de
laliment (H: 11.99 MJ ED/kg MS; L: 9.67 MJ ED/kg MS) et I'age a
I'abattage (69, 74, 84 jours) a poids vif égal (2.5 kg). Dans tous les
muscles, GF ont été toujours classifiées dans les 3 types de fibres
(aW, aR and BR) méme si les fibres normales d'un muscle donné ne
présentaient pas un ou lautre type de fibre. Le type de muscle a
influencé significativement (P<0.001) Fapparition des GF chez les 13 animaux
considérés dans lexpérimentation 1 (BF>GM=SOL=SMP>LL>PM). La
fréquence d'apparition des GF a été réduite en augmentant l'age a
I'abattage (P<0.05). Les animaux avec GF ont présenté valeurs de
pHu (m. BF: 5.83 vs 5.76, P<0.05), pourcentages (m. BF: 54 vs
3.7%, P<0.10) et dimensions (m. LL: 1643 vs 1243um?, P<0.01;) des
fibres PR, les plus élevés. En augmentant le nombre des GF, la
pourcentage des fibres aR (P<0.05), l'activité de l'aldolase (P<0.01)
et le pH (P<0.05) sont augmentés.

INTRODUCTION

Giant fibres (GF) have been observed on
histochemically stained sections taken from different
muscles of turkey (DEFLESSELLE, 1994), chicken
(KLOSOWSKA et al., 1979), bovine (SINK et al., 1986)
and pigs (ESSEN-GUSTAVSSON et al., 1994). These
fibres usually exhibit oval or round shapes and a large
cross-sectional area. They are mainly located in
groups or isolated at the periphery of a fascicle (SINK
et al., 1986). Overall energy metabolism is generally
low in GF (CASSENS et al, 1969) and they are
classified as type IIB or type I (CASSENS et al., 1969;
HANDEL and STICKLAND, 1986, SOLOMON and
EASTRIDGE, 1987). A high percentage of fast-twitch
and glycolytic fibres (bovine and pigs), stressful

treatments before slaughter, the halothane gene (pigs),
Duchenne Muscular Dystrophy (man), and selection
for meat production (turkey) are all factors related to
an increase in the frequency of GF. Other important
factors are the animal, its age and the type of muscle
considered. Nevertheless, the effects of these factors
are not yet well established. Moreover, the mechanisms
leading to the appearance of GF in post mortem
muscles are still not well understood. GF could be
interpreted as an indicator of a disturbed metabolism
and abnormal contraction of myofibres during rigor
mortis development (KLOSOWSKA and KLOSOWSKI,
1985). An other hypothesis is that GF develop in
relation to metabolic stress-situations occurring at
slaughter. In pigs, the appearance of GF has been
related to the presence of the halothane gene
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Table 1 : Effect of type of muscle (n=6) and animal (n=13) on the frequency of appearance,
average frequency per unit size and fibre type distribution of giant fibres (GF) (Experiment 1)

LL PM BF
Animals with GF? 2 1 11
Number of GF/mm? 0.05 0.27 0.28
Fibre type distribution of GF (%) :
-BR 100.0 | 88.9 72.5
-aR 0 11.1 3.67
-aW 0 0 23.9

P(ll

GM OL SMP N

S Muscle | Animal RSD

7 ? ‘? k¥

0.33 0.39 0.07 LS. n.s. 0.40
293 55.1 - n.s. n.s. 39.8
69.3 304 - n.s. 1n.s. 228
1.33 14.5 - n.s. LS. 29.9

' Level of significance : *** : P<0.001 Pchi-square test

(SOLOMON er al., 1990, 1991) and metabolic stress-
situations that speed up glycogenolysis, subsequent
lactate accumulation and pH fall in muscle (ESSEN-
GUSTAVSSON ef al., 1994). In rabbits, the presence of
GF in post mortem skeletal muscles has never been
studied. The puipose of the present study was to
characterise GF in rabbit muscles and investigate
possible factors leading to their appearance.

MATERIAL AND METHODS

Animals and experimental design

Experiment 1

Thirteen INRA1077 male rabbits were fed ad
libitum a commercial diet from weaning (28 days) to
slaughter at 80 days of age (slaughter weight:
1567+146 g). Fifteen minutes after slaughter, the
following six muscles were taken from each rabbit -
biceps femoris (BF), gastrocnemius medialis (GM),
soleus (SOL), semimembronosus proprius (SMP),
longissimus lumborum (LL, 3" _ 7" lumbar vertebra),
and psoas major (PM, 3™ — 7" lumbar vertebra). The
muscles were frozen in isopentane cooled by liquid
nitrogen. Samples were stored at -80°C until
histochemical analysis.

Experiment 2

At weaning, 50 hybrid rabbits were divided into 5
groups (labelled blocks, table 2). Block 1 was fed ad
libitum with a commercial diet until slaughter at 5
weeks of age. The remaining rabbits were fed the same
diet until slaughter, but with different restriction levels.
Rabbits coming from blocks 2 and 3 received 70% and
90% of ad libitum, respectively, from 5 to 8 weeks of
age; the animals belonging to blocks 4 and 5 received
70% and 90% of ad libitum, respectively, up to 8
weeks. At 8 weeks, the , restriction levels were
reversed until slaughter at 11 weeks of age.
All the animals were weighted before slaughtering and
the BF muscles were immediately dissected. One BF
muscle was frozen in isopentane cooled by liquid
nitrogen and stored at —80°C until histochemical

analysis. The other was used for ultimate pH (24 h
post mortem, pHu) and L*a*b* colour measurements
(OUHAYOUN and DALLE ZOTTE, 1996). It was then
ground with a Dangoumau ball mill and stored at —
80°C until the final determination of enzyme activities
characteristic of the glycolytic (aldolase) and oxidative
(NADP-isocitrate  dehydrogenase: ICDH) energetic
pathways (BACOU, 1972).

Experiment 3

Fifty rabbits coming from one dam strain (INRA
1067; adult body weight 3.6 kg) and 3 sire strains
(INRA9077: adult bw. 4.1 kg, Hy+ 5.1 kg;
INRA3889: 3.1 kg) were used. At weaning, half of the
INRA9077 and Hy+ sired rabbits were fed the H diet
(11.99 MJ DE/kg DM), the other half the L diet (9.67
MJ DE/kg DM). The INRA3889 sired rabbits were fed
with the H diet only. The rabbits of the 5 groups
(blocks) were slaughtered when the group average
body weight reached 2.5 kg (table 5). Immediately
after slaughter, the LL muscle was taken and treated as
described for experiment 1. Growth performance,
carcass composition, meat physicochemical and LL
histochemical traits are reported elsewhere (DALLE
ZOTTE and OUHAYOUN, 1998).

Figure 1 : Example of fibre cross-sections stained
with azorubine. The GF's result more markedly
stained than normal fibres.
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Table 2 : Effect of age and feed restriction combination (block) on slaughter weight,
frequency of appearance, average frequency per unit size and fibre type distribution of

GF in BF muscle (Experiment 2)

Block 1 2 3 4 5 1
Slaughter age (days) 35 56 56 77 77 PO | psp
Feed restriction ad libitum | 70% | 90% | 70-90% | 90-70% | Plock
Number of rabbits 10 10 10 10 10
Slaughter weight (g) 1064* 1536° 1814°¢ 2413F 2216° L 72.4
Animals with GF 8 6 8 6 5
Number of GF/mm? 0.67 0.65 0.47 0.17 0.16 P<0.10 0.42
Fibre type distribution of GF (%)
-BR 77.1 73.6 61.2 45.8 80.0 n.s. 37.7
-aR 6.3 16.7 16.7 12.5 0 ns. 278
-aW 16.7 9.7 22.1 417 20.0 ns. 31.6
1 evel of significance : *** or A, B, C, D, E: P<0.001
Muscle analysis determined.

For histochemical analyses, six serial cross-
sections from each muscle were obtained with a
cryostat at -20°C. Onme section was stained with
azorubine (reference stain). Four sections were
processed for the mATPase activity after acid or
alkaline pre-incubation (GUTH and SAMAHA, 1970).
The sixth was stained for succino-dehydrogenase
(SDH) activity (NACHLAS et al., 1957). Computerised
image analysis (BUCHE, 1990) was used to type the
fibres according to ASHMORE and DOERR (1971). For
each muscle fibre type (BR, aR and aW) the respective
percentage and mean cross-sectional area was

Table 3 : Effect of GF presence and age x feed restriction
combination (block) on fibre type distribution, fibre cross-
sectional area and physicochemical traits of BF muscle (n= 50)

(Experiment 2)

On each section stained with azorubine the giant
fibres (GF) were counted and their average frequency
per unit size of muscle section calculated (figure 1).
Using the combined information from the other stained
serial cuts, the GF fibre type distribution was
determined.

Statistical analysis

Analysis of variance was performed using the GLM
procedure of SAS (SAS Institute, 1990) with different
fixed effects; muscle, animal and muscle x animal
interaction in experiment 1, combined effects of “diet-
age”, presence/absence of GF and their
interactions in  experiment 2, and
combined effects of “diet-sire genetic
origin-age”, presence/absence of GF and
their interactions in  experiment 3. In
experiments 2 and 3, the number of GF

Probability "’ was used as a covariate. Least square
GF RSD means were calculated for all the effects
Presence | Block involved in the models. Variability was
of GF | effect expressed as residual standard deviation
No Yes P
(RSD) for each character.
Fibre type distribution (%):
-BR 3.6 53 P<0.10 e 2.9
“oR 274 26.4 e - .6 RESULTS AND DISCUSSION
-aW 69.0 683 ns. ore 5.1 o -
, ol N Classification of Giant Fibres (GF)
Fibre cross-sectional area (jm ). Giant fibres were always found
-BR 970 1040 n.s. www 252 . L .
“oR 896 1017 s - 239 isolated and randomly distributed in
-aW 1483 1518 s _— 279 muscles. In all experiments, GF were
Aldolase (IU/g) 701.5 729.1 n.s. *hx 54.4 mainly classified as PR while the
ICEH (ergfg) 5.49 ]5‘55 ns. ::: 0.68 remaining ones were shared between
sll{‘fé?s CDH 153§;£ 54 3‘39 s - ?)Odg the aW and aR fibre types. In the pig,
L*® 577 576 n.s. P<0.10 26 GF fibres were identified as type IIB
a*g 5.2 5.7 n.s. ns. 22 (comparable to aW fibres) (SOSNICKI,
b* 3.3 33 ns. ns. 1.8 1987), as mainly (60%) type 1

Level of significance : *: P<0.05 ; ***:P<0.001

@ Only blocks 2to 5

3

(comparable to PR) (HANDEL and
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Table 4 : Effect of GF number (GFn) on fibre type distribution,
fibre cross-sectional area and physicochemical traits of BF

muscle (n= 50) (Experiment 2)

the frequency of normal IIB fibres, as
reported in pigs (SOLOMON and
EASTRIDGE, 1987). Indeed, the muscles

i P exhibiting the highest proportions of
Cression Regr, Cootr, | Jnteraction | - oy, oW fibres (i.e. 0% in PM m. and 56%
GFn GFn n x block in LL m., on average), contained very
few GF. Contrary to the results reported
Fibre type distribution (%): in pigs by DUTSON et al. (1978), the
-BR 0.15 ns. ns. 2.84 present experiment shows that the
-aR -0.20 ns. ns. 4.52 presence of GF in a given muscle, does
-aW 0.05 ns. n.s. 5.08 not imply that GF are also present in
Fibre cross-sectional area (um?) the other muscles of the rabbit. The
-BR 15.8 ns. ns. 2324 average number of GF/mm’ decreased
'a& 1;’-2 * n.s. ggg% according to the type of muscle in the
- : LS. 1.5. ' rank order: SOL (0.39) > GM (0.33) >
% *

gg‘il;afenfgg) 45)33? ns. ns. 50%%9 BF (0.28) > PM (0.27) > SMP (0.07) >
Aldolase/ICDH 1.89 * * 19.04 LL (0.05). Moreover, the three fibre
pHu® 0.01 . ns. 0.08 types were always represented in GF of
L*® 0.10 n.s. ns. 2.66 hindleg muscles (SMP m. was not typed)

a*® -0.06 n.s. n.s. 233
p*® 0.07 s s Y even though some of these muscles do
not normally contain the three fibre

WLevel of significance : *: P<0.05; **:P<0.01

STICKLAND, 1986) or completely as type I (SOLOMON
and EASTRIDGE, 1987). In pigs, GF are never classified
as aR (or type ITA) muscle fibres. In the rabbit, GF can
be typed as PR, aR or aW and the typing does not
exactly reflect that of their originating muscle (table 1).
In consequence, it can be concluded that every normal
muscle fibre type is able to be transformed in GF.

Experiment 1
Twelve out of the 13 animals presented GF in at

least one muscle. The type of muscle significantly
affected the presence of GF (P<0.001): eleven animals
presented GF on BF, meanwhile only 1 or 2 GF are
reported in the PM or LL, respectively (table 1). In the
rabbit, the incidence of GF was not positively related to

@ Only blocks 2to 5

types. This suggests that when normal

fibres transform to GF, they change not

only their oxidative pathway, but also
their contraction speed. It is the case for SOL m. which
normally contains only BR (88%) and aR (12%) fibres
(ALASNIER et al., 1996), whereas 15% of GF are aW
(table 1). Appearance of GF in a given muscle is
associated with modification of the fibre type proportion
of that muscle. However, it is not yet clear if it is the GF
appearance that induces the abnormal fibre type change
or the opposite.

Experiment 2

Thirty three of the 50 animals presented GF in the
BF muscle. Table 2 shows the combined age and feed
restriction effects (block) on the appearance and on the
fibre type distribution of the GF found in the BF

Table 5. Effect of genotype x dietary energy density x age combination (block) on frequency of
appearance, average frequency per unit size and fibre type distribution of GF in LL muscle

(Experiment 3)
Block 1 2 3 4 5
Sire genetic origin INRA9077 | Hy+ | INRA3889 | INRA9077 | Hy+ pY RSD
Adult body weight (kg) 4.1 5.1 3.1 4.1 5.1 Block
Diet H H H L L
Slaughter age (days) 74 69 84 84 74
Number of rabbits 10 10 10 10 10
Animals with GF 4 5 2 1 2
Number of GF/mm’ 0.12 0.16 0.11 0.08 0.14 ns. 0.08
Fibre type distribution of GF(%):
-BR 77.5° 28.3° 0 100° 83.3° * 31.1
-oR 0 15.0 0 0 0 ns. 224
-aW 22.5° 56.7° 100° 0 16.7* P<0.10 315

O evel of significence : * or a, b : P<0.05
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Table 6 : Effect of GF presence and genotype x dietary energy
density x age combination (block) on fibre type distribution

physicochemical traits of animals with or
without GF in BF were not significantly

and fibre cross-sectional area of LL muscle (n = 50)  different when submitted to the age and

(Experiment 3) feed restriction effects. As the number of

5 GF increased (table 4), the area of aR fibres

GF P! po (P<0.05), the aldolase activity (P<0.01), the

o T 1o P;‘;Sg;fe block | P aldolase/ICDH ratio (P<0.035) and the pHu

(P<0.05) values also increased. Moreover,

Fibre type distribution (%): the aldolase activity and the aldolase/ICDH

-BR 1.8 1.9 ns. P<0.10 |14 ratio were significantly influenced by the

-oaR 197 1209 |ns ns. 42 number of GF x block interaction (P<0.05).

-aW 785 1772 |ns. ns. 4.3 The regression coefficient was highly

Fibre cross-sectional area (um’) significant in block 4 (77 days of age, feed
- PR 1243 1643 ** 412 - - o TR .

iy 1355 11442 |ns. 340 restriction 70-90%), indicating an increase

oW 1975 11979 |ns. 409 of 28.3 1U of the aldolase activity for every

GF found. To a lesser extent, a similar trend

®evel of significance : *: P<0.05; **: P<0.01 was observed for pHu (block 4: +0.03 pHu

muscle. The number of GF per unit area was slightly
influenced by age (P<0.10; table 2). A decrease in the
number of GF/mm? as the rabbits aged was observed.
The compensatory growth of the early restricted
animals (block 4) tended to increase the percentage of
fast-twitch glycolytic fibres (W) to the detriment of
the slow twitch ones (BR). The opposite tendencies
were observed for the late feeding restriction (block 5).
When animals presented GF, they exhibited a
higher percentage of PR normal fibres (5.3 vs 3.6
P<0.10) and higher pHu values (5.83 vs 5.76; P<0.05)
in BF muscle (table 3). The effects of the presence of
GF on pHu values are opposite to what is found in
halothane homozygote or stressed pigs (ESSEN-
GUSTAVSSON et al., 1994). This different metabolic
effect between the pig and rabbit has previously been
reported, particularly in response to stress situations
(DALLE ZOTTE et al., 1995). The non-significant
interaction between presence of GF and block indicate
that the fibre type distribution and meat

Table 7 : Effect of GF number (GFn) on fibre type
distribution and fibre cross-sectional area of LL
muscle (n = 50) (Experiment 3)

. P
Regression Regr
Coefficient C ﬁ RSD
GFn octt.
GFn
Fibre type distribution (%) :
- BR* 0.62 P<0.10 1.37
-aR 0.29 .S, 4.43
-aW -0.91 n.s. 4.49
Fibre cross-sectional area (pum?) :
-BR® 82.9 n.s. 429.5
-aR 18.0 I.S. 344.7
-aW -29.0 n.s. 397.6

*block 4, regression coefficient : 3.32 (P<0.05) ; " block 1,
regression coefficient : 212 (P<0.05)

unit for every GF found, P<0.05). An

increase of the muscular glycolytic energy
metabolism causes a decrease of pHu mainly due to
lactate accumulation. The presence and, more
markedly, the number of GF on aldolase activity and
on pHu increases is difficult to explain. Zootechnical
factors  (peri-mortem  stress  conditions) and/or
individual susceptibility to develop GF could have
altered this equilibrium in the rabbit, ie. by
inactivating the glycolytic enzymes at lower lactate
concentrations.

Experiment 3

Fourteen of the 50 animals had GF in their LL
muscles. The highest number of rabbits presenting GF
were those fed the H diet (table 5). Youngest rabbits
at equal commercial slaughter weight (blocks 1, 2 and
5) and rabbits selected for rapid growth (Hy+>
INRA9077) exhibited more GF/mm’. Analogous age
and selection effects were found in turkeys (DUPAS,
1992; WILSON ef al., 1990). According to SOSNICKI ef
al. (1991), selection for increased muscle size in
modern turkey strains, coupled with minimal physical
activity, may predispose the animals to muscle
abnormalities, such as hypercontracted (hyalinized)
muscle fibres, by altering the vascular supply at the
terminal capillary bed level.

Table 5 also reports the combined genotype X
dietary energy density x age effect (block) on fibre
type distribution of GF in LL. The block significantly
influenced the proportion of the PR fibres (P<0.05)
and, to a lesser extent, the oW fibres (P<0.10) of GF.
Block 3 (INRA3889 sired, H diet, 84 days of age) was
characterised by the absence of GF fibres typed PR or
oR while all the GF were of the BR type in block 4
(INRA9077 sired, L diet, 84 days of age). A small
proportion of GF (15%) were classified as aR in block
2. These results seem to indicate a sire genetic origin
effect for the presence of oxidative GF ( INRA9077 >
Hy+ > INRA3889) and a diet effect (more oxidative
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GF in animals fed the L diet). Nevertheless, the small
number of animals with GF suggests further
investigation in this area. .

In animals with GF, the fibre cross-sectional area
of BR fibres of LL was larger than that of animals
without GF (1643 vs 1243um’, P<0.01; table 6)
reinforcing the trend observed in experiment 2. The
GFxblock interaction was never significant.

The increase in the percentage of BR fibres was
positively linked to the increase in  the number of GF
with a general regression coefficient of 0.62 (P<0.10),
depending on the significance of the regression
coefficient of block 4 (INRA9077 sired; L diet: 3.32;
P<0.05) (table 7). As observed in experiment 2, when
the number of GF increased, the average area of
oxidative fibres increased as well (for every GF found,
area of PR and aR fibres increased 82.9 and 18.0um’,
respectively, n.s.). Block 1 (INRA9077 sired; H diet)
exhibited a significant (P<0.05) regression coefficient
of the PR fibre area (increase of 212um’ for every GF
found). This suggests that, if compared to the other
sire strains, INRA9077 seemed to be the more
susceptible to variations in percentage and area of
normal BR fibres as the number of GF increased.

CONCLUSIONS

In the rabbit the main factors that influence the
frequency of GF are the type of muscle, the age at
slaughter, the energy content of the diet and the genetic
origin of the animals. It is probable that, even in the
rabbit, individual susceptibility to develop GF exists,
derived from both higher fragility of cell membranes
and fibre hypercontraction. The presence of the three
fibre types in GF seems to support the hypothesis that
they are involved in abnormal muscular energy
metabolism and contraction speed, whereas the
hypothesis that they represent a different fibre type is
less probable. The presence of GF significantly
increases the percentage and area of PR fibres and the
pHu of the  muscles. The positive regression
coefficients between number of GF and aldolase
activity and pHu indicate that high frequencies of GF
could have some influence on rabbit meat quality. It
has not been disproven that the individual tendency to
develop GF could be associated with a tendency
towards abnormal muscular energy metabolism of
normal fibres, too.

Received : May 18", 1999
Accepted : February 28", 2001

Acknowledgements: The authors are grateful to the Institut
National de la Recherche Agronomique (France), particularly to
Patrick Ecolan for his help in the histochemical work. The
slatistical assistance provided by Barbara Contiero (Department of
Animal Science, Padova, Italy) is gratefully acknowledged.

REFEFENCES

ALASNIER C., REMIGNON H., GANDEMER G., 1996. Lipid
characteristics associated with oxidative and glycolytic fibres
in rabbit muscles. Meat Sci., 43 (3-4), 213-224.

ASHMORE C.R., DOERR L., 1971. Comparative aspects of
muscle fiber types in different species. Exp. Neurol., 31, 408-
418.

BACOU F., 1972. Evolution quantitative de l'aldolase, de
l'aspartate aminotransférase, de la succinodéshydrogénase et
de l'acétylcholinestérase dans les muscles blancs du lapin au
cours de la croissance postnatale. C.R. Soc. Biol., Montpellier,
166, 1037-1042.

CASSENS R.G., COOPER C.C., BRISKEY E.J., 1969. Giant
fibres in porcine muscle. Acta Neuropath, 12, 300-304.
DALLE ZOTTE A., PARIGI BINI R., XICCATO G,

SIMIONATO S., 1995 Proprietd tecnologiche ed
organolettiche della carne di coniglio. Influenza dell’eta di
macellazione, del sesso e dello stress da trasporto.

Coniglicoltura, 32 (6), 33-39.

DALLE ZOTTE A., OUHAYOUN 1J., 1998. Effect of genetic
origin, diet and weaning weight on carcass composition,
muscle physicochemical and histochemical traits in the rabbit.
Meat Sci., 50 (4), 471-478.

DEFLESSELLE E., 1994. Les fibres hypercontractées du muscle
de dinde: caractérisation histoenzymologique. Thése de
dipléme d Etat de Docteur Vétérinaire. E.N.V. Nantes. 1-90.

DUPAS M., 1992. Les myopathies spontanées asymptomatiques du
dindon: évaluation qualitative et quantitative des lésions. Th.
Meéd. Vet., Nantes, 1-103.

DUTSON T.R., MERKEL R.A., PEARSON A.M., GANN G.L.,
1978. Structural characteristics of porcine skeletal muscle
giant myofibers as observed by light and electron microscopy.
J. Anim. Sci., 46, 1212-1220.

ESSEN-GUSTAVSSON B., KARLSSON A., LUNDSTROM K.,
1994. Metabolic response and giant fibres in muscle from pigs
after slaughter. 40" 1.Co.M.S.T., The Hague, Netherlands, S-
VILO4/2.

GUTH L., SAMAHA F.J., 1970. Procedure for the histochemical
demonstration of actomyosin ATPase. Research Note. Exp.
Neurology, 28, 365-367.

HANDEL S.E., STICKLAND N.C., 1986. Giant muscle fibers in
skeletal muscle of normal pigs. J. Comp. Path., 96, 447-457.

KLOSOWSKA D., NIEWIAROWICZ A., KLOSOWSKI B,
TROJAN M., 1979. Histochemische und histologische
untersuchungen am M. pectoralis superficialis mit
beschleuntiger, normaler und verzogerter glykolyse rate in
broilern. Fleischwirtschaft, 59, 1004.

KLOSOWSKA D., KLOSOWSKI B., 1985. Histological and
histochemical investigations on heterogeneity of muscle in
pigs. Tag.-Ber., Akad. Landwirtsch.-Wiss. DDR, Berlin 236,
191-197.

NACHLAS MM., TSOU K., DE SOUZA E., CHANG C,
SELIGMAN AM., 1957. Cytochemical demonstration of
succinic dehydrogenase by the use of a new p-nitrophenyl
substituted ditetrazole. J. Histoch. Cytochem., 5, 420-436.

OUHAYOUN J., DALLE ZOTTE A., 1996. Harmonization of
muscle and meat criteria in rabbit meat research. World
Rabbit Sci., 4, 211-218.

SAS Institute, 1990. SAS/STAT Users* Guide, Version 6. 4" edn.
SAS Institute Inc., Cary, NC.




APPEARANCE OF GIANT FIBRES IN RABBIT MUSCLE

SINK J.D., MANN C.M., TURGUT H., 1986. Characterization of
the giant myofiber in bovine skeletal muscle. Expl. Cell. Biol.,
54, 1-7.

SOLOMON M.B., EASTRIDGE 1.8., 1987. Occurence of giant
fibers in muscles from wild pig native to the United States.
Meat Sci., 20, 75-81.

SOLOMON M.B., CAMPBELL R.G., STEELE N.C., 1990. Effect
of sex and exogenous porcine somatotropin on longissimus
muscle fiber characteristics of growing pigs. J. Anim. Sci., 68,
1176-1181.

SOLOMON M.B., CAMPBELL R.G., STEELE N.C., CAPERNA
T.J., 1991. Effects of exogenous porcine somatotropin

administration between 30 and 60 kilograms on longissimus
muscle fiber morphology and meat tenderness of pigs grown
to 90 kilograms. J. Anim. Sci., 69, 641-645.

SOSNICKI A.A., 1987. Histopathological observation of stress
myopathy in muscle longissimus in the pig and relationships
with meat quality, fattening and slaughter traits. J. Anim. Sei.,
65, 584-596.

SOSNICKI A.A., CASSENS R., VIMINI R.J., GREASER M.L,,
1991. Histopathological and ultrastructural alterations of
turkey skeletal muscle. Poultry Sci., 70, 349-357.

WILSON B.W., NIEBERG P.S., BUHR R.J., 1990. Turkey muscle
growth and focal myopathy. Poultry Sci., 69, 1553-1562.




