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SUMMARY

Ten pigs were trained 3-7 min on a treadmill for 12 weeks
(T-group) and ten pigs were untrained and only kept in
pens (UT-group). Before training (around 25 kg) and 1
week before slaughter (around 110 kg) biopsies were
taken from M.longissimus dorsi (LD) and M.biceps
femoris (BF). Glycogen content and

muscle metabolic characteristics and response
preslaughter which may differ among pigs due to factors
like heredity, nutrition, exercise and stress.

Meat quality is negatively affected in stress-susceptible
pigs which at exsanguination have a different muscle
metabolic response with lower glycogen content and
phosphagen stores and higher lactate concentrations
compared to non-susceptible pigs (Lundstrém et al.
1985). It has also been shown that the glycogen content
as well as the oxidative capacity may differ in vivo among
breeds and that this may be related to especially the
tenderness of meat (Essén-Gustavsson and
Fjelkner-Modig 1985). One important factor thag can
alter the glycogen content and the oxidative capacity of
the muscle is physical activity (Essén-Gustavsson and
Lindholm 1983). It was thus of interest to study the
relationship between meat quality and sensory properties
of the meat and muscle metabolic characteristics of pigs
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Table 2. Mean and standard deviation (SD) of pH, drip loss (%), MQM,
Juiciness, flavour and tenderness in M. longissimus dorsi
and M, biceps femoris after slaughter from ten untrained
pigs (UT-group) and ten trained pigs (T-group)

M. Longissimus dorsi M. Biceps Femoris
UT-group T-group UT-group T-group
pH S 5.56 5.51 5.85 5.55b
(0.13) (0.10) (0.28) (0.05)

MQM 30.1 31.2 46.2 62.7b
(5.0) (5.2) (13.0) (11.4)

Drip loss 4.6 4.5 - -

(2.2) (2.4) - -

Juciness 5.2 5.2 4.2 3.7

(0.5) (0.4) 0.8) (0.8)

Flavour 5.9 5.9 5.4 5.6

(0.3) (0.3) (0.3) (0.3)
Tenderness 5.7 6.2 4.6 5.1
(0.7) (0.8) (1.2) (0.9)

b indicate significant difference between UT- and T-groups; p<0.01.

raised under similar conditions but differing in their
physical activity level.

MATERIAL AND METHODS

Two litters of crossbred Swedish Landrace (25%) X
Yorkshire (75%) pigs were used in this study. Each litter
contained ten pigs which at a mean weight of around 25
kg were split into two groups and thus four pens (3x3 m)
housed five pigs each. Half of the pigs from each litter
were assigned to training (T-group; 5 gilts and 5
castrates) and the other half were untrained (UT-group;
6 gilts and 4 castrates). The pigs in the T-group were
moderately exercised on a horizontal treadmill
(STO-Treadmill) for 3-7 min, 5 days/week during 12
weeks. The speed was during the first two weeks between
1-1.5 m/sec and was then slowly increased to 2-2.5 m/sec.
The total distance covered during the training period was
33 500 meter. The Pigs in the UT-group were all the time
kept in their pens. All pigs were fed a similar diet twice a
day according to a restricted feeding scale based on the
average weight of the pigs in the pen. At a mean weight
of around 25 kg when the pigs were split into groups,
muscle samples were obtained from both the
M.longissimus dorsi (LD) and M.biceps femoris (BF) of
all pigs. The pigs were anaesthetized and surgical samples
were obtained which were about 5x 5 mm large. After the
training period and one week before the pigs were going
to be slaughtered (mean weight around 110 kg) muscle
samples were again obtained after the pigs had been
anaesthetized. Needle biopsies were this time obtained
from BF due to the growth of the muscle but surgical
samples were obtained from LD. The muscle samples
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were immediately frozen in liquid nitrogen and stored at
-80°C until analyzed.

Biochemical analyses:

The muscle samples were freeze-dried overnight and
dissected free of connective tissue, blood and fat. As pure
muscle as possible was then weighed (1-2 mg) and
homogenized with an ultrasound disintegrator in 0.1 M
potassium buffer (pH 7.3). The activities of citrate
synthase (CS) as marker for citric acid cycle,
3-hydroxy-acyl CoA dehydrogenase (HAD) as marker
for lipid oxidation, lactate dehydrogenase (LDH) as
marker for lactate production and hexokinase (Hk) as
marker for glucose phosphorylation were analysed at
25°C with fluorimetric techniques (Essén et al. 1980;
Essén-Gustavsson et al. 1984). Another part of the
dissected muscle (1-2 mg) was taken for glycogen
analyses. The muscle sample was then put into a tube
containing 1 ml of 1 M HCI and heated to 100°C for 2 h.
Glycogen was analysed as glucose residues (Lowry and
Passonneau 1973).

Meat quality analyses:

Muscle samples from BF and LD were obtained after
slaughter. The pH value was measured about 24 hours
after slaughtering- Internal reflectance (MQM) was
analysed with the MQM-instrument (Meat Quality
Marbling; Danish Meat Research Institute, Koskilde,
DK), utilizing a wavelength near the infrared region, i.c.
940 nm. Drip loss was determined as the percentage loss
of a 2.5 cm slice of LD hung in a plastic bag for four days
in 2°C,



Sensory analyses:

Four days post mortem the LD samples (7th thoracic
vertebra - 15th thoracic vertebra and without bone and
lard) and BF samples were vacuum packed in plastic
bags, frozen and stored at -20°C for one month. The
samples were thawed over night in a chilling room at
+4°C and were conditioned at room temperature
(+20°C) for one hour. The samples of LD were cut into
slices of 1.5 cm thickness. The slices were fried at 180°C
on a griddle, with little margarine, immediately prior to
the sensory evaluation. The frying was discontinued at a
centre temperature of 68°C. The samples of BF were
roasted whole in a roasting bag in an oven. The oven
temperature was 175°C and roasting was discontinued at
a centre temperature of 75°C. The BF was cut into 0.5 cm
slices, which were divided and reheated in a microwave
oven before serving, The sensory evaluation was carried
out by a trained expert panel which consisted of 10 men
and women. At each session the panelists were served 10
samples and with gilts and castrates at separate sessions.
The following attributes were included in the test profile;
meat flavour (1: very weak, 9: very strong); juiciness (1:
none, 9: very large); tenderness (1: very tough, 9: very
tender),

RESULTS

Enzyme activities and glycogen content from BF and LD
are shown in table 1. No differences were seen in enzyme
activities or glycogen content between groups at 25 kg in
either of the muscles, In BF at 110 kg both CS, HAD and
HK activities and glycogen content were significantly
higher (1.3 - 2 x) in the T-group as compared to the
UT-group. In LD only the CS activity was higher (1.3x)
in the T-group than in the LT-group. When the pigs
weighed around 110 kg the LDH activity had increased
in BF of both groups (1.5x) whereas CS activity increased
onlyin the T-group (1.5x) when compared to 25 kg, In LD
of both groups, CS and HAD activities were decreased
(0.3-0.6x) and in the UT-group LDH activity was
increased (1.1x) and glycogen content decreased (0.9x).
Meat quality and sensory parameters from muscle
samples after slaughter are shown in table 2. The pH
value did not differ in LD but was higher in BF of the
UT-group (pH 5.85) as compared to the T-group (pH
5.55). Three pigs in the UT-group had high pH values
(pH = 6.0) indicating DFD. In agreement with the high
PH values for these pigs showing DFD, they also had the
lowest values for MQM. Drip loss was similar between
groups. The sensory parameters did not differ among
groups. Excluding the pigs showing DFD in the
UT-group and only comparing pigs showing normal meat
quality tenderness was significantly higher in the T-group
(mean 5.1) as compared to the UT-group (mean 4.0;
p<.05).In BF negative correlations to pH were achieved
for glycogen (r=-0.6) HAD (r=-0.5) and MQM
(r=-0.7). The glycogen content was also positively
correlated to CS (r =0.7). When comparing the two litters
significant differences were also seen for drip loss
(p<.05), glycogen content (p < .01),tenderness (p<.05)
and MOM (p<.01) in LD.

DISCUSSION

For several animal species, it is a common finding that
those which are more physical active have a higher
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oxidative capacity in their muscles than those which are
less active (Essén-Gustavsson 1986). The results of this
study also show that oxidative capacity and glycogen
content is higher in BF of pigs that have been moderately
exercised for 12 weeks as compared to pigs that only were
kept in their pens during the same period. The same
pattern has previously been observed in M. gluteus of pigs
that have been trained (Essén-Gustavsson and Lindholm
1983) and when comparing wild pigs with Landrace pigs
(Essén-Gustavsson and Lindholm 1984). That only minor
changes are observed in LD of training studies of pigs is
probably related to the fact that LD is not such an active
muscle as BF or gluteus when pigs exercise on a treadmill.
In this study it was also interesting to note that the
oxidative capacity had decreased in LD of both groups of
pigs during the growth period from 25 to 110 kg. One
explanation for this may be that oxidative capacity mainly
is.located in type I fibres which have much smaller fibre
arcas than the non-oxidative type II fibres and that LD
usually consists of less than 10% type I fibres
(Essén-Gustavsson and Lindholm 1984). Due to growth,
and in agreement with carlier studies muscle samples
taken a week before slaughter therefore consist of a
greater relative area of the non- oxidative type II fibres as
compared to the samples taken at 25 kg (Cooper et al.
1970; Kiessling et al. 1982). This could then explain the
decrease seen in oxidative capacity with growth. The
marked increase seen in LDH in BF of both the
UT-group and T-group may also be related to growth. It
can not be excluded that some of the differences seen in
enzyme activities when comparing data from 25 and 110
kg may be due to different sample sites due to marked
growth of the muscle. Muscle samples were, however,
taken from the same depth and area from both groups of
pigs at each sampling occasion. The different results
between groups therefore indicate that this is due to the
physical activity level of the pigs.

An increase in both oxidative capacity and glycogen
content is usually seen in training studies of both pigs
(Essén-Gustavsson and Lindholm 1983), rats and
humans (for ref. Saltin and Gollnick 1983). That the
oxidative capacity and glycogen content of the muscles
may influence the post-mortem metabolism was
indicated in this study. Correlations were found between
the CS and HAD activities and glycogen content and the
pH values obtained from the same muscle groups 24
hours after slaughter. A high value for pH24 is usually
related to DFD-meat. An abnormal rapid pH fall while
the carcass temperature is still high, results in PSE-meat
(for ref. Tarrant 1987). No PSE-meat was observed in this
study but three of the pigs in the UT-group had high pH24
indicating DFD. These data therefore indicate that
development of DFD may be prevented if muscles have
a high glycogen content and a high oxidative capacity
pre-slaughter. No marked changes were seen between
groups when considering the sensory properties. It was
however of interest to note when comparing only normal
meat and thus excluding the three pigs which had
indication of DFD meat that tenderness was higher in the
T-group than the UT-group. Even if all pigs were kept in
similar pens and were given the same diet one difference
was that they consisted of pigs from two different litters.
The data therefore also indicate that heredity is an




important factor to consider as the glycogen content
pre-slaughter and drip loss and MQM after slaughter
differed in LD when litters were compared. There was
also a significant difference seen in the tenderness of
meat between litters.

In conclusion, this study shows that moderate physical
activity during growth increased glycogen and oxidative
capacity of muscles pre-slaughter. This leads to higher
possibility to achieve normal pH24 and therefore less
frequency of DFD-meat. Furthermore, when comparing
normal meat without DFD the T-group had a more
tender meat as compared to the UT-group.
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