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Original article

Influence of castration and postnatal energy
restriction on the contractile and metabolic
characteristics of bovine muscle

B Picard, J Robelin, Y Geay

INRA-Theix, laboratoire croissance et métabolismes des herbivores,
63122 Saint-Genes-Champanelle, France

(Received 25 July 1994; accepted 5 January 1995)

Summary — Twenty-four Montbeliard calves were raised with milk replacer to achieve a high or low
rate’of gain, 1 167 and 658 g/d, respectively. At 146 kg, the animals were weaned and 6 calves from
each group were castrated. Thereafter, and until staughter, animals of the same weight received the
same diet in both groups. Biopsy samples of Semitendinosus (ST) muscle were taken in ail animals at
140 kg, 305 kg, and at slaughter, 541 kg. The biochemical, contractile and metabolic characteristics of
the ST samples were analyzed. The results showed that castration at the age of 4 months had a sig-
nificant effect only on muscle characteristics measured at slaughter, 13 months after castration. The
muscles of the steers contained smaller fibers, fewer type IIA fibers and more type IIB fibers than
those of the bulls. In contrast, feed restriction before weaning resulted in changes to fiber character-
istics after weaning at 305 kg. Restricted animals had smaller muscle fibers, a lower percentage of type
| fibers and a higher percentage of type |IB fibers than animals fed ad /ibitum. These changes were no
longer observed at slaughter.

muscle / fiber type / castration / feed restriction

Résumé — Influence de la castration et de la restriction énergétique postnatale sur les carac-
téristiques contractiles et métaboliques des muscles de bovins. Vingt-quatre veaux Montbé-
liards 4gés d'environ 3 sem ont été répartis en 2 groupes. Le premier a regu une ration permettant un
gain moyen quotidien (GMQ) de 1 167 g/}, le second a été limité a un GMQ de 658 g/j jusqu’a la fin du
sevrage, a I'dge de 4 mois en moyenne. Ensuite, jusqu'a l'abattage, les 2 groupes ont regu, 8 méme
poids, le méme régime. La moitié des animaux de chaque groupe a été castrée a 4 mois. Des échan-
tillons du muscle Semitendinosus (ST) ont été prélevés par biopsie sur I'ensemble des animaux, a 2
stades correspondant respectivement a un poids moyen de 140 kg (a la fin du sevrage), 305 kg (9 mois
environ) et & l'abattage a un poids moyen de 541 kg (a 17 mois en moyenne). Sur ces échantillons les
caractéristiques biochimiques, contractiles et métaboliques du muscle ST ont été analysées. La cas-
tration a 4 mois n‘a pas d'effet significatif sur les caractéristiques musculaires mesurées a 9 mois. En
revanche, a l'abattage, 13 mois aprés castration, les animaux castrés par rapport aux animaux entiers,
renferment moins de fibres de type llA et plus de fibres de type IIB ; enfin, ils présentent des fibres mus-
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culaires de plus petite section. La restriction alimentaire avant le sevrage entraine des modifications
des caractéristiques des fibres qui sont encore mesurables 5 mois apres le sevrage : les animaux
restreints ont des fibres de plus petite section, un pourcentage de fibres A plus faible, et un pourcentage
de fibres IIB supérieur a celui des animaux alimentés ad libitum. Ces modifications n'‘apparaissent
plus a l'abattage, 8 mois plus tard. Une restriction énergéetique appliquée avant le sevrage a donc
des conséquences réversibles sur les caractéristiques musculaires.

muscle / type de fibre / castration / restriction énergétique / alimentation

INTRODUCTION

The commercial value of cattle depends on
the muscle mass of the carcass and its adi-
pose deposit content. The palatability of
meat is partly governed by the contractile
and metabolic characteristics of the mus-
cles. Diet and castration can modify the
growth rate of the different tissues. Steroid
hormones affect the development of mus-
cles and their biological characteristics and
hence the quality of the meat. The meat of
cows is more tender than that of steers and
bulls (Field, 1971; Seideman et al, 1982).
However, these effects depend on the mus-
cle: the sensitivity of the neck, shoulder,
cheek and thigh muscles to androgens
decreases in that order (Butterfield, 1988).
Certain muscles have sexual dimorphism, in
particular the Splenius in cattle (Young and
Bass, 1984), the Temporalis in guinea pigs
(Bass et al, 1971; Lyons et al, 1986), the
larynx in Xenopus laevis (Sassoon et al,
1987; Kelley ef al, 1989) and the Levator
ani in rats (D'Albis et al, 1991). Late cas-
tration is often performed in cattle to achieve
rapid growth in the young animal and greater
meat tenderness at slaughter.

Feed intake is another factor in cattle
rearing that can modify growth rate, carcass
composition and muscle characteristics. The
effects on muscle characteristics vary
depending on whether feed restriction is
implemented before or after weaning (Hal-
tia et al, 1978; Goldspink and Ward, 1979;
Beverly et al, 1991; Yambayamba and Price,
1991). There is little available evidence on

postnatal energy restriction in cattle. In rats,
postnatal restriction had irreversible effects
(Bedi et al, 1982; Beverly et al, 1991). In
contrast, Nordly et al (1987) showed that a
restricted energy diet in gestating ewes had
no etfect on the muscle fiber characteris-
tics of lambs observed at slaughter.

The aim of this study, therefore, was to
determine the influence of castration and
energy restriction in the early postnatal
period on the contractile and metabolic char-
acteristics of bovine muscle during the
growth phase and at slaughter, which was
performed, on average, at 17 months of
age.

MATERIALS AND METHODS

Animal management
and muscle sampling

Twenty-four newborn Montbeliard calves were
allocated, by age, weight and birth weight to 2
groups (I and Il). At an average age of 4 months,
the animals of the 2 groups were weaned when
they attained 146 kg. Six calves from each group
were castrated.

During the milk feeding period, group |
received ad libitum a diet of reconstituted milk to
achieve a high rate of gain (1 167 g/d), whereas
the animals of group I! received a restricted diet
of reconstituted milk to achieve a low rate of gain
(658 g/d). In the postweaning period, animals of
the same weight were fed the same diet of 70%
corn silage and 30% concentrate, calcuiated for
a predetermined body weight gain of 1 100 g/d.
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During these 2 periods, all of the animals were
weighed weekly.

The circulating testosterone concentration was
measured by radioimmunoassay at 4 months,
just before castration, after castration and at
9 months.

Biopsy samples of Semitendinosus (ST) mus-
cle were taken in animals of both groups at 3
stages (fig 1):

Stage 1: during the weaning period at the end of
feed restriction (mean weight 146 kg),

Stage 2: 5 months after castration and the end
of restriction (mean weight 305 kg),

Stage 3: at slaughter (mean weight 541 kg).

The effect of castration was studied on sam-
ples taken during stages 2 and 3 and that of diet
on samples from stages 1, 2 and 3. The samples
were frozen in isopentane and then in liquid nitro-
gen and stored at —80°C.

Muscle analysis

Determination of protein/DNA ratio

Total muscle protein content, expressed in mg/g
of muscle, was determined according to the
method of Lowry et al (1951) with a preparation of
1 mg/ml of bovine albumin serum as standard.
The DNA content, expressed in ug/g of muscle, of
the samples taken at slaughter was measured
by the method of Labarca and Paigen {1980).

Fig 1. Experimental

design. Stage 1 corre- weight (kg)
sponds to the end of the

period of energy restric- ¢4 :\\
tion when biopsy samples O
were taken in the 2 groups \\\\
of 6 animals at a mean restricted
age of 4 months and a . diet <
mean weight of 146 kg. \\\
Stage 2 corresponds to 305 12 <UL
the second biopsy when NN
animals had a mean age \\‘\
of 9 months and a mean N

weight of 305 kg. Stage 3

349

The protein/DNA ratio was expressed in mg of
protein per mg of DNA.

Determination of contractile type
of muscle fibers

Histological, immunohistochemical
and histochemical studies

Serial sections 10 pm thick were cut perpendicular
to the muscle fibers with a cryotome at —25°C.
Three types of staining were performed on the
sections to determine the size of the fibers, their
contractile activity and their metabolic activity.

The muscle fibers were treated with azoru-
bine, which stains all fibers irrespective of con-
tractile or metabolic type. It shows the general
histological architecture of the muscle and thereby
allows determination of the number and diameter
of the fibers. Slow (I) and fast (I} contractile types
were determined by immunohistochemistry
according to the immunofluorescence technique
described by Pons et al (1986), who used mon-
oclonal antibodies specific to myosin heavy chains
(MHC). Their production, purification and char-
acterization have been described by Léger et al
(1985). Their reactivity in cattle has been tested
by Robelin et al (1993). Type ilA (oxidoglycolytic)
fibers were distinguished from type 1B (glycolytic)
by succinate dehydrogenase (SDH) activity
according to the method of Pearse (1968). This
enzyme, which is present in the cell wall of mito-
chondria, is characteristic of an oxidative
metabolism. Fibers of this metabolic type (1, I1A)
stained dark blue in the presence of nitro-

ad libitum

restricted

corresponds to slaughter,
performed at a mean age
of 17 months for a mean

biopsy 1
weight of 541 kg. !

castration

18 age (months)

—0

biopsy 2 slaughter
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bleutetrazolium, which is reduced by the action of
the enzyme, whereas glycolytic fibers (1IB) stained
pale blue. A fourth type of fiber, lIC, was evi-
denced. The cells were recognized by both anti-
MHC1 (slow) and anti-MHC2 (fast) antibodies
and had an oxidoglycolytic metabolism.

The proportion of each type of fiber and their
average area were determined in 2 different sites
on each serial section. Between 100 and 200
fibers were analyzed by an image—analysis com-
puter program (Visilog).

ELISA: enzyme-linked

immunosorbent assay

This technique was used to quantify the propor-
tion of slow isoform MHC1. It was based on the
method of Winkelman et a/ (1983) modified by
Picard et al (1994).

Determination of muscle
metabolic type

The metabolic type of the muscles studied was
determined by measuring the enzyme activities of
isocitrate dehydrogenase (ICDH) according to
the method of Briand et al (1981) and of lactate
dehydrogenase (LDH) by the method of Ansay
(1974). ICDH activity was measured only on the
samples taken at slaughter since the biopsy spec-
imens were not large enough to permit the per-
formance of all the assays.

Analysis of results

The results were subjected to analysis of vari-
ance with the GLM module of the SAS package
(1985), to study the effect of castration and diet.

RESULTS

Effects of castration

At slaughter, the castrated animals had a
lower muscle weight and a greater overall
amount of adipose deposit content than the
bulls (fig 2).

There was no significant difference in
muscle characteristics between the bulls
and the animals castrated at stage 2, 5
months after castration. In contrast, 13
months after castration, the steers had a
lower oxidative metabolism and a smaller
proportion of MHC1 than the bulls (fig 3).
Their muscles contained significantly lower
proportions of type [lA fibers and a signifi-
cantly higher percentage of type IIB (fig 4),
and the surface of all their muscle fibers
was smaller (fig 5).

Effects of energy restriction

There was no significant difference at
slaughter between restricted animals and
those fed ad libitum in total adipose tissue
content, muscle and skeleton weight (fig 6).
However, significant differences were found
at stage 2, 5 months after diet restriction,
but at siaughter were no longer observed.

weight (kg) weight (kg)
500 80 e
60
300
40
20
100
0 0
Empty body weight Adipose tissues
weight (kg) weight (kg)
300 60
200 40
100 20
0 0
Muscle Skeleton

Fig 2. Weight and body composition: empty body
weight; adipose deposit content; muscle weight;
skeleton weight of bulls [l and steers % at
slaughter. * P < 0.05, ** P< 0.01, *** P < 0.001.
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Fig 3. Biochemical char-
acteristics of muscles:
total muscle protein con-
tent; isocitrate dehydro-
genase (ICDH) activity
(oxidative); percentage of
slow myosin heavy chains
(MHC1) of bulis [ and
steers % measured at 9

300 proteins (mg/g of muscle) 0,2 ICDH (nkat/g of muscle)

*wx —_—
200
0,1
100
0 0,0
2 3 2 3

(stage 2) and 17 months
(stage 3).

At stage 1, the only dissimilarity between
animals was the higher proportion of pro-
tein in the muscles of those fed a restricted
diet. Conversely, at stage 2, restricted ani-
mals had less muscle protein than those
fed ad libitum (fig 7). At this stage, signifi-
cant differences were observed in the pro-
portion of the different types of fiber.
Restricted animals had fewer type | fibers
and more type lIB fibers, but the same pro-
portion of type IIA fibers as animals fed ad
libitum (fig 8). While there was no difference
in the surface of the latter 2 types of fibers,
the surface of type | fibers was significantly
smaller in restricted animals (fig 9). At stage
3, although no significant difference was
observed between the 2 groups, the ani-
mals on a restricted diet tended to have

Fig 4. Proportions of the s

different fiber types: type |

fibers (slow, oxidative); 60
type lIA fibers (fast, oxi-

doglycolytic); type 1IB %
fibers (fast, giycolytic) in
bulls [J and steers #
measured at 9 (stage 2)
and 17 months (stage 3). 2 3

20

30 MHC1 (%)

20
10 ll%
0
2 3

fewer type IIB fibers and more type llA than
those fed ad libitum (fig 8).

At all 3 stages studied, the ICDH activity
tended to be lower in restricted animals, but
the differences were not significant (fig 7).
Likewise, there was no significant difference
in the percentage of MHC1 between the ani-
mals at any of the 3 stages (fig 7).

DISCUSSION

Effects of castration

The effects of castration on carcass com-
position observed in this study were con-
sistent with previous findings. Castration

fibers IIA (%)

fibers IIB (%)

80

40

20
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fibers I area (jtm?)

6000
4000 4000 4
o
2000 2000 4
0 0
2 3

6000 fibers IIB area (um?) % i 6000 _,

4000 4

2000 4

fibers IIA area (jim?)

Fig 5. Surface of the dif-
ferent fiber types: type |
fibers (slow, oxidative);
type llA fibers (fast, oxi-
e doglycolytic); type |IB
fibers (fast, glycolytic);
mean surfaces in bulls [
and steers Z measured
at 9 (stage 2) and 17
3 months (stage 3).

fibers area (jum?)

decreases muscle growth and increases
adipose tissue content (Field, 1971; Raju,
1975; Seideman et al, 1982) as a result of
the effect of testosterone on muscle protein
anabolism. In several species, testosterone
has been observed to enhance protein syn-
thesis and hence to increase the body mass
and size of certain muscles (Kochakian and
Stettner, 1949; Field, 1972; Kochakian,
1975; Martinez et al, 1984; Griggs et al,
1989). In light of this evidence, it is surpris-
ing that in our experiment the protein content
of ST muscles was significantly greater in
the steers. It should be added, however,
that the protein content measured in Mas-
seter, Rectus abdominis and Tensor fascia
lata muscles did not vary significantly
between bulls and steers at the 2 stages
studied (unpublished results).

The original aspect of our results was to
show that changes in muscle characteris-
tics occurred between 5 and 13 months after
castration. Five months after castration, no
effect on muscle characteristics was
observed, whereas after 13 months, signif-
icant differences were noted between bulls
and steers. The principal differences were in
the size and proportion of fiber types, but
all features measured varied consistently.

Il

Between birth and 4 months of life,
testosterone plasma levels in calves are at
very low levels, between 0 and 1 ng/ml
(Lacroix et al, 1977). However, between 4
and 6 months, high peaks may be observed

weight (kg) weight (kg)
60
300
40
155 20
0 O 0
Empty body weight Adipose tissues
300 weight (kg) 60_ Weight (kg)

200

Muscle Skeleton

Fig 6. Weight and body composition: empty body
weight; total adipose tissue content; muscle
weight; skeleton weight of animals fed a restricted
diet|_; or ad libitum &, measured at slaughter.
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Fig 7. Biochemical cha-
racteristics: total muscle
protein content; isocitrate
dehydrogenase (ICDH)
activity (oxidative); per-
centage of slow myosin
heavy chains (MHC1) of
the muscles of animals
fed a restricted diet [ or
ad libitum &, measured at
4 (stage 1), 9 (stage 2)
and 17 months (stage 3).

Fig 8. Proportions of the
different types of muscle
fibers: type | fibers (slow,
oxidative); type IIA fibers
(fast, oxidoglycolytic); type
|IB fibers (fast, glycolytic)
of animals fed a restricted
diet M or ad libitum [,
measured at 4 (stage 1), 9
(stage 2) and 17 months
(stage 3).

Fig 9. Surfaces of the dif-
ferent types of muscle
fibers: type | fibers (slow,
oxidative); type A fibers
(fast, oxidoglycolytic); type
1B fibers (fast, glycolytic);
mean surfaces of animals
fed a restricted diet ¥ or
ad libitum ], measured at
4 (stage 1), 9 (stage 2)
and 17 months (stage 3).

353

proteins (mg/g of muscle) ICDH (nkat/g of muscle)

300
“ue
200
0,15
100
0,05
0
40
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10
0
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whereas between 6 and 12 months, testos-
terone levels return to very low levels and
then increase after 12 months (Rawlings
et al, 1972; Karg et al, 1975; Lacroix et al,
1977). The period from 4 to 12 months of
life corresponds to the onset of puberty,
which is generally completed by the age of
1 year or thereabouts (Thibier, 1975;
Lacroix et al, 1977). It is likely that testos-
terone is present before the end of puberty
but that its muscle receptor is not yet active.
The hormone-receptor system may then
become functional once puberty has begun.
It can therefore be supposed that the dif-
ferences in muscle characteristics between
bulls and steers begin to occur after
puberty.

The effects of castration on muscle char-
acteristics that we observed at the age of
17 months were comparable to those
reported previously in animals of various
species, including cattle, but which were not
castrated at the same age as in our exper-
iment. All cell surfaces were found to be
smaller in castrated animals. This difference
seems to be the first effect of castration.
For example, Tobin and Pécot-Dechavinne
(1982) showed that 1 month after castra-
tion, the Levator ani muscle in rats were
severely atrophied, not as a result of the
number of fibers but of their diameter. The
same effect has been observed in cattle, in
different muscles and breeds (Dreyer et al,
1977; Ockerman et al, 1984; Young and
Bass, 1984; Seideman and Crouse, 1986;
Clancy et al, 1986). In frogs, Regnier and
Herrera (1993) reported a positive correla-
tion between fiber size and testosterone
plasma levels. In contrast, Laflamme et a/
(1973) observed no effect of castration on
fiber size, DNA and protein contents in
Longissimus dorsi muscles from 10 pairs of
cattle twins.

The bulls had more type HA fibers and
fewer type lIB fibers than the steers. These
findings are in agreement with the results
observed in different studies on cattle cas-

trated at a later age (Dreyer et al, 1977;
Ockerman et al, 1984; Young and Bass,
1984; Seideman and Crouse, 1986; Clancy
et al, 1986). They lend weight to the hypoth-
esis that androgens slow down the effect
of age on the transformation of type IIA
fibers into type lIB fibers and suggest that
steroids have a modulating effect on the
expression of genes encoding for myosin
isoforms. Lyons et al (1986) showed that
testosterone triggered the appearance of
fast type 2a MHC in the Temporalis mus-
cle of male rats. Likewise, in rat cardiac
muscles, Morano et al (1990) showed that
castration favored the expression of MHC2b,
whereas the administration of testosterone
resulted in the appearance of MHC2a.
These authors demonstrated that testos-
terone regulates the expression of cardiac
MHC at a pretranslational level. Differences
in the expression of MHC2a and 2b have
also been described by Dalla Libera ef al
(1980) in guinea pigs. Our results on the
expression of MHC1 showed no significant
differences between bulls and steers. How-
ever, in steers the muscles tended to contain
lower percentages of MHCA.

The oxidative mechanism of ST muscle
was generally lower in the steers, but the
difference was not significant. This finding is
consistent with the differences observed in
the proportions of the different fiber types. It
is also in agreement with the well-docu-
mented observation that the muscles of bulls
are redder than those of steers (Seideman
and Crouse, 1986).

Effects of energy restriction

Energy restriction was observed to have
an effect on muscle characteristics 5
months after it was stopped. However, at
slaughter (13 months after the treatment),
no significant difference was found between
the 2 groups of animals. This result is at
variance with different published reports
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which state that a period of undernutrition
before weaning has irreversible effects on
muscle characteristics (Dobbin, 1974; Bedi
et al, 1982).

Results from the literature show that the
effect of energy restriction on muscle char-
acteristics differs according to whether it is
implemented before or after weaning. Haltia
et al (1978) and Beverly et al (1991)
reported a decrease in the proportion of type
| fibers accompanied by an increase in that
of type |IB fibers in rats which had under-
gone energy restriction during the perina-
tal period. As rats are less developed at
birth than cattle, it is difficult to compare the
2 sets of results. However, various authors
have shown that energy restriction after
weaning decreases the proportion of type
1IB fibers and increases that of type IIA fibers
in different species (Goldspink and Ward,
1979, in rats; Moody et al/, 1980; and
Solomon and Lynch, 1988, in sheep; and
Seideman and Crouse, 1986, in cattle).
These changes are commonly explained as
a consequence of the hypothyroidism that
occurs during a period of undernutrition
(Beverly et al, 1991). It is known that thy-
roid hormones regulate the expression of
type IIB myosin isoform (MHC2b) (Bacou
and Vigneron, 1988). The changes are
accompanied by a decrease in the oxida-
tive activity of the muscles of animals on a
restricted diet (Raju, 1975; Howells and Jor-
dan, 1978).

The size of the different fiber types is, in
contrast, always decreased after a period
of energy restriction, whether it be before
or after weaning (Moss, 1971; Haltia et al,
1978; Goldspink and Ward, 1979; Bedi et
al, 1982; Burwin et al, 1988; Lanz et al,
1992). This diminution is due to a decrease
in muscle DNA and protein content (Moss,
1971; Ward and Stickland, 1993), as
observed in our experiment at stage 2 (9
months, 305 kg).

The differences noted in muscle charac-

teristics at stage 2 are in agreement with
the results of Haltia et al (1978) and of Bev-

erly et al (1991) in rats. The fact that by the
time of slaughter there were no longer any
effects of energy restriction observed, either
on body composition or muscle character-
istics, is in agreement with the findings of
Morgan (1972), who stated that undernutri-
tion at the beginning of postnatal life had
no effect on the quality of meat, as had been
suggested in an early study by Winchester
and Ellis (1956).

CONCLUSION

This study demonstrates the opposing
effects of castration and energy restriction
implemented at an early age on muscle
characteristics. The effect of castration
increased with age whereas restriction had
only a temporary impact, which disappeared
as the animal matured. It therefore yields
novel results on the effects of 2 factors
involved in cattle rearing — androgens and
feed intake — about the contractile and
metabolic characteristics of muscles. The
original result of this study is that the differ-
ences in the muscle characteristics due to
early castration were not observed until after
puberty, which suggests that the testos-
terone-receptor system of the muscles was
not operational until that time. The princi-
pal differences observed at slaughter were
in the size and distribution of the different
fiber types. In particular, steers had smaller
fibers than the bulls, and their muscles con-
tained more type !IB fibers and fewer type
1A fibers.

Undernutrition between birth and wean-
ing had temporary effects on the distribu-
tion of type | and type IIB fibers. One of the
most salient points to emerge from this study
is that the energy restriction during the peri-
natal period has no effect on the carcass
composition or on the contractile and
metabolic characteristics of muscles at the
standard age for slaughter of about 16
months.
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