,ff(_T
b | POSTNAT
0y AL FEEDING REGIME AND CASTRATION ON MUSCLE FIBER TYPES IN CATTLE.
L C.p
kK‘famire ARBOIRON., Rd. JAILLER, Rt. JAILLER, C. DAMERG]I, J. ROBELIN, and Y. GEAY.
Toj
SSance e Métabolismes des Herbivores. INRA-THEIX, 63122 SAINT-GENES-CHAMPANELLE, France.

Twey

110 e Y=four newborn Montbeliard calves were raised with milk replacer to achieve either a high or low rate of gain, 1 167
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0 7> Tespectively. At 146 kg, animals were weaned and 6 calves from each group were castrated. Subsequently, all calves
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. 70 corn silage and 30 % concentrate that was calculated for a predetermined body weight gain of 1 100 g/day. At 300

j?t f'htmixtry pub@rty Was well established, a biopsy of the semitendinosus muscle was taken. Fiber types were determined using
~; W“nfo $ e and SDH activity) and immunocytochemistry with monoclonal antibodies against slow and fast myosin heavy
) ty 0] b tial shows that a significant number of type Ilc cells (with both fast ans slow myosin isoforms) remain in these
4%‘% in 4 © Tegardless of sex and initial rate of gain. The main effect of restriction of food intake is a change in fiber types
:b' H%mdiffcr “0d decrease in type IIb), and an overall decrease in fiber size, animals being compared at same body weight. No
6;ur ‘ 10%s are Observed between sexual types four months after castration.
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4 i Proy * With the recent reduction of per capita meat consumption, it is important to improve the quality of products.
lﬂted g d()cu,n i Cannot occur until a better knowledge of the biological mechanisms involved in the production of meat are known.
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/ bod'\‘\ “ MUSQIQ - ) Muscle characteristics such as : fiber types, collagen and lipids affect the transformation of muscle to meat.
Hm]“dti()n “Plication and differentiation occur during fetal development which is characterized by an important cellular
h o
V‘,h(Robc“ etdl ‘Mtense protein synthesis. Although, the number of cells is fixed at birth, muscle fiber size increases during postnatal
A llp ( ™ 199])- Muscle cell lineages appear during fetal development, and give rise to adult fiber type I and fiber types IIA,
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l d; al, 1992). The IIC fibers which express simultaneously fast and slow myosin heavy chain isoforms are not
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0, at birth because proportion of the type IIC fibers decreases after birth, they may constitute a marker of the end of
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| Wi a I differentiation is not terminated at birth, it may be possible to alter this maturation event by different factors.
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Wn that energy level in the diet during the perinatal period affects muscle fiber types, both size (Bedi et al., 1982 ;
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g : 198(’) and relative proportion (Haltia et al., 1978 ; Johnston et al., 1975, 1981). In addition, sex affects muscle
o Q}’er et

e al, 1977 ; Young and Bass, 1984 ; Clancy et al., 1986 ; Scideman et al., 1986 ; Raj et al., 1991). Therefore, to
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of this research are to determine the effect of castration and restricted nutrition during perinatal period
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At 300 kg, after which puberty was well established, a biopsy of the Semitendinosus muscle was taken f
groups. The samples were frozen in isopentane, in liquid nitrogen and stored at — 80 °C.

Circulating testosterone concentration was measured using a radioimmunoassay, just prior to castration, aI

and nine months. 00

Frozen 10 um cross sections of muscle were made perpendicular to muscle fibers with a microtome.
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ATPase activity (Guth and Samaha 1970), SDH activity and myosins isoform quantification were performed €
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immunological method used was the immunofluorescence technique described by Pons et al. (1986). Two mono

used, one specific for slow myosin heavy chain, and the other specific for fast myosin heavy chains (MH
1992). Muscle sections were analysed for both number and area of each fiber type using a Visilog image analyser-
Data were analysed according to a variance analysis model, with effects of sex and diet, using G.L.M- T

(1985).

RESULTS AND DISCUSSION :
1 - Testosterone : gpo"
Mean plasma testosterone concentrations at five months was 1.19 ng/ml (Standard Deviation, S.D-

testosterone synthesis has begun at this stage. Mean values obtained at nine months were 1.2 ng/ml (S.D.= 1.14
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(8.D.=0.02) for steers. Lacroix et al.(1979) showed a peak of testosterone at five months with a concentration 0f #-

.1 cOMY

th S !
i ' er Wi L
six months the concentration was 1.19 ng/ml (0.19 S. D.), it was the same at seven months and it decreased aft
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However, Butterfield (1963a) showed that secondary sex characteristics, like muscles of the neck which are

appeared later. This suggests that receptors to testosterone may be not present at this early time and that testostero™
stage. Further, these results verify reduced testosterone production in steers.
- Castration effects : sh“”ﬁ”
No differences were observed in the number of each fiber type : I, IIA, IIC between bulls and steers (Figurc . o
[IB fibers tended to be greater for steers then bulls. Fiber size was not different between bulls and steers, comp?”
(Figure 2). p”
Several authors have found that castraction affects size and type of fibers. All fiber ty pes were 'df“cr
steers had more fiber type IIB and less fiber type IIA than bulls (Dreyer et al., 1977 ; Ockerman et al., 198 ™
5 ¥ il
Seideman et al., 1986 and Raj et al., 1991). In bulls, androgen may slow the transformation of IIA to IIB fiber" & s (vsﬁip]"v

‘on @
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testosterone has little effect on fiber type. However, fiber types were mesured four months only after castrati¢ n

period was two short to elicit the effect of testoterone on fiber type.
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Comparison of the proportion, in percent, Comparison of the size in 4um?2 of the diff
of the different fiber types I, I1A, IIB,IIC fiber types in bulls and in steers.

in bulls and in steers.
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» Was smaller for restricted animals than for animals fed ad libitum during perinatal period (Figure 4).

evels energy concemed post weaning period instead of perinatal period. However, Haltia et al.(1978) and

that perinatal undernutrition in rats caused a decrease in the relative number of type I fibers with a

g ype IIB fibers. These differences were not observed if undemnutrition occurred after weaning (Dobling et al.,
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- (1978) also found decreases in mean fiber cross sectional area of I, IIA and IIB fiber types. These
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g, that undernutrition during early postnatal development would delay the normal disappearance of immature myosin

Ut SPeculated that alterations in myosin isoform transitions are induced by hypothyroidism that is often associated with
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L € 10 detect an effect on fiber type repartition four months after the application of the two different diets. In fact,
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!y‘:\%(s"”kg). i : Which express fast and slow myosin, were present at an average of 3.5%, which is surprising in relatively old

\ m)efx Ig Te] l.nh‘ In the same muscle, the proportion of these fibers was 4% (Robelin et al., 1992). It shows that the differentiation

““q(":jde“tify t::"el;\' Slow in this muscle. Results in the litterature showed that these fibers disappeared after birth. In fact, it is
l ﬂmibo e ‘Se fibers Wwith classical histology. In this study they were identified by the sensitive immunohistology technique with

P

Ny e

A,
\

€ to fast myosin heavy chains (MHC IIA and IIB) and to slow myosin heavy chain (MHC I). Cells recognized

8ure 5) were classified as IIC fibers.
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fiber type shows that differentiation, in term of myosin isoforms, is not ended at nine months (300kg).
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FIGURE S :

Identification of IIC fiber type by immunohistological technique.

(a) White fibers are those containing slow myosin heavy chain of type L.

(b) White fibers are those containing fast myosin heavy chains of types Ila and IIb. 3
Cell in white on the two pictures are IIC fibers, containing myosin heavy chains of type I, ITa and IIP:

CONCLUSION :
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The results of this study show that the end of muscle fiber differentiation progresses relatively slowly aftef B

o
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IIC being still present at nine months of age. This may allow modification of the postnatal evolution of fiber type> = Uﬂdefﬂ
The effect of castration was not visible four months after castration ; it certainly will be detectable in the

; ; . . e 11
during perinatal period induced a reduction of growth of fiber size, an increase of type I and a decrease of t¥YP®
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persists four months after the different diets. It shows the possibility of modification of the evolution of fiber t¥P

development of biological characterics that are related to meat quality.
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