RN

h,

My
QWT}{ CAL PROPERTIES OF FOUR BOVINE MUSCLES AS INFLUENCED BY COMPENSATORY GAIN AND

| IMPETUS

"ass > M.c. HUNT!, K.E. WARREN!, J.M. HAYDEN?, J.E. WILLIAMS?, and H.B. HEDRICK>

nj
"V+» Weber Hall, Manhattan, KS 66506, USA: and 2Univ. of Missouri, Columbia, MO 65211, USA.

The SUMMARY
Y of this study was to determine if compensatory growth affected the histochemistry of muscles differing in growth
Were fed three levels of dry matter intake: restricted, nonrestricted, restricted/realimented. Fiber traits differed more
'*hileﬁ > han futrition level, and interactions occurred. Realimentation affected fiber area more than fiber type. Ratios of
brog " ms Were highest in restricted animals and lowest in realimented animals. All fiber traits, especially percentage fiber
i 42 USCle. The percentages of 3-red, o-red, and a-white fiber types by individual muscle were ECR (33.1, 30.3, 36.6);

h

i EQ ) L @s. 1, 30.6, 46.3); and ST (17.4, 30.2, 52.6), respectively. General ranking of muscles for redness of fiber

I G

Yy ty >L< ST, whereas anaerobically (a/ ratio), they ranked ST = G > L > ECR. Interactions for diet and impetus
L dL

Ndxets L, both high/average impetus, followed a compensatory growth pattern; a-white fibers were largest from animals
W leg

U  from those on R diets, and intermediate from those on NR diets. The a-red and a-white fiber areas of the ECR,

‘d““l, i Lk INCreased as DMI increased. The G, an average impetus muscle, followed no definite pattern across fiber type
MC - “luge that 1) diet affects muscles with different impetus classifications to different degrees, 2) generalizations of fiber
Wrgoing o, i baseq On one muscle can be erroneous, and 3) muscle cell hypertrophy occurs to a greater extent in animals

e WSatory growth than in animals gaining at a more constant rate.

\ N“ln‘%n . INTRODUCTION
1

‘, level int tences mugcle growth and distribution and size of muscle fiber types. Johnston et al. (1981) determined that as
it mcreaSed percentage of intermediate fibers decreased, while percentage of white fibers increased. Additionally,
iy Wei Sugge“ed that higher energy diets caused a physiological shift from intermediate fibers to white fibers.

L loss, Muscle regions that are most necessary for survival are least affected, whereas those least necessary are
l % d‘BUtterﬁeld, 1976). However, if nutrition becomes limiting for a period of time and then is returned to an
DhaSe fory growth may result. Compensatory growth is a phenomenon whereby dietary restricted animals enter an
519, Fregrowm upon realimentation to a higher plane of nutrition, resulting in a greater than normal growth rate (Osborne
"t Wi Ketal, » 1972) and increased rates of gain and feed efficiency. The degree of compensatory growth is affected by

Mpet
thhet S and the animal’s stage of growth. Muscles of low impetus (distal limbs) develop early and constitute a higher

L N |
Y, uSQle at Uscle at birth than at maturity. Conversely, high impetus muscles (support muscles) constitute a lower percentage

mulrth and develop faster later in the growth cycle (Berg and Butterfield, 1976). Because a better understanding of

boe. * Browth 1mpetus will enable more efficient muscle food production, the primary objectives of this study were to

dry Matter intake on histological and histochemical characteristics of muscles differing in growth impetus.
MATERIALS AND METHODS

(n\1g 234-284 kg) were fed a supplemented corn silage diet and randomly assigned to one of three nutritional

for B Y matter intake (DMI): restricted (R), fed at 1% of body weight for 120 d; non-restricted (NR), fed at 2.5% of

b gy i festricted/realimented (RR), fed at 1% and then at 2.5% of body weight for two consecutive 60 d periods.

amn
el Were weighed weekly, and diets adjusted after a 12-h restriction of feed and water.

% sef
Scted by growth impetus, were sampled 4 to 6 h postmortem. The extensor carpi radialis (ECR), a low impetus
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at it’s midpoint between the stifle and the pelvic bone. The longissimus (L), a high/average impetus muscle, was samp

fus
center of the 9-10% thoracic vertebrae region.” The lateral portion of the semitendinosus (ST), also a high/averagé impe y

A0 ; . e
sampled one-fourth the distance between the origin of the muscle and the achilles tendon. Samples (4 to 7) were cut ( ‘rﬂ”k
|
to fiber alignment, mounted on cork, and frozen in liquid nitrogen. Transverse sections (10 pm) were cut using 2" aﬂd ‘

Solo™ 4
Cryostat, air-dried, and simultaneously stained for 8-NADH tetrazolium reductase and ATPase by the method of reWT%

gons
(1988). Fibers were classified by the B-red, a-red, and a-white system of Ashmore and Doerr (1971). Stained $&¢ 4 :

ft
lt—lon ,rma
morphometrically to determine: fiber area, fiber percentage type, and percentage-area for each fiber type. If add f€5 Jk

p
o/ fiber ratios (Hunt and Hedrick, 1977) were calculated as [(8-red + a-red) / a-white] and [(a-red + o-white) /ﬁ o ‘\
it -E)

- 1 N ; 1 sig
Data were analyzed using a split-plot analysis with diet regimen as the whole plot and muscle as the sub-plot. Least
procedures for split-plot analysis with unbalanced data were used to separate least squares means.

RESULTS AND DISCUSSION ]

diet and muscle were significant for several traits and will be discussed after main effects. Animals in ¢

expected during the last 60 d when they received greater DMI; they outgained (ADG=3.0) the NR grouP G meR}

observations also indicated more muscle development in both live animals and carcasses of the RR and NR 8 L

st Y,
! a5 1oWE i
Throughout our data, there was a reoccurring "compensatory growth pattern" (CGP) whereby the R group was

a trait, the RR group was opposite for that trait, and the NR group was intermediate between them. \

DIET REGIMEN o dw"“ |
Jest
Fiber Area. Ratios of red/white fiber areas (Table 1) were highest from animals on R regimens, zmmals

ey
result of W

0% y

£ L . 4 . 1 rom ol

to make efficient use of limited nutrients, muscles from those on R regimens were more aerobic than muscles fr0 e lﬂlem
: _ ‘ ! o hift :
regimens. Our results support Moody et al. (1980), who postulated that high energy diets caused a phylelOi—ylcal *M(

regimens, and intermediate from those on NR regimens, which demonstrates the CGP discussed earlier. As 2

(a-red) to white (a-white) type fibers. ’ ;L
MUSCLE i\

Fiber Area. Ratios of a/f fiber areas for ST and L were higher than those for G and ECR (Table 1)- !
areas of G and ECR (Table 1) were not different, but both were higher (P < .05) than ratios of ST and L. Addmonaﬂyy e q)
ratio of red/white area because of small B-red and «-red fibers. Hunt and Hedrick (1977) also reported that the ST he -‘;‘[:
white muscles. However, L fiber areas in this study were smaller than those reported by Hunt and Hedrick (19 ,”N‘x
are not well characterized in the literature, so no comparison could be made. cR 4

Fiber Type. Percentages of B-red, a-red, and a-white fiber types, respectively, by individual musclé wereT A )
36.6); G (17.7, 42.1, 40.2); L (23.1, 30.6, 46.3); and ST (17.4, 30.2, 52.6). Consequently, ECR, G, ant we[ ECR/‘]V’,
percentages of B-red, a-red, and a-white fibers, respectively. The percentages of B-red fibers in descending ° o ok J
G = ST, whereas the percentages of a-white fibers in descending order were ST > L > G = ECR. Hunf i a]zirger

the outside portion of the semitendinosus to be the whitest muscle they studied, having a smaller percentag® pr 1d |

a-white fibers than the longissimus. Fiber type percentages of the ECR and G were unavailable, so no compat d ECR f
an
ECR

orders for ratios of a/f percentages and ratios of red/white percentages (Table 1) were ST = G > L > sl p
rés gf
o’

ST, respectively. Although these two ratios are somewhat opposite, the large percentage of a-red fibers in Ui

, ) . . ; . o simil
of o/ fiber percentages being larger in G than in L and 2) ratios of red/white fiber percentages in G being #

higher than ratios of L.
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'35'6 Flbe

e, W r Pe

# “-,we-'*ces- "Centage-area. This measurement may be the best indicator of muscle metabolism potential, because it accounts for
t7 § g i

m“-“[{‘ %De th fiber size and type. The ranking for percentage-area of $-red fibers was ECR > G = L > ST (Table 1). ECR had

Us Toen,

] g

ha,
. Migﬂ*‘ ‘larger da larger o-red percentage-area than all other muscles, because it had the highest percentage o-red fibers. The ST and

tage-area of B-red fibers. The ST was the whitest muscle in this study and had the lowest percentage-area of B-red

\ Qawhe
P P N hite Percentage-areas than the G and ECR. The ranking for ratio of o/ fiber percentage-areas was ST > L = G >
il

ST h
N Ad greater anaerobic potential than the L, because it had the largest and most a-white fibers, as well as a smaller

.ereﬂﬂ g
‘: ed,“h‘::\'l( Wa: t}:d fibers, Based on fiber percentage-areas, the ST was the most anaerobic muscle, the L and G were intermediate, and
|~ respeﬂ'“ ‘%simiartmOSt aerobic muscle tested. Ranking the muscles by increasing growth impetus (ECR > G > L = ST) resulted in
oL i :E'nusqes 0 that for aerobic fiber characteristics. This suggests that impetus may be due to inherit differences in fiber composition
..TREGW‘E
by, Y BY MUscLE INTERACTION
;tjof'St’i‘mi‘li Wy > Areas (Table 2) of B-red fibers in ECR (low impetus) from animals on NR regimens were larger than those from

&g

y :

ry h’Cail RR Tegimens. Diet regimen had no effect on the area of S-red fibers from L, ST, and G muscles. However,
y

[}

b 4Cop
& ke OCCurred in the ST and L. The area of o-red fibers in ECR increased with increasing DMI (Table 2). Although

1
L'»"& l rareas Ln
| "oy ang G, L, and ST were not affected by diet, a numerical CGP was found in a-red fibers from high/average impetus
AR L).
4 v&malleStf ) Area of ECR a-white fibers increased with DMI. The o-white fibers from G were largest from animals on RR
‘Iga inCr

Tom ¢
& hose on NR diets, and intermediate from those on R diets. The L showed a significant CGP, whereas the ST a-white
Sed

h
8
.]& nem’ ﬁber . ” . s
: L N areas of low impetus muscle (ECR) increased as DMI increased, whereas average impetus muscle (G) was
. cl

)
nimﬂ"‘ N Th&‘. 1%ge Pattern was evident. The dynamic nature of intermediate fibers (a-red) has been reported (Suzuki and Cassens,

#[', © Pereepty, s : 5 S !
gt higp, . 8¢ of these fibers in G may explain why no pattern was evident. Although only significant for a-white fiber
i gh

With increased DMI, but also showed a similar numerical CGP.

¢ %

f MPetug m
fil Uscles (ST and L) exhibited a CGP for area of all three fiber types.
%
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Table 1. Least square means of fiber characteristics? by diet regimen® and muscle.f 1 ‘
. . S e son (2> M)
Diet regimen Muscle: Impetus classificatiol ST‘HIUDI i

Fiber area, um? Rm=4) RR @m=6) NR (n=5) ECR:Low___ G:Avg. L:High/Avs-
B-red® 1619.6 1730.3 1788.5 2208.1 1600.0 1283.6
a-Ted® 1815.3 2121.5 2021.0 2440.9 1700.6 1558.2
a-white® 2258.8 2979.5 2797.9 2766.2 194972 2646.6
o/ ratio 2.6 3.1 2.8 2.3 2.3 3.3°
Red/white ratio 1.6 1,3" 1 4% 1.7 1.7

Fiber type, %

B-red 235 24.1 20.9 33,18 17.7° 23.1°
a-red® 32.8 31.7 35.4 30.3 42.1 30.6
a-white 43.7 44.2 43.7 36.6° 40.2° 46.3°
o/B ratio 3.6 3.7 4.5 2.2° 4.8 3.4°
Red/white ratio 1.5 1.3 1.4 1.9% 1.6° 2
Percentage-area, %
B-red 20.4 17.6 16.5 30.72 16.1° 14.9"
a-red 29.7 27.9 31.0 27.8° 40.2° 3.7
o-white 50.0 54.5 52.5 41.5° 43.7° 61.4°
o/ ratio 5.0 5.8 6.5 2.5° 5.7° 554
Red/white ratio® 1.2 0.9 1.1 1.6 1.4 0.6

abc Means bearing different letters within a row and fiber trait are different P <.05. o
4 /B ratio was calculated using (a-white + a-red)/B-red and indicates anaerobic potential. Red/white ratif
(B-red + a-red)/a-white and indicates muscle redness.

: :  fepding 2
® Diet regimen: R = Restricted, 120 day feeding at 1% body wt.; RR = Restricted/realimented, 60 day feediné

60 day feeding at 2.5% of body wt.; NR = Non-restricted, 120 day feeding at 2.5 % of body wit.
f Muscles: ECR = extensor carpi radlalxs G = gracilis, L = longissimus thoracis, ST = semitendinosus)-
£ Interaction of diet and muscle was significant.

Table 2. Least square means of fiber area ;Lmz for significant interactions of diet
regimen? and muscle®

Diet regimend
Fiber type/muscle® R (n=4) RR (n=6) NR (n=

B-red
ECR 2000.6% 2038.7% 2585.1%
G 1720.1° 1556.2% 1523.8"
L 1158.4° 1441.2° 1251.%°
ST 1599.3 1885.0% 1793.9°

o-red i
ECR 1624.6b2 2293.3%Y 2804.8”
G 1781.9° 1808.0° 1511.9°
L 1405.4" 1761.9° 1507.1°
ST 2449.22 2622.9° 2260.2°

o-white )
ECR 1869.6 29987 3430.3"
G 1920.4%%Y 2228.2°% 1699.07
L 2327.0Y 3022.5P 25901,@?
ST 2918.3%Y 3668.5% 347207

ab¢ Means bearing different letters within a column and fiber trait are different P < 0>
d Diet regimen: R = Restricted, 120 day feeding at 1% body wt.; RR = o
Restricted/realimented, 60 day feeding at 1% body wt/ 60 day feeding at 2.5%
body wt.; NR = Non-restricted, 120 day feeding at 2.5 % of body wt.
¢ Muscles: ECR = extensor carpi radialis, G = gracilis, L = longissimus thoracis,
ST = semitendinosus.

*YZ Means bearing different letters within a row and fiber trait are different P < .05.
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