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Table 1

Composition and nutrient levels of diets (air-dry basis)

%

PR Restriction period M

i H Items
C R1 R2 R3 Compensation period

JE A} Ingredients
1RE 1 Mixed pasture 38.00 38.00 25.00 14. 00 61.10
Ek#E Corn stalks 53.00 44.. 00
E K Com 36. 00 57.80 15.70 3.00 21.00
¥ Soybean meal 22.00 2.00 17.70 14.00
ZE KR Sunflower seed meal 1.10 0.90 0.58 17.40 1.00
1 ¥ Limestone 1.00
iR %45 CaHPO, 0.40 0.82
& NaCl 0.40 0.40 0.40 0.40 0.40
iR A Premix 0.50 0.50 0.50 0.50 0.50
Jiiid + Bentonite 2.00 2.00 2.00 2.00 2.00
& 1T Total 100. 00 100. 00 100. 00 100. 00 100. 00
B 377K F Nutrient levels
e ME/(MJ/kg) 10. 88 10.88 9.41 8.62 9.75
M H R CP 15.00 10. 00 10.00 5.70 12.00
4E Ca 0.43 0.42 0.44 0.47 0.39
P 0.29 0.27 0.28 0.34 0.26
WYL 7 4 NDF 33.27 32.61 48. 02 54. 00 46.13

TR N 43 7245 2 2 {2 Premix provides the following per kilogram of the diets: Fe 25 mg,Zn 35 mg, Cu 9 mg, Co
0.1 mg,10.9 mg,Se 0. 25 mg,Mn 19. 5 mg, VE 15 IU, §fifiZ nicotinic acid 60 mg, VA 3 000 IU,VD,1 000 IU,

1.3 REH*E

TE BR300 7 4 . BR i) 00 245 o e Az 300 245 s sk
M N E ) 5 AR E R 4 RS E R
ProE , sl Bk A A8 f5 , B B3 cm x 2 cm x
1 ecm {7 B K L (longissimus dorsi, LD) | 2 i Il
( semitendinosus, ST) | it — 3k JJl ( biceps femoris,
BF) ZH PR HUE T 40 g/L 2 5 H Wl R 2% vh ik
(0.1 mol/L,pH 7.4) ¥ 48 h, gF47 - B Ao 3g | 55 B
Yl (JEEE 6 wm) ,HE Ze {0 Ry T/ NR 22, A
FEACHC 5 5k U0 F, Bk U v e 5 SR, U R
Nikon & f35% F1 Instudio FBAH RS 7E 10 x 10 {F F

18, F DT2000 V2. 0 BG4 BTk f2E 45 0, 5t
T HE LT AR 07 T B K 2 SRR VR o Kl
T KAl o s A T A R R A R
SR I 2R A A il 1 LA S Y (8 I 4 5 A AR LS
R ELAR A T U/ TR 22 BEAS LRI 100 £ ULEF
Y, B A AT A B AT LT 2 0 AR R (R B
mm® (AR B, VE R W0 RE AR Y JULET 4 55 ) AN
MR LT 4 1 TH FR
1.4 HIESZITHHF

KH SAS 9.0 ANOVA #1 5 i 17 % 4 70 #7,
Duncan [C¥EUEAT £ 5 LA, 45 0 DL {8 + b i
EFRIR
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JLEFZE i R 5 IR T C (P <0.05) , ) i K T

% = R AIR2 41(P<0.01)  {ELA R 4L FAS R4
2.1 REMEAXENFEERS AR EEW  EPEREDERT CAP <0.05) MBHET
T4y R1 I R2 41(P <0.01) . [iR%s R, BRI IZ5 ke

i3 2 AT, BREISE o RS 412G 4 r I, R3 ZHAEE A& AR AL A LT 2 i AR R mi AR 12 2 52
PINLEFAE AR B R T C LRI R2 41(P <0.05) 4% FROP <0.05 B P <0.01)  IfPF-HYE B HR (P <
BT RIAL(P <0.01), R34EELHMFY  0.055kP <0.0L),

®2 MUBESAXFERKI FRI BR_KNAFEER TR ZENTL
Table 2 The changes in diameter, cross section area and density of muscle fibers in LD, ST and BF of the

lambs during the restriction period

- PR 431 T4 FRHHH45 TR The end of the restriction period
nH The beginning of the
Items .. . C R1 R2 R3
restriction period
HZ he b a a ¢
. 19.02 +0.76 22.44 +1.71 28.25 +2.91 27.92 +3.22 15.54 +1.28
Diameter/ pm
El-N =N ﬁ /[jl
AL ,  316.33 +35.16° 297.94 £4.86°  451.92 £79.15° 584.73 £92.58* 157.37 £2.92°
LD Area/ m
2% i 1917.62 1875.41 1 086.89 1 248.97 2 958. 94
Density/ (N/mm?) +221.77° +155.21° +211.45° +661.00° +69.05°
E:'ﬁi c < ab ab a be
. 18.08 =0.82 23.94 +0.91 25.25 +3.01 26.66 +5. 80 19.99 +0.63
Diameter/ pm
SE AR ‘ ‘
R ,  305.97 £25.45% 320.08 £16.96™ 365.52 £99.38% 448.88 £10.88" 185.34 +5.21°
ST Area/pum
iy 2172.89 1 852.65 1 207.10 1 437.24 2 812.26
Density/ (N/mm®) +310. 50" +58.80" +362. 64° +755. 31 +45.60"
Eﬁé ab ab a ab b
. 18.99 +1.62 21.71 £0.45 25.69 +0.77 22.56 0. 57 16.77 £0. 72
Diameter/ pm
=M [l ® N 356. 89 456.79 181. 04
. 312.48 £19. 22° 283.41 £7.90" , .
BF Area/ pm’ £39.40" +233.37° +6.62°
BRE 2 082. 30 1917.77 1189.19 1 625.94 2 747.19
Density/ (N/mm?”) +141.23" +215.09™ +410.16" +139.17° +213.45"
E’?JZ: c b a ab c
. 18.70 +0.53 22.70 £1. 14 26.40 +1.62 25.71 £2.80 17.43 £2.30
Diameter/ um
RS 1
I EA ,  311.59 +5.24° 300.48 £18.47° 391.44 +52.5" 496.80 £76.25" 174.58 +15.06°
Average Area/pm
iy 2 057.60 1 831.94 1 161.06 1437.38 2 839.46
Density/ (N/mm?) +129.41° +33.05" +64. 58° +188. 49° +108.46"

()45 R S8 TEAR ) 7 BER R 22 5 N B3 (P >0..05)  FHAR 7 BE KR 2252 3% (P <0.05) , MR 7 B RR 2 e B35 (P <
0.01), T,

In the same row, values with the same letter superscripts mean no significant difference (P >0. 05) , with adjacent letter super-
scripts mean significant difference (P <0.05), and with separate letter superscripts mean extremely significant difference (P <
0.01). The same as below.

2.2 WMEHAGREEXRFNTLEER AR ZEN PG4l C 4, m-F42 % K
T T C Al 4 NGO JILET 4 A2 | 1 AR
HIZE 3 AL, MO RS R4 00 MR E 2R AR (P >0.05),
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Table 3 The changes in diameter, cross section area and density of muscle fibers in LD, ST and BF of the lambs at

the end of the compensation period

i H Items

AMEISE TR The end of the compensation period

C Rl R2 R3
HAE \ . \
. 27.73 £5.61 34.37+1.91° 36.87 £6.00° 26.17 0. 64
Diameter/ pm
A i ‘ o o . ( .
, 431.69 +£93.43 471.03 £33.78 470.75 +64.78 454.23 +91.25
LD Area/pm
. o 1492.24 +£418.23° 1 245.30 £244. 30" 1220.81 £196.22° 1 375.93 £307.22°
Density/ (N/mm” )
E:ﬁj—% b b a b
. 27.44 £3.30 30.35%2.55 38.81 £5.24 28.33 £1.24
Diameter/ pum
L i a . a .
, 420.21 £84. 50 512.89 +£115.41 582.46 £51.94 480.70 £69. 44
ST Area/pm
%_:F{ ab ab b a
. ,. 1461.48 £258.47 1465.52 £173.31 1202.45 x171.04 1 666. 20 =209. 87
Density/ (N/mm")
HAiZ , , , .
. 28.43 £3.47° 30.91 £3.47° 26.34 0. 58" 29.98 +£3.33°
Diameter/ wm
[ra=e i . u . u
y 439.13 £70.46 531.21 £122.09 435.96 +£28.35 474.56 £74.00
BF Area/pm
%_:J:E a b ab b
. ,. 1408.45£190. 84° 1339.41 £133.98 1 258.42 +148. 68° 998. 01 +£108. 06
Density/ (N/mm” )
R
. 27.87 +0.51° 31.88 £2.18° 34.01 £6.71° 28.16 £1.91°
Diameter/ pum
FEfE [N
, 430.34 +9. 53" 501.12 +42. 55" 496.39 +76. 54" 469.83 +13. 85"
Average Area/m
%E a a a a
. o 1454.06+£42.39 1 350.08 £110. 50 1227.23 £28.53 1 346.71 £335.05
Density/ (N/mm”)
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Effects of Different Nutritional Levels on Muscle Histological
Characteristics of Lambs

ZHANG Chongzhi' GAO Aiwu®* HOU Xianzhi' KAO Guilan® LIU Xiaogang' ZHANG Yuan'
(1. College of Animal Science, Inner Mongolia Agricultural University, Hohhot 010018, China; 2. College of Food
Science and Engineering , Inner Mongolia Agricultural University, Hohhot 010018, China; 3. College of Veterinary Medicine
Inner Mongolia Agricultural University, Hohhot 010018, China)

Abstract ; This experiment was conducted to investigate the effects of different nutritional levels on muscle histo-
logical characteristics of lambs. Eighty castrated Mongolian lambs were randomly divided into four equal groups.
Lambs in the control group ( group C) were fed a diet (ME 10. 88 MJ/kg, CP 15.00% ) ad libitum; lambs in
the moderate restriction groups ( groups R1 and R2) were fed restriction diets (ME 10. 88 MJ/kg, CP 10. 00%
and ME 9. 41 MJ/kg, CP 10.00% , respectively) ; lambs in the severe restriction group ( group R3) were fed a
restriction diet (ME 8. 62 MJ/kg, CP 5.70% ). The lambs were fed restriction diets for 60 days followed by
compensation diet (ME 9. 75 MJ/kg, CP 12. 00% ) for 90 days. The changes in the diameter, cross section area
and density of muscle fibers in longissimus dorsi, semitendinosus and biceps femoris of the lambs in each group
were measured in the restriction and compensation period. The results showed that the muscle fiber diameter and
cross section area of groups R1 and R2 were higher than those of groups C and R3. However, the muscle fiber
density of groups R1 and R2 was lower than that of group C, and significantly lower than that of group R3 (P <
0.01) with feed restriction. There were no significant differences in the diameter, cross section area and density
of muscle fiber among the four groups by the end of the compensation period (P >0.05). The results indicate
that the energy and protein levels of the diets significantly affect the diameter, cross section area and density of
muscle fibers in lambs. The development of muscle fiber in lambs is severely affected by the nutritional levels of
the diet (ME 8. 62 MJ/kg, CP 5. 70% ) during the restriction period. However, the muscle fiber develops rapid-
ly, and presents compensatory growth effects during the compensation period. [ Chinese Journal of Animal Nu-
trition ,2011,23(2) :336-342 |

Key words; nutritional restriction; nutritional compensation; muscle fiber diameter; cross section area of muscle

fiber; muscle fiber density

# Corresponding author, associate professor, E-mail: gao_69nm@163. com ( P #fF révﬁ#/; ‘fl")



