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Effect of Growth Rate on Muscle Growth and
Fat Deposition in Dairy Male Calves
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1. BERFORBTOEE

BELE O OB O B, AES XCHBKES, Table 1 WRTEHDTH 3.
BRSO IUKEEOEBIR, shEh 147~264 HE L0 168.0~197.5kg TH v, BHEHE
B/ V=7 OREROEBEEO THER, MERS 128k, ERE1RH 102ke, {S5R
B2R5 0.80kg Thote. HEAEIFOBRHICET 2 HBHAER, VR4 4 v ERERY
B & LciBa, SBROTER 20 REE FHEOMICHY, BRELROFER, F
BEE TREOMICS D, BRE2ROTHE, TREZTEHZ 0TH- %

Table 1. Outline of animals

Body wt, Body wt. per

glowih®  amimals i shugh 20 slaugh  age of day
1 147 187.5 1.28
2 146 188.0 1.29
Control 3 156 197.0 1.2
Av. 150 190.8 1.28
4 193 194.0 1.01
5 195 197.5 1.01
Low-1 160 168.0 1.05
Av. 183 186.5 1.02
7 210 179.5 0.85
8 207 180.5 0.87
Low-2 9 264 182.0 0.69
Av. 927 180.6 0.80

a): Expressed as body wt. of kg per age of day

2. BA, BA, BHSIURERIREITREEEORE

AEAERERSIUBERAEBRT 25N, SPBEHSICEOERORRERE S V-7 LD
B/ANERELME L EmE3, Table 2 R TEBDThH 3.

EHBRIAE (186.0kg) THELLES, HA, HH, BHBXUCBEOLKERICI, KRR
BEEORWCL > THEERZRBED DD, LHL, BZRVT WThbREEES/NE
REBIC>NWTERMWNSSBBHEEERL P<0.10), BREZEXBRENT, WHREXBRZKT
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Table 2. Least-squares means and standard errors for tissue weights of right side carcass®

Rate of growth®™ Effect of
Tissue
Control Low-1 Low-2 rate of growth
(kg) (kg) (kg)

Carcass 49.65+2.05 45.97%1.94 40.11+2.08 NS¢
Muscle 33.12%1.49 30.56+1. 40 25.96+1.50 NS
Fat 4.85x0.35 3.79+0. 33 3.39+0. 36 NS
Bone 9.84+0. 38 9.86+0. 36 9.66+0.39 NS

Muscle: bone ratio 3.27+0. 06 3.08:+0.05 2.79+0. 06 NS

a): Adjusted for average body wt. (186.0kg)
b): Expressed as body wt. of kg per age of day (Control=1.28, Low-1=1.02, Low-2=0. 80)
c): Not significant

Bot. i, HEERIE, HHEX49.65ke, EERE 1[X 45.97ke, ERE2X 40.11kg &
BREZREOENICIDREBERA LN,

NI, WEX33.12ke, ERE1X 30.56kg, ERE2X 25.96kg L75h, KR EREE
BREEECXDPRBODOERESA LN, EEOBDVOEER, BRE2RMEREL Kk~
TELLKREL, SRR HREES 100 & L BHE BREIX92, EBEREZXT78THY,
BEOCBRER HROREEWHIT 2 L8R hL.

SEERRRG X, WX 4.85kg, ERE1X3.79kg, EEE2KX 3.39kg THy, EBERERHET
ARG, BRICHENBRTh-. SEXZ100 & L-Bs, EREIXTS ERE2XRT70T
507’:-

BERIZ, REEEMTREALENSN BABREERZO ) bTREEEOZEERSL D
Hicd W EBmoenk. Lad-T, BH  BHIREEEFEOETIE NI o7, TORE
Bi3, BRI BHE, RBEREOBEFLIOEEFVLVWIANRY ¢—KT 25D TH - 1o

PIEOWNE»S, LAETFFOWE - BRTR, REFEOBVLFHIEE, HH, FRBLU
S OBEBERMWNSLED, HR I BHE/NINWCTEBHLLITEININ, REFD/ 2 —VDPHE
BKEOYDB|AITLD, HRAOERPHN | BLBELZCEMWRBINTE LY, CoORKH
(AERK 180ke DOBEHD KB 2EHOKEERY, 0%, BREREICA > TH D OKR DMK
EO LS NEEERIZT ML, FEEICHREL, L oYL ARABLNEZTI> LTEETH S
EEHLNBZDT, 4%, EEEBLEDTISKBRNTINELDE BN B,

3. BREGARERCREITREEEONE

Butterfield and Berg'? OBt -7 I DO ERGRBEEBEORERBE I/ V-7 DB/
BEEHE L EHemset, Table 3 ICRTEBDTHS.

BEEGNHERIY REEEOS V- FHCREELSERAoNEL-k. Lirl, 2GHEER
LR BRRCEICROEHANR L SRESIF S IERANA LN IDOHHDS b,
BEREOEELZHBRAKEL S0l BEEROGHANE (Abdominal wall) TH b, wRX%
100:93E, ERELIRSL, ERE2RT4EL 7. T LT, #EEkem (Distal pel-
vic limb) & #ifskisss (Distal thoracic limb) ORLGARETIE, 2hEN, BERE1KXH%6
L 104, BREZXH87 £ CHEREDOEER, NSO TH-k. TOT L, EEGOH
WL, WS OREBLTVZO AEYO BRICHEVRELTHLBARTH D, BESLUH
BORBMOGAERZ, FEHBEPKELTZ 3 BEOBACHEONREEL T BARTHSL
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Table 3. Least-squares means and standard erros for weights of standard muscle groups®

Rate of growth® Effect of

Standard muscle group Control Towsl Tow=s rate of

(kg) (ke) (kg) growth

1. Proximal pelvic limb 10.77£0. 44 10.19+£0. 41 8.82+0. 44 N§©
2. Distal pelvic limb 1. 79+0. 09 1.7220.08 1.56+0.09 NS
3. Surrounding spinal column 3.85+0.29 3.48+0.27 3.17+0.29 NS
4, Abdominal wall 2.88+0.17 2.33+0.16 2.13%0. 17 NS
5. Proximal thoracic limb 4,100, 19 3.90+0.18 3.37x0.19 NS
6. Distal thoracic limb 0.92+0.06 0.96+0.05 0.83+0.06 NS
7. Thorax to thoracic limb 2.84+0.15 2.64+0.14 2.19%0.15 NS
8. Neck to thoracic limb 1.44+0.08 1.41+0.08 1.114+0.08 NS
9. Neck and thorax 3.55+0. 33 3.41+0.31 2.69+0.33 NS

|

a): Adjusted for average body wt. at slaugh. (186.0kg)
b): Expressed as body wt. of kg per age of day (Cotrol=1.28, Low-1=1.02, Low-2=0. 80)
c): Not significant

L1 L i AR S B L BEbh 3.

BE, BELEFRHOERORDR, 2TABERIAR BREZRIBLTELL-. &4
i, BREEERO 5 A B BB —RTEsRT (Thorax to thoracic limb), SE—aifif Neck to thora-
cic limb), ¥F—¥E (Neck and thorax) OHRBOERRBIOMNAEL, PicXDERRD
BEOSOFNERICLBERINL. AFOEEHAROERTARI, & HoZEES
Fied vz EBAMOENTOZ 559, KAROKER, REEEIC XD EEHGNEOHEIHISE
ABEDLD S ZTEEERRTI0LEEZI LN, 4%, IOLERNEETIH0EEZILNS.

{ B—HOERICRRITHRREEOLE

BAEZERTINI000HED0S b, HENSE 54 Y BERTHOERLASVL I OHRNOE
BLRERE S v—7Z & ic Table 4 iKRL 7.

REHEE /S v— 7 TEERENED SNLHIT, #EEE (Proximal pelvic limb) ok
BRI (M. fensor fasciae latae), REB_SA% (M. biceps femoris), AL (M. vastus
lateralis), MEEEIROANBEE L (M. obliguus externus abdominis), W& (M. transversus abdowii-
nis), BEES (M. rectus abdominis), ki3t (Proximal thoracic limb) o & (M. sup-
raspinatus), B —HIEE QLS (M. latissimus dorsi), BkEsER (M. serratus ventralis tho-
racis), DIBTH-7z. TDH b, EEELOHIZ, MOBOBHERIBRIEGERLTED, BEX
BBRBRCRET 3 L5 ThH-o. Thid, £BrBREES I, BEHAROS bEBHEERT
AHBORKE—RKTI2HDTH 3-

E, YWENES—NVLTHBE, BRECHTIHEERREBERENHLNIOVHOELT ET
EMHERINI, KKK, BREROFUOWKB G (M. biceps femoris) LpiESEs (M.
longissimus thovacis et lumborum) LB U184, #oEEMZER, BEHOEFBKEL, HE
ZOREVHRTH 3L LRSI, CDCEiT, HROBRPEIENMES 3 i3I X
D, TORKROERBICESEL S LVSEREE FORKOBPIC, ERBIRECSOTHD
Wao—-2 (BREH) WERCHET 2HERBABICOVTOREKERELTHEAShTWECE
OFZEBEERBRT I LTEHEEESLS.
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Table 4. Least-squares means and standard errors for weights of individual muscles®

Standard Rate of growth® Effect of
muscle Muscle rate of
Control Low-1 Low-2
group (kg) (kg) (kg) growth
1 M. tensor fasciae latae 0.402+0.017¢ 0.354+0.016¢ 0.316+0.017¢° *
M. biceps femoris 2.362+0.086¢ 2.176x0.0819 1.848+0.087¢ *
M. gluteus medius 1.212£0.055 1.103+0.052 0,991+0.055 N§o
M. vastus lateralis 0.923+0.034% 0.845+0.032¢ 0.744+0. 034 *
M. rectus femoris 0.696x£0.025 0.7114£0.024 0.602+0.026 NS
M. semitendinosus 0.741+£0.042 0.677+0.039 0.625+0.042 NS
M. gracilis 0.427+0.028 0.40040.027 0.312+0.028 NS
M. semimembranosus 1.554+0.165 1.669x0.1568 1.499+0. 167 NS
M. adductor 0.656+£0.029 0.592+0.028 0.518+0.030 NS
Mm. vastus medialis et intermedius 0.501+0.051 0.553+0.048 0.439+0. 051 NS
2 Mm. gastrocnemius et soleus 0.759+0.036 0.738+0.034 0.633+0.036 NS
3 M. psoas major 0.497+£0.032 0.473£0.031 0.429+0.033 NS
M. longissimus thoracis et lumborum  2.125+0.205 1.782+0.193 1.624+0.210 NS
4 M. obliquus externus abdominis 0.600£0.036¢ 0.409:+0.034° 0. 483+0. 0364 *
M. obliquus internus abdominis 0.42740.072 0.453%0.068 0.400+0.073 NS
M. transversus abdominis 0.478+0.020¢ 0.380+0.019¢ 0.329+0.021¢ *
M. rectus abdomins 0.751+0.034¢ 0,579+0.032¢ 0. 489+0. 034¢ *
5 M. infraspinatus 0.606+0.041 0.571x£0,039 0.52540. 041 NS
M. triceps brachii (Caput longum) 1.029+0.052 0.929x0.049 0.804+0.053 NS
M. supraspinatus 0.555%0.010¢ 0.525:+0.009¢ 0. 469+0.010° *
M. subscapularis 0.36140.026 0.347+0.024 0.29340. 026 NS
M. brachiocephalicus 0.4934+0.033 0.461:£0.031 0.4060.033 NS
6 M, extensor carpi radialis 0.230+0.029 0.267+£0.027 0.225%+0.029 NS
7 M. latissimus dorsi 0.698+0.038¢ 0.595+0.036% 0.481+0.038° *
M. serratus ventralis thoracis 0.375+0.017¢ 0.372+0.016¢ 0.278%0.017¢ *
M. pectoralis profundus 1.16240.086 1.102£0.081 0.98340.087 NS
M. pectoralis superficiales 0.365+0.043 0.3760.041 0.311£0.044 NS
8 M. rhomboideus 0.387+0.034 0.353+0.032 0.273£0, 034 NS
M. serratus ventralis cervicis 0.78740.041 0.7602+0.038 0.60640.041 NS
9 M. semispinalis capitis 0.411+0.059 0.481+0.055 0.418%0. 059 NS

a): Adjusted for average body wt. at slaugh (186.0kg)

b): Expressed as body wt. of kg per age of day (Control=1.28, Low-1 =1,02, Low-2 : 0.80)
¢): Not significant *: P<0.05

d): Values bearing different superscripts are different (P <0.05)

5. EMBLASMEHERICRITREEEOKE

ERPREINIET, i, KESIUBREHEROREEE S v—7CL0R/NEBFELEY
B kg2, Table 5 KRTEBVTH 3.
WTFNOERTININAREHEELREEE S V7RI THEERZRTF o hiib 7. BT
PRGriEiclh~, BRECX2EEOWHMBKEL, 20BER, L RBREIRIKBNT
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Table 5. Least-squares means and standard errors for weights of depot fat®

Rate of growth™ Effect of
Depot fat Control Low-1 Low-2 rate of growth
(kg) kg) (kg)
Subcutaneous fat 1.44+0.22 1.2040.21 0.55%0. 22 NS§o®
Intermuscular fat 2.16%£0.12 1.78+0.11 1.84+0.12 NS
Body cavity fat 0.61+£0.14 0.43£0.13 0.66+0.14 NS
Kidney fat 0.64+0.07 0.37+0.06 0.34%0.07 NS

a): Adjusted for average body wt. (186.0kg)
b) : Expressed as body wt. of kg per age of day (Control=1.28, Low-1=1.02, Low-2=0. 80)
c): Not significant

ZEUbh-T. GHBHERICHT IR TRITERDEALE KD SE, WRXBIVEREI XL
12 0.67, ERE2X250.30 L#->THD, BEBELCL-T, RTEHOHNEMETL, HRi
FFERICHTI2ETRIFERCEAGET TS E0IRROHFESY Li3Z—HK L1k

REGKARR L, HANMABROTTROTENTHD, KBEKELCIVEDLD > ZbDTHEC &,
KA TEDY?, ARBORRL W EXR{TI00EE -1, AARFFOBETHIcE
H3EBBREN TCRFERMEDO8%, ZWFHFETRIOZ DA EZ, HAHBELERTFORS
EEFFHET b0 EBEbRT.

L3 #

D wvR &4y FEFFEERROBBEAEICLYD, HRX (Control X, EHHEMAR
1.28kg), EREIX Low-1KX, F1.02kg), ERE2K (Low-2X, F0.80kg) ® 3>
DI NV—=FICIETDORG L, BERES BREBRORRECRETESCO>OTRY L. K&,
RO ESERREEL. B8, HRA4FOBBELUCHKEOHAR, 147~264H, 168.0~197.5 kg
THD7:.

Q) AEAKKRER, FHEERSIUC2EKEHER G BRECIOIHINIEASEZOH
fo. BRREOEZEIZ, KH SR, BolECRENC &R,

Q) BEGABRCKIZTEREORE R, Hirick VB, HEDE D 2581, BBsh
3L, BREORERS LCMEORKEEE 5D 2 08T BEES T VLI TH - 7.

Q) FEHICRRTEREOZER, KBHERS, XEES ARG Asss BEHE
B BES, #ES ESSBICREETDO I 2OBTRD bhik.

4 BT, BREEHCENEREOEELSIPT VX TH- .

KWBAREER, —I HAOEFEOFBRLSHABREE2ZI TETINL DO THY, CC
CHEESHRIE LT, BREOMHEBERT IRETH 3.
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Summary

Nine Holstein male calves were slaughtered at approximately 180 kg of live
weight to examine the effects of rate of growth on the growth of carcass tissues.
Right side carcasses of the calves were seprated into tissues of muscle, fat, bone,
tendon, ligament and kidney by the technique of Butterfield and May. Rate of growth
had no significant effect on the tissue weights of right side carcass, muscle, fat
and bone. However, the growth of muscle tissue and deposition of separable fatty
tissue were decreased considerably by the delay in weight gain. Rate of growth
had also no significant effect on the weights of nine standard muscle groups re-
spectively. The muscles of tensor fasciae lalae, biceps femoris, vastus lateralis, obliquus ex-
ternus abdominis, transversus abdominis, vectus abdominis, supraspinatus, latissimus dorsi, and
serratus ventralis thoracis were affected by growth rate, respectively.



