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Abstract

Effects of energy restriction at various ages and/or body wei-
ghts on body composition and energy metabolism in growing
rats were tnvestigated.

A 48 male rats from Sprague Dawley were divided into six
groups(8 rats/group).

The mean body weight of Groupla~b and llfa~b fed high
energy level(HEL : 459 - kg7"™ - d™") for feeding periods,
were 1209 and 1809, respectively, and the carcass composition
of each control group(la and Illa) was determined.

To get the same mean body weights and different ages for
groups(la~b), and different mean body weights and same ages
for groups(llla~b), groups 11a~b were fed low energy level
(LEL : 34g - k37 ®* - d™") for 26 days and HEL for 18 days.

Meanwhile, the expermental groups( 1 b, IIb and 1lib) were
fed with low energy leve! for 10 days. The crude protein conte-
nts of high and low energy level diets were 11.3% and 15.0%,
respectively.

During feeding of LEL, total body water of Group Ia, IIb
and llIb were increased by 4.869, 1.679 and 3.69, respectively,
The total body ashes increased by 0.69, 0.479 and 0.599, respec-
tively. The total body proteins increased by 3.149, 2.789 and
3.579, respectively, but total body fats of Group Ib and IIb

were decreased 0.69 and 0.669, whereas that of Group liIb inc-
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reased by 2.39.

The intake of metabolizable energy of LEL and HEL were
575k] and 764k] per metabolic body weight per day, and the
energy deposited for body protein of Group Ib, IIb and IiIb
were 56k], 67k] and 58Kk]J, respectively. The energy deposited
for body fat of Group Ib and IIb decreased by 12k] and 14K],
but that of Group b increased by 29k], and the daily heat
production of Group Ib, IIb and HIb were 551k]J, 557kJ and
517k] respectively.
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HBGLED dR7T AME AP F9%E T
Ag Fo1F vAF FolAe 22 AF HHelM dzLol
uis] o] daiae] Frhek 19 FAM ol 14 vebtR, 4o
ST &0 AAE Tagd oY dYE B A% e o
37 4Rolg st of B4 AH YA TlHeR
Au@ gl obd O 4dE HEEA FFH UA
gt AMolo] Hg At AW 45 A Fe] 2

Sed, 2 g Aolg v Fostd gas A5 dA
vbg] gch 1 &=l (Fried et al, 1983 ; Hill et al, 1984 ; Harris
et al, 1984 ; Khan et al, 1979), o] Z3E Haris 5(1984) 3
Szepesi §(1976)& 4lo] AFF vl A 7| TF vAF =
Foll vl Ao] dA% Fri7k 2 AddE AAFY2Y,
Hl A g go 71T 2T T2 AolE Fostde W
o] @ae uUehddn 9 H(Fried et al, 1983, Boyle et al,
1978). 22| 2 AL FAAXN T Aol A g2 7HAE AFE 47
g Estdctn &% cH(MacCuish et al, 1968).

Waterlow(1961)$} Jackson(1984)& B4 A4 7]t w4
EFoMT AW AdFe] 80 Buvt de 9y,
dA 9 B8 AEAAN AvRAdude AAgF F7EY
ot gk 18] MacLean® Graham(1980)9] A7olM T
Ady ZUF G AN HF Frte ALEF
1 £33 Folel 713, FAY AFE N1Fo2e 3
B2 2 F Abolo] zelzt gl $oh

2 AN E TR FEAlfM Hol 2| FF40|2
A@ste] goe o, A% A Fol Frgal wel WAl
e 19 @24 ol ZARue Yang(1995)9) Zae] of
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1. 3¢ AY

# 9] Sprague—Dawley +3 83 50 ntel§ 49 ¢
T F£F Hol(459 - kg - d N2 FAstd HPFE
AgAdA BN F A A BFE HFAAM ZA Hojue
T oot d BAHCA A7 oS 7 gote eI e
trol tha} Aol Aol & opeld fd o WY 2
HA A g 43 29 A5 Yo BF ARE ¥
A zAstedch
2 Aol [a lla WaT2 2z Ib, Ib, MbTo o

02 &dt lad® [bF& HF MFol 120901 €
g7, a, llade FF A5o] 18090] 8 W72 ey
Fror Holg FoaAct old 2 la%t Maz 3
grzom T AHZL 109 T HolUA £F(349 - kg ™"
Pod o dolg FAE F HAAA AR S BHEFAS
la, a2 & 1 2%e %o d2dM 22 {58 lITHe
Foldady g dyFE 27 AdA, 26U Aol A
Z Molg Fo# F 18U DA AFE HolE T
¥ B3 o}
8] 4 274
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2. 44 A

AYol A3 Yol 24 Table 13 2} Aol 2] +F
Aol g T A £F Holo oW A #aAg 47 159 R
113%7} 52 288 71£0 2 wigsted, 2994 YHF2
A £zl BAQCl AR #F 2 nelyA| F&4
ol B that #MF(kg**)F 1Y 5.1901 Hx & 3grh

Ho] wjgHo] ol 74 AAES] NYE YF F casein,

methionine® &5+ Ao 2Yw g 38 F43td, Aol
X349 casein ¥ 255 AR GE ANE A g,
W gat Hole PEA AN B3t ch

3.AY 58S A5

Y Z8L Plexy glass2 € A} #Hol ol 3 npg| ¥ A}
Sagod, 452 2¥vict oA 8004 FF HEE ol
£ 233Ut

2¢oitt 24§ AFo) gt A HFT 1Y DA F
ZollMe 4599 HEL #ol&, Aouz FEAMe 3499

Table 1. Composition of experimental diets(9/kg)

Energy level
Ingredients

Low High
Casein 148 111
DL—Methionine 8 6
Corn starch 574 613
Sucrose 100 100
Cellulose 40 40
Corn oil 50 50
Vitamin — Mix." 20 20
Mineral - Mix” 60 60

1) Vitamin mix.(209/kg diet) contained :
Vit. A, 5000 IU ; vit. D, 500 IU : vit. E, 50mg ; vit. K;, 1mg :
vit. B, + HCl, 20mg ; vit. B,, 20mg : vit. B, - HCI, 10mg : cal-
cium pantothenate, 50mg ; nicotinic acid 50mg : cholin chlo-
ride, 1000mg ; folic acid, 2mg ; inositol, 100mg ; p— aminobe-
nzoic acid, 100mg : vit. B, 3049 : biotin, 20049 : sucrose
powdered to make 209

2) Mineral mix.(609/kg diet) contained :
CaCO0,, 159 : Cay(PO,),, 149 : K,HPO,(sicc.), 109 : NaCl, 8
g : Na,HPO,(sicc.), 79 + MgSO0, - 7H,0, 59 ; Fe—citrate, 0.
489 : MnSO, - 4H,0, 0459 : ZnCO;, 0.049 ; CuSO, - 5H,0,
0.0195g : KI, 0.00059 : NaF, 0.0109

LELHolg 288 71202 Astatel Felstelch Hole 0%
4700 Aol BASHAT, obA 8100 Aol A5 Azt
yaze 2P

AY 7 QAL A £EE 23418, B FEE 50~70
%2 FAHYD B U2 4AY & UAES A

dor F71e 12 A1 AR E A7 061 00~18: 00, &
AZH 18:00~06 00) 22 ZHEHA.

4¥o] By He 23 249 chloroformo 2 3441
FAd @y

4. A8 2

Agol By —18To) WF B#g HE 1Le) T &7l
Qo] M Autoclaveo A 121 C, 1 barZ 341 M) & § oA
A% o FANZ A BHSEAG BT A/EAAM 10~15
g 27/l A2 E et DY E FFT 2HHAG AT Y F
Az g7AA vojz AgF -18 T YeaddA B#s
Aok ¥E dEAY ARe BH7E 94 g4 2439
AHE B o) &5t
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5. A1 B8y AR £4

vt A RO DY E T 29~499] B E 105C2 nHH
drying ovenoll Al #3o] & d7tx] $£& FEA7 F B4
B BE S FaAh THVIAM 24 ANEE 109~15
g2 3o 48~72 AT T VEAA 1¥E ¥HFE 24
Atk Aol R Ao 2UN P 238, 22§ A0AC
ol wetd ZAGAR, 2dNE FF LS Kjeldahl ol

g3 N ¥ 7% ¥ 6258 Fatod AVaA

6. 54 £4

£ A%< A8 e SPSS(Schub and Uehlinger, 1984) prog-
ramZ ol 43 FA A AU LE F&A AE dis
Kolmogrov—Smirnov Goodness of Fit Test(K—T—Test) &

A7 2E Ve 2% ssen, A7 $EE o3 g
23

Agol dslA Dixon 283 A9 7% (Sachs, 1968) 0.2
STAE A F, AF BEX 2AL b 44] &g o
A8 85w F4 B 3, 2439 Ha Azt 94 #AAL

Scheffe'—test2 #24F p<0.0591 4 A3

HEL 48 589 &4 glol Agu 2 Rasgeon 44
BaF o] AF & Table 200 YERH AT Table 20 Ve 2
| THAYF A2 MFL 538~5419 ¥l £F

i
2
L
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Table 2. The change of body weight during experimental period

Group Ia Ib Ila IIb lia b
Energy level H/- H/L L/H/ - L/H/L H/- H/L
Number of rats(n) 8 8 8 8 8 8
Feeding period(d) 26/ - 26/10 26/18/— 26/18/10 44/- 44/10
Grouping Mean 54.0 54.1 539 54.0 541 538
(® SD 38 39 39 39 37 41
Change of diet Mean 1187 68.9 67.1/1179 1778
(® SD 74 7.2 3.9/6.3 16.8
Final body weight Mean 120.1 126.7 1192 1245 180.8 1882
(® SD 7.1 86 115 72 120 193
Carcass weight Mean 115.7 1245 1186 122.2 1755 1853
(g) SD 73 8.2 130 74 122 19.0

129 A% 269 3¢ 2AUA FF40lE o F9
WETH} A48T HE AT 4412019 R 11879010 2.1,
109 Az 202 HolE FAHL do VYT
A& 12679224 HFo] 569 S7H3A. U2 #4$ 2
A} AUz FE02 Aol FARE wo YhrIH 4
79 22} 6899, 67.19 oYU, oloj A 18Y 7t TofLi| 45
Holg FARE 9o AFS 47 11929, 1179901 20,
% 1043 AR FF02 Yolg Fo3 AYUF by
HFL 12459024 66957189t T AL 497 2
A FEo2 Holg FAHL o WxFY HPZY A
F2 7247} 180.89, 177.8g01%1.2. 5, o]o] 1047t Hoj 3] £
Holg Fod Ho MFL 18829024 1049 Z7hstct

B AgaAE JUA A A2 IA 7] AR of 7]
3ol 49 2 AF 2ok 2292 ¥4, Mohan
51989 oA AF z7lole Ho) NAHo] AP A

Y TR AFE W8N TR AFS 2% 240 24
e ol HFof Aole B UHSG £ 259 wl Mo o3
22 2 7 glen, AUz FEZAA Relyz +&
AXBEG AF Edo] Rgom, F FRANE HFo] R

FE AT &gl A
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Table 3. Feed intake, body weight gain and feed conversion of growing rats"”

Ila b lla b

Group Ia Ib

Range of body weight(g) 54—-69 69-118  118—127 54-69 69-118 118—125 118—179 179-188
Energy level High High Low Low High Low High Low
Number of rats(n) 8 8 _ 8 8 8 8
Feeding priod(d) 8 18 10 26 18 10 18 10
Feed intake Mean 5.40° 7.46° 6.96° 437 751° 691° 1041 9.42°

(9/d) SD 0.27 0.34 0.35 0.86 0.61 0.27 0.55 0.68
Weight gain Mean 1.96 2.80° 0.80° 0.68° 2.98° 0.66° 359° 1.05°

(9/d) SD 0.20 027 0.19 0.16 041 0.14 0.28 0.34
Feed inake/ \iean 277 268  90% 65 25 logs 291 950
Weight gain

(9/9) SD 0.28 0.22 192 117 0.15 192 0.16 181

1) Values with different alphabet within a row were significant different at p<0.05

A7, A Y P Aol 27§
Aol 43 dZ AT % Aola T, 5 9FAT
2lo] 49 %& Table 391 AMA € v} 2o

2 A¥dMe FL& b AEE v &S gl g
#7] o, Mo] AgRGE o] Q7 ERM A EHE
vebdch a7 a7 A5HH 54~69g904 2ol 43
o 247t 549, 437901030 YFAFL 42 1969, 0.6892
24 padA F£FAM 19F3AFE 24 dHed, 4ol
LFEE 47 2779, 659922 M AU A FFAAM =t
o] 29 % W 69~1189 WS & B4 ARV F
Aol 4% L dFAFS Folxrh ARHA ¥
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Table 4. Chemical composition in growing rat"

FARL A} AF 71F 02 ANete FoA R g2 4o
QA% A Fo] Zrigtel ohel B, YFHFE 22 4
&2 459AD, 195 ol 2 7F 279~299 B
24 2ol Ut $UE 2 A U3 Aol § F ¥ Yang
(19879 A8 AFAXNE T2 502 4o]E FoAHE
o dE AT FHA F7hEn Ao 9F AT Aol &
FEe AYETA Aol7t AUk ol R A Fo] FHEel
iz} Yol FoFe FIt ¥ YFHFE b7l Ao,
9ZA G do] a7#L Wi 272 ZHPSE oojgdh
AUz sZolH Ml A 5202 F3 oA 4HT Ib,
bs} Hbol A TR FeiFoiret Lol o] HHFH
Az e Zrlsdey, 195 AT Mol 27 &L 9.1~109
go A Ftel zfolzt AUk

Group Ia Ib Ila b lla b
Energy level H/- H/L L/H/- L/H/L H/—- H/L
Number of rats(n) 8 8 8 8 8 8
Feeding period(d) 26/— 26/10 26/18/— 26/18/10 44/ - 44/10
Moisture Mean 6849 67.58" 67.72° 67.02° 65.03" 63.60°
(%) SD 0.71 0.86 0.73 1.02 115 172
Crude ash Mean 3.83 4.04" 3.90* 4.14° 361° 3.76°
(%) SD 0.10 . 0.11 0.11 011 0.13 0.15
Crude fat Mean 6.89* 6.06° 8.31° 7.51° 1131° 1184°
(%) SD 087 0.44 0.75 1.35 1.27 2.17
Crude protein Mean 19.61° 20.77° 19.03* 20.74° 19.34° 20.26"
(%) SD 0.22 0.29 0.18 0.46 0.29 0.45

1) Values with different alphabet within a row were significant different at p<<0.05
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2AYA] £F R AN 202 Fold 479 =A<
33ty 242 Table 48 2t
AR £2 Aoy AR 57 o]z HEsto 10
A ALK atE B AYE 1b, b 2 HibZld & 23
HE A5 $Fe 2T Aadte ¢S 2oy f9x7
gl MIE GF AW FHL AR Q2T 1a lla
3 lla Fo vs o A3 FFAA Mask Mblle
fo4del AT 23 A R [bEFH HbTelA
izl v 23 Zades FEE 292, lla L Mb
TAME 113%Y% 1184%2 4 F7tste 288 Bgovd 214
HzZ3 48279 fode A’
598 2300M 2P Yang(1987)9) 28 AYAME A
¥ #Fe YA FEAM A4E 7ol Fngel] oe
2892, 2R FEAMe dHH HFol F7HEe
el ZAagoh 23E #$FE Ao oA Aol
Z71d wat 31%NAM 43%2 Z7Hada, nodya &3
AN AFH A Fo] Frtgel wet 39% M 36%2 B
Ao MY FEe dFHY AFol F7hgl mal 5199404
112%2 A3 Z7tete v, AU FEANE 1097
e A #Fo] L FPOoY, 1 olFE ¥ FIE
2k T3 nojUa $£302 4olg FAg AYdA A
%ﬂ} AZo) 7kl wt AW §aFol Frhste BF A
¥ g3go] #adgd 2282 HAAUA £F02 4olE
Fog F Aowd e 109742 42 FrhEAod, 2
oj¥e HRE Mol Hon, nAUR FEAMe MY
WA AFE AR H AFo] FUHL 2olE HelA dstch

4

oy

4. AL 34

YA £ 2 AAUA £208 Fold Y FE9

AR 232 247 Table 591 YEFITh o471M FA4E =
HFe Y27 4YTY AL $89 Aoz 7L 7
AR 19 AT ANEY F5FS A QY I
Yol A AolluA FE02 Folsie §¢ AT
ZAHAYD 23] TR, A5 24 Wil

E AL %L v 2ok 10U HollyA] £F08
aog “3394 AFE 2Fge b (b L Mbeld 22
2ol B3} 4.869, 1679 ¥ 369¢] F7HEIH R, 23R L
27} 0609, 0479 2 0593 282 Mt 31429, 2.789
2 35790 Z7hatdch e AR e 4 g z2d vls)
Ib2 069, IbTol A< 0669 Zad i, b ol & 239
Z7hs ey 2 dzF 4820 F9d3s gl

Table 5. Deposition of chemical components in growing

rats"

Group Ib b b llla
Range of body weight(g) 118—127 118—125 179 188 118— 179
Energy level Low Low Low High
Feeding period(d) 10 10 10 18
Deposition of Moisture(g)  4.86 167 3.60 34.87

(mg/d) 486 167* 360° 1937°
Crude ash(g) 0.60 047 0.59 191

(mg/d) 60 47 59 106*
Crude fat(g) -060 —066 230 11.79

(mg/d) —-60° —66° 230  655°
Crude protein(g) 314 278 357 1125

(mg/d) 34® 278 3T 625"

1) Values with different alphabet within a row were significant
different at p<0.05

5. Uzl §o FF % Az da

Table 6& AL AR AL A=A 2 A de &3
A, 12z dLAFS dA AF 71Fe 2 yeha o
B A Aduwd @ gAule) oA §FS Brouwer
(1965) 9] 243 239k]/g 2 39.8k)/g, 22T TAUR FF
2 Ao A £F Aolo| tiA} oA ##+2 Bruggemann
(1984) 9] &A% 170 k)/9 169 ki/g& ol &&Htt. 18
J IR FE At ol A o] JH oM A2 g2
ZHE oA o] 23

Table 6. Energy deposited for body fat and body protein,
and heat production per metabolic body weight

in growing rats"

Group Ib—Tallb—Ualllb—1Illallla—Ia
Mean of body weight(g) 120.7 1194 1804 1425
Feeding period(d) 10 10 10 18
Energy level Low Low Low High
ME intake
e 575 575 576 764
(k] - kg™¥" 47"
Energy deposited for
body fat -12¢ -4 30° 112¢
(k) - kg™"=-d™)
body protein
<. 36° 33 29* 64°
(kJ . kgfu.: . d*l)

Heat Production

. 551° 557° 517° 587
(kJ - kg™v™-d™")

1) Values with different alphabet within a row were significant
different at p<0.05
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oA 7 9 HeldA FEoAM thA A 43
Fe 27t YT 764k] L 5TSKIR A oF 25%9 AUA HHE
Adsdout, A 13D 299y 4AFL F YA +
FolA FdA 1d 5098 AT F AL E FHA Al
Ng oM AvAde 2R olUze Ib, b % bTAA
77} 36k}, 33k) L 20kJ 2 A) ol & Hol ] gsheh e Aol
2o 2 Ibolde dAER 19 12k]9 A APgol Hadt

T, HbTAME 1kJo) A Age] Frdtgeod, MFol =
LZ(MbYNAE 30kJo) IR 7 HALoz AU of
AL AEG 1Y Gudgs Aol we F(Ib)elA 551K],
IbFol AE 557kJoigl o, M50 ¥ Z(Mib)o A= 517
KIZA, 19 gutse A@n A 5o) Zristolaiet oF 10%7}
7489 E Yang(1995)9 HE Ao sy dFEde A
Fol 19 gdad o 2A &g AT 4 5 3t

AY 3 MFol APt dBAF Fae ToAUA
7oz HolZ FodA g o Yang(1987) 8} ZHAMRE & +
Aodedl, Hel ME MY 60~9093 150~180go1 A diAl A
3% 19 guaZe 27 624k] % ST0kJ2 A 86%7F TA
ok 2 4do) AnE BAHE o, Q3 A Fol F7Hl
wel A AEY 1Y GuAFe gadte 492 1D &A
ofizlel 74 2) A 2 AgHde) 42 AT AuA
o]g &g9 Z713) o FIAI FA YEbd & Ao,
olgche Y MFol g ot FAE VI #A
AUz AAY L AeRd gl o) gH22 sk, dA}
ohizlel o4 A& F7IAAS Aoz FHUG.

o] AY FEolA d&H HFol FrHgd mt g A
%2 72 NG A7 Lot Ak ¥ e g oh(Verstegen, 1970 ;
Fuller and Boyne, 1972 : Hoffmann et al, 1979 ; Gdeken et al,
1985 ; Barrows and Snook, 1987).

agel g Aol Y FEAN AU AF ¥ HlA
e of, v A dzFANEG AFTAA F& A7
Aoz AU B usYcH Meyer and Clawson,
1964 : Szepesi and Epstein, 1976 ; Harris and Widdowson, 19
78 : Ozelci et al, 1978+ Okasaki et al., 1981 : Jger, 1985).

T4 Jager(1985)9) A ¥ Aol oA B A% AAHAA
ol g} HolE 2 F UAAY Aolx, 106~164%
2o AUz Adeez FHHUL, dA A5 14 @
g gasdgan A Aol AFF KA JUA Y
ezt B4 4% AT o= A% AsHeAE FHe
ookg o)t

43

Y

4% 2 9] Sprague—DawleyH 7 #H 48 vl2l & 49 B¢
2o A £F Ao|(459 - kg ¢t dTNR Fodte] 4PEE
AR Ao AgA 7l 3 2 goig A e7lF o2 o] thA}
Aol Ao 3w &A Ao v AsGcot,

Ia? 3 1b2e BF #AFo) 120g0) € W77, llla, Mad 2
HF A Fol 18090l E PR ToUA £FLZ Ho|E F
o3ttt dz2F lad Made HAYAAeH, 2 482
104 ¢ Aozl (349 kg 'P-d ez 4olE
o ¥ UAA EHA

fa, aZ e 123 el 2wy 22 458, I
Be Ao dadx 2o GRS 7] AHAM, 269
Ao 2] #5& HolE Fo§ ¥ 1894 TN FF Yol &
Fostd 2 lat BN 28T Ube & TH
op bR 2 1097 Aol #& Aol & FoAd ¥ H4AA
AE EHE A

2ol Fo{ge olya o @AYol ZF dA AF
(kg% 19 5190 =& 3t

10U AN A 202 FoJ§ U7 A4 HHFL
Ib, Ib 2 IbollA 2t chZFo v)s) 4.869, 1679 X 36
Z7bstgn, 238 22 0609, 0479 ¥ 0599 123 A
Thed 3k 31429, 2.789 % 3579 ZUhstlch 1 A A E L
Z gz 2ol B3 1bZ2 069, HbTolME 0.669 24 v,
mbzAME 233 7135l

Az F£& 2L 2l FEAM A A 4H
2o ztzt #F 575k) L 764kjoiich Al AP FohA AT
Az 239 AYAe b, Ub ¥ MWbEAAN 242 36K], 33K
2 20kJ2A zolE Holz gttt Wk Aol e T |1
bl ME dat A5 19 12k AR o] FAsga, 1b
FoAME 14k)S] A A o] ZastPoy, MFol FLT(llb)
of Al 20kJe] ol x]7} Aoz FAEUG YA HFTZ
19 G EE FFo] & F(Ib)olA 551k, bTolMe
557kJo1 22, MEFol ¥ F(Mb)AMe s17kJeldh

ol e

o]

o=

Y
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