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Effects of Energy Restriction at Different Periods
on Body Composition and Energy Metabolism in
Growing Rats

Yang—Han Yang
Department of Food Science & Nutrition,
Cheju National Universily

Abstract

Effects of energy restriction at different periods on
body composition and energy metabolism in growing rats
have been investigated The 66 male rats from Spague
dawley were divided
involved 10 rats and the other groups with 8 rats each
Group Ib fed with energy levell HEL; 45g-kg™°™-d™')
for the feeding period have been reached 180g. Ila—h

into eight groups; group O

Ma—b and [Va—b were fed with low energy level
(LEL;, 34g-kg*™-d') for 10, 17 and 24 days
respectively, and then the carcass composition of each
groups{lla, IMla and IVa)
Meanwhile, the experimental groups(Ib, IIb and IVb)

control was determined.
fed with high energy level for the various feeding periods
have been reached 180g. The crude proteins of high and
low energy levels of diets were 11.3% and 15.0%,
respectively, and the intake of crude protein of LEL and
HEL were 5.1g per metabolic body weight. The daily
weight gains of Ib, IIb, b and IVb were 3.08g, 3.77g,
399g and 4.35g respectively, and feed conversion were
3.01, 258, 2.49 and 2.37, respectively. The daily moisture
depositions of Ib, IIb,b Mb and IVb were 1744mg,
2055mg, 2077mg and 2308mg, and the daily deposition
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of crude ash were 130mg, 105mg, 117mg and 100mg,
and those of crude fat were 211mg, 610mg, 717mg and
830mg, and those of crude protein were 647mg, 615mg,
506mg and 585mg respectively. The daily heat
productions of Ib, IIb, b and IVb per metabolic body
weight were 618 kJ, 579 kJ, 558 kJ and 537 k],
respectively.

Key Words : Energy restriction, Body composition, Heat
production
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oz ARY £ glon, ofa 2 AL FgEA s
o] 1A ¢t Aels Y FoAHE o MY =} 2w
AZFo] ZasA Hed, 2 obf Aol AT Fo3d
Zay AFS 2] B3Pck(Fried et al, 1983; Hill et
al, 1984; Harris et al, 1984; Khan et al, 1979). Haris
5(1984)7 Szepesi 5(1976)2 4lo] AYF v|AZY o
NF vIAE dzTol wid Ao AMNFe Frb 2
o e Azt e, vAY 3o 71F HzT7e) F
ZFo Yolg Fodstag dx o] ¥AL vehddy 3y
t} (Fried et al, 1983, Boyle et al, 1978). 28] A}
AMNE o] Aoz 74d HFE 44 HFslddn
s} cH{ Sohar et al, 1973; MacCuish et al, 1968).

Waterlow(1961 )2} Jackson(1984)& 2AF A=A 7]7ke]
AQEFAME At dae] Fridckes Ravt e W
o, 82 A ¥ FF AYAdA AddARdE: Axgd
9] Zr}stdctx &, a2ej MacLean®} Graham(1980)
o dFelxx 4 AAF HE QAN AF Frte
AR EFAME A ZH Folel 7]AsA, A4
AL 7Igeze YBT3} dzd Alold o7t I
i ¥tk & Ao e A JAAY 71729 1Y F
A g Az Aol dstel diab iAo o] fof disf w
32z Ao}
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Table 1. Composition of experimental diets( g /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

" Vitamin mix. (20 g /kg diet) contained
Vit. A, 5000 IU; vit. D3, 500 IU; vit.E, 50 mg;

vitK3, 1 mg; vit BLHCI, 20mg; VIT.B2, 20eg;
vit B6.HCO, 10mg; calcium pantothenate, 50mg;
nicotinic acid 50mg; cholin chloride, 100ng;
folic acid, 2mg; inositol, 100 mg;
p— aminobenzoic acid, 100wmg; vit,B12, 30 g ;
biotin, 200 pg; sucrose powdered to make 20 g

» Mineral mix (60 g /kg diet) contained:
CaCOs, 15g; Ca{ PQv), 14g; K.HO(sicc), 10g;
NaC?, 8g; Na,HPO.(sicc), 7g: MgS0..7H.0,5¢;
Fe—citrate, 0.48 g ; MnSO..4H,0,045¢ ;
ZnCO;, 0.04 g; CuSO,.5H,0, 0.0195 g ; K1,0.0005¢g ;
NaF, 0010 g

Aol W@l Aol T4 A5 FYPEF FF P
casein, methionine? 254 Aol zohila kg M5}
o, Aolol £ casein 43} 55 AL )2 A4lslo] wig}
slglon], W3Rt Aok WEAelA] BA3sict

3. 4% 89 A%

AY FEL Plexy glass® 9 djx} Aojzjo| ¥ ol2]y
AHgatded, AFS 290t 24 8:004d FE 222
ol 43 &A%}t

290t 33 AFE 71Fo2 dA AT 1Y ey
2 A dAt A5 45g2] HEL Aol&, Ay ¢
A dat AFZ 19 34g9] LELAC|S 138 7120
2 AN Fo3idde. Aol 2. 4:004)9) Fedaw,
o}3] 8: 0040 Alo}5-& AAz] JHFE 3ol

A 717 o A 25 2321TE, A 5% 50
~70%2 frAstdL B2 do2 AAY F U=F gt

g F71e 12417 344 (A5 A7) 06:00~18:00, 4%
2|7+ 18:00~06:00)2.2 zAs4c}

Age] Bd A 3 USEE Hastslr] A Ae] 43
F % 16417 A=F 2F 249 chloroformeg ¥HAA A
c}.
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Ago] B3F —18Te ¥F L3 AE 1LY A 47
o ‘Po}4 autoclaveel4] 121%¢, 1 barZ 347} H2ld %
Aol MY o 3E712 A E43c 2 AR
ol 10~15g4 270 AE§ st nyE 42 23y
o 222 ¥F Azxy d47x] Yol 8§ -18CY W%
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ahsdet.
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6. 34 ¥4

2 A3e 2B+ SPSS program® ol&sle] £A Az
sodch, v = o244 7o sl Kolmogrov—Smirnov
Goodness of Fit Test{ K—T—Test)& M +¥% %%
A steon, At BEE olFA ¥ AR duiM:
Dixon 5&tx] A9 7 A(Sachs, 1968).2
F, A9 2 AAE oA A skl A Fe fede
o £F p<0.0504 A4 $AE F 24 HFAEY
A 74A-% Scheffe' —test2 a}g]c}.

o
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Table2. The change of body weight during experimental period

A3 4 33

1. AY 33

AY 5o &4 dlo] 24 AY AYdE A=Y
ot Ag 3o 452 Table 20| Yebugich Table 2el
vebd Asiel o] THAF AT HFHFL 1045
—104.9g HA2M 2 Fhe| FAbstA A4Sl 2ejx
AY F84] [a, IIb, IIIb, IVbE 9] A7 A5 27 181.1g,
180.2g, 183.1g ¥ 181.3gel%lz, lla, Illa 9 IVag9 #AF
AF2 77} 106.2g, 113.1g 2 124.7g o|<dch.

£ Aol Ae oA A Axrt 217] ddel A A4

F 245t AY T8 A% Fie BAEHUG Mohan
S(1983)x oluiz] AZ Z7]ole 7|2 dAbRE e 47
2 g Aol Ads, A At F ALE AF A
Utk ot @A 27] AFo tae Ao
Joll A A A <y HusF

o gas $2Ad Yolm & 5 slek

3
% 50 ¢

Y FE AFES o4 84, B2 AFE oF 244 7
2 27 sjsidl, of #AFe Aole £ AHsh 23 239

Aol el Ao ¥ 4 oo

Group O Ib Oa Ob Ma b Va Vb
Energy level H L L/H L L/H L L/H
Number of rats(n) 10 8 8 8 8 8 8 8

Feeding period(d) 0 27 10 10/20 17 17/18 24 24/13
Grouping Mean 104.5 104.7 104.7 104.6 104.8 104.8 1049 1049
(g) SD 7.2 7.1 6.4 6.6 6.3 6.3 5.8 6.0

Final body weight Mean 181.1 106.2 180.2 113.1 183.1 1247 181.3
(g) SD - 106 13 135 10.3 11.0 8.0 106
Carcass weight Mean 9.9 1737 104.4 172.8 108.4 1715 120.4 1715
(g) SD 6.4 9.7 5.7 12.6 10.0 92 7.8 95
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FAF Aol
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of &A%l wie} P2t 2ejw Ale] 27
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Hgel aet Frhsidoh. 9H(1994)9 AE AFdeAx
Aol iz +& Foldt Ao ATF g3 d3o] Friy
o wpel }astdy, 2L gk ddo| Zrbgd af
2 3.1%AAH 43%2 F7F stdon, A=Ay gae A

Table 3. Feed intake, body weight gain and feed conversion''.

Goup Ib Oa Ob Ma b \'Z: Vb Ob b Vb
Energy level H L L L L L L H H H
Number of rats(n) 8 8 8 8 8 8 8 8 8 8
Feeding period(d) 27 10 10 17 17 24 24 20 18 13
Feed intake Mean 9.26 586 592 597 5.86 6.34 6.33 974 997 10.30
(g/d) SD 0.34 0.25 0.26 0.31 0.34 0.17 0.24 0.55 0.39 0.45
Weight gain Mean 3.08° 124" 132" 098 095" 1.25* 131" 377° 3.99 4.35°
(g/d) SD 0.21 053 0.23 0.33 0.15 0.23 0.27 0.46 0.17 0.42
Feed intake/
weight gain Mean 3.01° 473" 448> 6.09" 6.17° 507° 483> 258 249 237
(g/d) SD 0.17 2.83 0.70 151 0.87 0.93 1.16 0.24 0.08 0.26

" Values with different alphabet within a row were significant different at p{0.05

ASAZFE 2AYA] 5 T ZE TollA el
TELE Fol TEo A debten, oA AR
717ke] AR ApF RAAAY 7170 [bZ Rt dF A ¥
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HA g 7|zl 29 A 5 diab AFF KA ol 7
&7 Ao] o] 2&F F/HIAYE ¥ F ek

A Mol 3782 oA FE22 Folg BE FollA
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Table4. Chemical composition' .

Effects of Energy Restriction at Different Periods on Body Composition and Energy Metabolism in Growing Rats

Group 0] Ib Oa Ob Ma b Na Vb
Energy level - H L/H L L/H L L/H
Number of rats (n) 10 8 8 8 8 8 8 8
Feeding period(d) 0 27 10 10/20 17 17/18 24 24/13
Moisture Mean 71.3 68.1™ 71.7 67.1° 70.6° 66.4" 69.9* 66.6"
(%) SD 0.6 1.3 06 1.6 0.5 08 0.5 1.0
Crude ash Mean 3.1 38" 41" 3.7 41" 3.8° 4.3 38"
(%) SD 0.1 0.1 0.2 0.1 0.3 0.1 0.3 0.1
Crude fat Mean 7.2 74 29° 8.8* 2.9° 9.7° 3.7¢ 8.9«
(%) SD 0.7 15 038 1.7 0.8 0.9 0.7 1.0
Crude protein Mean 16.8° 19.6¢ 20.3* 19.4¢ 21.2° 18.7 21.0° 19.2¢
(%) SD 0.3 0.3 04 0.4 0.3 0.2 04 0.3
" Values withdifferent alphabet within a row were significant differentat p(0.05
Table 5. Deposition of chemical components''.
Group Ib Oa Ob Ma b Va Vb
Energy level L L/H L L/H L L/H
Number of rats (n) 8 8 8 8 8 8 8
Feeding period(d) 27 10 10/20 17 17/18 24 24/13
Deposition of
Moisture (%) 47.1 3.6 411 53 374 129 30.0
(mg/d) 1744° 362° 2055¢ 309° 2,077¢ 539+ 2308°
Crude ash (%) 35 1.1 2.1 1.2 2.1 2.0 1.3
(mg/d) 130* 109® 105* 73 117¢ 82 100°
Crude fat (%) 5.7 —4.2 12.2 --4.0 129 —28 18.8
(mg/d) 211" —421° 610" —-237° 717° —-116' 830¢
Crude protein (%) 17.2 44 12.3 6.2 9.1 8.6 7.6
(mg/d) 647° 439° 615° 365" 506° 356" 585"
" Values withdifferent alphabet within a row were significant different at p<0.05
of 4 B} ggton), Aoz & Aol Fof 7|7kl 2} rEog Folgh 7|7te] AW A & g oo 2y
£ zlol= dddh B4 Ad7ledle Az 3 Ao § o] ZAsdt.
of 7]7e] B A4 E digE FHIFLS Wk ZepiAle] e Ty FEAM Az 5
2829 34 oA FEolM AodA £2 2 2o Eges, AduA £27% P neldA $E7

stoh, Helux $% Aolsh o
of 71kl WE Aol gsich

L
T

Aol & H.ol7 Wsteth

F(1994) A Az st FAAY FHZFLS AAY

A% d5HFL AR FEedide 247 421mg,
237mg % 116mge] 74 whd, ¥4 A7) Al

A $702 Holg Feig u 59 Folt 2.0g, 104 Fol
£ 34g A7 B4 sholenh, 49 Aol A4l wel
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AR BAE o o4 FAskA 4T AMH Zrhge B

21 9t 283 A3 AT AxY gA 59 7
A 7a sdd £33 2¥Fe AdUA £202 Fol
s £ 05g A4 3.0g7H2, ADEA 2HEe 2.2g0
4 12.0g22 27} shadot.

5. A Fel $F % olvix WA

Table 6-& Wi} ol 2] Al# e, A= o A2 %
Y oy, 2ela dAFE g4 AF J)ELR Je
W ook zelz Adgd o Ayl oz Fpe
Brouwer (1965)7} 43 7tz 239 kJ/g ¥ 39.8 kJ/¢g
& ol4std A4sdch 2l mellvA] £ % Ay
2 & Aole] dia} oz §ekS Briiggemann(1984)
o #A2 170 kJ/g2 169 k]/g& ol&3to] AAtsigic}.
19 gk dhah o] AFela A} A
A2 FHY A E W] Aitslac.

Axez £AH oduvxe 149 dA A5 I, i,
IVa el 747} 92 k], 52 k] ¥ 24 k] Z4sigdc 22
Ib, IIb, b & IVbZ& Zt72 36 kJ, 101 kJ, 124 k] %
130 kJ2A4 oz Ag7|zko] 2 Ae|A4E VA AR
7ol w2 izt Ao FAs g

dAAFE 1Y degdRe la, Illa ¥ [Vagol 7z
614 kJ, 583 kJ ¥ 560 kJEA Aoz 39 Feo] 7]
ol Adl AT Fadte HPE XA Ib IIb b o
IVbE& 72k 618 k], 579 kJ, 558 kJ % 537 kJZA o
Uzl A Zolzt AW AT B A7l 19 A
o] Ztadhe H#E Roch

F(1994)8] Aol ofstdd, Az FEolAH Feo] 7]
ol Aztgtel weta, At AFF AU 2 o
Uxle vA daste A% vdd 29y AAges
4" A= AY AAF 10074 Fagod, 1 o
¥ A Fobshe A 2ch o e Ay )
o]l A ¥+F aste A%E ¥}

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

Group Ib Oa Ob Ma mb NVa Vb
Energy level 27 10 20 17 18 24 13
Number of rats (n) H L H L H L H
Feeding period(d) 142 104 149 106 149 110 162
ME intake 720 579 758 578 732 580 721
(kJ-kg=°™-d")
Energy deposited for
body fat 36° —92¢ 101° —52¢ 124¢ —24¢ 130
(k]-kg=""-d")
body protein 66" 572 61 47" 50 44" 54
(kJ.kg—O 7]_dl )
Heat production 618 614 579 583 558 560 537
(kJ'kg~0 73‘dl )

" Values withdifferent alphabet within a row were significant different at p{0.05

2ol 2] & F Aoz $E9 4t qiA] JHFL
72k J4 733 k] 2 579 kjelsdch

ARy 1A oA la, [la ¥ VaFdelA 22
A AF 19 57 1,47 k] 2 44 kKJEAH AR &
o= ApolE HolA] ¢strh. Ib, IIb, b ¥ IVbElA
Adyd2 34 ovize 27 66 k], 61 kJ, 50 k] %
54 kJ2A el a] FEAME zle]E RolA| gotct

agte g A7Ee]l Ay FEAA oA HAF F v
AN o vAY dz2FAH B} APFAH B2 oy
A7h Moz FAHqcty BudlgdcH Meyer and
Clawson,1964, Szepesi and Epstein, 1976, Harris and
Widdowson, 1978, Ozelci 5, 1978, Okasaki 5, 1981, J
ger,1986). Corbett 5(1986)2 #HE oA 2| F
AfE o AP F8A AFE 26%, A% AL /e
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Hoffmann ¥ ,1979; G deken 5.1985; Barrows and
Snook.1987), Walker 9} Garret(1970)2 Aoz +=F
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d 5.1gol HxF shaldt

Ib, Iib, llIb ¥ 1Vbao UF A=k 77t 3.08g, 3.77g,
3.99g o 435ge|ddx, Aol &F+&2 7z 301, 258,
249 3 23714

Xl

ok

Y]

He
4
ing

oft
tjo

Ib, IIb, lllb ¥ IVbzgy A$+¥y dFH}e 7z
1744mg, 2055mg, 2077mg ¥ 2308mgeldly, 2339
d&Heke 7+ 130mg, 105mg. 117mg % 100mge| sl 2.
o], AlAube] dEAeke 747 211mg, 610mg, 717mg ¥
830mg, zelx AW d&HIFL 2 647mg,
5! 585mge] st

At A5y 19 odurdake g, [la 9 [Vago| 7tz

k] % 560 k24 ez &2 o] 7]
ol AW A4E Baste A%E ¥odn, b, Ib 1Ib ¥
579 kJ, 558 k] % 537 kJ=4] o
Wz AlZ dol7h 4 AxE B AJ37|el 1Y dageg
of Baste g Bk

615mg, 506mg

ki

Md
rl

Barrow, K. and J. ]. Snook, 1987. Effect of high
— protein, very low— calorie diet on resting metabolism,
thyroid hormones, and expenditure of obese middle
—aged women. Am. J. Clin. Nutr,, 45: 391 —398.

Boyle, P. C., Storlien, L. H. and R. E. Keesey, 1978.
Increased effictency of food utilization following weight
loss. Physiol. Behav. 21: 261 —264.

Brouwer, E, 1965. Report of sub-—commitee on
constants and factors, Energy metabolism, EAAP
—publ., Academic Press, London, Nr.II: 441 —443.

Briggemann, E. 1984. Untersuchung an wachenden Ra-
tten zum Einflu der Energie— und des kompensatorisch-
en Wachstums auf den Proteinumschlag. Diss.,, Univ. B

onn.

Forsum, E., Hillmann, P. E. and M.C. Nesheim, 1981.
Effect of energy restriction on total heat production,
basal metabolic rate, and specific dynamic action of
food in rats. J. Nutr. 111: 1691 —1697.

Fried, S. K., Hill, J. O, Nickell, M. and M. DiGirolamo,



Yang—Han Yang 27

1983. Prolonged effects of fasting— refeeding on rat
adipode tissue lipoprotein lipase activity: influence of
caloric retriction during refeeding. J. Nutr. 113: 1861

—1869.

Fuller, M. F. and A. W. Boyne, 1972. The effects of
environmental temperature on the growth and
metabolism of pigs given different amounts of food. 2.

Energy metabolism. Br. J. Nutr. 28: 373 384.

Giideken, D., Oslage, H. J. and H. B hme, 1985.
Untersuchungen zum energetischen Erhaltungsbedarf
und zur Verwertung der umsetzbaren Energie fiir den
Protein— und Fettansatz bei Ferkeln. Arch. Tierern

hrg. 35: 481 —494.

Harris, P. M. and E. M. Widdowson, 1978. Deposition
of fat in the body of the rat during rehabilitation after
early undernutntion. Br. J. Nutr. 39: 201-211.

Harris, R. B. S. and R. J. Martin, 1984. Recovery of
body weight from below “set point” in mature female

rats. J. Nutr. 114: 1143 -1150.

Hill, J. O, Fried, S. K. and M. DiGirolamo, 1984.
Effects of fasting and restricted refeeding on utilization
of injested energy in rats. Am. J. Physiol. 242; 318
—327.

Hoffmann, L., Schiemann, R., and W. Jentsch, 1979.
Die Verwertung der Futterenergie durch wachsende

Schweine. Arch. Tierern hr. 29: 93—-109.

Jackson, A. A., 1984. Nutritional adaptation in disease
recovery. In: Blaxter K, Waterlow,]J. C. eds.
Nutritional adaptation in man. London, John Libbey,

111-126

J ger, K., 1986. Untersuchung an wachsenden Ratten

zum  Einflu der Dauer einer zeitlich begrenzten
Reduktion der Energiezufuhr auf den Proteinumschlag

und den Stoffansatz. Diss. Uni.Bonn

Khan, M. A. and A. E. Bender, 1979. Adaptation to
restricted intake of protein and energy. Nutr. Metab.
23 449-457.

MacCuish, A. C. Munro, J. F. and L. P. J. Duncan,
1968. Follow—up study of refractory obesity treated
by fasting. Br. Med. J. I: 91--92.

MacLean, W. c¢. and G. G. Graham, 1980. The effect
of energy intake on nitrogen content of weight gained
by recovering malnourished infants. Am. J. Clin. Nutri.

33: 903—909

Mevyer, J. H. and W. J. Clawson, 1964. Undernutrition
and subsequent realimentation of rats and sheep. J.

Anim. Sci. 23: 214-224.

Mohan, P. F. and N. B. S. Rao, 1983. Adaptation to
underfeeding in growing rats. Effect of energy
restriction at two dietary protein levels on growth,
feed efficieney, basal metabolism and body

composition. J. Nutr. 113: 79—-85.

Okasaki, S., Matsueda, S., Ohnaka, M. and Y. Niivama,
1981. Effects of various period of protein restriction
immediately after weaning on subsequent cath—up

growth in rats. Nutr. Rep. Int. 23: 471 —484.

Ozelci, A, Romsos, D. R. and G. A. Leveille, 1978.
Influence of initial food restriction on subsequent body
weight gain and fat Acculation in rats. J. Nutr. 108:
1724-1732.

Sachs, L., 1968. Statistische Auswertungsmethoden.
Soringer Verlag, Berlin, Heidelberg, New York.



28 Effects of Energy Restriction at Different Periods on Body Composition and Energy Metabolism in Growing Rats

Sohar, E. and E. Sneh, 1973. Follow—up of obese
patients 14 vears after a successful reducing diet. Am.
J. Clin. Nutr. 26: 845—848.

Szepesi, B. and M. C. Epstein, 1976. Effect of severity
of caloric restriction on subsequent compensatory

growth. Nutr. Rep. 14: 567 —574.

Verstegen, M. W. A, 1970. Heat production and
energy balances of growing pigs at normal and low
temperature, in: Energy metabolism of farm animals
(Sch ch,A.and C. Wenk ed.) EAAP--Publ. Nr. 13,
Juris Druck + Verlag, Z rich, 173 -176.

Walker, J. J. and W. N. Garrett, 1970. Shift in the

energy metabolism of male rats during their adaptation
to prolonged undernutrition and during their subsequen-
t realimentation, in: Energy metabolisn of farm animal
{schrch, A. and C. Wenk ed.) F 82, Juris Druck + V-
erlag, Zurich, 193—196.

Waterlow, J. C., 1961. The rate of recovery of
malnourished infants in relation to the protein and

calorie levels of diet. J. Trop. Periatr. 7: 16— 22

ofokdt, 1994, 4AF A A Fof FFo] AFxA
9 oAU A] Aol o e g A=FA(AHA), 39 69
—-80



	Abstract
	서론
	재료 및 방법
	결과 및 고찰
	적요
	<참고문헌>



