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abstract

In order to investigate the effect of dietary protein and energy on growing female and male

rats, Sprague-Dawley 90 female rats and 54 male rats of 3 weeks old weighing approximately
"70—80g and 65—75g, respectively, were subjected to feeding trials for 8 weeks and then
subsquently to metabolic trials for 2 weeks. Three dietary energy levels (3200, 3600, 4000
kcal ME/kg) were employed and each energy level contained three protein levels (15, 25,
35% of 3600 kcal ME/kg) and three fat levels (10, 20, 40% of 3600 kcal ME/kg) by
addition of an appropriate amount of carbohydrate and the following results were obtained.

The body weight gain of female rats was highest for LPHE ration but that of male rats

“was highest for LPME ration. The weight gains both of female and male rats were not aff-
-ected by the level of protein. Food efficiencies both of female and male rats was affected
by the level of protein, whereas that of male rats was not. Protein efficiencies of female and
male rats were highest at low protein level and tended to decrease as the level of protein
increased, but that of female rats was highest at high energy level, while that of male rats
was highest at medium energy level.

The analysis of the body composition after feeding trials for 8 weeks has shown that the
contents of body water and protein were not affected by protein level both in female and
male rats. The content of body fat increased remarkably as the protein and energy levels
increased in case of female rats, but it was not affected by the protein and energy levels in

~case of male rats.

From the above-mentioned experimental results it may be con cluded that the best formula
of diet of growing female rats may be composed of low protein (13%) and high energy levels
(4000 kcal/kg) whereas that for male rats may be composed of low protein (13%) and
medium energy levels (3600 kcal/kg), since all the efficiencies of food, protein and energy
have shown to be best at these levels.
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Table 1, Experimental design.

Treatment*

LPLE LPME LPHE MPLE MPME MPHE HPLE HPME HPHE
Protein (%/3600kcal) 15% 15% 15% 25% 25% 25% 35% 35% 35%
ME (keal/kg) 3200 3600 4000 3200 3600 4000 3200 3600 4000
Fat (%/3600kcal) 10% 20% 40% 10% 20% 40% 10% 20% 40%

*LPLE: Low Protein Low Frergy. LPME: Low Protein Medium Energy. LPHE: Low P

Protein High Energy. MPLE

Medium Protein Low Energy. MPME: Medium Protein Medium Energy. MPHE: Medium Protein High Energy.
HPLE: High Protein Low Energy. HPME: High Protein Medium Energy. HPHE: High Protein High Energy.

Table 2. Formula of experimental diets for female and male rats.

Ingridients(%) Low protein

Medium protein High protein

chemical composition

LE ME HE LE ME HE LE ME HE
Casein 13.33 13.33 13.33 22.22 22.22 22.22 31.10 31.10 31.10
Soybean oil 3.90 7.80 15. 60 3.90 7.80 15.60 3.90 7.80 15.60
Starch 53. 00 54.09 45.30 43.14 44.23 35.44 33.28 34.36 25.58
Glucose 10.00 10. 09 10.00 10. 00 10.00 10. 00 10. 00 10. 00 10,00
Methionine 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20
Lysine 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20
Cellulose 15.07 16.08 11.07 16.04 11,05 12.04 17.02 12.02 13.02
Vitamin Mix. 0.30 0.30 0.30 0.3 0.30 0.30 0.30 0. 30 0.30
Mineral Mix. 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00

1) Energy value used: corn starch: 3550kcal/kg.

casein: 4051kcal/kg. NRC-NAS(1980)%
soybean oil: ¢240kcal/kg. Renner and Hill(1958),'" Young(1¢61)'®

2) Cellulose: alpha cellulose, Sigma chemical companry.

3) Vitamin Mixture(in 1IU or milligrams per gram of mixture):
Vitamin A, 5001U; Vitamin D,, 400 IU; Thiamin, HCI 5; Riboflavin, 5; Pyridoxine HCI, 0.5;
Cyancobalamin, 5meg; Vitamin K, 0.2; Ascorbic acid, 50:

4) Mineral Mixture(%): NaCl, 10.64; K;CH;0,+H,0, 23.28; K,HFO,, 7.61; CaHPO,.2H,0, 34.19; CaCo;y,

16. 10 Mg(OH),-5H;0, 5.56: FeC:H 0,

1) A8 &8 (Food Efficiency Ratio; FER)
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e A A AEasie,
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Table 3. Performance data of female rats fed different levels of protein and energy.

Low protein Medium protein High protein Overall
frems LE ME HE LE ME HE LE ME HE  2verage
Initial weight(g) 76.4 75.3 76.2 79.3 75.7 76.1 77.5 78.5 74.8 76.6
Final weight(g) 185.2 195.5 197.3 196.0 195.4 195.4 188.0 186.2 195.4 192.7
Weight gain(g) 108.8 120.2 121.1 116.7 119.7 119.3 110.5 107.7 120.6 116.1
“Food intake(g) 895.8Aa 794.2Ab 770.2B 782.5Ab 801.3Aa 760.4B 748.4BCc 753.7BCd 670.8Cc  771.3
Food efficiency
ratio 0.13Aa 0.15ACbe 0.16BCce 0.15ACac 0.15ACac 0.16BCce 0.15ACac 0.14ACa 0.18Bde 0.15
Protein intake(g) 108.3 67.6 93.8 154.7 161.7 152.8 203.0 207.6 183.6 151.5
Protein efficiency 1.00 1.23 1.29 0.75 0.74 0.78 0.54 0.52 0. 66 0.83
ratio

*Different large superscripts represent significant difference(P<(0.01) in the same row.
*Different small superscripts represent significant difference(P<0.05) in the same row.

Table 4. Performance data of female rats within protein and energy levels.

Protein and

energy levels within pretein level within energy level

Ttems LP MP HpP LE ME HE
Initial weight(g) 76.0 77.0 76.9 77.7 76.5 75.7
Final weight(g) 192.7 195.6 189.9 189.7 192.4 196.0
Weight gain(g) 116.7 118.6 112.9 112.0 115.9 120. 3
Food intake(g) 808.1 781.4 724.3 796.9 783.1 733.8
Food efficiency ratio 0.15 0.15 0.16 0. 14a 0. 15ac 0. 17ac
Protein intake(g) 99.9 156.4 198.1 155.3 155.6 143.4

Protein efficiency ratio 1.17 0.76 0.57 0.72 0.74 0. 84

*Different samall superscripts represent significant difference(P<{0.05)

Table 5. Body weight gain of female rats fed various protein and
energy levels during Ist to 8th week(g)

week
1 2 3 4 5 6 7 8 total
Treatment

LPLE 24.9 15.0ac 24.8ACac 11.3ac 9.3 9.7 7.2 6. 6ac 108.8
LPME 27.2 17.9ac 27.5ACa 10.7bc 11.3 9.6 8.6 7.4a 120. 2
LPHE 27.6 17.6ac 27.8ACa 1l.4ac 10.4 10.9 8.6 6.8ac 121.1
MPLE 26.6 16.5a¢ 26.9ACa 11.2ac 11.5 8.9 8.1 7.0ac 116.7
MPME 27.2 16.4ac 28.9Aa 13.1lac  11.5 9.5 7.8 5. 3ac 119.7
MPHE ) 27.0 17.7a¢ 27.4ACa 1l1.8ac 11.0 10.4 8.1 5.9ac 119.3
HPLE 25.0 16.2ac 25.0ACac 1l.0ac 12.3 9.5 6.4 5.1bc 110.5
HPME 24.0 14.5bc 21.9BCbc 12.1ac 9.8 9.8 8.8 6. 8ac 107.7
HPHE 23.1 18.6a 26.8ACa 14.4a 12.3 10.5 7.8 7.lac 120..6

*Different large superscripts represent significant difference(P<(0.01) in the same column.
Different small superscripts represent signficant difference(P<((.(5) in the same column,
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Table 6. Relationship among protein levels(Xi),

energy levels(X,) and body weight gain
(Y) of female rats during Ist to 8th week

week multiple linear regression

Y=27.12—0.142X'40. 521X,
Y=7.82~0.026X,+2. 630X,
Y=20.84—-0.119X;42. 265X,
Y=3.78—0.077X;+1. 771X,
Y =8.66+0.061X,+0. 286X,
Y =4.64-0.009X;+1.510X,
Y=4.48—0.025X,+1. 120X,
Y=5.74—0.032X,+0. 391X,
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Table 7. Performance data of male rats fed different levels of protein and energy.

I Low protein Medium protein High protein Overall
tems 5
LE ME HE LE ME HE LE ME HE average

Initial weight(g) 70.0 68.6 70.7 62.5 70.6 68.8 68.9 69.6 69.5 69.6
‘Final weight(g) 227.6 277.2 265.0 274.6 250. 1 232.1 235.9 2719 250.2 252.8
‘Weight gain(g) Beef Aa Aab Aab Aabdf Abcdf Abcdf Asb Aabd

157.6 208.6 194.3 205.1 179.5 162.3 167.0  202.3 180.7 184.3
"Food intake(g) ACbedf ACac  ACbcdf Aa BCcdf BCedf ACa  AChbed Bef

985.2  1015.9 970.8  1118.4 955.0 620.9  1041.7  992.4 863.2 ¢84.8
‘Fotqd efficiency 0.16 0.21 0.2 0.18 0.19 0.18 0.16 0.20 0.21 0.19
~ratio
Protein intake(g) 117.1 120.0 116.9 222.7 186.1 177.8 273.1  263.7 227.9 180.5
Protein efficiency 1.35 1.74 1.66 0.92 0.6 0.92 0.61 0.77 0.79 1.08
ratio

*Different large superscripts represent significant difference(P<(0.01) in the same row,
Different small superscripts represent significant difference(P<C0.05) in the same row.

Table 8. Performance data of male rats within protein and energy levels.

B Protein and et T — .
\ Energy levels within protein leael within energy level

Ttems \ LP MP HP LE ME HE
Initial weight(g) 69.8 69.6 69.3 69.5 69.6 69.7
Final weight(g) 256.6 252.3 252.7 246.0 266. 4 249.1
Weight gain(g) 186.8 182.7 183.4 176.5 196. 8 179.4
Food intake(g) 990.6 998. 1 965. 8 1048.4A 987.8AC 918. 3BC
Food efficiency ratio 0.19 0.18 0.19 0.17A 0.20BC 0. 20BC
Protein intake(g) 118.00 195. 54 254. 90 204. 31 189.93 174.20
Protein efficiency ratio 1.58 0.93 0.72 0. 36 1.04 1.03

*Different large superscripts represent significant difference(P<0.01)
Different small susperscripts represent significant difference (P<0.05)

Table 9. Body weight gain of male rats fed various protein and energy levels during lst to Sth

week (g)
T~ week
1 2 3 4 5 6 7 8 total
Treatment

LPLE 28.8 23. 5ac 23.6ACbe 26.6BC 25.5BCbe 10. Obe 12.4 7.2 157.6
LPME 35.8 23.7ac 34.7Aa 36.0AC 27.7BCac 16. 9ac 20.6 13.2 208.6
LPHE 34.1 23.2ac 26.8ACac 27.7BC 26.5BCbcd  20.8a 20.8 14.4 194.3
MPLE 37.4 25.7ac 28.2ACac 36.1AC 34.2BCad 20.1a 14.5 8.9 205.1
MPME 35.4 27. lac 19.6Bb 28.4BC 24.,8BChe 18. 5ac 20.9 4.8 179.5
MPHE 31.4 21.3be 24.9ACac 20.5B 23. 2Bbc 14. 6ac 17.6 9.8 163.3
HPLE 31.3 19.8be 21, 0BChe 27.5BC 35.5ACa 15.7ac 11.2 5.0 167.0
HPME 22.4 30.2a 30.9ACcd 28, 2BC 29. 7BCac 20.5a 16.3 14.0 202.3
HPHE 28.3 24.0ac 27.9ACac 26.7BC 27.4BCac 19.4ac 16.7 10.3 180.7

*Different large superscripts repsesent significant difference(P<0.01) in the same column.
Different small superscripts represent significant difference(P<(0.05) in the same columin.
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Table 10. Relationship among protein levels(Xy),
energy levels(¥X,) and body weight gain
(Y) of male rats during lst to 8th week.

week multiple linear regression

Y =41.10—0. 125X;—1. 5422

¥ =23.52—0. 068X, — (). ZOSXz
Y=18.40—0.099%,+2. 833X,
Y'=54.84—0. 146X, —6. 375X,

Y =50.06+0. 242X, —7. 542X,

Y =0.605+0. 148X, +3. 750X,

Y =-4.731—0.180X,+7. 083X,
Y =—8.080—0. 105X, +5. 583X,
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Table 11. Initial and final carcass composition of female rats(%).

Final body composition*

: Initial - ; , Overall
Nutrients body Low protein Medium protein High protein
composition  yp  Mp  HE ME  HE LE ME HE &
Moisture 63.21 60.79 60. 81 60.62 60. 00 58.54 58.80 59.60 59.21 55. 24 59.29
C. protein 24.36 20. 26 20. 35 20.17 20. 80 20.61 20.49 20.03 19.20 19.60 20.17
C.fat 7.78 14.84 14.02 15.04 15.47 16. 02 16.62 16.20 17.27 21.67 16.35

*Percent of final body weight.

Table 12. Initial and final carcass composition of female rats within protein and energy levels(%).

Initial Finial body compostion*
Nutrients body within protein level within energy level
composition LP MP HP LE ME HE
Moisture 63.21 60. 74 59.11 58. 02 60.13 59.52 58.22
C. protein 24,36 20. 26 20. 63 19.61 20.36 20.05 20.09
C.fat 7.78 14,63 16.04 18.38 15.50 15.77 17.78

*Percent of final body weight.

Table 13. Initial and final carcass composition of male rats(%).

Initial Final body composition* Overall
Nurients body Low protein Medium protein High protein average
composition  “ypT Mp HE  LE ME  HE LE ME  HE
Moisture 63.72 64.96  60.19  61.40 60.89  62.53  62.48 60.34 61.26 63.42 61.94
C. protein 23.80 21.27  21.35 20.24 2175  22.01 21.56  2l.26  2L.21 21.37  2L.34
C.fat 8.00 9.28 15.31 14.69  13.60  12.00 12.47 14.73 13.23 11.78 13.01

*Percent of final body weight.

Table 14. Initial and final carcass composition of male rats within protein and energy levels(%).
Initial Final body composition*
Nutrients body within protein level within energy level
composition LP MP HP LE ME HE
Moisture 63.72 62.18 61.97 61.67 62. 06 61.33 62. 43
C. prosin 23.80 20. 95 21.77 21.28 21.43 21.52 21.06
C. fat 8.00 13.09 12.69 13.25 12.54 13.51 12.98

*Percent of firal body weight.
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