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Abstract

In order to investigate the effect of dietary protein and energy on growing female and male rats, Sp-

rague- Dawley 90 female rats and 54 male rats of 3 weeks old weighing approximately 70-80g and

65-75g, respectively, were subjected o feeding trials for 8 weeks and then subsequently to metabolic tr-

ials for 2 weeks. Theee dietary energy ievels (3,200, 3,600, 4,000 kcal/kg) were employed and each en-

ergy level'contained three protein levels {15, 25, 35% of 3,600 kcal ME/kg) and three fat levels (10, 20

40% of 3,600 kcal ME/kg) by addition of an appropriate amount of carbohydrate and the following res-

ults were obtained.

As the protein level was increasing, digestibilities of dry matter and carbohydrate tended to decrease

whereas that of protein was slightly increasing. On the other hand, digestibility of fat was always very

high regardless of the level of protein but that tended to be slightlyimproved as the level of energy or
fat increased. The digestibilities of female and male rats tended to be same. The digestibilities of dry
matter, crude protein, crude fat and carbohydrate were 83%, 90%, 96% and 93%, respectively, and

they were neither affected by protein and energy levels nor observed differently depending upon the sex.

Nitrogen retention of female and male rats were best for LPHE ration. In other words, both nitrogen

relention was improved as the level of energy increased and the level of protein decreased.

The gross energy intake was high at low protein level in female rats and at medium protein level in
male rats. That tended to decrease as the level of energy increased in female rats whereas that was
not affected by the level of energy in male rats. The metabolic energy efficiency was highest for LPH
E ration in female rats and for LPME ration in male rats.
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Table 1. Experimental design
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Treatment* LPLE LPME LPHE MPLE MPME MPHE HPLE HPME HPHE
Protein(%/3600kcal ) 15 15 15 25 25 25 35 35 35
ME (kcal /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 Energy MPHE : Medium Protein High Energy
LPME : Low Protein Medium Energy HPLE : High Protein Low Energy
L.PHE : Low Protein High Energy HPME : High Protein Medium Energy
MPLE : Medium Protein Low Energy HPHE : High Protein High Energy
MPME : Medium Protein Medium Energy
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Table 2. Formula of experimental diets
Ingredients Low protein Medium protein High protein
(%) 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 10.00 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 10.08 11.07 16.04 11.05 12.04 17.02 12.04 13.02
Vitamin Mix. 0.30 0.30 0.30 0.30 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
ME (kcal /kg) 3200.0 3600.0 4000.0 3200.0 3600.0 4000.0 3200.0 3600.0 4000. 0

1) Energy value used: corn starch:3650kcal /kg

casein:4051kcal /kg. NRC-NAS (1971)
soybean oil : 9240kcal /kg. Renner and Hill "

2) Cellulose:alpha cellulose, Sigma chemical company.

3) Vitamin Mixture(in IU or milligrams per gram of mixture) :
Vitamin A, 5001U;Vitamin D, 4001U; Thiamin HCI,5;Riboflavin, 5; Pyridoxine HC1,0.5 3
Cyanocobalamin, Smeg; Vitamin K, 0. 2;Ascorbic acid, 50;

4)Mineral Mixture(%)10.64;K,C¢H,0,-H,0, 23.28; K,HPO,, 7.61; CaHPO, -2H,0, 34. 19;
CaCO,, 16.10; Mg(OH),- 5H,0,5.56;FeC4sH;0,, 1.58;CH,C00Zn-2H,0,0.049:
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Table 3.Digestibility of nutrients in experimental diets of female rats.
Low protein Medium protein High protein Overall

Di ibilit -
igestibility LE ME HE LE ME HE LE ME HE average

Dry matter (%)82.88 8525 85.29 79.52 84.29 83.09 79.52 82.86 85.98 83.19
Crude protein(y;) 87.73 89.01 88.17 90.61 88.17 90.19 91.28 93.75 93.38 90.25
Crude fat (%) 30.74 96.61 98.30 94.50 97.99 97.97 92.41 95.78 98.25 95.84

NFE (%)92.03 93.89 94.38 91.65 95.41 91.84 88.96 89.45 91.46 92.22
Table 4.Digestibility of nutrients in expe......tal diets of female rats within protein and energy leveis
Digestibility within protein level within energy level

’ LP MP HP LE ME HE

Dry matter (%) 84.47 82.30 82.79 80. 64 84 13 84.79

Crude protein (%} 88. 30 89. 66 92. 80 89. 87 90. 31 90. 58

Crude fat (%) 95.22 96. 82 95. 48 92.55 96. 76 98. 17

NFE (%) 93.73 92.97 89. 96 91. 18 92.92 92 .5€
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Table 5. Digestibility of nutrients in experimental diets of male rats.

Digestibilit Low protein Medium protein High protein Overall
testibiity LE ME HFE LE ME HE LE ME HE average
Dry matter(%) 82.26 87.19 85.72 81.11 86.00 84.70 73.41 84.25 83.57 83.13
Crude protein(%)89.59 88.62 . 86.77 93.10 91.59 87.20 91.25 93.80 93.52 90.6D
Crude fat (%) 96.45 97.32 97.56 94.45 96.98 97.29 92.32 97.57 98.04 96.44
NFE %) 94.10 96.43 94.77 90.81 96.23 96.25 88.55 92.86 92.95 93.66

Table 6. Digestibility of nutrients in experimental diets of male rats within protein and energy

levels.
Digestibility within protein level within energy level
LP MP HP LE ME HE
Dry matter (%) 85.06 83.94 80.41 78.93 85. 81 84.66

Crude protein (%) 88.33 90.63 92. 86 91.31 91. 34 89. 16

Crude fat (%) 97.11 96. 24 95 98 94. 41 97.29 97.63

NFE (%) 95.10 94.43 91.45 91. 15 95.17 4. 66
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Table 7. Effect of dietary protein and energy levels on nitrogen balance and nitrogen retention of female

rats.

’ Protien and energv level Low proten Medium protein High protein Overall
k LE ME HE LE ME HE LE ME HE average

vNitrogen intake (mg/day) 589.4  518.6 507.2 906.8 798.8 692.6 10912 11941 998.3 810.8
Fecal nitrogen A 7225710 599 8.5 8.2 6L6 9.0 750 6.1 73.3
Digested nitrogen L » ) 517.2 461.6 447.3 8213 7126 630 995.2 119.1 932.2 737.5
% of Nitrogen intake (%) 87.75 83.01 88.19 90.57 89.21 91.11 91.20 93.72 93.38 90.46
Urinary nitrogen (mg/day) 3916 4031 318.9 T7i16.4 570.4 449.4 830.5 927.8 7T66.6 597.2
Nitrogen balance ) 1256 58.5 128.4 1049 142.2 1316 1647 191.3 165.6 134.8
Nitrogen retention (%) ) 2130 1128 25.32 1157 17.80 19.00 15.09 16.02 1659 17.11

Table 8. Nitrogen balance and nitrogen retention of female rats within protein and energy levels.

within protein level within energy level -
[tems LP MP HP LE ME HE
Nitrogen intake (mg/day) 538. 4 799. 4 1094. 5 862.5 837.2 732.7
Fecal nitrogen C » ) 63.0 77.8 79.0 84.6 72.7 62.5
Digested nitrogen t » ) 475. 4 721.6 1015.5 777.9 764.5 670. 2
% of Nitrogen intake (%) 88. 30 90. 27 92.78 90. 19 91.32 91.47
Urinary nitrogen (mg/day) 371.2 578.7 841.6 646. 2 633.8 511.6
Nitrogen balance C ~ 104. 2 142.9 173 9 131.7 130.7 158.6

Nitrogen retention (%) 19.35 17.88 15.89 15. 27 15.61 21.65
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Table 9. Effect of dietary protein and energy levels on nitrogen balance and nitrogen retention of male

rats.

Protein and energy level Low protein Medium protein High protein Overall

[tems TN LE ME HE LE ME HE LE ME HE @average
Nitrogen intake  (mg/day) 489.3 417.2 486.6 1010.1 772.1 728.8 970.1 1036.8 1021..9 770.3
Fecal nitrogen ( » ) 525 475 638 7.5 59.2 90.4 728 65.4 46.2 63.3
Digested nitrogen { ~ ) 436.8 369.7 422.8 938.6 712.9 638.4 897.3 971.4 9757 707.1
% of Nitrogen intake (%) 89.27 86.61 86.84 92.92 92.33 B87.60 92.50 93.69 95.48 910
Urirary nitrogen  (mg/day) 3410 3121 300.7 809.2 587.4 522.8 794.8 847.6 B807.7 59L5
Nitrogen balance ( ~ ) 9.8 57.6 1221 129.4 1255 115.6 102.5 123.8 168.0 115.6
Nitrogen retention (%) 19.58 13.81 2509 12,81 16.25 1586 10.57 1L94 16.44 158

Table 10. Nitrogen ba'ance and nitrogen retention of male rats within protein and energy levels.

within protein level within energy level

Items . LP MP HP LE ME HE
Nitrogen intake (mg/day) 464. 4 837.0 1009. 6 823.2 742.0 745.8
Fecal nitrogen C ~ ) 54.6 73.7 615 65.6 57.4 66. 8
Digested nitrogen « ~ ) 409.8 763.3 948.1 757.6 684.7 679.0
% of Nitrogen intake (%) 88.24 91. 19 93.91 92.03 92.28 91.04
Urinary nitrogen (mg/day) 317.9 639.8 816.7 648.3 - 582.4 543.7
Nitrogen balance ¢ » ) 91.9 123.5 131.4 109.3 102.3 135.3

Nitrogen retention (%) 19.79 14.76 13. 02 13. 28 13.79 18. 14
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Table 11. Distribution of food energy of female rats fed different level of protein and energy.

) Protein and energy level Low Protein Medium Protein High Protein Overall

N [E ME HE LE ME HE LE ME HE averee
Gross energy intake (kcal/day) 128.31 120.7 123.2 133.1 122.2 105.6 114.6 130.8 1146 1215
Fecal energy C ~ ) 1808 13.27 1315 20,19 13.71 1213 17.68 163 14.26 15.42
Digested energy ) 110.24 107.45 110.06 112.89 108.48 93.49 96.85 114.49 100.32 106.03
% of GE (%) 85.92 89.02 89.33 84.82 8877 8853 84.51 87.53 87.54 87.33
Urinary energy (kcal/day) 353 363 28 643 627 545 T7.45 832 695 566
Metabolizable energy (7~ ) 106.71 103.82 107.18 106.46 102.21 88.04 9.4 106.17 93.37 100.37
% of GE (%) 83.17 86.01 87.00 79.98 83.64 8334 78.01 8l17 8147 82.64
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Table 12. Distribution of food energy of female rats within protein and energy levels.

within protein level within energy level

Items LP MP HP LE ME HE

Gross energy intake  (kcal/day) 124.07 120.30 120.0 125.34 124.57 114. 47

Fecal energy c ) 14.83 15. 34 16. 08 18.65 14. 43 13.18

Digested energy () 109. 24 104. 96 103.92 106. 69 110. 14 101. 29

% of GE (%) 88.05 87.25 86. 60 85.12 88. 42 88.86

Urinary energy (kcal/day) 3.3 6.05 7.57 5.80 6.07 5.09

Metabolizable energy ( ~» ) 105. 89 98.91 96. 35 100. 89 104. 07 96. 20

% of GE (%) 85.35 82.22 80.29 80. 49 83. 54 84.04

Table 13. Distribution of food energy of male rats fed different level of protein and energy.

o Protein and energy level Low Protein Medium Protein High Protein Overall
[tems LE ME HE LE ME HE LE ME HE average
Gross energy intake  (kcal/day) 102.35 92.71 112,45 127.37 106.27 109.19 83.19 108.32 96.45 104.26
Fecal energy { ~ ) 1570 10,08 13.30 2133 12.11 12.96 17.47 13.41 12.40 14.31
Digested energy ( » ) 8665 8263 99.15 105.98 94.16 96.23 65.72 94.91 84.05 89.94
% of GE (%) 84.66 89.13 88.17 83.21 8360 8813 79.00 87.62 87.14 86.18
Urinary energy {kcal /day) 3.23 297 287 7.40 542 48 7.28 775 7.39 546
Metabolizable energy ( ~» )  83.42 79.66 96.28 98.58 88.74 91.38 58.44 87.16 76.66 84.48
% of GE (%) 81.50 8592 85.62 77.39 83.50 83.68 70.24 80.46 79.48 80.87
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Table 14. Distribution of food energy of male rats within protein and energy levels.

within protein level

within energy level

Ttems LP MP HP LE ME HE
Gross energy intake (kcal/day) 102.50 114.28  95.99  104.30  102.43  106.63
Fecal energy « 7 ) 13.03 1549  14.43  18.19  11.87  12.89
Digested energy ( = ) 89.47  98.79  8L56  86.12  90.57  93.14
% of GE (%) 87.30  86.45  84.97  82.57  88.42  87.84
Urinary energy (kcal/day) 3.02 5.89 7.47 5.97 5.38 5.04
Metabolizable energy ( ~ ) 86.45  92.90  74.09  80.15 8519  88.11
% of GE (%) 84.3¢  8L13 7719 7685 8317  83.10
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