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ABSTRACT

In this study, the effect of energy and protein ratio on the nutrient availability and body weight gain was determined to find
the proper nutrient level for the stage of replacement dairy heifers before fertilization at approximately 12~24 months old after
birth. Dry matter intake showed that the TDN/CP rate of T1 (5.0:1), T2 (4.5:1) and T3 (4.0:1) resulted in similar values. Among
feces, the ash content of Tl was 11.07%, which was significantly (p <0.05) higher than that of T3 (9.69%). It was also
significantly (p <0.05) higher than that of T2 (10.32%). When the TDN/CP rate was increased, the ash content in the feces was
also increased. Regardless of the initial weight, weight gain was increased significantly as the CP rate in the feed was increased
on the 30™ day. On the 60™ day, T2 showed the highest rate of gain (p<0.05). As the TDN rate was decreased or the protein
rate was increased, weight gain was significantly (p <0.05) increased. Regarding GPT level in the blood after finishing the test,
T1 and T3 (112.6, 88.3 u/l) showed significantly (p <0.05) higher value than T2 (50.9 w/l). For phosphorus level, T1 (46.3 mg/dl)
showed significantly (p < 0.05) higher value than other treatments. For HDL cholesterol level, T2 (145.2 mg/dl) had significantly (p
<0.05) higher level than TI1 (121.0 mg/dl) or T3 (132.3 mg/dl). For triglyceride levels, T3 (40.6 mg/dl) had significantly (p < 0.05)
higher value than T1 (20.7 mg/dl) and T2 (29.0 mg/dl). For other blood parameters including BUN concentration, there were no
significant (p > 0.05) difference among treatments. As a result, although feed intake and weight gain with TDN/CP rate of 4:1
showed best results, considering the excess body fat accumulation possibilities or blood metabolism, it seems 4.5:1 ratio is most
appropriate.

(Key words :Dairy cow, TDN/CP, Nutrient intake, Blood characteristics)
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Table 1. Chemical composition and formulation of TMR
fed to dairy heifers

Treatments (TDN/CP ratio)

Item T1 T2 T3
(5.0:1) (4.5:1) (4.0:1)
Ingredients, %
Alfalfa, hay 5.56 5.56 5.56
Timothy, hay .12 1112 11.12
Oats, hay 1391 1391 1391
Corn silage 5.56 5.56 5.56
Beet pulp 5.56 5.56 5.56
Soy bean meal 8.07 1093  14.55
Corn, ground 2225 1939 1577
Rye silage 27.82 2782 27.82
Vitamin mineral mixture 0.15 0.15 0.15
SUM 100 100 100
Net energy, Mcal/kg
Maintenance 1.34 1.33 1.32
Growth 0.52 0.52 0.51
Chemical composition", %
Crude protein 1447 1601 17.96
Neutral detergent fiber 45.15 4521 4528
Effective Neutral detergent fiber 36.19  36.32 3647
Non structural carbohydrate 3478 3339  31.61
Digestable intake protein, % CP  73.96  75.04  76.13
Total digestable nutrient, % DM  71.73  71.58  71.38

D Based on measured values. DM basis.
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Table 2. Effects of TDN/CP ratio on nutrient intakes of dairy heifers

Treatment (TDN/CP ratio)

Item Tl T2 T3 SEM
(5.0:1) (4.5:1) (4.0:1)
1** period (0~30 days) Intake, kg/day
Dry Matter 9.97 10.17 10.20 0.13
Crude Protein 0.96 1.09 1.22 0.01
Crude Fat 0.18 0.18 0.17 0.00
Crude Fiber 1.29 1.32 1.33 0.02
Crude ash 0.41 0.43 0.45 0.01
Neutral detergent fiber 3.00 3.07 3.08 0.04
Acid detergent fiber 1.74 1.79 1.82 0.02
Non structural carbohydrate 231 2.27 2.15 0.03
Total digestable nutrient 4.77 4.86 4.86 0.06
2" period (30~60 days)
Dry Matter 11.87 11.93 11.80 0.40
Crude Protein 1.15 1.28 1.41 0.04
Crude Fat 0.21 0.21 0.19 0.01
Crude Fiber 1.53 1.55 1.54 0.05
Crude ash 0.49 0.50 0.52 0.02
Neutral detergent fiber 3.58 3.60 3.56 0.12
Acid detergent fiber 2.08 2.10 2.10 0.07
Non structural carbohydrate 2.75 2.66 249 0.09
Total digestable nutrient 5.68 5.70 5.62 0.19
3 period (60~90 days)
Dry Matter 12.27 12.63 12.73 0.33
Crude Protein 1.18 1.35 1.53 0.04
Crude Fat 0.22 0.22 0.21 0.01
Crude Fiber 1.59 1.64 1.66 0.04
Crude ash 0.50 0.53 0.56 0.01
Neutral detergent fiber 3.70 3.81 3.85 0.10
Acid detergent fiber 2.15 2.23 227 0.06
Non structural carbohydrate 2.85 2.81 2.68 0.07
Total digestable nutrient 5.87 6.03 6.06 0.16
Total period (0~90 days)
Dry Matter 11.37 11.58 11.58 0.73
Crude Protein 1.10° 1.24% 1.39* 0.08
Crude Fat 0.20 0.20 0.19 0.01
Crude Fiber 1.47 1.50 1.51 0.09
Crude ash 0.47 0.49 0.51 0.03
Neutral detergent fiber 3.43 3.49 3.50 0.22
Acid detergent fiber 1.99 2.04 2.06 0.13
Non structural carbohydrate 2.64 2.58 2.44 0.16
Total digestable nutrient 5.44 5.53 5.51 0.35

® Mean in the same row with different superscript differ significantly (P<0.05).
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Table 3. The chemical composition fo dairy heifers fecal

Treatment (TDN/CP ratio)

Item" T1 T2 T3 SEM
(5.0:1) 4.5:1) (4.0:1)
%, DM basis

DM 86.15 94.27 93.42 5.81
CP 10.72 10.03 10.83 0.69
Fiber 33.84 32.51 32.81 1.56
Ash 11.07% 10.32% 9.69° 0.58
ADF 42.76 41.11 40.43 1.90
NDF 70.51 67.78 68.00 2.60
Lignin 4.74 4.21 4.42 0.33

VDM, Dry matter; CP, Crude protein; ADF, Acid detergent fiber;
NDF, Neutral detergent fiber.

®Mean in the same row with different
significantly (P<0.05).
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Effects of TDN/CP Ratio in Replacement Dairy Heifers

Table 4. Effects of TDN/CP ratio on body weight,
weight gain and daily gain of dairy heifers

Treatments (TDN/CP ratio)

. 1)

PerlOd T1 T2 T3 SEM

(5.0:1) (4.5:1) (4.0:1)
Body Weight, kg
Initial 339.67° 309.83°  268.33°  6.94
1* period 353.17° 323.83°  28533°  6.67
2" period 365.08" 337.83°  296.25°  6.23
3" period 382.25° 356.33° 316.50°  6.99
Body Weight Gain, kg
1* period 13.50° 14.00° 17.00° 0.95
2™ period 11.92° 14.00° 10.92¢ 0.80
3" period 17.17° 18.50° 20.25° 0.79
Sum 42.59° 46.50 48.17° 1.45
ADG?, kg/day

1° period 0.96" 1.00° 1.21° 0.16
2" period 0.66 0.78 0.61 0.15
3" period 1.14 1.23 1.35 0.21
Overall 0.91° 0.99° 1.02° 0.10

D Initial : Adjustment period (during 15 days before beginning the

experiment), 1st period: 0~30 days, 2nd period : 30~60 days,
3rd period : 60~90 days.

2 Average daily gain.

®Mean in the same row with different superscript differ

significantly (P<0.05).
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Table 5. Effects of TDN/CP ratio on blood parameters of dairy heifers

Treatments (TDN/CP ratio)

1 .
ltem” Period T1 (5.0:1) T2 (4.5:1) T3 (4.0:1) p-value

Initial 35 + 0.16 3.6 = 0.10 34 + 0.14 0.83

Albumin, g/dl Final 35 £ 0.14 3.6 £ 0.21 3.6 £ 0.22 0.89
Increment” 0.0 —0.1 0.2 —

Initial 8.4 + 0.24 84 + 0.21 8.4 + 0.09 0.97

Total Protein, u/l Final 84 £ 0.36 8.7 £ 0.23 9.1 £ 0.35 0.31
Increment 0.0 0.3 0.7 —

Initial 78.7 + 3.34 80.5 + 291 76.7 + 4.18 0.77

Glucose, mg/dl Final 61.0 £ 6.58 64.5 £ 12.20 52.5 + 11.39 0.70
Increment —17.7 —16.0 —242 —

Initial 722 + 4.61 75.0 £ 2.58 724 + 3.44 0.85

ALT-GPT, u/l Final 112.6 = 11.87* 50.9 + 9.23° 88.3 + 9.45° 0.01
Increment 40.4 —24.1 15.9 —

Initial 80.7 £ 2.25 81.4 + 2.96 75.5 £ 2.21 0.22

AST-GOT, u/l Final 503 + 1.89 81.1 + 28.63 132.7 £ 51.71 0.26
Increment —304 —0.3 57.2 —

Initial 112 + 2.16 9.0 £ 2.33 8.0 £ 1.83 0.56

GGT, u/l Final 9.8 + 4.89 45 + 3.81 40 = 2.13 0.49
Increment —14 —4.5 —4.0 —

Initial 1.0 £ 0.22 0.9 = 0.11 0.9 £ 0.05 0.66

Total Bilirubin, mg/dl Final 24 + 0.52 34 £+ 0.60 39 + 0.89 0.32
Increment 1.4 2.5 3.0 —

Initial 04 £+ 0.06 0.3 + 0.06 0.3 £ 0.02 0.53

Direct Bilirubin, mg/dl Final 1.1 £ 0.55 1.0 £ 0.34 1.1 £ 0.30 0.97
Increment 0.7 0.7 0.8 —

Initial 5.0 £ 0.18 4.8 £ 0.12 5.0 £ 0.09 0.66

Globurin, g/dl Final 5.0 £ 0.39 5.1 £ 0.34 55 + 024 0.46
Increment 0.0 0.3 0.5 —

Initial 179 + 1.29 17.7 £ 0.33 19.1 + 0.55 0.52

BUN, mg/dl Final 13.0 £ 0.59 12.5 £ 0.70 148 + 1.29 0.22
Increment —49 —5.2 —43 —

Initial 3.3 £ 0.61 23 + 046 2.2 £ 0.81 041

Calcium, mg/dl Final 6.3 £ 0.99 53 + 1.57 3.8 £ 1.55 0.42
Increment 3.0 3.0 1.6 —

Initial 22.5 £ 9.58 13.5 £ 0.76 13.9 + 0.47 0.52

Phosphorus, mg/dl Final 46.3 + 7.79° 16.8 + 5.68 18.6 + 5.80° 0.02
Increment 23.8 33 4.7 —

Initial 182.8 + 8.28 187.0 = 15.34 196.0 + 8.46 0.69

Total Cholesterol, mg/dl Final 194.0 £ 59.92 199.8 + 4.32 177.6 + 5.94 0.87
Increment 11.2 12.8 —18.4 —

Initial 153.7 £ 9.09 164.8 + 10.48 161.6 = 11.02 0.72

HDL Cholesterol, mg/dl Final 121.0 + 4.24° 1452 + 4.38° 1323 + 2.91° <0.01
Increment —32.7 —19.6 —293 —

Initial 10.2 + 2.94 152 + 4.70 15.1 £ 4.41 0.59

Triglyceride, mg/dl Final 20.7 + 5.05° 29.0 + 3.52%® 40.6 £ 7.50° 0.08
Increment 10.5 13.8 25.5 —

Initial 1.1 £ 0.06 1.1 = 0.04 1.1 = 0.03 0.58

Creatinine, mg/dl Final 0.8 + 0.21° 0.7 £ 027° 1.8 £ 0.51* 0.06
Increment —0.3 —0.4 0.7 —

Initial 1.2 £ 0.11 1.1 £ 0.05 1.2 £ 0.06 0.82

Uric acid, mg/dl Final 1.6 £ 037 34 + 1.35 23 + 044 0.30
Increment 0.4 2.3 1.1 —

Data are mean =+ standard deviation.
" ALT-GPT, Alanine aminotransferase; AST-GOT, Aspartate aminotransferase; GGT, Gamma-glutamyl transferase; BUN, Blood urea nitrogen.

? Increment: final period - initial period.
® Mean in the same row with different superscript differ significantly (P<0.05).
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(p<0.05). TDN H|-&o] FFAIAY Tz H
5 SAFS FoH o2 ST (p<0.05). AP T8 Al
o] &% GPT+ T13 T3 (112.6, 88.3 wl)7} T2 (509 wl) 1.
o fFodog =2 FAE YEW .M, phosphorusi= TI
(463 mg/dl)o] T2 AHEFHT fFoHoR H& Fes B
%t} (p<0.05). HDL cholesterol<> T2 (145.2 md/dl)7} T1
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triglycerides= T3 (40.6 mg/dl)7} T1, T2 (20.7, 29.0 mg/dl) X

g foHor =& £ HAT(p<0.05). BUN 5L
H|3gk 71 9l Fof FAES A= Mg 2lofA

oA Aoz} itk AH oz FHHF FA &M=
TDN/CP H|&©] 4:10] 7P Fokor; AAY F4o] 7Y
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o A= 4.5:19] H]&o] uigAgr o2 JAehErh
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