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Table 1. Experimental starter diet ingredients eimeimical composition (g/kg or stated unit)

Treatments

Item CG-LR CG-HR BG-LR BG-HR

Ingredient
Alfalfa hay, chopped 40 40 40 40
Corn grain, ground 561 586 0 0
Barley grain, ground 0 0 596 636
Soybean meal 290 185 255 125
Wheat bran 42 42 42 42
Corn gluten meal 0 80 0 90
Fat supplement 10 10 10 10
Di-calcium phosphate 7 7 7 7
Calcium carbonate 10 10 10 10
Sodium bicarbonate 10 10 10 10
Salt 5 5 5 5
Vitamin and mineral mix 25 25 25 25

Energy and nutrients
ME,* (Mcal/kg) 3.02 2.98 2.99 2.94
CP 210 210 210 210
RUP, % of CP 27.8 36.9 27.1 36.2
RUP: RDP 27:73 36:64 27:73 36:64
NFC 545 552 519 522
NDF 168 166 190 191
Ether extract 41.1 40.7 36.9 36.2
Calcium 7 7 7 7
Phosphorus 4 4 4 4

! Treatments were; CG-LR = starter contained coringaad low RUP: RDP ratio; CG-HR = starter contdimern grain and
high RUP: RDP ratio; BG-LR = starter contained bgarjrain and low RUP: RDP ratio; BG-HR = startenteined barley grain
and high RUP: RDP ratio.

2 Contained per kilogram of supplement: 500,000 Itamin A, 100,000 IU vitamin D, 500 IU vitamin E,@2Mn, 196 g Ca, 3g
Zn,96 g P, 19 g Mg, 21 g Na, 3 g Fe, 100 mg C6,r8g Cu, 100 mg |, and 1 mg Se.

8 Calculated from NRC (2001)

4 Calculated from NRC (2001)

5 Non-fibre-carbohydrate was calculated as DM- (NDER-+ ether extract + ash) (NRC, 2001).
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Table 2. Interaction effect of grain source (cesnbarley) and RUP: RDP ratio on starter intake, agerdaily gain
and feed efficiency in Holstein dairy calves

Item Treatments Time effect
CG BG P-value T TxGrain TxRUP
LR HR LR HR SEM
Starter feed intake, g day
Pre-weaning 623 617 622 85.9 0.90 <0.01 .240 0.65
Post-weaning 2098 2112 2203 142.3 0.28 0.0Kx 0.58 0.78
Entire period 869 871 885 129.1 0.88 ¥0.0 0.92 0.63
Milk intake, g 578 580 581 576 24.5 0.90 <0.01 0.78 92
DM/d
Average daily gain, g/d
Pre-weaning 791 679 628 81.8 0.10 <0.01 450 0.19
Post-weaning 1065 946 975 68.9 0.06 0.0 0.59 0.59
Entire period 83%6 723 687 840 705 0.05 <0.01 0.98 0.54
Body weight
Initial 43.0 41.5 43.9 42.2 1.10 0.94 - - -
Weaning 82% 754 75.3 814 223 0.04 - - -
Final 932 849 85.0 926  2.09 0.02 - - -
Feed efficiency
Pre-weaning 0.58 0.50 0.45 0.07 0.14 0XkO0. 0.09 0.65
Post-weaning ~ 0.80 0.44 0.44 057 0.03 0.04 <0.01 0.06 0.17
Entire period 0.56 0.49 0.45 0.05 0.09 0.0% 0.07 0.56

Treatments were; CG-LR = starter contained coringead low RUP: RDP ratio; CG-HR = starter contdiwern grain and high
RUP: RDP ratio; BG-LR = starter contained barlegigrand low RUP: RDP ratio; BG-HR = starter congdirbarley grain and

high RUP: RDP ratio.

Statistical comparisons: Grain = grain source (aarbarely); RUP = the RUP: RDP ratios; Grain x RUBrain by RUP: RDP

ratios interaction.
kg of body weight gain/kg of total dry matter inéak

Means within a row with different superscript lettare significantly differenf3<0.05)
2Sampling time effect was; T = time effect; T x Gra interaction of time and grain source; T x RUkhteraction of time and

RUP: RDP ratios.
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Table 3. Effect of grain source (cors barley) on starter intake, average daily gainfaed efficiency in Holstein
dairy calves
Grain source
Item CG BG SEM P-value
Starter feed intake, g day
Pre-weaning 620 617 61.9 0.91
Post-weaning 2105 2161 118.2 0.21
Entire period 870 874 98.1 0.95
Milk intake, g DM/d 579 578 155 0.96
Average daily gain, g/d
Pre-weaning 735 706 65.2 0.72
Post-weaning 1005 1045 45.6 0.56
Entire period 779 763 53.0 0.80
Body weight
Initial 42.2 43.0 0.97 0.61
Weaning 78.9 78.3 2.08 0.87
Final 89.0 88.8 1.65 0.93
Feed efficiency
Pre-weaning 0.54 0.51 0.05 0.73
Post-weaning 0.47 0.48 0.04 0.78
Entire period 0.52 0.51 0.03 0.75

Grain sources were; CG = starter contained corim grad BG = starter contained barley grain
kg of body weight gin/kg of total dry matter intal

oz Span (Vb mhaw ply )0 o5 o) 4l (o 528 BB (g & a2 BB 18 (125 Cad 1T Jgoo

cpliade o i slaallugS ,o S les 5l eolaiwl o3l g ailsg, (59 ialidl o lel
Table 4. Effect of RUP: RDP ratios (lows. high) on starter intake, average daily gain aredl fefficiency in
Holstein dairy calves

RUP: RDP ratid

ltem LR HR SEM P-value
Starter feed intake, g day

Pre-weaning 622 614 63.4 0.93

Post-weaning 2150 2116 119.3 0.44

Entire period 877 867 109.3 0.91
Milk intake, g DM/d 579 578 18.4 0.96
Average daily gain, g/d

Pre-weaning 709 732 74.3 0.78

Post-weaning 1020 1031 56.8 0.87

Entire period 761 781 61.9 0.77
Body weight

Initial 43.4 41.8 1.34 0.31

Weaning 78.9 78.4 2.19 0.84

Final 89.1 88.4 1.78 0.90
Feed efficiency

Pre-weaning 0.51 0.54 0.06 0.75

Post-weaning 0.47 0.48 0.04 0.77

Entire period 0.50 0.53 0.05 0.73

RUP: RDP rastios were; LR = low RUP: RDP ratio &Ri= high RUP: RDP ratio
kg of body weight gain/kg of total dry matter ingak
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Table 5. Interaction effect of grain source (cesnbarley) and RUP: RDP ratio on growth parametars) (c
Item Treatments P-value
CG BG
LR HR LR HR SEM Grain RUP Grain xRUP
Heart girth
Initial 87.1 86.2 88.7 86.8 0.65 0.24 0.13 0.5
Weaning 1015  97.0 99.5 103.6 1.26 0.39 0.59 0.02
Final 105.0 99.8 102.1 104.7 1.45 0.63 0.53 60.0
Body barrel
Initial 91.3 90.9 92.8 91.53 0.56 0.29 0.19 570.
Weaning 112.9 11.8 112.4 117.3 1.77 0.32 0.45 240
Final 116.7 115.0 116.4 120.5 1.68 0.28 0.61 230.
Body length
Initial 73.0 73.1 72.8 72.0 0.68 0.50 0.72 40.6
Weaning 83.6 82.7 84.1 83.5 0.88 0.60 0.55 0.90
Final 85.5 84.3 85.9 85.2 0.97 0.63 0.49 0.85
Wither height
Initial 81.5 80.8 83.5 81.6 0.74 0.19 0.22 70.5
Weaning 89.2 90.0 89.2 93.3 0.82 0.16 0.04 0.16
Final 92.0 92.8 92.4 96.6 0.85 0.08 0.03 0.15
Hip height
Initial 82.9 82.6 85.3 83.7 0.83 0.14 0.42 80.5
Weaning 92.4 91.7 92.1 94.6 0.95 0.34 0.50 0.24
Final 94.1 94.9 935 98.4 1.07 0.34 0.06 0.18
Hip width
Initial 23.6 22.6 235 23.8 0.31 0.22 0.43 50.1
Weaning 27.1 26.8 27.0 27.6 0.37 0.51 0.78 0.40
Final 28.8 28.7 28.6 30.0 0.52 0.48 0.38 0.41

Treatments were; CG-LR = starter contained cormgrad low RUP: RDP ratio; CG-HR = starter contdigern grain and high
RUP: RDP ratio; BG-LR = starter contained barlegigrand low RUP: RDP ratio; BG-HR = starter congdirbarley grain and
high RUP: RDP ratio.

Statistical comparisons: Grain = grain source (asribarely); RUP = the RUP: RDP ratios; Grain x RUBrain by RUP: RDP
ratios interaction.

Means within a row with different superscript lettaresignificantly different (P<0.05
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Table 6. Interaction effect of grain source (cesrbarley) and RUP: RDP ratio on blood parameters

Item Treatments P-value
CG BG
LR HR LR HR SEM Grain RUP Grain xRUP

Glucose, mg/dL

Pre-weaning 114.5 109.5 95.7 105.0 7.91 0.31 .850 0.53

Post- weaning 96.7 92.8 73.7 85.0 5.17 0.05 20.6 0.31
BHBA, mmol/L

Pre-weaning 0.09 0.11 0.14 0.11 0.01 0.32 0.99 047

Post- weaning 0.22 0.23 0.32 0.33 0.02 0.02 209 0.92
Total protein, g/dL

Pre-weaning 5.85 6.35 6.15 6.42 0.14 0.36 0.07 0.57

Post- weaning 5.73 6.51 6.03 6.34 0.15 0.77 30.0 0.29
Albumin, g/dL

Pre-weaning 3.65 3.87 3.64 3.62 0.10 0.40 051 041

Post- weaning 3.25 3.65 3.40 3.37 0.09 0.58 90.3 0.31
Blood urea nitrogen, mg/dL

Pre-weaning 23.7 26.8 24.0 27.2 0.80 0.18 0.99 0.29

Post- weaning 24.5 22.2 18.0 19.5 1.07 0.01 00.8 0.24

Treatments were; CG-LR = starter contained cormgaad low RUP: RDP ratio; CG-HR = starter contdimern grain and high
RUP: RDP ratio; BG-LR = starter contained barlegigrand low RUP: RDP ratio; BG-HR = starter congdlirbarley grain and
high RUP: RDP ratio.

Statistical comparisons: Grain = grain source (aatrbarely); RUP = the RUP: RDP ratios; Grain x RUBrain by RUP: RDP
ratios interaction.
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Table 7. Interaction effect of grain source (cesnbarley) and RUP: RDP ratio on liver enzymes amdlinsulin

concentration
Item Treatments P-value
CG BG
LR HR LR HR SEM Grain RUP Grain xRUP

AST, IU/L

Pre-weaning 35.0 40.5 38.7 42.8 5.23 0.69 0.53 0.92

Post- weaning 52.5 58.0 55.7 56.7 3.99 0.86 705 0.69
ALT, IU/L

Pre-weaning 14.5 11.7 15.0 14.7 0.93 0.21 0.28 0.38

Post- weaning 17.2 15.3 17.7 18.0 0.81 0.18 60.4 0.35
Insulin, 1U/L

Pre-weaning 6.72 5.62 6.27 7.62 0.72 0.46 0.90 0.25

Post- weaning 8.82 7.42 7.20 10.55 0.63 0.34 0.22 0.02

Treatments were; CG-LR = starter contained cormgaad low RUP: RDP ratio; CG-HR = starter contdimern grain and high
RUP: RDP ratio; BG-LR = starter contained barlegigrand low RUP: RDP ratio; BG-HR = starter congdirbarley grain and
high RUP: RDP ratio.

Statistical comparisons: Grain = grain source (aatrbarely); RUP = the RUP: RDP ratios; Grain x RUBrain by RUP: RDP

ratios interaction.

Means within a row with different superscript lettare significantly differentR<0.05)
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Abstract

The present study evaluated the interaction ofngsaiurce (corrvs. barley) and ruminal undegradable protein:
ruminal degradable protein ratios (RUP: RDP; 27ain8 36:64) on growth performance and blood metambf
Holstein calves. Forty three-day-old male calvethvaei body weight of 42.6 + 2.9 kg were used in mgletely
randomized design with a 2 x 2 factorial arrangenoétreatments. Treatments were: (1) corn graith \aw RUP:
RDP; (2) corn grain with high RUP: RDP; (3) barignain with low RUP: RDP; (4) barley grain with higtUP:
RDP. Calves were weaned on d 53 of age but remainghe study until d 63. The results showed thattsr intake
was similar among treatments. The average daily gad feed efficiency were improved in calves faddy grain
(P =0.04). Wither height was improved in high RUBMRfed calves. Hip height was improved in barely ¢alves
(P = 0.06). Blood concentration of beta hydroxyl bigyacid was 0.33 mmol and greater in barley fddes=aP =
0.02). The total protein level was greater in cal¥ed higher RUP: RDP. Barley fed calves had lobieod
concentration of blood urea nitroged £ 0.01). The blood insulin concentration was iased in barley fed calves
along with increase in RUP: RDIP £ 0.02). In conclusion, results indicated thatdfeg starter contained barley
grain and high ratio RUP: RDP and also starteraaetl corn grain with low RUP: RDP is recommenddble
starter diet of dairy calves.
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