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Table 1
Ingredients of ground starter feed.

Ingredients, % of DM Inorganic mineral diets Advanced chelated mineral diets
Wheat straw 5.0 5.0
Barley grain 9.6 9.6
Corn grain 46.0 46.0
Soybean meal 25.6 25.6
Extruded soybean grain 28 2.8
Sugar beet pulp 6.3 6.3
Ca-salt fat” 0.95 0.95
Probiotics” 0.10 0.10
Sodium bicarbonate 0.47 0.47
Salt 0.38 0.38
Calcium carbonate LO 1.0
Sodium bentonite 0.60 0.60
Dicalcium phosphate 0.40 0.40
Magnesium oxide 0.30 0.30
Vitamin supplement” 0.20 0.20
Mineral supplement” 0.30 0.15
Mineral supplement” - 0.15

* Pershiafat™, Pershiafat, Tehran, Iran. Composition: moisture, 2 %; crude fat, 85 % (C16:0, 35-38 %; C18:0, 8-10 %; C18:1,
40-42 %; C18:2, 10-14 %; C18:3, 1-2 %;).

b Bio-Romina, a commercial symbiotic (Zist Darman Mahan Co, Tehran, [ran) containing a combination of Saccharomyces cer-
evisiae, Lactobacillus acidophilus, Lactobacillus plantarum, Lactobacillus casei, Lactobacillus rhamnosus, Bifidobacterium bifidum, Ped-
iococcus acidilactici, Enterococcus faecium, Bocillus subtilis, and yeast extract).

¢ Contained per kilogram of supplement: Vitamin A: 12,000 IU; Vitamin D: 5000 IU; Vitamin E: 100 IU.

4 Contained per kilogram of supplement: inorganic sources of Fe (mg/kg) = 4000, Co (mg/kg) = 600, Mn (mg/kg) = 18,000, Se
(mg/kg) = 150, Zn (mg/kg) = 25,000, Cu (mg/kg) = 9000, I (mg/kg) = 250, and chromium (mg/kg) = 500 from organic source.

* Contained per kilogram of supplement: chelated sources of Fe (mg/kg) = 4000, Co (mg/kg) = 600, Mn (mg/kg) = 18,000, Se
(mg/kg) = 150, Zn (mg/kg) = 25,000, Cu (mg/kg) = 9000, [ (mg/kg) = 250 and chromium (mg/kg) = 500.
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Table 2
Nnutrients composition of ground starter feed.
Ingredients, % of DM Inorganic mineral diets Advanced chelated mineral diets
Dry matter 91.7 92.0
Organic matter 91.5 913
Crude protein 206 20.4
Ether extract 32 33
Neutral detergent fiber 18.7 18.4
Acid detergent fiber 8.2 81
Non-fiber carbohydrate” 49.0 49.2
Calcium 0.73 0.73
Phosphorus 0.45 0.45
Metabolizable energy, MJ/kg of DM” 2.81 282

Microminerals, mg/kg of DM

Se 0.46 0.48
Cr 140 160
Cu 33 31
Fe 418 402
Mn 55 57
Zn 77 79
Co 1.80 170

Estimated using NRC (2001) equations with the values from the analyses for starter.
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Table 3
Effects of dietary mineral source and birth body weight on blood biochemical parameters of dairy calves (n = 13 per treatment).
Normal BW Light BW Treatment effects”
liems ACMS” " ACMS IM SEM BBW MS BBW = MS Time (T) BEW=T MSxT BBW xMSxT
Glucose, mg/dL
d 30 5.65 5.25 5.51 4.94 0.21 0.33 0.04 0.71
d el 5.53 5.59 4.97 4.93 0.25 0.03 0.95 0.86
d 70 5.41 5.10 5.44 5.16 0.22 0.85 0.23 0.96
Owverall 5.53 531 531 5.01 0.19 0.20 0.21 0.84 0.80 0.02 0.14 0.92
Insulin, U/mL
d30 15.2° 27.4° 18.1%® 1061 2325 0.06 0.50 0.01
d el 274 21.2 33.4 20.0 5.13 0.69 013 0.57
Owverall 21.2 243 257 15.3 3.51 0.59 0.37 0.11 0.01 0.13 0.05 0.31
BHB, mmal/L
d 30 0.125 0.135 0.106 0.090 0.016 0.06 0.84 0.45
d 60 0.307% 0.338®  0425° 0288° 0035 0329 0.11 0.01
d 70 0.478 0.356 0.498 0.438 0.051 0.37 011 0.58
Owverall 0.300 0.280 0.348 0.268 0.023 0.50 0.07 0.06 <0.01 0.11 0.18 0.05
Total antioxidant capacity, mmol/L
d 30 0.344 0.305 0.352 0.345 0.03 0.57 0.58 0.70
d &0 0.311 0.341 0.282 0.308 0.023 0.20 0.24 0.93
d 70 0.300 0.295 0.358 0.313 0.024 0.10 0.28 0.39
Owerall 0.318 0.316 0.333 0.320 0.015 0.53 0.69 0.90 0.58 0.06 0.16 0.73
Malondialdehyde, nmol/mL
d 30 1.342 1.483 1.260 1.433 0.075 0.42 0.06 0.84
d &0 1.642 1.650 1.320 1.483 0.127 0.09 0.54 0.57
d 70 1.451 1.800 1.360 1.700 0.076 0.25 <0.01 0.98
Owerall 1.476 1.649 1.319 1.533 0.068 0.06 001 0.66 <0.01 0.53 0.05 0.85
Albumin, g/dL
d 30 32 33 3.0 3.0 0.08 0.03 0.82 0.50
d 60 35 36 33 3.4 0.09 0.05 0.75 0.12
d 70 34 35 33 3.3 0.06 0.02 0.79 0.53
Owerall 34 34 32 3.2 0.06 0.01 0.74 0.58 <0.01 0.88 0.98 0.82
Total protein, g/dL
d 30 6.3 6.2 5.8 5.7 0.27 0.13 0.70 0.93
d 60 6.0 6.0 5.7 5.8 0.15 0.28 0.80 0.81
d 70 59 6.0 6.0 5.9 0.13 0.97 0.86 0.51
Owerall 6.1 6.0 5.8 5.8 0.14 0.15 0.91 0.94 0.43 0.37 0.82 0.70
Globulin, g/dL
d 30 31 29 28 27 0.21 0.28 0.55 0.70
d 60 24 2.4 24 2.4 0.10 0.91 0.91 0.63
d 70 24 25 26 26 0.12 0.22 0.95 0.70
Owerall 26 26 26 26 0.11 0.82 0.72 0.78 <0.01 0.20 0.74 0.67
Albumin to globulin ratio
d 30 1.0 1.1 1.1 1.1 0.06 0.85 0.50 0.43
d el 1.4 1.5 1.4 1.3 0.05 0.23 0.97 0.59
d 70 1.4 1.4 1.2 1.2 0.06 0.05 0.87 0.94
Owverall 1.3 1.3 1.2 1.2 0.04 0.17 0.81 0.57 <0.01 0.31 0.79 0.79

*b.Means within a row with different superscripts are significantly different (P < 0.05).
Significant differences (P < 0.05) between different BBW within day are depicted by bold numbers.
Significant differences (P < 0.05) between different MS within day are depicted by italic numbers.
# Contrasts for BEW (birth body weight), MS (mineral source of starter feed) and interaction (BBW x MS).
b= inorganic minerals source; ACMS = advanced chelated mineral source.
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Table 4
Effects of dietary mineral source and birth body weight on complete blood count of dairy calves (n = 13 per treatment).
Normal BW Light BW SEM Treatment effects”
Items ACMS” M" ACMS IM BEW MS BBW=xMS Time (T) BEW=T MSx=T BEWxMSx=T
White blood cells (10°/L)
d 36 8.8 83 7.5 9.6 0.95 0.98 0.42 0.18
d 56 9.5 9.1 8.8 9.8 0.83 0.97 0.73 0.41
d 70 11.3 9.3 11.0 a1 0.71 0.66 0.01 0.95
Owerall 9.9 89 9.1 9.5 0.69 0.87 0.67 0.32 <001 0.88 <001 0.29%
Neutrophils (Neu; 10°/1)
d 36 4.33 372 3.38 5.04 0.805 0.81 0.51 0.16
d 56 4.49 4.53 4.59 4.21 0.525 0.83 0.71 0.87
d70 5.57 4.44 5.26 3.94 0.466 0.40 0.01 0.84
Overall 4.81 4.24 4.41 4.41 0.421 0.78 0.50 0.50 0.25 0.77 0.08 0.30
Lymphocytes (Lym; 10°/L)
d 36 3.89 3.89 3.60 3.88 0.443 0.74 0.75 0.75
d 56 4.53 3.84 3.55 4.84 0.556 0.98 0.60 0.08
d7o 4.70 4.02 4.86 4.38 0.549 0.64 0.29 0.85
Owerall 4.38 393 4.00 4.37 0.353 0.94 0.91 0.23 0.09 0.80 0.25 0.29
Monocytes (Mon; 10%/L)
d 36 0.35 0.37 0.36 0.58 0.127 0.40 0.36 0.44
d 56 0.37 0.55 0.42 0.52 0.088 0.92 0.13 0.66
d 70 0.85 0.67 0.71 0.57 0.099 0.23 012 0.89
Owerall 0.52 0.53 0.50 0.56 0.062 0.97 0.61 0.69 =<0.01 0.33 0.05 0.68
Eosinophils (Eos; 10%/1)
d 36 0.14 0.07 011 0.14 0.035 0.56 0.56 0.14
d 56 0.12 0.20 016 0.19 0.034 0.60 0.15 0.50
d7o 0.29 0.23 0.22 017 0.035 0.07 0.09 0.83
Owerall 0.19 0.16 0.16 017 0.021 0.69 0.67 0.60 <0.01 0.10 0.06 0.29
Basophils (Bas; 10%/L)
d 36 0.022* 0.044 0.005 0.007 0.0084 <0.01 0.14 0.26
d 56 0.0003 0.005 0.007 0.004 0.0045 0.46 0.71 0.38
d 70 0.005 0.011 0.017 0.005 0.0078 0.74 0.74 0.26
Owerall 0.009 0.020 0.009 0.003 0.0039 0.08 .36 0.06 0.01 0.01 0.48 0.80
Red blood cells (10*%/1)
d 36 8.70 7.23 7.52 7.43 0.420 0.25 0.06 0.11
d 56 9.91 9.59 9.43 885 0.238 0.01 0.07 0.60
d70 9.79 9.65 9.72 889 0.259 01z 0.07 0.19
Overall 9.46 8.81 8.89 8.39 0.224 0.03 0.03 0.74 <0.01 0.60 0.68 011
Hemoglobin (g/dL)
d 36 8.96 7.35 7.50 7.82 0.507 0.33 0.21 0.06
d 56 11.96 12.93 10.31 10.30 0.467 <0.01 0.31 0.30
d7o 13.46 13.43 12.66 12.49 0.389 0.03 0.80 0.85
Owerall 11.45 11.22 10.15 10.20 0.295 <0.01 0.74 0.63 <001 0.04 0.26 0.10
Hematocrit (%)
d 36 28.42 2414 23.78 25.04 1.472 0.21 0.31 0.06
d 56 33.69 33.06 30.53 2959 0.827 <0.01 0.35 0.85
d 70 33.84 33.70 32.84 3119 0.880 0.05 0.32 0.39
Owerall 319 30.2 29.0 285 0.88 <0.01 0.22 0.48 =<0.01 0.14 0.81 0.04
Mean corpuscular volume (fL)
d 36 3258 33.20 31.60 33.04 0.696 .66 0.05 0.33
d 56 34.03 34.52 3270 33.55 1.064 0.28 0.53 0.86
d7o 34.59 34.97 33.96 35.31 0.962 0.87 0.37 0.61
Owerall 336 341 327 34.0 0.85 0.59 0.29 0.59 <0.01 0.10 0.6 0.74
Mean corpuscular hemoglobin (pg)
d 36 10.23 10.14 10.09 10.51 0.245 0.64 0.50 0.30
d 56 12.05 13.50 10.95 11.76 0.544 0.01 0.04 0.56
d 70 13.78 13.90 13.05 14.13 0.410 0.54 0.15 0.25
Owerall 12.00 12.42 11.36 1212 0.308 0.10 0.05 0.65 <001 0.03 0.24 0.30
Mean corpuscular hemoglobin concentration (g/dL)
d 36 31.39 30.45 31.36 31.23 0.300 0.22 0.08 0.18
d 56 35.48 39.2 33.92 34.69 1.183 0.01 0.06 0.22
d70 39.70 39.79 38.60 40.09 0.840 0.62 0.35 0.39
Overall 355 36.5 346 35.3 0.0.50 0.04 0.09 0.81 <0.01 0.03 0.07 0.24
Eos to Lym ratio
d 36 0.0385 0.0381 0.04 0.05 0.016 0.52 0.85 0.83
d 56 0.03 0.062 0.060 0.05 0.014 0.50 0.43 0.22
d 7o 0.07 0.064 0.055 0.04 0.011 0.13 0.48 0.64
Owerall 0.047 0.055 0.053 0.050 0.009 0.94 0.82 0.55 0.35 0.14 0.47 0.51

Ne to Lym ratio
d 36 118 1.26 1.33 1.55 0.349 0.53 0.66 0.85
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Normal BW Light BW SEM Treatment effects”
Items ACMS® " ACMS I BEW MS BBEW =< MS Time (T) BEW=T MS=T BBW=MSxT
d 56 115 1.33 1.52 1.12 0.254 0.76 0.66 0.26
d70 1.39 1.21 118 1.08 0.213 0.41 0.58 0.83
Overall 1.24 1.28 1.35 1.25 0.162 0.79 0.83 0.68 0.81 0.55 0.71 0.47
Lym to Mon ratio
d 36 14.3 14.7 12.7 10.2 9.164 0.44 0.78 0.80
d 56 15.08 8.54 12.06 1317 2,590 0.76 0.30 0.15
d70 5.81 6.78 816 11.60 1.678 0.04 0.20 0.46
Overall 11.6 9.95 10.9 11.6 1.99 0.80 0.78 0.52 <001 0.13 0.15 0.44

*bMeans within a row with different superscripts are significantly different (P < 0.05).
Significant differences (P < 0.05) between different BBW within day are depicted by bold numbers.
Significant differences (P < 0.05) between different MS within day are depicted by italicized numbers.
? Contrasts for BBW (birth body weight), MS (mineral source of starter feed) and interaction (BBW x MS).
" IM = inorganic minerals source; ACMS = advanced chelated mineral source.
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Fig. 1. Effects of birth body weight (normal vs. low BW; NBW vs. LBW, respectively), and dietary mineral source (inorganic vs advanced chelated
mineral source; IM vs. ACMS, respectively) on plasma glucose concentration after i.v. glucose tolerance test (overall P-values for birth body weight,
dietary mineral sources, and their interaction were 0.47, 0.01, and 0.27, respectively). Data were expressed as LSM + SEM.
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Fig. 2. Effects of birth body weight (normal vs. low BW; NBW vs. LBW, respectively), and dietary mineral source (inorganic vs advanced chelated
mineral source; IM vs. ACMS, respectively) on plasma insulin concentration after i.v. glucose tolerance test (overall P-values for birth body weight,

dietary mineral sources, and their interaction were 0.08, <0.01, and 0.59, respectively). Data were expressed as LSM + SEM.

Table 5
Effects of dietary mineral source and birth body weight on plasma glucose and insulin responses to glucose tolerance test of dairy calves (n = 13 per
treatment).
MNormal BW Light BW SEM Treatment effects”
Items ACMS® M° ACMS M BBW MS BEW x MS
Glucose
Basal, mmol/L 5.25 6.75 5.11 6.02 0.69 0.56 0.09 0.70
Maximum, mmaol/L 16.60 18.75 14.00 16.55 195 0.22 0.25 0.90
Delta, mmol/L 11.43 12.00 B.90 10.48 1.90 0.30 0.58 0.79
AUC, mmol/L » 60 min 463.0 514.7 431.5 523.7 527 0.83 0.18 0.70
Clearance rate, %/min 1.55 1.23 141 1.08 0.19 0.44 0.08 0.96
Insulin
Basal, pU/mL 2598 19.21 21.98 15.60 322 0.23 0.05 0.91
Maximum, pU/mL 7525 50.90 64.58 54.68 9.58 0.30 0.08 0.22
Delta, pU/mL 50060 31.68 42.90 39.08 10.53 0.97 0.31 0.49
AUC, pU/mL x 60 min 13,540 10,323 11,943 9079 1027 0.19 =0.01 0.86
Clearance rate, %/min 3.00 1.18 2.02 1.23 0.502 0.36 0.01 0.31
Time to reach max 10.83 833 9.16 15.50 1.738 0.48 0.81 0.10
Insulin CR/Glucose CR 1.88 0.99 1.57 1.15 0.336 0.81 0.06 0.49
Insulin AUC/Glucose AUC 29.42 20.99 28.40 18.30 3.538 0.57 0.01 0.84

Contrasts for BEBW (birth body weight), MS (mineral source of starter feed) and interaction (BBW x MS).
b M= inorganic minerals source; ACMS = advanced chelated mineral source.
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