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Table 1. Ingredients (g/100 g DM) of the basalglfetmulated for two feeding stages before- andfeealing
stages after-calvirlg

Days before calving

Days after calving

Feeding stage

-60 to —22 -21 to calving +1to +21 +22 to +100
Corn silage 29.77 28.33 20.07 19.35
Chopped alfalfa 16.41 27.52 19.12 18.05
Wheat straw 30.53 - - 0.67
Sugar beet pulp - - 6.67 8.13
Ground barley grain - 15.57 10.72 8.31
Ground corn grain 12.67 12.20 17.36 16.37
Wheat bran 2.27 - - 4.29
Soybean meal 7.15 4.95 12.49 9.43
Canola meal - 5.91 2.18 -
Cottonseed meal - - - 5.46
Full-fat soybean - 0.89 4.43 3.14
Fish meal - 0.97 2.81 1.72
Fat - - 1.35 1.14
Sodium bicarbonate - - 1.07 1.20
Salt - 0.10 0.17 0.51
Di-calcium phosphate 0.18 0.05 - 0.20
Calcium carbonate - 0.29 0.17 0.63
Magnesium oxide 0.02 0.25 0.09 0.10
Calcium sulphate - 0.59 - -
Magnesium chloride - 0.49 - -
Calcium Chloride - 0.59 - -
Vitamin premi¥ 0.50 1.0 1.0 1.0
Mineral premix 0.50 0.30 0.30 0.30

1. Based on the six experimental treatmenés, Organic or inorganic sources of the trace mingrafseach feeding stage the
supplementary Zn was provided as Zn206,0, Zn-methionine or Zn-glycine, the supplementaryy Mas provided as
MnSQ,.1H,0, Mn-methionine or Mn-glycine, and the supplemsnfau was provided as Cug®@H,0, Cu-methionine or Cu-
glycine. These trace minerals were supplied at texels (equal to or twice NRC-recommended leveke Jable 3).
Accordingly, there were six diets containing thaeemical forms of Mn, Zn and Cu at two levels (2X8) each feeding stage.
2. Contained (per kg) 3,000,000 IU of vitamin AQ7/@0O0 U of vitamin D3 and 10,000 IU of vitamin &.See the Materials and
Methods.
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Table 2. Chemical analysis of the pre- and postipaexperimental diets

Minerals level

Mn, Zn and Cu at NRC levels

Days before

Days after calving

Mn, amd Cu twice NRC levels
Days before

Days after calving

Feeding stage calving calving

60-22  21-0 121 22-100 60-22 210 1-21  22-100
(9/100 g DM)
Crude protein 11.0 13.7 17.8 16.9 11.0 13.7 178 691
Ash-free NDR 475 32.9 28.5 31.9 475 329 285 31.9
Ash 7.43 9.36 8.05 9.09 7.43 9.36  8.05 9.09
Ether extract 2.56 2.90 3.65 4.48 2.56 290 3.65 .484
Ca 0.53 1.0 0.71 0.82 0.53 1.0 071 0.82
P 0.27 0.37 0.41 0.43 0.27 037 041 0.43
Mg 0.23 0.39 0.26 0.27 0.23 0.39  0.26 0.27
NE, (Mcal/kg DM)* 1.27 1.57 1.85 1.64 1.27 157 1.85 1.64
(mg/kg DM)
Co 0.21 0.33 0.23 0.24 0.21 0.33 0.23 0.24
| 0.65 0.45 0.75 0.47 0.65 0.45  0.75 0.47
Se 0.48 0.50 0.47 0.42 0.48 050  0.47 0.42
Total diet Mn 20.7 235 25.5 23.4 35.4 379 357 7.62
Mn  supplied by g, 0.75 193 o1 15.5 151  12.1 5.4
mineral premix
Total diet Zn 24.6 28.6 64.2 54.0 44.7 454 124 410
Zn supplied by mineral ¢ 380 255 1638 251 206 85.3 66.8
premix
Total diet Cu 13.5 15.0 14.9 11.5 26.6 267 268 252
Cu supplied by -9,  gg1  g59 28 210 206 185 13.9

mineral premix

1. NDF = neutral detergent fiber; NE net energy for lactation. 2. Based on the sipeexnental treatments.€., organic or

inorganic sources of the trace minerals), the smphtary Zn was provided as ZnSZH,0, Zn-methionine or Zn-glycine, the
supplementary Mn was provided as Mn3®1,0, Mn-methionine or Mn-glycine, and the supplement@u was provided as
CuSQ.7H,0, Cu-methionine or Cu-glycine.
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Table 3. Effect of chemical form and level of digt&in, Zn and Cu on immunoglobulin G of the colostrand
blood of cows and suckling claves

Cow Calve:
Blood, c 1 after Blood, d 21 Blood, d 3
Colostrum calving after calving after birtt

NRC recommended levt

RSUL 48.87 17.2¢ 19.4¢ 18.6¢

RGLY 53.4: 15.7¢ 17.67 20.91

RMET 51.8¢ 17.2¢ 19.6¢ 19.1¢
Twice NRC level*

HSUL 55.51 21.6¢ 22.5( 19.21

HGLY 56.41 18.9: 23.0C 18.2¢

HMET 59.4¢ 20.71 19.9¢ 18.52
SEM 4.12 2.3F 2.9¢ 1.6C
P value®

CF 0.8: 0.8 0.91 0.84

ML 0.7t 0.7z 0.8 0.8¢
Contrasts; C

SUL vs. Organic 0.8C 0.84 0.91 0.8:

GLY vs. MET 0.8¢ 0.8¢ 0.94 0.87
Contrasts; Ml

SUL vs. Organic 0.47 0.7¢C 0.7¢ 0.9t

RGLY and RMETvs. 0.81 073 0.83 0.82

HGLY and HMET

1. Diets contained: RSUL = recommended daily lew#lénorganic (sulphate) Mn, Zn and Cu; RGLY = recoended daily
levels of glycine-Mn, Zn and Cu; RMET = recommendiedy levels of methionine-Mn, Zn and Cu; HSUL kit daily levels
of inorganic (sulphate) Mn, Zn and Cu; HGLY = hidhily levels of glycine-Mn, Zn and Cu; HMET = higtaily levels of
methionine-Mn, Zn and Cu. 2. SEM = standard erfathe means. 3. CF = effect of chemical form of Mn, and Cu; ML =
effect of levels of Mn, Zn and Cu. The interactioetween chemical form and level of Mn, Zn and C&XMIL), for all the
variables, were not significant, and thus wereraported.
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Table 4. Effect of chemical form and level of digt&n, Zn and Cu on incidence of the pathologicrasen
Holstein cows

Minerals level Recommended level by NRC Twice NRC level
Chemical form RSUL RGLY RMET HSUL HGLY HMET
Retained placenta 0 0 0 0 0 0
Milk fever 0 0 0 0 0 0
Ovarian cysts 0 0 0 0 0 0
Metritis 2 2 3 3 4 3
Displaced abomasum 0 0 0 0 0 0
Clinical ketosis 0 0 0 0 0 0
Mastitis 5 2 1 2 0 1
Lameness 2 1 1 1 0 0
Calf mortality at calving 0 0 0 0 0 0
Calf mortality after birth 0 0 0 0 0 0

1. Diets contained: RSUL = recommended daily lewglénorganic (sulphate) Mn, Zn and Cu; RGLY = recoended daily
levels of glycine-Mn, Zn and Cu; RMET = recommendiedy levels of methionine-Mn, Zn and Cu; HSUL igtn daily levels
of inorganic (sulphate) Mn, Zn and Cu; HGLY = hidhily levels of glycine-Mn, Zn and Cu; HMET = higtaily levels of
methionine-Mn, Zn and Cu.
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Table 5. Effect of chemical form and level of digt&n, Zn and Cu on the reproductive performancelofstein

COWS
Days D?ys to D?ys to D?ys to D?ys to pr(Ee(;V::lnt Service/
operf Irst Irst Irst Irst befored  Coneptiof
oestrud oestrud servicEé  servicé 100
NRC recommended levéls
RSUL 81.1 37.3 23.6 72.8 58.0 6 2.0
RGLY 78.8 42.7 24.7 79.4 58.0 5 1.5
RMET 87.1 38.8 24.8 73.3 60.2 6 2.0
Twice NRC level
HSUL 85.0 42.7 28.0 75.0 62.0 6 2.1
HGLY 87.5 45.4 29.0 74.4 62.3 7 1.6
HMET 80.2 38.4 28.4 68.7 61.7 7 1.8
SEM? 7.65 6.22 3.43 8.21 4.52 - 0.27
P value
CF 0.99 0.73 0.84 0.98 0.82 - 0.99
ML 0.86 0.48 0.94 0.83 0.94 - 0.77
Contrasts; CF
SUL vs. Organic 0.92 0.66 0.69 0.95 0.93 - 0.91
GLY vs. MET 0.95 0.67 0.75 0.91 0.90 - 0.86
Contrasts; ML
SUL vs. Organic 0.76 0.48 0.67 0.86 0.89 - 0.73
RGLY and RMETvs. 073 047 070 081 0.92 . 0.80

HGLY and HMET
1. Diets contained: RSUL = recommended daily lewélénorganic (sulphate) Mn, Zn and Cu; RGLY = regnended daily
levels of glycine-Mn, Zn and Cu; RMET = recommendiedy levels of methionine-Mn, Zn and Cu; HSUL igtn daily levels
of inorganic (sulphate) Mn, Zn and Cu; HGLY = hidhily levels of glycine-Mn, Zn and Cu; HMET = higtaily levels of
methionine-Mn, Zn and Cu. 2. SEM = standard erfathe means. 3. CF = effect of chemical form of Mn, and Cu; ML =
effect of levels of Mn, Zn and Cu. The interactioetween chemical form and level of Mn, Zn and C&XMIL), for all the
variables, were not significant, and thus wererepbrted. 4- Calculated for the cows pregnantetbugay 100 of the lactation

(d). 5. Calculated for all the cows (d).
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Table 6. Effect of chemical form and level of digt&in, Zn and Cu on the blood metabolites (mg/dLiolstein cows

Minerals’ level RecommNeF\Elgled level by Twice NRC level SEM? P valué cE Contrasts i
GLY RGLY and

Chemical form RSUL RGLY RMET HSUL HGLY HMET cE wmL  SULvs e SULvs. RMETvs.

Organic MET Organic HGLY and

HMET

Glucose
d 23 before calving 67.4 69.4 69.0 65.7 72.5 73.07.15 0.77 0.75 0.64 0.80 0.55 0.61
d 6 before calving 7.7 75.5 79.9 79.8 78.1 77.6 .115 0.86 0.92 0.83 0.82 0.93 0.96
d 1 after calving 69.2 68.1 71.9 74.4 67.3 68.1 517. 0.97 0.87 0.92 0.90 0.96 0.90
d 21 after calving 64.7 63.3 66.7 60.9 58.2 60.3 .525 0.28 0.88 0.43 0.62 0.94 0.73
d 50 after calving 65.6 68.8 63.5 65.2 65.9 64.8 .884 0.87 0.81 0.95 0.86 0.94 0.83
Triglyceride
d 23 before calving 18.5 21.3 18.4 19.0 23.1 21.31.65 0.13 0.10 0.26 0.30 0.12 0.19
d 6 before calving 21.5 22.9 16.0 19.6 17.0 17.4 582 0.32 0.27 0.25 0.32 0.15 0.20
d 1 after calving 16.0 15.7 17.1 18.5 16.8 16.4 622. 0.66 0.93 0.42 0.87 0.96 0.89
d 21 after calving 24.7 26.0 26.0 27.7 24.4 25.6 .095 0.96 0.89 0.98 0.94 0.93 0.88
d 50 after calving 27.6 25.0 31.4 24.0 25.5 26.4 505 055 0.77 0.73 0.67 0.80 0.80
Cholesterol
d 23 before calving 85.4 83.7 82.7 88.9 85.2 84.64.20 0.45 0.74 0.39 0.76 0.91 0.90
d 6 before calving 83.0 85.9 81.1 84.0 80.2 83.0 .224 0.79 0.93 0.79 0.83 0.96 0.93
d 1 after calving 84.7 80.3 81.2 80.7 82.2 82.6 .411 0.98 0.99 0.82 0.97 0.94 0.98
d 21 after calving 102 114 106 100 102 109 10.1 680. 0.76 0.46 0.78 0.81 0.80
d 50 after calving 129 129 122 126 118 120 12.9 630. 0.87 0.60 0.77 0.82 0.75

1. Diets contained: RSUL = recommended daily lexdlsnorganic (sulphate) Mn, Zn and Cu; RGLY = regoended daily levels of glycine-Mn, Zn and Cu; RMET
recommended daily levels of methionine-Mn, Zn ang BSUL = high daily levels of inorganic (sulphatdh, Zn and Cu; HGLY = high daily levels of glyciMn, Zn and Cu;
HMET = high daily levels of methionine-Mn, Zn andi.Q. SEM = standard error of the means. 3. CHectbf chemical form of Mn, Zn and Cu; ML = effeaftlevels of Mn,
Zn and Cu. The interaction between chemical forohlamel of Mn, Zn and Cu (CFxML), for all the vabias, were not significant, and thus were not regbr
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Table 7. Effect of chemical form and level of Mm Znd Cu in the diet of mother cows on the bloothinaites
(mg/dL) of suckling calves, at three days afterkreh

Glucose Triglyceride Cholesterol

NRC recommended levéls

RSUL 85.0 28.9 89.0

RGLY 84.5 27.9 85.7

RMET 83.5 28.3 78.5
Twice NRC levels

HSUL 84.6 32.3 80.9

HGLY 89.1 31.8 81.4

HMET 80.9 28.7 80.6
SEM? 9.77 0.20 5.48
P value

CF 0.95 0.53 0.88

ML 0.91 0.88 0.94
Contrasts; CF

SUL vs. Organic 0.96 0.66 0.89

GLY vs. MET 0.95 0.71 0.84
Contrasts; ML

SUL vs. Organic 0.97 0.91 0.90

RGLY and RMETvs. 0.92 0.85 0.91

HGLY and HMET

1. Diets contained: RSUL = recommended daily lewélénorganic (sulphate) Mn, Zn and Cu; RGLY = regnended daily
levels of glycine-Mn, Zn and Cu; RMET = recommendiedy levels of methionine-Mn, Zn and Cu; HSUL kgt daily levels
of inorganic (sulphate) Mn, Zn and Cu; HGLY = hidhily levels of glycine-Mn, Zn and Cu; HMET = higtaily levels of
methionine-Mn, Zn and Cu. 2. SEM = standard erfathe means. 3. CF = effect of chemical form of Mn, and Cu; ML =
effect of levels of Mn, Zn and Cu. The interactioetween chemical form and level of Mn, Zn and C&XWIL), for all the
variables, were not significant, and thus wereraported.
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Table 8. Effect of chemical form and level of Mm Znd Cu in diet on feed intake of dry and lactatiows

DMI, before calvini DMI, After calving

NRC recommended leve

RSUL 12.1 26.C

RGLY 12.1 25.¢

RMET 11.€ 25.¢
Twice NRC level*

HSUL 12.5 25.€

HGLY 12.7 25.Z

HMET 12.¢€ 25.7
SEM* 0.391 0.70z
P value®

CF 0.9t 0.9C

ML 0.9C 0.8¢
Contrasts; C

SUL vs. Organic 0.9¢ 0.9z

GLY vs. MET 0.9t 0.92
Contrasts; Ml

SUL vs. Organic 0.9¢ 0.9C

RGLY and RMETvs. 0.89 0.89

HGLY and HMET

1. Diets contained: RSUL = recommended daily lewglénorganic (sulphate) Mn, Zn and Cu; RGLY = recoended daily
levels of glycine-Mn, Zn and Cu; RMET = recommendiedy levels of methionine-Mn, Zn and Cu; HSUL igtn daily levels
of inorganic (sulphate) Mn, Zn and Cu; HGLY = hidhily levels of glycine-Mn, Zn and Cu; HMET = higtaily levels of
methionine-Mn, Zn and Cu. 2. SEM = standard erfathe means. 3. CF = effect of chemical form of Mn, and Cu; ML =
effect of levels of Mn, Zn and Cu. The interactioetween chemical form and level of Mn, Zn and C&XMIL), for all the
variables, were not significant, and thus wererepbrted.
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Abstract

Effect of supplementing organic complexes (compowitth glycine or methionine) of Mn, Zn and Cu comgxh
with sulphate forms (equal to or twice NRC recomdwaion) on health, fertility and blood metabolitgfsdairy
cows and suckling calves was assessed. Two moetbsebcalving, 60 pregnant Holstein cows were didido six
experimental groups in a randomized complete blbesign. Six diets containing 1. Mn, Zn and Cu-satphat
NRC levels, 2. Mn, Zn and Cu-glycine at NRC lev@sMn, Zn and Cu-methionine at NRC levels, 4. Mn,and
Cu-sulphate twice NRC, 5. Mn, Zn and Cu-glycinecevNRC, and 6. Mn, Zn and Cu-methionine twice NR€re
fed ad libitum. Immunoglobulin G (IgG) of colostrum and blood, tnités, mastitis, retained placenta, lameness,
ketosis, ovarian cysts, calf mortality, fertilitpé blood glucose, triglyceride and cholesterolgfblood sampling;
from day 60 before calving to day 100 after calyingre determined. Feeding organic mineral complérstead
of sulphate form had no effects on IgG, fertilitydablood metabolites of cows and calves, but deegtanastitis
and lameness. Also, increasing dietary levels eftthce minerals led to the decrease in incideferastitis and
lameness, and numerical increase in 1gG of colosthut had no effect on other variables. Overakding organic
complexes (methionine- or glycine-) of Mn, Zn and &d also increasing the minerals levels in diétsre- and
post-partum cows had positive effects on the he#Hlthe animals, without changes in fertility.
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