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ABSTRACT 
The aim of this study was to evaluate the effect of different source of magnesium in prepartum diets on productive 

performance, blood metabolites, insulin resistance and health disorders in transition cows. Sixty cows from 21 days 

prepartum were randomly assigned to 4 experimental treatments. Treatments were control treatment (Mg at NRC 

recommendation), magnesium sulfate treatment, magnesium carbonate treatment and magnesium oxide treatment 

(Mg was 0.60% of ration DM). Experimental diets increased DM and NDF digestibility (P<0.05). However, Calf and 

placenta weight, body weight changes and BCS were not affected by treatments. The incidence of retained placenta 

and hypomagnesemia decreased in experimental treatments (P<0.05). Magnesium oxide and carbonate treatments 

tended to increase milk yield (P=0.08). Milk fat increased in the control diet (P<0.05). Experimental diets decreased 

plasma NEFA and cholesterol and improved plasma Mg and Ca (P<0.05). Control treatment had the lowest rate of 

glucose CR (%) and RQUICKI (P<0.05). 
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5.64 2.24 2.24 2.24 2.24 Barley grain 
17.69 8.59 8.59 8.59 8.59 Corn grain, ground 

- 1.70 1.16 0.40 1.90 Wheat bran 
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1.74 1.17 1.17 1.17 1.17 Canola meal 
5.36 2.37 2.37 2.37 2.37 Extruded full-fat soybean 
0.33 0.69 0.69 0.69 0.69 Calcium carbonate 
0.20 0.45 0.45 0.45 0.45 Dicalcium phosphate 

- 0.65 0.65 - 0.45 Calcium chloride 
- - - 2.37 0.42 Magnesium sulfate 

0.28 0.70 - 0.28 0.28 Magnesium oxide 
- - 1.24 - - Magnesium carbonate 

0.14 - - - - Salt 
0.97 - - - - Sodium bicarbonate 

0.70 
1.31 

 
1.31 

 
1.31 

 
1.31 

 
Mineral and Vitamin premix1 
premix1 

     Chemical composition 
1.72 1.55 1.55 1.54 1.56 NEL (Mcal/kg of DM) 
16.4 14 13.9 13.9 14 CP (% of DM) 
33.1 38.8 38.5 38.2 38.8 NDF (% of DM) 
21.9 25.5 25.5 25.3 25.6 ADF (% of DM) 
41.7 37.6 37.4 37.0 37.7 NFC (% of DM) 
0.37 0.60 0.60 0.60 0.39 Mg (% of DM) 
0.67 1.12 1.03 1.03 1.03 Ca (% of DM) 
0.35 0.41 0.40 0.40 0.41 P (% of DM) 
276 86 85 -21 74 DCAD (mEq/kg of DM) 

1�)�/ /� �'. w1%�# :(_�>1%'E �� -�/� 8�) P#�
 .3200 =%'#  �-�� _�>1800 =%'#  �x# _�>45 =%'#  �_1'"%B _�>2400 =%'#  �("c"# _�>60 =%'#  _�>

�?)20 =%'# �]E _�> �@0810000=%'# �  9'#�&)� _�>A �220000 =%'#  9'#�&)� _�>D3  �12000 =%'#  9'#�&)� _�>E �)�/ /� x. w1%�# �19800 

=%'#  �-�� _�>5400 =%'#  �x# _�>100 =%'#  �_1'"%B _�>19800 =%'#  �("c"# _�>220 =%'# �?) _�>120 =%'#  �@0�]E _�>2000000 9'� ?���  =%%	0�

 9'#�&)�A �300000 9'� ?���  9'#�&)� =%%	0�D3 �10000 =%'#  9'#�&)� _�>E  �100 =%'# .9':1'� 9'#�&)� _�> 
1. Contained (per kg): prepartum mix 3200 mg of Zn, 1800 mg of Cu, 45 mg of Se, 2400 mg of Mn, 60 mg of I, 20 mg of Co, 810000 mg of vitamin A, 
220,000 mg of vitamin D3 and 12,000 mg of vitamin E; postpartum mix 19,800 mg of Zn, 5,400 mg of Cu, 100 mg of Se, 19,800 mg of Mn, 220 mg of 
I, 120 mg of Co, 2,000,000 IU of vitamin A, 300,000 IU of vitamin D3, 10,000 IU of vitamin E and 100 mg of vitamin biotin. 
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Table 2. The effects of experimental diets on urine pH and apparent digestibility of nutrients 
 Diet   

Item CO MgS MgC MgO SEM P-value 
Prepartum       
  Urine pH 7.64a 6.30b 7.62a 7.71a 0.09 <0.01 
  Apparent digestibility (%)       
    DM 64.36b 65.14ab 63.95b 68.52a 1.23 0.04 
    CP 69.51 70.41 69.37 70.64 0.82 0.66 
    NDF 49.48c 54.16a 52.12b 54.30a 0.63 <0.01 
    Mg 19.52 20.22 19.74 19.95 0.31 0.42 
Postpartum       
  Urine pH 8.14 7.95 8.05 8.09 0.05 0.12 
  Apparent digestibility (%)       
    DM 65.20 66.80 64.26 68.52 1.22 0.12 
    CP 70.44 70.88 70.05 71.09 0.78 0.79 
    NDF 50.41c 54.24b 53.40b 56.08a 0.58 <0.01 
    Mg 18.96 19.05 19.00 19.31 0.32 0.87 
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Table 3. The effects of prepartum diets on calving measurements and BW and BCS changes 

 Diet   

Item CO MgS MgC MgO SEM P-value 

Calf weight (kg) 42.9 43.91 44.04 45.2 0.81 0.27 

Time for placenta expulsion (h) 8.73 7.60 8.26 6.26 0.38 0.08 
Placenta weight (kg) 6.94 7.03 6.91 7.13 0.13 0.65 

BW gain before calving (kg) 14.93 14.53 15.53 16.80 1.03 0.44 

BW loss at calving (kg) -60.40 -62.13 -61.86 -61.80 1.30 0.78 
BW loss 21 days after calving -38.86 -35.20 -34.66 -33.93 1.65 0.16 

BCS gain prepartum 0.16 0.13 0.20 0.25 0.05 0.55 

BCS loss postpartum -0.45 -.043 -0.40 -0.36 0.04 0.49 

  

 6�?+4,�'+ � � . 8Q"B��G �� =J)�#/F -�� �	BA. -��  
Table 4. The effects of experimental diets on plasma metabolites 

   Diet    P-value  

Item CO MgS MgC MgO SEM Diet Time Diet × Time 

Prepartum         
  Glucose (mg/dL) 58.65 55.71 58.44 57.76 1.99 0.71 0.07 0.02 

  Insulin ( µU/mL) 11.75 12.29 12.69 12.89 0.33 0.11 <0.01 0.14 

  NEFA (mmol/L) 0.45a 0.43ab 0.40ab 0.33b 0.02 0.03 <0.01 0.26 
  BHBA (mmol/L) 0.61 0.60 0.53 0.54 0.02 0.07 <0.01 0.47 

  Cholesterol (mg/dL)    122.3a 121.8a 115.5b 114.8b 0.73 <0.01 <0.01 0.49 
  Triglyceride (mg/dL) 36.25 36.75 35.48 35.31 0.58 0.28 <0.01 0.82 

  Mg (mg/dL) 1.92b 2.24a 2.19a 2.24a 0.04 <0.01 <0.01 0.39 

  Ca (mg/dL) 9.79b 10.23a 9.78b 10.04ab 0.11 <0.01 <0.01 0.54 
postpartum         

  Glucose (mg/dL) 52.82 56.07 54.57 54.14 1.51 0.50 <0.01 0.59 

  Insulin ( µU/mL)  11.29b 12.09ab 12.41a 12.69a 0.27 <0.01 <0.01 0.28 
  NEFA (mmol/L) 0.80a 0.77a 0.74ab 0.66b 0.02 <0.01 <0.01 0.25 

  BHBA(mmol/L) 0.93 0.88 0.90 0.85 0.04 0.26 <0.01 0.17 

  Cholesterol (mg/dL) 131.2 130.6 124.7 125.5 2.1 0.10 <0.01 0.97 
  Triglyceride (mg/dL) 30.45 30.50 29.74 29.32 0.46 0.25 <0.01 0.46 

  Mg (mg/dL) 1.81b 1.95a 1.90a 1.96a 0.02 <0.01 <0.01 0.22 

  Ca (mg/dL) 8.93 9.18 9.09 9.13 0.06 0.08 <0.01 0.03 
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Table5. The effects of experimental diets on GTT measurements 
 Diet       

Item1 CO MgS MgC MgO SEM P-value 

Prepartum        
Glucose        
CR (%/min) 1.31b 1.36b 1.43ab 1.51a 0.04  0.01 
T1/2 (min) 42.34a 40.41a 37.83ab 35.15b 1.49  0.02 
Tbasal (min) 75.53a 74.18a 70.48ab 66.66b 2.15  0.04 
AUC (mg/dL× 90min) 10484a 8939ab 10253bc 9238c 302.2  <0.01 
Insulin        
CR (%/min) 1.80b 2.01a 1.95a 2.08a 0.04  <0.01 
T1/2 (min) 44.75a 40.57b 41.51b 39.62b 0.79  <0.01 
Tbasal (min) 78.92a 72.88b 74.25b 71.21b 1.17  <0.01 
AUC (μU/ml × 90min) 6260a 5656b 5117c 5006c 110.5  <0.01 
NEFAbasal (mmol/L) 0.34a 0.28b 0.29b 0.24c 0.01  <0.01 
RQUIKI 0.40c 0.42b 0.43b 0.45a 0.03  <0.01 
Postpartum        
Glucose        
CR (%/min) 1.41b 1.45b 1.45b 1.60a 0.04  0.01 
T1/2 (min) 44.85a 42.62ab 43.15ab 38.73b 1.26  0.03 
Tbasal (min) 81.94a 78.72ab 79.47ab 73.11b 1.81  0.02 
AUC (mg/dL× 90min) 10216a 8837c 9896ab 9167bc 284.2  <0.01 
Insulin        
CR (%/min) 1.89c 1.98bc 2.10ab 2.22a 0.05  <0.01 
T1/2 (min) 42.83a 41.06ab 39.00bc 37.33c 0.83  <0.01 
Tbasal (min) 77.15a 74.59ab 71.62bc 69.21c 1.20  <0.01 
AUC (μU/ml × 90min) 4605 4750 4514 4388 148.7  0.39 
NEFAbasal (mmol/L) 0.77a 0.65b 0.64b 0.57c 0.05  <0.01 
RQUIKI 0.36c 0.39b 0.39b 0.42a 0.05  <0.01 

1-:CR (%/min)    �(87'R� �� ?a��) =>���/ ��3 T1/2 (min)��#/ : -��� _/g  @V%K �?'B�8�  �(87'R�) $H3Tbasal (min) :8)�. @V%K 8� �?'B� -��� _/g ��#/ (87'R�) �   
AUC �� ="U"# �)/ tXB :90  87'R� �RQUIKI :�;�
 B���= 	E= B���'@ 8� 01�3�'9  

1- CR (%/min): clearance rate (%/min), T1/2 (min): time to reach half concentration (min), Tbasal (min):  time to reach basal concentration (min) 
  check indexthe revised quantitative insulin sensitivity  , RQUIKI:90min): area under curve (90min)(and AUC  
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Table6. The effects of experimental diets on milk yield and composition 

 Diet  P-value 

Item CO MgS MgC MgO SEM Diet Time Diet × Time 

Milk yield (kg/d)         

Actual 38.08 38.42 39.63 39.63 0.87 0.08 <0.01 0.75 
4% FCM* 37.53 37.09 37.02 37.46 0.83 0.95 <0.01 0.97 

Milk fat         

% 3.95a 3.78ab 3.56b 3.55b 0.13 0.04 <0.01 0.96 
kg/d 1.48 1.45 1.41 1.41 0.05 0.68 <0.01 0.98 

Milk protein         

% 3.12 3.20 3.17 3.17 0.04 0.29 <0.01 0.25 
kg/d 1.19 1.21 1.22 1.26 0.03 0.20 <0.01 0.41 

Lactose         

% 4.76 4.75 4.76 4.80 0.04 0.95 <0.01 0.56 
Kg/d 1.84 1.80 1.85 1.90 0.03 0.19 <0.01 0.59 
*4% FCM = [0.4 × milk (kg)] + [15 × milk fat (kg)]. 
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Table 7. The effects of experimental diets on incidences of health disorders 

Disorders 
Incidences of Disorders % (no/ no.)  

P Value CO MgS MgC MgO 

Retained placenta 20 (10/50) 6 (3/50) 6 (3/50) 4 (2/50) 0.03 

Dystocia 6 (3/50) 2 (1/50) 4 (2/50) 2 (1/50) 0.66 

Milk fever 4 (2/50) 0 (0/50) 2(1/50) 0 (0/50) 0.2 

Hypocalcemia 36 (18/50) 20 (10/50) 26 (13/50) 24 (12/50) 0.32 

Hypomagnesemia 30 (15/50) 12 (6/50) 14 (7/50) 10 (5/50) 0.04 
Subclinical ketosis 28 (7/25) 24 (6/25) 16 (4/25) 16 (4/25) 0.09 

Clinical ketosis 4 (2/50) 2 (1/50) 2 (1/50) 0 (0/50) 0.42 
Metritis 12 (6/50) 4 (2/50) 4 (2/50) 2 (1/50) 0.16 

Endometritis 6 (3/50) 4 (2/50) 4 (2/50) 4 (2/50) 0.95 
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