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ABSTARCT 
The objective of this study was to evaluate the effect of supplementing close-up diets with rumen undegradable protein on 
serum metabolites and the incidence of health disorders of Holstein dairy cows, during the hot season. Eighty-eight 
multiparous Holstein dairy cows were randomly assigned to 1 of 2 treatment groups: low crude protein (14.3% CP; 14CP) 
and high crude protein (17.1% CP; 17CP) diets. Blood samples were collected weekly from d -30 up to calving and then at 
0, 5, 14, and 21 days after calving, for serum metabolites determination.  Cows fed the 17CP diet had higher serum 
concentrations of albumin, blood urea nitogen, and Mg than 14CP cows during the close-up period. In postpartum, the 17CP 
cows had higher serum albumin and creatinine and lower free fatty acid, BHB, and glucose concentrations than the 14CP 
cows. The risk to developing subclinical ketosis (SCK), metritis and endometritis were higher for the 14CP cows than the 
17CP cows. Overall, feeding high rumen undegradable protein diet to close-up cows during the hot season increased serum 
creatinine concentrations and lowered the incidence of SCK and metritis and endometritis postpartum.  
 
Keywords: Holstein cows, hot season, metabolic disorders, rumen undegradable protein, transition cow.  
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Table 1. Feed ingredients of close-up and fresh cows diets (% of DM) 

Ingredient 
Close-up diets1 

Fresh 
LCP HCP 

Legume forage hay, mature 23.50 23.50 14.50 

Corn silage, normal 33.57 33.57 21.30 

Wheat straw - - 1.58 

Beet sugar pulp, dried - - 3.70 

Barley grain, rolled 8.60 5.25 13.68 

Corn grain, ground, dry 15.03 12.53 19.70 

Canola meal, mechanical extraction 3.0 3.0 - 

Soybean meal, solvent 8.45 8.45 15.40 

Meat and bone meal 2.67 2.67 2.10 

Fish meal - 3.05 - 

Corn gluten meal - 2.88 - 

Cottonseed, whole with lint - - 1.80 

Soybean seed, whole heated - - 1.50 

Calcium soaps of fatty acids - - 0.32 

Calcium carbonate 1.42 1.42 0.98 

Magnesium oxide 0.16 0.16 0.34 

Magnesium sulfate 0.84 0.84 - 

Calcium chloride 0.54 0.54 - 

Ammonium chloride 0.32 0.24 - 

NaHCO3 - - 0.80 

Salt - - 0.45 

Bentonite - - 0.49 

Vitamin premix2 0.95 0.95 0.68 

Mineral premix3 0.95 0.95 0.68 

1. 0 */ 0�
 7�� D ���2% W�,9 LCP  �HCP  ���� `*( ( 2%3/14  �1/17  �9��CP .�C�,%  

2.  ���� R�*� )1,200,000  ����+*% LL	6� +*���<� 7A �250,000  ����+*% LL	6� +*���<� 7D  �10,000  ����+*% LL	6� +*���<� 7E �200 7L*� k 1 

 � +*(,*%3,000 7L*� k 1 1,L*I  � �� +*�&C,�.�,% k   

3 ���� R�*� ) .105 7L*�  �56�-I k 14,200 7L*�  �R� k 1190 7L*�  ��< k 114,500 7L*�  �"&Y&� k 180 7L*�  � k,*&L; k 115,000 7L*� .�,% ��� k 1  
1. Diets designated as LCP and HCP contained 14.3 and 17.1% CP, respectively. 

2. Premix contained 1,200,000 IU of vitamin A/kg, 250,000 IU of vitamin D/kg, 10,000 IU of vitamin E/kg, 200 mg of biotin/kg, and 3,000 mg of monensin/kg.  

3. Premix contained 105 mg of Co/kg, 4200 mg of Cu/kg, 190 mg of I/kg, 14500 mg of Mn/kg, 80 mg of Se/kg, and 15000 mg of Zn/kg. 
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Table 2. Chemical composition of the diets fed during close-up and fresh periods (% of DM, unless otherwise stated) 
Composition Close-up diets1 

Fresh 
 LCP HCP 

NEL, Mcal/Kg DM 1.61 1.63 1.66 

CP 14.3 17.1 16.0 
RDP 10.1 11.1 10.8 

RUP 4.2 6.0 5.2 

RDP balance, gr/d +8.0 +131 +91 
RUP balance, gr/d +419 +649 -518 

MP balance2, gr/d +196 +400 -421 

NDF 32.2 31.6 28.0 
ADF 22.2 22.1 18.0 

NFC 43.1 40.6 45.9 
EE 2.8 2.9 3.5 

Ca 1.6 1.7 1.2 

P 0.5 0.5 0.4 
Mg 0.40 0.40 0.41 

Na 0.04 0.07 0.44 

K 1.31 1.32 1.22 
Cl 0.73 0.70 0.49 

S 0.30 0.35 0.20 

DCAD, Meq/kg DM -43 -45 +242 
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1. Diets designated as LCP and HCP contained 14.3 and 17.1% CP, respectively. 

2. MP requirement was NRC model plus 120 g of MP to account for mammary growth (Bell et al., 2000). 
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 je;  4�� H��f) �� .5;� 7<�� 1 H&( � +*'(� )

 +*<�)BUN 0� 1 �� LCP  +*'(� ) H��I  YC�*%

 0� 1 2% 5-�C 7# E�HCP .5;�  

  
A��/ 35-�C .  �% ����13.25 <BCS �3.25 < BCS < 3.75  �3.75  >BCS  ) W�3% � JS��� +*YC�*� � �±SEM 0���  *
 �*6,( (

2%�) 0��� A,D �+*Z*) 7�� *
 � �� % ����1 �� % H<�� 0��� � 0�� 0� 1 ���	*( �� 30 - ��� 5-�C 2% m<��( H<�� ��,� .��n�C� 
Table 3. Proportions of cows with BCS < 3.25, 3.25 < BCS < 3.75, and > 3.75, as well as LSM (±SEM) of pervious 

lactation milk yield, close-up period length, and parity for each treatment group at -30 d relative to expected calving date 

Item 
Diet1 

 
P-value 

LCP HCP Diet 
BCS [% (no./ no.)]    
  < 3.25 63.63 (28/44) 60.97 (25/41) 0.80 
  3.25 < BCS <3.75 29.54 (13/44) 24.39 (10/41) 0.59 
  > 3.75 6.81 (3/44) 14.63 (6/41) 0.25 
Previous lactation milk yield, kg 11649 ±172.42 11498 ± 182.94 0.55 
Close up period length, d 27.13 ± 0.76 28.30 ± 0.81 0.88 
Parity 3.13 ± 0.20 3.25 ± 0.21 0.69 

1. 0 */ 0�
 7�� D ���2% W�,9 LCP  �HCP  ���� `*( ( 2%3/14  �1/17  �9��CP .�C�,%  
1. Diets designated as LCP and HCP contained 14.3 and 17.1% CP, respectively. 

  

 
 J�
1G�
 +*YC�*� � 2&*Z*% �2&*	I W� **>( �,Y6� .7(�� � t - 0�� 2%�) 0��� �� 7�%,D�  

Figure 1. Temporal pattern of minimum, maximum, and average temperature-humidity index (THI) during the close-
up period. 

  

  
 J�
2 !� . 2%�) 0��� �� k�G +*'(� ) �L�_� o,e;� �� +*�,-6N 5nLM  % 0��0��� .k 1 JE# �� +<��ZL� �����1 H<�� �� H*) 0�� ��

2% � W�3% � +*YC�*� JS��� W�,9SEM 0�
 g��"1) ��	*( .�C�1/0 < P) ��� �(1/0 < P) ��� �� ��	*( �(1/0 < P.(  
Figure 2. Effects of different crude protein levels in close-up diets on serum albumin concentrations precalving in 

Holstein dairy cows during the hot season. Data are presented as least squares means and SEM. Treat, P < 0.01; time, 
P < 0.01; treat × time, P < 0.01. 
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Table 4. Effects of different crude protein levels in close-up diets on serum metabolites, BCS changes, and rectal 

temperature precalving of Holstein dairy cows during the hot season 

Item 
Diet1 

SEM 
P-value 

 LCP HCP Diet Week Diet × Week 

Total Protein, gr/dL 6.57 6.47 0.25 0.69 0.48 0.93 

Albumin, gr/dL 2.77 3.12 0.08 <0.01 <0.01 <0.01 

Globulin, gr/dL 3.77 3.37 0.28 0.16 0.16 0.06 

BUN, mg/dL 13.17 14.50 0.3 <0.01 0.41 0.35 

Glucose, mg/dL 61.06 67.07 4.62 0.19 0.05 0.10 

Cholesterol, mg/dL 85.71 92.08 3.96 0.11 <0.01 0.22 

Ca, mg/dL 8.46 8.58 0.13 0.39 0.85 0.05 

Rectal temperature, ºC 39.5 39.4 0.05 0.21 0.11 0.14 

BCS changes2 0.16 0.22 0.03 0.17 - - 

1. 0 */2% 0�
 7�� D ���  W�,9LCP  �HCP  ���� `*( ( 2%3/14  �1/17  �9��CP .�C�,%  

2.  +*% W��O(30-  �3- H<�� �� H*) ���  
1. Diets designated as 14CP and 17CP contained 14.3 and 17.1% CP, respectively. 

2. Difference between -30 and -3 d relative to calving. 
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Figure 3. Effects of different crude protein levels in close-up diets on serum FFA concentrations 
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Table 5. Effects of different crude protein levels in close-up diets on serum metabolites postcalving of Holstein dairy 

cows during the hot season 

Item 
Diet1 

SEM 
 P-value 

14CP 17CP  Diet Day Diet × Day 

Total protein, gr/dL 7.53 7.56 0.11 0.81 <0.01 0.64 

Albumin, gr/dL 3.40 3.56 0.05 <0.01 <0.01 0.97 

Globulin, gr/dL 4.13 4.00 0.11 0.25 0.01 0.68 

BUN, mg/dL 15.38 15.72 0.37 0.36 0.21 0.93 

Creatinine, mg/dL 1.40 1.65 0.10 0.07 0.63 0.19 

Glucose, mg/dL 86.55 80.38 1.89 0.04 <0.01 0.80 

Insulin, ng/mL 1.28 1.30 0.04 0.69 <0.01 0.53 

FFA, mmol/L 0.85 0.68 0.02 <0.01 <0.01 <0.01 

BHB, mmol/L 0.73 0.59 0.03 <0.01 <0.01 0.13 

Cholesterol, mg/dL 96.50 95.56 1.91 0.62 <0.01 0.20 

AST, U/L 82.10 76.79 5.1 0.30 <0.01 0.48 

Ca, mg/dL 8.95 8.86 0.25 0.70 0.04 0.94 

BCS changes2 - 0.21 -0.27 0.03 0.20 - - 

1. 0 */2% 0�
 7�� D ���  W�,9LCP  �HCP  ���� `*( ( 2%3/14  �1/17  �9��CP .�C�,%  

2.  � H<�� ��� +*% W��O(21 H<�� �� R) ���  

1. Diets designated as 14CP and 17CP contained 14.3 and 17.1% CP, respectively. 

2. Difference between calving day and 21st  DIM. 
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Table 6. Effects of different crude protein levels in close-up diets on metabolic disorders of Holstein dairy cows 

during the hot season 

Disorders Diet1 

Estimate SE3 RR4 (95% CI) P-value 
LCP HCP 

Dystocia2 6.81 (3/44) 7.31 (3/41) -0.07 0.78 0.93 (0.19 - 4.35) 0.92 

Retained placenta 2.27 (1/44) 4.87 (2/41) -0.76 1.20 0.46 (0.04 - 4.94) 0.52 
Milk fever 4.54 (2/44) 2.43 (1/41) 0.62 1.20 1.86 (0.17-19.78) 0.60 

Hypocalcemia 50 (22/44) 39 (16/41) 0.21 0.28 1.24 (0.71 - 2.14) 0.45 

Subclinical ketosis 34.09 (15/44) 7.31 (3/41) 1.48 0.61 4.41 (1.32 - 14.32) 0.02 
Metritis 15.90 (7/44) 4.87 (2/41) 1.18 0.77 3.26 (0.71 - 14.80) 0.10 

Endometritis 22.72 (10/44) 9.75 (4/41) 0.84 0.55 2.33 (0.79 - 6.85) 0.10 

Displaced abomasum 2.27 (1/44) 2.43 (1/41) -0.07 1.39 0.93 (0.06 - 14.41) 0.95 
Mastitis 6.81 (3/44) 2.43 (1/41) 1.02 1.13 2.79 (0.30 - 25.81) 0.36 

Laminitis 6.81 (3/44) 4.87 (2/41) 0.33 0.88 1.39 (0.24 - 7.49) 0.70 

1. 0 */2% 0�
 7�� D ���  W�,9LCP  �HCP  ���� `*( ( 2%3/14  �1/17  �9��CP .�C�,%  

2. 5_; �� �,�;� �% ����1 :7<5_; �� 7<3  ��  �Z*% �3,  

3. �����N % �� % ����C��;� ��eG  

4 . � eG 5-�C95 �&*	D� 2L9�# �9��  
1. Diets designated as 14CP and 17CP contained 14.3 and 17.1% CP, respectively. 

2. Dystocia: cows with CDS ≥ 3. 

3. Standard error for estimate. 

4. Risk ratio, 95% confidence interval. 
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