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Presentation Outline 

• Address the critical control points of transition success with 

emphasis on role of micronutrients 

• Provide background information on micronutrient 

metabolism and physiology during transition 

• Establish potential relationship between micronutrient 

status on maternal and fetal health 

• Explore opportunities for micronutrient status enhancement 



Transition Period Goals 

• Support high (efficient) milk production 

• Minimize loss (<0.5 units) or maintain BCS postpartum 

• Low prevalence of postparturient diseases 

• Maintain immunocompetency to pathogens and minimize 

inflammation 

• Control/decrease days to first ovulation and maintain or 

enhance fertility 

• Low stillborn rate and healthy calves 
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Transition Mineral Status 

• Fetal abortion and stillbirth 

are significant pregnancy 

wastage events 

• Diagnostic efficiency for 

abortion or stillbirth cases 

is low (<45%) 

• What role does nutrition 

play in these losses? 



Etiology of the abortion 

was diagnosed in 52 

cases, resulting in a 

diagnostic rate of 33%. 

Abortion diagnostics included necropsy, 

histopathology, bacteriology, virology, and 

other immunologic and serologic tests. A 

specific cause was identified in 29.5% (468 

total cases) of the abortions. 

At least one potential causal agent of 

abortion or perinatal mortality was 

detected in 39% of 4006 cases. 

Despite extensive diagnostic testing, 

an etiological diagnosis was not 

reached in 61 % of cases, highlighting 

the need for even more extensive 

(non-)infectious disease testing or 

more accurate tests.  



Vitamin and Mineral Nutrition 

• Macro- and Microminerals 
o Efficiently cross placenta 

o Fetal liver – storage 

o Colostrum – concentrated 

• Fat soluble vitamins 
o Do not cross placenta 

o Colostrum – concentrated  

o Physiologic decline around calving 

• Drain on maternal status? 

• Adverse effect on immune function? 
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Peripartum Vitamin Status 

Figure 4. Plasma retinol (a), β-carotene, and α-tocopherol concentrations in intact (n = 8;   ) 

and mastectomized (n = 10; □) cows during the periparturient period. 

Goff et al., JDS 2002 

  



Vitamin A and Mastitis 

• Survey study of 1057 cows 

over 1 year period 

• Increasing serum retinol by 

100 ng/mL was associated 

with 60% decrease in clinical 

mastitis in first 30 DIM 

• Measured last week of 

pregnancy 

LeBlanc et al., JDS 2004; 87:609-619 



Vitamin E and Mastitis 

LeBlanc et al., JDS 2004; 87:609-619 

• Serum vitamin E was 
lower in cows that had 
clinical mastitis within 
30 DIM 

• Increasing serum 
vitamin E 1 µg/mL 
reduced risk of retained 
placenta 

• No effect on mastitis 



Vitamin A and Stillbirth 
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Vitamin E and Stillbirth 
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Perinatal Mineral 

Status 

• Placental Transfer 

• Colostrum 

• Maternal Nutrient Status 

 

Dependent Upon: 



Bovine Fetal Hepatic Trace Mineral Concentration  

(µg/g dry weight) 

Mineral 
JVDI 1994;6 Van Saun, 2010 Bell and 

House, 

1995 

Adult 

Cow Abattoir Abortion Abattoir Abortion 

Copper 438.3 207.3 403.6 253.2 100-400 

Iron 1402.5 700.6 1110.9 748.1 125-900 

Manganese 9.19 3.29 6.02 4.0 9-12 

Selenium 2.6 1.5 2.1 0.7-2.5 

Zinc 927 359.4 807.6 414.0 100-600 



Abortion Sample Comparison 
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Mineral Comparisons 

Mineral Units Requirement Milk Colostrum 

Total Solids g/100 g 100 13 12.5 23.9 

Calcium g/100 g 1.0 0.13 0.12 0.26 

Phosphorus g/100 g 0.70 0.09 0.10 0.17 

Magnesium g/100 g 0.07 0.009 0.01 0.04 

Potassium g/100 g 0.65 0.085 0.115 0.14 

Sodium g/100 g 0.40 0.052 0.033-0.048 0.07-0.14 

Copper mg/kg 10 1.3 0.03-0.06 0.06-0.39 

Iron mg/kg 100 13 0.1-0.4 0.2-2.0 

Manganese mg/kg 40 5.2 0.012-0.05 0.02-0.09 

Selenium mg/kg 0.3 0.039 0.018-0.04 0.04-0.056 

Zinc mg/kg 40 5.2 0.30 1.2-17.2 

NRC 2021, Dairy Cattle Requirements 



Comparison of least squared mean (± Standard error of mean) bovine calf liver 

mineral concentrations (µg/g dry matter basis) adjusted for breed (dairy and beef) 

(data from Van Saun, 2016a,b). 

Mineral Abattoir Abortion 
Stillbirth Model Effects P < F 

No Dystocia Dystocia Overall Source 

N = 185 71 27 35   

Calcium 248.8 ± 43.0b 1047.6 ± 64.5a 434.7 ± 105.7b 395.0 ± 145.3b < 0.0001 < 0.0001 

Magnesium 704.1 ± 9.8a 519.1 ± 14.7c 500.6 ± 24.1c 612.7 ± 33.2b < 0.0001 < 0.0001 

Copper 389.3 ± 10.9a 225.6 ± 16.3c 304.0 ± 26.8b 454.6 ± 36.8a < 0.0001 < 0.0001 

Manganese 5.88 ± 0.22a 4.22 ± 0.34b 4.51 ± 0.55b 5.08 ± 0.76ab 0.0034 0.0004 

Molybdenum 0.63 ± 0.052c 1.31 ± 0.077ab 1.07 ± 0.13b 1.51 ± 0.17a < 0.0001 < 0.0001 

Selenium 2.59 ± 0.15a 2.15 ± 0.22ab 1.62 ± 0.36b 1.93 ± 0.50ab < 0.0001 0.049 

Zinc 761.4 ± 28.6a 436.9 ± 43.0b 376.0 ± 70.4b 754.1 ± 96.7a < 0.0001 < 0.0001 

1Not significant, P>0.2; abcMeans within a row with different superscripts differ P<0.05 



Liver Copper Concentration 
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Liver Copper Comparisons 

y = 188.31x-0.875 
R² = 0.9305 
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Maternal liver Cu, ug/g DW 

FMR Cu = 3.01 ± 6.91 

Van Saun, 2019 



Zinc Comparisons 
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Liver Zinc Comparisons 
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Maternal liver Zn, µg/g DW 

FMR Zn = 4.50 ± 2.72 
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Liver Selenium Comparisons 

y = 1.9388x-0.484 
R² = 0.3888 
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Maternal liver Se, ug/g DW 
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Role for Antioxidants 

in Reproduction 



• Machado et al., 2013 

o Injected Multimin® at 230 and 260 days of 
gestation 

o 1416 cows, 3 farms 

o Decreased stillborn rate: 6.1 vs. 4.3%, P=.04 

• Multinani et al., 2013 

o Oxidative stress during birthing, dystocia 

o Leads to metabolic acidosis 

o Protection from higher antioxidants? 

Role for Nutrition in Prenatal Calf Health? 





Injectable Trace Minerals 

• 2 Injections of trace 

mineral solution at 230 and 

260 days of gestation 

• 3 farms with total of 1416 

cows enrolled 

• All farms fed diets that 

exceeded NRC 

recommendations 

Machado et al., Vet J 2013; 197:451-456 

Disease 

Incidence, % 

Adjusted 

Odds Ratio 

P-

value 

Treatment 
Subclinical 

Mastitis 

Control Diet 10.4 1.3 0.005 

TM Injection 8.0 1.0 

Treatment x Parity Clinical Mastitis 

Control x Primiparous 11.8 0.72 0.33 

TMS x Primiparous 15.6 1.00 

Control x Multiparous 25.4 1.39 0.03 

TMS x Multiparous 19.7 1.00 





OTM increased milk production by 0.93 kg [95% confidence interval (CI) = 

0.61 to 1.25], milk fat by 0.04 kg (95% CI = 0.02 to 0.05), and milk protein 

by 0.03 kg (95% CI = 0.02 to 0.04) per day 

OTM reduced days open (weighted mean difference = 13.5 d) and number 

of services per conception (weighted mean difference = 0.27) in lactating 

dairy cows. The risk of pregnancy on d 150 of lactation was greater in 

cows fed OTM (risk ratio = 1.07), but OTM had no significant effect on the 

interval from calving to first service and 21-d pregnancy rate 





Treatment did not affect (P > 0.1) DMI, 

health events, first-wave follicular 

dynamics, first cycle luteal measures, 

embryo quality, liver trace mineral 

concentrations, or luteal trace mineral 

concentrations 



Minerals and Reproduction 

• Maintain calcium homeostasis by addressing dietary 
macromineral content, especially relationships between 
potassium and magnesium and calcium and phosphorus 

o Low calcium prepartum diets 

o Use of DCAD in prepartum diets 

• Provide sufficient dietary vitamins and trace minerals 
from available sources to meet needs of cow, colostrum 
and fetus in order to minimize negative effects on 
immune response  

o Fat-soluble vitamins A, D, E most critical 



• Maternal mineral/vitamin status prepartum determines fetal 
and neonatal mineral/vitamin status 

• Fetal liver has capacity to concentrate minerals, but not 
vitamins, for support of postnatal use 

• Severity of maternal trace mineral or vitamin deficiencies may 
result in spectrum of disease conditions from abortion to 
weak neonates 

• Antioxidant status may help support fetal survival during birth 
and maternal immune response to disease 

Conclusions 



Thank you! 



Questions? 



extension.psu.edu 


