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Introduction 
 

The scientific literature contains evidence that the nutrient status of lactating 
dairy cows can have a direct bearing on reproductive status.  Pregnancy rate has been 
improved by manipulating the mineral (Hurley and Doane, 1989), vitamin (Seymour, 
2001), energy (Butler, 2001), protein (Butler, 1998), and lipid fractions (Staples et al., 
1998) of the diet.  Nevertheless the amount of knowledge in this area is not great.  
Collective efforts of nutritionists, reproductive physiologists, immunologists, and 
veterinary practitioners and researchers are needed in order to advance our 
understanding of both the extent of potential impact and the physiological mechanisms 
by which these nutrients act in vivo.  The challenge to characterize the factors 
contributing to conception and embryo development as well as developing strategies to 
use to improve embryo survival is complex involving steroidogenesis, cell proliferation, 
follicle development, ovulation, fertilization, corpus luteum development and 
maintenance, oviductal and uterine functions, embryo implantation and subsequent fetal 
growth.  Indeed our current daily production and reproductive management systems 
impact all of these coordinated events and need to be optimized if reproductive 
efficiency in lactating dairy cows is to be enhanced.  Dietary vitamins A and E, protein, 
fat, and phosphorus are nutrients selected to briefly review in this paper in terms of their 
potential impact on reproductive health and fertility of dairy cows. 
 

Vitamins A and E – The Immune System, Health, and Reproduction 
 

The incidence of diseases and disorders can have a negative impact on 
reproductive performance.  In a study involving 2087 cows, those that had clinical 
mastitis during the first 45 d postpartum were at 2.7 times greater risk of abortion within 
the next 90 d compared to those without mastitis (Risco et al., 1999).  Coliform 
organisms that can cause mastitis liberate lipopolysaccharide endotoxin which in turn 
can cause an inflammatory response by the cow so that she releases PGF2α.  High 
enough levels of PGF2α in the blood can result in luteolysis and therefore embryo loss.  
Although mastitis-causing gram positive bacteria do not produce endotoxins, the 
peptidoglycans comprising their cell wall can elicit an inflammatory response by the cow 
as well.  Cows having mastitis after their first AI required an extra AI for pregnancy, thus 
having more days open than those without mastitis (Barker et al., 1998).  Incidence of 
mastitis occurring close to first AI resulted in lower pregnancy rates for those cows  
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compared to cows without such untimely mastitis in the Netherlands (Loeffler et al., 
1999).  Also the ‘risk’ of pregnancy (odds ratio) was reduced if cows experienced 
displaced abomasum (0.25; P = 0.036), retained fetal membranes (RFM) (0.55; P = 
0.004), and loss of 1 BCS (0.80; P = 0.007) but not milk fever (0.85; P = 0.12) (Loeffler 
et al., 1999). 
 

Management and nutritional efforts that maintain a healthy immune system may 
reap benefits for reproduction.  The periparturient period is a time of significant stress 
on the immune system (Goff and Horst, 1997).  The nutritional effects on immunity have 
not received a lot of research attention although vitamins A (retinol) and E (α-
tocopherol) may have received the most.  Plasma concentrations of retinol, β-carotene, 
and α-tocopherol decreased by at least 50% from approximately 4 wk prepartum to the 
time of calving, to levels that may be considered below chronic deficiency 
concentrations (Michal et al., 1994).  Additional supplementation around this time period 
may have benefits for improved immunity. 

 
Vitamin A 
 

Vitamin A is necessary for maintenance of skeletal muscle and epithelial tissue 
as well as for normal immune function, vision, growth, and spermatogenesis (NRC, 
2001). The 1989 NRC’s published requirement for vitamin A was based upon studies 
conducted between 1937 and 1957 in which cows showed normal reproductive 
efficiency until the intake of β-carotene (72 IU of vitamin A) dropped below 0.18 mg/kg 
of body weight as supplied by prairie grass hay.  Incidence of abortions and RFM 
increased when intakes dropped below that amount.  Milk production averaged ~8000 lb 
in 292 d of lactation.  Diets were very fibrous containing no starchy grains.  It is 
reasonable to assume that today’s cows producing 3 to 4 times more milk and 
consuming lower fiber diets that result in greater ruminal destruction of retinol would 
require more dietary vitamin A.  The new dairy NRC (2001) increased the daily vitamin 
A requirement from 76 to 110 IU/kg of body weight for both the dry and lactating cow for 
these reasons as well as for the potential for improvement in mammary gland health.  A 
650 kg cow supplemented at the current recommended guideline would consume 
71,500 IU daily. Clinical signs of a vitamin A deficiency do not appear until plasma 
concentrations drop below 10 ug/dl; <20 ug/dl may indicate a subclinical deficiency 
(McDowell, 2000).  Liver values above 2 to 3 ppm indicate adequacy status.  However 
plasma concentrations are generally a poor indicator of vitamin A intake because the 
liver stores vitamin A and supplies vitamin A to the blood stream, carried by retinol 
binding protein.  Relationships between concentrations of plasma retinol and immune 
status, mammary gland health, or reproduction have been weak (Weiss, 1998).   

 
Vitamin A and immune system 
 

The literature contains only limited documentation of improved immune 
responses and/or reduced incidence of clinical mastitis due to vitamin A 
supplementation.  Cows supplemented with 120,000 IU/d of vitamin A starting 4 wk prior 
to calving date had an improved nonspecific, cellular host defense system than cows 
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