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Calf Note #245 – Mineral and Vitamin Requirements for Calves, Part 3 
 
Introduction 

Fat-soluble vitamins are essential to young calves and should be included in both milk replacers and calf 
starters.  The primary fat-soluble vitamins – A, D, and E – are critical to calf health and growth and should be 
included in milk replacers, starters, and growers.  

I conducted a review of the scientific literature regarding vitamins A, D, and E and reviewed the 
recommendations from the 2021 NASEM committee in the “Nutrient Requirements for Dairy Cattle” 
(NASEM, 2021).  To evaluate the NASEM recommendations, I utilized several calf growth models and 
determined requirements based on liquid and dry feed intakes at various ages, using typical feeding programs.  
I evaluated minimum requirements for each vitamin based on intake from both milk replacer and calf starter 
to always meet or exceed the  NASSEM recommendation.  For more information on this approach, see 
Appendix B in Calf Note #243.  Here is a summary of the literature and my recommendations (“Adjusted”) 
when they differed from those of NASEM. 

Vitamin E.  The NASEM Committee recommended added vitamin E concentration of 2 IU/kg BW, or 
approximately 125 IU/d (Table 1).  They also stated that this rate of supplementation may be inadequate for 
rapidly growing calves.  It has been shown that rate of BW gain affects vitamin E requirement (NASEM, 
2021).  Thus, when high-growth programs are implemented (i.e., programs that allow >700 g ADG), 
additional vitamin E equivalent should be included.   

Recommended vitamin E requirements in calf diets have increased as researchers reported the important role 
of the vitamin in calf immune response (e.g., Reddy et al., 1987a,b). Vitamin E has been studied in greater 
detail than other vitamins since publication of the 2001 Dairy NRC.  Much of the work has documented a 
role for α-tocopherol in promoting immune response, mainly by providing antioxidant capacity to the animal 
and reducing effects of oxidative stress on immune competence (Abuelo et al., 2019).  Effects of 
supplemental vitamin E on indices of immune response (lymphocyte numbers, lymphocyte activation, 
antibody titer in response to vaccination) have been reported in Holstein calves and Japanese Wagyu calves 
(Otomaru et al., 2013; 2015).  Vitamin E may play a role in maturation of the immune system as indicated by 
production of nitric oxide by blood mononuclear leukocytes (Rajaraman et al., 1998).  Production of nitric 
oxide in juvenile leukocytes is greater than that of mature cells; vitamin E may play a role in maturation of 
these cells to ameliorate potential cell damage caused by excess NO production.  Conversely, Schmidt et al. 
(1998) reported no effect of vitamin E supplementation (188 vs. 354 IU/d) on hematology of calves 
vaccinated with Shiga toxin at five and eight weeks of age.  Also, Waldner et al. (2017) reported that calves 

with serum vitamin E less than adequate for their age (2–7 d old, <0.8 μg/mL; >7 d old, <0.5 μg/mL) were 

3.2 times more likely to be treated for enteritis than calves with higher concentrations. 

Vitamin E status of neonatal calves depends to a large extent on the dry cow diet and consumption of 
colostrum, which is the primary route for delivery of fat-soluble vitamins in newborn calves (Quigley and 
Bernard, 1995).  Supplementation of colostrum increased vitamin E status of newborn calves (Quigley and 
Bernard, 1995).  It is clear that variability in fat content in general and fat-soluble vitamin content in 
colostrum may affect vitamin E and antioxidant status of neonates.  Mohri et al. (2005) reported that injection 
of vitamin E (300 U α-tocopherol acetate/45 kg BW) and selenium (6 mg/45 kg BW) altered hematology of 
young calves, generally improving numbers of lymphocytes and indices of antioxidant capacity.  Vaccination 
of newborn Jersey calves with 2,000 IU vitamin E once weekly for the first two weeks of life vastly improved 
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serum IgG concentrations (Figure 1; Pekmezci and Cakiroglu, 2009).  Serum IgG concentrations in excess of 
100 g/L early in life suggest dramatic increase in onset of active immunity and should be considered 
supraphysiological.   

Reddy et al. (1987b) recommended 125 IU/d as the optimal level of supplementation for young Holstein 
calves.  However, liquid feeding rates in this study were low (i.e., 8% of BW; Reddy et al., 1987a) and it has 
been shown that vitamin E requirement increases with increasing growth (Nonnecke et al., 2010).  Therefore, 
supplementation with vitamin E or vitamin E equivalents may need to vary depending on CMR feeding rate 
and projected growth rte. 

Weaning is an important transition in the life of young calves and reduced antioxidant status of weaned calves 
(Majlesi et al., 2021) may have deleterious effects on post-weaning resistance to disease.  Recently, Lashkari et 
al. (2022) reported that plasma RRR-α-tocopherol was 0.8 µg/ml at weaning (61 d of age).  Generally, plasma 
vitamin E concentrations less than 0.5 to 1.0 µg/ml are considered inadequate in most species (McDowell et 
al., 1996) and plasma vitamin E of 0.6 to 1.6 µg/ml may result in muscular dystrophy in calves (Adams, 1982).  
Decline in plasma vitamin E at weaning may be related to transition from a diet high in fat (from milk or milk 
replacer) to one typically containing <5% fat on a DM basis.  Further, the nature of the fat (potentially 
unsaturated) may interfere with α-tocopherol absorption by providing inadequate substrate for micellarization 
during digestion and intestinal transport.  Postweaning malabsorption of α-tocopherol has been reported 
(Reddy et al., 1987a).  Feeding 60 or 120 mg/kg of RRR-α-tocopherol was insufficient to maintain plasma 
vitamin E concentrations, whereas 200 mg/kg maintained plasma levels for 2 weeks after weaning (Lashkari 
et al., 2022; Figure 2).  These authors recommended that α-tocopherol concentrations in diets fed to calves 
around weaning should be 200 mg/kg of DM.  These authors also compared sources of vitamin E - 200 
mg/d of RRR-α-tocopherol (ALC), 200 mg/d of RRR-α-tocopheryl acetate (ACT), or 200 mg/d of all-rac-α-
tocopheryl acetate (SYN).  Concentrations of plasma α-tocopherol at weaning were 2.7, 2.1, 1.1, and 0.8 
µg/ml for ALC, ACT, SYN, and Control, respectively (Lashkari et al., 2022).  The authors concluded that 200 
mg/kg of ALC was the most effective inclusion to maintain plasma vitamin E levels around weaning.   

Vitamin A.  The new NASEM recommendation for intake of vitamin A is 110 IU per kg of BW (Table 1) or 
11,000 IU/kg in milk replacer and 3,700 IU/kg in calf starter and grower (Table 2).   

Kume and Toharmat (2001) reported results with 46 Holstein calves at birth and 6 d of age.  Concentrations 
of both β-carotene and plasma vitamin A increased from birth to 6 d.  Plasma β-carotene and plasma vitamin 
A were positively correlated with fecal DM, but no correlations were observed between plasma vitamins and 
erythropoiesis components. These results suggest that β-carotene status of calves at 6 days of age is 
dependent on colostrum concentrations of β-carotene and affects the occurrence of diarrhea, and vitamin A 
status depends on colostral vitamin A and placental vitamin A transfer during gestation.  Eicher et al. (1994) 
reported that combination of vitamins A and E may improve function of leukocytes from young calves to 6 
wk of age.  In terms of manufacturing, emulsification of fat-soluble vitamins in general, and vitamin A in 
particular, improve absorption (Jacobson et al., 1954).   Waldner et al. (2017) reported that calves with serum 
vitamin A less than 0.14 μg/mL were 2.8 times more likely to die, indicating the role that vitamin A plays in 
overall immune response.   

Vitamin D.  The new NASEM recommendation for intake of vitamin D is 32 IU per kg of BW (Table 1) or 
3,200 IU/kg in milk replacer and 1,100 IU/kg in calf starter and grower (Table 2).   

The vitamin D status of animals is reliably indicated by the concentration of the 25-hydroxyvitamin D 
(25(OH)D) metabolite in serum or plasma, with a concentration of 30 ng/mL proposed as a lower threshold 
for sufficiency. Calves are often born with vitamin D insufficiency (< 8 ng/ml of 25(OH)D) and may remain 
in this state for as long as 3 months (Flores-Villalva et a. 1021).  As summarized by Nelson et al. (2016), 
serum 25(OH)D concentrations are approximately 15 ng/mL at birth and remained ≤15 ng/mL through 1 
mo of age if fed pasteurized waste milk with little to no summer sun exposure. In contrast, serum 25(OH)D 
of calves fed milk replacer containing 6,600 and 11,000 IU of vitamin D3/kg of dry matter were 59 ± 8 and 
98 ± 33 ng/mL, respectively, at 1 mo of age (Nelson et al., 2019).   Calves similarly supplemented indicated 
that serum 25(OH)D achieved at approximately 1 mo of age would increase 6 to 7 ng/mL for every 1,000 IU 
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of vitamin D3/kg of dry matter of milk replacer.  Blakely et al. (2019) suggested that supplementation of 
pasteurized waste milk with vitamins A, D, and E (0.25 or 0.50 ml/day of a product containing 50,000 IU of 
vitamin A as retinyl-palmitate, 50,000 IU of vitamin D3 and 500 IU of vitamin E as RRR-α-tocopherol per 
milliliter of product) plus 0.5 ml of the same supplement injected at birth resulted in lower growth rates to 28 
d of age than unsupplemented calves, probably due to excess vitamin supplementation.  Thus, there appears 
to be an upper limit to supplementation with fat-soluble vitamins.  Finally, researchers in China suggested 
that feeding 25(OH)D in CMR consumed more dry feed and grew faster than non-supplemented controls 
(but similarly to calves fed vitamin D3) and reduced indices of stress associated with weaning at 60 d 
compared to unsupplemented controls (Xu et al., 2021; Wang et al., 2022). 

Summary and recommendations.  Requirements for fat-soluble vitamins (IU/d) are in Table 1.   These equations 
may be incorporated into predictive models.  We recommend Adjusted requirements in preference to those 
published by NASEM.  We recommend increasing Vitamin A and D concentrations by 10% to account for 
normal oxidation in feeds during manufacturing and storage of feeds.  Table 5 contains recommended 
inclusions for fat soluble vitamins in milk replacer and starter to provide adequate intake for calves from 35 
to 125 kg.   
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Table 1. Fat-soluble vitamin minimum recommended intake, IU/day, NASEM, 2021 and Adjusted. 

 NASEM  Adjusted 

Vitamin IU/day  IU/day (min) 

Vit A  110 * BW   110 * BW * 1.1 

Vit D  32 * BW   32 * BW  * 1.1 

Vit E  2 * BW   2 * BW  

Vit E equivalent*   4 * BW  

*For calves fed sufficient energy and protein to achieve ≥700 g of ADG, additional vitamin E equivalent is 
recommended.  Vitamin E equivalent may be provided by vitamin E or vitamin E precursors.   BW = body 
weight in kilograms. 

 

Table 2.  NASEM and Adjusted recommended concentrations of fat soluble vitamins in milk replacer and 
starter to provide adequate intake for calves from 35 to 125 kg.  Values are on a DM basis.  Adjusted 
calculations based on non-linear minimization of vitamin intake above requitements and modeling of daily 
intake vs. requirement (IU/d).   

 NASEM, IU/kg DM  Adjusted,  IU/kg DM 

Vitamin CMR Starter Grower  CMR Starter Grower 

Vit A 11,000 3,700 3,700  11,000 4,500 4,500 

Vit D 3,200 1,100 1,100  3,500 1,300 1,300 

Vit E 200 67 67  200 80 80 

Vit E equiv.*     300 160 160 

*For calves fed sufficient energy and protein to achieve ≥700 g of ADG, additional vitamin E equivalent is 
recommended.  Vitamin E equivalent may be provided by vitamin E or vitamin E precursors.    
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Figure 1. Serum IgG concentration in newborn Jersey calves injected with 0 or 2,000 IU of vitamin E at 1 and 2 wk of age.  Source:  
Pekmezci and Cakiroglu, 2009. 

 

 

Figure 2. Plasma alpha-tocopherol in calves fed 0, 60, 120, or 200 mg/kg RRR-α-tocopherol (equal to 0, 89, 179, and 298 IU, 
respectively) from -2 to +2 wk relative to weaning (61 d of age). Source: Lashkari et al., 2022. 
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