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Reports of vitamin O being excluded from diet premixes (Feedstuffs, 201 O; Carter, 2011; 
Rortvedt and Crenshaw, 2012) and reports of increased metabolic bone disease (Madson, 
2011) have increased interest in evaluating various vitamin O supplementation routes. 

Kyphosis Associated with Vitamin D 

A key finding in recent vitamin O research has been the association of lack of vitamin 0 
supplementation in sow and growing pig diets and association with kyphosis ("hump back") pigs 
(Rortvedt and Crenshaw, 2012). This research was the result of the observation that an 
outbreak of kyphosis occurred after omission of vitamin O from the premix. 

In this study offspring were evaluated from sows that were fed a deficient diet (45 IU/kg) or one 
supplemented with (325 IU/kg) vitamin 0 3. Subsequently, the offspring in each maternal group 
were assigned to either a low Ca and P diet (80% of NRG, 1998) or high Ca and P diet (120% of 
NRG 1998) and all nursery diets, regardless of maternal treatments, contained no 
supplemented Vitamin 0 3. These nursery diets were then fed for 5 weeks after weaning. 
Subsequent to the end of this phase all pigs were fed the high Ca and P diet for an additional 4 
weeks. 

No visible signs of kyphosis were evident in the pigs at weaning. However, at the end of the first 
5 week nursery phase, 17% of the offspring fed the combination of vitamin O deficient diet and 
low Ca and P diet exhibited kyphosis. None of the pigs whose mothers had been fed 
supplemental vitamin O during gestation or those whose mothers were fed deficient vitamin 0 
but fed nursery diets high in Ca and P had signs of kyphosis. Pigs from mothers supplemented 
with vitamin O grew 10% faster compared to those pigs from mothers fed diets deficient in 
vitamin 0. As expected pigs fed the high Ca and P diet grew faster than those fed the low Ca 
and P diets. There was no interaction between maternal diet and nursery diets detected. 
However, the growth rate increase between pigs for pigs fed the high Ca and P diet and low Ca 
and P diet was 2.9 times greater (126 vs 55 g/d) when their mothers had been fed 325 IU per kg 
vitamin O compared to those whose mothers had been fed a deficient diet. 

At the end of the subsequent 4 week nursery phase (pigs were 13 weeks of age) where all pigs 
were fed the high Ca and P diet but without vitamin O supplementation, 32% of pigs fed the low 
Ca and P diet in the initial nursery phase and that were from sows fed the deficient diet had 
signs of kyphosis. In addition 26%, of those initially fed the low Ca and P diet and were from 
sows fed the 325 IU/kg diets had signs of kyphosis. None of the pigs that were fed high Ca and 
P diets during the previous 5 week nursery phase exhibited signs of kyphosis. For growth rate, 
again there was no interaction between the maternal and nursery phase treatments. However, 
similar to the first nursery phase the growth rate was greater in those pigs that had been fed the 
supplemented vitamin O diet compared to those pigs whose mothers had been fed the deficient 
diets. 
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Additional research has established that rapidly growing nursery pigs are highly sensitive to 
vitamin O deficiencies as characterized by growth rate and skeletal mineralization (Rortvedt et 
al., 2011 ). Growth rate and bone mineralization criteria were affected within 4 weeks of feeding 
deficient diets. In addition to establishing a link between kyphosis and vitamin O 
supplementation, these studies also demonstrate that growth rate is a sensitive indicator of 
vitamin 0, calcium, and phosphorus status. 

Oral/Injectable Supplementation Studies 

Guidelines established for adequate serum 25(0H)03 in humans have been used as basis to 
classify pigs as having inadequate serum 25(0H)03_ Using these guidelines, surveys in pigs 
have suggested a significant proportion of pigs are vitamin O deficient (Abbott and Madson, 
2012). Also, pigs with periweaning failure to thrive syndrome (PFTS) have been reported to 
have low serum 25(0H)03 concentrations (National Hog Farmer, 2012). Reports from the field 
seem to indicate that an oral dose supplementation of Vitamin O have lessened the severity of 
PFTS presentation. Thus, these reports have stimulated interest in research on alternative 
routes of vitamin O delivery to the pig beside supplementation via the feed. The focus of this 
section is to review recent reports evaluating various forms of vitamin O administration to 
growing pigs. 

These reports consist of a single oral dosage (4 studies), a single oral or injectable dosage 
study (1 study), and a nursery water supplementation study (1 study). Note that in these studies 
Vitamin O supplementation was in addition to basal levels of supplementation provided in the 
feed ranging from 800 to 1,500 IU/kg. Further details on experimental design and response 
criteria are listed below. 

• Exp. 1 (K-State Research Farm; Flohr et al., 2012) 
- 270 newly born pigs (n = 90) were given 1 of 3 oral dosage treatments of 

vitamin 0 3 after birth (none, 40,000, or 80,000 IU vitamin 03). 
- Preweaning and nursery performance, 25(0H)03, bone ash %, and 

mesenteric lymph node tumor necrosis factor alpha relative abundance 
(Tnfa; a measure of innate immunity). 

• Exp. 2 (Commercial farrowing facility and K-State nursery; Flohr et al., 2013) 
- 400 barrows (n=200 and 7 d of age) were given either none or 40 ,000 IU 

vitamin 0 3 in an oral dose in the farrowing house. 
- At arrival to the nursery, pigs were allotted to a second early nursery diet 

treatment in a split plot design with either 1,378 or 13,780 IU vitamin 03 (n 
= 75). 

- Preweaning and nursery performance, serum 25(0H)03, and porcine 
circovirus type 2 (PCV2) antibody titers (a measure of acquired immunity) 
were evaluated. 

• Exp. 3 (Commercial nursery, Rortvedt et al., 2012) . . 
- 600 new born pigs (n=300) received either none or 40,000 IU of vitamin 

03 in an oral dose. 
- After weaning, pigs were supplied nursery diets containing 2,750 IU 

vitamin 03'kg. 
- Serum 25(0H)03, preweaning and nursery performance, and bone trait 

measurements. 
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• Exp. 4 (Commercial Farm; Tousignant et al. 2013) 
- 390 pigs (n=195; and 2 d of age) were allotted to 2 treatments of either 

none or 40,000 IU vitamin 03 in an oral dose. 
- Pig weaning weight and serum 25(0H)O3 were measured. 

• Exp. 5 (Commercial nursery; Flohr, 2013) 
- 864 (n = 432) newly weaned pigs were allotted to 1 of 2 water vitamin 0 3 

treatments (none or 16,516 IU/L). 
- Growth performance and serum 25(0H)O3 were measured. 

• Exp. 6 (University; Lindeman et al., 2013) 
- 24 pigs (n=8) were allotted to 1 of 3 treatments (Control, oral dose of 

40,000 IU vitamin 03, or injectable dose of 40,000 IU of vitamin 03). 
- Serum 25(0H)O3 at weaning was measured. 

What have we learned from these vitamin D oral supplementation studies? 

Serum 25(0H)O3 

Clearly the serum 25(0H)O3 concentration at weaning and in the early nursery phase can be 
manipulated using either a single oral dose or injection prior to weaning. Also regardless of 
25(0H)O3 concentration at weaning, high doses in the early post weaning period either with feed 
or water supplementation will elevate serum 25(0H)O3 concentration. However, high serum 
25(0H)O3 concentrations are not sustained after oral dosing by removal of water 
supplementation or reducing the elevated feed concentration. 

Growth Performance 

With the exception of one study, oral supplementation has not significantly increased weaning 
weight in pigs given oral supplementation (5 total studies). Interestingly, the study reporting 
increased weaning weight associated with oral supplementation failed to demonstrate increased 
serum 25(0H)O3 from the oral dosage. Additionally, nursery growth performance has not been 
improved with increased vitamin 0 3 supplementation. 

Bone Traits 

In the 3 studies reporting bone traits there was no evidence that oral or feed supplementation 
improved bone ash concentration. 

Immune Parameters 

While there certainly have been reports that vitamin O supplementation is essential for adequate 
immunity, there is little data available reporting effects in growing pigs. In one of the K-State 
studies, relative abundance of tumor necrosis factor alpha gene expression was associated with 
oral supplementation while in another study oral vitamin 03 supplementation failed to influence 
porcine circa virus type 2 antibody production after vaccination with a commercial PCV2 
vaccine. 
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Maternal / Nursery Feed Supplementation 

Exp. 7 (K-State Research Farm, Flohr et al. 2013) 
- 84 sows were fed 1 of 3 dietary vitamin 0 3 concentrations (1,500, 3,000 

or 6,000 IU/kg). 

- At weaning, a subsample of pigs were allotted to 1 of 2 early nursery 
dietary vitamin 03 concentrations (1,800 or 18,000 IU/kg) fed for 1 0 day 
after weaning . Subsequently from d 1 0 to 35 all pigs were fed diets 
containing 1,800 IU/kg Vitamin 0 3 

- Sow and pig performance, serum 25(OH)O3, milk vitamin 0, neonatal 
bone ash were measured. 

In this study maternal serum and milk 25(OH)O3 concentrations were increased with increasing 
maternal vitamin 03 supplementation. Piglet serum 25(OH)O3 concentrations had a similar 
pattern of response as sow milk concentrations with piglet serum 25(OH)O3 increasing as 
maternal supplementation was increased. Also, regardless of maternal dietary treatment piglet 
serum 25(0H)O3 was increased from birth to weaning. However, sow and suckling pig 
performance, neonatal bone ash, and bone density were not affected by maternal vitamin 0 3 
treatments . 

For the nursery phase at d 10 after weaning or the end of the high nursery feed 
supplementation period, serum 25(OH)O3 concentration was increased by feeding high maternal 
dosages or nursery feed dosage. However, the magnitude of increase was greater across 
nursery dietary treatments as maternal dietary supplementation rate increased. Also, it is 
interesting to note that 25 d after pigs were fed the common dietary vitamin 03 supplementation 
rate (1,800 IU/kg) serum 25(0H)O3 concentration decreased and there was no influence of 
maternal diet concentration. Also, little carry over effect of early nursery high dietary vitamin 0 
supplementation was observed. Finally, as in previous studies there was no influence of any of 
the dietary treatments on nursery growth performance. 

Therefore, this study demonstrates sow and pig serum, sow milk, and neonatal tissue 25(OH)O3 
can be increased by increasing maternal dietary vitamin 03. Also, nursery pig serum 25(OH)O3 
can be increased by increasing dietary vitamin 0 3. However, sow and pig performance, and 
neonatal bone mineralization were not influenced by increasing vitamin 03 in the diets. 
Therefore, based on this study feed supplementation can be used to manipulate piglet serum 
25(0H)O3. However, as in the other oral supplementation studies reported there was no clear 
improvement in production traits or measures of bone mineralization (Table 1 ). 
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Table 1. Summary of recent vitamin D supplementation experiments. 

Serum 
Exp. Vitamin D3 Source 25(OH)D3 Growth Performance Bone Traits 

1 Oral dose + E =- E =-
2 

Oral dose, nursery + E =- Not Measured feed 

3 Oral dose + E=- E=-

4 Oral dose E =- + Not Measured 

5 Nursery water + E =-
Not Measured 

6 
Oral dose, + Not Measured Not Measured 
injectable dose 

7 
Maternal feed, + E ➔ E =-nursery feed 

Practical Recommendations 

Ensure adequate vitamin D supplementation in premixes: 

• Develop clear premix specifications 

• Use reputable premix suppliers 

• Verify premix production batch sheets 

• Ensure timely product utilization ( <60 d) 

• Separate vitamin and trace mineral premix 

• Verify premix inclusions to diets 
- Inventory control 
- Eliminate hand adds 

• Evaluate mixer efficiency 

• Consider premix testing 

Also, ensure adequate amounts of calcium and phosphorus are being provided in the diet as 
well as ensuring appropriate phytase usage. Phytase usage is further complicated by the variety 
of phytase sources available and differences in release values per phytase unit depending on 
source. Since phytase is sensitive to heat and will degrade at high temperatures use similar 
precautions as with vitamins and consider heat stable products. Heat stable phytase products 
are essential to use in pelleted diets. 
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Vitamin D Toxicity 

Because the most cost effective form of vitamin D supplementation is though the feed and 
because of its relative low cost of supplementation, many nutritionists formulate with large 
margins of safety for Vitamin D. Also, reports from the field suggest that veterinarians are 
recommending high dosages in sow and early nursery phase diets in order to influence serum 
25(OH)D3 concentrations. However, note that excess concentrations of vitamin D can cause 
toxicity. Vitamin D toxicity is affected by dose and duration. Therefore, it is our recommendation 
to observe NRC (2012) guidelines for short and long term Vitamin D supplementation to 
establish maximum dietary vitamin D supplementation concentrations. Recommended upper 
safe dietary supplemental vitamin D concentrations are 2,200 IU per kg for exposure times 
greater than 60 days and 33,000 IU per kg of the diet when exposure time is less than 60 d. 
These concentrations represent 2.75 times the current vitamin D supplementation 
recommendations for sows (800 IUikg) and 10 times the supplementation rate recommended 
for nursery pigs (220 IU/kg) for long duration feeding. For short duration feeding the 
recommended upper level concentration is 41 times the current vitamin D supplementation 
recommendations for sows and 150 times the supplementation rate recommended for nursery 
pigs (220 IU/kg). In a 14 d preference study in nursery pigs comparing feed intake of diets 
supplemented with 1,378 or 44,100 IU per kg, pigs had a higher proportion of feed intake from 
the diets with the lower supplementation rate (Flohr, 2013). This suggests that high doses may 
have negative impacts on feed intake. 

In conclusion, it is clear that vitamin D needs to be supplemented in the premix. However, there 
does not appear to be any clear benefit from oral supplementation when adequate basal levels 
of vitamin D3 are provided in the diet. 
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