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Less feed, more milk, animal welfare
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Role of Innovation

"In a world of rising costs, climate constraints, and ethical scrutiny, the dairy industry faces a bold challenge: how to produce more milk with 
fewer resources—while improving animal welfare? Innovation is enabling this transformation, turning constraints into catalysts for smarter 
and more sustainable dairy production"

Feed use dropped 15% while milk 
yield rose 19% over 15 years in 

North America

Precision feeding systems reduce 
waste and improve ROI. 

Sensor-based feed analysis ensures 
optimal nutrient intake per cow

Welfare linked to productivity: 
Healthy, stress-free cows 

produce more milk

Smart barns & robotics reduce 
stress and allow cows to express 

natural behaviors

Precision farming and data 
management

Technology is the catalyst for more 
sustainable farming (IoT, machine 
learning, data management, new 

feed additives, etc.)

Innovation is the key to unlocking a future where dairy farming is more productive, more ethical, and more 

sustainable. By investing in smarter systems and prioritizing animal welfare, we can produce more milk 

with less feed—and build a resilient dairy industry for generations to come
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Solid and Growing Evidence of Immune Relevance of Vitamin D

Scopus, “vitamin D” and immunity

Number of publications / year, including in 
the title vitamin D and immunity

• Vitamin D has a signalling role in modulating both the 
adaptive and innate branches of the immune system 
(Koivisto et al. 2020; Ismailova and White 2021)

• Vitamin D makes these changes in its calcitriol form by 
interacting with vitamin D receptors (VDR) on B and T 
lymphocytes, neutrophils, monocytes, and dendritic 
cells

• Vitamin D also induces production of antimicrobial 
peptides by macrophages, epithelial, intestinal, and 
lung cells.



4

Optimum Vitamin Nutrition
https://optimumvitaminnutrition.5mbooks.com/

https://optimumvitaminnutrition.5mbooks.com/
https://optimumvitaminnutrition.5mbooks.com/
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Muscle

Support skeletal muscle 
development and growth

deposition & Improved efficiency

Immunity

Regulator of immune receptors, 
function and stressors, pathogens,  

mortalities

Bone

Mineral homeostasis & bone 
metabolism

health & reduced lameness issues

BIOLOGICAL ACTIONS OF VITAMIN D

Vitamin D in ruminants
Nutrient & Energy allocation and metabolismto support improvementsfor…

Improving mineral utilization for 
muscle growth and gene
activationmuscle cells 

development

Ensuring immune competency 
without over-stimulating the immune 

system and increasing nutrients 
requirements

Ensuring good bone health
and strength via appropriate micro-nutrient 

and mineral supply, to minimize losses 
resulting from hypocalcaemia and lameness

Calcium and phosphorushomeostasis
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Hy-D®, the immediate source of Vitamin D

Skin

UVB

Bone

Liver

Kidney

Intestine

Metabolic Functions
Bone formation, 

maintenance and 
health

Neuromuscular Functions

PHT(+) (+)Low PO2
4

Vitamin D3
7 dehydrocholesterol

Dietary vitamin D 
from feed and 
supplement

Increased absorption 
of Ca and P Mobilization of 

stored calcium

25-OH-D3

1-25-OH-D3

Maintains serum calcium and phosphorus levels

D3 25-OH-D3

Liver
The bottleneck 

25 hydroxylase

1-α hydroxylase

Calcitriol

UV-radiation 290-315nm    
UV index > 3

Cholecalciferol
Half-life 24h

Calcidiol

Half-life 2 h

Half-life 3 weeks
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McGrath et al., 2015

High-performing cows are not able to replenish their Ca reserves

• Every new lactation, the cows arrive 
with lower Ca levels to calving

• Older cows are more prone to 
Hypocalcemia

Assumptions: Liveweight cow 600 kg, 25 kg milk/d, DMI 20 kg/d in lactation, 11 kg/d in dry 
period. Dietary Ca content 0,6% (NRC, 2001), absorption efficiency in lactation 0,38 (NRC, 
2001) and in dry period 0,25 (van´Klooster, 1976)
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Optimal Serum 25-OH D3 Levels (Nelson et al., 201 8)
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• <5 ng/mL serum 25 OH D will result in rickets

• 10-20 ng/mL serum 25 OH D insufficient for Ca and P 
homeostasis, bone health, immune function

• Adequate supply for immunity theoretically >30 ng/mL 

• >100 ng/mL associated with increased immune 
health and performance (Nelson et al., 2018)

• Does not occur naturally – liver D3 “bottleneck”

• Possible natural occurrence range with D2 & D3 sources
• Depends on season, stress load, etc. 

D3
25 OH D

Liver

Nelson, 2023



• 4 groups of 12 lactating Holstein cows 
- multiparous (MY ±34 kg, DIM ±190)

• Treatment: 1 or 3 mg vitamin D3 (1mgD 
or 3mgD) or 1 or 3 mg 25(OH) D3 
(1mg25D or 3mg25D) for 28 days

• Diet: corn silage, alfalfa hay, and  corn 
grain. Ca=0.68%; P=0.33%; Mg=0.31%; 
vitamin D3 22,000 IU/cow/day 

25-OH D3 ® in Dairy Cows
Ensures optimal plasma levels of 25-OH-D3 in dairy cows 

Poindexter et al., 2020- Journal of Dairy Science 

a ab

b

c

a a a aa a

c
b

b
b

c

c

c

1 mg Hy-D®: 1.5 times higher plasma level 
of 25(OH)D3 after 7 days than 1 mg VitD3 

3 mg Hy-D®: 2.7 times higher plasma level 
of 25(OH)D3 after 2 days than 1 mg VitD3 
after 28 days a,b,c P<0,05





The cells immune
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https://www.thoughtco.com/types-of-white-blood-cells-373374

EosinophilNeutrophilBasophil

Lymphocyte

Innate immune cells
Non-specific

The first and fastest line of defense 
(Physical and Chemical Barriers)

Adaptative/humoral immune 
cellsSpecific

Also known as acquired immunity, is more 
specialized and develops over time.

Builds pathogen-specific memory over time
Monocyte Dendritic cells

Macrophage

Myeloid progenitor

B-cellNK cell T-cell

Cytokine

Antibody

Immune system linkage

coordinate 
immune response

target and kill virus-infected 
and cancerous cells

Antigen presentation 
to activate T cells

First responders to 
infection

Engulf bacteria/fungi 
Proteases, defensins, 

and enzymes

Fighting parasitic 
infections, play a role 
in allergic reactions

Allergic and 
inflammatory responses

Histamine



25-OH D3 plays significant role in immune system

Innate Immune System

1. Antimicrobial Peptides: 25(OH)D3 enhances the 

production of antimicrobial peptides like β-defensin, which 

are crucial for the initial defense against pathogens

2. Nitric Oxide Production: It boosts the production of 

nitric oxide, a molecule that has antimicrobial properties and 

helps in killing bacteria

3. Macrophage Activation: 25(OH) D3 activates 

macrophages, which are essential for engulfing and 

destroying pathogens

Adaptive Immune System (lymphocytes) 

1. T Cell Modulation: 25(OH) D3 influences the activity of T cells, 

which are vital for adaptive immunity. It helps in the 

differentiation and function of these cells, ensuring a more 

effective immune response

2. B Cell Function: It also affects B cells, which are responsible 

for antibody production. This modulation helps in the 

production of specific antibodies against pathogens

Overall Benefits

Disease Prevention: By enhancing innate and adaptive immune responses, 25(OH)D3 helps in preventing diseases 

such as mastitis in dairy cows

Calcium Homeostasis: It aids in maintaining calcium balance, which is crucial for overall health and immune function

Source: Bikle 2008; Peelen et al. 2011; Martens et al. 2020; Ismailova and White 2021
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25-OH D3 enhanced immune response and minimized the severity of mammary 
infection during a S. uberis challenge in mid-lactation cows

Treatments:
3 mg Hy-D®
1 mg D3 
Treatments Period:

>110 DIM
28 days

At 21d, Streptococcus uberis 
challenge (3000 CFU)

12h after a severe case onset or
 48h after moderate case onset,  
antibiotics were provided 

Figure . Clinical outcomes of intramammary S. uberis challenge.

Figure . Effects of treatment on indicators of mastitis severity during S. uberis 
challenge.



Enzyme to convert 25OHD3 in 1,25OHD3 in active form in the kidney (also present in skin, immune cells and bones)

Vit D receptor, regulates the gene expression
1,25OHD3 degradation (hydroxylation), maintaining the vitamin balance and immune system 
functionality (present in the mitochondria)

Defensins, peptides with antimicrobial activities, acting protecting against infections

Phagocytosis and recruiting lymphocytes T and dendritic cells to inflammation site
Inflammatory response mediator: recognizing, activating and body response (pain, fever, sensisivity, …)

Produces nitric oxide, induces inflammation response, potent free radical, antimicrobial and antiviral 
(prevents excessive inflammation and tissues damages)

1Gene expression in milk somatic cells and concentrations of 25(OH)D in serum were measured at d 0, 7, 14, and 21 of the experiment. The associations between serum 25(OH)D and gene expression as ΔCt [Ct(gene of interest) − Ct(control genes) = ΔCt, where Ct = quantitative PCR threshold cycle] were analyzed with a 
mixed model that included fixed effect of serum 25(OH)D and random effect of cow nested within block and treatment. The ΔCt of CYP27B1 and VDR were also included in the model, as effects of 25(OH)D in immune cells depend on immune cell CYP27B1 and VDR abundance. 
2Gene abbreviations: CYP27B1 = cytochrome P450 family 27B1, VDR = vitamin D receptor, CYP24A1 = cytochrome P450 family 24A1, DEFB = β-defensin, LAP = lingual antimicrobial peptide, CCL = chemokine (CC) motif ligand, IL1B = interleukin 1β, iNOS = inducible nitric oxide synthase. 
3The coefficient for effect of serum 25(OH)D was multiplied by −1 × 103 for reporting purposes because the ΔCt decreases as transcript abundance increases. Using the transformation of 2−ΔCt, a coefficient of 4 equates to a 3% increase in transcript abundance for each 10 ng/mL increment of serum 25(OH)D.

14
Source: Poindexter et al., 2019

1α-hydroxylase



1Gene expression in milk somatic cells and concentrations of 25(OH)D in serum were measured at d 0, 7, 14, and 21 of the experiment. The associations between serum 25(OH)D and gene expression as ΔCt [Ct(gene of interest) − Ct(control genes) = ΔCt, where Ct = quantitative PCR threshold cycle] were analyzed with a 
mixed model that included fixed effect of serum 25(OH)D and random effect of cow nested within block and treatment. The ΔCt of CYP27B1 and VDR were also included in the model, as effects of 25(OH)D in immune cells depend on immune cell CYP27B1 and VDR abundance. 
2Gene abbreviations: CYP27B1 = cytochrome P450 family 27B1, VDR = vitamin D receptor, CYP24A1 = cytochrome P450 family 24A1, DEFB = β-defensin, LAP = lingual antimicrobial peptide, CCL = chemokine (CC) motif ligand, IL1B = interleukin 1β, iNOS = inducible nitric oxide synthase. 
3The coefficient for effect of serum 25(OH)D was multiplied by −1 × 103 for reporting purposes because the ΔCt decreases as transcript abundance increases. Using the transformation of 2−ΔCt, a coefficient of 4 equates to a 3% increase in transcript abundance for each 10 ng/mL increment of serum 25(OH)D.

15
Source: Poindexter et al., 2019



Location: USDA National Animal Disease Center 
• 10 lactating cows
• Prior to the study, all cows were healthy, and no bacteria were detected in 

milk prior to the study
• Cows feed a standard ration with 30,000 - 40,000 IU of vitamin D per day
• Mammary gland infection (into one quarter of all ten cows ) was induced 

by infusion of approximately 500 cfu of Streptococcus uberis strain 0140
• 2 treatments (in the infected Quarter):

• 10 ml of FBS + 100 ug of 25(OH)D3 intramammary infusion
• 10 ml of FBS only in the infected quarter

Conclusion:
• Demonstrated for the first time a positive in vivo effect of intramammary administration of 25(OH)D3 on the course of a bacterial infection 

in the mammary gland. This finding suggested a significant non-antibiotic complimentary role for 25(OH)D3 in the treatment of infections
• The 25OH D3 treated animal showed significantly lower bacterial counts in milk and showed reduced symptomatic affects of the mastitis
• It is significant that treatment with 25OH D3 reduced the severity of an acute bacterial infection

Results: 
• No changes in 25OHD3 serum levels
• Hy-D with intramammary infusion decreased the severity of the disease
• Lowering bacterial counts, SCC and rectal temperature in Hy-D treated cows
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25OH D3 Supplementation Prepares the Cows Better for Immune Activity

Treatments:
• 1 mg D3
• 1 mg 25OH D3
• 3 mg D3
• 3 mg 25OH D3

DCAD of all treatments: -77 mEq/kg

Treating Period:

Prepartum 
Sampling: -10 DIM

Calving-30 DIM

Postpartum 
Sampling: 3 DIM

Figure. Effect different vitamin D sources on peripheral blood leukocyte gene 
expression. Heat maps were generated including differently expressed genes (P < 
0.05). 

Conclusion:
“Supplementing 25OHD3 provides an opportunity to alter leukocyte machinery 
to harness immune responses to fend off infections”
Hy-D enhanced expression of numerous genes involved in a multitude of pathways 
for cell adhesion and migration, intracellular signaling, and activation of 
antimicrobial mechanisms to eventually eliminate pathogens

1mg    3mg
D3 25OH D3

D3 25OH D31mg 3mg 1mg 3mg 

1mg 3mg 1mg 3mg 



25OH D3 Effect on Diseases during Early Lactation

Key Message:
• Anionic diets are efficient at reducing risk of <2.0 Ca
• 25OH D3 is not a replacement for anionic diets, but can work complementary to it:

• Improved Ca/P Metabolism 
• Immune System boost (i.e. lowering retained placenta, metritis and multiple diseases 

incidence)

Treatments:
• (+130) DCAD x 3 mg 25OH D3
• (+130) DCAD x 3 mg D3
• (-130) DCAD x 3 mg 25OH D3
• (-130) DCAD x 3 mg D3

Treatments Period:

50 DIMCalving-21 DIM

improve overall health and reduce the 

risk of multiple concurrent diseases in 
dairy cows

(+) DCAD (-) DCAD P-value

Clinical Diseases D3 25OH 
D3

D3 25OH 
D3

DCAD Vit. D 
source

Retained Plascenta 31.6 5.0 30.0 0.0 0.61 <0.01

Hypocaelcemia 15.8 30.0 0.0 0.0 <0.01 0.32

Metritis 52.6 31.6 40.0 15.0 0.16 0.03

Displaced 
Abomasum

0.0 10.5 10.0 0.0 0.96 1.00

Mastitis 5.3 15.8 10.0 15.0 0.66 0.28

Morbidity 52.6 60.0 50.0 20.0 0.05 0.27

Multiple Diseases 36.8 25.0 35.0 10.0 0.29 0.06

Table. Effect of DCAD and source of vitamin D fed prepartum on postpartum diets



25OH D3 Effect on Diseases during Early Lactation

Treatments:
• (+130) DCAD x 3 mg 25OH D3
• (+130) DCAD x 3 mg D3
• (-130) DCAD x 3 mg 25OH D3
• (-130) DCAD x 3 mg D3

Treatments Period:

50 DIMCalving-21 DIM Percent of neutrophils with phagocytic (A, p=0.91) and oxidative burst (B, p=0.05) 
in cows fed pre-partum diets

% of neutrophils that are capable 
of engulfing and ingesting 
pathogens

% of neutrophils that produce reactive 
oxygen species (ROS), a crucial 
mechanism for killing ingested 
pathogens
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Supplementation of 25-OHD3 during transition improved blood ionized 
calcium levels and health status of Holstein cows

49 DIMCalving-21 DIM

Treatments:

• Control (D3 ):
Dry: 20 000 IU D3/cow/d 
Lactating: 25 000 IU/cow/d 

Treatments Period:

21 DIM

• Treatment (Hy-D®):
Dry: 1.45 mg 25-OHD3/cow/d (No D3)
Lactating: 1 mg 25-OHD3/cow/d
+ 25 000 IU D3/cow/d

Experimental design:
Cows: 40 multiparous Holstein, 
Diet: NorFor recommendations (Nordic Feed Evaluation System)
*Presented results are preliminary
**Group size limits statistical power

Objective:
Evaluate the impact of dietary and plasma 25-OHD3 levels on 
blood calcium, immune and health parameters surrounding 
transition period

JDS article accepted 202509

Nordic recommendations, Volden 2011
Diets
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25OH D3 recommendations acheived target blood levels
Optimum
Serum levels >100 ng/ml
• Enhanced positive effects on calcium metabolism, immunity(Nelson et al., 2010) and milk production (Poindexter et al., 

2020; Silva et al., 2022; Xu et al., 2021) 

• A DCAD reduction during prepartum diet strengthens the effect on calcium metabolism prepartum
(Beck et al., 2022; Silva et al., 2022; Wilkens et al., 2012)

Figure: Treatments effect on blood 25-OHD3 levels 
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25OH D3 impact on blood ionized Ca levels
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Other transition parameters quantified

Control 
(n = 20)

25OH D3
 (n = 20)

Fisher's exact test 
probability

Milk fever 3 0 0.115
Metritis 1 0 0.500
Dystocia 1 1 0.513
Mastitis 5 1 0.081
Retained placenta 2 0 0.245
*University reported no unusual difference in Treatment cows than usual outcomes at -100 mEq/kg

• Hy-D® demonstrated a clear advantage in the incidence of clinical diseases

• Low significance due to number of animals but clear numerical advantage

• Results in alignment with Martinez, 2018
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20 cows/farm, 25-OH D3 levels weak linked to supplementation levels
measured in April/June 2024 

Survey 

SE Farm - MY 48kg/cow/d, 850 lactating

Avg Min Max

-7 DIM

-80 DIM

-300 DIM

Farm 1– Dry 40000 IU/d D3
Lact. 10400 IU/d D3

Farm 2 – Dry 13000 IU/d D3
Lact. 40640 IU/d D3
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Very similar 25-OH D3
Despite high low diet D3
Highlights limit of liver D3 metabolism



Began 25-OH D3 Sept 2024, sample January 2025
Mineral supplier Stroe

Survey EU - Nordic

0

20

40

60

80

100

120

140

160

180

200

Dry
(-14 to 0 DIM)

Early
(0-7 DIM)

Mid
(40-80 DIM)

Late
(200-300 DIM)

Se
ru

m
 2

5O
H

D
3 

(n
g/

m
l)

Dry 56d - 1.25 mg/cow/d, no D3 
Lactating – 0.6 mg/cow/d + 21 000 IU D3
*Note – low cows all Primiparous moved to close up 30-40 d pre calving
**Late animals did not get HyD during close up
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Most Dairy Cows Have Poor Vitamin D Levels
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Distrubution of Serum 25(OH)D: Dairy Cattle

• 702 samples collected from 
12 different herds.  

• Cows received 30K-50K IU 
vitamin D3 daily
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Beef Cow Vitamin D Status

• Beef cows on pasture in 
northern and southern 
regions of US

Dairy Cows, USA Beef Cows, USA

• Serum 25-OH-D3 is the accepted status indicator
• Levels above 100 ng/ml support optimum immunity (Nelson et al., 2018)

Dairy Cows during Transition, Ireland
• 842 samples from 12 spring’calving farms

• 25OHD3 concentrations correlated 
positively with immune cell populations

• “Current supplementation strategies may 
not equip cows for optimal immune 
function”

(Ryan et al., 2023)



First insights: 
25-OH-Vitamin D3  Survey
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Overview
Farms: 22  

Countries:  8
 
Cows: 628 

Different lactation stages: 4

Primiparous, Multiparous

2 Phases: Spring, Summer



25-OH-Vitamin D3 levels (Plasma) 

Cows

Belgium 44

France 98

Germany 111

Italy 96

Netherlands 91

Nordic 140

Spain 48

Average level: 40 ng/mL



Average 25-OH-Vitamin D3 levels (Plasma)

Cows

Belgium 44

France 98

Germany 111

Italy 96

Netherlands 91

Nordic 140

Spain 48



Comparison Phase 1 vs. Phase 2

Increase of levels 
from Spring to 
Summer



25-OH-Vitamin D3– Diet levels

Country Average 
(IU/cow/day)

Belgium Dry 36,000
Lactation 36,921

France Dry 19,700
Lactation 28,535

Germany Dry 25,857
Lactation 20,630

Italy Dry 10,625
Lactation 36,208

Netherlands Dry 17,508
Lactation 29,690

Nordic Dry 26,090
Lactation 25,905

Spain Dry 19,950
Lactation 37,419

High variation between countries and 
strategy

Weak correlation between diet vitamin D 
levels and levels in plasma. 

R2 = 0.2714



Impact of lactation phase

a a

b

b Slightly lower levels in 
dry and early lactation 

cows.

Level

Dry 41 ng/mL

Early 40 ng/mL

Peak 44 ng/mL

Late 48 ng/mL



Impact of lactation phase & parity

a

b

a

b

Difference in dry 
and early lactating  

cows.
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25-OH D3 Trial
Italy
Aim: Effect of Hy-D® on dairy cows performances and immunity

Location: Commercial feedmill in Lombardia region, North Italy.
Consorzio di Cremona (CAP)

3 comercial dairy farms, 200 cows
Typical local diets with silage, corn flour, hay, straw

dsm-firmenich premix in Lactation period:
• 100 grams / cow /day
• 1 mg of HyD

Start: 01/05/2025 
Finish:28/02/2026

Azienda A

Azienda B

Azienda C



Andrea Codato, Scuola di Specializzazione Igiene del latte 
2025
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• Higher DSCC and PLCC values in cows supplemented with HyD  
indicate an enhanced immune cell presence in the udder, reflecting 
improved immune system activity without triggering inflammatory 
reactions. This strengthened immune response is associated with 
better control of both subclinical and clinical mastitis, supporting 
overall udder health and reducing disease incidence in dairy herds



38


	Default Section
	Diapositiva 1: Il ruolo della vitamina D nell’immunità dei bovini
	Diapositiva 2: Less feed, more milk, animal welfare 
	Diapositiva 3: Solid and Growing Evidence of Immune Relevance of Vitamin D 
	Diapositiva 4
	Diapositiva 5
	Diapositiva 6: Hy-D®, the immediate source of Vitamin D 
	Diapositiva 7
	Diapositiva 8: Optimal Serum 25-OH D3 Levels (Nelson et al., 2018)
	Diapositiva 9: 25-OH D3 ® in Dairy Cows
	Diapositiva 10
	Diapositiva 11: The cells immune
	Diapositiva 12
	Diapositiva 13: 25-OH D3 enhanced immune response and minimized the severity of mammary infection during a S. uberis challenge in mid-lactation cows
	Diapositiva 14
	Diapositiva 15
	Diapositiva 16
	Diapositiva 17: 25OH D3 Supplementation Prepares the Cows Better for Immune Activity
	Diapositiva 18
	Diapositiva 19
	Diapositiva 20: Supplementation of 25-OHD3 during transition improved blood ionized calcium levels and health status of Holstein cows
	Diapositiva 21: 25OH D3 recommendations acheived target blood levels
	Diapositiva 22: 25OH D3 impact on blood ionized Ca levels
	Diapositiva 23: Other transition parameters quantified
	Diapositiva 24: Survey 
	Diapositiva 25: Survey EU - Nordic
	Diapositiva 26: Most Dairy Cows Have Poor Vitamin D Levels 
	Diapositiva 27: First insights:  25-OH-Vitamin D3  Survey
	Diapositiva 28
	Diapositiva 29: Overview
	Diapositiva 30: 25-OH-Vitamin D3 levels (Plasma) 
	Diapositiva 31: Average 25-OH-Vitamin D3 levels (Plasma)
	Diapositiva 32: Comparison Phase 1 vs. Phase 2
	Diapositiva 33: 25-OH-Vitamin D3– Diet levels
	Diapositiva 34: Impact of lactation phase
	Diapositiva 35: Impact of lactation phase & parity
	Diapositiva 36: 25-OH D3 Trial
	Diapositiva 37
	Diapositiva 38


