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• Modern broilers have a growth rate almost double than 30 years ago

• The rate of bone development does not match the fast growth rates of modern commercial 
broilers. 

• Bone maturity and functional potentials (e.g. tibia weight, length, density) are not reached until 25 
to 35 wks of age in broilers, long after the birds are typically marketed (Rath et al,. 2000*).

• The occurrence of lameness and bone fractures increases raising health, welfare and economic 
problems.

• If the problem is sub-clinical the broilers will reach the slaughterhouse but with increased 
condemnations, more carcasses being culled because of defects including “black bone syndrome”. 

* N.C.Rath et al., PoultryScience, 2000;79:1024-1032

The modern broiler



Physiology

• Early weeks: low enzyme production: 
– Lipase, Noy and Sklan, 1995.
– Liver: Saunder-Blades, 2008
– Bile: Noy and Sklan, 1995.dm

Adapted from:
Noy and Sklan, 1995

Development of the digestive enzymes after hatch Lipase
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Development of digestive tract in the early weeks of life
• Enzyme deficiencies 
• Enteric challenges 
• Enteritis and/or malabsorption 
• Vaccination against coccidiosis

Ward, 2004



Adapted from Gonzales and Sartori, 2002

In modern broilers, muscle mass 
deposition begins almost at the same 
time as bone tissue formation. 

The bone tissue develops first. Then, 
during the rapid growth phase, the 
muscle is developed. 
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Physiology
Allometric development of broiler growth



Zuidhof et al., 2014 

Abourachid, 1993

Center of gravity shifted forward
Joints with greater stress: 
microfractures, bacterial 

contamination due to 
bacterial translocation: 

lameness

Physiology
Allometric development of broiler growth



The Main Challenges of the Poultry Industry

Profitability

Welfare

Broiler 
Industry 
issues

Growth

FCR

Disease 
resistance

Gut health

Bone 
development

Bone health

Lean meat yield

Breast meat 
yield

Issues 
measured by 

these 
parameters:

Performance

Immune 
strength

P-Utilization

Meat quality

Issues 
related to:

….Is there a common thread ? 



Page 7

Mineral homeostasis 
and bone metabolism

Regulator of immune 
function 

Support skeletal 
muscle development 

and growth
Fertility

BIOLOGICAL ACTIONS OF VITAMIN D

Vitamin D is involved in all these mechanisms 

Animals2021,11,2971.https://doi.org/10.3390/ani11102971



Kidney

1,25-OH2-D3

Liver

25-OH-D3**

25-OH-D3HYDROXYLATION

Vitamin D3

Feed

By 25 25-OH-D3hydroxylase, a non-specific
and non-regulated enzyme.
Low levels: Fatty liver, young and old birds
**25-OH-D3 is the circulant form

Gut

D3

ABSORPTION

Absorbed by passive diffusion, intervention
of lipase and bile acids (forming micelles). 
Young birds, enteric disorders → limiting 

absorption.

Skin

Vitamin D3

7-de25-OH-
D3hydrocholesterol

UVB 
irradiation

Very low conversion 

Active form 
Biological actions

Production 
carefully 
regulated

Soares et al., 1995; Atencio et al., 2005; Khan et al. 2010

Main limitations
• Any gut challenge will 

compromise the absorption 
of Vit D3;

• Any liver challenge will 
compromise the 25-OH-D3 
hydroxylation of the Vit D3
into 25-OH-D3;

• Up to 10-14 days the lipases 
and the 25-25-OH-D3 
hydroxylase are not totally 
efficient.

Vitamin D & 25OHD3
Metabolism summary
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Vitamin D & 25OHD3
Mode of action
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Vitamin D3 (25-OH D3or 1,25-(OH)2D3) enters the target cell 
and 1,25-(OH)2D3binds to its receptor, VDR, which is a 
transcription factor. The vitamin-receptor complex enters the 
nucleus and induces the synthesis of messenger ribonucleic 
acid (mRNA).

This mRNA codes for a protein responsible for a biological 
effect, such as Calcium Binding Protein or CaBP.

Vitamin D3 ( Calcitriol form) acts as a hormone via activation of its receptor (VDR), 
which regulates and modulates gene expression in target cells.

ex: Between 200 and 600 genes per cell type are the primary targets of vitamin D , (Carlberg, 2014)

Amounts of 1a-25-OH-D3hydroxylase mRNA in 
different organs of chicks at birth
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Vitamin D’s “Classic” Role: Ca/P homeostasis

In the intestine
• 1,25(OH)2D3 stimulates Ca absorption

through the epithelium by increasing the
permeability of tight junctions

• Enhances the absorption of phosphate by
an upregulation of the Na-Pi-transporter

In the kidney
• 1,25(OH)2D3 enhances the expression of

genes for basolateral calcium transporters
(resorption from urine to blood)

In the bone
Under hypocaelcemia: 
1,25(OH)2D3 + PTH stimulates mobilization 
of Ca from bones to increase ionized Ca

Under positive calcium balance: 
1,25(OH)2D3 stimulates bone growth and 
mineralization by:
• increasing plasma Ca and P
• direct effects exerted in osteoblasts

(Image from Nelson et al., 2020)



Vitamin D’s “Increasingly Popular” Role: Muscle development and growth

Christian M., et al, Endocrine Reviews, February 2013, 34(1 ):33– 83



Vitamin D’s “Increasingly Popular” Role: The Immune System

1,25(OH)2D3

25(OH)D3

Vit D3
Liver

25-25-OH-
D3hydroxyvitamin D3

25(OH)D3

1,25(OH)2D3 Vitamin D 
receptor

CYP27B1

iNOS gene promoter

Nitric Oxide
β-Defensins
Antioxidants

1,25-di25-OH-
D3hydroxyvitamin D3

Source: Poindexter 

1,25(OH)2D3 stimulates gene expression involved in innate 
immunity, including toll-like receptors 2 (TLR2) and −4 
(TLR4) associated with the defense against infectious 
agents such as lipopolysaccharides (LPS).

Macrophages 

Resulting in

Reduction 
of ROS

Reduction in 
inflammation

Increased 
bactericidal activity

Norman, 2008; Shanmugasundaram& Selvaraj, 2012; 
Morris et al., 2014, Shojadoost et al., 2015



Vitamin D modulates
the Innate Immune System

The bacterial infection triggers the 
activation of toll-like receptors (TLRs) 
that regulates VDRs expression and 
25(OH)D3, 1-25-OH-D3hydroxylase 
activity

Claudia Sirbe abdcoll, International 
Journal of molecular Sciences, 2022

Bacterial killing
Decrease inflammation
Decrease autoimmunity



The main immune cells have VDR (Vit D receptor) and have the ability to convert calcidiol to calcitriol 
(enzyme 1-α-25-OH-D3hydroxylase CYP27B1)

MichelinoDi Rosa and coll, Immunology 201 1

Adaptive 
Immunity 

Passive & Innate
Immunity

Vitamin D and 25-OH-D3  boosts immune function and health



In humans and animals, vitamin D and VDR expression are necessary for muscle 
development, myocyte differentiation, muscular volume, and function maintenance

Skeletal Muscle-Immune System Interplay: A Two-Way Route



Skeletal Muscle-Immune System Interplay: A Two-Way Route

The review provides the evidence that deficiency of vitamin D through oxidative stress 
and disruption of mitochondrial function may affect the development of skeletal muscle 
atrophy. Vitamin D Deficiency



Vedi Castamagna

25OHD3 Safe, efficient, reliable form
(circulating form)

IMMUNE SYSTEM
Stimulation

MUSCLE CELLS
Growth and 

differentiation

1,25-(OH)2-D3 binds to Vitamin D3 Receptors 
(VDR) → triggering their functions

GUT
Ca & P 

absorption

BONE
Bone

turnover

KIDNEY
Ca and P 

reabsorption

Mineral metabolism

1,25-(OH)2-D3

VDR - found in cells and 
tissues

1,25-(OH)2-D3 1,25-(OH)2-D3

1,25-(OH)2-D3 Active Form, ‘hormonal’ Form

25-OH-D3 is THE Biomarker to assess the 
vitamin D status in humans and animals

=> 25OHD3 is the circulating form



Supporting nutrient allocation and metabolism

Absorbed 
nutrients

Feed

Ingestion
Digestion

Nutrients 
allocation

Rauw (2009), Doeschl-Wilson, (201 1 )

Pre-absoptive Post-absorptive

Maintenance

Production
Retention

Growth
Lean deposition

Basal metabolism

Immune responsible, sub-
clinical inflammation

Digestive
efficiency

Diet Digestion & 
absorption

Support resilience via digestibility 
enhancement and gut functionality

Support resilience via post-absorptive effects, supporting 
immune competency, mitigating oxidative stress, protecting 
cells, and mitigation inflammation 

Bone health and 
strength

25-OH-D3
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Optimum 25-OH-D3 level in humans for endocrine/skeletal homeostasis function
References values and interpretation of vitamin D status in humans

Source: Serdar et al., 2017

• There is an inverse relationship between PTH and 25-OH-D3

• PTH levels reach a stable plateau (35 ng/l) above 25-OH-D3
levels of 75 nmol/l (30 ng/ml)

• The value of 30 ng/ml is suggested to be the clinical decision 
threshold for 25-OH-D3 for both male and female adults 

Laboratory results of 9890 female and 2723 male 
individuals aged 38.8±22.1 years who had simultaneous 

measurements of 25(OH)D3 and PTH

25OHD3 ng/ml Reference

30 - 31 Chapuy et al., 1997

20 Malabanet et al., 1998

32 - 36 Heaney et al., 2003

30 - 31 Holick et al., 2005

20 - 30 Balland et a., 2007, 2008*

30 Serdar et al., 2017

* seasonal influence (winter-summer)



Optimum 25-OH-D3 level in humans for paracrine/autocrine functions

References values and interpretation of vitamin D status in humans

Grant et al., 2022



Optimum 25-OH-D3 level in humans for different functions and deficiencies

Interpretation of vitamin D status in humans

25OHD3 level (ng/ml) Status

30 - 50 Healthy individuals

<30 Insufficiency

<15 Deficiency (rickets, osteomalacia possible)

<5 Severe deficiency (rickets, osteomalacia frequent)

• Reference Baekeet al., 2010 (adaptation):

25OHD3 level (ng/ml) Status

>30 (40 – 60?) Associated with non-calcemic health benefits (e.g. severity of 
COVID-19- lung injury and mortality)=> Paracrine/autocrine 
functions

30 Adequate for optimum bone health=> Endocrine functions

20 - 30 Insufficiency

<20 Deficiency; risk of bone disorders

• Reference Holick, 2023 (adaptation):

Baggerly C et al , 2013



Vitamin D3 nutritional status
Confrontation of dietary vitamin D3 and 25OHD3

• Providing 25OHD3 in the diet significantly improves 25OHD3 plasma level
• The absorption of 25OHD3 being faster, more efficient and independent from fat metabolism ensures higher 

25OHD3 plasma level even when gut functionality is impaired (e.g., malabsorption syndrome)

24 Saunders-Blades & Korver, 2014
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How 25-OH-D3 enhancing 
Immunity 
In modern Broiler production 



Why focussing on vitamin D as an immunomodulator

Scopus, “vitamin D” and immunty

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

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



Source: Shajadoost. et al., 2021

Vitamin D3 and 25OHD3 show significant improvements in immune response

Vitamin D  Improve resilience and health



Vitamin D3 at 5,000 IU/kg feed and the addition of 25OHD3 at 69 mg/kg significantly 
increased the immunocompetence of broilers

Source: Vásquez et al., 2018

NDV: New Castle Disease Virus

▪ Vitamin D average effect: 5.77 vs 8.46 P<0.05
▪ 25-OH-D3 average effect: 6.62 vs 7.61 P<0.05
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Vitamin D  Improve resilience and health



Regulation of the inflammatory response → Energy for performance

0

2

4

6

8

21 d 35 d

Bo
dy

 w
ei

gh
t 

ga
in

 2
4h

, e
xp

re
ss

ed
 

as
 %

 o
f b

od
y 

w
ei

gh
t 

be
fo

re
 L

PS
 Vit D3

25-OH Vit D3

25-OH Vit D3 -
14d

a

ab
b

a

b
b

p = 0.03

p = 0.01

Treatments
• 1. Vit D3 3,000 IU/kg D3
• 2. *25OHD3 69mg/kg 

(2,760 IU/kg) 1-35d
• 3. *25OHD3  69mg/kg 

(2,760 IU/kg) 1-14d; control 
15-35d

• 20 and 34 days of age, 
Salmonella typhimurium
LPS

25-OH-D3 better modulation of the Immune Response 

Morris A. et al., 2014

Vitamin D  Improve resilience and health
Confrontation of dietary vitamin D3 and 25OHD3



Morris A. et al., 2014

Levels of IL-1β mRNA in the liver

IL-1β= pro-inflammatory
mediator

The production of acute phase proteins requires a large
amount of energy that is not directed to growth. 

Treatments:
• 1. Control 3,000 IU/kg D3
• 2. 25-OH-D3; 69ug/kg (2,760 IU/kg) 1-

28d
28 d – challenged or not (LPS). 
24 h after challenge - measured IL-1β
mRNA 
(Real time PCR).

Vitamin D  Improve resilience and health
Confrontation of dietary vitamin D3 and 25OHD3

25-OH-D3 better modulation of the Immune Response 
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P = 0.20 (Quadratic) 

Levels of nitrite in macrophages stimulated with LPS

Morris A. and Selvaraj, 2015

ROS-ON: antimicrobial components responsible for eliminating bacteria 
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Vitamin D  Improve resilience and health
Confrontation of dietary vitamin D3 and 25OHD3

25-OH-D3 better modulation of the Immune Response 
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P values: 12 h: 25-25-OH-D3hydroxycholecalciferol, P = 0.17; LPS, P < 0.01; 25-25-OH-D3hydroxycholecalciferol *LPS, P = 0.25; 48 h: 25-25-
OH-D3hydroxycholecalciferol, P < 0.01; LPS, P < 0.01; 25-25-OH-D3hydroxycholecalciferol *LPS, P < 0.01. 

IL-10: Anti-
inflammatory

marker

Levels of IL-10 mRNA in macrophages stimulated with LPS

Morris A. and Selvaraj, 2015

25OHD3 increases the production of IL-10 in macrophages stimulated with LPS

*

* ** **

**

*
*

*12 h 48 h

Vitamin D  Improve resilience and health
Confrontation of dietary vitamin D3 and 25OHD3

25-OH-D3 better modulation of the Immune Response 



25-OH-D3 - anti-inflammatory activity:
• Limits excessive immune reactions that are costly in terms of energy. 
• Avoids the impact on weight gain.
• Improves performance efficiency.

Antimicrobial effects:
• Improves the production of antimicrobial peptides
• Favors early maturation of monocytes and macrophages, improving the non-specific immune 

response. 
• 25-OH-D3 increases the immune response, both humoral and cellular, at the time of infection, when 

it is necessary.

36

25-OH-D3 and immune response



Conclusion and key home messages

37

Broilers are exposed to a number of challenges that 
affect the post-absorptive metabolism, nutrients 
allocation and  immune systems

The adaptation in the metabolism may affect 
protein balance (Proteolysis – Proteosynthesis), 
amino-acids requirements (quantitatively and 
qualitatively), which compromise muscle 
deposition and bones mineralization

Vitamin D nutrition, and higher vitamin D blood 
levels thanks to 25(OH)D3 nutrition, supports the 
immune competency, and helps to cope with the 
difference challenges (mitigation of virus effect, 
mitigation of LPS effects, Muscle – Immune axis 
modulation….)
➔ maintain optimal performances

25-OH-D3 can support the 
immune competency of broiler 
chicken, for better health, 
resilience, and performances
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