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Skeletal and muscles developement
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LayingPre-layingGrowing 

Egg formation 

From 19 weeks

The story of a laying hen 

Sinclair-Black M. et al., Frontiers in Physiology, 2023
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The story of a laying hen 
Laying and eggs formation  

Hydroxyapatite
Ca₅(PO₄)₃

Reproductive system Skeletal system 

 20%-40% of calcium from bones
 Bone resorption by osteoclastesis

Repeated process 

Osteoporosis

Bone 
abnormalities

Environnemental 
challenges Vaccination 

Oxidative stress 

High metabolism

Egg production
Shell quality
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The story of a laying hen : giving hand ?  

From an early stage 

Standardized Dry Grape Extract (SDGE)

Anthocyanins Procyanidins

Gallic acid

Standardisation on polyphenols :

Increases production 
of antioxidant enzymes

Better immune response 

Malvidin Engler et al., 2021, published results
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Objective : study of the impact of a Standardized Dry Grape Extract (SDGE) on pullets’ bones 
and the contribution to the characterization of its mode of action

From an early stage 

SDGE

Positive impact on bone developement ?

Mechanisms or/and metabolic pathways behind it ? 
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Evaluation of Standardized Dry Grape Extract (SDGE) on pullets 

30mg/kg NG (n=18150)

CTL (n=18150)

Wk17

Metabolomic analysisBone parameters analysis

 Plasma sampling  Bones sampling 

Analysis Parameter 

Autopsy Keel bone deformity

Bone quality Bone flexibility, dry matter, mineral matter, Ca + P 
content
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Evaluation of SDGE on pullets : metabolomics analysis  

Hydrophobic
extracts

Hydrophilic
extracts

2 groups ; n=2x8

NG group

Control 
group

Metabolites extraction 1

Zhang et al., analytical chemistry, 2019
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Evaluation of SDGE on pullets : metabolomics analysis  

2 groups ; n=2x8

NG group

Control 
group

UHPLC-QTOF analysis2

 Separation
 Ionisation (ESI- and ESI+)
 Fragmentation

Hydrophobic
extracts

Hydrophilic
extracts

Metabolites extraction 1
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Evaluation of SDGE on pullets : metabolomics analysis  

2 groups ; n=2x8

NG group

Control 
group

UHPLC-QTOF analysis2

Data processing3

Statistics

Alignement 

Identification  

Hydrophobic
extracts

Hydrophilic
extracts

Metabolites extraction 1
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Evaluation of SDGE on pullets : metabolomics analysis  

2 groups ; n=2x8

NG group

Control 
group

UHPLC-QTOF analysis2

Data processing3

Pathway analysis4

Hydrophobic
extracts

Hydrophilic
extracts

Metabolites extraction 1
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Evaluation of SDGE on pullets 

30ppm NG (n=18150)

CTL (n=18150)

Wk17

Metabolomic analysisBone parameters analysis

 Plasma sampling  Bones sampling 
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Evaluation of SDGE on pullets : bones parameters analysis  
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SDGE increases mineral content and strengthens pullet’s bones 
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Evaluation of a SDGE on pullets 

30ppm NG (n=18150)

CTL (n=18150)

Wk17

Metabolomic analysis Bone parameters analysis

 Plasma sampling  Bones sampling 
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Evaluation of SDGE on pullets : metabolomic analysis 

Plasma 

 PLS-DA of 1568/9671 differently expressed features (p <0,05) 

• After 17 weeks of supplementation : 

Control (CTL) VS SDGE (Nor-Grape®)

8 plasma samples of laying hens (n=8)

 2 analytical replicates for each extract

Hydrophobic extracts in negative ionisation : PLS-DAResults
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Evaluation of SDGE on pullets : metabolomic analysis 

Hydrophobic extracts in negative ionisation : identification

1568 differently
expressed features

P <0.05

122 accepted
identifications

574 differently expressed
features with a difference of >2 

+max fold change > 2 

71 under-expressed
metabolites ▼

51 overexpressed
metabolites ▲

420 annotated
features

Mass similarity (ppm) < 5
Isotope similarity > 70
score > 35

Appropriate
databases

Plasma 

Results
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Evaluation of SDGE on pullets : metabolomic analysis 

Hydrophobic extracts in negative ionisation : pathway analysis

pathway name
pathway 
source

overlapping
metabolites

all 
metabolites P-value 

Free fatty acid receptors (FFAR) Reactome 2 23 <0.01
γ-glutamyl cycle HumanCyc 2 29 <0.01
Proton/oligopeptide cotransporters Reactome 1 2 <0.01
histamine biosynthesis HumanCyc 1 4 <0.05
Methylhistidine Metabolism SMPDB 1 4 <0.05
G alpha (q) signalling events Reactome 2 56 <0.05
Gamma-glutamyl cycle for the biosynthesis and 
degradation of glutathione Wikipathways 1 6 <0.05
Deadenylation-dependent mRNA decay Reactome 1 8 <0.05
Organic anion transport Reactome 1 8 <0.05
Miscellaneous transport and binding events Reactome 1 9 <0.05
Fatty Acids bound to GPR40 (FFAR1) regulate insulin secretion Reactome 1 9 <0.05

Arachidonate Epoxygenase - Epoxide Hydrolase Wikipathways 1 11 <0.05

Antioxidant
metabolism

Free Fatty Acids
Receptors

SDGE impacts pathways related to G-proteins-coupled receptors (GPCR )

Plasma 

Results
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Evaluation of SDGE on pullets 

In Gallus gallus  
Free Fatty Acid Receptors (FFAR) G alpha (q) signalling events

FFARs are G protein-coupled receptors
activated by free fatty acids

GPCR 

Gα12/13

Gαs Gαi

Gαq

Both FFAR2 and FFAR4 are present in chicken and possess an αq subunit

Al Mahri S., Cells, 2022

Discussion Metabolic pathways impacted by grape extract
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GPCR

Calcium signaling

Regulation of osteoblast differentiation

αq subunit regulates calcium mobilization and osteoblast differentiation

Lymperopoulos A. et al., International Journal of Molecular Science, 2022

Evaluation of SDGE on pullets 

Discussion Metabolic pathways impacted by grape extract
What’s important about αq subunit?
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Evaluation of SDGE on pullets 

FFA receptors regulates bone developement

FFAR4 increases osteoblastic bone formation and 
decreases osteoclastic bone resorption

Discussion Metabolic pathways impacted by grape extract
What is the exact role of FFAR in bone development ? 
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Evaluation of SDGE on pullets 

Metabolic pathways impacted by grape extract
What ligands activate these receptors ? 

C3G : cyanidin-3-O-glucoside 
D3G : Delphinidin-3-O-glucoside
CA : caffeic acid

C3G
D3G

CA

Polyphenols can also activate FFAR receptors.  

Several polyphenols, including
caffeic acid, activates FFAR4

C3G, D3G and other anthocyanins
activate FFAR1 receptor.

Discussion
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Evaluation of SDGE on pullets : metabolomic analysis 

Hydrophobic extracts in negative ionisation : pathway analysis

pathway name
pathway 
source

overlapping
metabolites

all 
metabolites P-value 

Free fatty acid receptors (FFAR) Reactome 2 23 <0.01
γ-glutamyl cycle HumanCyc 2 29 <0.01
Proton/oligopeptide cotransporters Reactome 1 2 <0.01
histamine biosynthesis HumanCyc 1 4 <0.05
Methylhistidine Metabolism SMPDB 1 4 <0.05
G alpha (q) signalling events Reactome 2 56 <0.05
Gamma-glutamyl cycle for the biosynthesis and degradation of 
glutathione Wikipathways 1 6 <0.05
Deadenylation-dependent mRNA decay Reactome 1 8 <0.05
Organic anion transport Reactome 1 8 <0.05
Miscellaneous transport and binding events Reactome 1 9 <0.05

Fatty Acids bound to GPR40 (FFAR1) regulate insulin secretion Reactome 1 9 <0.05

Arachidonate Epoxygenase - Epoxide Hydrolase Wikipathways 1 11 <0.05

Antioxidant
metabolism

Plasma 

Results
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Evaluation of SDGE on pullets  

Metabolic pathways impacted by grape extract

CaSR receptor could be responsible for calcium mobilization in laying hens

• CaSR is a member of the GPCR family.

• The CaSR gene is overexpressed at the beginning of

the W19. Localization in different tissues including the

tibia.

In vitro tests showed that CaSR receptors could be
activated by gluthathione

Discussion
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Evaluation of SDGE on pullets  

Ligands 

Fatty acid

Polyphenol
Fatty acids

Nor-Grape ® 

Glutathione

Glutathione

PLC 

DAG IP3

PKC ERK1/2 pathwayCalcium sensing and 
mobilization

A synergistic effect of Nor-Grape®  compounds may activate directly or indirectly several GPCR receptors and ensures
bones strength in pullets

Discussion Hypothesis : how can these results be explained ?
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Evaluation of SDGE on pullets 

• Supplementing pullets with Nor-Grape® strengthens their bones and prepares them for laying cycles.

• A synergistic effect of Nor-Grape® compounds may be responsible for the activation of GPCR receptors to

ensure this effect.

• Further analysis are necessary to test these hypotheses in order to valide Nor-Grape® mechanism of action.

Fatty acids

Polyphenols

GlutathioneConclusion and perspectives 
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Thank you for your attention 
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