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Scientific context

• Diet-related diseases ↑
• Prevent these pathologies rather than cure them
• Gut = interface between food and human body. Digestion releases food components 

that can have a beneficial or a deleterious effect on human health
• the mechanisms of food disintegration in the gastrointestinal tract remain unclear and 

the digestive process has been considered as a black box so far 
• by increasing our knowledge on food digestion, we will increase our knowledge on the 

effect of food on human health 

EDUC-SHARE
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Application:

Comparative Lipidomics Exploration: Unraveling Common Characteristics in Sheep and 
Goat Infant Formulas after In Vitro Dynamic Digestion

• In the case of a newborn, milk is recognized as a comprehensive nourishment capable of meeting its physiological and 

energy needs throughout the developmental process. 

• Breast milk considered as a gold standard

EDUC-SHARE
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Application:

Comparative Lipidomics Exploration: Unraveling Common Characteristics in Sheep and 
Goat Infant Formulas after In Vitro Dynamic Digestion

• For most of the commercial infant formulas (IFs), only the protein fraction originates from cow’s  (or goat) milk whereas 

lipids mainly correspond to a blend of vegetable oils (canola oil, safflower oil, )

• Sheep milk is not considered as a source of protein

• Sardinia’s ship milk production 300 M liters/year!

EDUC-SHARE
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The in vitro dynamic digestion system (DIDGI)

• used to mimic the stomach and small intestine activity after food consumption 

• validated systems replicate food disintegration

• allow data collection for the simulation of kinetics of proteolysis and 

lipolysis. 

• validated against in vivo methods to prove their physiological relevance

EDUC-SHARE
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The in vitro dynamic digestion system (DIDGI)

Collaboration with Didier Dupont at STLO, INRAE, Institut Agro, 35042, Rennes, France
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The in vitro dynamic digestion system (DIDGI)

• used to mimic the stomach and small intestine activity after food 

consumption. 

• validated systems replicate food disintegration

• Allow data collection for the simulation of kinetics of proteolysis and 

lipolysis. 

• validated against in vivo methods to prove their physiological relevance
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The in vitro dynamic digestion system (DIDGI)

• system validated against in vivo methods to prove their physiological 

relevance. 

• in the static in vitro digestion models, pH and enzyme concentration remain 

constant, 

• dynamic in vitro model exhibits variations in pH and enzyme concentrations 

are dependent on the progression of time. 

• hydrolysis of macronutrients are a function of time, pH, substrate, and 

enzyme concentrations. 

EDUC-SHARE
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The gastric phase
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The intestinal phase
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Simulated digestion fluids
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Challenge

We employed a lipidomic approach to compare the hydrolysis profiles of lipids in 0-6 months infant formulas (IF) based on 

sheep and goat milk during dynamic in vitro digestion. 

• By using a UHPLC-QTOF-MS platform, complex lipids were continuously detected and compared over time.

• The complete characterization of lipids was achieved through high resolution mass spectrometry experiments (mass 

fragmentation). 

• Additionally, the lipid profile and the alteration of fatty acids as methyl esters (FAME) were measured for sheep and goat 

IFs and for the mixture of vegetable oils added to the formulation.

EDUC-SHARE
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IF Protein 

(%)

Whey protein 

(%)

Lipids 

(%)

Carbohydrates 

(%)

Net energy 

(KJ/100g)

Sheep milk 10.8 6.7 25.2 55.6 2082

Goat milk 10.8 6.7 26.0 54.4 2096

Percent gross composition of sheep and goat IFs 0-6 months.
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Principal component analysis (PCA) score plots
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ESI+ ESI-

Stomach Gut

Unpublished data
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OPLS-DA score plots 
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Unpublished data

 

a) b) 
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Discriminant metabolites

Unpublished data
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TG →  DG +FA → 2MG + FA
 

TG 54:3

TG 36:1

Intestinal lipase (pH 7)Gastric lipase (pH 3)

Unpublished data
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TG → DG → 2MG
 

DG 36:2

DG 34:2

DG 36:1

Unpublished data
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TG →  DG → 2MG
 

Unpublished data
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FA 18:1

FA 18:2

Unpublished data
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FA 18:1

FA 18:2

Unpublished data
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FA 18:1

FA 18:2

Unpublished data
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PC 34:0 PC 36:2

PC 36:1

LPC 18:0

LPC 18:1

PC → LPC + FA
 

Unpublished data
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EDUC-SHARE

SM d41:1

Dietary sphingomyelins are digested by intestinal alkaline 
SMase (Alk-SMase) and neutral ceramidase (N-CDase), and 
eventually hydrolyzed to ceramides, phosphocholine, 
sphingosine and fatty acids in the small intestine 

Unpublished data
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Cholesterols and phytosterols 

Unpublished data
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EDUC-SHARE Unpublished data

Molecular specie Sheep % Goat %

TG 24:0 96.5 96.7

TG 30:0 89.7 93.5

TG 36:0 68.5 76.1

TG 36:1 67.6 81.8

TG 38:0 61.3 68.7

TG 38:1 85.9 93.1

TG 40:2 100 100

TG 42:0 51,03 41,89

TG 42:1 75,68 60,13

TG 42:2 75,68 82,70

TG 44:0 25,08 43,04

TG 44:1 48,92 60,40

TG 44:2 100 100

TG 46:0 12,03 23,34

TG 46:1 19,98 35,46

TG 46:2 20,31 28,92

TG 46:4 0.0 0.0

TG percent digestibility
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EDUC-SHARE Unpublished data

Fatty acid methyl esters (FAME) percent composition of the vegetable oil blend used 
in the production of sheep and goat IF (n=4). 
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EDUC-SHARE Unpublished data

Fatty acid methyl esters (FAME) percent composition of sheep and goat IF (n=4).
t-test: * p < 0.05, ** p < 0.01, *** p < 0.001, Nd= not detected.
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Take home message

- We explored the fate of sheep and goat infant formula 
complex lipids using an in vitro dynamic digestion systems
- For the first time we were able to follow the 
hydrolysis/digestion of each complex lipid
- We demonstrated that the source of sheep milk lipids  are 
almost equivalent to goat milk lipids
- Sheep milk can be exploited in UE for the formulation of IFs.  
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