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Scientific context

No data 0%

* Diet-related diseases T

* 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
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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
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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!

European
Digital
UniverCity

X

EDUC-SHARE




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)

Collaboration with Didier Dupont at STLO, INRAE, Institut Agro, 35042, Rennes, France

pH probe

Gastric compartment Control system

Gastric emplying pump STORM software

Intestinal compartment

Intestinal emptying pump
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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.
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In vitro gastro-intestinal digestion
Consensus INFOGEST protocol

'o/'.‘

Oral phase
Mix 1:1 with Simulated Salivary Fluid (SSF)
salivary amylase (75 U/mL)

2 min, pH 7 =
~

. ‘ X
Gastric Phase /N
Mix 1:1 with Simulated Gastric Fluid (SGF) { AN A ¥
Pepsin (2000 U/mL) e IR i X,
2h, pH 3 . 5 e INY _ J

Intestinal Phase
Mix 1:1 with Simulated Intestinal Fluid (SIF)
Enzymes
Pancreatin (based on trypsin 100 U/mL) or = ) |
Pure enzymes X\ S .
Dol Bile (10mM) WK
UniverCity 2h, pH 7 - 4
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Gastric Phase

Mix 1:1 with SGF + pepsin (2,000 U/mL), 2h, pH 3

o Optional

0.17 mM phospholipids (non-standard condition)

Intestinal Phase
Mix 1:1 with SIF + enzymes
2h, pH 7

Individual enzymes Enzyme extract
Trypsin (100 U/mL) Pancreatin (based on trypsin
Chymotrypsin (25 U/mL) activity at 100 U/mL)
Pancreatic lipase (2,000 U/mL) Bile (10 mM)
Colipase (2:1 molar ratio with
lipase),
Pancreatic amylase (200 U/mL)
Bile (10 mM)

Sample collection and handling options
Snap-freeze in liquid nitrogen immediately
Add protease inhibitor (e.g. 1 mM AEBSF, Roche)
Freeze dry

Minekus et al. 2014

Food Funct. 5, 1113-24

46 citations
Hot paper (0.1%)




The gastric phase

Ratio oral content / Simulated gastric fluid (SGF) : 50/50 w/v I n FO G EST
Porcine pepsin: 2000 U/mL

Time of gastric digestion: 2 hours
pH of the reaction: 3

Why 2 hours?

Duration highly depends on the type of food/meal
* Gastric emptying of a western type solid meal: 3-4h, of a liquid 0.5-1h
* Addition of nutrients to a liquid meal increases the transit time
* Strong inter and intra-individual variability

A time of 2h for gastric digestion represents the half emptying of a moderately nutritious
and semi-solid meal

Why pH 3?
Fasted pH commonly found is around or below 2
pH increases to 5 and above because of the buffering capacity of the food/meal

pH 3 represents the mean value for a general meal exhibiting a gastric emptying half-time
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The Intestinal phase

& Ratio Food (gastric content) / Simulated duodenal fluid (SDF): 50/50 w/v
% Time of duodenal digestion: 2 hours

% pH of the solution: 7 '
20 mL gastric content I n FO G EST
+ 3.0 pL of CaCl2 (H20)2 (588 g/L, w/v) @

+ Bile: (final concentration in total fluid 10 mM). There are two options for bile for the
duodenal stage, which is to use either:

— Bile extract (e.g. B8631-100G from Sigma) or
Fresh porcine bile (available from several InfoGest members including IFR
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(160 mM stock). The SDF the concentration is made up to 20mM.
+ fill up to a final volume of 40 mL with SDF to reach the same volume as the gastric digesta

(20mL).

At this point there are two options in how to proceed:
1. Use pancreatin: sufficient pancreatin to provide 100 U/ml of trypsin (TAME Units). The
proteolytic, lipolytic and amylolytic activity should be determined

2. Use individual enzymes
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Simulated digestion fluids

SSF SGF SIF
pH 7 pH 3 pH 7
Constituent Stock conc. Vol. of stock Conc. in SSF Vol. of stock Conc. in SGF Vol. of stock Conc. in SIF
gL’ mol L mL mmol L' mL mmol L' mL mmol L'
KCl 37,3 0.5 15.1 i §oh | 6.9 6.9 6.8 6.8
KH,PO, 68 0.5 b By 3.7 0.9 0.9 0.8 0.8
NaHCO; 84 1 6.8 13.6 12.5 25 42.5 85
NaCl 117 2 —_ —_ 11.8 47.2 9.6 38.4
MgCl,(H,0)s  30.5 0.15 0.5 0.15 0.4 0.1 1.1 0.33
(NH,),CO, 48 0.5 0.06 0.06 0.5 0.5 — —
For pH adjustment
mol L mL mmol L ' mL mmol L mL mmol L'
NaOH 1 —_— — — — — —
HCI 6 0.09 1.1 13 15.6 0.7 8.4
CaCly(H,0), is not added to the simulated digestion fluids, see details in legend
gL’ mol L' mmol L' mmol L ' mmol L'
CaCl,(H,0), 44.1 0.3 1.5 (0.75%) 0.15 (0.075%) 0.6 (0.3%)

@ * in brackets is the corresponding Ca*' concentration in the final digestion mixture.
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Ion Mobility—-Mass Spectrometry Approach for the Comparison
of Sheep and Goat Milk Lipidomes

Cristina Manis 1, Paola Scano 11, Viviana Garau 2, Margherita Addis 3(7, Ignazio Ibba % and Pierluigi Caboni 1*

Department of Life and Environmental Sciences, University of Cagliari, 09042 Cagliari, Italy

Scuola di Specializzazione in Farmacia Ospedaliera, Dipartimento di Chimica e Farmacia, Universita di
Sassari, Via Muroni 23a, 07100 Sassari, Italy

Agris Sardegna, Servizio Ricerca Prodotti di Origine Animale, Loc. Bonassai, 07040 Olmedo, Italy
Associazione Regionale Allevatori, Laboratorio Analisi del Latte, Loc. Palloni, Nuraxinieddu,

09170 Oristano, Italy

*  Correspondence: caboni@unica.it; Tel.: +39-0706758617

European
Digital
UniverCity

EDUC-SHARE




Sheep Milk Infant Formula -
B\ EEFHH Items
Ingredients: Energy
Whole Sheep Milk, Sheep Demineralized Whey mmm.n
Powder, Lactose, Vegetable Oils (Sunflower Ol L !
Cancla Oil, Coconut Ol), Sheep Concentrated Whey Fat
rmbe'm Powder, Galactooligosaccharide, Minerals Linoleic Acid
Potassium Citrate, Tricalcium Phosphate, Sodi inclenic Adi
Chloridle rr;ot;:r;um Cmr?dimuagneziu:‘l Sulph:'t:: :I.:nullan:c Acd
Calcium Carb Ferreus Sulpt Zine Sul) ’
Copper Sulphate, Sodium  Selenite, ManEa Vitamins
lodide), Fruc i aride, Vitamin A
\liumlns (Chaoline Chloride, Sodlum L=Ascorbate,
dl-a=Tocopheryl Acetate, Inositol, Vitamin A Acetate, Witamin D
Miacinamide, Cholecaleifersl, Riboflavin, Calclum Vicamin E
I:hPanmthenalze thtonadmne Thuamme Hydmd|lo-
ride, Pyri Witamin Ky
Folic Acid, D-Blotln] ARA Ql, DHAO.I Taurine, Nucleo- Vitamin B
tides (Cytldme 5 = Monophesphate, Adenosine 5 - =0
Monc Inosine 5 Sadium Vitamin B,
Salt, Guanosine 5' = Monuphcsphate Sodium Salt, Witamin B,
Uridine 5 = Monophosphate Sodium  Salt), ‘itamin By
L-Carnitine, Lutein. Nicotinic Adk
icatinic Acid
ER: Fobe Adid
SERAET. BT CRIE:8%)  FLE. Pantathenic Ad
HYH (IR, S T GREALE | ViamnC
EOH GER A% BEREILE TR G | S
WA RS S, S, R p | Menk
FEE. AL TE . FREREE. BiEReR. WAERE). By | Sodum
. ALSR)  RERE, B R (MER, | Pomsum
LA EF MR, d|-o-BRAk S Y. ANER. FHERE e
A AL, AOT5ILES. L B, D-2RRIS, | Manesim
HEYDRRR. AR A, M,
PHI, D-4 M) | EETURAERE, —+ B |2
FAMEL MRS, ER. SRR (5 MEREMRE. Liswney
5 SREEEE. 5 - TR_W.5 -SHR_ | Cam
.5 -FREM ) | L-PIiR. R E. ::‘P*‘“""
ine
Storage: Chloride
Store can in a cool, dry place. Den” t use if the seal is Scenim
damaged. After opening, please keep it tightly closed ‘Optional loams
after preparation, and use contents within 4 weeks, Chalne
Verify manufacture date (yyyy/mm/dd], expiry date Thasitel
(yyyy/mmjdd) and batch number on the battom of the =
tin. Please use the product before expiry date. Taurine
. LeCarmitine:
m. DHA
FTEMR TR IF ™ & W OWBF, i | ara
FE#AFHE SRAEARERESER, Gabhctockyosacchiride
FHE4 AAREREFEE (£/ 8 /B R | Frodgoscaide
BHEE (£ 8/ B) Bl SIRE BT | Leen
REIERERE R, MNucleotides
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SHEEP MILK INFANT FORMULA (FOR 0-6 MONTHS)
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Preparation Method

1. Always wash hand preparing the formula.

2. Wash the bottle, teat and cap thoroughly, and bodl the
utensils for at least 5 minutes.

3. Boil fresh drinking water and cool it down to about 45°C.
Add the cormect quantity of warm boiled water into the
bottle consulting the feeding table.

4, Fill the enclosed scoop with powder, and level off with a
clean knife. Always add one level scoop of powder (about
4.5g) for each 30mL of warm boiled water.

5. Shake or stiruntil the powder is completely dissolved,

E. Test temperature on wrist before feeding.

SUGGESTED FEEDING TABLE H#i\(/RW%=

Age  WamBolked |0\ Fegdrgs

%&ﬁ%

(mb il—ﬂ]
0=2 1 (weeks) 60 2
Dt [ (weshs) 120 4 6
1-2F (months) 150 b 3
2-6-T8 (months) 180 6 5

IMPORTANT NOTICE: BREAST MILK |5 BEST FOR BABIES FROM 0 TO &
MONTHS. IF THIS IS INSUFFICEENT OR YOU ARE UNABLE TO BREAST FEED,
THEN YOU CAM USE THIS FRODUCT AS A NOUREEHING SUBSTITUTE
BEFORE YOU DECIDE TO USE THIS PRODUCT, CONSULT YOUR DOCTOR
'OR HEALTH WORKER FOR ADVICE.

WA T 0-65 08 L R AR S EFILTREE
S T S M R A R A LR A S,
WARNING: FOLLOW INSTRUCTIONS EXACTLY. PREPARE BOTTLES AND TEATS
AS DIRECTED. DO NOT CHANGE PROPORTION OF POWDER EXCEPT ON
MEDICAL ADVICE. INCORRECT PREPARATION CAN MAKE YOLIR BABY VERY ILL
®  Only pragare ane botfle ssch time, and feed immediately after preparation.
Diseard any unfinished feads.

TR P R P 7 S R S R R A A RS

IF R A G TSR, JFT‘E’IB‘M*IEI:HF!_
BEAISREE TS,

* SRR R, AR R, R SR R

uzaﬁif
631

1900850

MANUFACTURED AND PACKED IN NEW ZEALAND
A=A R

PERER GBlOTES Z AL LS B
FAE TS
S AL E RS 2 EBlue River Dairy LP
ettt SR BRFERTEASLILE
111 Nith Street, Invercargill, New Zealand
RS 595
PEAHE ETERRERAE
bk FE TR IR TS
#Bif 410200
iR 400-966-1228
FAtiE s wwnvw blueriverdairy.com
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SHEEP MILK INFANT FORMULA (FOR 0-6 MONTHS)
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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.
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Percent gross composition of sheep and goat IFs 0-6 months.

IF Protein ~ Whey protein ~ Lipids  Carbohydrates Net energy
(%) (%) (%) (%) (KJ7100g)
Sheep milk 10.8 6.7 25.2 55.6 2082
Goat milk 10.8 6.7 26.0 54.4 2096
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Principal component analysis (PCA) score plots
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OPLS-DA score plots
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Discriminant metabolites
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TG - DG +FA - 2MG + FA

250 — Triacylglycerols

200 —
L 150 g
E v\\f. T
S .
> 100 Sy -

50— \I
\-
U —Q O O ————
0 L

/ Digestion Time
European

Digital Gastric lipase (pH 3) Intestinal lipase (pH 7)
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TG - DG - 2MG

40— Diacylglycerols

T T
GO G40 GB0 G120 GI8&0 140 I80 I120 I18(

Digestion Time

European
Digital

UniverCity Unpublished data

EDUC-SHARE



TG - DG - 2MG

5— Monoacylglycerols
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25— Free Fatty Acids
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PC —» LPC + FA

257 Phosphatydilcholines 40— Lysophosphatidylcholines
20
30—
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HNTH
o 40 — Sphingomyelins
-
E
=T
=
|
GO G40 G80 GI20 GI80 140 180 1120 1180
Digestion Time
Dietary sphingomyelins are digested by intestinal alkaline
SMase (Alk-SMase) and neutral ceramidase (N-CDase), and
Europsan eventually hydrolyzed to ceramides, phosphocholine,
UniverCity sphingosine and fatty acids in the small intestine .
Unpublished data
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50— Campesterol esters
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30— Sitosterol esters
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Cholesterols and phytosterols
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TG percent digestibility

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

Molecular specie
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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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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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