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Iron bioavailability, issues in food matrixes
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Chemistry of iron: solubility and redox
equilibrium
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Iron fortification

Water soluble Water insoluble

Food iron
Fortification

Contamination iron
Fortification

ﬂ compounds

Joins the common Ligands

non heme iron pool (CAITSC) Food iron excretion
{ (PP)
Inhibitors and (Others?)

enhancers

I

Food iron absorption _ :
Food iron excretion
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RUTF

A Whatare RUT 6 s

A High energy, protein, fat and carbohydrate
concentrates.

A Paste: peantus, skimmed milk powder, sugar.

A Hypothesis

A pesence of calories (fat) affect gut transit time, thus
possibly iron solubilization and bioavailability?

A In RUTF, with and without phytase

A In an emulsion model system
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The effect of phytase when added to LNS/RUTF

A Phytaseadded at point of ~e absorption

consumption in LNS H

12
. . - 10
A Fat/ calories would increase 2
gastric transit time 5 8
2
A Phytasehas an optimum at @
pH <3 X 2
0
A Hypothesis: interaction & & &
betweenphytaseand fat in Qx@ %XQ“*
LNS/RUTF N >

Effect of phytase P<0.05
Effect of LNS P=0.06
DHEST Monnard et al, AJCN 2017 No interaction
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Iron fortification of rice v

- Consumed as intact grains
- White color N

FePP/FeOP only fortification
compound

Low bioavailablity
Compensated by adding higher
levels of Fe

Specific matrix effects for rice ?
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In situ Generation of soluble Ferric Pyrophosphate
Citrate Complexesn Rice
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http://www.chemicalregister.com/Ferric_Pyrophosphate_Soluble \\ l:l

Zhu, Le, et al. "Comparing soluble ferric pyrophosphate to common iron salts
and chelates as sources of bioavailable iron in a Qeamll culture model."
Journalof agricultural and food chemistry 57.11 (2009): 5&DA.9.
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In situgeneration of solubld-ePP

i

Test meal composition and bioavailability c t
FePP CA/TSC | CA/TSC | Reference| O
only | extruded | solution | FeSO4 D15 -
S
CA:TSC:Fe ey e o O
[Molar Ratio] n.a. 1221:10 | 1:21:10 n.a. 8
_| @®
/ ) b b,d 3.4 d o 10
5 H 5 e 1.7a’c 3.23, 1.7 Y . Gl LL
Fractional iron absorption [%] || 6"y a0 1| {14 00)| | | 06,290 W 12991 | =
N\ D ©
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Relative bioavailability com- = ]
pared to meal R (FeSO4) [%]™ - = o Lo 3]
©
LL (1] A l-
FePP CA/TSC CA/STSC Fes04

Simultaneously extrudedCA/TSC witkePP
A higher iron bioavailability than addition of CA/FS&sution
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Coating vs Hot extruded ; Cold vs Hot extruded rice
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Cold/Hot= Cold/Hot extrudec

>’FePP-fortified rice
Paired samples t-test; N=19
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HOR/COR = Hot extruded/Coated
>’FePP-fortified rice
Reference = Hot extruded rice,

Hack et al.
Submitted for
publication
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Hot vs. cold extruded: starch polymorphism ?

Sample c (%) polymorphism a(A) b(A) cA) g (deg)
Natural 54 A (monoclinic) 20.5 11.4 11.9 120
Cold 49 A (monoclinic) 20.4 11.4 12.0 120
Extruded
Hot 21 V 12.8 28.9 8.9 90
Extruded (orthorhombic)

1 Basmati rice (unfortified)
{ —CER
{ —HERH1

DHESITI 5 10 15 20 25
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Iron absorption from multiple meals

Study siteDunguprimary schoolc Tamale,Ghana

Assessment afon bioavailability from FePFortified extruded rice
+/n0or ZnSQ)
+ ZnOor ZnSQand CNTS] >
+ Zn0O + CA + EDTA on Fe bioavailability

»  Condimentof moderate PA : Fe
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Iron absorptionfrom multiple meals

°'FePP + ZnG0
2 >FePP + ZnO

2 mg Fe

3 “8FeS Q) (Reference) + micronutrients

&b >'FePP + Zn3® CA/TSC FImo e 0.63 mg CA

7 54FePP + ZN® CA/TSC  *Noznin eference 0

8 SFePP + ZnO + CEBTA 0.63 mg CA+2 mg ED’
115 | Endpoint ameﬁmmepam%ﬂé%rgﬁgggﬁg
Optimal formulation for fortification program?:t~
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Results

15 -

a b b c c C
S
S %
S10 - o Fractional iron absorption
% ¢ Lowest fromZnO
S * [ ¢ Similar from ZnSgand
-TE . ZnO+CA'SC
% ¢ Highest from ZnS@CA/TSC
e \ l EDTA+CA and FeSO

0 b T T T T 1
‘ ZnSO,  ZnO+CAITSC ZnSO}CATSC EDTA+CA @

All rice meals [except Feg€ontained micronutrient mix only)] additionally contained iron as Ferric
Pyrophosphate and a micronutrient mix.

Boxplots for fractional iron absorption from six different meals (n=26 or *n=25)

Crosses indicate outliers, **outlier not shown (16.7%)

Different letters indicate significant differences (p<.05), Bonferroni corrected repeated measures ANOVA

DHEST

Department of
Health Sciences and Technology

Diego Moretti | 25/06/2017 | 15



Summary and Conclusions

A Phytase Is effective in enhancing Fe absorption from
LNS/RUTF. Fat may have a role as well, but further studies
needed

A Use of «chelators» for FePP fortified rice may allow to reduce
Fe level in iron fortified rice in the future

A In rice starch structure may affect Fe release from rice kernels,
but bioavailability is high with the use of CA/TSC or EDTA

A Coating is comparable to extrusion as a fortification technique
for rice w.r.t. Fe and Zn bioavailability

Dﬁﬁ?ingle and multiple meal studies are consistent
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