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Figure S1. Particle size distribution in iron-loaded liposomes
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Figure S2. Particle size distribution of iron-loaded liposome added/not added emulsions: (a) reference emulsion; (b) emulsions containing iron-loaded liposomes



Table S1. Overview of studies pertaining to lipid oxidation in liposome suspensions and liposome-containing systems, with a focus on (but not limiting to) those conducted in the presence of added metal

ions.
Phospholipid Aqueous Other Oxidation
Reference Factors Pro-oxidant Key findings
type medium components prevention
NaCl, pH, iron,
5mM MES bulffer (pH . Ferrous sulfate, ferrous Decrease in NaCl, increase in temperature and pH (4-5) and
[57] Cod PC Cholesterol - temperature, lipid
5.5) . chloride (2-20 pum) phospholipid concentration increase oxidation.
concentration
SOD, catalase, sodium
No other antioxidant but EDTA inhibited oxidation. Fe** stimulates
10mM Tris-HCl buffer | Triphenylphosphine [ benzoate, mannitol, Antioxidants, iron Ferrous sulfate, ferric chloride
[58] Egg PC, DPPC Fe?*-induced oxidation by accelerating ROS production. LOOH in
(pH 7.4) (TPP) dimethy] thiourea, concentration (100 pM) i . .
PC is not directly involved in oxidation.
EDTA
Pro-Lipo S (Soy Emultop liposomes oxidatively more stable than PC liposomes
[8] Water - Ascorbic acid Type of PCs Ferrous sulfate (8-22 uM) k . o
PC), Emultop because of high concentration of unsaturated phospholipids.
Soy PC, Iron in ferrous form: a-tocopherol reduced oxidation. Iron in ferric
0.1 M sodium chloride Iron concentration, natural |Ferrous sulfate, ferric chloride
[59] Dimyristoyl PC . - a-tocopherol . form: presence of a-tocopherol in liposomal membrane acted as
solution and artificial PCs (72-700 uM)
(14:0) pro-oxidant.
Concentration of metMb, Increasing MetMb conc. decreased oxidation. MetMb liposomes
50 mM acetate buffer . Metmyoglobin (metMb), . . L o o
[60] Egg PC - DTPA, DFO presence of ferric chloride, liberated free iron when they oxidised. DFO inhibited oxidation
(pH 5.6) Ferric chloride (5 ppm)
antioxidants effectively, DTPA partial inhibition.
Soy PC, HSPC,
HSPC+Chol SPC, HSPC and HSPC+Chol liposomes protected iron from
[61] Water Cholesterol Ascorbic acid Type of PCs Ferrous sulfate (0.24 M)
chitosan, DC-chol, oxidation and presented high iron uptake by Caco-2 cells.
DPPA
Raspberry, bilberry, Lingonberry and bilberry phenolics were the most effective against
Phenolic concentration (1.4,
[62] Soy PC Citrate buffer (pH 6.6) Lactalbumin lingonberry, black 42, and 84 ug/mL) - phospholipid oxidation. Bilberry and raspberry phenolics exhibited
.2, and 8. m
currant phenolics He best overall antioxidant activity towards protein oxidation.
Cholesterol, £3-
Phosphate buffer (pH sitosterol, Addition of sterols to liposomes decreased the oxidation.
[63] Egg PC . . a-tocopherol Type of sterols -
6.8) stigmasterol, bovine Replacing cholesterol with phytosterols on liposomes feasible.
serum albumin
Ferric chloride All extracts inhibited iron-fructose-phosphate-induced lipid
. 67 mM phosphate BHT and various plant | Type of plant extracts (200 oxidation in both lipid systems (lecithin liposomes or linoleic acid
[64] Soy lecithin - (30 uM) and/or fructose (13 . . R
buffer (pH 7.4) extracts ug/mL) emulsions); C. album and C. foliosum extracts showed less inhibition
mM)
than others.
MES solution (pH 3.3- L Highest oxidation was at pH 4-5.
EDTA, oxalic acid, Ferrous sulfate, ferrous
[65] Cod roe PL 7.0) - Buffer pH, metal chelators

citric acid, casein

chloride (7.5, 10, 15 uM)

pH >5.7 lowered solubility of Fe** and decreased oxidation rate.

Liposome charge decreased with increasing pH. Chelators




decreased Fe*?mediated oxidation; EDTA~ casein > citric acid >

oxalic acid

AAPH-induced peroxidation of cholesterol is slow and independent
of peroxidation of PLPC. Cholesterol is not susceptible to copper-

induced oxidation, but its inclusion in PLPC liposomes affects the

POPC, PLPC, Sodium chloride (146 Presence of AAPH, copper Copper chloride peroxidation of PLPC, slowing down the initial stage of oxidation
[66] Cholesterol Urate .
POPA mM) chloride 10 uM) but promoting later stages.
Addition of urate accelerates copper-induced peroxidation of PLPC
in the absence of cholesterol, whereas in cholesterol-containing
liposomes it inhibits PLPC oxidation
Good correlation protein and lipid oxidation. All tested anthocyanin
and other phenolic compounds inhibited both lipid and protein
Bovine serum a-tocopherol,
27.5 mM Citrate buffer . . 5 L oxidation. Procyanidins B1 and B2 and ellagic acid were potentially
[67] Soy PC albumin, casein, procyanidin Type of antioxidants Copper acetate
(pH 6.6) lactalbumi better antioxidants than anthocyanin. Casein was the most stable
actalbumin i
anthocyanin, aglycons protein in the liposome model and best inhibitor of liposome
oxidation.
0.01 M phosphate
buffer solution, 150 Lutein, -carotene, Carotenoids exhibited antioxidant activities against lipid oxidation
[68] Egg PC mM NaCl, phosphate Tween 80 Lycopene, Type of carotenoids - of liposomes ranging from the strongest to the weakest: lutein > -
buffer solution (pH canthaxanthin carotene > lycopene > canthaxanthin.
7.4)
50 mM phosphate EGCG, ester The derivatives were more effective than EGCG against UV-
[69] Egg PC Glucose Type of EGCG derivatives -
buffer (pH 7.4) derivatives of EGCG induced liposome oxidation.
Ferulic acid,
Succinic acid and Bovine serum epicatechin, catechin, T ¢ bhenoli Ferulic acid, epicatechin, and catechin provided better oxidative
: e of phenolic
[70] Soy PC succinic acid sodium albumin rutin, malvidin, caffeic ypeotp i Cupric acetate (3 pM) stability of liposomes than other phenolic compounds in the
compounds
salt (pH 4.7) acid, quercetin, propyl P presence of bovine serum albumin.
gallate
Trans-resveratrol, L-
2 mM NaCl solution ascorbic acid, a- Trans-resveratrol was a better radical scavenger than vitamins E
[71] Egg PC Type of antioxidants -
(pH 6) tocopherol, and C but similar to the flavonoids epicatechin and quercetin.
epicatechin, quercetin
Cod roe PL, Oxidation was the highest for liposomes/emulsions at pH 4-5. Pro-
Herring roe PL, Ferrous sulfate, ferrous oxidant effect of iron was reduced by less unsaturated
[37] MES solution (pH 2-7) TPP - Type of PLs, buffer pH
Soy PL, Bacterial chloride (5-30 uM) phospholipids, specific emulsifier amounts, chloride anions, or
PL xanthan gum.




0.09 M citrate and 0.11
M formate (pH 3); 0.06 Oxidation of AA in a model aqueous liquid food (apple juice) was
M citrate, 0.075 M L . . significantly slowed down by incorporation into liposomes.
Citric acid, ascorbic | Copper ions, cholesterol,
[72] DPPC formate, 0.11 M acetate Cholesterol id (AA) buft Copper sulfate (32 uM) Oxidation of AA was reduced in copper-containing environment
aci uffers
(pH 4); 0.043 M citrate above pH >3. DPPC/chol liposomes were more stable at higher
and 0.075 M acetate temperatures than DPPC.
(PH5)
DOPC, DPPC, DOPC showed higher oxidative stability at pH 7 than pH 3.
10 mM phosphat Effect of pH; unsaturation
m osphate ith ei i itic aci i
(18] DBPC, DOPE as phosp Tween 20 ) level of fatty acids; type of } PC with either oleic or palmitic acid were the most effective at
stabilizers of butffer (pH 7.0) inhibiting lipid oxidation. DOPC showed higher oxidative stability
phosphate headgroup
emulsion than DBPC at pH 7.
Physical form of iron (free,
or entrapped in liposomes); Lipid oxidation was substantially higher in emulsions containin:
10 mM phosphate- | Cholesterol, ppec in fiposomes) P yhis 8
[12] Egg PC - type of emulsifier in Ferrous sulfate (61 mM) iron (either free, or encapsulated in liposomes) than in blank (iron-
citrate buffer (pH 6.8) Tween 20
emulsion (Tween 20 or free) emulsions.
WPI)
Phospholipid Aqueous Other Oxidation
Reference Factors Pro-oxidant Key findings
type medium components prevention

Abbreviations: AA; ascorbic acid, AAPH; 2,2-azobis(2-amidinopropane)hydrochloride, Chol: cholesterol, DFO; Desferrioxamine, DHA; docosahexaenoic acid, DPPC;
dipalmitoylphosphatidylcholine, DTPA; diethylenetriamine pentaacetic acid, EGCG; Epigallocatechin gallate, EDTA; Ethylenediaminetetraacetic acid, EPA; Eicosapentaenoic acid,
HSPC; hydrogenated phatidylcholine, LOOH; lipid hydroperoxides, MES; 2-morpholi-nethanoesulfonic acid, PC; phosphatidylcholine, PL; phospholipids, PLPC;
palmitoyllinoleoylphosphatidylcholine, POPC; 1-Palmitoyl 2- oleoyl-sn-glycero-3-phosphocholine, POPA; 1-palmitoyl-2-oleoyl-sn-glycero3-phosphate, ROS; reactive oxygen
species, SA; Stearic acid, SOD; Superoxide dismutase, TPP; triphenylphosphine, WPI; Whey protein isolate.



Table S2. Fatty acid composition (ug/g) of phosphatidylcholine (PC).

Fatty acids Content (ug/g)
Myristic acid (C 14:0) 6.23+0.05
Palmitic acid (C16:0) 1388.09 + 14.47

Stearic acid (C18:0) 703.57 + 8.82
Arachidic acid (C20:0) 24.63 +0.74
Behenic acid (C22:0) 0.89 +0.29

Lignoceric acid (C24:0) ND
Total SFA 2123.41
Palmitoleic acid (C16:1n-
7 17.61+0.79
Oleic acid (C18:11-9) 878.13 £ 26.44
Erucic acid (C22:1n-9) ND
Total MUFA 895.74
Linoleic acid (C18:2n-6) 212.10 £ 30.32
a-linolenic acid (C18:3n-
3 0.77 £0.3
Total PUFA 212.88
Total FA 3232.03

ND, not detected; SFA, saturated fatty acid; MUFA, monounsaturated fatty acid; PUFA, polyunsaturated fatty acid. esults are expressed as mean + standard

deviation of independent duplicates.
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