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LIPID OXIDATION KINETICS OF MODEL SYSTEMS REPRESENTATIVE OF INFANT FOLLOW-ON FORMULAS

ou non, émanant des établissements d'enseignement et de recherche français ou étrangers, des laboratoires publics ou privés.

Introduction

Follow-on formulas aims at mimicking as closely as possible the composition and structure of mature breast milk. In order to optimize the formulas, important regulatory changes have taken place, including the obligation to supplement the formulas with DHA1 . The oil phase is therefore formulated from a mixture of oils mainly of vegetable origin with palmitic acid as the main saturated fatty acid (SFA) and enriched in long-chain polyunsaturated fatty acids 2 . However, these oil blends are not optimal for nutritional needs of infants 3,4 and are particularly sensitive to lipid oxidation 5 .

Lipids oxidation monitoring and experimental strategy

Samples preparation

OBJECTIVE Substitute palm oil with other sources of saturated fatty acids in follow-on formulas in order to ensure a more suitable nutritional profile for infant without impacting their oxidative stability 

Results

Conclusion

Fatty acid profile

Measurement of methyl esters by gas chromatography

Analysis

Sampling at 0, 2, 6, 15 and 20 days

Secondary oxidation products

Measurement of the TBARS in microplate

Water phase preparation

Ultra pure water, whey protein, skim milk powder, maltodextrin, lactose

Emulsification by high pressure homogenization

Average droplet size: 0.7 µm This study shows that tailoring the oil phase composition while keeping compliant with nutritional recommendations, can help stabilizing formulas against lipid oxidation. The combined use of vegetable oils and dairy fat would improve both nutritional profile and oxidative stability. A re-introduction of dairy fat in infant formulas is therefore strongly encouraged due to its wide array of nutritional and functional benefits. The oil phase compositions were fixed by linear programming in order that SFA, MUFA, PUFA, LA, ALA, ARA and DHA contents were equivalent in all systems at the initial point. The systems were also iso-Antioxidants considering VMC and intrinsic main antioxidants.

Oil phases preparation

Evolution of total tocopherol contents and peroxide values at 40°C in a) POM-R vs POM, b) COM, c) RPOM and d) DFOM systems

Analyses over accelerated oxidative challenge test (40°C)

• A statistical analysis showed that tocopherol loss and peroxide value were reliable indicators of oxidative degradation.

• The supplementation of the systems with a VMC consisting of vitamins A, C and D and iron sulfate reduces the lipid oxidation  The VMC has an antioxidant effect (POM-R vs POM).

• The substitution of palm oil by coconut oil improves the fatty acid profile thanks to its content of short and medium chain SFA (lauric acid C12:0) easily absorbed by infants but reduces oxidative stability.

• The substitution of palm oil by red palm oil improves the oxidative stability of infant formulas because of its composition in carotenoid and tocotrienol but does not mimic the fatty acid profile of breast milk.

• The substitution of palm oil with dairy fat improves the fatty acid profile by providing a greater diversity of short and medium chain SFA without impacting the oxidative stability. 

Importance in balancing nutritional properties and oxidative stability to meet infants needs
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  oils mixtures formulated by linear programming composed by sunflower, high oleic sunflower, rapeseed, ARA-rich fungal and DHA-rich algal oils and whose main source of SFA varies (palm, red palm or coconut oils or dairy fat)

  Palm oil based oil mixture, COM: Coconut oil based oil mixture, DFOM: Dairy fat based oil mixture, RPOM: Red palm oil based oil mixture, VMC: Vitamin mineral complement

FATTY ACID PROFILE Primary oxidation products Measurement of Peroxide Value in microplate Vitamin A and E contents Measurement of retinyl acetate and tocopherols

  

(α, δ, γ, β isomers) 

content by HPLC
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