Unrefined pistachio shell powder as multifunctional stabilizing agent for emulsions and foams
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Nuts are currently investigated for their nutritional (fatty acids, polysaccharides, sugars, minerals) and bioactive (such as polyphenols) components. Used as a whole or transformed in flours, they are widely consumed due to their specific aroma and health benefits. Among the nuts, almonds, walnuts, cashews, pistachios and pine nuts are especially popular. Since only a part of the nuts is edible, shells (and hulls) are set aside. Those by-products are rising interest in literature for the formulation of biofuels, phytochemicals, carbon traps or biobased materials.
With a world production of 1.1 million tons in 20201, pistachios represent a big biomass deposit. According to literature, pistachio wastes are rich in antioxidants and some extracts were already associated to health benefits such as anti-inflammatory2,3,4 and anti-bacterial4. However, the valorisation of pistachio shells is not explored for human nutrition applications. The present study aimed for the investigation of the potential of pistachio shells as a clean-label food ingredient. Pistachio shells were ball-milled without any extraction, fractionation or chemical modification. The powder displayed 44.3% of carbon, 0.17% of nitrogen and 0.95% of ashes. Thanks to the ball-milling process, the sizes of the dry and hydrated powder reached 9.3 ± 0.0 µm and 13.8 ± 1.4 µm respectively, with a soluble content of 12.5 ± 0.7% in water. 
Pistachio shell powder (PSP) was used as sole stabilizer in emulsions (50% water + 50% oil) and foams. Despite a creaming index of 12% (aqueous phase layering below the emulsion phase after 24h), PSP was a successful emulsifying agent, as it created very thin droplets, cream-colored emulsions with no specific smell. Their average diameter (15.6 ± 0.7 µm) was comparable to the one of the PSP particles in suspension, which is not possible for particle-stabilized emulsions, usually exhibiting a 10-fold-difference between droplets and particles. Even if some particles were cleared adsorbed around the oil droplets, Pickering mechanism could not be the only one at work. This was evidenced when studying the PSP soluble phase, which was able to stabilize emulsions, even though less efficiently than the whole powder. Finally, the PSP was tested as sole stabilizer of aqueous foams. With an overrun was comprised between 350 and 1300%, increasing with a decreasing PSP amount (from 13.7 to 2.3%), the PSP also displayed a high potential as foaming agent.
As a conclusion, pistachio powder can be valorised as an efficient stabilizing agent for the formulation of emulsions and foams. The next step of the study is to model the PSP potential as stabilizing agent with a predictive statistical tool. We will also tackle the increased complexity of formulation in order to get towards prototypes for food and cosmetic applications. We would like to present these results in an oral presentation.
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