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ABSTRACT

Ethylene, a naturally occurring compound, plays a crucial role in ripening fruits and vegetables,
but excessive levels can cause significant food loss and waste. Recent research focuses on
developing porous particles to scavenge ethylene and preserve food freshness. Agrifood
byproducts, abundant and often discarded, contain valuable biomolecules for creating bio-
based materials. This study explored repurposing pine nut skin and brewery spent grain,
byproducts from the dried fruit and brewing industries, to develop ethylene-scavenging
particles.

Aerogel particles were derived from pine nut skin’s cellulose and a cellulose/lignin fraction
through an emulsion-coagulation process followed by supercritical CO2 drying. The influence
of lignin on the textural properties and ethylene adsorption of these particles was assessed,
using commercially available microcrystalline cellulose for comparison. The porous aerogel
particles achieved surface areas of 358 m?/g and 282 m?/g, respectively, comparable to those
from commercial microcrystalline cellulose (328 m?/g). Ethylene adsorption isotherms
showed that both types of particles can absorb ethylene, with lignin enhancing adsorption
capacity.

Brewery spent grain-derived activated carbons were obtained through microwave pyrolysis
with different activating agents and subsequently functionalized with oxygen, nitrogen, or
sulfur groups. These activated carbons demonstrated superior surface areas (up to 1169
m2/g), microporosity, ethylene adsorption kinetics, and ethylene/carbon dioxide selectivity
compared to commercially available activated carbon. Calculations based on fruit ethylene
production rates suggested that the most promising brewery spent grain-derived activated
carbon requires six times less material than commercial activated carbon per ton of food for
effective ethylene removal, highlighting its practical feasibility.

Overall, this work highlights the potential of pine nut-derived aerogel particles and brewery
spent grain-derived activated carbons for ethylene adsorption, opening opportunities for
preserving fruits and vegetables while valorizing these byproducts.



