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Upcycling Coffee Pulp: Developing Phenolic-Rich Microfiber Ingredients for Enhanced Bakery Nutrition 
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Abstract
Coffee processing involves multiple post-harvest stages to isolate the bean for consumption. Throughout this transformation, only a small fraction of the total cherry biomass is utilized for the final beverage, while the remaining majority is discarded as waste. This waste primarily originates from separating the commercial bean from the fruit, resulting in significant volumes of pulp, peel, parchment, and organic wastewater. Coffee pulp is a significant byproduct of the wet coffee processing method, representing about 40–50% of the coffee cherry's weight. While it is often discarded as waste, its rich chemical profile makes it an ideal candidate for commercial revalorization, turning waste into high-value products. It contains beneficial components such as carbohydrates, proteins, lipids and minerals in varying proportions. Beyond basic nutrients, coffee pulp contains high-value bioactive compounds like phenolics, flavonoids, carotenoids, and methylxanthines (specifically caffeine), offering significant potential for the functional food and nutraceutical industries. Utilizing these byproducts addresses the dual challenge of environmental waste management and the clinical demand for health-promoting functional ingredients. Therefore, this study utilized coffee pulp to produce dietary microfibers. The dehydrated and pulverized pulp was pre-extracted with water to remove tannins and subsequently subjected to colloidal milling for 30 min. This process produced microfibers rich in phenolic compounds (126.94 ± 13.54 mg GAE/g) and flavonoids (81.54 ± 3.45 mg CE/g). The microfiber was substituted for white flour at 0.5% and 1% (w/w) to prepare bread. The functionalized bread exhibited high antioxidant activity, with 73% free-radical scavenging at the 1% fortification level, which was attributed to the high phenolic (71.03 mg GAE/g) and flavonoid (46.77 mg CE/g) contents in the breadcrumbs. There was an increase in the browning index and the presence of beneficial minerals, such as K, Mg, Fe, Ca, and Na, in the breadcrumbs. Interestingly, the coffee pulp microfibers had no significant effect on the textural profile of the breadcrumbs. This approach adds value to agricultural byproducts while promoting resource efficiency and waste reduction. By developing functional bakery products enriched with natural fibers and antioxidants, this research supports public health and advances circular economy principles within the global food industry.
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