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Abstract
The large-scale production of probiotics for functional foods, nutraceuticals, and emerging biotherapeutic applications remains heavily dependent on conventional culture media formulated with refined sugars and meat-derived peptones. Although such media are effective, their high cost and limited sustainability constrain broader industrial adoption and undermine efforts to develop cleaner, more resource-efficient fermentation systems. In response to this challenge, the present study reports a patented, animal-free culture medium developed from agro-industrial by-products for sustainable probiotic fermentation.
The proposed formulation integrates two underutilized waste streams: a sugar-rich aqueous fraction recovered from date fruit processing residues as the principal carbon source, and feather-derived keratin hydrolysate as a low-cost nitrogen source. With minimal supplementation, these components were combined to generate nutritionally balanced media that support the growth of industrially relevant probiotic microorganisms. Representative aerobic and anaerobic probiotic strains were cultivated under controlled fermentation conditions, and their performance was assessed in terms of growth kinetics, substrate utilization, and organic acid production relative to a commercial de Man, Rogosa, and Sharpe (MRS) medium.
The optimized waste-derived medium supported robust microbial growth and metabolite formation at levels comparable to those obtained with the commercial reference medium, while eliminating refined sugars and meat-based ingredients. In parallel, preliminary economic analysis demonstrated a substantial reduction in media cost per liter, highlighting the practical potential of the formulation for scalable fermentation processes. Beyond its fermentation performance, the developed platform offers a compelling valorization strategy that transforms low-value residues from food and poultry processing into a functional input for high-value microbial production. Overall, this work establishes a sustainable, cost-effective route for probiotic fermentation by developing animal-free culture media derived from agro-industrial by-products. The study advances a circular bioeconomy framework that simultaneously addresses waste valorization, cost reduction, and cleaner bioprocessing, thereby offering strong potential for industrial application in the probiotic and functional food sectors.
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