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Abstract
Red palm oil (RPO) is a rich source of carotenoids and antioxidants [1]. However, the carotenoid compounds in RPO are highly susceptible to oxidation, light exposure, and thermal degradation, which reduce their stability during processing and storage, and limit their direct application in functional foods products [2]. Effective protection of these bioactive compounds during processing is essential for broader application in food formulations. Microencapsulation is an effective strategy to improve oxidative stability, extend shelf life, and protect bioactive compounds during processing and storage [3]. The present study examines a novel whey protein isolate (WPI) - maltodextrin conjugate (CJ), prepared via the Maillard reaction using hybrid wet-dry heating. CJ was evaluated as wall material for RPO microencapsulation and compared with simple mixing (SM) which prepared by physical blending of WPI and maltodextrin without heating followed by freeze-drying.
CJ showed significantly better encapsulation performance than SM, with higher yield (89.67%), encapsulation efficiency (89.30%), and carotene retention (81.70%), compared to those of SM (62.31%, 64.75%, and 24.27%, respectively). CJ exhibited lower water content (3.85%, db) and hygroscopicity (5.12%) than SM (5.64% and 6.60%), indicating improved powder stability. SEM analysis revealed that CJ formed more compact, spherical, and less porous particles, whereas SM showed irregular morphology with visible cracks and surface collapse. EDS and elemental mapping confirmed a more homogeneous distribution of oil and wall material in CJ. XRD results indicated that both samples were predominantly amorphous, with lower crystallinity in CJ (4.3%) than SM (5.5%), suggesting improved encapsulation matrix formation. FTIR analysis confirmed stronger intermolecular interactions in CJ due to Maillard conjugation between WPI and maltodextrin, which contributed to better barrier properties and encapsulation stability.
These results indicated that wall material of WPI - maltodextrin conjugation enhanced carotenoid protection during RPO microencapsulation. This approach offers a promising strategy for developing RPO-based functional food ingredients with improved encapsulation performance and wider applicability in food products.
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