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Over the last years, the enrichment of food products with bioactive compounds has gained increasing attention due
to growing consumer demand for functional foods with added health benefits. Among various technological
approaches employed to develop such products, osmotic dehydration has emerged as a promising mild
pretreatment, enabling the production of osmotically dehydrated foods with enhanced nutritional and functional
properties. This process allows partial water removal while facilitating the incorporation of valuable solutes and
bioactive components into the food matrix, with minimal thermal degradation (Haneef et al 2024; Mari et al 2024).
Osmotically dehydrated products can thus retain significant amounts of natural antioxidants, pigments, and other
functional molecules, making them suitable for further processing into value-added or convenience foods
(Pantelidou et al 2021).

Potatoes (Solanum tuberosum L.) are among the most widely consumed foods worldwide, particularly in
fried products. Frying is a high-temperature process in which water is rapidly removed from the surface, causing
significant lipid oxidation, non-enzymatic browning reactions, and the formation of undesirable compounds such
as acrylamide (Wang et al 2021). The enrichment of potato tissue with natural antioxidants prior to frying
represents an effective strategy to improve oxidative stability, reduce undesirable reactions, and enhance the
overall nutritional product quality. In this context, osmotic dehydration constitutes a versatile approach to pretreat
potato cubes, allowing partial moisture reduction and simultaneous infusion of bioactive components from the
osmotic medium.

Beetroot (Beta vulgaris L.) juice, obtained from defective or non-marketable roots, is an abundant source
of betalains and phenolic compounds with well-documented antioxidant activity (Nawaz et al 2025). The use of
beetroot juice as an alternative osmotic medium offers multiple advantages. First, it enables the functional
enrichment of potato tissue through the transfer of bioactive molecules, particularly betalains, into the food matrix.
Second, it contributes to the valorization of agricultural waste, aligning with circular economy principles by
transforming low-value or discarded raw materials into high-value functional ingredients. In addition, the
characteristic red pigments of beetroot can enhance the visual appeal of osmotically dehydrated potato products,
potentially improving consumer acceptance.

The present study investigates the feasibility of ultrasound-assisted osmotic dehydration (UAOD) of potato
cubes using beetroot juice as a natural osmotic solution. Ultrasound application is expected to intensify mass
transfer through cavitation effects, microchannel formation within the tissue, and disruption of the boundary layer
surrounding the product (Pantelidou et a/ 2021; Salehi, 2023). These effects accelerate water loss and solute
uptake, thereby reducing processing time and potentially improving the efficiency of bioactive compound
incorporation. UAOD is therefore a promising pretreatment for producing functionally enriched potato cubes with
potential improvements in subsequent processing behavior.

Process optimization was carried out by examining the combined effects of temperature (20-45°C),
amplitude level (20-60% of 130 W), and soluble solids concentration of beetroot juice (40-65°Brix). Potato cubes
were immersed in beetroot juice under controlled conditions, and the osmotic dehydration process was monitored
at specific time intervals (30, 60, 120, 180, 240, and 300 min). Process efficiency was evaluated through several
mass transfer parameters, including water loss and solids gain, determined throughout osmotic treatment. Color
changes and pigment diffusion were assessed using instrumental color analysis, while structural modifications
induced by osmotic dehydration and ultrasound were examined by stereomicroscopy, allowing qualitative
evaluation of tissue integrity and solute penetration. Additionally, the enrichment of potato cubes with betalains
was quantified spectrophotometrically to assess the extent of functional bioactive incorporation.

Color analysis focused on both the intensity and uniformity of pigment distribution, as the infusion of
beetroot compounds is expected to modify the visual characteristics of the product. Stereomicroscopic
observations provided insight into the microstructural changes induced by ultrasound, including surface porosity,
cell wall disruption, and internal channel formation, all of which are expected to influence mass transfer and solute
uptake. Water loss and solids gain were calculated at each sampling time to determine the kinetics of osmotic
dehydration and evaluate the effects of temperature, ultrasound intensity, and soluble solids concentration on
process efficiency.

The results of this study demonstrate that ultrasound-assisted osmotic dehydration is an effective method
for promoting water removal and facilitating the transfer of bioactive compounds from beetroot juice into potato



cubes. Increased temperature and higher soluble solids concentrations generally enhanced solute uptake and
betalain enrichment, while moderate ultrasound intensity effectively promoted mass transfer without causing
excessive tissue damage. Longer treatment times resulted in greater functional enrichment, although extended
exposure may lead to structural softening of the tissue. The combination of process parameters can therefore be
optimized to balance dehydration efficiency, functional compound incorporation, and structural integrity.

The enrichment of potato cubes with betalains and other antioxidant compounds through ultrasound-
assisted osmotic dehydration is expected to contribute to improved oxidative stability during subsequent frying.
The presence of these bioactive molecules may assist in reducing lipid oxidation and controlling non-enzymatic
browning reactions, potentially leading to more uniform color development and improved quality of fried products.
In addition, the partial dehydration and microstructural modifications induced by the ultrasound-assisted treatment
may influence oil uptake and textural characteristics during frying, highlighting the technological relevance of this
pretreatment for fried potato applications.In conclusion, ultrasound-assisted osmotic dehydration of potato cubes
using beetroot juice derived from defective roots constitutes a sustainable and functional pretreatment strategy.
This approach enables process intensification through accelerated mass transfer, enhances the functional properties
of the product by transferring bioactive molecules, and aligns with circular economy principles by valorizing non-
marketable agricultural raw materials. UAOD represents a promising tool for the production of osmotically
dehydrated functional foods, with potential downstream benefits for fried product quality, clean-label formulation,
and consumer appeal.
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