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Abstract: Functional foods are commonly designed and evaluated based on the concentration of added 

bioactive compounds, assuming a direct relationship between bioactive content and physiological 

efficacy. However, inconsistent bioavailability outcomes across foods with similar compositions 

challenge this compound-centered paradigm. This perspective examines bioavailability within a 

broader structural context and proposes a matrix-driven conceptual framework for functional food 

design. Drawing on evidence from food structure science, digestion studies, and processing research, 

the work synthesizes how the structural organization of food matrices governs the release, 

solubilization, and digestive fate of bioactive compounds. Key matrix features, including emulsions, 

protein networks, fiber-rich structures, and hybrid architectures, are discussed in relation to their 

influence on enzymatic accessibility, micellization, and gastrointestinal disintegration. Food processing 

is examined as a tool for intentional structural modulation rather than solely a means of preservation or 

stabilization. The work further explores the implications of this framework for functional food 

formulation, identifies current challenges and knowledge gaps, and outlines future research directions 

toward structure-informed design strategies. By reframing bioavailability as an emergent property of 

the food matrix, this perspective highlights the need for a paradigm shift from dose-driven fortification 

toward rational, matrix-driven functional food development with improved predictability and efficacy.  

Keywords: food matrix; bioavailability; functional foods; food structure; digestion; bioaccessibility; 

food processing; matrix-driven design. 
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1. Introduction  

Over the past decades, functional foods have gained considerable attention as a strategy 

to promote health through diet [1,2]. This growth has been largely driven by the identification 

of bioactive compounds—such as polyphenols, carotenoids, phytosterols, and bioactive 

peptides—and by advances in analytical techniques enabling their quantification in complex 

food systems [3,4]. Consequently, functional food development has frequently focused on 

increasing the concentration of specific bioactives through fortification, enrichment, or 

supplementation strategies [2,5]. 

Despite these efforts, the translation of bioactive content into consistent physiological 

benefits remains highly variable. Numerous studies report discrepancies between the amount 
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of a bioactive compound present in a food product and its observed biological efficacy in vivo 

[6-8]. In some cases, foods with comparable bioactive concentrations yield markedly different 

bioavailability outcomes, while in others, high-dose fortification fails to produce the expected 

health effects. These inconsistencies highlight a fundamental limitation of approaches that 

implicitly assume bioavailability to be an intrinsic property of the bioactive compound itself 

[6,9,10]. 

Traditional compound-centered paradigms tend to treat foods as passive carriers, 

reducing the role of the surrounding food matrix to a background effect or a confounding 

variable. Within this framework, improving functional efficacy is often equated with increasing 

dosage, enhancing chemical stability, or optimizing isolated delivery systems. However, 

growing evidence suggests that such strategies overlook a critical determinant of nutritional 

functionality: the structural and physicochemical organization of the food matrix in which 

bioactives are embedded [9,11-13]. 

Bioavailability is not governed solely by molecular properties such as solubility, 

polarity, or chemical structure. Rather, it emerges from a sequence of dynamic events occurring 

during digestion, including matrix disintegration, enzymatic accessibility, release kinetics, 

solubilization, and transport across biological interfaces. Each of these processes is strongly 

influenced by the structural characteristics of the food matrix, which controls how bioactive 

compounds are spatially distributed, physically entrapped, or molecularly associated with other 

food components [6,14,15]. 

The food matrix should therefore be viewed not as a static container, but as a dynamic 

system that interacts with the gastrointestinal environment in a structure-dependent manner. 

Differences in matrix organization—such as emulsion architecture, protein network density, or 

fiber encapsulation—can profoundly alter the digestive fate of bioactives, even when chemical 

composition remains constant. From this perspective, bioavailability can be considered an 

emergent property of the food system, arising from the interplay between structure, processing, 

and digestion [14-16]. 

In this conceptual perspective, we argue that a shift from bioactive compound - centered 

thinking toward a matrix-driven view of bioavailability is necessary to advance functional food 

research and design. Rather than focusing primarily on what is added to a food product, greater 

emphasis should be placed on how bioactives are structurally integrated within the food matrix 

and how this structure evolves during digestion. By reframing bioavailability as a matrix-

dependent phenomenon, this work aims to provide a conceptual framework that links food 

structure to digestive mechanisms and, ultimately, to functional efficacy. 

2. From Bioactive Content to Matrix Functionality 

The development and evaluation of functional foods have traditionally relied on 

quantifying bioactive compounds as a primary indicator of potential health benefits. This 

approach assumes a linear relationship between the concentration of a bioactive component in 

a food product and its physiological effectiveness. However, increasing evidence indicates that 

bioactive content alone provides limited insight into functional efficacy, as it does not account 

for the complex processes governing bioaccessibility and bioavailability during digestion 

[6,9,14,17,18]. 

A critical distinction must therefore be made between the amount of a bioactive 

compound present in a food, the fraction that becomes bioaccessible during gastrointestinal 

digestion, and the proportion that ultimately reaches systemic circulation in an active form. 
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While bioactive concentration is a static and easily measurable parameter, bioavailability is 

inherently dynamic and context-dependent. It reflects not only the chemical nature of the 

compound, but also the physicochemical environment created by the surrounding food matrix 

throughout digestion [6,19]. 

In food science, the term food matrix encompasses more than the mere compositional 

makeup of a product. It refers to the spatial organization, molecular interactions, and physical 

structure that govern how nutrients and bioactives are arranged and constrained. Proteins, 

lipids, carbohydrates, and minor components form structured assemblies that determine 

mechanical properties, phase behavior, and interfacial characteristics. These structural features 

influence how a food responds to processing, oral breakdown, gastric conditions, and intestinal 

enzymatic activity [11,20-22]. 

Importantly, the food matrix is not static. It undergoes continuous transformation as it 

passes through the gastrointestinal tract, responding to changes in pH, ionic strength, 

mechanical forces, and enzymatic action. As a result, bioactive compounds are not released 

instantaneously or uniformly, but rather according to matrix-dependent disintegration and 

diffusion processes. In this sense, the matrix functions as a regulatory system that governs the 

timing, location, and extent of bioactive release [23-25]. 

Despite its central role, matrix functionality is often underrepresented in functional food 

research. Many studies isolate individual compounds or simplify food systems to study 

absorption mechanisms, inadvertently neglecting the structural context in which bioactives are 

normally consumed. While such reductionist approaches have contributed valuable 

mechanistic insights, they provide an incomplete representation of real foods and may partly 

explain the inconsistency between experimental findings and in vivo outcomes [26-28]. 

Shifting from a component-based to a structure-based perspective requires redefining 

functionality at the level of the food system rather than the isolated molecule. From a matrix-

driven viewpoint, the effectiveness of a functional food depends on how bioactives are 

physically embedded, chemically associated, and structurally protected or exposed within the 

matrix. Consequently, functional performance cannot be fully predicted by composition alone, 

but must be understood as an emergent outcome of matrix organization and digestive behavior 

[11,20,21]. 

This conceptual shift establishes the foundation for considering food structure as a key 

design parameter in functional foods. By focusing on matrix functionality rather than solely on 

bioactive content, it becomes possible to rationalize why foods with similar compositions may 

exhibit markedly different bioavailability profiles. This framework also sets the stage for 

examining how specific matrix structures influence digestion mechanisms, a topic addressed 

in the following sections. 

3. Structural Organization of Food Matrices 

Foods are structurally complex systems whose organization spans multiple length 

scales, from molecular associations to macroscopic architectures. This hierarchical 

organization is a defining feature of the food matrix and plays a central role in determining 

how nutrients and bioactive compounds are physically embedded, protected, or exposed during 

digestion. Understanding bioavailability from a matrix-driven perspective, therefore, requires 

moving beyond compositional descriptions toward an appreciation of food structure as a 

multiscale phenomenon [11,29]. 
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At the molecular and supramolecular levels, interactions among proteins, lipids, 

carbohydrates, and minor components govern aggregation, phase separation, and interfacial 

behavior. These interactions give rise to higher-order structures, such as emulsions, gels, and 

fiber-based networks, which collectively define the physical constraints experienced by 

bioactive compounds. Importantly, these structural arrangements are not merely passive 

outcomes of formulation, but functional determinants of digestive behavior [30-34]. 

Food emulsions represent a prominent class of matrix structures, particularly relevant 

for lipophilic bioactives. The size, stability, and interfacial composition of lipid droplets 

influence not only physical stability but also the accessibility of lipids to digestive enzymes 

and bile salts. Within emulsified systems, bioactives may be solubilized in the lipid phase, 

adsorbed at interfaces, or entrapped within structured droplets, leading to markedly different 

release and absorption profiles depending on emulsion architecture [35-38]. 

Gels and protein-based networks constitute another major category of food matrices. 

These structures arise from the formation of continuous three-dimensional networks that 

immobilize water, lipids, and solutes. Protein gel density, cross-linking, and pore size can 

restrict molecular diffusion and delay enzymatic penetration, thereby modulating the rate at 

which bioactives are released during digestion. In such systems, structural rigidity and 

breakdown behavior often exert a stronger influence on bioavailability than chemical 

composition alone [39-41]. 

Fiber-rich and plant-derived matrices introduce additional levels of structural 

complexity. Cell wall components, insoluble fibers, and intact cellular architectures can 

physically encapsulate bioactive compounds, limiting their immediate release in the 

gastrointestinal tract. The persistence or disruption of these structures during digestion governs 

whether bioactives are gradually liberated, remain partially inaccessible, or are transported to 

distal regions of the intestine. Thus, structural integrity at the cellular and tissue levels can be 

a critical determinant of bioactive fate [42-44]. 

In most real foods, these matrix types do not exist in isolation. Instead, foods are best 

described as hybrid systems in which emulsified lipids are embedded within protein or 

polysaccharide networks, and where multiple macronutrients interact simultaneously. Protein–

lipid–carbohydrate interactions create complex microenvironments that shape local 

physicochemical conditions, influencing solubility, diffusion, and enzymatic action. Such 

hybrid matrices highlight the limitations of oversimplified structural classifications and 

underscore the need for integrative structural perspectives [14,45-47]. 

Crucially, the structural organization of the food matrix is highly sensitive to 

formulation choices and processing history. Small changes in processing conditions can lead 

to substantial alterations in matrix architecture, even when ingredient composition remains 

unchanged. As a result, structural organization provides a more informative descriptor of 

functional behavior than composition alone, particularly when considering bioavailability 

outcomes [48-50]. 

By framing foods as hierarchically structured and dynamically evolving systems, this 

section establishes structure as a central variable linking formulation, processing, and 

digestion. Recognizing the diversity and complexity of food matrix architectures is essential 

for understanding how bioactives are released and transformed during digestion, a topic that 

will be explored in the following section through mechanistic links between matrix structure 

and digestive fate. 
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4. Mechanistic Links between Matrix Structure and Digestive Fate 

Digestion is not a uniform extraction process acting on food components in isolation, 

but a sequence of structurally mediated events in which the food matrix governs the 

accessibility, transformation, and transport of nutrients and bioactive compounds. From a 

matrix-driven perspective, the digestive fate of bioactives is shaped by how food structures 

respond to the physicochemical and enzymatic conditions of the gastrointestinal tract 

[14,42,49]. 

A critical determinant of bioavailability is the manner in which bioactive compounds 

are released from the food matrix during digestion. Structural disintegration does not occur 

instantaneously, nor does it proceed uniformly across different matrix types. Instead, the 

breakdown of food structures follows matrix-specific pathways influenced by mechanical 

forces, hydration, pH shifts, and enzymatic activity. Dense protein networks, intact plant cell 

walls, or stable emulsions can delay or spatially constrain the release of bioactives, resulting in 

gradual or incomplete bioaccessibility [6,14,15,51-54]. 

Beyond release kinetics, matrix structure strongly influences solubilization and 

micellization processes, particularly for lipophilic compounds. The formation of mixed 

micelles in the intestinal phase depends on the availability of lipid digestion products and bile 

components, which in turn is regulated by the structural organization of lipid phases. Emulsion 

droplet size, interfacial composition, and the presence of surrounding biopolymer networks can 

either facilitate or hinder the incorporation of bioactives into micellar carriers, thereby 

modulating their potential for intestinal uptake [55-58]. 

Enzymatic accessibility represents another key mechanistic link between matrix 

structure and digestion. Enzymes do not act uniformly throughout a food matrix; their activity 

is constrained by diffusion limitations, steric hindrance, and the physicochemical 

microenvironment. Structural features such as gel density, particle size, and interfacial barriers 

can restrict enzyme penetration, alter local substrate concentrations, and slow reaction rates. 

Consequently, bioactive release is often governed not only by enzyme abundance but also by 

the structural pathways that permit or impede enzymatic action [59-63]. 

The gastrointestinal tract further imposes a spatial and temporal dimension on matrix 

disintegration. As food progresses from the oral cavity to the stomach and intestine, structural 

transformations occur sequentially, with each compartment imposing distinct mechanical and 

chemical conditions. The timing and location of matrix breakdown can therefore influence not 

only how much of a bioactive becomes available, but also where along the intestinal tract this 

availability occurs. Such spatial control may have important implications for bioactives with 

site-specific absorption or local biological effects [11,59,64,65]. 

Importantly, matrix-driven digestive behavior challenges simplified interpretations of 

bioavailability based solely on solubility or chemical stability. Two foods with identical 

bioactive composition may exhibit divergent bioavailability profiles if their matrix structures 

differ in terms of disintegration dynamics, enzyme accessibility, or micellar incorporation 

efficiency. These differences underscore the notion that bioavailability emerges from the 

interaction between food structure and digestive processes, rather than from molecular 

properties alone [6,11,14,15,66]. 

By emphasizing mechanistic links between matrix structure and digestive fate, this 

perspective highlights the need to consider digestion as a structure-guided process. 

Understanding how specific matrix architectures modulate release, solubilization, and transport 
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provides a foundation for rationally designing food structures that enhance, rather than merely 

contain, bioactive compounds. This mechanistic understanding also informs the role of food 

processing in shaping matrix functionality, which is addressed in the following section. 

5. Food Processing as a Lever for Matrix-Driven Bioavailability 

Food processing plays a decisive role in shaping the structural organization of food 

matrices and, consequently, in determining the bioavailability of embedded bioactive 

compounds. From a matrix-driven perspective, processing should not be viewed merely as a 

means of preservation, safety assurance, or sensory optimization, but as a powerful lever 

capable of modulating digestive behavior through intentional structural modification 

[11,13,65,67-70]. 

Processing-induced transformations can profoundly alter matrix architecture across 

multiple length scales. Thermal treatments may induce protein denaturation, aggregation, or 

gelation, while also affecting lipid phase behavior and carbohydrate solubility. Non-thermal 

technologies, such as high-pressure processing or pulsed electric fields, can modify structural 

organization without extensive chemical degradation. Importantly, these changes often occur 

even when ingredient composition remains constant, underscoring that processing history is a 

critical determinant of matrix functionality [71-75]. 

Operations such as homogenization, emulsification, and gelation exemplify how 

processing directly governs matrix structure. Homogenization reduces particle and droplet size, 

increasing interfacial area and potentially enhancing enzymatic accessibility and micelle 

formation. Emulsification controls the spatial distribution of lipids and lipophilic bioactives, 

while the choice of emulsifiers and interfacial composition influences digestive stability and 

lipid digestion kinetics. Gelation, whether protein- or polysaccharide-driven, creates 

continuous networks that can delay matrix disintegration and modulate release rates during 

gastrointestinal transit [76-78]. 

From a functional food design standpoint, these processes enable intentional 

manipulation of matrix properties to achieve desired bioavailability profiles. Rather than 

maximizing immediate release, processing can be used to tailor the timing and location of 

bioactive availability, aligning structural breakdown with specific digestive conditions. Such 

matrix engineering approaches shift the focus from maximizing bioactive concentration toward 

optimizing structural compatibility with digestive mechanisms [70,79-82]. 

However, processing also carries inherent risks. Excessive structural disruption may 

lead to overprocessing, resulting in the loss of matrix integrity, reduced control over release 

kinetics, or diminished functional performance. Highly refined or extensively processed foods 

may exhibit rapid disintegration and uncontrolled release, potentially compromising 

bioavailability or leading to undesirable metabolic responses. Thus, the relationship between 

processing intensity and functional efficacy is not linear and requires careful balance [14,81,83-

86]. 

Recognizing processing as a structural design tool highlights the need for a more 

nuanced evaluation of processing effects in functional food research. Rather than categorizing 

processes as beneficial or detrimental solely based on nutrient retention, their impact on matrix 

architecture and digestive fate must also be considered. This perspective encourages a shift 

from processing optimization based on compositional endpoints toward strategies that 

explicitly target matrix-driven bioavailability. 
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By framing processing as an integral component of matrix design, this section 

reinforces the idea that functional performance is co-determined by formulation and 

processing. This understanding sets the stage for translating matrix-driven principles into 

practical formulation strategies, which are discussed in the following section on implications 

for functional food design. 

6. Implications for Functional Food Design 

The recognition of bioavailability as a matrix-driven phenomenon has important 

implications for how functional foods are formulated, evaluated, and optimized. Conventional 

design strategies often prioritize increasing the concentration of bioactive compounds, 

implicitly assuming that higher dosage translates into greater physiological efficacy. However, 

from a structure-oriented perspective, such approaches are frequently insufficient and may 

even be counterproductive if matrix organization is not considered [11,14,67,87,88]. 

A central implication of the matrix-driven framework is that more does not necessarily 

mean better. High levels of fortification may exceed the capacity of the food matrix to release, 

solubilize, or transport bioactives during digestion effectively. In some cases, excessive 

bioactive loading can disrupt matrix structure, reduce physical stability, or promote aggregation 

and precipitation, ultimately diminishing bioavailability. These observations challenge dose-

centric formulation paradigms and emphasize the need to align bioactive incorporation with 

matrix functionality [14,67]. 

Structure-oriented formulation strategies shift the focus from maximizing bioactive 

content toward optimizing the structural context in which bioactives are delivered. This 

involves considering how bioactives are spatially distributed within the matrix, whether they 

are associated with specific phases or interfaces, and how they interact with surrounding 

macronutrients. Designing matrices that control release kinetics, protect sensitive compounds 

during gastric digestion, or enhance solubilization in the intestinal phase may offer more 

reliable functional outcomes than simple enrichment strategies [14,32,89,90]. 

Within this conceptual framework, functional food design becomes a process of 

structural alignment rather than additive enhancement. For example, lipid-based matrices may 

be tailored to improve the incorporation and micellization of lipophilic bioactives, while 

protein or polysaccharide networks may be engineered to modulate enzymatic accessibility and 

release timing. Importantly, such approaches do not require the introduction of novel 

ingredients or delivery systems, but rather a strategic use of existing food structures and 

processing techniques [91,92]. 

The implications of matrix-driven design extend beyond conceptual formulation to 

practical and industrial considerations. Functional foods must meet constraints related to 

sensory quality, shelf-life stability, scalability, and cost-effectiveness. A structure-based 

approach offers opportunities to improve functional performance without necessarily 

increasing ingredient complexity or regulatory burden. By leveraging matrix architecture, 

manufacturers may achieve enhanced bioavailability while maintaining consumer-acceptable 

product formats [13,67,93]. 

Crucially, the examples discussed within a matrix-driven perspective are intended to be 

conceptual rather than data-driven. The aim is not to propose specific formulations or 

therapeutic claims, but to illustrate how structural principles can guide rational decision-

making in functional food development. Such an approach encourages a departure from trial-

https://doi.org/10.33263/Foods11.002
https://foods.international/


https://doi.org/10.33263/Foods11.002  

 https://foods.international/    8 of 17 

 

and-error fortification toward hypothesis-driven formulation grounded in an understanding of 

food structure and digestion. 

By reframing functional food design around matrix functionality, this perspective 

underscores the importance of integrating structural considerations early in the development 

process. Doing so may improve the predictability and consistency of bioavailability outcomes, 

bridging the gap between compositional design and biological efficacy. Nevertheless, 

translating these principles into routine practice remains constrained by several unresolved 

challenges, which are discussed in the following section. 

7. Limitations and Open Questions 

Despite growing recognition of the importance of food matrix structure in shaping 

bioavailability, several conceptual and methodological challenges continue to limit the 

widespread adoption of matrix-driven approaches in functional food research and development. 

These challenges contribute to the persistence of empirical, trial-and-error formulation 

strategies and hinder the translation of structural insights into predictive design tools [11]. 

One of the most significant limitations is the lack of robust predictive models linking 

food matrix structure to bioavailability outcomes. While numerous studies demonstrate 

qualitative relationships between specific structural features and digestive behavior, 

quantitative frameworks capable of forecasting bioavailability based on matrix parameters 

remain scarce. The multiscale and dynamic nature of food matrices complicates such modeling 

efforts, as structural transformations occur continuously during digestion and are influenced by 

both processing history and gastrointestinal conditions [94]. 

Interindividual variability represents another major source of uncertainty. Digestive 

physiology varies considerably among individuals in terms of enzyme activity, bile secretion, 

gastric emptying, and intestinal transit time. These physiological differences interact with food 

matrix structure in complex ways, making it difficult to generalize bioavailability outcomes 

across populations. As a result, even well-designed matrices may yield variable functional 

responses, challenging the interpretation and comparison of experimental results [6]. 

Methodological limitations further constrain progress in this field. Bioavailability is 

assessed using a wide range of in vitro, ex vivo, and in vivo models, each with inherent 

strengths and limitations. Simplified in vitro digestion models, while valuable for mechanistic 

insights, may not fully capture the structural dynamics and physiological variability 

encountered in vivo. Conversely, human intervention studies are costly, time-consuming, and 

often limited in their ability to isolate matrix-specific effects. The absence of standardized 

protocols for assessing matrix-driven bioavailability complicates cross-study comparisons and 

slows conceptual consolidation [95]. 

Additionally, functional food research often prioritizes compositional metrics over 

structural descriptors. Ingredient lists and nutrient content are routinely reported, whereas 

detailed information on matrix architecture, processing history, and structural evolution during 

digestion is frequently omitted. This imbalance limits the reproducibility and interpretability 

of findings and reinforces a component-centric view that underestimates the role of structure 

[96]. 

Collectively, these challenges underscore that matrix-driven bioavailability remains an 

emerging concept rather than an established design paradigm. Addressing these gaps will 

require not only improved analytical and modeling tools but also a cultural shift in how 

functional foods are studied and evaluated. Recognizing these limitations is a necessary step 
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toward developing more integrated and predictive approaches, which are discussed in the 

following section on future directions. 

8. Toward Matrix - Driven Functional Food Design 

Advancing toward matrix-driven functional foods requires a fundamental reorientation 

of research and development strategies, integrating food structure explicitly as a central design 

parameter. Rather than treating matrix effects as secondary or confounding factors, future 

approaches should aim to systematically incorporate structural considerations into formulation, 

processing, and evaluation workflows [11,17,20,48,49,97]. 

One important direction involves the integration of structural descriptors into functional 

food formulation strategies. This includes moving beyond compositional targets to define 

desired matrix architectures, such as interfacial characteristics, network density, and the spatial 

distribution of bioactives. Embedding such structural parameters early in product development 

could enable more rational alignment between matrix behavior and digestive mechanisms, 

improving the predictability of bioavailability outcomes [21,98,99]. 

Progress in this area will also depend on strengthening interdisciplinary connections 

between food structure science, digestion modeling, and nutritional physiology. Bridging these 

fields offers opportunities to develop mechanistically informed frameworks that link 

processing-induced structural changes to digestive fate and biological response. In particular, 

coupling advanced structural characterization with dynamic digestion models may help 

elucidate how specific matrix features evolve during gastrointestinal transit and influence 

bioactive release and absorption [100,101]. 

Another key future direction lies in transitioning from empirical formulation toward 

rational, hypothesis-driven food design. Currently, many functional food products are 

developed through iterative optimization, guided primarily by compositional adjustments and 

post hoc efficacy testing. A matrix-driven approach encourages the formulation of explicit 

structure–function hypotheses, whereby matrix architecture is intentionally designed to achieve 

targeted digestive and bioavailability profiles. Such a shift mirrors developments in other fields 

where structure–function relationships underpin rational design [20,102]. 

The development of predictive and semi-quantitative models represents a critical 

enabler for this transition. While fully predictive frameworks may remain challenging due to 

biological variability and matrix complexity, even simplified models that capture dominant 

structural effects could substantially improve formulation efficiency. These models may also 

support the identification of structural design rules applicable across product categories, 

facilitating knowledge transfer between research and industry [20,103,104]. 

Finally, embracing a matrix-driven perspective has implications beyond formulation, 

extending to how functional foods are evaluated and regulated. Incorporating structural 

considerations into efficacy assessment may lead to more realistic evaluation criteria that better 

reflect how foods are consumed and digested. Over time, this could contribute to a more 

consistent and scientifically grounded understanding of functional performance, benefiting 

both product development and consumer trust [11,14]. 

Together, these future directions highlight the potential of matrix-driven bioavailability 

as a unifying framework for functional food research. By integrating structure, processing, and 

digestion into a coherent design philosophy, the field may move closer to realizing functional 

foods whose efficacy is not only measurable but also mechanistically understood. 
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9. Conclusions  

This conceptual perspective has argued that bioavailability in functional foods should 

be reconsidered as an emergent property of the food matrix rather than an intrinsic 

characteristic of isolated bioactive compounds. While traditional approaches have largely 

focused on bioactive content and chemical composition, growing evidence indicates that 

structural organization and digestive behavior play a decisive role in determining functional 

efficacy. 

By emphasizing the central role of matrix structure, this paper highlights how food 

architecture governs the release, solubilization, and transport of bioactives during digestion. 

Differences in matrix organization - arising from formulation choices and processing history - 

can lead to markedly different bioavailability outcomes even when chemical composition is 

comparable. Recognizing these structure–function relationships provides a more realistic 

framework for interpreting inconsistencies observed in functional food research. 

Adopting a matrix-driven view of bioavailability has important implications for the 

design of functional foods. Rather than prioritizing maximal fortification, this perspective 

encourages structure-oriented formulation strategies that align matrix behavior with digestive 

mechanisms. Such an approach supports the development of functional foods whose efficacy 

is designed through controlled structural integration rather than inferred solely from 

compositional metrics. 

Importantly, the transition toward matrix-driven functional foods requires a shift in both 

research practice and conceptual thinking. Advancing this paradigm will depend on improved 

integration of food structure analysis, digestion modeling, and nutritional assessment, as well 

as the development of predictive frameworks that link matrix architecture to biological 

outcomes. While challenges remain, embracing matrix-driven bioavailability offers a 

promising path toward more consistent, interpretable, and effective functional food products. 

In conclusion, reframing bioavailability through the lens of the food matrix offers an 

opportunity to move functional food research beyond reductionist paradigms and toward a 

more holistic, mechanistically grounded understanding of food functionality. Such a shift has 

the potential to redefine how functional foods are formulated, evaluated, and ultimately 

delivered to consumers. 
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