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The growing interest in the research and development of functional foods is 
driven by their potential to prevent diseases and promote health, with particular 
emphasis on their bioactive properties and applications in the food industry. 
Nevertheless, the dispersion of knowledge and the lack of systematic organization 
of findings limit the effective exploitation of these advancements. To address this 
gap, the present review performs a bibliometric analysis of 7116 scientific 
publications indexed in the Scopus database between 2020 and 2025, with the 
aim of identifying key research trends and mapping significant progress in the field 
of functional foods. The results underscore the increasing attention to their 
anticancer, antidiabetic, antitumor, and antioxidant properties, as well as the 
promising role of bioactive compounds, probiotics, and their nutritional 
benefits. Furthermore, the review highlights innovative functional products and 
ingredients, including cookies, chocolates, yogurt, cheeses, gelatin, algae, edible 
flowers, dietary fibers, 3D-printed foods, and a wide range of plant-based 
ingredients such as fruits and legumes. Taken together, these findings provide 
a foundation for future research and contribute to a deeper understanding of the 
potential of functional foods to promote health, as well as their development 
prospects in the food industry.
Systematic Review Registration: https://www.scopus.com/pages/home#basic.
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1 Introduction

In recent years, the application of new technologies in food development has enabled the 
production of healthier and safer products, in line with Sustainable Development Goal 
(SDG) 2, which aims to end hunger, ensure food security, improve nutrition, and promote 
sustainable agriculture; as well as SDG 3, which seeks to ensure healthy lives and promote 
wellbeing for all people. These approaches help provide access to safe and nutritious foods, 
which are essential for a healthy life (Falguera et al., 2012; Majid et al., 2018; Tamasiga et al., 
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2023). Moreover, Functional Food Science in Europe (FUFOSE) has 
defined functional foods (FFs) as any food or food component that 
provides a benefit beyond its basic nutritional value (Pérez-Martínez 
et al., 2023; Pattanayek et al., 2024). Although the concept was 
formally introduced in the 1980s by the Japanese Ministry of Health 
and Welfare, FFs have a longer history of traditional use, stemming 
from their specific health benefits (Reglero Rada, 2011; 
Konstantinidi and Koutelidakis, 2019; Alongi and Anese, 2021).

In fact, from the second half of the 20th century onwards, along 
with a growing interest in the development of FFs (Singh, 2019; Alongi 
and Anese, 2021), regulatory systems have been established in various 
organizations such as the U.S. Food and Drug Administration (FDA), 
the Food Safety and Standards Authority of India (FSSAI), the China 
Food and Drug Administration (CFDA), the European Food Safety 
Authority (EFSA), and the National Health Surveillance Agency 
(Brazil), which have defined specific criteria for evaluating the 
composition of FFs that demonstrate their health benefits (Nataraj 
et al., 2020; Shan et al., 2025). The innovation that FFs represent in the 
industry has significantly impacted the supply of FFs and has 
encouraged further scientific research to continue studying their 
properties and benefits (Olmedilla-Alonso et al., 2013; Küster- 
Boluda and Vidal-Capilla, 2017; Mas, 2021; Peñalver et al., 2022). 
For example, foods such as Ziziphus lotus (Abcha et al., 2021), oyster 
mushroom crackers and pearl millet (Uukule et al., 2023), edible 
bamboo mushroom (Ruksiriwanich et al., 2022), and lotus root 
flour (Saeed et al., 2021), have been noted for their abundance of 
antioxidants, vitamins, minerals, probiotics, omega-3 fatty acids, and 
other micronutrients, all of which have a positive impact on human 
health (Kaur et al., 2022).

Despite growing scientific interest in FFs, information on their 
properties, technological development, and health effects remains 
scattered across different areas of research and food matrices. This 
dispersion makes it difficult to obtain an integrated overview of 
research trends and new directions in this field. Surveillance of 
scientific production through bibliometric tools provides reliable 
and consistent data (Melo et al., 2021; Ribeiro et al., 2022). This 
technology evaluates the impact of research in a specific field, which 
helps identify historical developments, current challenges, and 
technological trends, thereby facilitating the anticipation of future 
changes (Herrera-Franco et al., 2021; Feng et al., 2022). Similarly, 
Tamasiga et al. (2023) mention that employing this technology 
allows the identification of scientific reports in the area of food 
science, research trends, collaborative networks between authors 
and institutions, emerging areas of study, and publication impact 
(Donthu et al., 2021; Qin et al., 2022), which contributes to 
broadening the state of the art, and to uncovering potential 
research gaps in the field (Ababou et al., 2023).

In this context, a thorough exploratory analysis is essential to collate 
the principal findings related to the properties of FFs. This analysis will 
help pinpoint technological innovations and discern emerging research 
trends within this domain, offering an comprehensive perspective on 
the advancement and evolution of these foods (Granato et al., 2020; 
Donthu et al., 2021; Monteiro et al., 2022; Mörschbächer and Granada, 
2022). Ababou et al. (2023) assert that performing a bibliometric 
analysis-based review enables researchers and practitioners to 
comprehend the pivotal contributions that have molded the current 
understanding of FFs properties. This approach also facilitates the 
identification of prospective areas for future research.

Therefore, a bibliometric analysis can provide detailed 
information about the scientific production in FFs. This review 
highlights the foods that are gaining more attention in current 
research and their beneficial properties and positive impact on 
human health. Hence, the review collected data about the 
scientific production related to FFs properties through a 
bibliometric analysis of scientific articles indexed in Scopus due 
to database is superior to others such as PubMed and Web of Science 
(WoS) in terms of size and functions available for analysis and 
sorting of data (Sweileh, 2020; Malanski et al., 2021), using the 
Biblioshiny interface of the Bibliometrix package, in order to 
understand the trends in the field of study; also, a critical 
analysis of the performance of the leading research journals, 
scientific production by country, as well as a keyword analysis 
was carried out (Aria and Cuccurullo, 2017). Therefore, the 
review focused on conducting a technology forecasting on FFs, 
which has allowed the establishment of affluent perspectives and 
research results, establishing a systematic compendium of research 
related to developing this type of food.

2 Methodology of scientific reports 
search and bibliometric analysis

The analysis was based on an integrative review (qualitative and 
quantitative), which provides relevant information on a topic and 
allows for recommendations regarding future research trends 
(Souza et al., 2010; Cronin and George, 2023; Silva et al., 2023). 
The study followed the methodology proposed by Silva et al. (2023). 
The bibliometric analysis enabled a systematic review of the 
scientific production of journals from different countries. For this 
purpose, bibliometric indicators obtained from the Scopus database 
were used and analyzed through the Biblioshiny interface. The 
scientific productivity of journals was analyzed based on the total 
number of publications, total citations, and the H-index. In addition, 
the impact factor of each journal was obtained from the Journal 
Citation Reports (Clarivate Analytics, 2024) (Table 2). It also 
mapped the subject’s evolutionary nuances (Lim and Kumar, 
2024) following the methodological framework depicted in Figure 1.

2.1 Data collection and screening

Articles were initially retrieved from the Scopus database for 
bibliometric analysis, as shown in Figure 2. The methodology was 
adapted following Baas et al. (2020) and Donthu et al. (2021), and 
the analysis was performed using “Biblioshiny”, the web-based 
interface of the Bibliometrix package in RStudio (version 4.3.1). 
Additionally, filters were applied in accordance with the Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses 
(PRISMA) guidelines (Page et al., 2021), thereby ensuring a 
systematic and transparent selection process.

The applied methodology encompassed three phases: 
identification, screening, and inclusion (Page et al., 2021).

2.1.1 Identification phase

A comprehensive search of the Scopus database was conducted 
on 27 May 2025, using the keywords “properties” AND “functional” 
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AND “foods”. This initial search yielded 42,725 publications. The 
dataset was subsequently filtered to include only studies published 
between 2020 and 2025.

2.1.2 Screening phase

The initial dataset was refined by applying a preliminary filter, 
wherein only “article” -type documents were considered, excluding 
other formats. Consequently, the number of articles was reduced 
from 25,939 to 17,861.

2.1.3 Inclusion phase

Additional criteria were applied to ensure the relevance of the 
selected articles. Specifically, only those classified under the 
“Agricultural and Biological Sciences” subject in the Scopus database 
were retained. This category comprises research related to FFs, their 
biochemical properties, and their impact on health, thereby ensuring 
that the analyzed articles are directly relevant to the topic of interest.

Furthermore, articles containing the keywords “chemistry”, 
“antioxidants”, “functional properties”, “functional food”, 
“antioxidant activity”, “proteins”, “bioactive compounds”, 
“polyphenols”, “flavonoids”, “probiotics”, “animals”, “bioactivity”, 
“antimicrobial activity”, “functional foods”, “food industry”, 
“biochemistry”, “microorganisms” and “biological activity” were 
filtered. These keywords were chosen based on their relevance to 
the primary compounds and functional properties investigated in 
FFs, thereby ensuring the inclusion of research directly related to 
their potential health benefits. Only articles published in English 

were considered, as English is the predominant language of scientific 
communication, facilitating broader access and international 
comparability. Moreover, only final versions of articles were 
included, excluding pre-publications due to their provisional 
nature and lack of peer review. Applying these criteria resulted in 
a final dataset of 7,116 articles.

Finally, following the bibliometric analysis framework, studies 
on FFs were selected (Tables 3 and 4). These studies were extracted 
from the final dataset based on the following criteria: publications 
between 2020 and 2025, evaluation of bioactive properties 
(antioxidant, antimicrobial, antidiabetic, or others), and relevance 
for application in the development of commercial products.

3 Descriptive analysis of scientific 
production

3.1 Basic metrics of scientific publications 
and trend in publishing journals

The selected and screened database consisted of 7,116 articles, 
considering a series of eligibility criteria and filters (Figure 2). These 
metrics were chosen because of their accessibility and relevance for 
obtaining accurate and representative information on functional 
food studies. Moreover, the metrics objectively assess the volume 
and quality of scientific production, allowing for a more focused and 
informed analysis. Table 1 presents the information from the data 
source, including the timespan, number of journals, annual growth 
rate, average citations per author, Keywords Plus and author 

FIGURE 1 
Methodological steps for the execution of the bibliometric analysis.
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keywords, number of authors, collaborations, and type of document. 
This refinement reduced selection bias and ensured a representative 
FFs literature sample.

Around 474 publications (including journals, books, among 
other scientific publications) focused on the study of FFs 

properties were found, showing an annual growth rate of 5.11%. 
Additionally, 28,855 authors were identified in the analyzed 
publications, of which only 71 articles were single-authored 
(Arguelles, 2020; Zając, 2020; Alizadeh, 2021; Smykov, 2021; 
Okur, 2022; Boukid, 2023; Dadalı, 2023; Wu, 2023). Moreover, 

FIGURE 2 
PRISMA Flow diagram for systematic review and Meta-analysis.
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the average number of co-authors per document was 5.80, with 
international co-authorships accounting for 22.75% on average. 
International collaborations in the field of FFs focused on 
functional properties, such as protein and dietary fiber content, 
as well as on improvements achieved through fermentation 
processes, probiotic application, and enhanced antioxidant activity.

Frequent collaborations were identified between country 
pairs such as China and the United States, Spain and Italy, 
Brazil and Portugal, and Egypt and Saudi Arabia. China 
accounted for the highest number of international 
collaborations. These partnerships optimized research related 
to the nutritional and functional properties of foods. Also, 
international cooperation fosters the exchange of knowledge 
and resources, thereby driving innovation and progress in the 
development of FFs that offer health benefits.

These journals accounted for 3,293 publications, representing 
46% of the total output. Additionally, the publisher and the country 
of origin for each journal are provided. According to the data, Food 
Chemistry was the most outstanding journal, publishing 746 articles 
and receiving the highest number of citations, making it one of the 
leading journals worlwide in the field of Food Science (Kamdem 
et al., 2019) (Table 2). Moreover, Food Hydrocolloids obtained the 
highest impact factor (11 IF), as it had a high number of citations 
despite a lower number of publications concerning the subject of the 
bibliometric analysis (Elsevier, 2018).

On the other hand, journals with higher scientific output were 
identified, including LWT (422 articles), Foods (326 articles), and 
Food Research International (313 articles). Notably, despite the high 
volume of scientific output, the corresponding impact factors ranged 

from 2.6 to 2.0—for instance, the International Journal of Food 
Science and Technology (2.6 IF) and the Journal of Food Processing 
and Preservation (2.0 IF) (Table 2). FFs research is supported by 
leading journals with high scientific productivity and impact, 
ensuring methodological rigor in information retrieval, 
international visibility, and the consolidation of the research field.

3.2 Trends in scientific production by 
journals in recent years

Figure 3 illustrates the scientific output of academic journals, 
highlighting ten publications recognized for their impact and 
relevance in FFs research. A notable increase in total publications 
was observed from 2023 (1,182) to 2024 (1,666), followed by a 
decline in 2025, with 1,111 publications. This trend can be partly 
attributed to the low output in 2020 and 2021, a period marked by 
restrictions on laboratory research due to the pandemic, as physical 
contact was prohibited and consequently affected international 
collaborations (Xu, 2020). The growth in scientific publications 
reflects the consolidation and maturity of the FFs field, 
highlighting a shift toward research on technological applications 
and the production of knowledge with practical applicability.

It was also observed that the journal Food Chemistry exhibited a 
production variation ranging from 8% to 19%, as detailed in the 
Supplementary Material (Supplementary Table S1). In 2023, LWT 
published fewer articles compared to previous years, while the 
Journal of Food Processing and Preservation released only one 
article. In contrast, the International Journal of Food Science 
and Technology was characterized by an increase in publications. 
Collectively, the remaining 464 journals contributed 3,823 articles, 
representing the largest share of the research field in 2025, 
accounting for 54% of the total output. It is crucial to highlight 
the growing interest in bibliometric analysis publications on FFs. 
These analyses provide insights into the various advances, trends, 
innovations, and applications of this type of food (Bulut Albayrak 
and Duran, 2022; de Farias et al., 2023; Monteiro et al., 2023). 
Editorial diversity, the predominance of specialized journals, and the 
growth of bibliometric studies demonstrate a quantitative and 
analytical expansion of the field, which is relevant for 
systematizing scientific output, identifying knowledge gaps, and 
guiding research planning in FFs.

3.3 Three-field chart

Figure 4 presents an analysis of the correlation between authors 
(AU) from different countries, keywords (DE) and journals (SO), 
showing that most of the research has been focused on “functional 
properties”. However, the approaches and applications vary 
significantly among studies, allowing for the identification of 
important trends and differences in exploring this field. For 
example, Wang Y. et al. (2022) demonstrated that solid-state 
fermentation of rapeseed meal with Bacillus subtilis and 
Lactobacillus plantarum, assisted by acid protease, enhances the 
antioxidant and immunomodulatory capacity of the generated 
peptides, highlighting the potential of this technique to optimize 
plant proteins. In contrast, Zhang et al. (2023c) reported that 
structural modification of resistant starch influences biofilm 
formation, bacterial metabolism and short-chain fatty acid 

TABLE 1 Primary data source information.

Main information about the data Results

Timespan 2020:2025

Sources (journals, books, among others) 474

Documents 7,116

Annual growth rate % 5.11

Document average age 2.29

Average citations per doc 13.59

References 327,690

Document contents

Keywords plus 23,823
Author’s keywords 14,258

Authors

Authors 28,855
Authors of single-authored docs 66

Authors collaboration

Single-authored docs 71
Co-authors per Doc 5.80

International co-authorships % 22.75

Document types

Article 7,116
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production (Lactobacillus gasseri). Furthermore, Zhang et al. 
(2023b) demonstrated that hydrolyzed wheat protein improves 
antioxidant capacity, digestibility and amino acid profile in meat 
analogs. Meanwhile, Maccarronello et al. (2025) investigated the 
behavior of bioactive compounds derived from Pistacia vera shells, 
highlighting their health benefits. Bibliometric analysis of 
collaborations and thematic segmentation reveals a high level of 
scientific output, addressing not only the study of bioactive 
compounds but also their occurrence across a wide variety of 
food matrices, highlighting their potential for developing novel 
food products and promoting consumer health.

Given the interest of research on issues related to improving 
health, publications are oriented towards studying FFs or potentially 
functional properties, emphasizing their antioxidant content and 
activity. These properties stand out due to their impact on 
preventing cardiovascular diseases, degenerative diseases 
(Alzheimer’s), and cancer (Dhalaria et al., 2020; Prakash et al., 
2020). Likewise, studies include the analysis of vitamins A, E, C, 
beta-carotene, polyphenols, among other bioactive compounds 
(Giaquinta Aranda et al., 2017). Also, studies indicate that FFs 
possesses potential health benefits, for instance, in disease 
prevention through the neutralization of free radicals; however, a 
recurring limitation is the lack of bioavailability assessments.

Furthermore, Figure 4 shows several related terms, such as 
“polyphenols” and “flavonoids”, where flavonoids and phenolic acid 
are sources of dietary polyphenols beneficial to health (Silveyra and 
Andreu, 2023). For example, the antitumoral activity of polyphenols 
from Andean potatoes has been investigated (Silveyra and Andreu, 
2023); however, these effects have been observed mainly in in vitro 
studies, highlighting the need for studies in human models to confirm 
their efficacy. Similarly, pigmented quinoa (Chenopodium quinoa 
Willd) has been reported to reduce blood glucose levels and exhibit 
antidiabetic potential (Zhang Q. et al., 2023); however, its clinical 
effectiveness and optimal intake dosage have yet to be established. In 
addition (Aylanc et al., 2021), demonstrated that bee products, such as 
bee pollen and bee bread, contain functional dietary phytochemicals, 
including vitamins, carotenoids, flavonoids, and phenolic acids. 
Likewise, Lo et al. (2021) identified lupin as a legume with high 
protein and dietary fiber content and low starch levels, reinforcing its 
classification as a functional food. Collectively, these findings indicate 
that current research focus on chemical characterization and 
antioxidant properties of complex food matrices, highlighting their 
physiological effects in health.

In parallel, fermentation-based approaches have emerged as a 
prominent strategy for enhancing food functionality. Fathy et al. 
(2022) reported that the incorporation of citrus peels into yogurt 
enhances probiotic viability and improves other functional 
attributes, positioning it as a potential functional food. Similarly, 
yogurt produced from tiger nut and date palm milk and fermented 
with lactic acid bacteria exhibited high antioxidant activity, a 
favorable phenolic profile, and acceptable sensory properties 
(Banwo and Taiwo, 2025). This suggests that the combined 
effects of fermentation and the incorporation of bioactive-rich 
ingredients, rather than the sole addition of probiotics, contribute 
to enhanced antioxidant and functional properties of fermented 
foods. In this context, Latif et al. (2023) highlighted that probiotics 
are live microorganisms which, when administered, confer health 
benefits to the host, underscoring the essential role of T
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microorganisms in FFs production. Specifically, the enzymes they 
produce catalyze the hydrolysis of plant-derived proteins, leading to 
a significant increase in antioxidant capacity.

In addition to dairy and fermented matrices, confectionery 
products have also been explored as carriers of functional 
ingredients. Yeo and Thed (2022) reported that the addition orange 
and passion fruit peels to dark chocolate increases the dietary fiber 
content; however, in both cases, it is essential to consider potential 
changes in the organoleptic properties. Additionally, the development 
of functional chocolates incorporating gamma-aminobutyric acid- 

producing Lacticaseibacillus rhamnosus (Ozer et al., 2022) or plant- 
derived ingredients such as mung bean, fenugreek seeds, and Moringa 
leaves has also been documented (Muhammad et al., 2023), 
highlighting the application of diverse functional ingredients across 
different types of food products.

These results indicate that research on FFs prioritizes their 
antioxidant properties. While these compounds is suggested to 
play a crucial role in disease prevention, further investigation 
into their bioavailability and mechanisms of action is necessary 
to validate their impact on health. Likewise, diversifying research 

FIGURE 4 
A three-field graph relating authors, keywords, and journals.

FIGURE 3 
Evolution of publications in journals with a focus on the study of functional food. *Stacked bars show the annual percentage contribution of each 
journal (journal articles/total annual publications x 100), while the line represents the total publications per year.
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toward other bioactive compounds will provide a more 
comprehensive understanding of their benefits. Although 
polyphenols and other bioactive compounds show great potential, 
their efficacy depends on additional studies aimed at optimizing 
their application and confirming their effects on human health. 
Virgen and Mojica (2024), mentioned that specialized journals seek 
to integrate nutrition and medicine, promote sustainability through 
reformulated foods, improve consumer acceptance of FFs, and 
evaluate their biological potential to optimize benefits with the 
participation of both society and authorities.

3.4 Scientific production by country

In Figure 5, the intensity of the color represents the variability in 
the scientific production of each country during the period 

2020–2025, highlighting those with the highest and lowest 
research output in the field. The ten countries with the highest 
number of articles identified through the bibliometric search were 
China, India, Brazil, Italy, Spain, the United States, Mexico, Iran, 
South Korea and Turkey. Conversely, countries such as Armenia, 
Cuba, Afghanistan, Qatar, Panama and Uzbekistan exhibited the 
lowest scientific production. It should be noted that these results are 
based on absolute publication counts derived from the analyzed 
dataset. Therefore, countries with larger populations, broader 
research communities, or more developed scientific 
infrastructures may naturally present a higher number of 
publications. As the analysis relies on absolute frequencies, it 
does not incorporate normalized indicators such as per capita 
productivity or national research and development (R&D) 
investment.

FIGURE 5 
Scientific production* by country for the period 2020–2025 on functional food properties * The number of publications corresponds to the 
frequency of articles in which each country is listed as the affiliation of at least one author; a single article may be counted for more than one country due 
to international collaborations. These numbers are based on the final data of 7,116 articles.
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At the continental level, Asia leads in publications addressing the 
properties of FFs. In the Americas, Brazil, the United States, Mexico, 
Canada, Argentina, Chile, Colombia, and Peru were the most 
prominent. In Europe, Italy, Spain, Portugal, Poland, Germany, 
Serbia, and France stood out. In Africa, Nigeria, Egypt, Tunisia, 
South Africa, and Morocco were identified, while in Oceania, 
Australia and New Zealand were notable. Countries are color- 
coded according to their continent: blue for the America, yellow 
for Europe, orange for Africa, green for Asia, and red for Oceania. 
Turkey is represented in light green due to its transcontinental 
nature, as it belongs to both Asia and Europe. Finally, gray indicates 
countries without publications during the period under evaluation.

In this context, FFs research has undergone a progressive 
diversification of research lines, associated with strengthened 
international scientific collaboration, indicating an enhanced 
research capacity for FFs development. However, this distribution 
may also reflect structural differences in research capacity between 
countries, including variations in funding availability, scientific 
infrastructure, and institutional support. Furthermore, although 
publication counts provide an overview of productivity, they do 
not necessarily reflect research quality or its relative intensity. 
Therefore, complementary indicators, such as citation metrics 
and collaboration networks, are essential for a more 
comprehensive assessment.

For instance, studies conducted in China on FFs focused on 
analyzing starch–lipid and starch–lipid–protein complexes in food 
products (Wang S. et al., 2020). In addition, several efforts have been 
directed toward investigating dietary fibers obtained from by- 
products (Gan et al., 2020; Lin et al., 2020; Wang K. et al., 2020; 
Qin et al., 2023; Wang et al., 2025), demonstrating that insoluble 
fibers enhance the availability of antioxidants in foods (Wang C. 
et al., 2020; Wang et al., 2023 D.). In this regard, studies on dietary 
fibers highlight their strong potential to interact with complex food 
matrices and phenolic compounds, promoting enhanced 
antioxidant stability for the development of value-added FFs and 
the utilization of natural fibers derived from by-products.

In addition to these contributions, Greece and Germany have 
published comprehensive reviews of the physicochemical and 
biological treatments used to modify soluble and insoluble dietary 
fibers obtained from cereal, fruit, and vegetable by-products. Strategies 
were also established to improve their nutritional functionality, 
palatability, and technological applicability in food systems (Iqbal 
et al., 2022; Plakantonaki et al., 2023). Similarly, a study in Mexico 
determined that fruit and vegetable processing by-products are 
potential sources of antioxidant dietary fiber and highlighted the 
interaction between dietary fiber and associated phenolic 
compounds and their possible role in reducing oxidative stress- 
related diseases (Angulo-López et al., 2023). On the other hand, in 
India, it was demonstrated that microwave-assisted extraction of 
dietary fibers from kinnow by-products yielded higher yields and 
better functional properties compared to conventional extraction 
methods (Kaur et al., 2025). Likewise, a study conducted in the 
United States and Croatia indicated that emerging extraction 
methods allow plant-based dietary fibers to be obtained with higher 
yields, in shorter times, and with improved physical and chemical 
properties (Buljeta et al., 2023).

While dietary fiber derived from agro-industrial by-products has 
received considerable attention as a functional ingredient, other 

food macromolecules, particularly plant-based proteins, have also 
been extensively researched for their nutritional and functional 
potential. Research in Germany, the United States, Canada, 
China, Denmark, and France has focused on improving the 
nutritional and functional value of foods by enhancing their key 
properties. In this context, studies have optimized pea proteins for 
application as functional food ingredients (García Arteaga et al., 
2020; Jiang et al., 2022), emphasizing that their protein quality and 
techno-functional performance are influenced by intrinsic factors 
such as amino acid composition and spatial conformation, as well as 
extrinsic factors including growth and processing conditions, with 
recent advances in dry and wet extraction methods, ultrafiltration, 
enzyme-assisted techniques, and hydrodynamic cavitation that 
improve yield, functionality, and sensory properties (Asen et al., 
2023). Commercial pea protein isolates (76%–85% protein) also 
show significant variability in their structural, thermal, and 
functional properties, highlighting the importance of 
comprehensive quality assessment for industrial applications (Sun 
et al., 2023). In particular, differences in protein structure and 
aggregation state influence interfacial viscoelastic behavior and 
emulsifying performance, supporting their use in innovative food 
emulsions (Grasberger et al., 2024). pH-induced structural 
modifications alter zeta potential, particle size, surface 
hydrophobicity, and sulfhydryl exposure, directly affecting 
foaming capacity and stability. Strong correlations between 
structural and surface characteristics and foaming behavior 
enable the customized design of plant-based aerated products 
under different pH conditions (Othmeni et al., 2024).

Beyond their role as food ingredients, proteins have also been 
explored for structural and bioactive applications in food systems, 
such as in the development of edible films. Several studies have 
investigated the structural functionality of plant proteins 
(Nascimento et al., 2024), while Canadian research demonstrated 
that sea cucumber protein isolates have amino acid profiles and 
functional characteristics distinct from those of soy protein isolates 
(Senadheera et al., 2023). Furthermore, a collaborative work between 
Canada and Iran has developed edible films with antioxidant 
properties, formulated from mung bean protein enriched with 
pomegranate peel (Moghadam et al., 2020). In Spain, chitosan 
has gained prominence as a biodegradable, biocompatible, and 
non-toxic coating material with inherent antimicrobial and 
antioxidant properties that can be enhanced by incorporating 
plant extracts (Muñoz-Tebar et al., 2023). Similarly, edible films 
were developed in Egypt form cellulose and ulvan extract from Ulva 
lactuca, which showed greater thermal stability, good barrier 
capacity against UV and visible light, and remarkable antioxidant 
activity, highlighting their potential for active packaging 
applications that contribute to extending the shelf life of food 
(Gomaa et al., 2022).

On the other hand, research conducted in several countries has 
highlighted the nutritional and functional potential of edible flowers. 
In Brazil have addressed the nutritional value of edible flowers 
(Takahashi et al., 2020). Moliner et al. (2022) reported antioxidant, 
neuroprotective, and anti-aging activities in borage (Borago 
officinalis L.). Similarly, Izcara et al. (2022) identified secondary 
metabolites with bioactive potential, including apigenin, 
epigallocatechin, catechin, dicaffeoylquinic acid, and myricitrin, 
in blue mallow (Malva sylvestris L.), hibiscus (Hibiscus rosa- 
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sinensis L.), and nasturtium (Tropaeolum majus L.). In addition, 
fruits of Opuntia dillenii (Ker Gawl.) were found to exert prebiotic 
effects that modulate human gut microbiota (de Sousa Rocha et al., 
2024). In Thailand, edible flowers from several Curcuma species 
were shown to possess distinct nutritional profiles and bioactive 
compounds, particularly high flavonoid content and marked 
antioxidant capacity (Sommano et al., 2025). Furthermore, a 
study in Italy demonstrated significant variations in vitamins, 
sugars, secondary metabolites, and aromatic profiles of four 
edible flower species (Cucurbita moschata Duchesne, Dianthus 
chinensis L., Fuchsia regia (Vand. Ex Vell.) Munz, and Viola 
cornuta L.), highlighting their functional and sensory potential 
(Marchioni et al., 2024). Additionally, a comprehensive review 
from Greece compiled data on over 200 edible flowers, 
supporting, thus reinforcing their potential as functional food 
ingredients (Kandylis, 2022).

In addition to ingredient characterization, several studies have 
focused on reformulating conventional food matrices to enhance 
their nutritional and functional properties. A collaborative study 
between Nigeria and South Africa indicated that composite flours 
formulated from wheat and papaya increased starch content, 
bioactive compounds, and functional properties (Adeyanju and 
Bamidele, 2022). In this context, research in Australia, Malaysia, 
Peru, and the United States evaluated the effects of gamma- 
aminobutyric acid fortification (Koh et al., 2023) and the 
incorporation of nutritionally enriched flours (Quispe-Sanchez 
et al., 2022) on the physical, functional, sensory, and shelf-life 
properties of dark chocolate. In a comparable approach, studies 
conducted in Turkey have reported increased antioxidant 
capacity, nutraceutical value, and dietary fiber content in cookies 
made by partially replacing wheat flour with olive pit powder (Bolek, 
2020; Köten, 2021; Özer, 2022; Yaver, 2022; Nazlı, 2023), resulting in 
an enriched functional food. Moreover, Italian researchers conducted 
a study using olive pomace powder as a functional ingredient to 
improve the quality of gluten-free breadsticks. The enriched samples 
showed higher levels of lipids, ash, moisture, and total dietary fiber 
(de Gennaro et al., 2022). Additionally, Turkish researchers have 
developed a low-fat functional ice cream formulated with pea protein 
isolate (Guler-Akin et al., 2021). Furthermore, subsequent research 
has highlighted the potential of bioactive peptides derived from food 
proteins to contribute to blood pressure reduction (Okagu et al., 
2022). More recently, studies conducted in Nigeria demonstrated the 
functional value of Vernonia amygdalina leaves, as well as native and 
modified starches from Cardaba banana (Musa ABB) (Helen 
Nwakego et al., 2022; Uchegbu et al., 2022).

Taken together, these studies demonstrate the growing global 
interest in improving food systems through ingredient optimization, 
by-product valorization, enhanced protein functionality, and the 
development of edible films with structural and bioactive 
functionalities, as well as product reformulation. However, 
despite promising results at the laboratory scale, much of this 
research remains in the academic phase and has not yet been 
widely adopted by the food industry, possibly due to high 
production costs and limited large-scale resource availability. 
Furthermore, successful commercialization requires careful 
consideration of organoleptic attributes, as consumer acceptance 
ultimately determines market viability (Patra et al., 2022; Miolla 
et al., 2023).

3.5 Word cloud, co-occurrence network and 
thematic mapping

The integrated analysis of the word cloud, co-occurrence 
network, and thematic map reveals a pronounced emphasis on 
recent research addressing the functional and antioxidant properties 
of foods, underscoring advances in ingredient improvement and 
process optimization aimed at enhancing their benefits (Figure 6).

Figure 6a illustrates the growing interest of FFs in scientific 
research. Among the most frequently studied keywords from 
2020 to 2025, “antioxidant activity”, “functional properties”, and 
“functional food” emerge as particularly relevant. For instance, 
incorporation of rosemary into probiotic yogurt has been shown 
to enhance antioxidant activity and polyphenolic content (Ali et al., 
2021). Similarly, studies addressing “functional properties” have 
examined chestnut honey, coral cherry, and sacha inchi seed 
(Božič et al., 2020; Milošević et al., 2022; Kittibunchakul et al., 
2023), as well as protein- and fatty acid–rich ingredients such as 
lupine and hemp (El-Sohaimy et al., 2022; Domínguez et al., 2023). 
With respect to the keyword “functional food”, research has 
primarily focused on anticancer, anti-inflammatory, and 
preventive effects against chronic diseases (Martin et al., 2020; 
Cerda-Opazo et al., 2021). Foods most frequently investigated for 
these properties include Moringa (Ma et al., 2020) and monofloral 
pollen (Kostić et al., 2020). In addition, Yang et al. (2023) reported 
the potential of American ginseng as a functional food, citing its 
capacity to alleviate lung diseases and reduce depressive symptoms. 
Likewise, Huang et al. (2023) identified bioactive compounds in 
chrysanthemums with efficacy against gouty inflammation, 
suggesting their potential as a natural alternative for managing 
this condition. More recently (Gore et al., 2025), demonstrated 
that Vigna indica seeds exhibit pronounced antioxidant activity, 
underscoring their promise as a functional food ingredient. Recent 
scientific production on FFs focuses on the search for natural 
matrices rich in bioactive compounds, particularly antioxidants, 
and on the evaluation of their physiological benefits. This trend 
reflects the consolidation of the field toward preventive applications 
against inflammatory processes and chronic diseases.

The co-occurrence network presented in Figure 6b illustrates the 
interconnection of key terms, highlighting three main areas of focus: 
“functional properties”, “functional food”, and “antioxidant 
activity”. The first group encompasses studies addressing protein 
extraction from insect larvae (Gkinali et al., 2022), soy protein 
hydrolysis (Li G. et al., 2022), valorization of food industry by- 
products as dietary fiber sources (Wang Y.-Q. et al., 2022), and 
characterization of starches for functional applications in the food 
sector (Boeck et al., 2025). The second group, associated with 
“functional food” and sub-themes such as “fermentation”, “lactic 
acid bacteria”, “antioxidant”, “probiotic”, and “encapsulation”, 
includes research on the development of fermented mango peels 
(Kuria et al., 2021), fermentation of perilla frutescens (Vijayalakshmi 
et al., 2023), enhancement of yogurt nutritional properties with 
okara (Asghar et al., 2022), and the use of agro-industrial by- 
products as effective matrices for encapsulating bioactive 
compounds in chili powders (Salgado-Aristizabal et al., 2025). 
Finally, the third group, focused on “antioxidant activity” and 
related sub-terms—“phenolic compounds”, “anthocyanins”, and 
“chitosan”—comprises studies evaluating bioactive compounds in 
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cacti (Sandate-Flores et al., 2020), the anthocyanin-rich extract from 
Kum Akha black rice with potential for preventing chronic 
respiratory inflammation (Umsumarng et al., 2025), and the role 

of chitosan in enhancing the structural and functional stability of 
gluten proteins (Tang et al., 2025). Although these lines of research 
provide essential insights for optimizing ingredients and processes, 

FIGURE 6 
Thematic analysis: (a) author’s keyword cloud of highest frequency, (b) co-occurrence network according to author’s keywords, and (c) author’s 
thematic map-keyword referring to the bibliometric analysis.
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the primary challenge lies in translating theoretical knowledge into 
industrial application. Processes such as protein extraction from 
insect larvae or the fermentation of agro-industrial by-products 
represent innovative scientific advances; however, their adoption in 
the market depends on factors including production costs, 
regulatory compliance, and consumer acceptance. Consequently, 
research must address not only nutritional and bioactive benefits but 
also commercial viability.

The thematic map illustrates the relationship and evolution of 
the key terms identified in the analyzed studies (Figure 6c), 
organizing them into quadrants based on relevance and 
frequency. Four main quadrants were distinguished. The first 
cluster includes terms such as “functional properties”, 
“physicochemical properties”, “structure”, and “dietary fiber”. 
Research within this cluster primarily addresses the modification 
of plant proteins and agro-industrial by-products to enhance their 
functional and antioxidant properties for applications in the food 
industry. For example, Changnian et al. (2025) modified pumpkin 
seed protein, achieving increased antioxidant activity suitable for 
food applications. Likewise, Hamza et al. (2025) optimized 
hydrolysis conditions of soybean cake (pH 8, 0.3% enzyme 
concentration) to produce a protein hydrolysate with improved 
antioxidant capacity and functionality, positioning it as a potential 
functional ingredient. Furthermore, Umali et al. (2025) developed 
an alkalinized cocoa shell powder that, compared with a commercial 
counterpart, exhibited reduced fat content, elevated fiber levels, and 
higher total phenolic content, underscoring its potential as a food 
ingredient.

The second quadrant comprises terms such as “functional food”, 
“antioxidant”, “probiotics”, and “fermentation”. Research in this 
cluster includes the co-fermentation of goji berry and lychee juice to 
enhance bioactive properties (Zheng et al., 2023); controlled 
fermentation of hydroponic ginseng to enrich its metabolite 
profile (Song et al., 2023); incorporation of green tea combined 
with Lacticaseibacillus paracasei, encapsulated in dairy matrices, 
which markedly increased antioxidant activity while preserving 
functional compounds (Rifa’i et al., 2025); and the utilization of 
Rhododendron arboreum Sm. petals in winemaking, capitalizing on 
their antioxidant potential (Achhami et al., 2025). In addition, the 
third quadrant encompasses less prominent terms such as “in vitro 
digestion”, “encapsulation”, “stability”, and “bioaccessibility”. 
Studies within this group include the development of liposomes 
containing djenkol shell extract (DPE), which exhibited high 
encapsulation efficiency, strong antioxidant activity, and low 
toxicity, underscoring their potential as functional ingredients 
(Chotphruethipong et al., 2025). Similarly, onion by-products 
rich in flavonoids were spray-dried to obtain stable powders with 
controlled release and preserved functional properties, positioning 
them as value-added ingredients for the food industry (Flamminii 
et al., 2025). Finally, the fourth quadrant comprises key terms such 
as “antioxidant activity”, “functional foods”, “bioactive 
compounds”, and “antioxidants”, representing core areas of 
innovation in functional ingredients. Studies include the 
application of pumpkin pulp extract as a source of bioactive 
compounds (Krstić et al., 2023); characterization of chia 
functional properties for the development of isolated and 
hydrolyzed proteins with nutraceutical potential (Villanueva-Lazo 
et al., 2021); and microencapsulation of green tea in beverages, 

which markedly enhanced antioxidant activity, as reported by 
Kochubei et al. (2025).

Research has advanced in improving the nutritional properties 
and stability of bioactive compounds; however, greater integration 
between scientific approaches remains limited. For instance, 
although fermentation enhances the bioactivity of certain 
compounds, its combination with techniques such as 
microencapsulation or structural protein modification is still 
underexplored. In addition, traceability of functional ingredients 
is essential for consumer confidence. According to Reitano et al. 
(2024) and Zarbà et al. (2024) blockchain technology (BCT) could 
optimize the traceability of ingredients such as polyphenols and 
isolated proteins, ensuring their authenticity and quality. For further 
industrial application, strengthening collaboration among food 
science, biotechnology, and data analysis is crucial. The 
incorporation of traceability enhances ingredient quality by 
linking bioactivity with authenticity; an interdisciplinary 
approach would allow the optimization of stability, trust, and 
industrial viability.

3.6 Trend topics in the study of 
functional foods

Figure 7 illustrates the research trends in FFs during 2020–2025 
(Kristia et al., 2023), revealing a progressive shift in scientific focus 
and reflecting the evolution of the field. In 2020, studies primarily 
focused on the concept of printability, indicating an interest in 
technological feasibility and innovation within the field of food 3D 
printing. By 2021, research had expanded toward more specific 
topics, such as dairy products and Lactobacillus plantarum, together 
with fractionation approaches, suggesting a transition from 
conceptual development to ingredient-level optimization. In 2022, 
terms such as “antioxidant”, “solubility”, and “response surface 
methodology” began to emerge, signaling an initial emphasis on 
process optimization and the enhancement of bioactive properties. 
In 2023, research increasingly addressed “functional properties”, 
“antioxidant activity”, and “functional food”, reflecting a growing 
interest in the development of health-promoting products. Finally, 
between 2024 and 2025, the trend shifted toward more specialized 
and technology-driven topics, including “structural properties”, 
“techno-functional properties”, and “high-pressure processing”, 
underscoring the emphasis on structural and functional 
enhancement of food ingredients and matrices.

This evolution aligns with the broader objective of FFs research 
to address consumer demand for products that provide nutritional 
value and physiological benefits, thereby promoting health and 
quality of life (Tian and Kamran, 2023; Vlaicu et al., 2023). 
These topics align with the three-pronged 
university–industry–government (UIG) framework, supporting 
innovation and technology transfer (De Lima et al., 2023) within 
a highly demanding food industry. Consequently, studies 
emphasizing “functional properties” have been identified, 
focusing on the analysis and enhancement of properties with 
functional potential in food products. Notable examples include 
the application of hydrolyzed wheat gluten (HWG) and soy protein 
concentrate (SPC) in meat analog formulations, attributed to their 
pronounced antioxidant activity and potential as healthier 
alternatives for consumers (Zhang X. et al., 2023). Similarly, Ray 
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et al. (2023) investigated quinoa fractions as functional ingredients, 
highlighting their versatility and multiple health benefits. In 
addition, a functional beverage based on cane juice was 
developed using various formulations, resulting in improved 
physicochemical properties (Hojjati et al., 2023). Likewise 
(Mangione et al., 2023), examined the production of saffron- 
enriched artisanal cheese, in which the presence of antimicrobial 
compounds supported its classification as a functional food, 
highlighting the potential of dairy matrices as carriers of 
bioactive ingredients.

Amid the growing emphasis on health and wellness, 
bibliometric analyses have revealed a clear trend toward research 
on antioxidant activity in foods, given its role in protecting cell 
membranes, improving health outcomes, and contributing to DNA 
repair (Dorantes-Salazar et al., 2023). Within this context, Chikpah 
et al. (2023) investigated the partial substitution of flour with shea 
pulp in cookie formulations, resulting in a pronounced increase in 
phenolic compound content and antioxidant capacity, thereby 
reinforcing its potential as a FFs. Similarly, Weenuttranon et al. 
(2023) incorporated mulberry leaves into cassava paste, leading to 
enhanced phenolic content and antioxidant activity, highlighting its 
potential as a functional ingredient. In this context, various 
formulation strategies have been explored to enhance the 
functional profile of food products. Accordingly (Fanesi et al., 
2023), developed cookies enriched with broccoli flour, taking 
advantage of its high content of bioactive compounds. While 
these studies demonstrate the potential of integrating functional 
ingredients into foods to improve their properties, they also 
highlight the need to balance functional enhancement with 
product quality and consumer acceptability.

In 2024 and 2025, research increasingly focused on the 
development of ingredients with functional and techno- 
functional properties, alongside the valorization of agro-industrial 

by-products. For example, Sharma et al. (2024) developed chickpea 
okara flour with desirable functional characteristics, making it 
suitable for incorporation into diverse food formulations. 
Similarly, Kelany et al. (2024) investigated the effects of high- 
pressure processing (HPP) on date seed protein isolate, resulting 
in improved techno-functional attributes and supporting its 
potential as a valorized by-product. Additionally, Avdović et al. 
(2025) assessed the bioactive potential of grape skins, identifying 
antioxidant, anti-inflammatory, and antimicrobial properties that 
underscore their applicability in the food industry.

4 Exploring the latest breakthroughs in 
functional foods studies

Given the growing interest in improving health and quality of 
life, there is an increasing demand for healthier foods, leading to a 
trend toward the incorporation of FFs into the market (Shivanna 
et al., 2024). Recent advances in FFs are mainly characterized by the 
valorization of agro-industrial by-products, the identification of 
novel bioactive compounds, and the development of innovative 
ingredients. These advances have directed research toward more 
sustainable and efficient strategies, as well as the formulation of 
products with higher nutritional value and health-related 
benefits (Table 3).

One of the most outstanding advances in FFs research is the 
valorization of agro-industrial by-products as sources of bioactive 
compounds. Citrus residues, such as grapefruit peel and other citrus 
peels, contain minerals, vitamins, phenolic compounds, flavonoids, 
pectin, coumarins, dietary fiber, pigments, and essential oils (Huang 
et al., 2021; Xie et al., 2022). These components have been associated 
with the prevention of degenerative and cardiovascular diseases, 
cancer, and hypertension (Gupta et al., 2021; Park and Shin, 2021). 

FIGURE 7 
Trending topics in the study of functional food properties.
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Similarly, onion peel has been identified as a rich source of phenols, 
flavonoids, alkaloids, saponins, and quercetin, exhibiting 
antibacterial, antifungal, anti-inflammatory, and anticancer 
properties (Nile et al., 2021a; 2021b; da Cruz et al., 2023). 
Although these studies highlight improvements in structural, 
physicochemical, and bioactive properties through different 
technological approaches, the effective integration of these by- 

products into commercial food formulations still faces challenges 
related to standardization, sensory acceptance, and compliance with 
regulatory frameworks, which limits their broader adoption in FFs 
development.

Along the same line, grape pomace powder and apricot seeds 
further illustrate the growing interest in the valorization of agro- 
industrial by-products. Grape pomace powder improved the 

TABLE 3 Main functional foods identified: 2020–2025.

Functional food Improved properties (↑) References

Grapefruit peel Dietary fiber Gan et al. (2020)

Moringa Anticancer, antidiabetic, anti-inflammatory and antioxidant Ma et al. (2020)

Kiwi dietary fibre Polyphenols Wang et al. (2020b)

Edible flowers Antitumor, antidiabetic, anti-inflammatory, antimicrobial and gastroprotective Takahashi et al. (2020)

Dietary fibres from Bamboo Shoots Prevents cardiovascular diseases and prebiotic capacity Wu et al. (2020)

Dried Apricot Phenolic compounds and antioxidants Sakooei-Vayghan et al. (2020)

Okra polysaccharides Anti-inflammatory and antioxidant activity Olawuyi et al. (2020)

3D-printed potato mash Presence of probiotic bacteria Liu et al. (2020)

3D-printed functional cookies Antioxidants and bioactive compounds Vieira et al. (2020)

Monofloral sunflower pollen Antioxidants, fatty acids, and amino acids Kostić et al. (2020)

Rice bran dietary fiber Antioxidant capacity and water retention capacity Yan et al. (2021)

Fermented cranberry juice Antioxidant capacity Zhang et al. (2021)

Pea protein isolate Bioactive peptides and amino acids (lysine) Shen and Li (2021)

Evening primrose oil Essential fatty acids Hadidi et al. (2021)

Millet Carbohydrates, phenolic compounds, dietary fiber and minerals Yousaf et al. (2021)

Beer bagasse Proteins, antioxidant activity, and inhibitory activity Li et al. (2021)

Okra mucilage Antitumor, antioxidant and antidiabetic capacity Dantas et al. (2021)

Sweet potato soluble dietary fiber Antioxidant activity and monosaccharides Qiao et al. (2021)

Solid residues of red onion Antioxidant, antimicrobial and anticarcinogenic effects Nile et al. (2021a)

Lupin proteins Proteins and fibres Lo et al. (2021)

Hard chhurpi cheese Antioxidant, antimicrobial, immunoregulatory, and antihypertensive effects Abedin et al. (2022)

Citrus peel Bioactive components Liu et al. (2022)

Sesame oil Cardioprotective, hypolipidemic, antiatherogenic, and anti-inflammatory Langyan et al. (2022)

Breadsticks with red grape pomace Dietary fiber, antioxidants, phenolic compounds Rainero et al. (2022)

Hawthorn vinegar Bioactive compounds and anti-inflammatory properties Özdemir et al. (2022)

Folium Isatidis Bioactive compounds, antioxidant, and anti-inflammatory effect Abuduwaili et al. (2022)

Soy milk Unsaturated fatty acids and isoflavones Mu et al. (2022)

Corn bran Elevated cardiovascular risk and proteins Li et al. (2022b)

Seaweed Bioactive and phenolic compounds Garcia-Perez et al. (2023)

Cookie enriched with chestnut shell Bioactive compounds, antioxidant, antimicrobial, and neuroprotective activity Pinto et al. (2023c)

Microalgae Polyunsaturated fatty acids, minerals, and antioxidants Wang et al. (2023b)

Fermented soybean meal Proteins and antioxidant compounds Kumari et al. (2023)

Purple onion skin extract Flavonoids Cruz et al. (2023)

Frontiers in Food Science and Technology frontiersin.org14

Chuquizuta-Fernandez et al. 10.3389/frfst.2026.1762291

https://www.frontiersin.org/journals/food-science-and-technology
https://www.frontiersin.org
https://doi.org/10.3389/frfst.2026.1762291


nutritional profile and antioxidant capacity of wheat bread by 
increasing its polyphenol and dietary fiber content (Tolve et al., 
2021); while apricot seeds exhibit antioxidant, anticancer, and 
antimicrobial activities, as well as pharmaceutical and medicinal 
applications, including the treatment of headaches, tetanus, and skin 
hyperpigmentation (Liu and Zhang, 2022). In addition, oil extracted 
from apricot seeds has been reported to provide benefits in the 
treatment of skin diseases, inflammation, vaginal infections, ulcers, 
and anorexia, supporting its application in the development of 
value-added foods and nutraceuticals (Chen et al., 2020). 
Collectively, these studies highlight a growing trend toward the 
development of sustainable FFs aligned with circular economy 
principles, through the utilization of by-products and the 
reduction of environmental impact, thereby contributing to the 
promotion of sustainable food systems.

Another research line focuses on plant-based foods 
characterized by a high content of bioactive compounds, such as 
Moringa oleifera, which has been widely investigated for its 
protective effects against liver, kidney and diabetic diseases 
(Padayachee and Baijnath, 2020; Fapetu et al., 2022). In addition, 
its fatty acid profile, including palmitic, linolenic, linoleic, and oleic 
acids, supports digestive health and may reduce the risk of colon 
cancer (Sultana, 2020). These effects demonstrate its potential as a 
functional ingredient; however, variability in bioactive compound 
content across different sources and processing methods must be 
considered when applying it in foods. Okra is characterized by its 
richness in proteins, amino acids, vitamins, and trace elements, 
while being low in fats, carbohydrates, calories, and cholesterol (Xu 
et al., 2021). Nevertheless, the functional properties of okra 
polysaccharides depend on their molecular structure and 
extraction techniques, resulting in differences in antioxidant and 
antimicrobial activity (Olawuyi et al., 2020; Olawuyi and Lee, 2021). 
Notably, okra polysaccharides extracted using enzymatic–ultrasonic 
technology exhibit superior functional performance (Olawuyi et al., 
2020), indicating that the optimization of extraction techniques is 
key to fully exploiting their industrial potential.

On the other hand, bamboo shoots, blueberries, and potatoes 
(including stems and leaves) are also considered plant-origin 
FFs due to their high content of phenolic compounds, 
antioxidants, vitamins, flavonoids, anthocyanins, proteins, 
and polysaccharides, which provide health benefits such as 
antimicrobial, anti-inflammatory, immunomodulatory, 
antitumoral, and anticancer activities (Koh et al., 2020; 
Malhotra et al., 2022; Bai et al., 2023; Zhang et al., 2023d). 
However, the stability of these compounds during processing, 
storage, and digestion means that their incorporation into 
complex food matrices remains a challenge, requiring 
stabilization strategies to ensure the reproducibility of their 
functional effects. Despite these limitations, several recent 
studies have successfully explored the incorporation of 
functional ingredients into food products. For example, 
probiotic beverages based on oats and grapes enriched with 
anthocyanins from Syzygium cumini exhibited enhanced 
antioxidant activity and α-glucosidase inhibition, while 
maintaining probiotic viability after simulated gastrointestinal 
digestion (da Cruz Nascimento et al., 2025). Similarly, evening 
primrose oil has been incorporated into foods to increase dietary 
fiber content and is also recognized as a rich source of lipids, 

polyphenols, vitamins, and minerals, offering benefits in the 
management of skin conditions, premenstrual syndrome, 
diabetes, inflammation, arthritis, kidney disorders, cancer, 
and oxidative stress (Mohammad et al., 2023). These findings 
indicate that, although current advances are promising, further 
research is required to ensure the stability and functionality of 
bioactive compounds across different food matrices. Likewise, 
mixed fermentation using lactic acid bacteria and kombucha has 
been shown to improve both the nutritional properties and 
sensory characteristics of soy milk (Peng et al., 2022), 
highlighting the importance of fermentation processes and 
ingredient selection in the development of FFs.

Finally, studies have also investigated functional ingredients 
with potential health benefits. For instance, sesame fatty acids 
play a significant role in biochemical pathways and are 
associated with cardioprotective, hypolipidemic, 
antiatherogenic, and anti-inflammatory effects (Mohamed 
et al., 2021), providing physiological, nutritional, and 
functional benefits (Langyan et al., 2022). Similarly, milk 
proteins represent an important source of bioactive peptides 
with antimicrobial, antiviral, antioxidant, antithrombotic, 
opioid, immunoregulatory, and antihypertensive properties 
(Abedin et al., 2022; Chourasia et al., 2022). On the other 
hand, hawthorn has exhibited appetite-stimulating effects, 
blood glucose regulation, and lipid metabolism modulation 
(Rocchetti et al., 2020), attributed to its content of flavonoids, 
phenolics, terpenoids, and pectin, which supports its use in 
nutraceutical development (Dai et al., 2021; Li T. et al., 2022). 
Algae have also been identified as promising functional 
ingredients, characterized by their high dietary fiber content 
with prebiotic potential, contributing to the regulation of the 
intestinal microbiota (Bojorges et al., 2025). In addition, they 
exhibit anti-inflammatory properties, satiety-inducing effects, 
and potential benefits in obesity, diabetes, hypertension, and 
immune modulation (Cassani et al., 2020; Tagliapietra and 
Clerici, 2023). Chestnuts also stand out for their nutritional 
value, including fiber, non-digestible oligosaccharides, minerals, 
phenolic compounds, and vitamin E (Pinto et al., 2023a), and 
exhibit anti-inflammatory, antimicrobial, antioxidant, 
hypoglycemic, hypolipidemic, and neuroprotective effects 
(Pinto et al., 2023c). These studies demonstrate the diversity 
and relevance of available bioactive ingredients, highlighting 
their application in the production of FFs aimed at disease 
prevention and the promotion of wellbeing.

Table 4 summarizes the studies related to the development of 
novel FFs, highlighting the different functional, nutritional, and 
bioactive properties, and their effects on human health, and diseases 
prevention. Pinto et al. (2023b) developed functional biscuits 
exhibiting antioxidant activity and a bioactive composition. 
Similarly, Jaiswal et al. (2023) and Martin et al. (2020) reported 
that antioxidant and anti-inflammatory properties can modulate 
angiogenesis, contributing to anticancer effects, as these compounds 
function to prevent tissue damage induced by free radicals generated 
during human metabolic processes (Dulger Altiner et al., 2021). 
These studies underscore the important role of bioactive 
compounds in reducing oxidative stress and inflammatory 
responses, processes that represent common pathways in the 
development of chronic diseases.
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Finally, the study by Takahashi et al. (2020) on chemical 
compounds from edible flowers demonstrated beneficial effects 
against diabetes through their insulin-sensitizing properties. 
Additionally, arabic gum extracted from Acacia seyal serves as a 
functional ingredient with high dietary fiber content, contributing to 
the management of diseases such as diabetes (Ishak et al., 2022). 
Meanwhile, Olaide et al. (2020) investigated foods with high 
probiotic potential, which help to balance gut microbiota and 
enhance gastrointestinal health.

5 Patent analysis of functional foods

A search in the Lens.org database (Dinda and Rahman, 2025) 
(https://www.lens.org/) using the term “functional food” identified 
337,224 patents with active legal status worldwide as of 27 Ma y 2025 
(Figure 8). From these data, the ten countries with the highest 
number of patents were reported, with the United States leading at 

259,583 patents, representing approximately 80% of the total. One of 
the most recent patents from the United States focused on the 
health-promoting effects of charcoal, highlighting its potential to 
mitigate obesity (Kazuki et al., 2024). European countries, along 
with the Republic of Korea and China, each hold more than 
67,000 patents, whereas all other countries collectively account 
for 547 patents.

In this context, Japan has patented a methodology for 
reducing LDL cholesterol in a functional food (Yasuhito, 
2020), targeting specific populations due to the health risks 
associated with elevated LDL levels. Additionally, patents were 
registered for FFs based on Acacia extract combined with tea 
catechins and/or chlorophyll, designed to reduce body and fecal 
odor, as well as halitosis (Hiroaki, 2013). In South Korea, a patent 
describes a carbonated powder coated with lactose and xylitol, 
using sodium bicarbonate as a base, which enhances product 
stability while preserving its deodorizing properties (Sang et al., 
2020), a feature considered crucial for other functional products. 

TABLE 4 Properties studied in the development of novel functional foods.

Food Components Property Main findings References

Cookies with chestnut 
shell extract

Polyphenols Antioxidant activity Neutralises free radicals and protects against cellular 
oxidation.

Pinto et al. (2023b)

Uapaca kirkiana Phytochemicals Antioxidant and 
immunomodulatory activity

Serve as cofactors in essential biochemical reactions 
for health.

Chawafambira et al. 
(2020)

Bhaati Jaanr Fermented 
Rice Extract

Bioactive compounds 
(polyphenols, flavonoids)

Anticancer effect Has food compounds with antioxidant and anti- 
inflammatory properties and the ability to modulate 
angiogenesis contribute to the anticancer effect.

Jaiswal et al. (2023)

Red onion residue Phytochemicals, sulfur 
compounds

Antimicrobial activity Chemical and biochemical compounds interact, 
affecting microorganisms’ cellular structures and 
metabolic processes.

Nile et al. (2021a)

Edible flowers Polyphenols, flavonoids, 
carotenoids

Antidiabetic effect Chemical compounds in foods and edible flowers 
have insulin-resistant properties.

Takahashi et al. (2020)

Grape seed oil Fatty acids, polyphenols Anti-inflammatory effect Reduces inflammatory response in the body due to 
the presence of compounds such as polyphenols

Martin et al. (2020)

Citrus peel Polyphenols High potential of bioactive 
compounds

It contains phytochemicals such as polyphenols, 
flavonoids, and essential oils, offer health benefits 
and prevent disease

Liu et al. (2022)

Bamboo shoots Polysaccharides, 
oligosaccharides, lignin and 
plant substrates

Dietary fiber Regulates biochemical processes to control 
cholesterol and glucose adsorption, with beneficial 
effects on the intestinal microbiota.

Wu et al. (2020)

Functional drink made 
from coconut water

Probiotics, electrolytes High probiotic potential Balances the intestinal microbiota and enhances 
gastrointestinal health benefits.

Olaide et al. (2020)

Common bean 
(Phaseolus vulgaris L)

Phenols, proteins, 
phytochemicals, antinutritionals

High nutritional value It provides essential nutrients and biochemical 
compounds with antioxidant and anti-inflammatory 
properties, which offer health benefits.

Carbas et al. (2020)

Sorghum Carbohydrates, proteins, 
bioactive compounds

High energy value High carbohydrate content provides energy and is 
rich in bioactive compounds. Increasing the amount 
of protein, fat, or carbohydrates in a food also 
contributes to the total energy.

Htet et al. (2022),
Mihiranie et al. (2023)

Trichilia emetica and 
dregeana

Proteins, fats, minerals Prevents malnutrition Provides versatile protein and functional properties. Tsomele et al. (2023)

Aureobasidium pullulans Microbial polysaccharides Antitumor, antioxidant and 
antibacterial

They modulate cellular processes, strengthen the 
body’s defenses against cancer cells, and affect their 
viability and proliferation.

Liao et al. (2022)
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Similarly, this country developed an additive that optimizes the 
nutritional value of foods without altering their flavor 
(Suk, 2020).

Similarly, China has patented a functional food enriched with 
collagen polypeptides, exhibiting whitening and antioxidant effects 
and capable of delaying aging processes (Zifang et al., 2021). In the 
same vein, Russia developed additives with high radical-scavenging 
activity, formulated from calamus powder, milk thistle, nettle, and 
caraway seeds, which contribute to cellular protection and the 
mitigation of aging-related effects (Sergeevich et al., 2020). In 
addition, China has established itself as a benchmark in the 
scientific production and development of FFs, supported by its 
long-standing tradition in nutritional medicine (Baker et al., 
2022). This approach promotes the prevention of diet-related 
chronic diseases (Huang et al., 2020) and has stimulated 
numerous investigations into the effects of dietary fibers, 
vitamins, and antioxidants on health (Gan et al., 2020; Lin et al., 
2020; Wang K. et al., 2020; Qin et al., 2023). Moreover, the country 
holds patents targeting the prevention and management of obesity 
and diabetes (Yan et al., 2007), as well as technological innovation 
encompassing devices and machinery for the production of FFs 
(Junyong, 2019; Aiying, 2020; Chuande et al., 2020; Ming’an, 2021; 
Shubing, 2021).

The United States has also made significant contributions in 
this field, exemplified by patents on functional additives 
intended for use as nutraceuticals or pharmaceuticals to 
prevent and manage obesity, diabetes, atherosclerosis, 
oxidative stress, and other lifestyle-related diseases (Paresh, 
2014). However, although the United States leads in the total 
number of patents, in terms of scientific output, China and India 
have substantially surpassed it between 2020 and 2023. Despite 
the growth in functional food patents, their focus varies across 
countries, reflecting both scientific advancements and the 
specific needs of their populations. While some innovations 

prioritize health and nutritional benefits, others aim to 
enhance product stability, functionality, and 
production efficiency.

Figure 9 illustrates the principal applicants for patents related to 
FFs, highlighting both multinational companies and academic 
institutions. Pioneer Hi-Bred International leads with 
3,976 patents, followed by Procter and Gamble with 2,731 and 
Sonos Inc. with 2,604. The figure also includes technology giants 
such as IBM, Google, Apple, and Samsung, as well as academic 
institutions including the University of California and the 
Massachusetts Institute of Technology (MIT). These data indicate 
that both the private and academic sectors are actively engaged in 
the development and innovation of patents in the field of FFs.

6 Conclusions and future trends

The scientific production of FFs is growing at an annual rate 
exceeding 5%, underscoring the relevance of this field and its 
potential impact on public health. Research in this area focuses 
on foods enriched with bioactive compounds—such as antioxidants, 
high-quality proteins, vitamins, and dietary fiber—that confer a 
wide range of physiological benefits, including the reduction of 
oxidative stress, preservation of cellular integrity, modulation of 
immune function, and decreased risk of chronic diseases such as 
cardiovascular disorders and cancer. Studies on FFs have also 
reported anti-inflammatory, antidiabetic, antimicrobial, and 
antitumor effects, largely attributed to phytochemicals, including 
polyphenols and flavonoids. Regular consumption of these foods 
supports overall wellbeing by enhancing cardiovascular health, 
balancing intestinal microbiota, preventing micronutrient 
deficiencies, and providing substantial nutritional and energetic 
value. Although the bibliometric analysis conducted in this study 
focused on articles indexed in the Scopus database—considering 

FIGURE 8 
Distribution of patent documents by jurisdiction.
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country, author, journal, and keyword metrics—given its size and 
advanced data sorting and analysis functions, future studies could 
expand to additional databases such as Google Scholar, PubMed, or 
Web of Science to gain broader insights.

According to the patents analyzed, the jurisdictions with the 
highest number of functional food patents are the United States, the 
European Union (European patents), and Asian countries, 
particularly China and Korea. This trend is driven by the 
increasing demand for healthier foods, as populations become 
more aware of the importance of nutrition and actively seek 
products that support health. Furthermore, universities and 
research institutes within these jurisdictions continue to invest in 
functional food studies.

Future trends in FFs include the development of novel 
functional ingredients derived from exotic fruits and vegetables, 
as well as the valorization of agroindustrial by-products to enhance 
sustainability. Emerging technologies, such as the encapsulation of 
bioactive compounds, are gaining increasing prominence. 
Moreover, there is a growing emphasis on investigating nutrient 
bioavailability and sensory quality to ensure consumer acceptability. 

In developing countries, leveraging the diversity of natural resources 
to produce FFs represents a significant opportunity to improve both 
food security and public health. This highlights the importance of 
private sector investment in research and development. Despite 
these potential benefits, the adoption of FFs remains limited, 
underscoring the need for further research in critical areas such 
as ingredient innovation, sustainability, and bioavailability.
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