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ABSTRACT
Diabetes mellitus is a chronic metabolic disease with a rapidly increasing global prevalence and is closely associated with oxidative stress. The pathogenesis of type 2 diabetes mellitus (T2DM) is characterized by progressive insulin resistance and pancreatic β-cell dysfunction, in which oxidative stress plays a central role in disease development and complications. Herbal-based functional foods have gained increasing attention due to their antioxidant activity and hypoglycemic potential through mechanisms such as enzyme inhibition, enhanced insulin secretion, and modulation of inflammatory pathways. This study aims to analyze research trends and knowledge networks related to diabetes, oxidative stress, herbal remedies, functional foods, and antioxidants using a bibliometric approach. Data were obtained from the ScienceDirect database for the period 2010–2026 and analyzed using VOSviewer version 1.6.20 to visualize keyword co-occurrence and research trends. The results show that the keyword "diabetes" appeared 1,856 times and "oxidative stress" 1,247 times, indicating that they are the most dominant and highly interconnected nodes in the research network. The keyword "antioxidant" also plays a significant role in linking oxidative stress with herbal-based interventions. Recent trends indicate a shift from mechanistic studies toward applied research, particularly in the development of functional foods and herbal-based anti-diabetic products. Bioactive compounds such as flavonoids, polyphenols, alkaloids, and saponins exhibit hypoglycemic effects by enhancing insulin secretion, reducing insulin resistance, and regulating glucose metabolism. These findings highlight the strong potential of herbal-based functional foods as safe, effective, and affordable alternatives for diabetes prevention and management. Furthermore, the bibliometric evidence supports future research focusing on product standardization, clinical validation, and improved bioavailability.
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INTRODUCTION
Diabetes mellitus is a metabolic disorder characterized by elevated blood glucose levels due to impaired insulin secretion, insulin action, or both (Lu et al., 2024). This disease has become one of the world’s leading health concerns as the number of people affected continues to rise each year. Type 2 diabetes mellitus (T2DM) is characterized by progressive insulin resistance and pancreatic β-cell dysfunction (Elkhalifa et al., 2024), with a pathogenesis involving various interconnected mechanisms, including lipid metabolism disorders, hyperglycemia, and ectopic lipid deposition (Lu et al., 2024).
One of the primary mechanisms involved in the development of diabetes is oxidative stress. Oxidative stress occurs due to an imbalance between the production of free radicals and the body’s antioxidant system, which can lead to cellular and tissue damage (K, 2026). Hyperglycemia generates reactive oxygen species (ROS) through various biochemical pathways, including increased leakage of the mitochondrial electron transport chain, activation of the polyol pathway, formation of advanced glycation end-products (AGEs), activation of protein kinase C (PKC), and increased hexosamine flux (Bhatti et al., 2022). This oxidative stress contributes to diabetic complications such as neuropathy, nephropathy, and cardiovascular disease through mechanisms of endothelial and vascular dysfunction (An et al., 2023).
In recent years, the use of natural ingredients, particularly herbs, as functional foods has grown rapidly. Functional foods serve not only as a source of nutrition but also provide additional health benefits (Chuquizuta-Fernandez et al., 2026). Herbal ingredients such as ginger (Zingiber officinale), turmeric (Curcuma longa), and lemongrass (Cymbopogon citratus) are known to contain bioactive compounds such as flavonoids, phenolics, and essential oils that possess significant antioxidant activity and hypoglycemic potential (Venkateswaran et al., 2021).
Research indicates that polyphenol-rich food products can treat and manage type 2 diabetes mellitus through various mechanisms, including protecting pancreatic β-cells from glucose toxicity, promoting β-cell proliferation, reducing β-cell apoptosis, and inhibiting α-glucosidase or α-amylase (Naz et al., 2023). Recent research trends indicate a clear shift in focus from mechanistic aspects toward product development and clinical efficacy testing (Chuquizuta-Fernandez et al., 2026).
As the number of scientific publications on this topic increases, a method is needed to systematically analyze and map research trends. Bibliometric analysis is a quantitative approach used to evaluate research trends and relationships between topics within a scientific field (Yeung et al., 2018). One of the most widely used software tools for this purpose is VOSviewer, which enables the visualization of co-occurrence networks and the temporal evolution of research themes.
Therefore, this study aims to analyze research trends related to diabetes, oxidative stress, antioxidants, herbs, and functional foods using a comprehensive bibliometric approach. The results of this study are expected to serve as a scientific basis for the development of herbal-based functional food products, including spiced roasted coconut-based beverages with added ginger and lemongrass as potential hypoglycemic agents.
MATERIALS AND METHOD
Data Source and Search Strategy 
This study employed a bibliometric approach to analyze research trends related to diabetes, oxidative stress, herbal medicine, antioxidants, and functional foods. Data were collected from the ScienceDirect database. The search was conducted using the following Boolean search string: “diabetes” OR “diabetes mellitus” OR “type 2 diabetes” AND “oxidative stress” OR “oxidative damage” AND “herbal” OR “medicinal plants” OR “phytochemicals” AND “functional food” OR “nutraceutical” AND “antioxidant” OR “antioxidants”. The search was limited to publications from 2010 to 2026, including research articles and review papers written in English. 
Data Screening and Selection 
A total of 7,268 records were initially retrieved from the database. The search was conducted using the following Boolean search string ("diabetes" OR "diabetes mellitus" OR "type 2 diabetes") AND ("oxidative stress" OR "oxidative damage") AND ("herbal" OR "medicinal plants" OR "phytochemicals") AND ("functional food" OR "nutraceutical") AND ("antioxidant" OR "antioxidants"). 
Bibliometric Analysis Parameters 
The selected data were exported in RIS format and analyzed using VOSviewer software version 1.6.20. Keyword co-occurrence analysis was performed using author keywords. A minimum occurrence threshold of 10 was applied to ensure the inclusion of relevant and frequently used terms. A thesaurus file was used to merge similar terms, such as “antioxidant” and “antioxidants,” as well as “diabetes” and “diabetes mellitus.” The resulting keyword network was divided into several clusters based on co-occurrence relationships. Network visualization was used to illustrate the relationships between keywords, while overlay visualization was applied to identify temporal research trends.
RESULTS AND DISCUSSION
Publication Trends
The bibliometric data in this study were obtained from the ScienceDirect database using the keywords “diabetes,” “oxidative stress,” “herbal,” “functional food,” and “antioxidant,” covering the publication period from 2010 to 2026. A total of 7,268 publications were identified based on the initial search results.
Figure 2 illustrates the publication trends over the selected time period. The number of publications shows a fluctuating pattern; however, an overall increasing trend can be observed from 2010 to 2026. A significant rise in the number of publications is particularly evident after 2019.
The increase in scientific output in recent years may be associated with the growing global awareness of health issues, especially during and after the COVID-19 pandemic. During this period, there was increased interest in natural products, including herbal-based functional foods, due to their antioxidant properties and potential role in enhancing immune function.
Furthermore, the upward trend in publications reflects a shift in research focus from basic mechanistic studies toward applied research, including the development of functional food products. This indicates the increasing importance of integrating herbal-based bioactive compounds into strategies for managing chronic diseases such as diabetes mellitus.
Based on a literature search conducted using scientific databases with the keywords “diabetes,” “oxidative stress,” “antioxidant,” “herbal,” and “functional food,” a number of articles were identified and subsequently screened in stages. The screening process involved eliminating irrelevant articles, those without abstracts, and duplicate entries.
After the screening stage, articles that met the inclusion criteria were used as data in the bibliometric analysis. This process aimed to ensure that the analyzed data possessed high quality and relevance to the research topic. Consequently, the analysis results obtained could more accurately depict research trends.
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Figure 1. Flow diagram of the search strategy
The screening process is illustrated in Figure 1. From the initial 7,268 records retrieved, a number of studies were excluded due to duplication, lack of relevance, and absence of abstracts. After the screening process, 5,105 publications were retained for further analysis. This systematic selection ensured that only high-quality and relevant studies were included in the bibliometric mapping.



Research Publication Trends

Figure 2. Publication trends
The number of publications on topics such as diabetes, oxidative stress, antioxidants, herbal medicine, and functional foods shows a significant upward trend from 2010 to 2025. A particularly sharp increase is observed during the 2020–2025 period, indicating growing research interest in the use of natural substances as therapeutic agents.
Analysis of Top Contributing Publishers
Table 1 presents the top contributing journals in the research field. It can be observed that the Journal of Ethnopharmacology has the highest number of publications 458, followed by the Journal of Functional Foods 242 and International Journal of Biological Macromolecules 231. These journals are well-known for publishing studies related to natural products, bioactive compounds, and functional foods, which align closely with the research topic
In addition, journals such as Biomedicine & Pharmacotherapy and Phytomedicine also contribute significantly, indicating strong interdisciplinary research involving pharmacological and biomedical approaches. The presence of journals like Food Chemistry and Food Bioscience highlights the growing interest in food-based approaches to managing chronic diseases such as diabetes mellitus
Overall, the distribution of publications across these journals demonstrates that research on herbal-based functional foods and their hypoglycemic activity is highly multidisciplinary, integrating aspects of food science, pharmacology, and biomedical research
Table 1. Top Contributing Journals
	No.
	Journal
	Publication
	Percentage

	1
	Journal of Ethnopharmacology
	458
	9.0%

	2
	Journal of Functional Foods
	242
	4.7%

	3
	International Journal of Biological Macromolecules
	231
	4.5%

	4
	Biomedicine & Pharmacotherapy
	198
	3.9%

	5
	Phytomedicine
	176
	3.4%


The top five journals accounted for approximately 25.5% of total publications, indicating a moderately concentrated research field.


Keyword co-occurrence network and overlay
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Figure 3. Keyword co-occurrence network
Based on VOSviewer analysis, the keyword "diabetes" appeared 1,856 times with a total link strength of 4,789, while "oxidative stress" appeared 1,247 times with a total link strength of 3,456. These two keywords represent the most dominant and highly connected nodes in the network.
The keyword "antioxidant" appeared 847 times with a total link strength of 1,245, indicating its crucial role in linking oxidative stress and herbal-based interventions. A total of 5 clusters were identified: cluster 1: diabetes and metabolic disorders, cluster 2: oxidative stress mechanisms, cluster 3: antioxidants and bioactive compounds, cluster 4: herbal medicine and medicinal plants, cluster 5: functional foods and therapeutic applications.
The keywords “oxidative stress” and “diabetes”.
Additionally, the keywords “antioxidants” and “antioxidant” occupy strategic positions connecting various clusters. This suggests that antioxidants are a key component of the research, particularly in relation to efforts to reduce oxidative stress. Antioxidants are known to neutralize free radicals, thereby potentially reducing cellular damage and improving metabolic conditions in individuals with diabetes.
Another cluster identified includes keywords such as “phytochemicals,” “bioactive compounds,” and “flavonoids,” indicating a research focus on active compounds derived from natural sources. These compounds serve as key components in producing biological effects, including antioxidant and hypoglycemic activity.
Furthermore, the keywords “herbal medicine,” “medicinal plants,” and “Chinese herbal medicine” form a distinct cluster, indicating that medicinal plants are a primary source in research related to diabetes therapy. This reinforces that herbal-based approaches are widely used in the development of natural antidiabetic agents.
On the application side, a cluster involving the keywords “functional foods,” “herbal remedies,” and “anti-diabetic” is evident. This cluster indicates that research is not only focused on mechanisms but has also expanded toward the development of functional food products with health benefits.
Additionally, the emergence of keywords such as “anti-inflammatory,” “anti-cancer,” and “clinical trials” indicates that research is also moving toward biological testing and clinical applications, signaling efforts to further evaluate the efficacy of herbal ingredients.
Overall, the results of the network visualization indicate that research in this field is multidisciplinary, encompassing aspects of disease mechanisms, bioactive compounds, and the development of functional food products. The strong interconnections between clusters suggest that an approach based on natural ingredients with antioxidant activity holds great potential for diabetes management. Thus, the development of a beverage based on spiced roasted coconut with the addition of ginger and lemongrass as a functional food has a strong scientific basis, as it aligns with research trends emphasizing the use of herbal bioactive compounds as hypoglycemic agents.
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Figure 4. Keyword co-occurrence overlay
Relevance To Previous Research
Based on the results of publication trend analysis and network visualization, it is evident that research on the use of herbal ingredients as functional foods with antioxidant and antidiabetic properties is a rapidly growing field.
This supports the development of an instant beverage made from roasted coconut with added ginger and lemongrass as a functional food product. The bioactive compounds in ginger and lemongrass, such as flavonoids and phenolic compounds, have the potential to provide antioxidant effects that can help lower blood glucose levels.
Thus, this research is strongly relevant to global research trends and contributes to the development of natural-ingredient-based functional food products as an alternative for diabetes management.
The bibliometric findings strongly support the development of herbal-based functional beverages, particularly those incorporating ginger (Zingiber officinale) and lemongrass (Cymbopogon citratus). Overlay visualization indicates that terms such as "functional beverage" and "clinical evaluation" have emerged as recent research trends, highlighting a shift toward applied product development.
Additionally, increasing attention to sensory evaluation and consumer acceptance suggests that modern research integrates bioactivity with product feasibility. This supports the development of spiced roasted coconut beverages as potential hypoglycemic functional products with both health benefits and market potential.
LIMITATIONS
This study has several limitations. First, the analysis was limited to the ScienceDirect database, which may not fully represent all relevant publications available in other databases such as Scopus or Web of Science. Second, the search strategy relied on specific keywords, which may have excluded studies using alternative terminology. Third, this study did not differentiate between types of diabetes or experimental approaches (in vitro, in vivo, or clinical studies). Future research is recommended to include multiple databases and more comprehensive analytical approaches.
CONCLUSION
Bibliometric analysis indicates that research on diabetes is closely linked to oxidative stress and antioxidant activity. Diabetes mellitus, characterized by progressive oxidative stress, requires a multifaceted approach that combines glucose management strategies with interventions targeting oxidative stress and inflammatory pathways (Dua et al., 2025).
Recent research indicates a trend toward the development of herbal-based functional foods as an alternative in diabetes management. Bioactive compounds from herbs demonstrate potential through multiple mechanisms, including inhibition of carbohydrate-digesting enzymes, increased insulin secretion, reduced oxidative stress, and modulation of the inflammatory response (Naz et al., 2023).
Thus, the development of herbal-based beverage products holds great potential for further development as functional foods with health benefits. Further research is needed to standardize the extraction and formulation of herbal products, conduct clinical trials to validate product efficacy, evaluate long-term safety and interactions between compounds, and optimize the bioavailability of active compounds through innovative delivery technologies. The integration of traditional knowledge with modern scientific validation opens up great opportunities for the development of complementary and alternative therapies.
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