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ABSTRACT

Curcumin has long been used in various aspects of human life as a spice, food coloring, skin care products,
and traditional medicine because of its trusted antioxidant properties. However, curcumin has low stability,
especially in neutral to alkaline solutions, which causes the potential for forming other compounds in the form
of vanillin. Not much bibliometric research has been carried out regarding curcumin as a source of vanillin.
Therefore, to understand research trends, knowledge insights, and future research objectives, this paper
attempts to provide a bibliometric analysis of curcumin as a source of vanillin. By using relevant keywords,
research data was collected from the Pubmed and Sciencedirect database. Bibliometric analysis was
performed to understand publication overlays, keyword networks, and publication patterns. Analysis of the
findings shows that between 2018 and 2021, there was an increase in interest in curcumin and its benefits—
including as a source of vanillin. Further research is needed to provide insight into the degradation of
curcumin to vanillin.

Keywords: curcumin, turmeric, vanillin production, bibliometric, VOSviewer

INTRODUCTION

Curcumin has a long history of safe use in human life. Curcumin has traditionally been used as a spice
component in food, food coloring, and textile dye. Besides that, curcumin has long been used in skin care
products and traditional medicine because of its properties, which are believed to improve health due to its
antioxidant properties. Apart from antioxidant activity, curcumin also has other properties such as anti-
inflammatory, antiproliferative, anti-angiogenic, and antibacterial (Kumar et al., 2016; Murray-Stewart et al.,
2018). The following is a table containing a brief overview of topics that discuss the health benefits of
curcumin:

Table 1. Health benefits of curcumin compounds

Curcumin’s Benefits References

Enhanced antioxidant, anti-inflammatory, anticancer, antimicrobial, | (Prasad & Lall, 2022)
antidiabetic properties, hepatoprotective, gastroprotective, neuroprotective,
cardioprotective and osteogenesis efficacy.

Induce apoptosis in the three types of urological cancers (Hashemi et al., 2022)
Effective for ulcerative colitis (Yinetal., 2022)
Reduce cardiovascular risk (Anetal., 2022)

Useful for longevity via declining of oxidative stress, modulating signal | (Ziaetal., 2021)
transduction, and gene expression
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Reducing exercise-induced muscle damage

(Nanavati et al., 2022)

Anti-aging properties

(Izadi et al., 2024)

Therapeutic agent

(YYallapu et al., 2015)

Prevent brain disease

(Del
2019)

Prado-Audelo et al.,

Antimycobacterial agent

(Barua & Buragohain, 2021)

Preventive and curative effects on oxidative stress, inflammation, and
apoptosis in non-cancerous diseases and cancers

(Hu et al., 2023)

Cardiometabolic Health and Dementia

(Kim & Clifton, 2018)

Anticancer agents

(Tomeh et al., 2019)

Associated with gut microbiota

(Pluta et al., 2020)

Eye diseases treatment

(Kao et al., 2021)

Anti-obesity

(Kasprzak-Drozd et al.,
2022)

Ameliorate obesity and metabolic dysfunction in diet-induced obese
animal models

(Moetlediwa et al., 2023)

Central nervous system (CNS)-related diseases treatment including
Parkinson’s disease, Huntington disease, Alzheimer’s disease, Multiple
sclerosis, epilepsy and Amyotrophic Lateral Sclerosis.

(Yavarpour-Bali et al., 2019)

For the treatment of osteopenia

(Gorabi et al., 2019)

Cancer therapy

(Troselj et al., 2020)

Anti-atherosclerotic

(Singh et al., 2021)

Potential for antiviral therapeutic

(Ardebili et al., 2021)

Therapeutic potential in inflammatory diseases such as neurodegenerative
diseases, respiratory diseases, and arthritis

(Benameur et al., 2023)

Gastrointestinal disease treatment

(Jietal., 2024)

Microbiome effects, Antioxidant effects, Intestinal permeability effects,
Anti-bacterial, anti-parasitic, anti-fungal effects, Anti- inflammatory and
immune effects

(Lopresti, 2018)

Prevention and Treatment for Type 2 Diabetes Mellitus

(Pivari et al., 2019)

Therapeutic Effects in Lung Cancer

(Nur et al., 2019)

Influence the gut microbiota

(Scazzocchio et al., 2020)
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Neuroprotective against environmental toxic agents (Filardi et al., 2020)
Anticancer (Wong et al., 2021)
Nanocurcumin seem to give the best effects on gut microbiota (Jabczyk et al., 2021)
Therapeutic Agent for Sarcopenia Siti (Gany et al., 2023)

Effectively relieve anxiety-like behaviors caused by DSS (sulfate sodium | (Zhang et al., 2022)
salt) in mice

Stabilization of sperm chromatin (Tvrda et al., 2021)

Mediated inhibition of androgen and estrogen for against tumors affecting | (Mohajeri et al., 2020)
the reproductive system in females and males

Exhibits a spermicidal and broad-spectrum microbicidal activity against | (Naz et al., 2016)
several species of bacteria and yeast involved in vaginal infections

May have favorable effects on C-reactive protein, malondialdehyde, and | (Mamsharifi et al., 2023)
nitric oxide in subjects with cigarette smoking

Boosts DHA in the brain (Wu et al., 2016)

Curcuminoids are a group of compounds that are naturally contained in turmeric rhizomes. This curcuminoid
is contained in turmeric rhizomes around 5% of its dry weight. The crude extract contained in turmeric
contains three main curcuminoid compounds, namely curcumin (1,7-bis(4-hydroxy-3-methoxy-yphenyl)-1,6-
heptadiene-3,5-dione) which contains 60-70 %, desmethoxycurcumin around 20-27%, and
bisdemethoxycurcumin as much as 10-15%. Furthermore, other secondary metabolites remain in smaller
amounts. Curcumin plays a role in the characteristic yellow-orange color and spice taste of turmeric (Murray-
Stewart et al., 2018; Nelson et al., 2017).

Curcumin is a relatively unstable compound and degrades rapidly in neutral to alkaline solutions. Curcumin
has poor metabolic and chemical stability, making it difficult to determine whether the observed anticancer
effects are mediated by curcumin by curcumin itself or its metabolites. In addition to its poor metabolic
stability, the chemical stability of curcumin is also poor. Curcumin is rapidly degraded in aqueous solutions at
physiological pH with a half-life of several minutes. This leads to the rapid formation of two degradation
products: alkaline hydrolysis and autoxidation. Curcumin is degraded to form other compound products,
including ferulic acid, feruloyl methane, and vanillin (Zhu et al., 2017).

Several mechanisms have been discovered to degrade curcumin into vanillin. It has been proven that heating,
exposure to visible light, and with the help of microwave-induced bismuth nitrate can degrade curcumin to
vanillin. In addition, degradation can be carried out by microbes, such as enzymes produced by the family of
fungi and Rhodococcus rhodochrous bacteria (Bandyopadhyay & Banik, 2012; Esparan et al., 2015; Hofmann
et al., 2023; Nagpure & Gupta, 2011; Siddiqui, 2015; Tsuda, 2018)

Turmeric is a source of curcumin, which is very easy to find worldwide. Turmeric is an annual herbaceous
plant belonging to the Zingiberaceae family. This plant is found in India, Southeast Asian countries, and parts
of Australia. This plant is widely cultivated in tropical countries such as India, Pakistan, Myanmar, and others,
and India alone accounts for 80% of global turmeric production. The abundant availability of turmeric causes
the selling price to be low. This is in contrast to the source of the vanillin compound, namely Vanilla
planifolia. The vanilla plant faces challenges in terms of cultivation due to its narrow genetic base, so this
plant experiences scarcity, causing high selling prices. This is a reason to look for alternative sources of
vanillin production, one of which is curcumin contained in turmeric rhizomes (Deb & Chakraborty, 2017,
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Monja-Mio et al., 2019; Padma et al., 2016).

Many studies have proven that curcumin from turmeric rhizomes has health benefits and is useful as a source
of ingredients for producing the flavor compound, namely vanillin. However, there has been no bibliometric
research on this topic. Therefore, conducting a bibliometric study of curcumin as a source of vanillin is
necessary to understand the scope of further research and provide future research directions.

The bibliography provides analytical results regarding valuable insights, including research trends, gaps, and
future research directions. This analysis can help recognize the impact of scientific results, determine research
directions, and understand technological developments in various fields. Bibliographic analysis helps identify
the most studied topics, current issues, and research trends that measure and visualize qualitative data.
Overall, bibliographic analysis is important in guiding researchers to gain new research insights, avoid
plagiarism, use resources effectively, and highlight limitations researchers should be aware of (Abdullah et
al., 2023; Senyapar, 2023).

MATERIALS AND METHOD

Data Sources

Literature data on ginger as a medicinal plant is obtained from the Pubmed and Sciencedirect database.
References to Curcumin as a Vanillin source are taken from the Pubmed and Sciencedirect database
because it has more comprehensive andextensive data. The keywords used in the Scopus database are
“curcumin” OR “turmeric” OR “vanillin” OR “flavor”. Scientific literature contains either one of the
keywords, terms, orphrases in the title, abstract, article, or keywords. The scientific literature used is from
the last 20 years(2004-2024) and is limited to English-language publications.

Data Extraction and Analysis

Data analysis and extraction were carried out by combining existing scientific literature information,
including titles, abstracts, keywords, and relevant articles. After the data is extracted, analysis is carried out to
understand and analyze the collected data. The collected literature is saved in ".txt" format for Pubmed
database and in “.ris” for Sciencedirect database. The data was then exported to Vosviewer version 1.6.20
for further bibliometric analysis (van Eck and Waltman, 2020). The parameters used for the results include
publication trends, analysis of contributing publishers, keyword co-occurrence network, and overlay. Data
extraction and analysis are described in Fig.1.

Term Map

VOSViewer is open-access software that is widely used for bibliometric analysis, including for creating
bibliometric maps to visualize the structure and evolution of knowledge in various scientific disciplines. This
software helps create keyword maps, identify clusters, and analyze trends in research fields based on the co-
occurrence of terms. VOSViewer helps find accurate search keywords, identifying collaboration partners,
seminal papers, and knowledge gaps in the scientific landscape. Through the VOSviewer application,
bibliometric mapping visualizations can be seen, including network patterns or relationships between data;
visualizations are displayed in 3 categories, namely network visualizations, which can display the level of
strength of relationships between terms; overlay visualizations, which can display mapping based on the year
the article was published, and visualizations. Density can display the density of the research group (Putri et
al., 2023; Zakiyyah et al., 2022).

RESULTS AND DISCUSSION
Publication Trends

The latest research data collected and stored until May 18, 2024, comes from the Pubmed database. The graph
in Fig. 1 shows the publication trend in the last 20 years, from 2004 to 2024. The number of publications on
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curcumin about vanillin varies from year to year. Publications on the topic of curcumin and its benefits tend to
increase from 2017 to 2020. This trend indicates increased interest in using curcumin and its benefits, including
as a source for producing the flavor compound vanillin. This is thought to be the result of the abundance of
turmeric as a source of curcumin compounds so that it can reduce production capital and is related to its health
benefits.
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Fig. 1. Publication trends regarding curcumin and its benefits with the keyword "vanillin production from
curcumin”
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Fig. 2. Keyword co-occurrence network from Pubmed database

Based on the search terms used, it can be seen in the visual representation in Fig. 2 that curcumin is associated
with various healthful properties for humans and other compounds, one of which is vanillin. Curcumin has the
largest bubble size in the mapping, followed by bubbles representing humans. This shows that much research
has discussed the benefits of curcumin on human health. Curcumin is reported to be beneficial for humans as
an antioxidant anti-tumor, and is associated with preventing Alzheimer's disease (Kocaadam & Sanlier, 2017).
Meanwhile, there has not been much discussion regarding curcumin's ability to degrade into other compounds
such as vanillin. This can be seen from the size of the map bubble representing vanillin, which is quite small.
The bubble map of vanillin is connected to the bubble map of curcumin, which explains that this topic has
been discussed but not many.
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Fig. 3. Keyword co-occurrence network from Sciencedirect database

Based on the search terms used, it can be seen in the visual representation in Figure 3 that curcumin is
associated with its benefits as an anti-cancer and antioxidant. Apart from its benefits, curcumin is also
discussed regarding its stability, solubility, and degradation products such as ferulic acid and vanillin.
Curcumin has the largest bubble size in the mapping, followed by the bubble representing humans. This
indicates that many studies have discussed the benefits of curcumin for human health. However, there has not
been much discussion regarding curcumin's ability to break down into other compounds such as vanillin. This
can be seen from the size of the map bubble representing vanillin, which is small. The vanillin bubble map is
connected to the curcumin bubble map, which explains that this topic has been discussed before but not much.
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Figure 4. Keyword co-occurrence overlay from Pubmed database with a time frame

Based on the visualization of the research results seen in Figure 4, it is reported that the research trend for
curcumin as a source of vanillin in 2004-2024 was carried out predominantly in the 2016-2018 period. This is
indicated by the bluish-green to yellow color on the bubble map. Meanwhile, the purple bubble shows that the
research has been carried out for a long time. The novelty of the research field on this topic is considered
unexplored. This is reflected in the yellow color on the bubble map which indicates that this research was
carried out around 2018 which is relatively new.
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Figure 5. Keyword co-occurrence overlay from Sciencedirect database with a time frame

Based on the visualization of research results seen in Figure 5, it is reported that the trend of research on
curcumin as a source of vanillin in 2004-2024 was mostly carried out in the 2020-2021 period. This is
indicated by the bright green color on the vanillin bubble map. Meanwhile, purple bubbles indicate that the
research has been carried out for a long time. This shows that the topic of curcumin in relation to vanillin is
still relatively new.

CONCLUSION

This study presents a bibliometric analysis of the use of curcumin as vanillin in the food and beverage
industry as well as additional information regarding its potential health benefits. Data was collected from
Pubmed and Sciencedirect which focuses on scientific literature from the last 20 years. The results of the
analysis show that there is a trend of increasing interest in research related to curcumin, especially from 2018
to 2021. This indicates increasing interest in the use of curcumin as a source of vanillin and the health benefits
of curcumin. Although curcumin has been widely discussed in the literature regarding its health benefits, little
has been discussed about its ability to convert into other compounds such as vanillin. The term network
visualization indicates that research on the health benefits of curcumin predominates over research on its use
as a source of vanillin. In addition, analysis of the overlay by year shows that research on curcumin as a
source of vanillin is still relatively new in 2018, thus indicating the potential for further research on this topic.
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