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Abstract. Organic farming plays an important role alongside conventional
farming in the global food supply. Organic systems offer a sustainable
alternative in agriculture. However, maintaining the nutritional consistency
and build consumer trust of organic products remains a challenge.
Metabolomics can help distinguish organic products from conventional
products by analysing the biochemical composition of plants. This study
used a simple systematic approach involving a search for scientific articles
on Google Scholar over the past ten years (2014-2024). This review aims to
examine the extent of metabolomics' role in contributing to organic farming,
focusing on its comparison with nutritional studies and consumer
perceptions. The results show that publications on metabolomics related to
nutrition average 19,457 per year, metabolomics related to consumer
perceptions average around 5,445 per year, and metabolomics related to
organic farming average around 457 per year. Compared to metabolomics
research related to nutrition, the contribution of metabolomics research to
organic farming studies is only about 2.35%. Compared to metabolomics
research related to consumer perceptions is only about 8.39%. This confirms
that the use of metabolomics in the context of organic farming is still largely
unexplored. In fact, organic farming is in dire need of scientific evidence
regarding nutritional quality as well as building a more positive consumer
perception. This study brings a new perspective for organic agricultural
farmers to also focus on elaborating a metabolomics approach to improve
the quality aspects that complement crop production quantity. The
integration of metabolomics will strengthen nutritional claims, scientific
transparency, credibility, and consumer trust.

1 Scope of metabolomics

Metabolomics is a rapidly growing field of science. Metabolomics is a wide-ranging review
of the entire profile of metabolites or compounds in living organisms [1]. This study is closely
related to the phenotype of an organism, which is the result of interactions between an
individual's genetic makeup and environmental influences. Metabolomics is known as a field
of science that can be used in conjunction with various other disciplines, such as food science,
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genetics, breeding, health, and agriculture [2]. This multidisciplinary collaboration enables a
deeper understanding of biological functions, organism responses to the environment, or the
presence of specific treatments.

In order to collect comprehensive data up to the interpretation stage in metabolomics
studies, a knowledge base involving several scientific fields must be mastered by the
researchers. It can be conveyed that this is the result of combining various disciplines. It
consists of biology, biochemistry, advanced data processing, and modelling [3]. Additionally,
advanced instrumentation which completed with high detection and sensitivity capabilities
for samples is essential. The interpretation stage, surely, requires an understanding of applied
sciences such as food, agriculture, health, and others. This cannot be ignored and must be
pursued to interpret metabolomic data in context. In addition, an understanding of applied
sciences will yield relevant insights aligned with the research objectives.

Metabolomics, in particular, plays an increasingly significant role in agriculture. This
includes studies to determine metabolites, identify quality markers, select superior varieties,
and understand plant responses to diseases, and environmental stress [3]. However, in the
current development of metabolomics research, its connection with organic agriculture still
needs to be strengthened. This is particularly important in explaining the relationship between
nutritional aspects and consumer trust. These three components: organic, nutritional, and
consumer trust, are interconnected but have not been extensively studied in an integrated
manner. Therefore, literature analysis and further research are urgently needed to clarify their
interconnections. As a result, metabolomics approaches can be optimized to enhance
nutritional value, strengthen market confidence, and support the broader organic agriculture
movement.

2 Methodology

This literature review was compiled using a simple systematic approach by searching
scientific articles on Google Scholar over the past ten years from 2014 to 2024, focusing on
three main keyword combinations: organic agriculture and metabolomics, nutrition and
metabolomics, and customer trust and metabolomics. The articles found were selected based
on their relevance to each study. Then, they were analysed to identify research trends and
scientific contributions from each topic. A synthesis was conducted by linking these findings
to form a complete narrative. This includes the role of the metabolomics approach: in
supporting organic farming practices, improving product nutritional quality, and building
consumer trust.

3 Organic farming and metabolomics approach

Research interest regarding the relationship between organic farming and the metabolomics
approach is shown in Figure 1. The figure shows a consistent upward trend in the number of
articles on the topic of combining organic farming with the use of metabolomics from 2014—
2015 to 2023-2024. This is based on a Google Scholar search using the keywords "organic
farming" and "metabolomics". In the initial period (2014-2018), the number of articles was
relatively low and stable, below 200. However, since 2019-2020, there has been a significant
increase, starting from 423 articles and continuing to increase annually. The sharp increase
was seen especially after 2020, with the number of articles reaching 763 in 2021-2022, then
jumping to 994 in 2022-2023. It is reaching a peak of 1,200 articles in 2023—2024. This trend
shows the growing attention and interest of researchers in the use of metabolomics to study
organic farming cultivation systems. In addition, it indicates that this field has become
increasingly relevant and developed over the past decade.
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In the context of organic farming, the use of metabolomics not only plays a general role
in metabolite identification and plant response monitoring, but can also be grouped into three
main functions (Table 1). First, organic product authentication. For example, metabolomics
is used to discriminate between organic and conventional agricultural products through the
analysis of metabolite profiles, nitrogen isotopes, or pesticide residues [4]. Second,
nutritional quality evaluation. This kind of analysis can be conducted by revealing the
regulatory effects of organic systems on bioactive compound accumulation such as
antioxidants and alkaloids [5]. Third, identify bioactive compounds. This study aims to
explore the diversity of chemical compounds in organic products and understand their
metabolic networks systematically [6]. Therefore, these three functions demonstrate the great
transformative role of metabolomics in supporting transparency, quality, and the expansion
of organic agriculture.
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Fig. 1. Number of articles found in Google Scholar with the keywords "organic agriculture" and
"metabolomics" in a literature review in the period 10 years, 2014-2024.

Table 1. Main categories of metabolomics applications in organic agriculture research

No. Metabolomics applications References
1 Organic Product Authentication [4]

Examples of relevant research: A study demonstrates that a metabolomics
approach using HPLC-HRAMS technology is effective in distinguishing
between tomatoes raised under greenhouse environments using organic
and conventional practices. Differences in metabolite profiles, along with
stable nitrogen isotope analysis (3'°N), and pesticide residue analysis,
were successfully used to identify the cultivation systems. PCA analysis
revealed sample clusters based on farming systems with six bioactive
compounds as potential markers. These results confirm that
metabolomics can support the process of verifying the authenticity of
organic products and preventing food fraud.

2 | Nutritional Quality [5]
Examples of relevant research: A study demonstrates that metabolomics
can be used to identify the effects of organic farming systems on the
functional quality of plants. The samples used were tomato plants.
Metabolomics successfully identified changes in bioactive compounds
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No. Metabolomics applications References
such as antioxidants and alkaloids resulting from organic farming
systems. Although the primary factors influencing phytochemical
profiles are cultivar and environmental conditions, organic farming
systems still have a significant impact on the composition of functional
compounds in plants.

3 Identification of bioactive compounds [6]
Examples of relevant research: Although food from cultivation or organic
sources is becoming increasingly popular due to perceptions of its health
and safety, knowledge about the chemical composition and metabolism
of organic plants remains limited. This study highlights these limitations
and proposes the use of metabolomics as a tool to systematically explore
chemical compound diversity. Metabolomic analysis is considered
crucial for understanding the quality, nutritional value, and health impacts
of organic products. This approach also supports efforts in quality
assurance, authentication, and traceability within organic agricultural
systems.

4 Nutritional quality and metabolomics approach

Metabolomics studies have been extensively conducted in the field of nutrition. Using the
keywords "nutrition" and "metabolomics" in Google Scholar, results show an increasing
trend in the number of publications during the period 2014-2024 (Figure 2). A fairly
consistent year-over-year increase was observed, starting from 9,070 publications in 2014—
2015, rising to 18,300 in 2018-2019, and then sharply increasing to 32,600 in 2020-2021.
The highest peak occurred in 20222023, with the number of publications reaching 42,600.
After that, there was a decline in 2023-2024, to 17,600.

The increase in the number of publications related to nutrition and metabolomics from
2020 to 2023 was likely influenced by a number of global factors. One of the triggers was
the COVID-19 pandemic. This phenomenon began in late 2019 and reached global
proportions in early 2020 [7]. This pandemic has sparked significant attention to health,
immunity, and the role of nutrition in disease prevention. This has led to a sharp increase in
research using metabolomics approaches to understand the impact of diet on metabolism [8].
Additionally, rapid advancements in analytical technology with advanced instruments such
as UHPLC-HRMS, LC-MS/MS, and NMR, along with the availability of more powerful
bioinformatics software, have also played a significant role. This undoubtedly has accelerated
the development of metabolomics studies [9]. Concurrently, a global trend toward functional
foods and precision nutrition has emerged. This trend undoubtedly requires a deeper
understanding of the interactions between nutrients and metabolites within the body. Thus,
the surge in publications during this period reflects a significant shift in global research
priorities toward a more scientific approach to nutrition. Data-driven approaches through
metabolomics have become the foundation for this increase in publications.

Although metabolomics is often associated with nutritional studies in the context of
human health, this approach is also very important in agriculture. It is applied in
understanding nutritional quality as it is influenced by the cultivation process, from
cultivation to harvest, and post-harvest. Metabolomics is a strategic approach to assessing
the nutrition of agricultural products which is affected by various stages of agricultural
activities, from cultivation practices and harvest treatments to post-harvest management.
Recent studies (Table 2) have shown that metabolomics can be used to: monitor the freshness
and ripeness of harvested produce [10], detect nutritional quality decline due to post-harvest
storage [11], and identify biomarkers that reflect plant nutritional quality [12]. Furthermore,
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this approach also supports the breeding of varieties with superior nutritional content [13],
and uncover nutritional diversity between varieties or commodities [14].
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Fig. 2. Number of articles found in Google Scholar with the keyword’s "nutrition" and
"metabolomics" in a literature review in the period 10 years, 2014-2024.

Table 2. Metabolomics for nutritional detection of agricultural products

No Metabolomics for nutritional detection of agricultural products References
1 Monitoring product freshness and ripeness. [10]

Examples of relevant research: A study applied a GC-MS analysis for
conducting metabolite profiling to monitor compound changes during the
ripening process of the Queen pineapple variety. Metabolomic analysis
detected 56 metabolites in the crown tissue, 47 in the flesh, and 54 in the
skin. The analysis revealed differences in metabolite profiles between the
early and late ripening stages in the flesh and skin, but not in the crown.
Several key metabolites were identified that correlated with ripeness
level, thus potentially being used as markers of pineapple ripening.

2 | Detecting postharvest nutritional quality decline. [11]
Examples of relevant research: A study shows that 3 months of cold
storage affects the diversity of nutritional compounds and physiological
quality of Torreya yunnanensis seeds. UPLC-MS/MS-based
metabolomics analysis identified 49 significantly altered metabolites,
primarily an increase in amino acid-related metabolites and a decrease in
sugar metabolites. Changes in proline, shikimic acid, a-linolenic acid, and
branched-chain amino acids indicate the important role of these
compounds in seed storage. These findings provide new insights for
habitat conservation and restoration.

3 | Identifying biomarkers of nutritional quality. [12]
Examples of relevant research: High-throughput metabolomics
approaches help uncover various nutritional metabolites and their
relationships to functional plant traits, such as resilience, productivity,
and nutritional quality. This study highlights how metabolomics is used
to trace metabolic pathways, identify biomarkers, and link metabolites to
genes and important agronomic traits. These findings support molecular
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No Metabolomics for nutritional detection of agricultural products References
breeding to produce vegetable crops that are more nutritious, disease-
resistant, and adaptable to climate change.

4 Supporting the breeding of nutritionally superior varieties. [13]
Examples of relevant research: Plant metabolomics plays a crucial role in
basic and applied research related to plant development and stress
responses. As living standards improve, so does the need for high-quality
and safe food. Therefore, understanding the biosynthesis pathways of
health-beneficial metabolites and the body's response to plant hazards is
crucial. Metabolomics plays a significant role in this, including improving
plant nutrition and safety, utilizing natural products (such as traditional
Chinese medicine), and has significant potential to support human health
in the future.

5 | Revealing nutritional diversity across varieties or commodities. [14]
Examples of relevant research: Vegetables contain numerous flavonoids
that are beneficial for health, but detailed information on their types and
distribution is still limited. A study analyzed 20 types of vegetables using
metabolomics and identified 403 flavonoids. Bean sprouts and chili
peppers had the highest flavonoid content and strong antioxidant activity,
while carrots, lettuce, and Zizania latifolia had lower levels. These results
can inform the selection and breeding of healthier vegetables.

5 Consumer trust and metabolomics approach

Currently, there is an increasing trend that consumer trust in the food and agriculture product
industry is heavily influenced by assurance that the products they consume are safe and
authentic [15]. Figure 3 shows the growth trend in the number of scientific publications in
fields related to the customer and metabolomics approach during the period 2014-2024. Over
the ten-year period, the number of publications increased sharply from 2,120 in 2014-2015
to 11,300 in 2023-2024. This trend is indicating a consistent average annual increase. The
significant surge occurred especially starting in 2020, in line with the growing need for
transparency in the food supply chain, and growing public concern about product safety,
health, and authentication. The metabolomics approach is considered capable of providing
an accurate chemical fingerprint to identify product authenticity and quality. Thus, it is
increasingly used in research related to product labelling, traceability, and validation of
nutritional or safety claims. This trend reflects the important role of metabolomics as a bridge
between scientific innovation and consumer confidence.

The high number of food fraud incidents and misleading product claims has damaged
public trust. To restore and enhance this trust, a scientific approach is needed to verify
product quality and authenticity. One such approach is metabolomics. Metabolomics can be
used to authenticate food and agricultural products by detecting their unique chemical
“fingerprints.” This provides a method to distinguish the authenticity of ingredients and
reveal the presence of contaminants. This type of verification provides a scientific basis for
product claims and helps protect consumers. Finally, this is important because it strengthens
consumer trust in brands and producers [15].
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Fig. 3. The number of articles found on Google Scholar with the keyword’s “customer” and
“metabolomics” in literature reviews over a 10-year period, 2014-2024.

Transparency of scientific data from metabolomics testing will play an important role in
building consumer confidence today. Food and agriculture industry can leverage
metabolomic fingerprint data to support their product claims. It can be conducted by proving
specific nutrient content, the authenticity of organic ingredients, or the absence of harmful
compounds, and then present this information to consumers through clear labelling or
independent quality certifications. Such transparency initiatives align with consumers' need
for reliable information. When safety and quality claims are validated by open scientific
evidence, consumers tend to feel more secure and confident in the product.

6 Why metabolomics matters for organic agriculture: insights
from nutrition and consumer research

The metabolomics approach is increasingly recognized as a relevant scientific tool to support
the development of organic agriculture, particularly through two key aspects: nutritional
quality and consumer perception. Bibliometric data over the past ten years shows that the
annual average number of publications discussing metabolomics and nutrition has reached
19,457, while those linking metabolomics to consumers is approximately 5,445 per year.
Meanwhile, studies explicitly linking metabolomics to organic agriculture only number
around 457 publications per year. Metabolomics research related to organic farming is still
very low compared to the other two fields. Compared to metabolomics research related to
nutrition, the contribution of metabolomics research to organic farming studies is only about
2.35%. When compared to metabolomics research related to consumer perceptions, the
portion remains small, at only about 8.39%. This confirms that the use of metabolomics in
the context of organic farming is still largely unexplored. In fact, organic farming is in dire
need of scientific evidence regarding nutritional quality as well as building a more positive
consumer perception. Despite this lower number, the general trend shows an increase in
publications on all three topics year after year. This fact confirms that the metabolomics
approach has already been widely developed in the study of nutrition and consumer
perception. Therefore, organic agriculture has a significant opportunity to adopt and integrate
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this approach in an effort to identify nutritional metabolite profiles of plants and provide
transparent scientific evidence to build consumer trust. This study brings a new perspective
for organic agricultural farmers to also focus on elaborating a metabolomics approach to
improve the quality aspects that complement crop production quantity. The integration of
metabolomics in organic agriculture is not only relevant and strategic for strengthening
nutritional claims, but also crucial for expanding the market for organic products by
increasing consumer credibility and preference.
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