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Abstract

A new digital biocolourant database in under development in BioColour project
(BioColour - bio-based dyes and pigments for colour palette) funded by the Strategic
Research Council at the Academy of Finland. The database supports biocolourant
companies and offers quality tools also to authorities, laboratories, researchers, and
all those working in the field of natural colourants and naturally coloured products. It
strengthens their traceability, the production and helps to detect adulterations and to
maintain high quality. To enhance the prerequisites for large-scale natural colourant
production, and new applications, the database considers the entire production chain.
The correctidentification and thorough knowledge of the raw material is the core. Only
the data from the studies with the securely identified biological source are included
providing scientific pre-reviewed information about natural dye sources, their
geographical origin, colourant and other secondary metabolite composition and their
chemical characteristics. The database consists of two parts. The part A of the
taxonomically structured database integrates information from taxonomy, botany,
chemistry, and, to a lesser extent also genetics, about the dye sources, combining the
strengths of each of these areas. Using a tool, based on the traditional
chemotaxonomical principles, one can make queries and comparisons e.g. about dye
sources, colourant molecules and their characters. The organisms, i.e. dye sources, are
connected taxonomically to the part B. Using a tool, one can get information about
visual colour (e.g. CIELab-values) measured from the materials after different natural
dyeing processes. The traditional approaches are complemented by modern data
science approaches, as a part of the prementioned data is utilized by data mining and
machine learning methods to support in the quality analyses of biocolourants.

Keywords: natural dyes, natural colourants, quality, authenticity, traceability,
chemotaxonomy

INTRODUCTION

Natural products, including natural colourants and products containing them, are
especially vulnerable to quality problems and adulterations (e.g. Saxena and Raja, 2014).
There are several reasons for such vulnerabilities. One of them is in the identification of raw
material in the start of the production chain. When using natural wild materials, oppositely to
a common cultivar with the known genetic background and cultivation characteristics, a
source material from the wild has a local genetic and phenotypic (Linhart and Grant, 1996;
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Jaakola and Hohtola, 2010) variation, because wild plant populations are mixtures of
genotypes. However, despite this infraspecific variation, the species are generally
confidentially identified and characterized. Some species may be more difficult to identify e.g.
due to their tendency to hybridize with genetically close relative growing in the same area, or
those species have high phenotypic plasticity (e.g. Salix species). These factors may add risk
to unintentional misidentifications leading to adulterations, in addition to consciously
deliberate adulterations to achieve economic gain. Adulterations with counterfeit ingredients
are commonly met in the market of natural products (Applequist & Miller 2013; Ma et al.
2013) concerning also natural colourants (e.g. Cardon, 2010; Saxena and Raja, 2014). The way
of deliberate adulterations are various, common adulterations include e.g. addition of cheaper
raw material, mislabeling of botanical origin (e.g. Cordella et al. 2002) and colour
enhancement or masking inferior quality by adding nonauthentic substance (e.g. artificial
colourant) (Moore et al. 2012). The detection of adulterations is an important part of the
quality work and to protect natural colourants against adulterations, the principles and
methods of authenticity and quality analyses are presented in plentiful papers (e.g. Cordella
etal, 2002; Cardon, 2010; Primetta, 2014; Saxena and Raja, 2014).

To respond to the needs for the authenticity studies e.g. for the correct identification of
raw material, quality development (e.g. better reproducibility) and analyses, a new digital
biocolourant database is under development (https://biocolour.fi).> To enhance the
prerequisites for large-scale production for new, or “newly found” dye sources and
applications, the database provides scientific information for the identification of dye sources,
characterization, and quality analyses of dye source materials, biocolourants and naturally
dyed products. The correct identification of the raw material is fundamental. Classical
botanical and traditional macromorphological assessment techniques represent the basis of
identification and quality assessment upstream of other techniques (chemistry, genetics). It
is the suite of botanical and chemical techniques that provides the great confidence for
ensuring the identity and good quality of natural ingredient and product (Simmler et al., 2015;
Upton et al,2020). To start enlarged application of natural colourants a certain level of
repeatability and quality level is required (Bechtold and Mussak, 2010; Primetta, 2014;
Saxena and Raja, 2014). This is possible to achieve when a thorough knowledge and analyses
of the relevant characteristics of the raw material are available in order to adjust the product
to a fixed standard (Bechtold and Mussak, 2010; Saxena and Raja, 2014). Database brings
knowledge how to protect the dye production field from fraudulent actions and to help to
detect adulterations and fraudulent imitations. The aim is to support companies in the
production, development, and the use of biocolourants, to offer scientific information and
tools to authorities, laboratories, researchers, and all those who are working in the field of
natural raw materials and naturally coloured products, especially in the quality, origin, and
authenticity related questions. Database aims to aid researchers of history, archaeology, and
conservation science (Cardon, 2010) bringing data about dye and other characteristic
molecules typical for certain genera and species used for dyeing. It brings information about
the characteristics of dye molecules, their detection and identification, as well some
degradation products together with an information about the geographical origin of natural
dye sources.

b The database will be published at the end of the year 2024. The official name will be informed during the
same month.



The whole spectrum of colour can be obtained from plant, fungal and animal taxa, of
which the plants are the major sources (Saxena and Raja, 2014). Natural colourants are the
products of secondary metabolism of plants or animals and very diverse in terms of chemical
structure. Secondary metabolites are broadly divided into two groups: nitrogen-containing
molecules (alkaloids) and nitrogen-deficient molecules (terpenoids, phenolics). Phenolics can
be divided into phenolic acids, tannins, and flavonoids (e.g. anthocyanins, flavonols) (Porter,
1989; Tanaka et al., 2008; Patra et al., 2013, Raisdnen et al., 2016). A large part of secondary
metabolites belongs to the group of phenolic compounds. During the evolution, the phenolic
compounds have become progressively enriched to provide specific adaptations for different
plant families (Boudet, 2007). The biosynthesis of phenolic compounds is tissue specific and
developmentally regulated in different plant organs, providing a specific pattern of
metabolites, characteristic for each species (chemical phenotype) (Pichersky and Gang, 2000;
Vogt, 2010, Miller et al.,, 2011). Thus, each species displays a distinct, qualitative phenolic
profile, which means the presence or absence of certain compound(s) (Macheix et al., 1990;
Primetta, 2014). Quantitative variation (e.g. relative proportions) is caused by external
factors, such as light intensity, temperature, and processes (Macheix et al., 1990; Jaakola and
Hohtola, 2010) and there is a variation in the response between species and within individual
flavonoid groups (Jaakola and Hohtola, 2010). Natural colourants exist in each species as
mixtures, and most generally, they are used as mixtures. This can bring challenges to their
characterization and quality control. On the other hand, this characteristic mixture can bring
answers about its quality, biological source, and authenticity and sometimes about
geographical origin (e. g. Primetta et al,, 2013; Barbosa et al., 2020). When processing natural
raw material, it has been found, that similar processes affect similar ways on the contents of
phenolic compounds (e. g. Primetta, 2014). Phenolic compounds have been used for the
authentication of berry and fruit cultivars, such as grapes (Vitis spp.) and their corresponding
wines (e.g. Pomar et al,, 2005; Radovanocic et al,, 2010), botanical supplements, extracts
(Cassinese et al., 2007; Madrigal-Carballo et al., 2009), fruit juices (e.g. Cautela et al., 2008),
geographical origin of wines (e.g. Anastasiadi et al., 2009; de Andrade et al., 2013), juices (Guo
etal,, 2013) and spices (Barbosa et al., 2020).

Taxonomy deals with identifying, describing, and categorizing organisms from species
to higher taxa (Winston, 2018). Colour compounds are secondary metabolites and can also
contribute much to taxonomy and systematics (e.g. Vickery and Vickery, 1981) and thus serve
as tools to quality and authenticity evaluation. Chemotaxonomy has been traditionally
distinguished plants and other organisms according to the differences and similarities in their
biochemical composition (e.g. Iwashina, 2000; Reynolds, 2007). Secondary metabolite
profiling, including phenolic profiles, complements the taxonomic and genomic
authentication of plant species (e.g. Waterman, 2007).

Database integrates information from botany, taxonomy, chemistry, and, also, but to a
lesser extent, knowledge about the genetic background of dye sources. Each of the
prementioned areas has its own strengths and weaknesses, what comes to quality analysis
and authentication (Simmler et al, 2015; Simmler et al, 2016; Parveen et al.,, 2016). For
example, DNA-based identification cannot differentiate parts of the sample, but their chemical
composition is different. Sometimes DNA can be of poor quality or degraded (Gryson, 2010;
Parveen et al, 2016), in those cases chemical analyses of characteristic profile of
phytochemicals is recommended. (e.g. Ma et al., 2013). In chemical analyses, it can be



sometimes found, for example. that differences are not sufficient between closely related
species with the molecules studied (Pawar et al., 2017; Primetta, 2014).

MATERIALS AND METHODS

Only the published peer-reviewed studies in which an expert identifies the biological
source are included in the database. The dyes sources will include the genera of historically
important natural colourant sources such as common and less common species or cultivars
used or known to have good dyeing potential. The database includes natural colourant
sources from the wild, cultivation, and from industrial side-streams. The plant part(s) used
will be reported and the date of the collecting time and a location if it has been informed in
the publication.

The focus in part A (chemotaxonomy) of the database in on gathering and organising
data from the scientific studies which have been used liquid chromatography coupled with
MS-spectrometry or NMR. Part B of the database uses the techniques which describes how
the colour looks like (e.g. in textiles) providing e.g. RGB- and CIELab-values obtained from the
natural dyes and materials.

The use of multiple techniques is necessary in order to achieve the highest possible
certainty level. The use of multiple markers in the authentication adds another layer of
complexity and further cost to combatting fraudulent practices.

The database has taxonomical basis and data focuses at the first stage on the secondary
metabolites, of them especially phenolic compounds, and then gradually
botanical/mycological and genetic data and information will be added to complement. Later,
also photos and microscopical pictures will be added. The strength of colourant profiles is
that they give specific information for authenticity analyses, and simultaneously can work as
quality meter in the process, especially when nonspecific methods are not sufficient.

RESULTS AND DISCUSSION

The database provides scientific information about natural dye sources and products,
more specifically about their dye composition and the chemical characteristics of the
molecules. In addition, for example, certain analytical information is included, and the
geographical origin of the dye source and/or information about the voucher specimen(s) if
exist in the publication. At first, the majority of the taxa is of botanical origin.

The dye compounds may have different names, as also dye sources, the database
provides information about synonyms and other possible names if those have been used in
the scientific studies of the related publications.

The taxonomically structured database is composed of two main parts (Figure 1). Part
A provides information about organisms, and their chemical compounds, especially colourant
molecules and their identification. It provides information and tools based on the traditional
taxonomical and chemotaxonomical principles. Using a novel type of tool, the user can make
queries and comparisons about dye sources, colourant molecules and their characters. At
first, the information will be focused on the first stages of the production cycle, but gradually



will proceed at the naturally coloured products themselves too. The products are first simple
processed powders and liquids, naturally dyed textiles, and later also products from other
fields such as from the food industry (e.g. spices), many of them are used as dyes too.
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Figure 1. Structure of the biocolours’ database. Tancy (Tanacetum vulgare) has been
used as an example for the search options.

Through taxonomical basic structure, the biological sources, organisms, are connected
to part B. This part gives information about visual colour (e.g. RGB-values, CIELab-values)
measured from the various materials after certain dyeing processes which are described (e.g.
mordant used, information about dye path). At the later phases of the database development,
the pictures will available. The aim is to develop a user-friendly tool so that the information
needed would be found quickly and easily. At the later phase, the traditional approaches are
complemented in a module by modern data science approaches, as a part of the data is utilized
by data mining and machine learning methods to support in the quality analyses of
biocolourants. The database also provides information about authentication methods,
adulterants, and adulteration cases.
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