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Abstract

Anthocyanins belong to a parent class of molecules called flavonoids under the subgroup
of secondary metabolites.They are glycosylated polyphenolic compounds with a range of
colours varying from orange, red and purple to blue in flowers, seeds, fruits and vegetative
tissues. Anthocyanins play an important role in facilitating plant reproduction as they
attract pollinators and seed dispersers by imparting bright colours etc. Anthocyanins
produces even more variety of stable colours due to copigmentation. Copigmentation is a
solution phenomenon in which pigments and other noncolored organic components form
molecular associations or complexes. It generally results in an enhancement in the
absorbance and in some cases, a shift in the wavelength of the maximum absorbance of
the pigment. Colouration due to copigmentation of anthocyanins with other noncolured
organic components have been realized in increasing colour of wines and grapes. This
phenomenon can be utilized in many other uses of anthocyanins. In addition to their
colourful characteristics, anthocyanins protect plants from several biotic and abiotic
stresses, which may provide them a better adaptation to climate change. Anthocyanins
have many health benefits. Due to anti-oxidant and anti-inflammatory properties,
anthocyanin can prevent many deadly diseases such as cardio-vascular disease (CVD),
cancer, diabetes, obesity etc. A brief description of the versatile uses of anthocyanins are
presented in this article.
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nthocyanins belong to a parent class of molecules called flavonoids under the
Asubgroup of secondary metabolites.They are glycosylated polyphenolic compounds
with a range of colours varying from orange, red and purple to blue in flowers,
seeds, fruits and vegetative tissues etc. (Tanaka and Ohmiya, 2008). Anthocyanins
synthesized via the phenyl propanoid pathway. They are water- soluble vacuolar pigments,
odourless, nearly flavourless and moderately astringent. Biochemically, anthocyanins are
mostly 3- glycosides or acylated form of anthocyanidins.

Anthocyanins play an important role in facilitating plant reproduction as they
attract pollinators and seed dispersers by imparting bright colours (Harborne and Williams,
2000; Hoballah et al, 2007). Anthocyanins produces even more variety of stable colours
due to copigmentation. Copigmentation is a solution phenomenon in which pigments and
other noncolored organic components form molecular associations or complexes. It
generally results in an enhancement in the absorbance and in some cases, a shift in the
wavelength of the maximum absorbance of the pigment. Colouration due to
copigmentation of anthocyanins with other noncolured organic components have been
realized in increasing colour of wines and grapes (Boulton, 2001). This phenomenon can
be utilized in many other uses of anthocyanins. In addition to their colourful
characteristics, anthocyanins protect plants from several biotic and abiotic stresses
(Chalker-Scott, 1999; Ahmed et al., 2014), which may provide them a better adaptation to
climate change.

Anthocyanins have many health benefits. Due to anti-oxidant and anti-
inflammatory properties, anthocyanin can prevent many deadly diseases such as cardio-
vascular disease (CVD), cancer, diabetes, obesity etc. It also improves vision power and
having anti-microbial effect.Anthocyanin inhibited platelet aggregation (Rechner et al,
2005) and improved lipid profile and platelet function in healthy volunteers (Alvarez-Suarez
et al., 2014). Improved visual function in patients with normal tension glaucoma (Shim et
al, 2015). It also prevented impairment of photoreceptor cell function during retinal
inflammation (Miyake et al., 2012). Anthocyanin prevented retinal degeneration induced by
N-methyl-N-nitrosourea (Paik et al, 2012). It enhances antioxidant capacity, and
prevented insulin resistance in human subjects with type 2 diabetes (Li et a/, 2015).
Estimated daily intake of anthocyanin is 12.5 mg/d in the United States of America.Apart
from various health benefits, there is the other aspect of anthocyanins use which makes
them more important. This is related to industrial uses of anthocyanins. A brief description
of the versatile uses of anthocyanins are presented below:

As an Intelligent Colour Indicator Packaging

Smart packaging provides an opportunity to judge the status of packed commodity
from the package itself.Recently a type of smart packaging, which can show different
colour in different pH according to the state of the food and quality or freshness of food is
strongly increasing. The pH-responsive colour-changing function of anthocyanins is useful
for making colour indicator smart packaging films and have been widely used for the
production of the colour indicator films for various types of food packaging applications.
Anthocyanins show different structure and colour in different pH. It exhibit higher stability
under acidic condition due to the formation of flavylium cation. Generally, anthocyanins are
reddish in acidic condition, pink in neutral condition and blue in basic condition. At low pH
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anthocyanins exhibited carbinol, pseudobase and quinoidal structure and quinoidal
structure at pH 7-8 and then transform into chalcone structure.

OH OH OH
OH OH 0
OH
HO o * HO o HO o
—— —
OR A Al
OH OH OH
Flavylium cation Chromenol Quinoidal base
l: pH <1, red I: pH = 4-5, colorless Ill: pH = 8-7, purple
OH OH

OH 0

/>

Ve

=
N\

L
OH
Chalcone lonic anhydro base
V: pH=7-8, yellow IV: pH =7-8, deep blue

Fig.1: Structure of anthocyanin at different pH

Recent studies shows eco-friendly biodegradable polymer-based colour indicator
films incorporated with anthocyanins. Biopolymers are mainly used rather than synthetic
plastics as solid supports of anthocyanins because biopolymers are biodegradable,
biocompatible, nontoxic and environmentally friendly (Kumar et al, 2020).The colour
indicator films could be very beneficial for the evaluation of the safety and quality of the
packaged food at the spot. Besides, this type of natural pigment added packaging films
also exhibit potent antioxidant activity, which can be useful to prevent colour change or
lipid oxidation of packaged food products. The intelligent pH-responsive packaging films
have a bright future in the food packaging industry to ensure food product quality and
safety (Roy et al., 2020).

As Renewable Hair Dyes from Black Currant Fruit Waste

Hair-dying industry is now becoming more popular and highly economic industry.
But, some of these dyes may be harmful to humans and environment. Recently, Rose et
al., (2018), developed a natural, non-toxic hair dye from black-currant skins which is
usually discarded with juice. The team used these pigments in a dye paste and applied it
to bleached human hair, producing vivid colour and they could produce reds and violets by
modifying the formulation. So, they concluded that anthocyanin based blackcurrant dyes
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are comparable to conventional colourant and used to produce a variety of colour and
shades and sustain colour after 12 shampoos.

As Renewable Textile Dyes from Blackcurrant Fruit Waste

Silk and wool fabrics were dyed using the purified black currant extract containing
anthocyanins dye. Anthocyanin dyes are sustainable, bio-degradable, skin friendly and
have many more health benefits. They generally showed pink colour without addition of
metals.Dyeing in combination with aluminum sulphate provided deeper colours- with
range of purples when applied pH 2.2 to 7, and blues at pH 9 and 11., attributable to
formation of stabilized quinonoidal base AL3*. Dyeing in combination with iron acetate
produced brown and green shades due to the formation of anthocyanin-Fe3*complex. After
washing, the majority of silk and wool samples were rated grade 5, exhibiting no
difference between washed and unwashed sample.Thus the best results were obtained
when wool and silk were dyed with the complex of anthocyanin dyes and metals.

As Food Colourant

Xue and coworker (2019) reported that when red-fleshed apple anthocyanins were
co-pigmented with caffeic acid and the copigmented complexes were encapsulated by gum
arabic and maltodextrin using spray and freeze drying. Then stability of anthocyanin was
increased used in food and pharmaceutical industries as value-added natural food
pigments (Tidder et a/., 2018).

As Visual Markers

Anthocyanin fluoresce, enabling a tool for plant cell research to allow live cell
imaging without a requirement for other fluorophores. Anthocyanin production may be
engineered into genetically-modified materials to enable their identification visually
(Kovinich et al., 2012).An mutant allele of the transcription factor gene MYB10 from apple
induces anthocyanin production throughout the plant. This gene were transformed into
strawberry, apple plants to determine whether it could be used as a visible selectable
marker for plant transformation as an alternative to chemically selectable markers. After
transformation, red coloured calli, red shoots and red well growing plants were scored
indicating the potential of anthocyanin marker (Kortstee et a/., 2011).

As Photosensitizer

A dye-sensitized solar cell (DSSC) is a device used for the conversion of visible
light power into electricity. These cells are under research works due to their appealing
features such as low production costs. The production cost and energy conversion
efficiency of DSSCs is strongly influenced by the types of dyes used to harvest photons.
Photosensitizer is a very important component for this solar cell and anthocyanin used as
photosensitizer in it. Anthocyanin absorb more amount of light and show better photo-
voltaic performances and convert light energy to electrical energy. Thus mixture of
anthocyanin pigments with different absorption characteristics would give a synergestic
effect to increase light absorption in different regions as different colours promote light
harvesting in different wavelengths and have particular quantity injection of electrons
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leading to increase in photocurrent and photo voltage. Thus, anthocyanins have the
potential to be used as environmental friendly and economic photosensitizer.

It is very clear from the above discussion that anthocyanins have wide range of
usage, which should utilize at their highest level.
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