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ABSTRACT

Melanin is a dark phenolic substance present in plants, animals, and microorganisms. The role of melanin in plants is
to offer protection against biotic and abiotic conditions. The other possible functions in plants are unknown. Studying
the occurrence of melanin in plants is essential to understand the taxonomic evolution of plants and its application in
different fields. The deposition and distribution of Phytomelanin in the seed coat was studied using a light microscopy
The seed coats of Phaselous vulgaris (Leguminaceae), Vigna mungo (Fabaceae), Linum usitatissimum (Linaceac), Cicer
arietinum (Fabaccac), Vigna unguiculata (Fabaceae), Sesamum indicum (padaliaceae) and Macrotylama uniflorum
(Fabaceae) showed the presence of melanin. Among the plant studied, S. indicum and V. mungo had a higher yield of
melanin per 5 g of seeds. Melanin was extracted, purified and a confirmatory test was also conducted. UV and FT-IR
studies were carried out with purified melanin. V. mungo and P, yulgaris showed no absorbance in the UV spectrum.
The Maximum absorbance was found at 276 nm for S. indicum, M. uniflorum at 283 nm, L. usitatissimum at 276.5 nm,
and V. unguiculata at 286 nm. It is evident from the study that phytomelanin is present in higher concentrations in
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S. indicum followed by V. mungo.
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INTRODUCTION

Phytomelanin is a dark phenolic pigment present in plants,
animals and microorganisms. This pigment has been neglected
over the years and recently it has drawn attention due to the
enormous application that it possesses. It is reported to contain a
broad spectrum of biological activities such as antioxidant (Keles
& Ozdemir, 2018), antitumor (El-Naggar & El-Ewasy, 2017),
antiviral, antimicrobial (Laxmi et al., 2016), chemoprotection,
anti- inflammatory, immune stimulant, thermoregulatory and
hypoglycemic (Al-Tayib et al., 2014). Hence it has applications
in the fields of pharmacology, cosmetics (Kalka et al., 2000),
the food industry (Roy & Rhim, 2022) and agriculture. In
agriculture, it can be used as a plant protector since it offers
resistance to plant pathogens and insects. It has been reported
that dark-pigmented seeds are more resistant to soil- borne
pathogens and it offers protection against insect pest as well
(Cardinale et al., 2021). However, non-melanized seeds were
vulnerable to pathogens and insects. In plants, they also offer
protection against abiotic stress (Ceccarelli et al., 1987). So far
phytomelanins have been isolated from a few dicotyledonous
familics i.c., Campanulaceae, Convolvulaceae, Umbelliferae,

Compositae, Agavaceae, Aloaceae, Amaryllidaceae, and
Hyacinthaceae. In monocotyledon, it is found in Asperagales,
Zingiberales, Haemodoraceae (Glagoleva et al., 2020) and
Poaceae (Bazhenov et al.,, 2023).

Phytomelanins not only have biological significance but
also taxonomic relevance. Studies on the distribution and
taxonomic relationship of Phytomelanins would help in
determining the phylogenetic relationship of the different
taxon. Phytomelanin discovery in certain tribes of Asteraceac
has opened new perspectives in evolution of Asteraceae
members (Marques et al., 2021). Melanin formation in seed
tissuc was not studied carlier. But, recently in barley it is
reported to be synthesized in chloroplast derived melanoplasts
and accumulates in the pericarp of the seed (Shoeva et al.,
2020). Since phytomelanins are natural, it has the potential
to be utilized in various fields. Occurrence and distribution of
melanin in plant tissue have significant implications mainly in
seed protection against microbes and Insect attacks. It seems
to repel the insects from feeding on the seeds. Hence a search
for new phytomelanin sources can lead to new perspectives
and applications.
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MATERIALS AND METHODS
Distribution of Phytomelanin in Seeds

Phaselous vulgaris (BWCPV, Leguminaceae), Macrotylama
uniflorum (BWCMU-Fabaceac), Vigna mungo (BWCVM-
Fabaceae), Cicer arietinum (BWCCA-Fabaceae), Vigna
unguiculata (BWCVU-Fabaccac), Sesamum indicum (BWCSI-
Pedaliaceae), Linum usitatissimum (BWCLU-Linaceae) are
dark pigmented edible seeds rich in protein and antioxidants
were selected for screening of phytomelanins. The seeds were
procured from the local market of Chennai, Tamil Nadu and
a voucher specimen of the above seeds BWCPV, BWCMU,
BWCVM, BWCCA, BWCVU, BWCSI and BWCLU
respectively was deposited in the Department Herbarium. The
seeds were soaked overnight and hand sections were made and
observed under light microscopy. The seed coat region of all the
seeds were observed and photographed.

Isolation of Phytomelanin

Five grams of the above seeds were soaked in 0.1, 0.5 and 1 M
Sodium hydroxide and extracted after 72 hours. The extracts
were filtered and diluted 20 times and absorbance was observed
in ShimadZu UV- Visible spectrophotometer. The absorption
spectra were measured between 200 and 400 nm.

Confirmatory Test for Phytomelanin

The following tests were conducted as confirmatory test to
confirm Phytomelanin.

Solubility Test

Phytomelanins has a unique solubility. It is soluble only in
alkali solutions and insoluble in water. The obtained melanin
was dissolved in alkali such as sodium hydroxide and observed
for it solubility.

Decolorization Test

The Melanin solution obtained by dissolving in alkali was
treated with 5% hydrogen peroxide and observed for rapid
decolourization.

Precipitation Test

To 1mL of the melanin extract few drops of ferric chloride
solution is added and observed for precipitation.

Purification of Phytomelanin

After 72 hrs of alkali extraction, the extracts of various seeds were
treated with 2 M hydrochloric acid and allowed to precipitate.
The contexts were centrifuged at 4000 xg for 5 mins. The pellet
was suspended in water twice and centrifuged at 4000 xg for
5 mins. The pellet thus obtained was collected and rinsed in
ethylacetate and later ethanol to remove carbohydrates, proteins,
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and lipids. The residue was collected and dried at 100°C. The
dried powder was scraped and the yield of phytomelanin was
estimated. Thus obtained phytomelanin was checked for its
purity by dissolving in water and the texture and colour recorded.

UV-VIS Spectroscopic Analysis of Phytomelanin

The purified phytomelans of the various seed coats were dissolved
in 0.1 M sodium hydroxide and subjected to UV analysis in a
Shimadzu Double beam UV- Visible Spectrophotometer. The
samples were scanned through 200 to 300 nm and the maximum
absorption was recorded.

FT-IR Spectrosopy

The FT-IR spectrum of phytomelanin was obtained by
grinding it with Potassium bromide (1:100). The spectrum was
obtained in a Single Beam IR Spirit FT-IR Spectrophotometer,
(Shimadzu, Japan) with 190 to1100 nm range. The scan range
was between 250 cm™ to 400 cm'.

Statistical Analysis

The standard deviation was determined by Statistical tool in

Excel 2010 version.
RESULTS AND DISCUSSION

Distribution of Phytomelanins in the Seed Coat

The seed coats of P vulgaris, V. mungo, L. usitatissimum,
C. arietinum, V. unguiculata, S. indicum and M. uniflorum were
studied and found that the sced coat of P vulgaris consists of
the palisade, sub epidermal, and parenchyma layers protecting
the cotyledons inside. Pigmentation was found in the outer
palisade layer and inner parenchyma layer (Figure 1).

The inner layer of pigment may be protoanthocynidin. The
seed coats of fabaccae members (V. mungo, C. arietinum
and M. uniflorum) generally contained sclerieds, especially
macrosclerieds and osteosclerieds. C. arietinum seed coat
contained a distinct outer palisade, inner palisade, hourglass
cells of hypodermis, parenchyma layer, and an inner cuticle
(Pandey et al., 1989). Macrosclereids were found extending
across the outer and inner palisade layers. The outer and
inner palisade layers and parenchyma layers were pigmented
(Figure 1). In the case of V. mungo, the seed coat is a single layer
with a characteristic single row of osteosclerieds. The outer layer
was densely pigmented. V. unguiculata had three layers outer
and inner palisade layers and a single row of osteosclereids. The
inner palisade layer was intensely pigmented. M. uniflorum the
seed coat was not differentiated into layers. A single prominent
layer of parenchymatous seed was observed. The seed coat was
thick and pigmented. High levels of phenolic content reported in
the seed coat of Leguminaceae members play an important role
in the nutritional quality of the seeds. The antifungal property
of these seeds could be due to tannins present in the seed coat.
Active polymerization is due to the action of peroxidases and
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Figure 1: Light Microscopy observation of phytomelanin distribution in seed coat. a) Vigna mungo (Fabaceae), b) Macrotyloma uniflorum (Fabaceae),
c) Linum usitatissimum (Linaceae), d) Cicer arietinum (Fabaceae), e) Vigna unguiculata (Fabaceae), f) Phaselous vulgaris (Leguminaceae),
g and h) Sesamum indicum (Pedaliaceae). Arrows indicate phytomelanin deposition

catechol oxidases that are found in the epidermis layer (Gillikin
& Graham, 1991). S. indicum seed coat had a layer of sclereids
which had deposits of melanin.

L. usitatissimum seed coat is reported to possess 5 distinct layers,
outer cuticle, epidermis, sclerenchymatous hypodermis, fibrous
layer of parenchyma cells, and inner pigment layer. Dense
pigmentation was observed in the lignified sclerenchymatous
hypodermis layer which was made of 3-4 layers of cells.
A prominent cuticle was also evident. A similar observation
was reported by Park (2007). Phytomelanin precursor
molecules synthesized in the chloroplast are deposited in
the epidermis where it is polymerized. It is probably why it
is more prominently found in the epidermis and hence offers
protection to the seeds.

Extraction of Phytomelanins

The extraction of melanin is often complicated since it is bound
to other cellular components. Phytomelanins were extracted
with three concentrations of sodium hydroxide. The pigment
extraction was directly proportional to the concentration of the
alkali. 1 M NaOH extracted more pigments than 0.5 and 0.1 M.
A similar result was reported by Selvakumar et al. (2008). Since
phytomelanins have a very distinct property, identification using
conventional phytochemical tests is possible. Phytomelanins are
not soluble in organic and in organic solvents, or acids, readily
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soluble in alkali, sparingly soluble in DMSO, and insoluble
in water (Shoeva et al., 2020). It shows decolourization in
Potassium permanganate, Potassium dichromate, sodium
hypochlorite, and hydrogen peroxide. In the present study, 5%
hydrogen peroxide showed rapid decolorization and a positive
reaction with ferric chloride. It formed a precipitate immediately
which indicated the presence of polyphenols. Phytomelanins
are phenolic compounds. Precipitation with Ferric chloride is
a vital step that indicates its purity.

UV-VIS Spectroscopy

The extracted pigments were subjected to UV-Vis spectroscopy.
It was found that all extracts of the selected seeds had no
absorption at the visible spectrum. Maximum absorption
was evident in the range of 250-300 nm. Pralea et al. (2019)
reported that phytomelanins have maximum absorption
at 190-300 nm. The high UV light absorption of melanin
is apparently due to the complex conjugated molecules in
the melanin structure which absorb and scatter photons
of UV light (Hou et al., 2019).The isolated phytomelanins
from the sunflower seed coat had a maximum absorption at
280 nm. In the present study, S. indicum seed coat melanin
had absorbance at 276 nm (Figure 2a), M. uniflorum at
283 nm (Figure 2b), L. usitatissimum 276.5 nm (Figure 2¢),
V. unguiculata at 286 nm (Figure 2d), V. mungo and P. vulgare
showed no absorbance.
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Figure 2: UV-Vis spectrum of the phytomelanin. a) Sesamum indicum, b) Macrotylon uniflorum, c) Linnum usitatissimum and d) Vigna unguiculata.
Note the maximum absorption at 276, 283,276.5 and 286 nm of the respective phytomelanin
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Figure 3: Yield of Phytomelanin/5 g of seed. B-Vigna mungo,
S-Sesamum indicum, C-Cicer arietinum, V-Vigna unguiculata,
H-Macrotyloma uniflorum, F-Linum usitatissimum and R-Phaselous
vulgaris. All values in triplicate + SD

Yield of Melanin

The yield of the purified phytomelanins obtained per 5 g
of seced was estimated. A higher yield of melanins was
obtained in S. indicum (196 mg/5 g), followed by V. mungo
(136 mg/5 g) and M. uniflorum (80 mg/5 g) and a lower
yield were recorded in P vulgare (21 mg/5 g) (Figure 3).
The phytomelanin obtained from M. uniflorum seed coat
was amorphous, flakey powder in S. indicum seed coat and
was crystalline in P yulgaris, V. mungo and V. unguiculata
and resinous in L. usitatissimum seed coat extracts. The
purified phytomelanins also showed no solubility in water
and dissolved readily in NaOH.

CurrBot e 2024 e Vol1s

100 -
95 4
X
-
90 -
85 T T T T T T T T T 1
0 400 800 1200 1600 2000 2400 2800 3200 3600 4000
Wavelength cm™?

Figure 4: FT-IR Spectrum of phytomelanin isolated from Sesamum
indicum

Fourier Transform Infra-Red Spectroscopy

In the present study all the purified samples of S. indicum,
V. unguiculata and M. uniflorum exhibited absorption between
3200-3500 indicating N-H and OH stretching, C=C bonding
between 1600-1500 cm™ and 1320-1210 em™ indicating -C-O
stretching and band stretching around 1024 indicating a pyrone
C-O-C structure, band between 1230-1020 shows C-N Bonding
(Otetal, 2020) (Figures 4,5 & 6).

The present study has shown the presence of phytomelan
in Fabacecae, Lianaceae and Pedaliacac. Phytomelanin has
antioxidant properties and new sources of phytomelanin can be
ultilized for pharmacological purposes and can also contribute
to the nutritive values of theses seeds. However, only limitation
is the solubility, dosage and toxicity if any need to be studied
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Figure 5: FT-IR Spectrum of phytomelanin isolated from Vigna
unguiculata
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Figure 6: FT-IR Spectrum of phytomelanin isolated from Macrotyloma
uniflorum

in an animal model before being used for the pharmacological
purposes.

CONCLUSION

Studies on phytomelanin distribution are few, the significance
of the work is the discovery of phytomelanin in Fabaceae,
Linaceae, and Pedaliacacae genus which is not reported
carlier. The isolated phytomelanin can be formulated as a
plant protector either as foliar spray or seed dressing since it is
reported to possess antimicrobial properties. Hence it will have
its application in agriculture for the control of plant diseases.
Further work on the antimicrobial properties of phytomelanin
will justify the above statement.
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