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Abstract Melanins are difficult to characterize because of their intractable chemical properties and the
heterogeneity in their structural features. Melanin pigments, in fact, are composed of many different types of
monomeric units that are connected through strong carbon-carbon bonds. Its high insolubility and undefined
chemical entities are two obstacles in its complete characterization. The morphological characterization and particle
size distribution for sepia melanin by Scanning Electron Microscopy (SEM) on surface structure and Transmission
Electron Microscopy (TEM) to confirm the morphology obtained from SEM was done. Both results show that Sepia
melanin is formed by many aggregates agglomerated together. These aggregates are formed also by small spherical
granules with different size distributions that have been determined using image-J software. The small granule
diameter obtained from different TEM and SEM micrographs were 100-200nm. EDS reveals that C and O were the
most abundant in sepia melanin with concentration average concentrations of about 57% and 24% respectively. The
major compositions of sepia melanin are C, O, Na, Cl, while the minor are Mg, Ca, K, S and N. From TEM
micrograph at high resolution, it was possible to measure the distance between polymers layers of sepia melanin
using image-J software and it was 0.323 nm = 3.23 Å.
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1. Introduction
Melanins are biopolymers widely distributed in many
parts of living organisms. They constitute a major group
of biological polymers responsible for much of diversity
of coloration in animal world. Melanins are usually
classified in eumelanins and pheomelanin. Eumelanin are
dark pigments containing nitrogen while pheomelanins are
yellow to reddish-brown containing sulfur [1,2,3].
Eumelanin and pheomelanin are both found in the skin,
hair and eyes of many animal species, including humans,
where they act as photoprotectants (absorbing harmful
ultraviolet and visible radiation). Dark-skinned people
have more melanin in their skin than light-skinned people
have [4,5].
Melanins have been reported to have a diverse number
of functions in the biosystem, including photosensitization,

metal ion chelation, photoprotection to absorb a broad
range
of
electromagnetic
radiation,
antibiotic,
thermoregulation [6]. Melanins are found all over the
body from the skin and blood to the nervous system but
the role of melanin in all these system is unclear. However,
some studies come out with some of its biological
functions among them the main one was photoprotection
[7,8]. Melanin has important role in the skin’s barrier
function by preventing damage by UV radiation. It
absorbs UV radiation, thus protecting the cell’s nuclei
from DNA (Deoxyribonucleic acid) damage [9,10].
Melanins also have applications in agriculture,
medicine, cosmetic and pharmaceutical industries [8].
Many commercial products contain melanin as active
ingredients; including creams that act as filters for singleresponse protection against UV radiation [11]. Melanins
are used in cosmetics to fade defects of the skin diseases
called ‘vitiligo’ which is caused by a loss of melanin in
the skin, due to destruction of melanin-forming cells
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known as melanocytes [5,12]. The production of
sunglasses with a high ability to block UV radiations has
been done by adding melanin to plastics. Melanin are also
used to prevent damage to objects in museums or libraries
because when coated to the internal surface of fluorescent
lamp, they eliminate entirely the escape of UV light which
usually occurs at a low level in these lamps [13]. The
melanin is also consumed in enjoying food from squid in
its ink [2]. Due to the presence of melanin polymer in
sepia ink, sepia ink possesses antimicrobial activity [14].
Melanin coating is model of coating for both biological
investigations and smart surface science [15].
Sepia melanin is made of eumelanin refer the melanin
isolated from ink sac of the cuttlefish Sepia officinalis and
it has been proposed as a standard for natural melanin [1],
[14]. Sepia melanin is insoluble in organic solvents, acids,
aqueous solutions, and only partially dissolves in alkaline
solutions. Sepia ink is the ink extracted from Sepia
officinalis. This ink contains CaCO3, MgCO3, NaCl and
Na2SO4, enzymes and other substances [13,14]. Purified
sepia melanin is a black powder and so hygroscopic that
should be refrigerated at -20 ° C to avoid decomposition.
For other essential biopolymers such as proteins,
nucleic acids as well as carbohydrates, they are well
characterized. Their monomeric units and connectivity are
well known and the methodologies for determination of
the sequences of their connection are well-established. In
contrary, structures of melanin are still unknown because
till now; no available methods allowing to accurately
determine their structures [7,11,12].
There are many factors hindering accurate
characterization of melanin and some are the following:
Melanins are insoluble in a broad range of solvents and
pH. Their purification is difficult which leads to the
heterogeneity in their structural features. In addition, the
methods to accurately determine the ratio of the various
units present in melanin are not yet found. The molecular
structure and organization of melanin are complicated and
not completely known [7,16]. A great number of
investigations on melanin have been done, but till now it
is still not well understood. An accurate definition of
melanin biopolymer does not exist as its structure is not
well known till now [17,18,19].
It is expected that there will be many new future
applications and products that are based on melanins and
this will lead to the increase in demand for melanin. There
are many researches being carried out on melanin.
Fortunately, melanin is abundant because it can be
extracted from animal tissues and plants at low cost [2].
One of the challenges for this method is that the melanin
obtained generally has low purity and there is variation in
composition in each batch. However, this melanin can also
be synthesized by chemical methods which guarantee its
purity.
Melanin is of interest as a model system of
understanding disorder in biological systems. The
biological functionality of melanin depends on disorder
which is considered as its essential part. This property
distinguishes melanin from other much more intensively
studied biomolecule systems such as nucleic acid, proteins
and carbohydrates [20]. This paper report the results on
morphological structure of sepia melanin obtained from
SEM and TEM as well as its elemental composition
obtained from EDS.
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2. Materials and methods
2.1. Materials
Sepia melanin powder (standard) from Sepia officinalis
was obtained from Sigma-Aldrich (Chemie GmbH
Kappelweg 1 D-91625 Schnelldorf, Germany). This
purified sepia melanin is a black powder, hygroscopic that
has been kept refrigerated at - 20°C to avoid any photochemical of photo-physical alterations. Acetone (99%)
was used Transmission Electron Microscopy (TEM), it
was used to make sepia melanin suspension.

2.2. Characterisation techniques
The morphological characterization and particle size
distribution for sepia melanin has been done by Scanning
Electron Microscopy (SEM) on surface structure and
Transmission Electron Microscopy (TEM) to confirm the
morphology obtained from SEM. Chemical composition
of sepia melanin has been done by EDS (Energy
dispersive X-ray Spectroscopy).
The sepia melanin powder was coated with goldpalladium (Au: Pd; 6O: 40) layer using a coating sputter
coater (Quorum Q 150 TES) to increase the conductivity
of the sample. SEM and EDS were performed on same
sample using Carl Zeiss Auriga Field Emission Scanning
Electron Microscope (FEG SEM) imaging at 5 keV. EDS
spectra was collected with an OXFORD instruments XMAX solid state silicon drift detector at 20 keV.
For further investigation on the morphology of sepia
melanin in order to confirm the results obtained by SEM,
the Fei Tecnai G220, TEM having Field Gun Resolution
TEM operating at 200 kV with an information limit of
0.12 nm was used. Sample for TEM analysis were
prepared by depositing a small drop of dilute dispersion of
sepia melanin ultrasonicated in acetone TEM grids. The
TEM grids were coated with a thin amorphous carbon
support (~20nm); as it has a relatively low electron
density, it provides a uniform substrate for imaging
samples. The sample preparation procedure used was the
one used by of Watt et al. except that the solvent was
acetone as solvent.
For both SEM and TEM characterizations, the size
particle distribution was measured using particle size
analysis software called image-J. The image-J software
can calculate the area and pixel value statistics of userdefined selection and intensity threshold objects. It can
also measure the spacing between the lines as well as the
length from TEM and SEM micrographs. While SEM
micrographs display compositional contrast that results
from different atomic number elements and their
distribution, EDS allows the identification of what those
particular elements are and their relative proportions.
EDS analysis usually involves the generation of an Xray spectrum from the entire scan area of the SEM [21].
From EDS, we get the corresponding X-ray spectra that
were generated from the entire scan area by SEM. The Yaxis shows the counts (number of X-rays received and
processed by the detector) and the X-axis shows the
energy level of those counts [21,22]. The EDS qualitative
analysis consists of the identification of the lines in the xray spectrum using tables of energies or wavelengths and
the EDS quantitative analysis (determination of the
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concentrations of the elements present) by measuring line
intensities for each element in the sample and for the same
elements in calibration standards of known composition
[23]. The X-ray data booklet was used to analyse EDS
results on sepia melanin.

SEM micrograph (Figure 3a). It was found that sepia
melanin is made of aggregate of spherical particles having
about 100 - 200 nm in diameter as shown by the histogram
(Figure 2.b and Figure 3b).

3. Results and Discussion
3.1. SEM Micrographs
At a scale of 10 µm and 1.00 K X magnification, sepia
melanin appeared to be formed by aggregates with
different sizes that are grouped together (Figure 1a). In
increasing the magnification 10 times and reducing the
scale to 1 µm, the aggregates seem to be formed by small
granules (Figure 1b). When the magnification is increased
further up to 20.00 K X at the same scale, the small
granules forming the aggregates start to be a little beat
clear (Figure 1c). Due to the increasing of magnification
further up to 50 K X, and change the scale from micrometers to nanometers order (from 1 µm to 200 nm),
granules start appearing to be spherical (Figure 1d).

Figure 3. SEM micrographs of sepia melanin granules at 200.00 K X
magnification and the corresponding histogram of diameter distribution

Particle diameter was in the range of 100 and 200 nm,
and the calculated average diameter is 137 nm. Kim et al.
reported the average diameter of melanin nanoparticles to
be 135 nm [6].
The obtained diameter distributions for sepia melanin
from SEM micrographs were in good agreement with the
ones reported in literature. It was reported that the size
diameter of spherical particles forming natural melanin
varies in the range of 100 - 200 nm [21,22,23]. Watt et al.
as well as Bothma found that the diameters of sepia
melanin granules which are roughly spherical were 100
nm upwards [24,25]. The diameter of the aggregated
spherical granules constituting sepia melanin was reported
to be about 150 nm [26].

3.2. EDS Spectra
The EDS measurement was done on five different spots
from SEM micrographs (at 100 K X magnification for all
of them) to make sure that the chemical composition is the
same for different positions of the sample.

Figure 1. SEM micrographs of sepia melanin granules at 1.00K X (a),
10.00K X (b), 20.00 K X (c) and 50.00 K X (d) magnifications.

The low resolution SEM micrographs of the sepia
melanin sample are shown on Figure 1. Sepia melanin is
formed by many aggregates agglomerated together. These
aggregates are formed also by small spherical granules
with different size distributions and this start to become
clear at the higher resolution.

Figure 2. SEM micrographs of sepia melanin granules at 100.00 K X
magnification

The diameter distribution measured from SEM
micrograph (Figure 2a) is represented on the histogram
(Figure 2b).
The above histogram (Figure 3b) shows the diameter
distribution of sepia melanin granules measured from

Figure 4: SEM micrographs of sepia melanin granules at 100.00 K X
magnification and 10 µm scaled and the corresponding EDS spectrum

All presented EDS spectra in paper were plotted from
raw data collected from EDS. The first EDS spectrum
collected from SEM micrograph (Figure 4a) of sepia
melanin is shown on Figure 4b. This spectrum was
collected on SEM micrograph scaled at 10 µm while the
remaining spectra were collected from 1 µm SEM
micrographs scaled. On this EDS spectrum, one can
distinguish the peaks of C, O, Na, Mg, Cl, S, Ca, K as
well as N even if the two last elements are low in intensity.
This spectrum is the only one showing the existence of K
element in sepia melanin among all the five spectra as the
measurement was done on a big portion of the sample.
The potassium was not present in all other four spectra
(Figure 5, Figure 6, Figure 7, and Figure 8), while
nitrogen was not only present on two of them (Figure 5
and Figure 8).
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Figure 5. SEM micrographs of sepia melanin granules at 100.00 K X
magnification and the corresponding EDS spectrum

Figure 5b is the EDS spectrum collected from the
second spot (Figure 5a). On this spot, the detected
elements were only C, O, Na, Mg, Cl, S, and Ca. The
concentrations as well as the maximum intensities of
emitted x-ray lines were different from those obtained at
the first spot.
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Figure 8b is the EDS spectrum collected from the fifth
spot (Figure 8a). On this spot, the detected elements were
only C, O, Na, Mg, Cl, S, and Ca. The concentrations as
well as the maximum intensities of emitted x-ray lines
were different from those obtained on other spots.
The table below (Table 1) represent the summary of all
elements detected from the five spectra, and their
corresponding photon energies of x-ray emission lines in
electron volt. For each spectrum, the element and their
collected maximum intensities for K-, and L-shell
emission lines are presented. The results shows that the
intensity of emitted x-ray lines from all five spot were not
the same and this justified the difference in concentrations
for all detected elements. Briefly, the detected elements
are not distributed uniformly in the samples. The
difference in concentration is shown on Table 2.
Table 1. Summary of all Detected Elements from the Five Spectra
and their Corresponding Photon Energies of X-ray Emission Lines
in Electron Volts
Element
E
IS1
IS2
IS3
IS4
IS5
C Kα

0.277

1453.0

1471.0

1455.0

1256.0

1203.0

N Kα

0.392

90.0

-

79.0

71.0

-

O Kα

0.520

632.0

620.0

590.0

530.0

548

Na Kα

1.041

684.0

772.0

800.0

725.0

782.0

Figure 6. SEM micrographs of sepia melanin granules at 100.00 K X
magnification and the corresponding EDS spectrum

Mg Kα

1.254

265.0

279.0

800.0

274.0

260.0

S Kα

2.307

229.0

247.0

166.0

153.0

240.0

Figure 6b: EDS spectrum collected from the third spot
(Figure 6a). On this spot, the detected elements were only
C, O, Na, N, Mg, Cl, S, and Ca. The concentrations as
well as the maximum intensities of emitted x-ray lines
were different from those obtained on other spots.

Cl Kα

2.622

476.0

516.0

526.0

476.0

524.0

Cl Kβ

2.816

122.0

122.0

103.0

103.0

111.0

K Kα

3.314

36.0

-

-

-

-

Ca Kα

3.692

105.0

105.0

120.0

123.0

111.0

Ca Kβ

4.012

24.0

37.0

24.0

31.0

36.0

Ca Lβ

0.341

65.0

65.0

79.0

53.0

84.0

On Table 1, E stands for the photon energy from x-ray
data booklet while Is stands for the maximum intensities
of the emitted x-ray lines peaks).The table shows how the
intensities of emitted x-ray lines differ from on spot to
another.
Figure 7. SEM micrographs of sepia melanin granules at 100.00 K X
magnification and the corresponding EDS spectrum

The EDS spectrum (Figure 7b) collected from the
fourth spot (Figure 7a). On this spot, the detected elements
were only C, N, O, Na, Mg, Cl, S, and Ca. The
concentrations as well as the maximum intensities of
emitted x-ray lines were different from those obtained on
other spots.

Figure 8. SEM micrographs of sepia melanin granules at 100.00 K X
magnification and the corresponding EDS spectrum

Table 2. Concentrations
Commercial Sepia Melanin

of

Different

Elements

Composing

Element

S1

S2

S3

S4

S5

Mean values

C

55.49

60.21

55.23

52.98

59.46

56.67

N

7.14

-

7.06

8.97

-

4.63

O

24.33

24.7

23.34

23.19

23.73

23.86

Na

6.19

7.24

6.81

7.04

7.93

7.04

Mg

1.67

2.03

2.08

2.03

2.13

2.00

Cl

4.02

4.63

4.21

4.41

5.1

4.47

K

0.14

-

-

-

-

0.03

Ca

1.01

1.27

1.19

1.37

1.65

1.3

After calculating the average values of concentrations
for each element, it was found that C and O were the most
abundant in sepia melanin with concentration average
concentrations of about 57% and 24% respectively. This
analysis revealed that the major compositions of sepia
melanin are C, O, Na, Cl, while the minor are Mg, Ca, K,
S and N. These results serve as an additional support
which reflects the purity of this sepia melanin there is no
additional elemental peak.
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3.3. TEM Micrographs

Figure 9. Typical TEM micrographs of agglomerated sepia melanin
nanoparticles scaled 0.2 µm and the corresponding diameter distribution
histogram

TEM micrograph shows that the granules of sepia
melanin are spherical (Figure 9a). The granule size was
measured from TEM micrograph to determine if the
diameter distribution is in agreement with that one
obtained from SEM micrograph. The histogram (Figure 9b)
presents the diameter distribution of small granules of
sepia melanin. In decreasing the scale from 100 nm
(Figure 10a) to 50 nm (Figure 10b) and increasing
magnification, the structure of granule start to be a little
bit clear.

The Figure 11 shows the TEM micrograph at high
resolution. From TEM micrograph, it was possible to
measure the distance between polymers layers of sepia
melanin. The Figure 11b shows the distribution of
distances between chains of polymers. The average
interlayer distance measured from the TEM micrograph
(Figure 11a) using image-J software is 0.323 nm = 3.23 Å.
This confirms the supramolecular organization predicted
from the corresponding TEM micrograph (Figure 11d).
The obtained value is in good agreement with that one
obtained by Chen et al. by simulations [27].

4. Conclusion
We have successful characterized the morphology of
sepia melanin using SEM and TEM. The obtained results
revealed that sepia melanins are formed by many
aggregates agglomerated together. These aggregates are
formed also by small spherical granules with different size
distributions. SEM and TEM observations show that the
sepia melanin powder consists of spherical nano-scaled
particles with a nearly double size distribution. It was
found the diameter for granules were 100 - 200 nm. The
average granule diameter measured from two different
SEM micrographs was 137 nm and 145 nm.
Although as yet we do not have the preferred structure
of the melanin as it is highly disordered as it was found
from TEM results at high resolution, the field can now
move forward to do more characterisation on this
commercial sepia melanin many other characterization
techniques for further investigation on its morphology,
and to develop a model leading to accurate and prediction
of melanin structure, properties as well as its function. The
fact of knowing well its structure, it will open many other
new applications in different fields.
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