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The present study is based on the processing of bio-
apatite (BAp) of sintered fish scales, i.e. heat treated
fish scales at 900°C, by the cryogenic grinding tech-
nique. It shows that BAp formed by cryogenic grind-
ing of sintered fish scales became purer and
nanosized. Earlier studies had reported that nanosized
bioapatite increases the resorbability and bioactivity
for tissue replacement and regeneration like bones
and dental tissues of human beings. Energy dispersive
X-ray spectroscopy of sintered fish scale BAp con-
firmed the presence of tetracalcium phosphate with
Ca/P ratio of 1.97. Field emission scanning electron
microscopy and dynamic light scattering (DLS)
showed microsized particles. The sintered fish scales
when cryoground showed the formation of nanosized
particles as revealed by transmission electron micro-
scopy and DLS. The Fourier transform infrared spec-
troscopy results of sintered and cryoground BAp had
similar functional groups, but cryoground BAp
showed greater purity.

Keywords: Bioapatite, biogenic source,

grinding, fish scales, sintering.

cryogenic

RECENT years have witnessed exponential research
growth in the area of nanoscience and nanotechnology
and their bio-applications. Nanoparticles have the ability
to partially dissolve during fibre attachment; so they can
be used as a novel implant component. It is believed that
nanosized bioapatite (BAp), isolated or prepared from
biogenic sources, is most appropriate for tissue replace-
ment and regeneration. It exhibits enhanced resorbability
and much higher bioactivity than micron-sized or synthe-
tic hydroxyapatite (HAp)'.

Fish biowaste, such as scales which are dumped as
waste due to their unexplored commercial value, contains
several types of calcium salts®. These fish scales can be
used to isolate hydroxyapatite or bioapatite to be
exploited in the research and development of useful bio-
materials in the field of bone implantation, fabrication
and fixation.

*For correspondence. (e-mail: ravneetl 6@pu.ac.in)
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Figure 1.

Field emission scanning electron photomicrographs of sintered (900°C) silver carp scale powder. a, b, Low magnification of compactly

arranged hexagonal-shaped bioapatite particles of different sizes. ¢, d, Higher magnification reveals flat surfaces of these particles with scattered

nanosized particles on the surface.

Hydroxyapatite is the main inorganic solid constituent
of the hard tissue in bones. It has been extensively used
as a filling material in the field of tissue engineering for
bone tissue regeneration, especially as a scaffold material
due to its well-known properties of excellent biocompati-
bility, bioactivity and osteoconductiveness’. Therefore,
special attention is required for exploring new methods
and then characterizing them for acquiring bioapatite of a
particular structure and size from biogenic sources. Sin-
tering is one such process in which particles of a powder
are fused together by pressure and heated to a tempera-
ture below the melting point of the powder. The present
study aims to gain a better understanding of the physico-
chemical properties of fish bioapatite prepared by cryo-
grinding technique to explore its desired application.

Silver carp (Hypophthalmichthys molitrix) was col-
lected from the local fish market. The scales were gently
removed, washed with distilled water and air-dried. They
were then sintered in a quartz crucible at 900°C for 3 h in
a muffle furnace, keeping the temperature below the

978

melting point of the major constituent of the bioapatite
powder, which is 900°C for the scales of silver carp. Sin-
tering is a heat treatment applied to a material for com-
pacting in order to impart strength and integrity. The
sintered fish scale flakes were manually ground to obtain
fine crystals of bioapatite. The morphology, elemental
analysis and particle size of the powder were examined
by field emission scanning electron microscopy
(FE-SEM) coupled with energy dispersive X-ray (EDS)
(XFLASH 6130) for morphological analysis, dynamic
light scattering (DLS) for hydrodynamic size analysis and
Fourier transform infrared spectroscopy (FTIR) for chem-
ical analysis.

The sintered powder was further subjected to cryogenic
grinding in liquid nitrogen for 3 min which was repeated
twice to allow better interaction of liquid nitrogen with
the powder. The resultant powder was weighed and dissol-
ved in ethanol (1 g in 10 ml ethanol). It was sonicated for
4 h and centrifuged at 2000 rpm for 5 min. The pellet was
then discarded and the supernatant further centrifuged at
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Figure 2.
tracalcium phosphate.

5000 rpm for 1 min. Then the suspension was again soni-
cated for 2 h and centrifuged for 5 min at 2000 rpm. The
suspended particles were analysed to determine their size
using DLS and transmission electron microscopy (TEM).
FTIR was employed to examine if there were any struc-
tural changes.

Field emission scanning electron microscopy (FESEM)
of the powder prepared after mechanical grinding of
sintered fish scales revealed a heterogenous mixture of
agglomerated hexagonal-shaped particles of irregular size
range (micro- to nanosized) (Figure 1 a and b). Higher
magnification of the same revealed that these particles
had flat surfaces (Figure 1 ¢ and d). Some stray nanosized
particles were also observed scattered on the surface of
these sub-micron-sized particles. Size of the particle is an
important aspect of any implant material. It is considered
that HAp nanoparticles can repair damage on the micro-
metre-order, and such nanoparticles with smaller diame-
ters promote faster recalcification’. The morphology of
calcined, wet ball-milled and dried HAp powder also
showed similar morphology comprising soft agglome-
rated ultrafine particles”.

EDS is used for elemental analysis or chemical charac-
terization of a material. The chemical composition of
sintered (900°C) H. molitrix scale powder was analysed
using EDS analyser. The results showed the presence of
oxygen (40.12%), calcium (35.96%), phosphate
(14.52%), zirconium (7.63%) and magnesium (1.16) in
major quantity. Other elements present in lesser quantity
were copper (0.20%), sodium (0.14%), barium (0.11%),
zinc (0.07%), iron (0.03%) and potassium (0.03%) (Fig-
ure 2). From these results, the calcium/phosphate weight
ratio for derived sintered scale powder was calculated as

CURRENT SCIENCE, VOL. 115, NO. 5, 10 SEPTEMBER 2018

Energy dispersive X-ray spectroscopy graph of Hypophthalmichthys molitrix sintered scales showing the presence of elements and te-

1.97. The properties of calcium phosphates of biological
interest depend strongly on their calcium/phosphate
atomic ratios (Ca/P)’. From previous studies it is known
that the calcium phosphate based powder having calcium/
phosphate ratio around 2 (theoretical value) is
tetracalcium phosphate, Cay(PO,), (ref. 6). Hence it con-
firmed the presence of tetracalcium phosphate. This is a
metastable compound and the only one with a calcium
phosphate ratio greater than HAp. It is an important
ingredient in the self-setting calcium/phosphate bone
cement’.

The core structure and morphology of cryoground
powder were investigated by TEM. It was observed that
the size of the particles was in the nanoscale with a mean
particle size of 120.5 £ 47.85 nm in diameter. The par-
ticles were found to be loosely aggregated (Figure 3 a—c).
At higher magnification, the particles showed a flat and
smooth surface (Figure 3 d). It was further revealed that
individual particles were composed of small crystallites.
Similar studies on the size and shape of nanoparticles
obtained from biogenic hydroxyapatite have shown that
important characteristics such as good bioactivity and
flexible structure are preserved®. These nanoparticles are
comparable to the size of biocrystal apatite’ and exhibit
rod-like shapes which probably are formed by fusion of
fundamental blocks'’.

FTIR was employed to characterize the different func-
tional groups of sintered silver carp fish-scale powder.
The FTIR spectra of tetracalcium phospate and cryo-
ground sintered scale powder were recorded in the range
4000—400 cm™'. Both spectra were almost similar and in-
cluded a peak at 1023 cm™' that corresponded to the stret-
ching of a phosphate group (POi_). The broad band
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Figure 3. Transmission electron photomicrographs of silver carp scale bioapatite particles prepared by cryogenic grinding show-
ing nanoscale particle (mean particle size 120.5 £ 47.85 nm in diameter). a—c, Fish bioapatite particles are agglomerated. d, Higher

magnification of particles showing smooth surface with flat phase.

centred at about 1000-1100 cm ' was due to asymmetric
stretching mode of vibration for PO, group. The crystal-
line powder generated characteristic stretching modes of
OH bands at about 3422 and 496 cm ', which were no-
ticed in the FTIR spectra of both tetracalcium phosphate
and cryoground bioapatite. Sharp and strong bands
assigned to the stretching mode of hydroxyl group at

980

around 3572 and 632 cm ' were observed in the spectra
of synthetic hydroxyapatite''. The peaks obtained in the
FTIR spectra of cryoground fish scale powder were more
sharp and intense compared to the FTIR spectra of me-
chanically ground powder, which indicated that the cryo-
ground bioapatite was more pure, as secondary phases
such as calcium oxide were absent (Figure 4). It has been
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Figure 5.

reported that the fast cooling of sintered to tetracalcium
phosphate (TTCP) by liquid nitrogen could avoid decom-
position of the former and maintain its phase purity'?.
The particle size distribution of the obtained powders was
also analysed using DLS. The particle size distribution of
TTCP phosphate powder of sintered silver carp scale
showed a broad size range of particles (1000-5000 nm);
hence it is unsuitable for any application (Figure 5).
Cryogrinding reduced the particle size of bioapatite to a
mean value of 155.7 nm, thus providing better biogenic
source (Figure 6). The average particle size (size of
aggregates) of fish scale and synthetic body fluid synthe-
sized HAp powders was 507 and 431 nm respectively, as
observed using nanotrack analyser. These data indicate
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Particle size distribution of mechanically ground sintered silver carp scale powder.

comparable micromeritic properties of HAp nanoparticles
obtained from both sources for application in tissue
engineering. These sub-micron-sized particles can be
effectively used as biofillers'.

Thus, fish waste like scales can be utilized to produce
useful nanosized BAp particles, which may have biomed-
ical applications. Cryogrinding is an excellent processing
technique through which sintered fish scales are con-
verted into pure BAp with much smaller size (order of
few nanometers). These nanosized particles which lie in
narrow size range of about 120 nm have the potential for
better bioresorability and bioactivity in tissue engineering
and replacements in comparison to large micron-sized
particles. Hence cryogrinding is a novel processing step
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Figure 6. Particle size distribution of cryoground sintered silver carp scale powder.

which could be added to sintering of fish scales for better
control over size and structure.

10.
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