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Abstract

Background and Obijective: In recent years, green synthesis of nanobiomaterials has
received more attentions than chemical synthesis due to their ecofriendly and compatibility.
The aims of this study were to investigate synthesis of nanobiomaterials from probiotics and
characterize these nanobiomaterials.

Material and Methods: Bacillus subtilis and Bacillus coagulans were cultured in media
containing insoluble calcium phosphate and urea, and produced nano-hydroxyapatite and
nano-calcite. Productions were surveyed in three stages. First, produced particles were
assessed on the surface of the dried bacteria at room temperature. In the second stage, dried
bacteria were burned at 600 °C. In the final stage, hydroxyapatite was purified using
nanofilters. Characterization and elemental analysis of the biomaterials were studied using
Fourier transform infrared spectroscopy, X-ray diffraction, scanning electron microscopy,
ultraviolet-visible spectroscopy, energy dispersive X-ray and X-ray fluorescence.

Results and Conclusion: It was shown that nano-calcite and braided nano-hydroxyapatite
on the dried biomass surface and nano-hydroxyapatite were made only in media containing
insoluble calcium phosphate supplemented by urea, which was induced by phosphatase and
urease. Removing organic matters by heat treatment led to the further purity of the particles.
The X-ray fluorescence results revealed purity of the nano-hydroxyapatite, which was
achieved by filtration of particles after burning. The ratio of calcium to phosphorus in B.
coagulance sample reached 1.8, which was close to stoichiometric hydroxyapatite. Since
nanobiomaterials are made from probiotics, these particles can be appropriate candidates to
use in food industries, sanitation and medicine. Braided nano-hydroxyapatite can substitute
needle-like types of food additives for infants and elderly people because of its safety.
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1. Introduction

Calcium phosphate salts are the major mineral
components of vertebrate bones and teeth. Nearly 70% of the
bones are made up of the biomineral phase, majorly
composed of one or more calcium phosphate molecules [1].
Of the calcium phosphate salts, hydroxyapatite (HA)
[Ca10(PO4)s(OH),] is the most analogous to the mineral
components of the bones since it is the most thermody--
namically stable crystalline form of calcium phosphate in
body fluids [2]. Moreover, calcite is an abundantly available

material that includes significant medical uses; in particular,
it can strengthen bones as well as filling them [1,2]. Studies
have been carried out on HA for various biomedical reasons
such as tissue engineering, dental implanting, implant
coating and bone grafting [3]. Other critical uses of HA
include drug delivery systems [3], sunscreen agents [4] and
toothpastes [5]. Furthermore, HA and calcite are food
additives and nutritional supplements. In previous studies,
active edible coatings containing HA and calcite have been
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used to extend the food shelf-life [6]. Moreover, these
compounds are used as food supplements to absorb further
iron and as calcium supplies [7]. Since one of the factors in
dental erosion is consumption of acidic soft drinks, HA
additives are used in acidic soft drinks to prevent tooth
decays. Moreover, HA nanoparticles are used in soft drinks
to prevent erosion [8]. One of the most important uses of
these two biomaterials in industries includes addition of
these biomaterials to chewing gums for better teeth
protection [5,9], infant formulas and elderly people food
supplements [10,11]. Nanotechnology is a multidisciplinary
scientific area, which uses a diverse array of tools and
techniques derived from engineering, physics, chemistry and
biology [12-14]. Advancements in nanoscience and nano-
technology have made it possible to manufacture and
characterize submicron bioactive carriers. Delivery of
bioactive materials to target sites insides the body and their
release behaviors are directly affected by the particle size
[15]. Compared to micrometer-sized carriers, nanocarriers
provide further more surface areas and include the potential
to increase solubility, enhance bioavailability, improve
controlled release and enable precision targeting of the
entrapped materials to greater extents [13,16].

Several chemical methods are available for synthesizing
HA, including solid-state reaction, mechanochemical reac-
tion, spark plasma system, alkali-acid process, sol-gel
process, sonochemical process, microwave-assisted process,
multiple emulsion technique, precipitation technique, plasma
spraying system and hydrothermal, conversion and solution
combustion methods [17,18]. Use of several chemicals to
achieve a controlled synthesis is common in these processes,
although the produced nanomaterials are often toxic [17,19].
In recent years, the green synthesis has become popular,
considering all aspects of chemical synthesis as they are
ecofriendly, less expensive and easier to achieve. The present
nanobiotechnology focuses on environmentally friendly
biosynthetic processes; in which, microorganisms demon-
strate potentials for nanosynthesis biomanufacturing devices
[20]. Green HA sources include bone tissues from most
animals such as poultries and fishes, corals, shrimp shells,
snakeskins, hedgehog thorns, plants, fungi and algae
[18,21,22]. One of the green methods of synthesis of nano-
HA is biomineralization by bacteria, which includes several
advantages over other processing methods. However, a few
studies have been carried out on this method [19,21].
Bacteria, including Serratia marcescens, and Alkanindiges
illinoisensis, have been shown to synthesize HA [21,22].
Ability of biological processes to control form, phase,
orientation and nanostructural topography of the inorganic
crystals is known as biomineralization [19,21,22]. Probiotics
are technically economical and environmentally safe and
cover a wide spectrum in medicine, food and drug industries.
During the production and optimization of probiotic
biosynthesis, ease of mass manufacturing, safety of handling

probiotics and their importance for humans are important
issues [23]. Production of nano-HA by probiotics as an
antibacterial is safe for adding to foods to enhance general
health while its effectiveness has not been reported.
Therefore, the aim of this study was to synthesize nano-
calcite and braided nano-HA by probiotics such as Bacillus
(B.) subtilis and B. coagolance to use in the food industry.

2. Materials and Methods

2.1. Materials and equipment

Materials: Nutrient agar, dextrose, Cas(PO4)2, NaCl, KClI,
MgS0..7H,0, yeast extract, FeSO4.7H,0, MnSO4-H,0 and
agar-agar (Merck, Germany), and p-nitrophenyl phosphate
(Sigma-Aldrich, USA).

Equipment: Furnace (Nabertherm, Germany), X-ray
diffraction (XRD) (D8 Advance, Bruker, Germany), Fourier
transform infrared spectroscopy (FTIR) (JASCO FT/IR-
6300, Japan), scanning electron microscopy (SEM) (Philips
X130, the Netherlands), ultraviolet-visible-near-IR (UV-vis)
spectrophotometry (JASCO V_670, Japan), energy-disper-
sive X-ray (EDX) (Philips X130, the Netherlands), X-ray
fluorescence spectroscopy (XRF) (S4-Pioneer, Germany),
microcentrifuge (Hettich, Germany), and spectrophotometry
(Spectronic 21D, USA).

2.2. Cultivation of bacteria and biosynthesis of nano-
inorganic materials

In this study, standard probiotic bacterial strains of B.
coagulans ATCC 7050 (Iranian Biological Resource Center,
Tehran, Iran) and B. subtilis PTCC 1204 (Persian Type
Culture Collection, Tehran, Iran) were used for nanoparticle
production. These two strains were cultured separately on
nutrient agar media after heat shock and incubated at 37 °C
for 24 h. Then, the strains individually were spread plate
cultured on Pikovskaya (PVK) media and 0.1% urea as well
as PVK media alone. The PVK media included (g I?)
dextrose 10, Ca3(PQO4)2 5, NaCl 0.2, KCI 0.2, MgS04.7H,0
0.1, yeast extract 0.5, FeSO4.7H,0O, 0.002, MnSO4-H0,
0.002 and agar-agar 15 (pH 7.2) [22]. The potential of these
two bacteria for the production of calcite and HA was
verified by investigating clear zones on the PVK media.
Utilizing insoluble tricalcium phosphate by the bacteria and
phosphatase activities induced clear zones around the culture
lines. After five days, cultured strains were harvested from
the surface of the PVK agar plate using loops and dried in
fresh plates for 1 h at room temperature (25-30 °C).
Production of nanoparticles by the probiotics cultured in
media containing urea and tricalcium phosphate was carried
out in three stages. First, production of these particles was
studied on the surface of the dried bacteria and then dried
bacteria were sintered at 600 °C for 2 h. Then, HA was
purified using nanofilters. The achieved powder (dried and
sintered samples) was characterized.
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2.3. Identification of nano-inorganic particles

Powder samples were identified using XRD at 35 kV and
30 mA in reflection mod with Cu Ka (A = 1.540598 A)
radiation before and after purification of the synthesized
powder. By a scanning speed of 0.04 s, XRD data were
collected in 26 range of 10-80°. Chemical functional groups
of the synthesized powder were investigated using FTIR
spectra. All spectra were generated in a chemical bond
absorption range of 350-4000 cm™. Morphology of all
powder samples was investigated using SEM analyses at 20
kV. Gold sputtering (15-nm thickness) was carried out to
cover the samples before the assessments. Diffusive
reflective UV-vis measurement of the samples was carried
out using UV-vis spectrophotometer at 2200-220 nm
[4,18,19,21,22].

2.4. Assessment of calcium to phosphorus ratio of
synthesized nanoparticles

The EDX analysis was used to investigate elemental
compositions of the samples at 20 kV. Before the assessment,
all samples were gold-sputtered with 15-nm thickness. The
XRF spectroscopy was used to investigate elemental chem-
ical compositions of the samples to assess rates of calcium to
phosphorus (Ca: P) and other elements in the synthesized
powder (the analysis ranges of fluorine to uranium)
[18,19,21,22].

2.5. Enzyme assay

For the measurement of alkaline phosphatase (ALP)
enzyme activity, strains were cultured in PVK broth, PVK
and urea broth, and nutrient broth for five days. Samples
were centrifuged at 4000 xg for 20 min using microcentri-
fuge and the cell-free supernatants were collected for the
assessment of ALP activity. The supernatant (10 pl) was
mixed with 100 pl of the phosphatase enzyme reagent and
incubated at 37 °C for 1 h. For preparing the ALP enzyme

a

-

reagent, 7.6 mM of p-nitrophenyl phosphate solution were
mixed with 100 mM Tris buffer (pH 10). Reaction was
stopped by adding 100 pl of 0.5M NaOH and solution absor-
bance was measured at 405 nm using spectrophotometer.
Quantity of the enzyme needed to liberate 1 umol of p-
nitrophenol per minute under assessment conditions was
assessed as one unit of enzyme activity [24]. For the urease
test, bacteria were cultured on urea-base agar media to assess
their urea degradability by the urease. Bacteria that break
down urea produced ammonia, which alkalinized the
environment and turned the phenol-red reagent in the culture
media to pink [24]. All assessments were carried out in three
replications.

3. Results and Discussion

3.1. Biosynthesis of nano-inorganic materials

Potentials of B. coagulans and B. subtilis strains for the
production of calcite and HA were assessed by investigating
clear zones on the PVK media. Bacteria utilized insoluble
tricalcium phosphate and phosphatase activities resulted in
clear zones which shown in Figure S1 (a & b). Yields of
nano-calcite and nano-HA after drying and sintering
included 10 and 1 mg g-1 harvested biomass, respectively.

3.2. Characterization and identification of nano-

inorganic particles

3.3. The X-ray diffraction analysis

The XRD pattern and structural analysis of the dried B.
coagulans and B. subtilis biomasses from PVK media
(without urea) are shown in Figure 1, revealing calcite peaks.
However, XRD patterns of the cells cultured on PVK and
urea demonstrated formation of calcite and HA (Figure 2).
Calcite-linked peaks were seen at 20 of 23, 29, 36, 39, 43 and
47, which were standard peaks of calcite [22,25] (Figures 1
and 2).

Figure 1S: Colonies of (a) Bacillus coagulans and (b) Bacillus subtilis on Pikovskaya media with clear zones, indicating use

of insoluble tricalcium phosphate by the bacteria
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Figure 1. The X-ray diffraction patterns of the cultured samples on Pikovskaya, dried (a) Bacillus coagulans and (b) Bacillus
subtilis masses
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Thus, addition of urea to the media did not include effects
on calcite production. However, urea was necessary for the
synthesis of HA. The XRD pattern of HA from dried B.
coagulans and B. subtilis compared to the standard
references (Figure 2e) in the International Centre for
Diffraction Data (ICDD) file for HA (09-0432) are shown in
Figures 2 (a,b). Samples were heated to decompose the
calcite particles and organic debris to calcium oxide and
carbon dioxide at 600 °C for 2 h. After burning and removing
organic matter and calcite, a cleaner peak of bio-HA was
observed (Figures 2 ¢ and d).

These data were similar to those of chemical HA
production by burning p-tricalcium  phosphate  at
temperatures greater than 600 °C [26]. Crystallinity of the
synthesized HA was verified by the preferred orientation in
211 and 212 levels [18,26]. Other factors in probiotic
bacteria such as organic matters were responsible for
unlinked HA and calcite peaks in graphs (Figures 2a and b).
Using Scherer equation, size of the crystals was calculated
based on the XRD peaks and the HA and calcite sizes were
nearly less than 100 nm. Although studies have shown that
bacteria such as S. marcescens, and A. illinoisensis can
mediate synthesis of HA [21,22,27], no studies have used
probiotics to produce such biomaterials. As previously
reported, calcite could be produced from B. megaterium in
PVK media without urea [22]. Identifying peaks of HA and
calcite formed by probiotics before purification qualifies
them for use in food industries. Based on the previous
findings, probiotics and HA are added separately to the soft
drinks for antibacterial efficacy and tooth decay prevention,
respectively [8,28]. Although probiotic chewing gums for
general health [29] and HA chewing gums for protecting
teeth [9] were addressed in previous studies, the current
study revealed that addition of HA producing probiotics to
chewing gums meets the two criteria. Contrary to the
classical chemical methods, microbial HA and calcite
particles could be produced with no heat, pressure and pH
treatments. Burning was carried out only to purify HA from
calcite and other organic materials.

3.3.1. Fourier transform infrared spectroscopy analysis

The FTIR spectra biosynthesized nano-HA particles from
probiotic bacteria are shown in Figure 3. In fact, POs*, OH-
, Ca?* and H,O are the active chemical groups in HA and
calcite particles [30] and HA and calcite particle
characteristic absorption peaks are shown in Figure 3 (a and
b).The FTIR of the nano-HA from B. coagulans and B.
subtilis showed high absorption peaks at 3427.85 cm™ (OH-
stretching), which was supported by the previous studies
[31]. Stretching modes of the P-O bonds in HA were
correlated to the peaks of 1000-1100 cm*. Peaks in 560606
cm* range occurred by bending modes of P-O bonds in the
phosphate group. At 472, 567, 570, 605, 606, 960 and 965
cm?, typical peaks of the structure of PO.* tetrahedral

apatite were clearly shown. Carbonate groups of the CaCO3
portion of HA were represented by characteristic bands
nearly 1420 cm™ in the two synthesized nano-HA particle.
Bands of 1622 and 1629 cm™ corresponded to the adsorbed
H-0. All bounds included similarities to the standard peaks
of HA from chemical synthesis and biological synthesis from
bovine bones [30,31].

3.3.2. Scanning electron microscope analysis

The SEM micrographs were used to assess sample particle
sizes and morphological features as shown in Figure 4 (a and
b). Particle sizes were less than 100 nm, depending on the
graphs and the scale was similar to that on the nanoscale HA
from human bones [32]. Nano-HA samples synthesized in
this study showed that the particles included a uniform
morphology in nanometer dimensions and showed that
crystal growth in bacteria was uniform and braided as well;
similarl to the previous studies for braided HA in bone
structure [33]. Additionally, braided or woven bone was the
first bone formed during initial bone formation in fracture
and pathologic circumstances [33,34]. Synthesized HA from
bacteria in other studies was almost spherical or tubular
[21,22]. Various forms of HA additives are used in food
industries such as baby formulas containing needle-like
nanoparticles [10]. However, European Union Scientific
Committee on Consumer Safety refuted this product by
presenting documents, showing that use of needle-like HA
nanoparticles in infant formulas was toxic and could be
dangerous for infants. Up-to-date, there is no report on the
toxicity of using woven or braided forms of HA produced in
this study [10,35]. To the best of the authors’ knowledge, this
is the first report on biosynthesized braided nano-HA from
probiotic bacteria (B. coagulans and B. subtilis) that could
mimic the bone structure.

3.3.3. Ultraviolet-visible-near-IR spectroscopy

Characteristic absorbance wavelength of the samples was
assessed using UV-vis spectroscopy. Diffuse reflectance of
the synthesized nano-HA is shown in Figures 5a,b. Based on
the previous studies, the optical absorption of pure HA in the
UV region is 200-340 nm [36]. In this study, the two UV
spectra of the synthesized nano-HA from B. coagulans and
B. subtilis were nearly similar, with optical absorption in the
UV range of 200-350 nm and a strong band below 250 nm.
Results showed high transmittance zones at longer
wavelengths, which were interesting for optical limiting due
to their better transparency for weak lights. No evidence are
available reporting UV for bacterial HA nanoparticles.
However, HA extracted from natural sources (plants)
included similar analysis results to the results of the present
study. The UV analysis of the chemical samples was similar
to that of the present study [4,36].
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Figure 3. Fourier transform infrared spectroscopy spectra of the biosynthesized hydroxyapatite of (a) Bacillus coagulans and

(b) Bacillus subtilis

3.4. Assessment of calcium to phosphorus ratio of the
synthesized nanocrystals

3.5. Energy-dispersive X-ray analysis

Elemental composition and Ca/P ratios of the sintered
samples were assessed using EDX analysis on weight and
atomic basis (Figures 6 ab). The Ca/P ratios of the
synthesized nanoparticles from B. coagulans were 3.5 and
2.7. These were respectively 4.08 and 3.1 for B. subtilis in
weight and atomic basis. In commercial HA, the Ca/P
stoichiometric ratio is 1.7-2 [26]. High ratios in the
biosynthesized nano-HA by B. subtilis might be due to the
presence of calcite and decomposed calcite from heat-treated
samples, compared to the commercial samples, particularly.
Based on the evidence, calcite is one of the bioceramics
involved in osteogenesis and includes numerous uses in
medicine and orthopedics [37]. Results from EDX in this
study were similar to those other from the previous studies,

pointing out that Ca/P ratios of biological HA from animal
bones were higher than those of the commercial types [37-
39].

3.5.1. The X-ray fluorescence spectroscopy analysis

In this study, XRF was used to carry out quantitative
chemical analysis on the biosynthesized materials. As
predicted, key components of HA were calcium and
phosphorus with slight quantities of other elements. This
study also showed a higher ratio of calcium to phosphorus
compared to that studies with commercial materials and
chemical HA samples did and data were similar to those of
EDX analyses. The synthesized HA sample was purified
from calcite particle using 200-nm filters for the first time in
this study. Despite HA, calcite is soluble and colloid in water
[37]. Calcite particles were washed with pure water and
passed through membrane filters. Purification of HA was
verified using XRF (Table 1).
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Figure 4. Scanning electron microscope micrographs of the produced bacterial nano-hydroxyapatite from (a) Bacillus
coagulans and (b) Bacillus subtilis
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Figure 5. Diffuse reflectance studies of the produced bacterial nano-hydroxyapatite. The UV-vis absorption of the extracted
hydroxyapatite from (a) Bacillus coagulans and (b) Bacillus subtilis
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Figure 6. Energy-dispersive X-ray analysis of the sintered nano-hydroxyapatite and chemical weight and atomic

composition of (a) Bacillus coagulans, (b) Bacillus subtilis

Table 1. The X-ray fluorescence elemental composition analysis of the biosynthesized hydroxyapatite before and after

nanofilter purification

Elemental Concentration (% w w?)

Sintered HA from Bacillus

Sintered HA from Bacillus

Purified HA from Bacillus Purified HA from Bacillus

Elements o
coagulans subtilis coagulans coagulans

Calcium 48.4 42.90 51.59 62.61
Phosphorus  16.4 8.05 28.50 20.71
Potassium 9.91 15.20 251 1.50
Chlorine 8.39 20.60 0.46 0.83
Magnesium  5.11 2.96 4.73 341
Sulfur 4.09 451 0.93 0.84
Sodium 3.00 2.19 3.50 2.00
Silicon 2.36 1.37 3.31 2.88
Iron 1.08 112 2.36 3.05
Manganese  0.62 0.44 0.63 0.61
Copper 0.19 0.19 0.29 0.43
Chromium  0.18 0.21 0.56 0.51
Zinc 0.14 0.14 0.24 0.35
Aluminum  0.12 0.08 0.24 0.32

Data in Table 1 showed that the ratio of Ca/P after
filtration respectively decreased from 5.3 to 3 and 2.9 to 1.8
from B. subtilis and B. coagulans, which were similar to the
stoichiometric ratio of commercial HA, especially for B.
coagulans. Elemental analysis results of biological HA from
biological sources of animal bones and plants showed a
higher Ca/P ratio than the stoichiometric ratio (e.g. 1.8)
[38,39], similar to pre-purification results in the present

study. However, XRF analyses carry out for chemically
synthesized HA almost showed a ratio of 1.8 [3]. Up-to-date,
XRF analysis was not carry out for the synthesized HA by
bacteria. In addition to calcium and phosphorus, the
synthesized nanoparticles contained small quantities of other
elements such as silicon, magnesium, sodium, potassium and
zinc as well as other elementals, which the bacteria might use
from the culture media. Previous findings showed synthesis
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of HA from natural sources with other trace elements
[38,39]. Natural human bone-derived HA includes a slight
proportion of trace elements, which is the advantage of
biological synthesis [19].

3.6. Effects of enzymes on nanoparticle production

Phosphatase activity in B. coagulans and B. subtilis was
detected in all three media such as NA, PVK, and PVK and
urea. Data showed that the production of this enzyme in the
two strains was quite natural and permanent. Results of the
spectrophotometry absorption showed that the quantity of
ALP enzyme in the two strains was higher in PVK and urea
media, especially in B. coagulans. Results of phosphatase
activity are shown in Figure 7.Based on the previous reports,
Bacillus species include an enzymatic activity up to 11 U I
in the presence of insoluble phosphate; as shown in the
current study [24]. A qualitative urease test showed that the
two strains were urease positive. After culturing on the
surface of a urea-based agar media, bacteria produced
ammonia by producing urease, resulting in alkalization of the
environment. As a result of the presence of phenol red, the
initial yellow environment turned pink during this process.
Results showed that HA could only be synthesized in the
presence of tricalcium phosphate and urea, while calcite can
only be synthesized in the presence of tricalcium phosphate
and addition of urea to media does not affect the calcite
synthesis.

Synthesis of the HA at nanoscales has been reported for
several ALP-producing bacteria [35]. Indeed, it is
documented that phosphatase and urease-positive bacteria
can biomineralize inorganic crystals such as calcite and HA
[22]. Urease-positive Bhargavaea cecembensis was able to
synthesize calcite as well [25]. Enzymatic synthesis of

calcium phosphate nanocrystals by phosphatase and urease
has been reported. Based on that reports, alkalinity affects
production of HA [40]. Calcite formation in bacteria includes
stablished mechanisms and is a result of the interaction in
functional groups and calcium ions present in the
environment. Functional groups such as carboxylic acids,
hydroxyl groups, amino groups, sulfate and sulfhydryl
groups deprotonate due to increases in pH, which results in
an overall negative charge of extrapolysaccharides produced
by the cells, enabling their binding to cationic ions [25].
Synthesis mechanism of HA by urease and phosphatase
enzymes in bacteria has not been reported. However, the
mechanism of possible synthesis could be described for the
first time as follows based on the previous findings
[22,24,25,27,32,39-42]. Calcium-binding proteins in the
Bacillus membrane tend to bind to calcium with significant
energy. The Ca-binding protein in the membrane of Bacillus
absorbs tricalcium phosphate from the media and provides
the essential ions for the formation of HA crystals. Calcium-
binding protein can possibly activate ALP, which decreases
tricalcium phosphate by absorbing insoluble phosphate.
Hence, ALP provides phosphate ions for HA formation.
Urease is a key enzyme in the process of HA formation by
releasing ammonia in culture media and providing alkaline
conditions for nano-calcite and HA synthesis. This enzyme
manages the binding of calcium ions to phosphate in the HA
crystal structure. Eventually, HA synthesizes in the
membrane of bacteria. Then, the synthesized crystalline HA
from the calcium-binding position binds to teichoic acid with
a negative charge. Since the teichoic acid includes an
indented serrate structure, HA crystals form woven and turn
to braided morphology.
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Figure 7: Phosphatase activities of Bacillus subtilis and Bacillus coagulans strains in various media of Pikovskaya,

Pikovskaya and urea, and nutrient agar (NA)
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4. Conclusion

In this study, biosynthesis of microbial nano-HA and
nano-calcite by B. coagulans and B. subtilis was carry out
using calcium and phosphorous precursors.

The ratio of calcium to phosphorus in pure HA for B.
coagulans was close to that of stoichiometric HA (e.g. 1.8).
Synthesis of biological nano-HA and nano-calcite by the
probiotic bacteria could provide a novel non-toxic
biocompatible composite for various biomedical, food
additive and environmental uses.

Nowadays, several food companies add nano-HA to
chewing gums, baby formulas and soft drinks. It has been
shown that needle-like nano-HA damages lungs and liver;
however, toxicity has not been reported for the woven
morphology. Formulation of foods is always changing and
developing; however by the introduction of nanoparticles,
great cares must be taken for the processed foods. It has been
suggested that since probiotics are added to the milk and
other food products and their usefulness has been verified for
many years, production of nano-HA by these bacteria could
be an appropriate option for replacing addition of calcite and
HA nanoparticles to diets of the elderly people and infants.
This is not only compatible with the microbial ecology, it can
strengthen bone formation and may be effective in body
growth and health.
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v Fourier transform infrared spectroscopy or FTIR

v X-ray diffractometry or XRD
v Ultraviolet-visible spectroscopy

" Biomass
* Probiotics
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