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ABSTRACT: The objectives of this study were to synthesise and characterise carbon
nanodots (C-dots) from chicken bone wastes in olive oil. The chicken bones were collected
from the wastes of local chicken meat filleting shops, which were then cleaned, dried under
the sun, heated in an oven at 250°C for 2 h, and ground into powder. One gram of the
powder was dispersed into 10 ml of olive oil, which was then heated in a microwave for
5 min and filtered. For characterisation purposes, five drops of the solution were mixed
with 8 ml of n-hexane. The carbonisation was indicated by the colour change of the
solution after the microwave heating, i.e., from yellow (pure olive 0il) to concentrated
dark-brownish colour (C-dots solution). The characterisations were conducted using UV-
Vis, photoluminescence (PL), Fourier-transform infrared (FTIR) and scanning electron
microscope (SEM) to determine the optical properties of the C-dots, whereas the viscosity
and the surface tension of pure olive oil and C-dots solution were also measured. The
UV-Vis result showed two absorbance peaks of C-dots solution at 234 nm and 267 nm.
The PL result showed green and red emissions at 499.57 nm and 673.52 nm, respectively.
The FTIR result showed functional groups of C=C and C=0, which indicate the core
and surface state of C-dots, respectively. The SEM result showed a surface morphology
of C-dots aggregates in the structural form of homogeneous bulks. Finally, the C-dots
solution had viscosity and surface tension, which were lower than those of pure olive
oil so that the C-dots solution may be better absorbed by the body tissue for biomedical
applications.
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applications
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1. INTRODUCTION

The Statistic Bureau of Indonesia reported that the average weekly consumption
of broiler chicken meat per capita increases every year.' The increase of chicken
meat consumption causes the increase of chicken bone wastes.? Chicken bone
wastes are commonly thrown away because they do not have any commercial
value. However, as efforts for recycling, reusing and reducing (3R) wastes
are being recommended globally, chicken bone wastes have been used for
various applications. One of these applications is on the renewable energy
sector based on environmentally friendly methods, e.g., producing biodiesel
via transesterification reaction using heterogeneous catalysts.> Chicken (and
also lamb) bone wastes have also been studied to remove fluoride wastes
(defluoridation) from water with very good efficiencies of up to 99.8% (and
99.4%), respectively.* Naturally, chicken bone wastes may also be applied as a
precursor for producing phosphate fertilisers as bio-fertilisers.’

Chicken bones consist of inorganic and organic materials, as well as water.
The main inorganic material is calcium phosphate or known as hydroxyapatite.
Chicken bones are a source of protein as the organic materials.® The dominant
type of protein found in chicken bones is collagen.””'° Collagen consists of three
polypeptide chains (tropocollagen) in the form of helix with repeating pattern of
Gly-X-Y where X and Y are usually filled by amino acids, such as proline and
hyroxyproline.”' Amino acids contain C, N, O and H elements, where carbon
nanodots (C-dots) material is successfully synthesised.!" Hence, chicken bone
wastes are potential as precursor for C-dots material.

C-dots are carbon nanomaterials of zero-dimension with sizes of 1 nm to 10 nm
that are highly fluorescent, non-toxic and biocompatible so that they can be used
in various fields such as bio-imaging, bio-sensing, drug delivery, opto-electronic
and catalyst.!'""” Research on C-dots continues to grow to date.'” Besides the many
applications that have been attributed to C-dots as mentioned above, another
potential attention to be studied on C-dots is their intrinsic bioactivities. This is
because C-dots do not contain heavy metals; hence C-dots are environmentally
friendly, which should be safe to be used for biological applications.?” An attempt
in this line of research is synthesising nanocomposites comprising of C-dots and
hydroxyapatite (C-dots/hydroxyapatite) for various applications, such as metal
ion sensing, osteogenic activities and drug carrier.’’ The C-dots/hydroxyapatite
nanocomposite also improves its fluorescence property and surface area from 42
to 79 m? g*! compared to that of blank hydroxyapatite.* Furthermore, the C-dots/
hydroxyapatite nanocomposite has also been studied for its excellent loading
capacity of acetaminophen and doxorubicin, as well as bone tissue engineering.?'
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There are various methods in synthesising C-dots including arc discharge, laser
ablation and electrochemical oxidation.?*?* The commonly used method in
producing C-dots is via hydrothermal.”” However, the simplest method of C-dots
synthesis is using what is known by one-pot step of heating or carbonising using,
for example, a microwave.!'?® Moreover, the precursor materials for producing
C-dots also become an active area of research. Many organic materials have been
used as precursor for synthesising C-dots, e.g., orange juice, bitter apple peel,
banana peel and green tea leaf residue.?-32 These precursor materials contain carbon
atoms, which constitute the basic building blocks of C-dots. Furthermore, organic
materials may also be organic wastes, e.g., chicken bones. The reuse of these
materials is in accordance with the concept of green synthesis of nanomaterials.
Organic wastes are abundant in nature, in expensive to obtain, and an effective
way in implementing the 3R principle of waste management.

Olive oil is a natural liquefied fat, which is extracted from the fruits of olive (Olea
europeae) tree. The tree itself has a long history of cultivation in the Mediterranean
Basin, which impacted a great portion of ecology, economy and culture of the
region.* Olive oil has two useful compounds to human life, which are oleic acid and
phenols.** Oleic acid is unsaturated fat, whereas phenols are antioxidant.*> Olive
oil has been used to reduce the risk of osteoporotic fractures in the PREDIMED
trial.** Hohmann et al. state that high phenols olive oil (HPOO) can be considered
as anutraceutical in cardiovascular prevention.’” Dissolving nanomaterials into
olive oil has been conducted for various applications, e.g., as nanoemulsions.*
Moreover, Sapra et al. has successfully synthesised monodispersed CdSe
nanocrystals with olive oil (oleic acid) as a stabilising agent.*® Fullerene (Cy,) has
been dissolved into olive oil and administered repeatedly with a certain dose into
rats and shown that there are no toxicity dangers and, in fact, it doubled the lifespan
of the rats.* Furthermore, olive oil has a protective role as a solvent for iron oxide
nanoparticles when administered into male albino rats.*! Hence, it is clear that
the use of nanomaterials in olive oil may provide significant future biomedical
applications. Based on the aforementioned prospect, however, investigations
concerning C-dots in olive oil are still lacking. That is why this present study
is conducted, which is in accordance to the enrichment of various C-dots based
materials for biomedical applications.

Here, we used chicken bone wastes to synthesise C-dots, which were then
dispersed into olive oil. This study provides information concerning the
preparation, synthesis and characterisation of C-dots from chicken bone wastes
in olive oil via the microwave method. Hence, the objectives of this study were
to synthesize and characterise the C-dots from chicken bone wastes in olive oil.
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The C-dots/hydroxyapatite nanocomposite described above is obtained by
combining different initial or raw materials. However, in this study, all of the raw
materials, i.e., collagen and hydroxyapatite are already contained in the chicken
bone wastes, which shows a unique feature of a potential precursor material for
producing C-dots with interesting bioactivity properties.

2. EXPERIMENTAL

The experimental method in this study can be explained in the subsequent
discussion.

2.1  Preparation of Chicken bone Wastes Powder

Chicken bone powder is prepared by mechanical method using a meat grinder.
First, chicken bone wastes are collected from Indonesian local chicken meat-
filleting shops. Then, the chicken bones are cleaned from the remaining meat and
then dried under the sun for 2 h to decrease their water content. After that, the
chicken bones are heated in an electric oven (Mitseda) at 250°C for 2 h and grinded
to become powder. Then, the powder is filtered through a sieve to make sure that
the powder size is homogenous. All of the equipment is provided by the Physics
Laboratory, Universitas Negeri Yogyakarta, Indonesia. The preparation of the
chicken bone wastes powder may be observed in Figure 1.

The sun

= Chicken
bone powder
Grinding

Figure 1: The preparation of chicken bone wastes powder.
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2.2 Synthesis of C-dots Solution

The synthesis of the C-dots solution is straightforward and conducted by the
microwave heating method. The C-dots synthesis procedure may be observed
in Figure 2. An amount of 6.0 gram of chicken bone powder is dispersed in
60 ml extra virgin olive oil (Filippo Berio), purchased from an Indonesian local
market, and gradually stirred. Then, the mixture is heated in a microwave oven
(Sanyo EM-603MW, 1100 watts) that is provided by the Physics Laboratory,
Universitas Negeri Yogyakarta for 5 min. The solution is then filtered again using
a filter paper which is purchased from the Alfa Kimia (Indonesia) to separate the
remaining sediment and C-dots solution. Finally, the C-dots solution is ready to be
characterised.

Dissolved into

—~
Chicken bone
powder

Filtering C-dots
solution

C-dots solution

Figure 2: The C-dots synthesis procedure.

2.3 Characterisations

2.3.1 UV-Vis spectrophotometer

A UV-Vis spectrophotometer is used to determine the absorbance peaks at
certain wavelengths. The wavelength ranges from 200 nm to 800 nm. This range
is selected because the sample needs to be tested using UV light (200 nm to
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400 nm) and visible light (400 nm to 800 nm). This characterisation is done by
preparing a sample solution of 5 drops of C-dots solution mixed with 8 ml of
n-hexane. The pure n-hexane solution is used for the blank solution. The UV-Vis
spectrophotometer used in this study is Shimadzu UV-Vis 2450 in the Chemistry
Laboratory, Universitas Negeri Yogyakarta.

2.3.2 Photoluminescence (PL) spectrophotometer

The PL is used to determine the emission of C-dots solution. The result of
the PL characterisation is a graph of intensity vs. emission wavelength. This
characterisation is done by preparing the sample as in the UV-Vis test, but
without a blank solution. The PL device used in this study is custom-made using
Ocean Optics USB 4000 Fiber Optic Spectrometer and a laser with a 405 nm
excitation wavelength. Furthermore, the laser is connected to a 5 V input voltage.
The spectrometer is connected to a computer, which shows the graph of intensity
vs. emission wavelength. All of the equipment above is provided by Physics
Laboratory, Universitas Gadjah Mada, Indonesia. The PL device may be observed
in Figure 3.

Input voltage

Spectrometer

Sample Laser

Figure 3: The PL device.
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2.3.3 FTIR spectrometer

An FTIR is used to determine functional groups contained in the samples by
showing the graph of transmittance vs. the wavenumber. The FTIR that is used in
this research is FTIR Thermo Nicolet Avatar 360 IR provided by the Integrated
Laboratory, Faculty of Mathematics and Natural Science, Indonesia Islamic
University, Indonesia. This characterisation is done by directly testing the C-dots
solution as the samples.

2.3.4 Scanning electron microscope (SEM)

SEM is used to determine the surface morphology of the powder. In this case, the
sample for the SEM is prepared by mixing 1.0 g of chicken bone powder and 10 ml
distilled water. After that, the sample is stirred gradually and filtered. The sample
solution is dripped on a 1 x 1 cm? glass slides and heated in an oven at 150°C for
10 min to become a solid sample. The SEM that is used in this study is Hitachi SU
3500 in the Indonesian Institute of Science, Indonesia.

2.3.5 Viscosity

The viscosity of the C-dots solution and pure olive oil is measured using a set
of Redwood’s viscometer apparatus, which can be observed in Figure 4. The
Physics Laboratory, Universitas Negeri Yogyakarta, provided this equipment. The
procedure in measuring the viscosity can be explained as follows: (1) weighing
50 ml C-dots solution to determine the density of the solution; (2) setting the
ball valve on the orifice; (3) pouring the 50 ml C-dots solution into the oil tube;
(4) pouring water into the water bath; (5) setting the thermometers on the water
bath and oil tube; (6) heating the water bath; (7) after a certain temperature, starting
the stopwatch and at the same time opening the ball valve so that the solution drips
and goes into the beaker glass; and (8) stopping the stopwatch after the dripping
ends. The data obtained from this experiment is time (second), known as the
Redwood second. Hence, the kinetic viscosity may be measured via the equation:

B
v=At——— (1)
t
where:
v = kinetic viscosity (m*s™),
A = viscometer constant which can be determined by equipment (m? s2),
t = Redwood second or time of flow (s), and
B = coefficient of kinetic energy (m?).*?
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Moreover, the dynamic viscosity can be determined using the following equation:

w=up @)

where:
1= dynamic viscosity (Ns m?), and
p = density of the solution (kg m~).#

Ball valve

Beaker glass

Figure 4: Redwood’s viscometer.

2.3.6 Surface tension

The surface tension measurement is conducted based on the wetting of the C-dots
solution upon the container’s surface, which can be observed in Figure 5. The
Physics Laboratory, Universitas Negeri Yogyakarta, provided the equipment in
this measurement. The procedure in measuring the surface tension may be given
as follows: (1) putting a ruler vertically on a measuring cup; (2) weighing 20 ml
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of C-dots solution and pouring it into the measuring cup; (3) taking photographs
of the C-dots solution so the concave meniscus is clearly observed, shown in Figure
5(a); and (4) determining the height of the C-dots solution at the interface with the
measuring cup, shown in Figure 5(c), using the CorelDraw software. Finally, the
surface tension of the C-dots solution can be determined using:

pryg

=— 3
4 2cos 0 )

where:

y = surface tension (N m),

p = density of the solution (kg m™),
r = radius of the measuring cup (m),
y = adhesion height (m),

g = gravity acceleration (m s?), and
0 = surface tension angle (°).

Figure 5: Surface tension measurement of olive oil (a,c) and C-dots (b,d).
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3. RESULTS AND DISCUSSION

C-dots solution has been synthesised from chicken bone wastes in olive oil. The
synthesis of the C-dots solution uses an oven producing a sample in the form of a
solution because evaporation of the solvent (olive oil) does not occur. The C-dots
(in olive oil) solutions produced in this study are given in Figure 6(b). Based on
Figure 6(a), pure olive oil solution has yellow colour while C-dots solution as
shown in Figure 6(b) has dark-brownish colour. The colour change of the C-dots
solution after the (microwave) heating is an indication of a carbonisation process.*
The carbonisation process also indicates that C-dots are formed. The first simple
test to determine the occurrence of C-dots in the sample is by subjecting a UV laser
(Aexe = 405 nm) through the sample, which is shown in Figure 6(c). Figure 6(c)

shows the luminescence of the C-dots solution when it is given a UV laser.

mixture of C-dots solution
and n-hexana

Fra
—

@ (b) (©)

Figure 6: Various solutions in this study, i.e., (a) pure olive oil, (b) C-dots solution, and
(c) mixture of C-dots solution and n-hexane being subjected to a UV laser.

Figure 7(a) shows the UV-Vis results of C-dots and olive oil. The C-dots and olive
oil samples have two absorbance peaks, respectively. The sample of olive oil has
absorbance peaks at wavelengths of 231 nm and 267 nm, and a sharp decrease of
the absorbance after the shouldering peak. Moreover, the C-dots sample has two
absorbance peaks as well at wavelengths of 234 nm and 267 nm with a tail that
is extended to higher visible wavelengths. These absorbance peaks indicate the
existence of two electronic transitions or excitations.* The transition of the first
and second peaks are 1 — 7* and n — ©*, respectively.* One or two absorbance
peaks with absorbance profile extending to higher visible wavelengths indicates
the formation of C-dots.">* Hence, the above UV-Vis results show differences
between the C-dots solution and olive oil in their absorbance properties.
There is a redshift on the first absorbance peak of the olive oil and C-dots, i.e., from
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231 nm to 234 nm. Besides, the C-dots have a long tail extending to higher visible
wavelengths, whereas the olive oil undergoes a sharp drop after the shouldering
peak. Finally, the absorbance value of the C-dots is higher compared to that of the
olive oil, especially at the shouldering peak.

(@
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Figure 7: The characterisation results of the C-dots solution using (a) UV-Vis, and (b) PL.
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Further characterisation is provided by PL, which is related to the electronic
transitions from excited to ground states using a UV laser of 405 nm as the
excitation wavelength. The PL spectrum shows a relation between the intensity
and emission wavelength given in Figure 7(b). The PL spectrum of Figure 7(b)
has two intensity peaks with different emission wavelengths, i.e., 499.57 nm and
673.52 nm. The emission at 499.57 nm indicates a green wavelength (495—770 nm)
so that the C-dots solution produced emits green light.*#¢ According to literature,
the second peak at 673.52 nm shows a structure of porphyrin, which is a part of
many structures of chlorophyll.*** In this case, the porphyrin comes from the olive
oil because olive oil contains chlorophyll compounds. According to a study, extra
virgin olive oil has a high intensity peak at wavelengths in the range of 650 nm to
730 nm and is relatively flat at other wavelengths.* The aforementioned peak is
of course in accordance with the second peak of the PL spectrum in Figure 7(b),
which shows the porphyrin structure in the olive oil as the dominant compound.

C-dots
100 +
C=C
80
8
=)
s
£ 604
g
X
40
20 - -
C-H C=0
1 b 1 r || b | . T . 1 M |
3500 3000 2500 2000 1500 1000 500

Wavenumber (cm™)

Figure 8: FTIR result of the C-dots solution sample.
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The next characterisation is the FTIR to determine the functional groups in the
C-dots solution, which is depicted in Figure 8. The result of the FTIR is the
transmittance vs. wavenumber. Each functional group corresponds to a certain
wavenumber that depends on its ability to vibrate and absorb energy from the
IR spectrum. Based on Figure 8, the functional groups that can be identified in
the sample are C-H, C=0 and C=C. The presence of C=C bond at 1654.71 cm’
indicates the occurrence of the C-dots material. Although it is a weak transmittance
peak, the C=C bond forms the core of C-dots.** The functional groups of C-H
and C=0 have sharp transmittance peaks at 2923.99 cm' and 1746.75 cm,
respectively. The oxygen functional group of C=0O shows the surface state of the
C-dots material. Based on the FTIR result of olive oil conducted, the functional
groups found in olive oil consist of C=0, C-H and O-H.*® The C=0O and C-H
functional groups are also found in the C-dots sample in Figure 8. However, there
are differences between these FTIR results. Hydroxyl (O-H) functional groups are
not detected in the C-dots sample in Figure 8, whereas C=C functional groups are
not detected in olive oil. This shows that olive oil has a very low intensity of C=C
groups detected by the FTIR. Hence, the C=C groups in Figure 8 should be the
result of the existing C-dots in the sample.

We may compare the UV-Vis and FTIR results of the samples obtained in this
study. Based on the UV-Vis result, the C-dots sample has two absorbance peaks
that indicate the core and the surface state of C-dots, respectively. On the other
hand, the FTIR test produces two functional groups, i.e., C=C and C=O. The
C=C and C=0 functional groups also indicate the core and the surface state of
the C-dots, respectively. Hence, the result of UV-Vis test is in accordance with
the FTIR test and mutually reinforces that the resulting sample obtained is C-dots.

Figure 9: The SEM image of the C-dots with 20000X magnification.
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The next characterisation is using the SEM to determine the surface morphology
of the C-dots solution. The SEM of the C-dots solution is a result of the chicken
bone powder dispersed in water not in olive oil. This can be observed in Figure 9,
which shows aggregates of C-dots in the structural form of bulks. However, these
bulks are not particles of C-dots, but they consist of many C-dots particles.”' These
bulks spread homogenously on the SEM testing area. The result of the SEM test
also shows that the position of the bulks is determined by their brightness. The
bulks that are in a higher position appear brighter.

Table 1: Density, viscosity and surface tension of pure olive oil and C-dots solution.

Sample Density (kg m™) Viscosity (Ns m?2) Surface tension (N m™)
C-dots solution 765 8.6 x 10+ 5.93
Olive oil 865 9.6 x 10+ 6.37

Furthermore, the measurement results of the viscosity and surface tension of the
C-dots solution may be observed in Table 1. It may be clearly seen that the density,
viscosity and surface tension of C-dots solution is lower than the pure olive oil.
This indicates that the addition of C-dots into the olive oil decreases the values
of the viscosity and surface tension of the olive oil. In the heating process of the
solution using the microwave, the microwave makes the molecules of the solution
to vibrate and interact with each other.”> The C-dots particles fill the spaces
between the olive oil molecules, hence reducing the cohesion forces of the olive oil
molecules. This causes the decrease of the viscosity and also the surface tension.
The decrease in the viscosity makes the C-dots solution flow more easily, whereas
the decrease of the surface tension makes the C-dots solution easier to interact
with the interface material. On the other hand, the olive oil also acts as a stabiliser
for the C-dots particles.* Hence, there are mutual advantages between the C-dots
particles and olive oil, which make the C-dots (in olive oil) solution a prospective
candidate for biomedical applications.

4. CONCLUSION

C-dots have been synthesised from chicken bone wastes in olive oil via the
microwave heating method. The carbonisation is indicated by the colour change
of the solution after the microwave heating, i.e., from yellow (pure olive oil)
to concentrated dark-brownish (C-dots solution). The C-dots solution has two
absorbance peaks at the wavelengths of 234 nm and 267 nm. The C-dots solution
emits green luminescent, whereas the red luminescent comes from the chlorophyll
of the olive oil. The UV-Vis results are in accordance to the FTIR results that the
C-dots solution has a core and surface state which are shown by the existence of
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C=C and C=0 functional groups, respectively. The SEM image shows aggregates
of C-dots and hydroxyapatite particles in bulks. The viscosity and surface tension of
the C-dots solution are lower than those of the pure olive oil. These properties may
be used to further explore the C-dots solution for various biomedical applications.
The individual C-dots particle is not observed in the SEM image. Therefore, in
order to obtain the size and morphology images of the C-dots particles, further
characterisations, using SEM-XRF, transmission electron microscope (TEM) or
high resolution TEM (HR-TEM) should be conducted. The size of the C-dots may
also be analysed via the Tauc plot based on the UV-Vis data results as explained in
a study.” In this study, we have not yet attempted to separate the C-dots from the
olive oil, as it is not our main concern. However, this may be conducted in future
studies to obtain the gain of the C-dots from the chicken bone wastes.
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