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Abstract— The use of coconut crab shell waste as a chitosan product has the potential to be developed as a multifunctional product,
especially in the form of the nanofiber. This study aims to prepare and characterization of biopolymer chitosan nanofiber from
coconut crab shell. The method used in this study is an ionic gelation method using chitosan coconut crabs (chitosan CC) as the main
medium, and the dispersion media is namely tripolyphosphate (TPP) with different concentrations to produce chitosan CC/TPP
nanofibers. The chitosan is dissolved using glacial acetic acid 1% (v/v) low pH. Then the solution is dropped into a TPP solution with
a concentration of 0.01, 0.03, 0.05, 0.07 % (w/v), using a magnetic stirrer at 600 rpm for 30 minutes. The precipitate obtained is then
homogenized using 30 minutes of ultrasonic at 60 kHz. The characterization of nanofiber is made with Scanning Electron
Microscopy (SEM) with a magnification of 10.0kV. The morphological shape of the nanofiber size average value of 73 nm - 610 nm at
the concentration of chitosan CC/TPP 0.25% (w/v) and 0.03% (w/v). Particle size analysis (PSA) of chitosan CC/TPP nanofibeks)(D

at 536 - 625 nm with an average polydispersity index (PI) of 1.3 - 1.7. FT-IR analysis showed that the presence of functional groups
NH, OH, C-C, CH varied in the concentration of 0.03% chitosan CC/TPP with the adsorption peak at wave 3257 'émX-Ray
Diffraction shows that chitosan crystallinity obtained from various concentrations of chitosan CC/TPP shows amorphous properties
because there are diffraction patterns with peaks between 18.06° - 19.04°. The conclusion is that the best-recommended selection is a
concentration of 0.25% chitosan and 0.03% TPP to form nanofibers. The nanofiber biopolymers with the natural suspension of
chitosan CC/TPP polymer produce the best pore size and can be considered as a filler in the manufacture of edible films.

Keywords— coconut crab shells; chitosan; TPP; ionic gelation; nanofibers.

crabs, shrimp, and lobsters. Chitosan as one of
I. INTRODUCTION polysaccharides sources of biomaterial becomes a largest
utilization and distribution after cellulose [3]. Furthermore,
chitosan as a new source of polysaccharides has been widely
investigated such as lobster shells [4], and a combination of
materials. One of the important natural material for chito_san fishbone, shrimp shells aqd crab shells [5]: The
biopolymers is chitosan. Chitosan widely applied because Offunctlonal advantages of thtosan n food apd medlcmal
its biodegradability, low toxicity, biocompatibility, and prodL_Jcts are due to e_xcepuoryal physicochemical properties
functionalities [1.2]. Chitosan usually obtains from various fun_ct|on as a_crossllnklng coating [6].' Repently a quite d.Eta'l
inexpensive sources such as crustacean wastes inclugd§V1€W on chitosan for nanocomposites in the drug delivery

Recently research on the biopolymers from materials is
greatly developed and applied for various applications such
as in the food industry, medicine, and environment-friendly
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system has been reported [7]. In addition, realistic regulatoryJakarta), distillate water, and chemicals to be used as
study designs to assess the safety of specific products waanalytical materials.
investigated to support the specific chitosan structures _ ) i
tailored at nano-scaled to the needs of a diversity of B- Preparation of Chitosan-TPP Nanofibers
industries [8]. Chitosan gel preparation was carried out by dissolving
The structures tailored of biopolymers chitosan applied in chitosan, as much as 0.25 g, in 100 mL of 1% acetic acid,
edible films or coating of food ingredients aims to act as the prepared in 4 glass beaker of 100 mL. Furthermore, TPP
antifungal and antibacterial [9]. Remarkably, the use of solution was made with a concentration of 0.01%, 0.03%,
biopolymers chitosan as filler in the edible film improved 0.05%, and 0.07% each in 25 mL (v/v) of distillate water
physical and chemical properties such as their crystallinity prepared glass beaker in a 200 mL, then reduced size using a
and hydrophilicity of the film [10]. It was also reported that magnetic stirrer method with a speed of 600 rpm for 30
the use of chitosan as a nanocomposite film improved theminutes. Furthermore, the process of mixing chitosan CC
film vapor barrier properties and be able to enhance thesolution into TPP solution was carried out with penetrating
effects of nanofibers on films [11]. In addition, the existence technique to avoid agglomeration and continued with
of the bioactive substances in nano chitosan provides arhomogenization using a magnetic stirrer for 15 minutes, then
opportunity to tailor a food product with multi-functions [12]. the ultrasonication method 60 kHz) was carried out for 30
We have successfully applied a top-down the route of minutes in order to prevent the occurrence clumping, then
nanoparticles preparation by bead milling method to preparecontinued with homogenization method using homogenizer a
nanoparticle suspension by using quite small beads (0.015 t@500 rpm for 30 minutes to separate chitosan CC/TPP
0.5 mm) [13] and also applied for preparation of chitosan solution with glacial acetic acid, to obtain chitosan nanofiber.
nanoparticles [14]. While other researcher used bottom-up The sample preparation to be analyzed was carried out by
the route on the preparation of nanoparticles by precipitationdrying chitosan CC/TPP nanofibers using an oven &iC70
method of chitosan solution with tripolyphosphate (TPP) for 6 hours. Chitosan CC/TPP nanofiber characterization
[15]. It is also reported the development of membrane tests were carried out using Scanning Electron Microscopy
techniques for the preparation of chitosan/TPP nanoparticledSEM), Particle Size Analysis (PSA), Fourier-transform
and optimizing membranes influences various parameters orinfrared spectroscopy (FT-IR) and X-Ray Diffraction (X-
the characteristics of nanoparticles, and nanoparticle stabilityRD).
for different storage conditions [16]. In order to obtain
smaller chitosan nanoparticle size and higher index
polydispersity values, the use of high concentration 1) Scanning Electron Microscopy of Chitosan Nanofibers
tripolyphosphate (TPP) surfactant (5 mg/mL) in chitosan  prenaration chitosan CC/TPP nanofiber with a suspension
polymer solution with controlled pH [17]. Many researchers .qncisted of 0.01%, 0.03%, 0.05%, and 0.07% dried by

have reported efforts on improved preparation Of capinet drying 24 hours at 6T, so that in the form of
chitosan/TPP  nanoparticles to diverse proposed of \q\qer. Particle morphology was investigated through SEM
applications [18-19]. _ image analysis (Shimadzu, SS 550 model). The particles are
This paper aims to offers an alternative route to prOducesputter-coated with a layer of gold to enable SEM
nanofiber chitosan and more importantly, the chitosan ;g alization. The image is taken by applying an electron
obtains from a coconut crab shell (CC) waste which is anpeam of 10-15 kv voltage acceleration. The mean particle
endemic animal in North Maluku. The chitosan nanofibers iameter is calculated by analysis of each image with a
were prepared at a various concentration of TPP and stirreqg ain magnification using the software Meter®, version 1.1

at high-speed rotation. The obtained material has beenyji 5 differentiation threshold that is determined according
characterized to know their morphology, bioactive (5 ihe scale of the image [20].

compound, dispersity and crystallinity by advanced analysis
instruments respectively. Scanning Electron Microscopy 2) Fourier Transform Infrared Spectroscopy of Chitosan
(SEM), Particle Size Analysis (PSA), Fourier-transform Nanofibers
infrared spectroscopy (FT-IR) and X-Ray Diffraction (X-  Fourier Transform Infrared (FT-IR) is used to analyze
RD). The as-prepared nanofiber chitosan as a filler in organic compounds and polymeric compounds that have
biocomposite materials especially in the edible film has certain functional groups in each compound. FT-IR
many potential applications for a multi-functional product. (Nicolet™ iS™ 5 TFS Inc) is in the fingerprint area of 400-
4000 cmt. Furthermore the nanofiber chitosan CC/TPP
Il. MATERIAL AND METHOD suspension consisted of 0.01%, 0.03%, 0.05%, and 0.07%
dried with 24 hour cabinet drying at 80. Furthermore, as
A. Materials much 2 mg of nanofibers powder chitosan CC mixed with
Coconut crab shells were obtained from restaurant wastet00 Mg KBr to be made pellets with vacuum printers, then
in Ternate City, then processed into chitosan products theS¢@nning in frequency areas between 4000 00 crit
results of the deacetylation of chitin to chitosan which is IS done. The wave numbers obtained from the measurement
characterized by deacetylation (DD 89%) and molecular results are compared with the standard chitosan spectrum
weight (Mw. 368 kDa). The TPP (Tripolyphosphate) Wavenumbers [20].
dispersion media obtained from PT. Bratachem, Central
Jakarta, The use of 1% (v/v) glacial acetic acid (Merck.

C. Characterization of Chitosan Nanofibers
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3) Particle Sze Analysis of Chitosan Nanofibers diffractometer with Cu radiation (40 kV, 30mA). Data was

important characteristic in nanoparticle systems. The angle from 2°to 40° [22].
parameters analyzed using Particle Size Analysis (PSA)
include polydispersity index (PI) and particle size
distribution. Preparation of chitosan CC/TPP suspension
nanofiber samples with a concentration of 0.01%, 0.03%, A. Scanning Electron Microscopy of Chitosan Nanofibers
0:05%’ and 0.07% each taken 20 ml. diluted using 200 mL Figure 1, that observations using SEM with four different
distillate water then ultrasound 60 kHz), for 30 minutes, TPP concentrations showed that TPP concentration 0.01%
sample preparation follows the method [21]. Then the PSAand TPP 0.03% formed homogeneous nanofibers and
test tube is rinsed first using a suspension sample S°|Uti°nmorphology while the use of 0.05% TPP concentration and
Furthermore, the sample is put into a 13 ml volume test tUbe0.07% TPP’Were irregular and film-shaped. This shows that
for further analysis. Particle size distribution is determined the higher the concentration of TPP, the larger the particle
using Particle'Sizg Analysis (BC LS 13320). With th? Dglsa size and shape of the film. Whilé the lower the TPP
™ Nano Series instrument that uses the Dynamic Light .o centration, the smaller the particle size and homogeneous.
Scattering (DLS) technique. The particle morphology obtained depends on the ratio of
4) X-Ray Diffraction of Chitosan Nanofibers the molar ratio between chitosan CC/TPP. In Figure 1b, the

. . . . . f chitosan CC suspension concentration is 0.25 % with
Wide-angle X-ray diffraction analysis was applied to use o ; ) .
deflect the crystallinity of prepared chitosan nanofibers with TPP _c_;onc_:entratlon of 0'03% in SEM. results with a
concentration chitosan CC/TPP samples concentration™agnification of 10.0kV forming a nanofiber morphology
0.01%, 0.03%, 0.05%, and 0.07% and the patterns wereV/th an average value of 73 nm - 610 nm and tends to be
recorded using a Rigaku Ill (Rigaku Corp; Japan) uniform.

I1l. RESULT AND DISCUSSION

{
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Fig 1. SEM image of the prepared Coconut Crab Chitosan (Chitosan CC) at various TPP conceat@tdnwith % TPPb) 0.03 with % TPP¢) 0.05
with % TPPd) 0.07 with % TPP.
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The results of the morphological mean of chitosan B. Fourier-Transform Infrared Spectroscopy of Chitosan
CC/TPP nanofiber were strengthened by the polydispersity  Nanofibers
index (D50) of particle size analysis (PSA). The formation Figure 2, shows the FT-IR spectra which gives a
of a perfect morphology of nanofiber particles can be gescription of the spectral characteristics of particle chitosan
influenced by the concentration of TPP. This shows that TPPcc TPP, and chitosan CC/TPP from various concentrations.
is easily soluble in water, while chitosan CC is not soluble in \yhjle, Figure 2b, the comparable FT-IR absorption value of
water and dissolves in acid, so a method of mixing chitosanchitosan CC which has an 85% DD value showing the same
CC/TPP needs to be done to obtain a nanofiber suspensiomypsorption peak as chitosan/TPP nanofibers, namely the
But what needs to be considered in the process of mixingspectrum of nanofibers at absorption peak at wave number
between chitosan CC solution and TPP concentration is thabggs cni shows the presence of methyl groups and methyl
during the mixing process with the slow penetrating groups in the chitosan structure. The formation of absorption
technique TPP solution into chitosan CC is the occurrence ofy; 5 size of 1650 cinishows the C = O bond which describes
the clumping process. The characteristics of chitosanthe presence of the acetyl group in nanofibers. The FT-IR
CC/TPP nanofiber have pore distances varying with the getection results are reflected in the functional groups NH,
average size and polydispersity of the nanofiber equal to 11554 c-C, CH each in the chitosan wave number CC/TPP.
nm. The difference in the size of the morphology between chitosan CC is a deacetylation result of chitin as raw
treatments is influenced by the additon of TPP material, where the degree of deacetylation of chitosan CC
concentrations which tend to affect particle size and increasgyroduces 2498 ctabsorption peak with CH (-CH2-) bond
the homogeneity of its size. _ _ and chitosan absorption peak at 1620 amhich contain OH

Therefore the addition of TPP concentrations aims 10 groups, and at adsorption uptake 3510' @ontained an OH
form ‘ionic cross bonds and as a barrier between thegroup, while in Figure 2a it was pure TPP, indicating that the
molecules of chitosan CC and TPP so that they can be Useabsorption peak was only at 3560 ‘tnBecause it is in
as absorbent materials to determine the size of the nanofiberaccordance with the stretching of the NH-CO vibration there
Conversely, increasing particle size can also be seen ins an acetyl group (Figure 2f) caused by the high use of TPP
Figures 1a and 1b. The longer the mixing time with the concentration of 0.07%. TPP absorption peak 3450 with
dropping method and the ultrasound, will generalize the oH-NH stretch vibration. Even with variations in TPP
energy received by the particles in all parts of the solution soconcentration using the ionic gelation method shown in
that the size of the nanofiber is more homogeneous. INFigyre 2¢ - 2f, there was no significant change along with
addition, the TPP concentration added will affect chitosan gifferent TPP concentrations. From the observation of
porosity. In Figures 1c and 1d, it is seen that the higher theabsorption peak 3437 chthere is an -OH group, except for
concentration of TPP causes the crosslinking with chitosanihe 1620 crit bond the absorption peak is smaller, especially
to increase so that the chitosan pores CC/TPP get smallefin Figure 2f, showing a decrease in chitosan bond group size,
Chitosan CC/TPP pore sizes that are too small can caus@ile the adsorption peak is at wave 3257cm
difficulty in forming the size of nanofibers. To obtain | Figure 2c, the addition of 0.03% TPP concentration
particle size it is recommended to micro mix at optimal jntg chitosan CC can be seen in the spectrum having specific
conditions for preparation of chitosan/TPP nanoparticles peaks, namely the amine group (-NH2) at wave number
[14]. The size of the nanoparticles depends on the ratio 0f1632 crit and the hydroxyl group (-OH) at wave number
chitosan/TPP molar at pH 2-5 and can affect the size andg42g cnit. Absorption of the wave number of the amine
porosity of the particles obtained irregularly [20]. group (-NH2) and hydroxyl group (-OH) in chitosan

Nanoparticles were made using chitosan which had morecc/Tpp is at wave number 1650 tand 3450.32 cih The
round DD and 55-kDa Mv. Therefore, the size morphology FT-|R spectrum of Chitosan nanofiber experienced a shift in
was observed for particles made using chitosan 110-kDa-Mvipe intensity of transmittance in the spectrum region.
and 55-kDa-Mv (84 nm and 70.6 nm). Although, these chjtosan which has an acetyl methyl group shows that the
results indicate that nanoparticle formation ~depends geacetylation process is carried out optimally so that it can
dramatically on the concentration of free amino groups, affect the bonds between molecules which cause differences
which increases the potential surface and zeta relationship ofy the absorption area. Absorption of the wavelength of
nanoparticles and strengthens the electrostatic interactiongos7cnit shows the presence of collective absorption,
between nanoparticles [14]. Moreover, the resulting chitosanpamely -OH and -NH which is found in chitosan CC/TPP
nanofibers (NFs) were negatively charged with SEM results sy spensions  with certain concentration variations. This
showing nonporous density and morphology of nanofibrils shows that there is extensive absorption of hydrogen bonds
[23]. Conversely, the transmission electron MICroscopic which are intramolecular in the structure which is very
studies reveal that chitosan nanoparticles are roughly naturakirong. Although the use of 0.25% chitosan and TPP 0.01—
and have a diameter smaller than 300 nm. Proof is showny o594 concentrations showed that chitosan was able to be
through SEM imaging that larger particles formed gispersed with acceptable quality, there were very small
nanoparticles through particle self-assembly is 25 nm [19].  amounts of the acetyl group in chitosan and the bond is more

stable when compared to TPP concentration of 0.07%
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Fig 2. FT-IR Spectrum of the prepared Coconut Crab Chitosan (Chitosan CC) at various TPP concepff&ii) Chitosan CC¢) 0.01 with % TPPd)
0.03 with % TPPe) 0.05 with % TPPf) 0.07 with % TPP.

Therefore, the deacetylation rate of crab chitosan 78.88-stirrer. On the other hand, that the nature of TPP has an
81.18% can represent the number of amino groups containe@lectrostatic attraction to Nfiin chitosan which results in
in the chitosan structure [24]. Moreover, the FT—IR analysis the size of nanofibers chitosan CC that has a positively
will detect functional groups found in chitosan, namely the charged surface.
functional groups NH, OH, C-C. CH and C=0 for chitosan. = The suspension of the two ingredients namely chitosan
As a result, the FT—IR detection results are reflected in theCC/TPP is the initial result of ionic gel which has a
form of the peak of the functional group at each positively charged amino group in the chitosan molecular
wavenumber [25]. Conversely, the FT—IR analysis on chain, while the TPP is a negatively charged unit. The
chitosan showed a degree of deacetylation of 99%, information of nanofibers in this method is the occurrence of
accordance with the quality standard>@0%. On the other ionic interactions between amino groups in chitosan which
hand, the value of the degree of deacetylation gives a pictureare positively charged with negatively charged polyanions
of the loss of the acetyl group (COgHound in chitosan.  forming inter-and/or three-dimensional intramolecular
Therefore, the high degree of deacetylation shows the puritynetwork structures. The preparation results of chitosan
of chitosan produced [26]. In addition to, this spectrum is nanofibers are based on ionic gelation interactions between
similar to the chitin vibration pattern but with significant positively charged particles namely chitosan and TPP units
changes in position and intensity. The broad absorption bandvhich are negatively charged at room temperature
that appears in the range 3600 tm 2800 cm' can be conditions. Then the characterization of chitosan CC/TPP
associated with collective absorption by the H-H and O-H nanofibers was carried out. The stability of chitosan CC/TPP
groups in the polymer. Also, a good indication of extensive aggregation decreased due to deacetylation (DD) because
absorption in intermolecular structures is the presence ofDD chitosan is more susceptible to connected TPP and is
strong hydrogen bonds [19]. more lyophobic near physiologically neutral at neutral pH

Many studies using natural materials extracted to produce[27].
nanofibers use ultrasonication techniques through nanofiber . . . . .
bundles by breaking down weak hydrogen strength andC' Particle Size Analysis of Chitosan Nanofibers
gradual Van der Waals bonds. The use of mechanical Figure 3A shows the nanofiber suspension of chitosan CC
techniques such as ultrasonication and wet grinding methodgiopolymers and the addition of TPP with certain variations
can be used to break bonds between fibers to produc&an show the success of a sample into known nanofibers
nanofibers. The use of chitosan CC solution 85% Visually. Then to see the size distribution and polydispersity
deacetylation value as an ingredient that has an amino groupndex of the sample using PSA testing. In Figure 3B, the
that can undergo protonation, and chitosan is electrostaticdifferent particle size distribution of chitosan CC/TPP
with anions, then TPP that can diffuse directly into chitosan Nanofibers can be seen that the particle size is almost
are used by dropwise technique freely by using a magneticuniform, which is smaller in size and has a lower
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polydispersity index. The addition of 0.07% TPP where values close to 0 indicate homogeneous dispersions,
concentration with chitosan suspension obtained the averagevhereas values greater than 0.5 indicate high heterogeneity
size of nanofibers () at 536 nm. Conversely, with [28].

dispersion on nanofibers with a TPP concentration of low The use of solvent media in the form of glacial acetic acid
0.01%, the average size (p will be obtained at 625 nm. 1% (v/v) in chitosan CC/TPP suspension can cause an
However, differences in the size of chitosan CC/TPP increase in surface tension in chitosan nanofibers. Although,
suspension can occur because dispersing agents can forte use of TPP dispersion media with different
multi-layered formations. Therefore, the lower the pore concentrations prevents agglomeration between particles. In
distance will result in the formation of the larger and more addition to the probability value of adsorption dispersing
polymerized nanofiber. However, the susceptibility of the agents increases on the chitosan surface [27]. Furthermore,
average diameter scale to particle size has shown unifornchitosan suspension with dispersion media of various
nano size between treatments. Instead, it is suggested thatoncentrations can produce nanoparticlesy)(Bt 584 nm

the membrane does not allow the micro mix to suit processwith tilapia chitosan polydispersity index (PI> 0.7), thus
conditions, thus leading to the formation of larger and confirming the distribution of nanoparticles has a wider
heterogeneous chitosan / TPP nanocomplexes [16]. distribution range [24]. In addition to the chitosan CC/TPP
factor, which influenced the formation of nanofibers namely
the droplet and mixing process which was accompanied by
stirring using a 2500 rpm magnetic stirrer on chitosan

(d) 0.07 with d = 536nm CC/TPP suspension for each concentration. However, the
% TPP P1=1793 results of other studies state that the stirring speed of 800
rpm with a variation of time 15 and 45 minutes will result in

(c) 0.05 with 9, 7 seeam smaller particle size (93 nm) and a polydispersity index (P1>
% TPP Pi=1su 0.24) [16].

(b) OM D. X-Ray Diffraction of Chitosan Nanofibers
%TPP e Figure 4 shows the spectrum of chitosan CC / TPP

4 = 2Eam nanofiber based on XRD results from the four samples with
(a) 0.01 with oy s TPP concentrations with certain variations showing
% TPP /\ amorphous properties. At 0.01% TPP concentration there is
a diffraction pattern with a peak of 19.04° (Figure 4a); At
0.03% TPP concentration there is a diffraction pattern with a
_ , _ peak of 18.06° (Figure 4b); At a 0.05% TPP concentration
Fig 3. A). Image of Chitosan CC with TPP suspensé. PSA of the  thara was a diffraction pattern with a peak of 19.00° (Figure
preperied Coconut Crab Chitosan (Chitosan CC) at various TPP . . . . .
concentrationa) 0.01 with % TPPb) 0.03 with % TPP) 0.05 with %  4C); and at 0.07% TPP concentration there is a diffraction
TPP,d) 0.07 with % TPP. pattern with a peak of 18.71° (Figure 4d). The peak shift
seen in the four samples has undergone a change in crystal
Figure 3B shows that the most influential thing in the structure into an amorphous form. The change in structure is
technology of making nanofiber is the formulation of related to the nature of biodegradability, because the more
chitosan CC/TPP by ionic gelation method. The results of amorphous the structure, the easier it will be to break down
the chitosan CC/TPP particle size distribution of four in the body.
different treatments were influenced by the polydispersion
index (PI1) value. The polydispersity index value (PI) of each
chitosan CC / TPP treatment averages 1.3 - 1.7. Conversely (d)
from the graph Figure 3B with 0.07% TPP concentration (c)
shows the particle size of chitosan CC nanofibers is smaller
at 625 nm, but the polydispersity index value is greater than
that of Figure 3B using 0.03% TPP concentration with a Pl
value of 1348 cm, where the PI value determines the
homogenization of a particle of nanofibers. Therefore, the
smaller the polydispersity index value the more
homogeneous. This is confirmed by the results of FT-IR
which shows the bond in the group seen from the spectrunm
which has specific peaks, namely the amine group (-NH2) at o 10 20 30 40 50 60
the wave number 1632 ¢hand the hydroxyl group (-OH) at 2 Theta (%)
wave nl_meer 3420 cf Absorption of the wave number O_f Fig 4. XRD Spectrum of the preperied Coconut Crab Chitosan (Chitosan
the amine group (-NH2) and hydroxyl group (-OH) in ¢y at various TPP concentratia).0.01 with % TPPb) 0.03 with % TPP,
chitosan CC/TPP is at wave number 1650'@nd 3450.32 c) 0.05 with % TPPd) 0.07 with % TPP.
cm®. However, the results of all treatments show that the
dispersion results are still heterogeneous where the The contrast in Figure 4b shows that the XRD spectrum
polydispersity index value is still above 0.5. But the of 0.03% chitosan CC/TPP nanofibers has a more ideal
polydispersity index value has a range of values from 0 to 1,amorphous structure and that there are three main diffraction

V] 500 1000 1500 2000 2500 3000
Diameter (nm)

u)

5 |(b)
(a)

Intensity (a
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peaks identified and located around 9.8°, 19.5°, 27.6°.
Furthermore, diffraction peaks that coincide with one
another show that the crystal structure has been maintaine
according to the ionic gelation method. During the
interaction of chitosan CC/TPP in the formation of
nanofibers there is a very compact bond between and intral®!
chain molecules to be lost as shown in the FT-IR results with
the addition of 0.03% TPP concentration indicating that the [4]
bonds in the group are seen from a spectrum that has specific
peaks, that is, the amine group (-NH2) is a wave number
1632 cmt and the hydroxyl group (-OH) is at wave number
3420 cnt, which manifests as a decrease in crystallinity in
chitosan. Therefore, the loss of crystallinity of chitosan [5]
nanoparticles allows the interaction of metal ions to occur

[30].

The XRD results showed a change in shape to crystalline[s]
and SEM results showed irregular shape as a result of a
cross-link between chitosan CC/TPP with a high
concentration of 0.05% and 0.07%, whereas a low 7
concentration of 0.01% and 0.03% showed an amorphous
form, and forming a homogeneous nanofiber. This is
evidenced by the intensity reduction at the peak of 18.06° ad®l
the best characteristic of chitosan CC nanofiber which forms
a homogeneous nanofiber morphology as in SEM results[9]
with  TPP concentration of 0.03%. Therefore the
incorporation of chitosan-TPP polymers showed significant
especially due to the presence of phosphate residues i
nanofiber. In addition, changes in the nanofiber crystallinity
are influenced by the effect of chitosan properties resulting
in cross-linking which results in a characteristic reduction in
the form of peak intensity at ~ 19° chitosan nanofiber [31].

V. CONCLUSIONS

The results of the research presented in this paper also
provide information about the characteristics of chitosan
nanofibers as natural biopolymers using certain [13]
concentrations of chitosan CC/TPP. The results showed that
the best at 0.25% chitosan and 0.03% TPP concentrationsi4]
gave significant value to the formation of nanofibers,
especially at smaller particle sizes and low polydispersity
indexes. Thus, the functional groups of nanofibers which can
be seen in the spectrum have a specific peak, that is theis]

amine group (-NH2) is a wave number 1652 cand the
hydroxyl group (-OH) is at wave number 3420cro the

spectrum nanofibers have an ideal amorphous form. g
Nanofiber biopolymers with the natural suspension of
chitosan CC / TPP polymer produce the best pore size and
can be considered as a filler in the manufacture of edible

films.
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