Materials Research. 2019; 22(suppl. 1): 20190158
DOI: http://dx.doi.org/10.1590/1980-5373-MR-2019-0158

(oo

Fabrication of Fish Gelatin Microfibrous Mats by Solution Blow Spinning
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In this work microfiber mats of Nile tilapia (Oreochromis niloticus) gelatin were successfully
fabricated by using Solution Blow Spinning technique. The concentration and viscosity of fish gelatin
solution, in acid acetic/water (80% v/v), were correleted to the morphology and diameter of the
gelatin microfibers. It was found that increased solution viscosity leads to increase of fibers diameters
from approximately 280 nm at viscosity ~ 0.085 Pa.s. to approximately 1195 nm at viscosity ~ 1.877
Pa.s. The TG thermograms showed similar thermal profiles for all fibrous mat gelatins with thermal
stability at temperatures below 180°C. The DSC curve showed two endothermic peaks being the
second one, in the range of 100-130°C, strongly influenced by the microfiber diameters. It shifts to
higher temperature increasing the microfiber diameter. This behavior was associated to the diffusion of
water in the microfibers. Combined DSC/TG results showed a significant influence of the microfiber
diameter on the water absorption and desorption process.
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1. Introduction

Gelatin has been widely used in food, biomedical,
pharmaceuticals, cosmetic and other related fields because
of its low cost, biocompatibility, and biodegradability'.
A natural biopolymer, produced via the partial hydrolysis
of native collagen, gelatin has almost identical composition
and biological properties as those of collagens'?. Most
available gelatins are manufactured from mammalian
resources such as pig or cattle bones and skins. With the
growth of fish farming there is an increase in the waste
(skins, bones and scales) generated by the fish processing
industry that could provide a valuable source of gelatin®.
The use of these waste to produce gelatin would not only
contribute to the environment, but would also be an option
for people who, for religious reasons and/or other reasons,
do not consume gelatin manufactured from mammalian®.

The electrospinning is well established technique for
polymeric production of micro- and nanofibers*. Recently,
Medeiros et al.’ introduced solution blow spinning (SBS) as a
simple alternative to electrospinning. The main advantages of
SBS are its low cost, easy implementation, higher fiber production
rate and the deposition of fibers onto any type of substrate
or collector. In SBS a polymer solution is dragged toward a
collector by a gas flow, and the solvent is evaporated during this
process, and creates a non-woven mat of polymer micro-and
nanofibers, similar to those of the electrospinning technique.
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The fiber morphology, such as size, shape, thickness and surface
roughness, depends on variables such as carrier gas pressure,
solution viscosity, solvent volatility, solution injection rate
and polymer type®’.

In this work, SBS was used to produce microfibers mats
of gelatin fish obtained from tilapia residue. The samples
were characterized by scanning electron microscopy (SEM),
U-tube viscometer, thermogravimetry (TG) and differential
scanning calorimetry (DSC). Among the results obtained
here we highlight the significant influence of the microfibers
diameter in the microfibrous mat water absorption.

2. Material and Methods

2.1 Preparation of gelatin

The gelatin was obtained as described by Silva et al.®.
Briefly, the tilapia residue (skins, bones and scales) was first
washed with watter and then immersed in NaCl 0.5% for
15 min, washed again, immersed in 0.2 N acetic acid for
45 min, neutralized in 1 M NaOH, and then ground. The
ground residue was then submitted to an alkaline treatment
(0.2 N NaOH solution on a 1:3 ground residue: NaOH
solution under stirring for 45 min), neutralized with 1 M
H,SO,, and centrifuged (Hitachi CR 22GIII) for 5 min at
2795 x g. The precipitate was weighted and submitted to an
acid treatment (0.2 N H,SO, solution on a 1:3 precipitate:
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H,SO, solution under stirring for 45 min), neutralized with
NaOH, and centrifuged as described before. Finally the
precipitate was then extracted with water at 45 °C (precipitate:
water ratio, 1:5) for 2 h, vacuum filtered through 28 pm
filter paper, freeze dried, and ground by using an analytical
mill (A1l Basic, Ika, Staufen, Germany). The gelatin thus
obatined, in powder form, showed the following characteristic:
pH 5.45; bloom strength 139 g; protein dry content 72.15%
and ash content, 17.57%.

2.2 8BS solution preparation

The gelatin solution for SBS was prepared by dissolving the
gelatin powder in acid acetic/water (80% v/v) under magnetic
sttiring for 8 hours, being that the first hour the solution was
kept at 50°C and the remaining time at room temperature. To
produce a gelatin microfiber mat, 5 mL of gelatin solution
was placed in a disposable syringe (connected to a 25G spinal
needle) coupled to an injection system. The best conditions for
the formation of microfibers were determined and maintained
for all the experiments. The injection rate and gas pressure
(filtered air) used were 8.1 mL/h and 200 kPa, respectively.
The microfibers were collected in a cylinder (wrapped with
teflon foil) with angular velocity and diameter of 70 rpm
and 74 mm, respectively. The work distance used was 21
cm (distance from the needle tip to colector). The gelatin
concentration tested were 15, 20 and 25 % w/v. The gelatin
fibrous mats were then stored in desiccator containing silica
gel. For the thermal and morphological characterizations, the
samples were conditioned for 20 hours in relative humidity
of 45% at room temperature.

2.3 Characterization

The morphological structure analyses of obtained
microfibers were realized by an EVO LS15— Carl Zeiss
Scanning Electron Microscope (SEM). The samples
were attached to aluminum stubs with conductive carbon
tape and sputtered with gold before the analysis. Fiber
diameters were measured by using IMAGE J software
(National Institutes of Health, USA), by analyzing 100
random fibers from each image. Shear viscosity tests were
performed using a U-tube viscometer with a constant
associated to the tube of k = 0.22 for FG solutions of 15
and 20 % w/v and k = 0.55 for solutions of 25 % w/v.

Materials Research

Thermogravimetric analysis (TA Instruments Model Q600)
was conducted in the temperature range of 25-800°C at a
heating rate of 10°C.min"" in nitrogen atmosphere with a flow
rate of 100 mL.min"". Approximately 4 mg was used for each
sample. DSC analyses (TA Instruments Model DSC25) were
performed with a scan rate of 10°C min™' in the temperature
range of -10 to 200°C under nitrogen atmosphere.

3. Results and Discussion

Blow Spinning method proved being an efficient technique
to obtain fish gelatin microfibrous mats. To verify the
morphology of the mats produced by SBS, the SEM images
were taken and are shown in Figure 1. The fibers formed were
cylindrical, with a smooth and homogeneous appearance.
From the Gaussian distributions following the SEM images,
it is observed that the values of the average fibers diameter
increase according as the solution concentration increase.
For the sample with 15, 20 and 25 % w/v concentration
of fish gelatin, Figure 1(a), (b) and (c), it is verified mean
diameters of 280, 751 and 1195 nm, respectively. It is already
well-known that a variety of structures such fibers, beads and
ribbons can be reached by using electrospinning technique
and the size and shape of these structures are governed by a
number of parameters such as polymer solution properties,
vapor pressure of the solvent, humidity and also the process
parameters such as injection rate and electrical field strength**!°.
These parameters also affect the structure and morphology of
the materials produced by SBS, with the exception of the
electric field that in the SBS is replaced by gas flow>%!1,
In both techniques, the thickness of the fiber was significant
influenced by the solution viscosity>*!%!1>13 As viscosity
increases, fiber stretching becomes more difficult, and as
consequence, thicker fiber are produced. In our case, the
thickness of the fibers increased with increasing concentration,
and the viscosity tests confirm that an increase on the fish
gelatin concentration in acetic acid solvent results in a greater
shear viscosity as shown in Table 1. In our studies, the gas
flow and the injection solution rate were fixed. No major
changes were observed in the morphology (porous, beads, etc.),
demonstrating that the viscosity was the parameter of greatest
influence on the fiber diameter. Another interesting result is
about productivity of SBS compared with electrospinning.

(b) 20% (W/v); () 25% (W/V).
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Table 1. Shear viscosity; T and T, obtained from DSC curves; % water obtained from TG thermograms.

Concentration (W/v) 15 % 20 % 25 %
Shear viscosity (Pa.s) 0.08585 0.27925 1.87752
T _(°C) 50.7 52.1 53.3
T,,, (°O) 103.9 118.2 1294
water (%) 7.00 5.87 4.86

The injection rate used in our experiments was 8.1 mL/h which
is more than 10 times higher than that used in electrospinning
technique for fabrication of fish gelatin microfibers, as
reported in the literature'® '#13. Thus, for the same gelatin
concentration the productivity using SBS will be much
higher than using electrospinning.

Figure 2 shows the TG/DTG curves of the microfibers
mat samples obtained from different gelatin concentration.
TG/DTG curves show three ranges of mass loss: the first
located between 30-160°C was attributed to the adsorbed
water evaporation. According to Correia et al.'® mass
changes up to 200°C are related to the different water
forms associated with the gelatine structure. This may
be associated on both the surface and inside of triple
helix structure by means of hydrogen bonds as well as
associated between protein chains'®!”. The second stage
located between 160-260°C was attributed to protein
degradation'®, while the third stage, located between
260-800°C, corresponds to the thermal decomposition
of the gelatin'®!”. Table 1 shows the values obtained for
the percentage of water loss found for microfiber mat
samples. It was interesting to note that the microfibrous
mat samples showed a reduction of the water content
with increasing the microfibers diameter. Such behavior
was accompanied by the water peak (30-160°C) shift
of maximum temperature to higher temperature. This
behavior was associated with water diffusion from internal
to external region of the microfibers, which becomes more
difficult with the increase of its diameter.
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Figure 3 shows the DSC thermogram of the microfiber mat
samples with 15, 20 and 25 % w/v. It was possible to observe
for the first thermal run, the presence of two endothermic
events for all samples (Figure 3a). First heat event located
around 50°C was attributed to the melting temperature (T, )
of fish gelatin; at this temperature occur the transition of the
triple helical structure for the coil-like structure (sol-gel)
originated by the breakage of hydrogen bonds of the triple-
helix structure'®'8. Higher water content, presented the lowest
values of T _, fact originated by the plasticizing water effect
(Table 1)". The second endothermic event is significantly
influenced by the diameter of the microfibers. With maximum
temperature peak (T, ) in the range of 100-130°C, it was
attributed to the overlap of thermal events such as water
evaporation'®?! and continues melting and recrystallization
of small and imperfect gelatin crystallites®. It was observed
that the T,  event tends to overlap with the T event owing
to amount of water present in the samples. This effect is more
evident for thinner fibers because of its higher contact area.
Microfibers with smaller diameters tend to saturate quickly
in moist environments, but also facilitate water evaporation
owing to the smaller diffusion pathways. The shift of T,  peak
followed the microfiber diameter thickness; the peak shift to
higher temperature increasing the fiber diameter. This behavior
is linked to the water diffusion in the microfiber that became
more difficult for thicker fibers. Due to the complete melting
of the gelatin crystallites and water evaporation in the first
thermal run, no endothermic peak related to such events were
observed in the second thermal run (Figure 3a)*.
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Figure 2. (a)TG and (b) DTG thermograms of microfibrous mat of fish gelatin.
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Figure 3. DSC thermograms of microfibrous mat of fish gelatin:
run of sample 20% w/v.

4. Conclusions

The microfiber mats of fish gelatin were produced by
Solution Blow Spinning from solutions of gelatin/acetic
acid (80% v/v). The concentration of the fish gelatin strongly
influenced the microfiber diameter. It was found that increased
solution viscosity leads to increase of fibers diameters from
approximately 280 nm at viscosity ~ 0.085 Pa.s. to approximately
1195 nm at viscosity ~ 1.877 Pa.s. TG analysis demonstrates
similar thermal profiles for all fibrous mat gelatins obtained
from different concentrations, but with different amounts of
absorbed water being larger for fibers with larger diameter.
DSC curves showed two endothermic peaks being the second
one, in the range of 100-130°C, significantly influenced by
the diameter of the microfibers. It shifted from approximately
103.9°C for microfibers with ~ 280 nm of diameter to
approximately 129.4°C for microfibers with ~1195 nm of
diameter. This behavior was linked to the water diffusion in
the microfiber that became more difficult for thicker ones.
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