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Abstract: The chicken feather wastes are primarily composed of keratin protein, which can be ex-
ploited to produce products for biomedical applications. In this research, keratin was extracted from
chicken feathers waste and was applied to prepare the hydrogel films for biomedical applications.
Hydrogel films, prepared by polyvinyl alcohol (PVA) and polyvinylpyrrolidone (PVP) and corn
starch are used at temperature -20°C. The effect of keratin in hydrogel films was examined by
Fourier-transform infrared spectroscopy (FTIR), confirmed the presence of keratin, scanning elec-
tron microscope (SEM) examined surface morphology, the porosity of the hydrogel decreased for
KS-70 at 33.57%, due to their relatively high Interconnecting and low porous structure due to their
low water content with high keratin content. The swelling ratio of KS70 at 30.66% after 1440 min
due to its relatively increased crosslinking density with high keratin content. On the other hand,
tensile strength was seen improvement with the increase of the keratin protein content into hydrogel
films. Moreover, keratin release increased with increasing the keratin content; The Higuchi square
root was the optimal model of keratin kinetics release for all the hydrogel films. These results were
indicated that feather keratin could use with formulated hydrogels suitably for controlled keratin
release studies.

Keywords: Hydrogel; keratin; chicken feather waste.

1. Introduction

Hydrogels are three-dimensional polymer nets that can absorb large amounts of wa-
ter by various natural and synthetic polymers [1]. Hydrogels have revolutionized the ap-
proaches on the modern wound dressing and drug delivery systems, which they could
allow oxygen to permeate, absorb tissue exudates, and prevent wound dehydration and
create better healing conditions and controlled release of drug [2,3]. Generally, the hydro-
gels are formulated by physical or chemical crosslinking using hydrophilic polymers and
water-soluble [4,5]. The hydrogels have been used to the controlled release behaviour of
protein as well as wound healing applications [6].
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Keratins are proteins that can be extracted from low-cost sources such as feathers,
human hair, and wool [7]. keratins have been widely used to develop in wound healing
applications owing to their special properties, such as biocompatibility and biodegrada-
bility [8,9]. The major component (>90%) of chicken feathers is keratin protein rich in
cysteine and hydrophobic residues, which facilitates crosslinking by disulphide bonds
[10].

Among all the most commonly used polymers to prepare Hydrogels, Polyvinyl alco-
hol (PVA) has various useful characteristics such as excellent biocompatibility, non-tox-
icity, high hydrophilicity, good biodegradability, hydrogel film-forming ability, and
proper mechanical characteristics [11]. Poly-vinylpyrrolidone (PVP) is also a biodegrada-
ble and one of the most commonly water-soluble and non-toxic synthetic polymers [12].
In addition, PVA/PVP-based hydrogels have been described as the potential biomaterials
and appropriate candidates for biomedical applications [13,14].

Starch is a natural polymer that possesses abundant distinctive characteristics and
one of the most abundantly and the cheapest biodegradable polymers. Starch-based pol-
ymers have been suggested as a material for a broad range of biomedical and pharmaceu-
tical applications [15].

In this research paper, hydrogel samples with keratin, PVA, PVP, and starch were
formed, characterized, and evaluated keratin release ratio and improved physical, me-
chanical properties to use for biomedical applications.

2. Materials and Methods

The white chicken feathers have been taken from Poultry Farm Sdn. Bhd. Kuantan, Malaysia,
Dimethyl sulfoxide (DMSO, 99.9% purity), polyvinylpyrrolidone powder (PVP), polyvinyl alcohol
pellet PVA), and corn starch, were purchased from Sigma-Aldrich.

2.1. The extraction process of Keratin

The chicken feather(100g) was solubilized by 1M Sodium hydroxide (NaOH) at 60°C
with Stirring carried on for 4h. The resulting mixture was centrifuged at 10000 rpm and
25°C for 10 min to a separate the insoluble material, and the supernatant was filtered
through filtering paper to make it particles-free this process was repeated for 3 times as
well pH was then adjusted between 6.8 and 7.2 by dropwise additions of further HCI (2M)
to the solution. Afterwards, the pure keratin as the powder was obtained through freeze-
drying [16].

2.2. Preparation of Polyvinylpyrrolidone (PVP/PVP ) Solution

PVA (12g) was dissolved by 80 mL DMSO aqueous solution into a glass beaker and
heated to 98°C with stirring for 3h. Then, PVP (8g) was added to the PVA/DMSO mixture
solution separately with stirring for 2h at the same temperature [17].

2.3. The preparation hydrogel samples

The keratin solution was prepared by mixing 5g of keratin powder into 100ml of
dH20 and stirred at 50°C for 15min. The KS-hydrogels were made by mixing keratin,
PVA/PVP solution, and 2g of starch using the freeze-thaw method as given in Table 3. The
mixtures were heated to 60°C, and pH was maintained at 7. The solution was continuously
stirred for 30min and then were poured into a petri-dish. The mixture was exposed to
three cycles of freezing at -20°C and 8hr and thawing at 25°C for 4h to form the KS-hydro-
gels [18].

.Table 1. Formulation of Hydrogel.

Formulation Code Keratin protein (ml) PVA/PVP (ml)

KS 30 30 70
KS 40 40 60
KS 50 50 50
KS 60 60 40

KS70 70 30
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2.4. Physicochemical characterization of hydrogel samples
2.4.1.FTIR

FTIR was applied to provide information about the chemical composition of the hy-
drogel samples. The spectrum scopes of hydrogels the spectra were at 4000 cm™ to 500
cm™. The results of the FTIR analysis were drawn using OriginPro2017

2.4.2. SEM

The morphologies and structures of the hydrogel samples were analyzed by scanning
electron microscopy (SEM, FEI Quanta 450). The hydrogel samples were placed on dou-
ble-sided carbon tape. The micrographs of samples were recorded at 800xmagnification
under a scanning electron microscope.

2.4.3. Porosity Measurements of Hydrogel

The porosity measurement of hydrogels was determined according to the technique
of the solvent replacement. The hydrogel samples were cut to small pieces with 2cm x 2cm
square, and they were weighed using a digital balance. The hydrogel pieces were sub-
merged for a night in 20 ml of absolute ethanol and then weighed after excess ethanol was
blotted on the surface. The porosity (%) was calculated by equation [19,20]:

(Mz—Mq)

Where (M;), and (M;) are the weight of the hydrogels before and after immersion in
absolute ethanol, respectively, while p is the actual ethanol density (0.7893 g/cm? ), and
(V) is the volume of the swollen hydrogel samples.

Porosity =

2.4.4. Swelling behaviour

The hydrogel samples were cut in 2cm x 2cm square and weighed using an analytical
balance and were then placed into a 50 mL centrifuge tube and filled with 40 mL phos-
phate-buffered saline solution (PBS) at 37°C with pH 7.4. After that, the pieces of hydro-
gels were taken from the tube to dry them with filter paper and weighed at different pe-
riod was (10, 20, 30, 40, 50, 60, 1440 minutes). The swelling ratio was determined using the
following equation [21,22]:

. Ww - WD
Swelling (%) = [TD] X 100% (2

Where Wp and W, are the initial weight and the weight at various swelling times
of the cut pieces of hydrogel samples, respectively.

2.4.5. Tensile Testing of KS-Hydrogel Films

The tensile test was conducted using a texture analyzer (CT3-1000, made in the
United States of America), as illustrated in Figure 3.6. The hydrogels were prepared at a
speed of 1 mm/min with a length of 40 mm, a depth of 1 mm, and a width of 15 mm. For
each hydrogel film, the stress (¢)-strain (E) curve was determined using the bellow equa-
tions [23]:

Al
=7 3)

Where Al and [ are the value of the change in length and the initial length, respec-
tively.

o

E =2 )

Where o and ¢ represent the initial mass and the mass at various points in time,

respectively.

F
o= 5)

Where F and A denote the applied force and cross-sectional area (mm?2), respec-
tively.

2.4.6. Keratin release experiments
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Keratin release from prepared hydrogels was studied using the dialysis technique in
tubing cellulose. The preservative of dialysis bag was removed by sacked in ddH:0 for
12h at room temperature. The hydrogel samples have been cut to small sizes (2cm x 2cm)
and then placed in a dialysis bag and closed tightly by both sides using plastic clips then
placed into a 50 ml tube and filled with 40 ml of PBS and pH 7.4 at 37°C. At regular time
intervals (1, 2, 4, 6, 12, 24, 48, 72, and 96 h) was the measured quantity of released keratin
from the hydrogels, 2 ml of the medium was withdrawn, replaced with the equivalent
volume of fresh PBS and examined for the released keratin by the UV-VIS spectropho-
tometer (Shimadzu 1800, Japan) [24]. The keratin absorbance was read at A 246 nm.

2.4.7. Mathematical Modelling of released keratin from hydrogel samples

The release of the keratin was evaluated using kinetic models to study the practical

mechanisms of keratin release. The experimental models were applied in four as shown
in Table 2. [25,26]

Table 2. Equations models to evaluate the release of keratin.

Model Formula
Zero-order C =K,
First-order LnC =K,

Higuchi square root C = Kk?*
Korsmeyer-Peppas C =K!

3. Results

3.1. FTIR

FTIR is an effective tool for analyzing the structural bonding of compounds used in
KS-hydrogel films, synthesizes and determining their functional groups. The compounds
keratin, PVA, PVP, and starch, as well as their functional groups, were defined in five
different formulations of KS-hydrogel films' different formulations: K530, K540, KS50,
KS60, and KS70 films using FTIR spectra with a wavelength range of 500-4000 cm! as
illustrated in Figure 4.1 and Table. 4.1. According to previous researches, FTIR analysis
confirmed the presence of 3-keratin protein in five different formulations of KS-hydrogel
films with their peak assignment [27,28].
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Figure 1. FTIR spectra of KS-hydrogel films (KS30, KS40, KS50, KS60, and KS70), keratin, PVA,
PVP, and starch.

Table 3. FTIR peak assignments of the functional group for PVA/PVP/starch/ keratin hydrogel
films.

3.2. Scanning Electron Microscopy (SEM)

Scanning electron microscopy (SEM) was used to examine the surface morphology
for five different formulations of KS-hydrogel films: KS30, K540, KS50, KS60, and KS70.
As illustrated in Figure 2., the top of the KS-hydrogel demonstrated homogeneous net-
work structure, micro-rough surfaces, and micropore architecture. Furthermore, it was
observed that the top of KS-30 has the highest micropore architecture compared with
other KS- hydrogel samples due to that their keratin concentration was different where
the pores decrease gradually with an increase in the keratin content. On the other hand,
the appearance of the internal porous network of the hydrogel surfaces that due to its high
content of water [29,30]. This result was supported the FTIR result that confirms the exist-
ence of keratin on the five samples of hydrogel films.

0 of 5 [xsido T L

Figure 2. SEM images of KS-hydrogel films (KS30, KS40, KS50, KS60, and KS70).
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Assignment Wavenumber (cm1)

Keratin  Starch PVA PVP KS30 KS40 KS50 KS60 KS70
O-H, N-H 333549  3363.2 3378.7 3428.1 3341.6 3296.5 3353.5 3466.9 3331.2
stretching (Amide
A)
C-H stretching - 2920.8 2921.7 2942.7 2936.3 2934.6 2938.8 2935.3 2932.7
C=C stretching 21004 2021.6 - 2105.6 2144.0 2103.0 2116.6 2154.4 2160.5
C=0 stretching 1635.6 1704.2  1657.6 1649.9 1637.2 1640.3 1635.3 1639.6 1638.1
(Amide I)
CH:bending - 1462.3  1433.6 1426.9 1415.1 1422.9 1427.2 1432.1 1433.6
C-N stretching, N-  1299.6 - 1287.4 - 1329.6 1319.3 1321.3 1326.7 1324.9

H bending (Amide
1)
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3.3. Porosity Measurement of KS-Hydrogel films

The interconnected porous structure of the hydrogel can be evaluated by porosity
property [31]. The porosities of KS-hydrogel formulations: KS30, K540, KS50, KS60, and
KS70 were using the solvent substitution technique. The porosity ratio of KS-hydrogel
films (KS30, KS40, KS50, KS60, and KS70) was obtained, as shown in Figure 3. The results
of porosity % values were recorded at 72.85% for KS 30, 67.5% for KS40, 57.77% for KS50,
44.85% for KS 60, and 33.57% for KS70. The porosity of KS-30 hydrogel was increased with
a relatively low Interconnecting and high porous structure due to its high-water content.
On the other hand, the porosity decreased with a relatively high Interconnecting and low
porous structure due to increasing keratin content into the KS- 70 hydrogel. Hydrogel film
with high interconnected pore morphology is aided in the absorption of tissue fluid and
wound exudate in vivo [29,30].
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Keratin
Figure 3. The porosity (%) of KS-hydrogel films (KS30, K540, KS50, KS60, and KS70).

3.4. Swelling Behaviour of KS-Hydrogel Films

The swelling ratio is used to determine the crosslinking density of the hydrogel struc-
ture. The swelling mass ratio was studied by varying the concentration of keratin from 30
to 70 ml and 37°C in phosphate-buffered saline (PBS) of KS-hydrogel films. Figure 4.
shows the swelling ratio of the KS-hydrogels. The graph obtained from the chart that with
the increase in the keratin content, the swelling ratio decreased, as demonstrated from
59.29% for KS30 to 53.26% for KS40, 45.19% for KS50, 37.87% for KS60 and 30.66% for KS70
after 1440 min. Due to the increased crosslinking density between network structures
caused by the high keratin content, the swelling ratio of KS-hydrogel films decreased
[30,32].
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Figure 4. The swelling (%) of KS-hydrogel films (KS30 KS40, KS50, KS60, and KS70).

3.5. Tensile Testing of KS-Hydrogel Films

The tensile test has illustrated the effect of keratin ratio on the KS-hydrogel films
(K530, K540, KS50, KS60, and KS70 ) mechanical properties, as were plotted in Figure 5.
The ultimate strain and stress were calculated from the point of failure. KS-hydrogels
point of failure was obtained from the curve at 43.16% for K530, 54.04% for KS40, 58.73%
for KS50, and 69.17% KS60, and 75% for KS70. The stress-strain curves of KS-hydrogels
show that the increased keratin ratio introduced more interpolymer hydrogen bonds,
which improved the hydrogels mechanical strength but with high hardness affected the
gel structure [33,34].
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Figure 5. Tensile test of KS-hydrogel films (KS30, K540, KS50, KS60, and KS70).

3.6. Keratin Release Ratio and Kinetic Behaviour of KS-Hydrogel Films

In this section, keratin release and its kinetic were evaluated from KS-hydrogel sam-
ples as described below.
3.6.1. The UV-VIS Absorption Spectra of The Keratin

The absorbance vs wavelength of the keratin protein was determined using a UV-Vis
spectrophotometer. The 40 mg keratin powder was dissolved in 5 mL PBS (pH 7.4) in a
glass flask beaker and stirred for 10 minutes at 37 °C until the keratin was completely
dissolved. As a result, the intensity was A= 246 nm, as shown in Figure 6.

12
(246)
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0.8 H

0.6
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Figure 6. The absorbance (au) vs Wavelength (nm) of keratin into PBS solution.

3.6.2. In Vitro Keratin Release Experiment
The release experiments were conducted to study the cumulative release ratio of the
different keratin protein contents at a selected time from the KS-hydrogel films. The
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capability of hydrogels as keratin carriers was evaluated by determining their release be-
haviour in phosphate-buffered solution (PBS) at 37°C.

Subsequently, the cumulative keratin release ratio was detected by a UV spectrome-
ter. The cumulative release ratio was obtained from the curve at 67.22% in KS30, 78.2% in
K540, 83.88% in KS50, 90.21% in KS60 and, 95.72% in KS70, after 96 hr as seen in Figure 7.
It was observed from the results that the cumulative keratin release ratio increased as the
keratin concentration in hydrogel films increased, indicating that a higher keratin concen-
tration increases the release rate [35]. The observation confirmed the results of the swelling
rate and porosity measurement.

100
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Figure 7. The percentage of cumulative of keratin release form the hydrogel samples.

3.6.3. Experimental modelling of released keratin from hydrogels

The release kinetic data of keratin from the hydrogel samples were taken according
to four models are showing in Table 3 [25,26]. The regression coefficient (R?) values ob-
tained from the Higuchi square root model are greater than those from other kinetic mod-
els. The results revealed that the keratin released from hydrogels follows Higuchi kinetics
and results are listed in Table 3.

The diffusion exponent (n) values of keratin release were obtained from the
Korsmeyer-Peppas model are between (0.5894 and 0.6168 with n value less than 1). Ac-
cording to this model, the keratin was indicated Fickian diffusion (anomalous trans-
ported). These results are indicating the keratin release depends on swelling behaviour.
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Table 4. The kinetic release date of keratin from hydrogel samples

Formulation Kinetic models

Code Zero order First order Korsmeyer-peppas Higuchi

R? K R? K R? K n R? K
KS 30 0.8902 0.6754 0.9536  -0.0051 0.7439 0.5955 0.5955 0.9895 7.7074
KS 40 0.9166 0.7867 0.9074 -0.0056 0.7512 0.6169 0.6168 0.9960 8.1473
KS 50 0.9063 0.8447 0.9827 -0.0083 0.7063 0.6021 0.60221 0.9900 9.2935
KS 60 0.8924 0.8881 0.9905 -0.0130 0.6687 0.5894 0.5894  0.9922 8.7817
KS 70 0.8318 0.9207 0.9917 -0.0135 0.6511 0.5969 0.5969 0.9693 9.8737

4., Conclusion

In conclusion, hydrogels were successfully synthesized using keratin from chicken
feathers, PVA, PVP and starch. Overall, results indicate that the PVA/PVP at increasing
concentrations decreased the maximum the swelling, porosity and keratin released of hy-
drogels samples. The keratin release was fitted Higuchi square root model with regression
coefficient (R2=0.9922) due to it is the highest value when compared with other (R?) num-
bers of kinetics models. The exponent coefficient (n) indicated Fickian diffusion for all
hydrogels synthesized. These results proposed that keratin hydrogels could be applied
for potential biomedical applications as effective wound healing
Conflicts of Interest: The authors declare no conflict of interest.
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