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Abstract

This study investigates the effect of ultrasonic-assisted extraction (UAE) and solvent extraction (SE) on keratin recovery from duck feathers
using sodium sulfide-based ionic liquids under different pH conditions. The results showed that SE at acidic pH (pH=3) achieved the highest
yield (92%), whereas UAE showed lower recovery (28%) under mildly acidic conditions (pH=5). Spectroscopic and electrophoretic analyses
using FTIR confirmed the B-sheet structure with characteristic peaks at 3400 cm™ (O—H and N-H stretching) and 1660 cm™ (C=O0 stretching).
Sodium Dodecyl Sulfate Polyacrylamide Gel Electrophoresis analysis (SDS-PAGE) revealed protein bands in the 15-25 kDa range, typical of
B-keratin, with higher intensity in SE. Morphological analysis using SEM revealed finer and more homogeneous particles for UAE, while SE
produced denser aggregates. Thermal analysis revealed two main degradation stages, occurring at 0—100 °C and 250-500 °C, with UAE samples
exhibiting lower residual mass (5.46%) than SE (8.65%). Particle size analysis showed UAE samples had larger but more uniformly distributed
particles. XRD results confirmed semi-crystalline structures, with UAE increasing amorphous content and SE maintaining crystallinity. These

findings highlight the complementary advantages for tailoring keratin properties toward diverse applications.
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1. Introduction

Global poultry production has increased steadily, with
poultry meat consumption including major poultry species such
as ducks, geese, and chickens projected to reach 154 million
tons by 2031 [1]. The European Union, as one of the largest
producers and exporters, reported an annual production of 13.4
million tons [2]. This growth generates large amounts of by-
products such as feathers, bones, skin, and fat, most of which
remain underutilized. In the United States, for instance,
untreated poultry feather waste is estimated at approximately 4
billion pounds annually [3].

Indonesia, as a leading duck producer in Southeast Asia,
maintains a population of approximately 47.8 million ducks
(285,000 tons meat and generating 95,000-110,000 tons of
feather waste annually) in 2023, mainly in Central Java, East
Java, West Java, and South Sulawesi [4,5,6]. Improper disposal
of waste can cause groundwater contamination, soil pollution,
and odor problems that impact local communities [7]. Given
the high keratin content of duck feathers, effective waste
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management and environmentally friendly technologies are
required to convert this biomass into valuable products.

Duck feathers represent a promising renewable biomass
resource as they contain approximately 91% keratin, 8% water,
and 1% lipids [1,5]. Keratin is a fibrous protein rich in cysteine
residues and stabilized by covalent disulfide bonds; this
contributes mechanical strength and resistance to degradation
[8]. It occurs mainly as a-keratin in mammals and B-keratin in
poultry feathers, which form a dense sheet structure (3—4 nm,
10-22 kDa), conferring rigidity and resistance [1,9].

Various keratin extraction techniques exist, including, ionic
liquid (IL) [10,11], deep eutectic solvents [12,13], enzymatic
methods [14,15], and ultrasound-assisted extraction (UAE)
[16,17]. Ionic liquids are promising green technologies, as they
selectively dissolve keratin while maintaining protein integrity.
They are also non-volatile, thermally stable, and recyclable
[11]. Tonic liquids are organic salts composed entirely of ions
and can disrupt hydrogen bonds and disulfide cross-links [18],
while DES exhibit comparable physicochemical properties and
are considered greener alternatives [19]. Enzymatic methods
operate under mild conditions and produce high-quality
peptides and amino acids, but the cost and industrial scalability
remain challenges[15].
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UAE improves extraction efficiency through acoustic
cavitation, which enhances mass transfer, reduces time, and
increases solvent penetration into the keratin matrix [20,21].
Previous studies have shown that ultrasonic treatment
accelerates keratin dissolution in ionic liquids through
cavitation-induced  high-temperature and  high-pressure
microzones, thereby improving extraction efficiency under
milder conditions [22,23].

Keratin extraction from chicken feathers has been studied
extensively, whereas studies on duck feathers using IL systems
remain limited, particularly with respect to keratin yield and
quality. Duck feathers differ from chicken feathers in
composition, fiber diameter, and protein structure, which
influence their interactions with IL and response to ultrasonic
treatments [24,25]. The high B-sheet content and amino acid
composition of duck feathers require the selection of specific
ionic liquids to achieve efficient and optimal extraction.

Sodium sulfide-based ionic liquids (Na2S) systems are
commonly applied in protein extraction due to their strong
solubility and selectivity toward keratin [17]. The choice of
ionic liquid strongly influences extraction yield, molecular
weight distribution, secondary structure, and functional
properties of keratin. Similarly, Cordova et al., (2025) reported
that UAE significantly enhanced bioactive recovery, yielding
the highest anthocyanin content within 5 minutes from
winemaking by-products [21]. Basukiwardojo et al., (2025)
demonstrated that IL-UAE under optimal conditions achieved
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an 82% keratin yield [17]. Furthermore, UAE represents a
promising and sustainable approach for keratin utilization.

Ultrasonication parameters critically influence keratin
extraction by improving mass transfer through cavitation,
whereas excessive intensity may induce protein degradation
[16,26]. This study investigates the effects of UAE on keratin
extraction from duck feathers within an IL system, focusing on
extraction yield, molecular weight distribution, structural
integrity, and functional properties. Comprehensive
physicochemical characterization was performed using FTIR,
SDS-PAGE, SEM, XRD, DTA/TGA, and PSA. The findings
provide insight into how UAE parameters influence keratin
quality and provide a foundation for efficient, sustainable
technologies to valorize duck feather waste into high-value
industrial products.

2. Materials and Methods
2.1. Materials

Duck feathers were obtained from a local poultry farm in
Bangkalan, Indonesia. The chemical used for feather
preparation included anhydrous Sodium Sulfide (Na,S) (>99%
purity; Merck, Singapore), Ethanol (>96% purity; Merck,
Singapore), Sodium Hydroxide (=96% purity; Merck,
Singapore), Hydrochloric Acid (HCI) (>37% purity; Fluka,
Austria), and distilled water.

B

dry inoven at 60 =2 °C for 72 grind the feather

Fig. 1. Pre-treatment process to remove contaminants

39 g Na2s solid destilled water

Na2$ liquid 0.5 M
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mL volumetric flask was
added with destilled water
and then shaken.

Fig. 2. Preparation of ionic liquid solvent for extraction

2.2. Method

The keratin extraction procedure followed the methods
reported by Basukiwardojo et al. and Pourjavaheri et al.
[17,27], using sodium sulfide as the solvent. Keratin extraction
using reducing agents, such as sodium sulfide, is one of the
most widely applied approaches [10] and generally involves
four main steps: pre-treatment, extraction, precipitation, and
purification.

2.2.1. Pre-treatment of duck feathers

Contaminants such as dirt, blood, oils, and pathogens were

removed from the duck feathers following the ethanol extract
purification method by Meko et al. [28]. A total of 100 g of
duck feathers were immersed in 1000 mL of ethanol for 24 h.
The samples were subsequently dried at 60 + 2 °C for 72 h. The
dried duck feathers were ground into fine particles using a
grinder. Fig. 1. shows the pre-treatment process.

2.2.2. Ionic liquid (IL) solvent preparation

Chemical compounds composed exclusively of cations and
anions may exist in the liquid phase at room temperature or
temperatures below 100 °C. Accordingly, sodium sulfide
(NayS), as an ionic compound, dissolves in water to form an
ionic medium that functions as an IL-based solvent (Fig. 2.).
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2.2.3. Extraction of keratin

Keratin was extracted from duck feathers (10 g) using two
methods: ultrasonic-assisted extraction (UAE) and Solvent
Extraction (SE) (Fig. 3.). In both methods, duck feathers were
immersed in 200 mL of 0.5 M sodium sulfide (Na,S) solution
at a material-to-solvent ratio of 1:20 (w/v), and the pH was
adjusted to 10.5 using 0.05 M sodium hydroxide (NaOH). In
the SE method, the mixture was heated to 40 °C and stirred at
100 rpm using a magnetic stirrer for 6 hours. In the UAE
method, the pH adjustment followed the procedure described
by Basukiwardojo et al. [17], and extraction was conducted at
40 °C using an Elmasonic S 80 H ultrasonic bath for an hour.
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[29].
2.2.4. Precipitation

The solution was centrifuged at 10,000 rpm for 20 min at 10
°C. The supernatant was collected, and the pH was adjusted to
the desired value (1, 3, or 5) using 5% HCI solution. The
mixture was left for 2 h to allow precipitation.

2.2.5. Purification
The precipitate was separated by filtration, washed three to

four times with distilled water, and dried at 60 °C for 48 hours
in a Memmert UNS55 oven.

/ g and supernatant

\ /HP’
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Ahe sample was centrifuge at

Separation af residu

magnetic stirrer (6H)
10.000 rpm for 20 min at 10°C

T'he mixture was heated
at 40°C using ultrasonic

The supernatant was collect into beaker
glass and adjust pH to 1, 3 and 5 using
allowed to stand HCI1 5%

for 2 hours

Fig. 3. Keratin extraction process step using IL-UAE and Solvent Extraction method

2.3. Yield
Yield and weight loss were determined according to Eq. (1-

3).

21k %100

Wik

%yield = (1)
Furthermore, weight loss is calculated using formula (2-3) as
follows:

Wig—Wry

%loss = x 100

2
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%total weight loss = x 100
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i

where Wy, and Wy refer to the initial (wet) and final (dry)

keratin weights, respectively, while W; represents the initial
weight of duck feathers.

2.4. Fourier transform infrared (FTIR) analysis

Keratin extracted from duck feathers was analyzed using
FTIR spectroscopy to identify functional groups within its

molecular structure [5]. The detected peaks were compared
with characteristic keratin peaks reported by Basukiwardojo et
al. and Alvarez et al. [5,17] . The analysis was performed using
a Perkin Elmer Spectrum Two FTIR spectrometer, with spectra
recorded over the range of 4000500 cm™! at a resolution of 4
cm™
2.5. Sodium  dodecyl  sulfate

electrophoresis (SDS-page) analysis

Polyacrylamide  gel

SDS-PAGE was employed to separate proteins based on
their molecular weight. The method applies an electric current
to move proteins through a polyacrylamide gel matrix, which
acts as a molecular sieve. Resolving gel (15% acrylamide/bis-
acrylamide) and stacking gel (6% acrylamide/bis-acrylamide)
were prepared. A 20 uL sample was mixed with 20 pL loading
buffer containing Tris-HCI, SDS, glycerol, bromophenol blue,
and dithiothreitol (DTT), then heated at 95 °C for 3—5 min.
Subsequently, 10 uL of the sample and 8 pL of protein marker
(a mixture of 12 purified proteins, 4.6-300 kDa) were loaded
into the gel wells. Electrophoresis was performed at 150 V for
90 min using Tris—glycine—SDS running buffer. The gel was
rinsed with distilled water, stained with Coomassie blue,
destained with acetic acid, and dried [30].
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2.6. Scanning electron microscopy (SEM)

SEM was used to examine the morphology and
microstructure of keratin powder, including surface features,
dimensions, particle distribution, and uniformity of the keratin
powder. Analysis was conducted using a JSM-6510 SEM at
magnifications of 2000x, 10,000x, and 20,000x. Prior to
imaging, samples were sputter-coated with gold.

2.7. Differential
(DT/TGA)

thermal-thermogravimetric analysis

Thermal degradation of duck feather keratin was evaluated
using a Perkin Elmer TGA Pyris 1 Thermogravimetric
Analyzer (Melbourne, VIC, Australia). Samples were heated
from 30 °C to 800 °C at a heating rate of 20 K/min under a
nitrogen atmosphere to minimize thermal lag effects [31].

2.8. Particle size analysis (PSA)

PSA was performed to evaluate the particle size distribution
and homogeneity of keratin. A sample concentration of 1
mg/mL was analyzed without further dilution using a Zeta
Nano ZS (Malvern Instruments) at 25 °C. The results were
expressed as the mean + standard deviation [31].

2.9. X-ray diffraction (XRD) analysis

The crystal structure and particle characteristics of duck
feather keratin were determined using XRD analysis.
Following the method described by Duman and Kucuk [28], the
samples were analyzed under Cu Ka radiation (A = 0.154 nm)
at 35 kV and 40 mA, within a scanning range of 10—50° 26 and
at a scanning rate of 5°/min. The crystallinity index (CI) of
keratin was calculated using the Segal method, as expressed in
Eq. (4) [32]:

C.l.= Uo—1I14)
Io x 100

x 100 (4)

where Iy dan 114 represent the maximum crystalline diffraction
intensities at 20 = 9° dan 20 = 14°. A higher CI value indicates
a greater degree of crystallinity.

3. Results and Discussion
3.1. Yield

The highest yield was achieved with SE at pH 3 (92%),
whereas the lowest was recorded for UAE at pH 5 (28%). The
quantitative results (Table 1 and Fig. 4.) revealed significant
differences in yield, demonstrating that extraction efficiency is
governed primarily by the synergistic interaction between pH
and extraction method.

Moderately acidic conditions (around pH 3) enhanced the
protonation of acidic residues (Glu, Asp, terminal —-COOH),
thereby reducing electrostatic repulsion and facilitating
coacervation and keratin precipitation. These results are
consistent with pH-driven extraction optimization reported by

Basukiwardojo et al. [17]. On the other hand, deprotonation of
the carboxylate group increases electrostatic repulsion at pH
values above 3 and reduces the effectiveness of coacervate
production [26]. Another study emphasized the dual role of
ultrasound in enhancing solubilization while influencing
recovery efficiency [16].

Although UAE produced lower keratin yields compared
with SE, it demonstrated superior preservation of molecular
integrity. This was evidenced by the presence of sharp amide I
and II peaks in the FTIR spectra, dominant SDS—PAGE bands
at 40—60 kDa without excessive fragmentation, and more intact
fibrillar morphology as observed by SEM. The application of
UAE provides a sustainable pathway for processing duck
feather waste from the poultry industry into high-value
materials that align with circular bioeconomy principles.

Table 1. Comparison of the results of duck feather keratin extraction yield

UAE SE
pH UAE SE
(Mean + SD) (Mean + SD)
1 33 62
35 3533 +£2.52 60 61.67+£1.53
38 63
3 60 92
62 60.67 £1.15 90 90.33 £1.53
60 89
5 28 68
30 29.00 £ 1.00 67 66.67 £ 1.53
29 65
[ JUAE
100 4 [ JIsE
80
~ 60 + =2
c\,\,
e}
2
> 404
i
20 4
0
1 3 5
pH

Fig. 4. Reproducibility test
3.2. Fourier transform infra-red (FT-IR) analysis

Fourier Transform Infrared (FTIR) spectroscopy was
employed to characterize the functional groups of keratins
extracted from duck feathers by ultrasonic-assisted extraction
(UAE) and solvent extraction. Spectral measurements recorded
in the wavenumber range of 4000-500 cm™. Fig. 5. shows
characteristic absorption bands associated with the secondary
structural components of keratin.

A broad absorption band centered at approximately 3280
cm’! was attributed to O-H and N-H stretching vibrations,
whereas the signal at 2964 cm™ corresponded to C-H
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stretching. The amide I band detected at 1630 ¢cm™ indicates
C=O0 stretching vibrations correlated with a-helix and B-sheet
conformations. Similarly, the amide II band (1530 cm™') was
attributed to N—H bending coupled with C-N stretching, and
the amide Il band (1236 cm™) confirmed characteristic
vibrational modes of the protein backbone. Additional
absorption at 760 c¢m™ corresponded to out-of-plane N-H
bending, while the peak observed at 480 cm™ was associated
with disulfide (S—S) bond vibrations.

The close similarity of spectral profiles obtained from IL-
UAE and SE derived keratin suggests that sodium sulfide-
mediated reductive cleavage efficiently disrupts disulfide
cross-links while preserving the integrity of the peptide
backbone [33]. These observations confirm that the functional
groups and secondary structure of keratin remain largely intact
following both extraction strategies. Preservation of these
structural motifs is particularly critical for downstream
applications, as the stability of a-helix and B-sheet domains
directly influences the mechanical performance of keratin,
thermal resistance, and interaction with other biomolecules
[34].
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Fig. 5. Comparison of FTIR Analysis of keratin samples (a) UAE method
(b) SE method

This observation is consistent with previous reports that also
demonstrated structural preservation of keratin under sodium
sulfide-based extraction [5,17,27]. The persistence of stable
amide bands reinforces the structural robustness of keratin

under diverse extraction conditions, highlighting its potential
for advanced applications, including biomedical scaffolds,
controlled-release matrices, composite films, and sustainable
biopolymers, while simultaneously providing a value-added
strategy to mitigate duck feather waste and support circular
bioeconomy practices.

3.3. Sodium dodecyl  sulfate
electrophoresis (SDS-Page) analysis.

polyacrylamide  gel

The molecular weight distribution of soluble proteins in
keratin  was  determined through SDS-PAGE  gel
electrophoresis analysis (Fig. 6.). Samples U3 (UAE/pH3/40)
and S3 (SE/pH3/40) displayed highly intense and dark bands in
the molecular weight range of 15-25 kDa, which corresponds
to the typical molecular weight range of B-keratin in poultry
feathers [1,5]. The band intensity in SE/pH3/40 was noticeably
higher than in UAE/pH3/40, indicating that the SE method
extracted a greater amount of protein under optimal pH
conditions. These results further confirm the role of pH in
enhancing extraction efficiency, as pH 3 promotes the
formation of more stable protein coacervates, allowing keratin
to be more easily separated from the feather matrix [26]. No
additional bands outside this range were observed, suggesting
that the extracted protein was relatively pure. This finding is
consistent with the reports by Lawrence et al. and
Basukiwardojo et al. [17,24] which demonstrate that Na-S as a
reducing agent can yield high-purity keratin without degrading
its primary structure.

Fig. 6. Results of SDS-Page analysis of keratin from both methods (UAE and
SE) and pH variations (1, 2, 3)

3.4. Scanning electron microscopy (SEM)

SEM micrographs of keratin extracted from duck feathers
using the UAE and SE methods at different pH values (Figure
3) show different morphological characteristics (at
magnification of 1000x and 20,000x).

At pH 1 (Fig. 7(a) and 7(b)), keratin exhibited dense and
heterogeneous particles as a result of incomplete dissolution,
whereas at pH 5 (Fig. 7(e) and 7(f)), larger and denser
aggregates were observed due to reduced -electrostatic
repulsion. At pH 3 (Fig. 7(c) and 7(d)), spherical particles were
formed and further assembled into a porous network, indicating
partial unfolding of keratin chains that promoted self-assembly



272 Perdana et al. / Communications in Science and Technology 10(2) (2025) 267-275

into nanostructured aggregates, consistent with the
observations of Chen et al. reported that intermediate pH
conditions facilitate the formation of nanostructured keratin
assemblies [6]. Compared with SE, the UAE method produced
finer and more homogeneous particles, which can be attributed
to ultrasonic cavitation that disrupts agglomeration and
enhances dispersion. This morphological transition is also in
agreement with Sun et al. who demonstrated that under mildly
alkaline conditions keratin tends to precipitate as dense
aggregates with rougher surfaces, driven by stronger inter-
chain hydrogen bonding and reduced solubility [26]. This
observation is consistent with reported literature [1]; pH has a
significant effect on keratin morphology. The rough and
microporous surface topology contributes to enhanced
interfacial bonding characteristics when keratin is used as a
biocomposite reinforcement agent, corroborating the structure-
function paradigm as established in recent studies on keratin-
based composite systems [34].

Fig. 7. Analisis SEM keratin dari bulu bebek, (a) SE/40/pH]1, (b)
UAE/40/pH1, (c) SE/40/pH3, (d) UAE/40/pH3, (e) SE/40/pHS, (f)
UAE/40/pH5

3.5. Differential
(DT/TGA)

thermal-thermogravimetric analysis

The thermal analysis of keratin extracted at pH 3 using UAE

and SE (Fig. 8) revealed two distinct thermal degradation
stages. The initial weight loss below 100 °C was attributed to
moisture evaporation. At this stage, SE derived keratin
exhibited a higher mass loss, indicating a larger fraction of
loosely bound water. This behavior is associated with the more
porous and hygroscopic protein matrix produced by SE, which
retains more surface water. In contrast, the combined
mechanical and thermal effects of ultrasonic cavitation during
UAE increase solubilization and result in a more homogeneous
keratin structure with lower porosity, thereby reducing the
amount of loosely bound water remaining in the sample [5].
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Fig. 8. DTA (a) and TGA (b) graphs of extract keratin from duck feather

The main degradation stage, occurring between 250 and 500
°C, corresponded to the cleavage of peptide bonds, disulfide
bridges, and secondary structural elements, consistent with the
typical thermal degradation pathway of keratin. Keratin
obtained via SE displayed a sharper DTG peak with higher
intensity (100 pV) and higher residual mass (8.65%), indicating
localized thermal degradation associated with stronger cross-
linking. In contrast, UAE derived keratin exhibited a broader
peak with lower intensity (60 uV) with lower residual mass
(5.46%), indicating slower decomposition kinetics and
improved thermal dispersion.

In the temperature range of 600 and 700 °C, a distinct
difference between the two extraction methods was observed.
UAE derived residues demonstrated a steeper mass decline,
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indicating that the remaining components were more reactive
and more easily decomposed, while SE samples underwent
gradual decomposition. The absence of distinct endothermic or
exothermic peaks in DT/TGA at this region suggests that the
process involves progressive oxidation or secondary pyrolysis
with small enthalpy changes, where heat absorption and release
occur simultaneously and effectively compensate for each
other.

These results are consistent with the finding [16] as
ultrasound-assisted extraction modifies protein aggregation
and produces keratin with higher content of volatile
components and altered thermal stability. Furthermore, the
thermal resistance of keratin is largely governed by the density
of disulfide cross-links and interchain hydrogen bonding, both
of which may be partially disrupted under UAE conditions
[36], thereby accounting for the reduced residual mass and
broader decomposition profile.

3.6. Particle size analysis (PSA)

Particle size distribution analysis (Fig. 9) revealed that
keratin obtained by UAE exhibited a slightly larger average
size compared to SE, while exhibiting a lower polydispersity
index (PI < 0.3), indicating a more homogeneous particle size
distribution. Such a narrower size distribution is critical as it
directly correlates with the stability and consistency of
keratin’s functional performance.
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Fig. 9. Results analysis (a) particle size distribution (b) Cumulative particle
size distribution of UAE/pH3/40 and SE/pH3/40 keratin

Keratin extracted via the SE method exhibited an average
diameter (Dav) of 4.56 nm (D10 = 1.58 nm, D50 = 2.96 nm,
D90 = 5.69 nm) with a PI of 0.3005, as the solvent-based
system relies primarily on diffusion and slow chemical
reactions, rendering the particles more prone to aggregation and
yielding a broader size distribution. In contrast, UAE-derived
keratin had a larger average diameter of 5.68 nm (D10 = 2.06
nm, D50 = 3.82 nm, D90 = 7.1 nm) with a lower PI of 0.2627;
this behavior is attributed to ultrasonic cavitation, which
generates shear forces and microjets capable of disrupting
particle agglomerates and increasing surface area, thereby
producing more uniform and well-dispersed particles [37].
These findings are consistent with the results reported [38],
demonstrating that high-energy physical methods such as
ultrasonication are more effective in achieving narrower
particle size distributions than conventional chemical
techniques. The tendency toward a more homogeneous particle
size distribution in UAE was further supported by SEM
observations, which revealed smoother morphology and evenly
dispersed particles. Such controlled size distribution and
uniform morphology are of paramount importance for
enhancing stability, biocompatibility, and the predictable
behavior of keratin in biomaterial and pharmaceutical
applications [38].

3.7. X-ray diffraction (XRD) analysis

XRD analysis (Fig. 10) confirms the semi-crystalline nature
of keratin extracted from duck feather, characterized by two
dominant diffraction peaks at 260 = 9° and 26 =22-24°. The first
peak corresponds to the a-helix structure, while the second
peak reflects overlapping contributions from random coil and
B-sheet domains. The SE/pH3/40 sample displayed slightly
higher peak intensities at both positions compared with
UAE/pH3/40, indicating a higher degree of crystalline
ordering. In contrast, the diffraction pattern of UAE/pH3/40
showed broader diffraction peaks, indicative of reduced
crystallite size and increased amorphous content. This
structural alteration can be attributed to ultrasonic cavitation,
whereby the collapse of microbubbles generates shear forces
and localized high pressures that disrupt hydrogen bonding
among polypeptide chains, thereby reducing structural order
and increasing the amorphous fraction [16,40].
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Fig. 10. XRD analysis of duck feather keratin UAE/pH3/40 dan SE/pH3/40
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These findings are consistent with recent studies reporting
that ultrasonic treatment reduces keratin crystallinity, as
evidenced by peak broadening in XRD patterns and decreased
crystallinity percentages, highlighting the disruptive effect of
high-energy sonication on ordered keratin domains [16].
Similarly, Basukiwardojo et al. [17] demonstrated that
combining ionic liquids with ultrasonication yielded keratin
with more dispersed morphology and altered secondary
structures compared to conventional solvent-based extraction.
These results support the interpretation that UAE tends to
enhance amorphous characteristics, whereas SE preserves a
greater crystalline fraction.

Recent reports further emphasize that keratin obtained via
ultrasonic or ionic liquid-assisted extraction generally exhibits
higher amorphous content and smaller crystallite sizes than
keratin from conventional methods. Such structural features
enhance surface area and biocompatibility, making the material

more suitable for applications requiring solubility and
biological interactions. Conversely, keratin with higher
crystallinity, typically obtained through conventional

extraction, provides superior mechanical stability, rendering it
advantageous for scaffolds or composite materials [17,18].

4. Conclusion

This study demonstrated the significant influence of
Ultrasonic-Assisted Extraction (UAE) on the quality of keratin
extracted from duck feathers using an ionic liquid system.
Although UAE at pH 3 resulted in a lower yield (60%)
compared to Solvent Extraction (SE) at the same pH (92%), the
structural analyses revealed distinct advantages. FTIR and
SDS-PAGE confirmed the preservation of functional groups
and B-keratin bands, SEM and PSA showed finer morphology
with more homogeneous particle size distribution, and
TGA/DTA combined with XRD indicated broader degradation
profiles and increased amorphous content. These results
suggest that ultrasonic cavitation plays a key role in enhancing
surface area, solubility, and biocompatibility, making UAE-
derived keratin more suitable for biomedical and functional
applications, whereas SE remains favorable for producing
higher yield and crystalline stability. Thus, both methods
exhibit complementary strengths, underscoring the importance
of tailoring extraction strategies to specific application
requirements while promoting the sustainable valorization of
duck feather waste.
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