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Keratin-based Composite Films with Hypericum triquetrifolium
and Hypericum neurocalycinum Extracts as a Base Material for
Biomedical Applications
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ABSTRACT

Objective: Recycling of used materials and utilization of natural wastes have become even
more important for the survival of future generations. For this reason, there has recently been
an increasing number of experiments on upcycling methods using natural materials. Keratin,
notable for its excellent biocompatibility, low immunogenicity, and abundance, presents itself as
a strong candidate for biomedical applications. In here, we developed keratin-based composite
films by incorporating of water and methanol extracts from two Hypericum species: Hypericum
neurocalycinumto and Hypericum triquetrifolium.

Materials and Methods: The physicochemical properties of these films were characterized
through thermogravimetric analysis, scanning electron microscopy and Fourier transform infrared
spectrometry while their biological activities were evaluated using in vitro antioxidant and
cytotoxicity tests on L929 fibroblast cells.

Results: The free radical removal rate increased with the addition of the Hypericum extracts (between
76.41% and 82.07%) compared to control (63.48%). The cell viabilities of control (without material),
control film, Hypericum neurocalycinumto infusion (HNinfusion), Hypericum neurocalycinumto
methanol (HNMeOH), Hypericum triquetrifolium infusion (HTinfusion) and Hypericum triquetrifolium
methanol (HTMeOH) were 96.02+3.30, 79.33+4.11, 71.59+5.28, 79.37+7.49 and 71.25+£3.33 %,
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respectively, at 24 h.

Conclusion: A new natural product that can be used for food and other industries has been
produced with waste feathers as a source of keratin and Hypericum extracts for the first time.

Keywords: Antioxidant activity, characterization, cytotoxicity, feather, isolation, keratin

INTRODUCTION

Pollution is one of the leading environmental
causes of disease worldwide today ™. With
increasingindustrialization, the mostprominent
pollutant is plasticc whose production and
release into the environment continues to
increase. Since its popularization in the 1950s,
the use of plastics has increased rapidly due to
its benefits for public energy, safety and health
231, Plastics have become indispensable today,

not only because they are very practical and
have many uses, but also because they are a
polymer that is rich in diversity. The current
consumption pattern of these polymer-based
products, which are widely used worldwide,
also results in piles of waste that pose major
environmental, social and economic problems
worldwide ¥, As much as 99% of the plastic
products used worldwide are produced using
petrochemical or fossil raw materials . There is
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an urgent need and growing interest worldwide to reduce the
use of petroleum-based products and to develop biomaterials
using sustainable and renewable resources. Future generations
need to work on biomaterials to meet their basic needs for
food, clothing, medicine, automobiles, cosmetics, packaging
and other basic needs. This is where nature has become a
focal point, providing many unique raw materials that are
important sources of inspiration for pharmaceutical, food
and biomaterials pioneers. These raw materials are cheap,
environmentally sustainable and renewable resources for the
development of biomaterials 7,

Natural polymers are widely used because they are
environmentally friendly, emit low greenhouse gases,
and originate from various renewable sources such as
microorganisms, animals, plants, and their residues ©. The
main biopolymers utilized in this context include chitin,
chitosan, collagen, silk, keratin, and elastin, all of which
originate from animal sources. Additionally, there are
plant-based natural polymers such as pectin, cellulose, and
starch ©. One of these biopolymers, the B-layered structure,
which constitutes about a quarter of the keratin protein,
predominantly forms the middle hydrophobic part of the
structure. This high hydrophobicity is an indication that the
fibers are soluble in organic solvents. Keratin is the main
component of epithelial cells in horns, nails, feathers, hair
and hooves of different organisms. The reason why keratin
is an important, renewable and sustainable raw material
for many applications is its high resistance to degradation
compared to other animal tissues '%. Polymers obtained
from renewable resources and capable of biodegradation
have garnered significant attention from both academia
and industry on a global scale ', It is extremely important
to ensure the durability, compatibility and stability of most
polysaccharide-based films. At this point, it is possible to
provide more flexibility to materials by incorporating polyols
such as glycerol as plasticizers "2,

The economic viability, low toxicity and pharmacological
properties of medicinal plants, including their analgesic,
anti-inflammatory and antipyretic activities (due to their
high phenolic content, antioxidant, antimicrobial and
antiproliferative properties), have attracted great interest
in the light of technological advances in the scientific field
01314 The addition of these herbal ingredients to edible films
or food packaging can result in enhanced structural and
functional properties compared to films made with single
ingredients '>'¢, The genus Hypericum, rich in phytochemicals,
is one of the 100 largest genera in the class of closed-seeded
plants and encompasses more than 500 species that occur
as trees, shrubs, annuals and perennials, which are highly
variable in habitat. Globally, the medicinal properties of
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most Hypericum species are well known 71, Moreover, plants
belonging to the genus Hypericum and their compounds can
exhibit anti-inflammatory, antifungal, cytotoxic, antioxidant,
antihyperglycemic, antimicrobial and hepatoprotective
activities in-vitro/in-vivo, as well as monoamine oxidase and
acetylcholinesterase inhibitory activities ', For these reasons,
research on the genus Hypericum has intensified in recent
years.

In this study, keratin purified from waste goose feathers
was mixed with methanol and infusion extracts prepared
from the above-ground parts of Hypericum triquetrifolium
and Hypericum neurocalycinum species in the presence
of glycerol to produce antioxidant-enriched composite
films. Structural and morphological characterizations
(FT-IR, TGA, SEM and contact angle) enabled the films to
be compared with each other as well as evaluating the
efficacy of the plants. Soil and water degradation tests
were conducted to assess the suitability of the films for
sustainable applications. Antioxidant and cell viability
tests were conducted to assess their potential applications
in the food and other industries.

MATERIALS AND METHODS
Plant and Feather Samples Collection

Goose feathers were sourced from a slaughterhouse in Aksaray,
Turkiye. Plant samples used for extraction were collected from
different regions of Tirkiye during the summer of 2019. H.
neurocalycinum was gathered from Hadim village, Dedemli
Valley (3,140 m, Konya), while H. triquetrifolium was obtained
from Anamur village, near the ancient city of Anemurium (5
m, Mersin). Taxonomic identification was performed by Prof.
Dr. Evren Yildiztugay, a botanist from the Department of
Biotechnology at Selcuk University, Konya, Tlrkiye. The aerial
parts of the plants (leaves, stems, and flowers) were separated
from the roots. These plant materials were then dried in a
shaded, well-ventilated environment. After approximately 10
days, they were ground into a fine powder using a laboratory
mill and subsequently stored in a cool, dark place away from
direct sunlight.

Plant Extraction

In the study, maceration was found to be a suitable method for
obtaining the methanol extract. The procedure involved the
following steps: five grams of powdered plant samples were
stirred with 100 mL of methanol at room temperature for 24 h.
The mixture was then filtered, and the solvent was evaporated
using a rotary evaporator. The water extracts were subjected
to infusion. Five grams of the material were boiled in 100 mL of
water for 15 min, then filtered and lyophilized. The dry extracts
were stored at 4°C.
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Keratin Extraction

A quantity of 10 g of goose feathers was meticulously divided
into small pieces and weighed. Subsequently, a solution was
meticulously prepared by combining 0.2 N Na2S and 3 N NaOH
in 200 mL of distilled water. This solution was then poured over
the weighed goose feathers. The mixture was then placed in a
hot water bath at 40°C for a duration of 2 h. Thereafter,a 2 N
HCl solution was prepared with the objective of precipitating
the extracted keratin. The HCl solution was added to the
keratin solution while it was on a magnetic stirrer. The pH
of the solution was then adjusted to 4.2, at which point the
precipitation was completed. The precipitated keratins were
washed with acetone and filtered using filter paper. Finally, the
keratin was left to dry in an oven at 23°C for 24 h.

Preparation of Composites Films

5 g of keratin was dissolved in 200 mL of aqueous solution
containing 5% H202 for 24 h on a magnetic stirrer. For each
composite film sample, 20 mL of the dissolved keratin was
taken from the stock solution and mixed with 250 mg of plant
extract. Finally, 0.3 mL of glycerol was added and the mixture
was stirred on a magnetic stirrer for 5 min. The extract was
allowed to dissolve completely, then the samples were poured
into Petri dishes and left to dry at room temperature.

Thickness of the Keratin-based Composite Films

The thickness was detected by using the digital micrometer
Mitutoyo (Coolant Proof Micrometer-293) from 10 different
sites of films, and the results were given by taking the average
of the measurements.

Characterization of Composite Films

FT-IR

The ATR-FTIR spectra were measured with a Perkin Elmer
FTIR spectrometer at a frequency range of 4000-400 cm™ by

weighing out 5 mg from Control, Hn-Infusion, Hn-MeOH, Ht-
Infusion, Ht-MeOH films.

TGA

The thermal degradation of the Control, Hn-Infusion, Hn-
MeOH, Ht-Infusion, Ht-MeOH films were obtained using the
EXSTAR S11 730°C at a heating rate of 10°C/min to obtain TG
and DTG curves.

SEM

The surface morphology of the Control, Hn-Infusion, Hn-
MeOH, Ht-Infusion, Ht-MeOH films were analyzed using a
FEI Quanta FEG 250 SEM. Prior to analysis, the mucilage-
based keratin films were sputter coated with Au with a Gatan
Precision Etching Coating System (PECS).
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Contact Angle

The water contact angles of the Control, Hn-Infusion, Hn-MeOH,
Ht-Infusion, and Ht-MeOH films were analyzed using the Data
Physics OCA30 video-based contact angle measurement system.
The hydrophobicity of the films was assessed through the Owens,
Wendt, Rabel, and Kaelble (OWRK) method. To ensure accuracy,
ten separate measurements were taken and averaged.

Free Radical Scavenging Activity

Antioxidant activities of Control, Hn-Infusion, Hn-MeOH, Ht-
Infusion, Ht-MeOH films were determined by the following
method "%, The films were cut into small pieces and weighed
at 10 mg before being placed in test tubes. Then, 6x10-5
M concentration of 2,2-diphenyl-1-picrylhydrazyl (DPPH)
solution was prepared and 1.0 mL of this reagent solution
was added to the sample tubes. The sample was subjected to
incubation in conditions of darkness and ambient temperature
for a period of 30 min. Subsequent to this, the volume of each
solution was measured using a UV-Vis spectrophotometer at a
wavelength of 517 nm. Each sample was analyzed in triplicate.
DPPH radical scavenging activities were calculated using the
following equation:

Inhibit (%l) = ((Acontrol — Asample)/Acontrol) x 100

Acontrolis the absorbance of the control, Asample absorbance
is Control film, Hn-Infusion, Hn-MeOH, Ht-Infusion, Ht-MeOH
films + DPPH.

Biodegradability

For film materials, beakers were filled with characterized soil. A
certain number of samples was buried 3 cm below the surface
in a metal net, the beakers were watered regularly and the soil
was kept at 30% water-holding capacity. The samples were
removed from the soil on days 10, 20 and 30 and carefully
cleaned to avoid damage to the samples. The experiments
were repeated three times and weight loss was calculated
using the same equation.

% WL = ((Wi-Wf)) /Wi x 100
WL = weight loss, Wi = initial weight and Wf = final weight

Cell Culture Studies

L929 cell lines were obtained from the HUKUK Sap Institute in
Ankara, and subsequently cultivated in DMEM medium with a
high glucose concentration (4.5 g/L), which was supplemented
with 10% (v/v) heat-inactivated fetal bovine serum (FBS) and
1% (v/v) penicillin-streptomycin. The cells were harvested
using a trypsin-EDTA solution (0.25% trypsin and 0.05% EDTA)
at 37°C for a duration of 5 min, once the cells had attained a
confluence of 70%. Subsequent passages were performed at a
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1:4 dilution interval, with a maximum interval of 2-3 days. Cell
viability was assessed using trypan blue, and experimental
continuation was contingent on viability exceeding 90%. It
should be noted that all experiments were performed with
cells at passages 18 and 19.

For the MTT assay, L929 cells were seeded in 96-well plates
at a density of 1,104 cells per well. Following an overnight
incubation, when the cells were approximately 70% confluent,
fresh cell culture medium was added to the sterilized
biomaterials for the treatment groups, and the media in the
control wells were also refreshed. Following a 24-h incubation
period, MTT solution (Serva, Germany) was added to each
well at a final concentration of 0.5 mg/mL (10 uL). Three hours
later, the formation of formazan crystals was checked, and the
crystals were dissolved in 100 pL of DMSO. The resulting color
was measured spectrophotometrically using a ChroMate®
ELISA microplate reader set to a wavelength of 492 nm. Each
experiment was performed in triplicate, and wells without
biomaterial served as controls. The percentage of cell viability
was calculated based on the control group.

Cell Viability = [(Asample)/(Acontrol)] x100 (1)

A control is the absorbance of the control well and A indicates
the absorbance of the wells containing sample biomaterial.

Statistical Analysis

Data analysis was performed using GraphPad Prism software
(version 5, GraphPad Software®). Results are expressed as the
mean + standard error of the mean (SEM). Statistical differences
were assessed using One-Way ANOVA, followed by Tukey’s
post-hoc test with a 95% confidence interval. A p-value below
0.05 was considered statistically significant.

RESULTS AND DISCUSSION
SEM and Thickness of the Films

The appearance of the control keratin film and the Hypericum
neurocalycinumto methanol  (HNMeOH), Hypericum
neurocalycinumto infusion (HNinfusion) and Hypericum
triquetrifolium methanol (HTMeOH), Hypericum triquetrifolium
infusion (HTinfusion) composite films produced by adding
water and methanol extracts obtained from two different
Hypericum species were shown in Figure 1. The homogeneous
appearance of the films reveals that the extracts added into
the films were successfully incorporated into the keratin
membrane. The thicknesses of the control film and HNMeOH,
HNinfusion, HTMeOH, HTinfusion composite films were
recorded as 0.03+0.01, 0.15+0.02, 0.16+0.04, 0.16+0.04
and 0.15+£0.03 um, respectively. It was determined that the
thicknesses increased at a similar rate with the addition of
extracts to the keratin film compared to the control film.
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Figure 1. The appearance of the control keratin film
(without plant extract) (a) and composite films; HNMeOH
(b), HNinfusion (c), HTMeOH (d), HTinfusion (e).

One of the most important characterizations that determine
the application areas of materials in film form is the
determination of their surface morphology. It was observed
that the control film produced with glycerol added to
the keratin solution as a plasticizer had a very smooth,
homogeneous morphology. The surface morphology of the
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films produced by adding methanol and water extracts of
Hypericum neurocalycinum the keratin solution has a rough,
continuous morphology. The addition of methanol and
water extracts of Hypericum triquetrifolium to the keratin
solution was noted to have an irregular rough surface
morphology. It is predicted that the extracts give the surface
a rough, homogeneous morphology due to evaporation
during the drying of the film. In previous studies, similar
rough surfaces were recorded after extract added to natural
films. The common point of all observed morphologies
of the produced films with rough, protruding surfaces is
that they are continuous and homogeneous. This supports
that the added materials are successfully homogeneously
incorporated throughout the film.

FT-IR

The present study employed FTIR analysis to evaluate the
chemical changes that occurred in the matrices of HNMeOH,
HNinfusion and HTMeOH, HTinfusion composite films are
created by incorporating additives, water and methanol
extracts obtained from the control keratin film and two
different Hypericum species through the functional groups
and their corresponding recorded spectra are presented
below Figure 2.

The broad peaks recorded between 3200-3500 in all of the
films produced are due to the H bonds formed between the
molecules due to water and plasticizer in the structure 27,
At the same time, obvious peaks between 3271-3292 cm™'
were recorded in this range. These peaks can be attributed
to the OH groups of the polysaccharides in the structure
211, The peak recorded at 2924 cm™ in all films produced is
due to C-H stretching vibration in aliphatic CH2 groups 22,
The peaks recorded around 1740 cm™ for the composite
films produced can correspond to the C-O stretching
vibration of the ester functional groups in the extracts >
%1, In addition, the peaks recorded between 1600-1400
cm™ for the composite film can be attributed to benzene
ring saturations in the phenolic content of the extracts ¢,
Amide | and Amide Il bands, which are the characteristic
peaks for the keratin protein that forms the basis of the
produced films, were recorded between 1620-1640 cm
and 1540-1570 cm™ wavelengths, respectively #2728 |n
addition, the peaks recorded in the spectra between 1100-
1200 and 1030-1060 cm™ wavelengths can be attributed
to sulfonic acid groups bound to keratin %, The recorded
spectra support that water and methanol extracts obtained
from two different Hypericum species successfully formed
composites with keratin film.
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Figure 2. FT-IR analysis of control and composite films.

TGA

TGA analysis was performed to evaluate the thermal stability
of HNMeOH, HNinfusion and HTMeOH, HTinfusion composite
films produced by adding water and methanol extracts from
two different Hypericum species to keratin solution and the
thermograms recorded are shown in Figure 3.

In the literature, the peaks recorded at 0-100°C in the films
are attributed to the desorption of intermolecular moisture
in the polymeric structure of the films 3%34, Composite films
are generally brittle and plasticizers such as glycerol should
be added to improve their flexibility and processability 3. The
degradation peak of glycerol can be observed approximately
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Figure 3. TGA of control and composite films.

between 150-280°C 34, The degradation peaks of plant extracts
are also recorded in similar ranges %3¢, In the present study,
the glycerol peak for the control film was recorded as 208.2°C.
In composite films, glycerol and extract peaks screened each
other and the second major peaks (DTGmax) for HNMeOH,
HNinfusion, HTMeOH, HTinfusion films were recorded as 235.4,
223.5, 224.8 and 222.4°C, respectively. The other degradation
peak recorded in the thermograms of the films belongs to
keratin, which forms the basis of the films. The keratin peak
recorded at 320.8°C for the control film was recorded at
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319°C for HNMeOH film, 322.7°C for HNinfusion film, 321.1°C
for HTMeOH film and 323.4°C for HTinfusion film. Similar
degradation temperatures were recorded in the thermograms
of hair, wool and chicken feather keratins in the literature 5739,
This high thermal stability of the produced natural films may
enable them to be used in different application areas in the
future.

Contact Angle

The water contact angles of the keratin control film and
HNMeOH, HNinfusion and HTMeOH, HTinfusion composite
films produced in the study are shown in Figure 4.

Free Radical Scavenging Activity

The antioxidant activities of the control and keratin films
containing Hypericum water and methanol extracts were
evaluated by measuring the free radical scavenging activity.
Accordingly, while the DPPH radical scavenging activity
of the control was 63.48%, the antioxidant activities of the
keratin-based composite films formed by the addition of
extracts increased compared to the control. The free radical
scavenging activities of the HNMeOH, HNinfusion, HTMeOH
and HTinfusion were determined as 82.48%, 76.41%, 82.07%,
and 81.54% respectively (Table 1). Compared to the chitosan-
based film ", and mucilage-based keratin film ¥, current
study showed a minimum of 3 times higher antioxidant
activity. This is very important considering the potential for
biomedical activities.

Figure 4. Water contact angle analysis results of control keratin film (a) and composite films; HNMeOH (b), HNinfusion (c),

HTMeOH (d), HTinfusion (e).
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Table 1. Free radical scavenging activities (%) of control
and composite films; HNMeOH, HNinfusion, HTMeOH,
HTinfusion

Films Inhibition (%)
Control 63.48+2.57*
HNMeOH 82.48+0.74
HNinfusion 76.41+£3.36
HTinfusion 81.54+0.39
HTMeOH 82.07+0.50

*Means of three parallel measurements+SD. HTMeOH: Hypericum
triquetrifolium methanol; HTinfusion: Hypericum triquetrifolium infusion;
HNMeOH: Hypericum neurocalycinumto methanol; HNinfusion: Hypericum
neurocalycinumto infusion.

Biodegradation

The accumulation of plastics in the soil for many years
without degradation causes major ecological problems.
Therefore, the demand for natural films and alternative
biomaterials to plastic is increasing day by day. The films
produced in this study were incubated in soil for 30 days to
determine their degradation rates in soil. The weight loss of
the films is interpreted as an indicator of their degradation
41 At the end of 15 days, 84+0.21% mass loss occurred in
the control film and 98+0.8% mass loss occurred at the end
of the experiment (Fig. 5). The mass losses of the produced
HNMeOH, HNinfusion and HTMeOH, HTinfusion composite
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films were 79+0.31%, 77+0.42%, 80+0.01% and 87+0.10%
at the end of the 15-day period, respectively, and 97+0.2%,
98+0.3%, 97£0.1% and 98+0.3% at the end of the experiment,
respectively (Fig. 5).

The high degradability of the produced films in soil is a great
advantage in terms of nature, but these results support the
low strength of the films. The strength of the films is one of
the most important properties in determining the usage areas
4244 It can be predicted that films with rapid degradability
in soil can be an alternative to plastics that cause ecological
destruction.

Cell Culture

The purpose of the MTT assay is to measure the viability
of cells in proportion to the activity of the mitochondrial
dehydrogenase enzyme. In living cells, ongoing mitochondrial
activity results in the formation of formazan crystals. When
theseformazan crystals are dissolved in solvents such as DMSO,
they form a purple color with an intensity proportional to cell
viability. MTT assay results were acquired on a microplate
reader (ChroMate®ELISA) at 492 nm.

MTT assay was performed at 24 h for Control film, HNinfusion,
HNMeOH, HTinfusion, HTMeOH biomaterials. In this analysis,
only cells without material containing DMEM medium were
selected as the control group. Percent cell viability of the
materials compared to the control group for 24 h is shown
in Figure 6. The cell viabilities of control (without material),
control film, HNinfusion, HNMeOH, HTinfusion and HTMeOH

Figure 5. The weight loss of the control and composite films.
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Figure 6. MTT assay results of the respective biomaterials.

were 96.02+3.30, 79.33+4.11, 71.59+5.28, 79.37+7.49 and
71.25+3.33 %, respectively, at 24 h. The results of cell viability
(MTT results) showed that five different biomaterials with a
diameter of 2x2 mm had no cytotoxic effect on L929 cells at
24 h (all values >=70%). Statistical significance levels between
groups are indicated in the graphs (Fig. 6).

CONCLUSION

In this study, keratin-based composite films were
successfully developed by incorporating methanol and
infusion extracts from Hypericum triquetrifolium and
Hypericum neurocalycinum into keratin extracted from
waste goose feathers. The structural, morphological,
and functional properties of the films were extensively
characterized using SEM, FT-IR, TGA, and contact angle
analysis. The results demonstrated that the addition of
Hypericum extracts enhanced the antioxidant properties
and surface morphology of the films, while maintaining
their biodegradability and stability. The soil and water
degradation tests confirmed the eco-friendly nature of the
films, making them promising candidates for green material
applications. Additionally, the antioxidant and cell viability
studies suggested potential applications in food packaging
and biomedical fields. Overall, this study highlights the
feasibility of utilizing keratin and medicinal plant extracts
for the development of sustainable biomaterials with
enhanced functional properties. Future research should
focus on optimizing the film formulations and evaluating
their real-world applications in various industries.
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