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Abstract
Chicken being used as one of the major sources of food in tropical countries generates a huge amount of wastes 
in the form of feather which is generally discarded in the soil and water creating an enormous environmental 
pollution. Chicken feather are extensively found as waste material which takes a lot of time to degrade. This 
waste material can be extensively utilized for the extraction of a biopolymer from it. A sequence of chemical 
processes involving chemical method (alkaline hydrolysis) can be effectively used to extract Keratin from 
waste chicken feather. At present work is aimed to the obtained keratin is dispersed in varied proportions with 
Polyvinyl Alcohol (PVA) to produce biodegradable film by solvent casting method. The mechanical properties 
of film improved upto 5 wt% of keratin loading without compromising the properties. The water absorption 
percentage was found to have decreased drastically with the increment of Keratin in PVA. The morphological 
characteristics of the blend film were investigated by SEM. The presence of single peak via DSC implies that 
the blended film has good miscibility and the enhancement in thermal stability was extensively observed by 
TGA. The Keratin/PVA blended film shows good degradation when the concentration of keratin increases. The 
study provides the application of Keratin extracted from waste chicken feather which is most common waste. 
Hence their production in biodegradable film from waste can be efficiently used to reduce the environmental 
waste accumulation with the added advantage of biodegradable application.

Keywords: Chicken Feather, Keratin, Alkaline Hydrolysis, Pva, Biodegradable Film

ISSN: 2689-1204

1. Introduction
The food industry's poultry industry is a significant and varied 
subsector. Most people get a significant amount of their protein 
from poultry items such eggs, chicken, and turkey meat. An 
enormous amount of trash needs to be controlled due to the 
chicken industry's rising production. Along with producing 
a significant amount of waste biomass, the poultry business 
significantly complements the human diet with protein. The 
majority of the waste biomass produced takes the form of 
feathers, blood, bone fragments, lipids, and soft flesh material 
[1]. the rendering process now transforms these resources into 
meat and bone meal, feather meal, blood meal, and fats/oils.[2]. 
Feathers constitute a significant portion of the trash produced by 
the chicken business. Worldwide, there are about four million 
tons of feathers generated each year [3]. However, the majority 
are discarded into landfills or utilized as low-value animal 
food [4]. They also need a huge dump site and produce more 
diseases, chemicals, and heavy metals, all of which are bad for 
the environment and groundwater [5]. In contrast, utilization 
of this waste fraction as feed or fertilizer has been described in 
recent research, however there are still issues with significant 

energy consumption during disposal or conversion [1]. Utilizing 
biomass from feathers is therefore more necessary to preserve 
the environment and provide worthwhile goods. In order to 
create products for commercial usage, feathers must be used in 
an environmentally friendly manner. 90% of feathers are made 
of keratin, an insoluble, fibrous, and structural protein [6]. It is 
one of the most prevalent types of hard protein found in nature 
and is nutrient-dense and high in cysteine, arginine, threonine, 
and hydrophobic amino acids [7]. A variety of useful bio-
based materials have been developed using research on feather 
keratin [8]. Feather keratin is employed in bioplastics and eco-
composites, which is one of its intriguing uses [9]. A tough 
problem is still finding effective ways to extract keratin while 
causing the least amount of damage to the protein's secondary 
structure. The hard keratin has been reported to dissolve through 
a variety of chemical processes, including reduction or oxidation 
enzymatic and reactions in ionic liquids [10-12]. There are 
multiple effective ways to transform various biomass, including 
human hair and wool, and to create value-added biomaterials for 
use in various fields, such as tissue engineering [13]. In some 
earlier investigations, different types of keratins were utilized 
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to alter the characteristics of various products, such as the 
production of a chitosan membrane to improve its wettability 
and tensile strength for biomedical purposes [14]. Similar to this, 
hydrolyzed keratin was applied to alter the soy protein film's 
physical characteristics [15]. Additionally, blend modification 
of feather keratin-based foams using sodium alginate was 
examined in a recent study, expanding the field's potential in the 
biomedical industries [16]. Like other protein-based films, films 
made exclusively of keratin have very low mechanical properties, 
are extremely fragile, and have a high moisture sensitivity. It has 
been the subject of numerous investigations to combine keratin 
with both natural and synthetic polymers in order to enhance 
the properties of keratin films [17-22]. However, because natural 
polymers have a high hydrophilicity, utilizing them in natural 
polymer/keratin blend films would only improve the
 
film-forming ability rather than the water resistance in general. 
However, because the majority of synthetic polymers are not 
biodegradable, incorporating them in the keratin blends would 
not entirely solve the issue of environmental pollution. The 
alkaline hydrolysis method was used in this investigation to 
recover keratin from chicken feather waste biomass. To learn 
more about the keratin's physical and chemical characteristics, 
it was removed. In order to create bioplastic films based on 
FK, polyvinyl alcohol (PVA) was utilized as the coalescent 
agent together with the keratin particles. PVA is a synthetic, 
biodegradable, non-toxic polymer with excellent chemical 
stability and strong film-forming capabilities [23,24]. Materials 
for food packaging, tissue engineering, and medication delivery 
systems are made from PVA-protein films [25,26].

2. Material and Method 
2.1 Materials
Raw chicken feather collected from chicken shop of (Lucknow, 
India). Sodium sulfide, HCl, NaOH, Acetone was procured from 

LOBA Chemie Pvt. Ltd. (Mumbai, India). Polyvinyl Alcohol 
and Glycerol was generously given by Central Drug House Pvt. 
Ltd. (New Delhi, India). India). Distilled water a form of purified 
water, obtained by simple distillation free from impurities was 
of laboratory grade was used for washing and making solutions.

3. Pre-Treatment Process of Feathers
The used chicken feather was gathered from a Lucknow, Uttar 
Pradesh, chicken business. In this phase, discarded chicken 
feather that had been cleaned was first soaked in acetone then 
washed with soapy water to eliminate its impurities, then it was 
dried in an oven for 24 hours to remove any remaining grease, 
oil, strains, and bacteria. so that certain unnecessary components 
were eliminated and the offensive odor was reduced [27].

4. Extraction of keratin
First, the dried waste chicken feather was accurately weighed 
for the extraction process. Next, a solution of 0.5 M sodium 
sulfide solution was made in a 1 L flask. The solution was then 
heated to 45°C, the pH was maintained between 10 and 13 in 
a basic medium, and the solution was properly stirred for 5 
hours using a mechanical stirrer. Next, 20 g of weighted chicken 
feather were added to the produced solution. The solution was 
then centrifuged at 10,000 rpm for 5 minutes. After carefully 
gathering the supernatant liquid, the residual debris was filtered 
using filter paper. The 100 ml of HCl solution was made. Then, 
in a beaker, a filtrate solution that was previously obtained was 
continuously swirled while created HCl solution was added 
drop by precise ratio. The liquid supernatant was collected 
separately from the solid particles, and the entire procedure was 
meticulously repeated. Up until the pH was neutral, the solid 
particles were collected and repeatedly cleaned with deionized 
water. To obtain the dried sample, the solid particles underwent 
a drying process in a petri dish at a temperature of 45°C for 
3-5 hours [28]. Keratin was the dried powder sample that was 
collected as shown in figure.1

the solid particles underwent a drying process in a petri dish at a temperature of 45°C 
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Fig.1 Flow diagram of keratin extraction process 

 
 
    

 

                                   Figure.1 Flow diagram of Keratin extraction 

Preparation of Keratin/PVA based Biodegradable film 

The solvent casting method was used to synthesized keratin/PVA based biodegradable 
film and the process was depicted in figure.2. firstly, polyvinyl alcohol was dissolved in 
100 ml of distilled water and stirred at 100°C for 30 minutes. Similarly, keratin (5%, 
10%, 15%, 20%) was dissolved in 100 ml of 0.5 M of NaOH solution and stirred at 
50°C for 15 minutes. After that the keratin solution were mixed with PVA solution and 
glycerol and continuously stirred at 60°C. the solution was stirred to get homogeneous 
solution at room temperature. The role of solution is very much important in the 
determination of final film structure, properties and performance. The various wt. ratios 
of Keratin/PVA are shown in table 1 below. The prepared mixture poured in a glass 
petri-dish and finally dried in oven at 50°C for 24 hours [29]. The possible reaction 
scheme is shown in figure.3 The prepared biodegradable film was carefully collected 
and kept in a foil for further analysis.  

                              TABLE.1 Proportion of Keratin/PVA film 

Sample code Keratin/PVA (wt.%) Glycerol (wt.%) 

P-1 0/100 40 

PK-2 5/95 40 

PK-3 10/90 40 

Figure 1: Flow diagram of Keratin extraction
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5. Preparation of Keratin/Pva Based Biodegradable Film
The solvent casting method was used to synthesized keratin/
PVA based biodegradable film and the process was depicted in 
figure.2. firstly, polyvinyl alcohol was dissolved in 100 ml of 
distilled water and stirred at 100°C for 30 minutes. Similarly, 
keratin (5%, 10%, 15%, 20%) was dissolved in 100 ml of 0.5 M 
of NaOH solution and stirred at 50°C for 15 minutes. After that 
the keratin solution were mixed with PVA solution and glycerol 
and continuously stirred at 60°C. the solution was stirred to 

get homogeneous solution at room temperature. The role of 
solution is very much important in the determination of final film 
structure, properties and performance. The various wt. ratios of 
Keratin/PVA are shown in table 1 below. The prepared mixture 
poured in a glass petri-dish and finally dried in oven at 50°C for 
24 hours [29]. The possible reaction scheme is shown in figure.3 
The prepared biodegradable film was carefully collected and 
kept in a foil for further analysis.

Sample code Keratin/PVA (wt.%) Glycerol (wt.%)
P-1 0/100 40
PK-2 5/95 40
PK-3 10/90 40
PK-4 15/85 40
PK-5 20/80 40

Table 1: Proportion of Keratin/PVA film

 

 

 

 

 

 

                              

 

 

 

  

 

 

 

 

      Fig. 3.19 Flow diagram of keratin/PVA based biodegradable film 

 

 

 

 

 

 

 

 

 

 

Figure.2 Flow diagram of preparation of Keratin/PVA film 

              

        PREPARATION OF KERATIN/ PVA BASED BIODEGRADABLE FILM  

                                     

                       Keratin                                  Glycerol                      Polyvinyl alcohol 

 

                                  

                                                                  

                                                               Magnetic stirring            Pouring in Petri-dish          

                                                                                  

                                                              Film                                      Drying in oven 

                      

             P-1                    PK-2                  PK-3                 PK-4                  PK-5 

               

Keratin/polyvinyl alcohol based biodegradable film 

PVA 
SOLUTION 

Figure 2: Flow diagram of preparation of Keratin/PVA film
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Figure.3 Reaction scheme of keratin/PVA biodegradable film  

Figure 3: Reaction scheme of keratin/PVA biodegradable film

6. Testing and Characterization
6.1 Density
The density of biodegradable film were determined as per 
ASTM D729 using Mettler Toledo instrument (Mettler-Toledo 
India Pvt. Ltd. Mumbai, India).
Mechanical Properties
The mechanical properties of Keratin/PVA biodegradable film 
were measured using a Universal Instron Tensile testing machine 
(Model 3382) according to ASTM D882.

6.2 Optical Properties
The percentage transmittance of film were measured using Haze 
meter (Model PTC/089/OP, RDNL ENGLAND) as per ASTM 
D 1003-07.

6.3 Water Absorption Test
Water absorption were measured as per ASTM D570. The given 
formula below used to calculate water absorption (%).
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                  % Weight of absorption =                                                      

 

FTIR Analysis 

The chemical structure and functional group present in Keratin/PVA film were recorded 
at room temperature using a Thermo-Scientific Nicolet 6700. FT-IR Spectrometer 
(Thermo Nicolet Limited, USA) on a diamond disc in the range of 4000-400cm-1. 

 

XRD Analysis 

XRD analysis of Keratin/PVA film were performed using an X-ray diffractor unit (D8 
Advance Eco Bruker, Germany) with Cu kα radiation (40KV, 30mA) at wavelength of 
1.54A°. 

 

Morphological Analysis 

Morphology of biodegradable film was investigated using a scanning electron 
microscope (Model: JEOL-6490 LV, Make: Japan). Scanning electron microscope with 
high tension voltage of 20KV. The sample were conditioned for 1 hrs and coated with 
gold before imaging. 

6.4 FTIR Analysis
The chemical structure and functional group present in Keratin/
PVA film were recorded at room temperature using a Thermo-
Scientific Nicolet 6700. FT-IR Spectrometer (Thermo Nicolet 

Limited, USA) on a diamond disc in the range of 4000-400cm-1.

6.5 XRD Analysis
XRD analysis of Keratin/PVA film were performed using an 
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X-ray diffractor unit (D8 Advance Eco Bruker, Germany) with 
Cu kα radiation (40KV, 30mA) at wavelength of 1.54A°.

6.6 Morphological Analysis
Morphology of biodegradable film was investigated using a 
scanning electron microscope (Model: JEOL-6490 LV, Make: 
Japan). Scanning electron microscope with high tension voltage 
of 20KV. The sample were conditioned for 1 hrs and coated with 
gold before imaging.
 
6.7 Differential Scanning Calorimetry (DSC) Analysis
The melting temperature of film were examined using a Perkin 
Elmer DSC 8000 (USA), from 25 to 250°C at a heating rate of 
10°C/min in a nitrogen atmosphere and at 20 mL/min.

Thermo-Gravimetric Analysis (TGA)
The thermal analysis of keratin in the temperature range 10-
800°C was evaluated using Perkin Elmer Pyris 7.TGA (Waltham, 
Massachusetts USA) at a heating rate of 10°C/min in a nitrogen 
atmosphere.

6.8 Biodegradability Test
For the determination of the biodegradability of plastics. One of 
the most appropriate methods i.e., soil burial. In this method the 
test is investigated in both natural and laboratory conditions. To 
study the biodegradation of film cut 5×5 cm2 from each sample 
and placed in pot prepared with compost. The pot is placed in 
environment for 14days. After the fixed interval of time remove 
the sample from soil clean and dried in oven. The percentage of 
weight loss of the specimen was calculated by given formula:
Weight loss = [(M0 – M1)/M0] × 100%
Where,
M0 = Initial weight of film before soil burial test
M1 = Final weight of film after soil burial test and after drying so 
for constant weight at different times.
 
6.9 Results and Discussion
Results of keratin
Yield
Yield percentage can be calculated by using the eq. stated as 
follows
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 Yield 

Yield percentage can be calculated by using the eq. stated as follows 

                                                                        

Keratin is extracted with 81.1% yield from waste chicken feather which is relatively 
high in terms of converting waste raw material into value added product [30]. 

 

 Solubility determination 

          The solubility of keratin has depicted in figure.4 which displays the high 
solubility of keratin in a 0.1N NaOH solution. It is one of the most important factors to 
analyze the quality of keratin because higher solubility gives better keratin which can be 
easily mixed with different solvents to produce different matrix. The factors like particle 
size, temperature, time and % of alkali affect the solubility of keratin. Keratin contains 
large amount of amino group and carbonyl group which can create an attraction towards 
hydrogen bond for which it is soluble in alkaline acid [31]. 
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Putting 1g of keratin 
in 0.1N of NaOH 
solution 

After 24hrs keratin 
completely soluble in 
solution 

Top view showing 
keratin is soluble 
in NaOH solution 

Keratin is extracted with 81.1% yield from waste chicken 
feather which is relatively high in terms of converting waste raw 
material into value added product [30].

6.10 Solubility Determination
The solubility of keratin has depicted in figure.4 which displays 
the high solubility of keratin in a 0.1N NaOH solution. It is one 

of the most important factors to analyze the quality of keratin 
because higher solubility gives better keratin which can be easily 
mixed with different solvents to produce different matrix. The 
factors like particle size, temperature, time and % of alkali affect 
the solubility of keratin. Keratin contains large amount of amino 
group and carbonyl group which can create an attraction towards 
hydrogen bond for which it is soluble in alkaline acid [31].

Figure 4: Solubility test of keratin

7. Results of Keratin/PVA Film
7.1 Density Analysis
The density was tested as per ASTM D 792 of the prepared 
biodegradable film i.e., P-1, PK-2, PK-3, PK-4, PK-5 can be 
obtained from figure.5 from the graph, it is clearly observed that 

density increases in case of all samples and it is found to be 
1.20g/cc,
1.22g/cc, 1.24g/cc, 1.28g/cc and 1.30g/cc etc. it is quite evident 
that the density of film increases with increasing the keratin 
weight% because keratin was denser (g/cc) than PVA. And it 



 Volume 8 | Issue 1 | 6J App Mat Sci & Engg Res, 2024

follows the rule of mixture [32].

 Results of Keratin/PVA film 
 Density analysis 

           The density was tested as per ASTM D 792 of the prepared biodegradable film 
i.e., P-1, PK-2, PK-3, PK-4, PK-5 can be obtained from figure.5 from the graph, it is 
clearly observed that density increases in case of all samples and it is found to be 
1.20g/cc, 1.22g/cc, 1.24g/cc, 1.28g/cc and 1.30g/cc etc. it is quite evident that the 
density of film increases with increasing the keratin weight% because keratin was 
denser (g/cc) than PVA. And it follows the rule of mixture [32].  

 

                     

                               Figure. 5. Density of keratin/PVA biodegradable film 

 

 

 

 

Tensile properties 

  The prepared Keratin/PVA blended film was tested for mechanical properties using the 
Universal testing machine as per ASTM D 638 as shown in a, b and c below show 
tensile strength, percentage elongation and tensile modulus of different samples with 
varying weight percent of Keratin and PVA. It is clearly evident from figure.6 and there 
was decrease in tensile strength of specimen from 9.39Mpa to 7.11Mpa with increasing 
keratin weight percent. The tensile strength of sample P-1 is found to be 7.32Mpa, PK-2 
is 9.39Ma, PK-3 is 8.93Mpa, PK-3 is 8.73Mpa and PK-4 is 7.11Mpa. whereas 

Figure 5: Density of keratin/PVA biodegradable film

7.2 Tensile Properties
The prepared Keratin/PVA blended film was tested for 
mechanical properties using the Universal testing machine as 
per ASTM D 638 as shown in a, b and c below show tensile 
strength, percentage elongation and tensile modulus of different 
samples with varying weight percent of Keratin and PVA. It is 
clearly evident from figure.6 and there was decrease in tensile 
strength of specimen from 9.39Mpa to 7.11Mpa with increasing 
keratin weight percent. The tensile strength of sample P-1 is 
found to be 7.32Mpa, PK-2 is 9.39Ma, PK-3 is 8.93Mpa, PK-3 
is 8.73Mpa and PK-4 is 7.11Mpa. whereas elongation at break 
of sample P-1, PK-2, PK-3, PK-4 and PK-5 are 345, 302, 264, 

254 and 248 and. The sample P-1 has found with young modulus 
value of 5.99Mpa, PK-2 has 13.47Mpa, PK-3 has 10.61Mpa, 
PK-4 has 11.41Mpa and PK-5 has 8.15Mpa. hence PK-2 has 
highest young modulus value among all and PK-5 has lowest 
value. Therefore, it can be concluded that if we increase the 
level of keratin more than 10% the strength of film getting 
lowered. When Keratin and PVA are interacted by means of 
hydrogen bonding between H-atom of amine group (N-H) and 
hydroxy atom of PVA molecule results in declination of bond 
energy offered by PVA material, which affect the blended film 
on lowering mechanical strength [33]. The tensile properties of 
prepared film are shown in table 2.

Sample Tensile strength (Mpa) % Elongation at   break Tensile modulus (Mpa)
P-1 7.32 345 5.99

PK-2 9.39 302 13.47
PK-3 8.93 264 10.61
PK-4 8.73 254 11.41
PK-5 7.11 248 8.15

Table 2: Tensile data of Keratin/PVA biodegradable film
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elongation at break of sample P-1, PK-2, PK-3, PK-4 and PK-5 are 345, 302, 264, 254 
and 248 and. The sample P-1 has found with young modulus value of 5.99Mpa, PK-2 
has 13.47Mpa, PK-3 has 10.61Mpa, PK-4 has 11.41Mpa and PK-5 has 8.15Mpa. hence 
PK-2 has highest young modulus value among all and PK-5 has lowest value. 
Therefore, it can be concluded that if we increase the level of keratin more than 10% the 
strength of film getting lowered. When Keratin and PVA are interacted by means of 
hydrogen bonding between H-atom of amine group (N-H) and hydroxy atom of PVA 
molecule results in declination of bond energy offered by PVA material, which affect 
the blended film on lowering mechanical strength [33]. The tensile properties of 
prepared film are shown in table 2. 

                 Table 2. Tensile data of Keratin/PVA biodegradable film 
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(Mpa) 

% Elongation at   
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Tensile modulus 
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                 Figure.6 Tensile properties of Keratin/PVA biodegradable film                               Figure 6: Tensile properties of Keratin/PVA biodegradable film

7.3 Optical Properties
The prepared Keratin/PVA blended film was tested for optical 
properties using hazemeter as per ASTM D 1003 as shown in 
figure.7 shows the luminous transmittance(%) and haze of 
different sample with different weight % of Keratin and PVA It is 
clearly evident from fig. a and b the % transmittance of sample P-1 
has 91.7%, PK-2 has 91%, PK-3 has 90.4%, PK-4 has 88.2 and 
PK-5 has 80.6% similarly, haze is 20.5, 37.5, 40.2, 45.4 and 51.2 
respectively. It is well known that % transmittance is inversely 
proportional to haze. Here P-1 has highest % transmittance 
of 91.7% with a keratin loading of 20% the % transmittance 

of film significantly decreases to 80.6% at same time haze 
increases to 51.2 while maintaining a reasonably high value of 
91% with 5% weight of keratin. Since transmittance is the ratio 
of total transmitted light and incident light. This phenomenon 
could be explained by light being reflected or refracted when it 
reaches opaque micron-size of keratin particles leading a loss of 
transmitted light. Additionally some agglomeration in polymer 
matrix, particular with high high keratin may protect light 
passing through film [34]. The optical properties of film given 
in table.3 belo

     Sample Transmittance (%) Haze
P-1 91.7 20.5

PK-2 91 37.5
PK-3 90.4 40.2
PK-4 88.2 45.4
PK-5 80.6 51.2

Table 3: Optical properties data of Keratin/PVA film
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Figure 7 (a) Appearance of Keratin/PVA sample
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       Figure .7 (b)Transmittance (%) and Haze of Keratin/PVA biodegradable film 

 

 Water absorption test 

          The water absorption test of prepared Keratin/PVA fim as per ASTM D 570. 
Different samples varying with different weight percent i.e P-1, PK-2, PK-3, PK-4 and 
PK-5. The water absorption percent of P-1 which is pure PVA film was found to be 
68.12%. similarly, the water absorption decreases further with PK-2,  PK-3, PK-4 and 
PK-5 are 60.10%, 48.14%, 35.13% and 29.12%. hence P-1 shows highest and PK-5 
shows lowest water absorption % because PVA is water soluble polymer and it shows 
hydrophillic nature, it is quite evident that the water absorption % was decreasing as a 
result of the incorporation of keratin because keratin is hydrophobic in nature and there 
it by decreases its water absorption % with increasing keratin percent it reduces the 
hydroxyl group of PVA and it might have also acts as barrier to  water molecules which 
penetrate Polyvinyl alcohol [35]. The water absorption of film are shown in table.4 
below. 

                                    

                               Table. 4 Water absorption data of Keratin/PVA film 

Sample Water absorption (%) after 
24 hrs 

P-1 68.12 

PK-2 60.10 

PK-3 48.14 

PK-4 35.13 

PK-5 29.12 
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Figure 7 (b) Transmittance (%) and Haze of Keratin/PVA biodegradable film

7.4 Water Absorption Test
The water absorption test of prepared Keratin/PVA fim as 
per ASTM D 570. Different samples varying with different 
weight percent i.e P-1, PK-2, PK-3, PK-4 and PK-5. The water 
absorption percent of P-1 which is pure PVA film was found 
to be 68.12%. similarly, the water absorption decreases further 
with PK-2, PK-3, PK-4 and PK-5 are 60.10%, 48.14%, 35.13% 
and 29.12%. hence P-1 shows highest and PK-5 shows lowest 

water absorption % because PVA is water soluble polymer and 
it shows hydrophillic nature, it is quite evident that the water 
absorption % was decreasing as a result of the incorporation of 
keratin because keratin is hydrophobic in nature and there it by 
decreases its water absorption % with increasing keratin percent 
it reduces the hydroxyl group of PVA and it might have also acts 
as barrier to water molecules which penetrate Polyvinyl alcohol 
[35]. The water absorption of film are shown in table.4 below.

Sample Water absorption (%) after 24 hrs
P-1 68.12

PK-2 60.10
PK-3 48.14
PK-4 35.13
PK-5 29.12

Table 4: Water absorption data of Keratin/PVA film

7.5 FTIR analysis
The major absorption bands were observed in order to identify 
the characteristics functional group of the samples with in range 
of 4000cm-1 to 400cm-1 figure.8 shows the infrared sectra 
of Keratin and Keratin/PVA biodegradable film. The keratin 
spectra display the characteristics peaks at 3296.9cm-1 signifies 
O-H stretching whereas the peak 2925.4cm-1 represents C-H 
stretching [36]. The peak 1660cm-1, 1533.7cm-1, 1216.8cm- 
1 justify the existence of C=O stretch of Amide-I, C-H stretch 
and N-H stretching of Amide-II and CN stretch of Amide-
III band respectively. and 418cm-1 C-S stretch associated 
with monosulphide and disulfide bond From the obtained 
characteristics peaks from FTIR spectra confirmed the quality 
of product [37]. Similarly It is clear that interactions between 

the hydroxyl groups in the PVA molecules and the amino acid 
functional groups in keratin molecules generated shifts in the 
spectra. i.e. The characteristics peak at 3407.8cm-1 represents 
the O-H stretching while peak 2942.8cm-1 corresonds to 
CH2 symmetric vibration respectively [38]. We can observe 
the presence of C=O stretch of Amide-I band at 1657.2cm-
1 similarly the apearance of absorption peak at 1301.3cm-1 
attributes to NH bending and CN stretching of Amide-II band. 
The occurrence of peak at 1107.4cm-1 which are related to C-O 
stretching vibration of PVA. Similarly the peak 1044.7cm-1 and 
615cm-1 indicate (S-O) stretch and (S-S) stretch of sulfoxide 
and disulfide bond of keratin. These absorption band at their 
respective characteristics peaks prove the presence of Keratin/
PVA blended film [38].
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Figure 8: FTIR analysis of Keratin/PVA Film

7.6 XRD analysis
In XRD analysis when the sample represent a low intensity 
and broad peak to refers to amorphous in nature. And when the 
sample represent a high intensity and sharp peaks it refers to 
crystaline in nature in figure.9 represents the X-ray diffraction 
pattern of the resultant product of P-1 and PK-2 sample. The 
pattern shows that the obtained product P- 1 indicates the semi-
crystalline nature in 2ϴ range of 20°-70° having relevants peaks 
observed at 23.10°, 26.56°, 36.07°, 39.40°, 43.20°, 47.55°, 
48.50°, 57.46°, 64.59° and 65.69° respectively [39]. From the 
XRD spectra it is clearly illustrated that P-1 i.e virgin PVA film 
shows semiscrystalline nature. Similarly, the XRD spectra of 

sample PK-2 (Keratin/PVA film) that shows various sharp and 
broad peaks the occurrence of various peaks including 22.97°, 
26.63°, 29.48°, 31.73°, 35.94°, 43.19°, 47.41° and 48.51° 
corresponds to 2ϴ. From the diffraction pattern it is demonstrated 
that the existence of amorphous form as the hydroxyl and amine 
group are present that creates the intermolecular hydrogen bond. 
Therefore it can be concluded that the addition of keratin which 
has small crystalline and wide amorphous region the intensity of 
the peak is lower than the intensity obtained in virgin PVA film. 
It indicates that crystallinity of the blended film incorporated 
with keratin is slightly lower that shows amorphous nature [39].
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7.7 SEM Analysis
The fracture morphology of prepared film was examined by 
SEM in figure. 10 (a) and (b) the given sample P-1 and PK-2 
shows different magnification range at 500x, 1000X and 2000X. 
it is observed that from fig.10 (a) i.e. pure PVA film depicted 
a clear and smooth fracture surface with cone shape and crack 
propagation [40]. Further it is observed for the Keratin/PVA 
blended film PK-2 in figure.10 (b) that are macroscopically 
homogeneous, yellowish optically semi-transparent film 
with smooth surface and less crack propagation. Furthermore 

despite that some particles of keratin agglomerates and strongly 
embedded in the PVA matrix. These characteristics of fracture 
surface of the film clearly, indicates good despersion and strong 
adhesion of keratin in PVA matrix at appropriate weight percent. 
In conclusion the morphological analysis of blend film revealed 
that the addition of keratin into pva enabled the development of 
well dispersed film with better interfaces and phase separation 
occured that shows the hydrogen bond are primarily responsible 
for the entaglement of PVA and Keratin polymer chain [41].
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Figure 10 (a) Fracture surface morphology of PVA (P-1) film

Figure 10 (b) Fracture surface morphology of Keratin/PVA (PK-2) film
7.8 DSC Analysis
The primary goal of DSC analysis is to determine the 
temperature of the thermal glass transition of the prepared 
Keratin/PVA blended film that containing variable amount of 
keratin likely the sample are P-1, PK-2, PK-3, PK-4 and PK-5. 
During this analysis, derivatives are also produced mainly for 
the identification of endothermic phase change. We can observe 
the endothermic peak of the sample are shown in table 7 below. 
It may be assigned to be absorbed liquid material because of 
hygroscopic nature of PVA material from the graph in figure.11 
it is clearly observed that the blended film had only one Tm 
peak indicating that the blend film was single phase. Keratin is 

a type of protein that has sixteen type of different amino acids 
that can be made hydrogen bond with hydroxyl group of PVA 
that decreases the melting energy which will improve the Tm 
of blend film. As compared to P-1 film showed Tm at 190.44°C 
and PK-2 at 190.36°C. it indicates the decrease in crystallinity. 
The addition of keratin reduces the ΔH values this indicates that 
blended film is less hydrophilic therefore it is concluded that 
prepared film is compatible and shows less crystalline nature 
as compared to virgin PVA film [42]. The endothermic peaks 
of keratin/PVA film of different samples are shown in table.5 
below.
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Sample Tm (°C) ΔH (J/g) XDSC (%)
P-1 190.44 67.36 49.52

PK-2 190.36 39.53 29.10
PK-3 187.20 35.52 26.11
PK-4 183.40 31.75 23.34
PK-5 181.66 29.31 21.55

Table 5: DSC data of Keratin/PVA film

 

 

                  Figure.10 (b) Fracture surface morphology of Keratin/PVA (PK-2) film 

DSC analysis 

        The primary goal of DSC analysis is to determine the temperature of the thermal 
glass transition of the prepared Keratin/PVA blended film that containing variable 
amount of keratin likely the sample are P-1, PK-2, PK-3, PK-4 and PK-5. During this 
analysis, derivatives are also produced mainly for the identification of endothermic 
phase change. We can observe the endothermic peak of the sample are shown in table 7 
below. It may be assigned to be absorbed liquid material because of hygroscopic nature 
of PVA material from the graph in figure.11 it is clearly observed that the blended film 
had only one Tm peak indicating that the blend film was single phase. Keratin is a type 
of protein that has sixteen type of different amino acids that can be made hydrogen bond 
with hydroxyl group of PVA that decreases the melting energy which will improve the 
Tm of blend film. As compared to P-1 film showed Tm at 190.44°C and PK-2 at 
190.36°C. it indicates the decrease in crystallinity. The addition of keratin reduces the 
ΔH values this indicates that blended film is less hydrophilic therefore it is concluded 
that prepared film is compatible and shows less crystalline nature as compared to virgin 
PVA film [39]. The endothermic peaks of keratin/PVA film of different samples are 
shown in table.5 below. 

                                           

                                  Table.5 DSC data of Keratin/PVA film 

Sample Tm (°C) ΔH (J/g) XDSC (%) 

P-1 190.44 67.36 49.52 
PK-2 190.36 39.53 29.10 
PK-3 187.20 35.52 26.11 
PK-4 183.40 31.75 23.34 
PK-5 181.66 29.31 21.55 

 

 

  

                   

                 

 

 

        

 

                 

Figure 11: DSC analysis of Keratin/PVA biodegradable film

7.9 TGA Analysis
Thermo-gravimetric analysis of Keratin/PVA film blended 
film demonstrates its physical as well as chemical properties 
of proceeding and succeeding catalysation as a function of 
temperature with constant heating rate as a function of time with 
constant temperature or mass loss figure.12 shows TGA analysis 
of film having different amount of weight percent of keratin 
namely P-1, PK-2, PK-3, PK-4 and PK-5. We can observe Wt. 

loss in case of all samples at certain temperature from graph are 
shown in Table.6 below. It is observed that there was declination 
in thermal stability of all the samples. Therefore, it is concluded 
that there was improvement in thermal stability of the sample as 
compared to virgin PVA sample. The enhancement is best seen 
at lower loading level of 5%. The increase in thermal stability 
can be attributed to the incorporation of keratin [43].

Sample T5% weight loss (°C) T10% weight loss (°C) T50% weight loss (°C) Onset temp. (°C)
P-1 76.34 139.62 271.75 180

PK-2 85.23 158.47 280.86 191
PK-3 69.25 136.92 262.21 183
PK-4 68.74 133.15 256.12 175
PK-5 62.25 129.82 254.81 170

Table 6: TGA data of Keratin/PVA blend film
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              Figure 12: TGA analysis of Keratin/PVA biodegradable film

7.10 Biodegradability Test (Soil Burial Method)
The soil burial test of prepared Keratin/PVA film are examined 
under compost soil which offered an environment where the 
humidity, temperature, PH and number of microorganisms etc. 
were mainly controlled the Weight loss% of the prepared film 
during 14 days w.r.t different concentration of keratin and PVA. 
depicted in figure.13. On 2 weeks this test analyses that how 
much weight of sample decreases in how many days. According 
to their decreasing values we can say how much degradation 
[43]. The weight loss of the prepared sample was investigated 

after 14 days as shown in fig.14. It is observed that PK-0 sample 
degraded slowly show less weight. loss as compared to other 
samples due to the addition of keratin. It is naturally occurring 
polymer that are highly susceptible to microbial attack as a result 
the blended film degrade at higher rate than neat PVA film [36]. 
The weight loss% of samples are shown in table 7 below. It is 
investigated through data when weight% of keratin increases 
there is a significant effect was found in the biodegradation of 
prepared film.
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                       Figure.13 The sample after soil burial test for 14 days 

 

                           Table.7 Weight loss (%) of sample after 14 days 

Sample Weight loss (%) 

P-1 29.28 
PK-2 35.99 

PK-3 45.03 

PK-4 50.12 

PK-5 55.88 
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Figure 13: The sample after soil burial test for 14 days

Sample Weight loss (%)
P-1 29.28

PK-2 35.99
PK-3 45.03
PK-4 50.12
PK-5 55.88

Table 7: Weight loss (%) of sample after 14 days
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Fig.14 Weight loss (%) of Keratin/PVA film after 14 days 
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chemically extracted and purified. In conclusion, we offered a strategy that would 
effectively use the waste biomass produced by the chicken business. Using the keratin 
that was removed from the chicken feathers, we were able to successfully create the 
bioplastic film in this case. Keratin obtained from waste chicken feather had a yield of 
81.1% which is relatively high in case of waste raw material conversion into value 
added product. keratin is soluble in NaOH solution which defines its applicability to 
easily mixed with different solvent to produce different matrix. The obtained keratin 
was incorporated in varied proportion like 5%, 10%, 15% and 20% with Polyvinyl 
alcohol (PVA) to produce biodegradable film by solvent casting method in order to 
enhance the hydrophobicity of film. The fracture morphology was analysed by using 
SEM which confirmed the homogeneous dispersion of keratin in blended film. The 
blend film was observed to have smooth surface and less crack propagation as 
compared to virgin PVA film. With increase in the level of keratin above 15% in PVA 
material the mechanical properties like tensile strength, tensile modulus slightly 
decreased. The thermal analysis by DSC and TGA showed the sample with 5% keratin 
had best result with highest thermal stability. The blended film was characterized by 
FTIR and XRD techniques confirms that the absorption band at their characteristics 
peaks proves the presence of Keratin/PVA and XRD analysis indicated due to the 
incorporation of keratin crystallinity is slightly lower. The water absorption analyses the 
declination in % water absorption due to the incorporation of keratin. Soil burial test 
analyse that with increasing the percentage of keratin the weight loss % increases and 
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Figure 14: Weight loss (%) of Keratin/PVA film after 14 days

8. Conclusion
In order to create a bioplastic film, the highly porous keratin 
microparticles were chemically extracted and purified. In 
conclusion, we offered a strategy that would effectively use the 
waste biomass produced by the chicken business. Using the 
keratin that was removed from the chicken feathers, we were 
able to successfully create the bioplastic film in this case. Keratin 
obtained from waste chicken feather had a yield of 81.1% which 
is relatively high in case of waste raw material conversion 
into value added product. keratin is soluble in NaOH solution 
which defines its applicability to easily mixed with different 
solvent to produce different matrix. The obtained keratin was 
incorporated in varied proportion like 5%, 10%, 15% and 20% 
with Polyvinyl alcohol (PVA) to produce biodegradable film by 
solvent casting method in order to enhance the hydrophobicity 
of film. The fracture morphology was analysed by using SEM 
which confirmed the homogeneous dispersion of keratin in 
blended film. The blend film was observed to have smooth 
surface and less crack propagation as compared to virgin PVA 
film. With increase in the level of keratin above 15% in PVA 
material the mechanical properties like tensile strength, tensile 
modulus slightly decreased. The thermal analysis by DSC and 
TGA showed the sample with 5% keratin had best result with 
highest thermal stability. The blended film was characterized by 
FTIR and XRD techniques confirms that the absorption band at 
their characteristics peaks proves the presence of Keratin/PVA 
and XRD analysis indicated due to the incorporation of keratin 
crystallinity is slightly lower. The water absorption analyses 
the declination in % water absorption due to the incorporation 
of keratin. Soil burial test analyse that with increasing the 
percentage of keratin the weight loss % increases and shows 
good biodegradability. From the above test it is observed that 
the dispersion of keratin shows the best results obtained from 
this study shows that prepared blended film can be used for 
biomedical application. Hence this is an eco-friendly way to 
utilize waste material helping in reducing of environmental waste 

accumulation with added advantages for various applications 
[44].
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