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Abstract
Feather waste is a highly prevalent form of keratinous waste that is generated by the poultry industry. The global daily pro-
duction of feather waste has been shown to approach 5 million tons, typically being disposed of through methods such as 
dumping, landfilling, or incineration which contribute significantly to environmental pollutions. The proper management of 
these keratinous wastes is crucial to avoid environmental contamination. The study was carried out to isolate the keratino-
lytic fungi from the poultry disposal sites of different region of North-East India to evaluate its potential in bioremediation 
of the feathers wastes. Out of 12 fungal strains isolated from the sites, the fungus showing the highest zone of hydrolysis 
on both the skim milk and keratin agar medium was selected for the study and the molecular identification of the isolate 
was performed through DNA sequence analysis by amplifying the internal transcribed spacer (ITS) region. The sequence 
results showed higher similarity (above 95%) with Aspergillus spp. and was named Aspergillus sp. Iro-1. The strain was 
further analyzed for its feather degrading potential which was performed in submerged conditions under optimized condi-
tions. The study showed that the strain could effectively degrade the feathers validated through weight loss method, and the 
structural deformations in the feathers were visualized through scanning electron microscopy (SEM). Aspergillus sp. Iro-1 
was obtained from the southern region of Assam. It would be of great importance as the implementation of this sp. can help 
in the bioremediation of feathers wastes in this region. This is the first study of identification of feather degrading fungus 
from southern part of Assam (Barak).
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Introduction

Keratin sources such as feather, horn, nails, and hair, are 
prevalent in nature as wastes. These keratin wastes are recal-
citrant due to the occurrence of strong disulfide bridges, 
hydrogen bonds, and hydrophobic interactions. Keratin can 

be categorized into two distinct types, namely α-keratin 
and β-keratin, based on their respective structural integrity. 
The structural arrangement of alpha-helices and beta-sheets 
within a keratin protein is accountable for its inherent stabil-
ity and robust characteristics (Mckittrick et al. 2012; Wang 
et al. 2016; Li 2021). α-Keratin is predominantly present in 
hair, wool, and horn. β-Keratin is the primary protein found 
in the feathers and scales of avian and reptilian species (Qiu 
et al. 2020). According to statistical data, there has been a 
consistent upward trend in global poultry meat consumption 
over the recent years (Bohacz 2022). Due to the ongoing 
consumption of meat and the concurrent increase in global 
population, a substantial quantity of generated feathers are 
being disposed as thrash or incorporated into soil through 
tilling practices. The poultry and local farm generates quite 
large amount of feathers waste which is composed of around 
90% of β-keratin. The generation of these keratin rich wastes 
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creates an environmental havoc due to its slow degradation 
in nature. With the expansion of the poultry industry, there 
is an increase in the accumulation of poultry residues, which 
causes air, land, and water pollution. In the context of India, 
it is estimated that chicken industries generate an annual pro-
duction of around 350 million tons of keratinous wastes in 
the form of feathers (El-ghonemy and Ali 2021). Traditional 
methods of feather degradation such as incineration, land-
filling, composting, and mechanical grinding and chemical 
method using strong acid or alkali solutions are expensive 
processes and leads to environmental pollution along with 
the deterioration of amino acid and polypeptide integrity 
inside the feathers (Zhang et al. 2022). Given the aforemen-
tioned circumstances, there arises a necessity for the estab-
lishment of an alternate approach to recycle keratin-based 
waste materials. Hence, the utilization of microorganisms 
for the breakdown of keratin waste presents a viable option 
due to their widespread presence in the environment and 
their ability to produce diverse proteases of significant bio-
technological value. Therefore, the microbial approach for 
keratin biodegradation can be effective as it is environmen-
tal friendly and cost-effective method. Microorganism such 
as fungi plays a crucial role in the degradation of keratin 
(feather) by producing keratinase, which breaks the numer-
ous rigid bonds in feather’s keratin, thereby reducing the 
solid waste problem. The utilization of microbial keratinase 
to degrade feathers is a highly effective approach for preserv-
ing the nutritional value of amino acids derived from feather 
decomposition which can be used as animal feed supple-
ments or as organic fertilizers (Călin et al. 2017; Parmar and 
Trivedi 2021). In addition to their ability to degrade resistant 
keratin, keratinases are also utilized in other biotechnologi-
cal fields. The addition of keratinases to animal feed was 
also associated with increased chicken weight (Odetallah 
et al. 2003). When keratinases are employed as a substitute 
for chemicals in the dehairing process, it has been observed 
that leather generated through keratinases treatment exhibits 
more integrity and superior quality in comparison to leather 
treated with chemicals (Ben Elhoul et al. 2021). In addition, 
it can serve as a biopesticides, effectively eliminating root 
nematodes that are responsible for generating pest-related 
diseases (Yue et al. 2011). Recent research has been con-
ducted utilizing keratinases as a transdermal drug delivery 
agent in conjunction with the drug (Shalaby et al. 2021). 
Both bacteria and fungi have the ability to secrete signifi-
cant amounts of keratinases. The enzymatic degradation of 
feathers is considered to be environmentally advantageous, 
as it helps to maintain the nutritional value of the resulting 
byproduct. In contrast, the physical and chemical treatments 
employed provide amino acids of lower quality (Qiu et al. 
2020).

Fungi possess the capacity to proliferate on cost-effec-
tive substrates and excrete substantial quantities of diverse 

enzymes into the surrounding culture media (Anitha and 
Palanivelu 2013). Filamentous fungus, such as Aspergil-
lus, has the ability to thrive on cost-effective substrates, 
specifically solid agro-industry wastes, and possess the 
capacity to release varieties of enzymes (Hernández-
Martínez et al. 2011). Fungi, being widely distributed in 
the natural environment, have the ability to synthesize 
extracellular proteases, including keratinases, which have 
the capacity to enzymatically degrade the resilient and 
resistant keratin substrate. Several species of fungi that 
are capable of degrading keratin have been documented in 
the literature. Some of the keratin-degrading fungi include 
Aspergillus niger, Trichoderma harzianum, Aphanoascus 
keratinophilus, Chrysosporium tropicum, Trichophyton 
ajelloi, and Aspergillus flavus, etc. (Maria et al. 2013; 
Bagewadi et al. 2018; Bohacz et al. 2020; Masood et al. 
2021; Bohacz 2022).

The present study focuses on the isolation of fungal 
strains from soil samples collected from various poultry 
disposal sites situated in distinct regions of the North-East-
ern region of Assam. The isolate was chosen based on its 
ability to produce a hydrolytic zone on the skim milk and 
keratin agar media. The selected isolate was carried forward 
to investigate its potential for the remediation of keratin 
(feather) wastes generated by the poultry industry. This arti-
cle presents an introductory examination of a fungal species 
capable of degrading feathers, which has been isolated from 
the North-Eastern region of India.

Materials and methods

Collection of soil sample

The soil samples included in this study were obtained by col-
lecting them from areas where poultry wastes is disposed off 
in various regions of North-Eastern region of India. Approx-
imately 5 g of soil were collected from a depth of 2–3 cm at 
areas designated for the disposal of poultry waste.

Feather collection and pretreatment

The chicken feathers were obtained from areas where poul-
try waste was disposed. They were subjected to a thorough 
washing process using distilled water and afterwards dried 
under sunlight. The dried feathers were sterilized using 
chloroform: methanol at 1:1 (v/v) for 1 h and was washed 
twice thoroughly with distilled water and dried at 60 °C and 
autoclaved. Finally, the feathers ware chopped and stored at 
room temperature to use as keratin substrate in fermentation 
process (Yusuf et al. 2020).
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Extraction of keratin from feathers

The preparation of keratin powder was conducted following 
the methodology outlined by Mazotto et al. (2011). A total 
of 5 g of autoclaved feathers were subjected to a heating pro-
cess lasting 2 h, in 250 ml of dimethyl sulfoxide (DMSO). 
To precipitate keratin, a volume of 500 ml of acetone is 
added, and the resulting mixture is stored at a temperature of 
− 20 °C for duration of 24 to 48 h. The keratin was obtained 
using the process of centrifugation (10,000 rpm for 15 min). 
The obtained precipitate was subjected to two rounds of 
washing with distilled water, followed by drying at a tem-
perature of 40 °C. This dried precipitate was subsequently 
utilized for secondary screening purposes, as well as for the 
assessment of its keratinolytic activity (Mazotto et al. 2011).

Isolation of keratinolytic fungi

The soil samples were obtained from the location where 
poultry farms deposit feathers, with the purpose of isolating 
fungi. The locations encompass several regions of North-
East India. The soil samples, weighing approximately 5 g 
each, were carefully gathered and placed in sterile, airtight 
polybags. The fungi were isolated through the implementa-
tion of the serial dilution and plating techniques on a keratin 
agar medium (KAM). A quantity of 1 g of soil samples, 
along with the traces of feather obtained from chicken dis-
posal sites, was combined with 10 ml of sterile distilled 
water and mixed extensively. Serial dilution was performed 
up to a dilution factor of 10–10. In this experiment, 100 μl of 
the diluted soil sample was inoculated into the keratin agar 
medium. The composition of the medium included 2.5 g/L 
of keratin, 0.25 g/L of MgSO4, 0.115 g/L of KH2PO4, 
0.25 g/L of K2HPO4, and 5 g/L of agar. To prevent bacte-
rial growth in the keratin medium, 0.1% of streptomycin 
was added. The fungal specimens were gathered during a 
4-day incubation period at a temperature of 37 °C . The 
specimens were subjected to a meticulous process of isola-
tion and thereafter kept in SDA (Sabouraud dextrose agar) 
at a temperature of − 4 °C. The composition of the medium 
(g/250 ml) is dextrose-10, peptone-2.5, and agar-5 (Mini 
et al. 2012).

Screening of keratinolytic fungi

The quantification of the isolates’ keratinase activity was 
assessed using primary and secondary screening methods 
on skim milk agar and keratin agar medium. Skim milk agar 
plates were constructed for the main screening of proteolytic 
activity. The composition of the plates included 5 g per liter 
of peptone, 3 g per liter of yeast extract, 100 ml per liter of 
sterile skimmed milk, and 15 g per liter of agar. The isolates 
were inoculated on agar plates with keratin agar (KA) with 

the following concentrations (g/l): NaCl (0.5), KH2PO4 (0.7), 
K2HPO4 (1.4), MgSO4.7H2O (0.1), keratin powder (10), agar 
(15), and adjusted to a pH of 7.5. The plates were subjected 
to incubation at a temperature of 37 °C for duration of 4 days 
(Sutoyo et al. 2019). The keratinolytic activity of each isolate 
was assessed by calculating its clear zone index, which was 
derived by comparing the diameter of the colony to the diam-
eter of the clear zone.

Identification of selected isolate

Morphological features

The fungus was chosen based on both primary and second-
ary screening processes. The fungus with the greatest hydro-
lytic zone or protease activity was subsequently selected for 
further investigation. The fungal isolates were subjected to 
microscopic examination with the lactophenol blue staining 
technique. The investigation focused on the examination of 
morphological structures to ascertain the fungal strains.

Molecular identification of the selected isolate

The process of molecular identification of fungi was conducted 
by employing ITS sequencing, a technique known for its con-
servation across many fungal species. In addition to the investi-
gation of phenotypic features, the molecular identification was 
conducted using PCR analysis and nucleotide sequencing. Ini-
tially, the fungi were cultivated in flasks containing Sabouraud 
dextrose broth and subjected to incubation at a temperature of 
25 °C for duration of several days, employing a shaker rota-
tor. The pure culture was then sent to Eurofins, Bangalore for 
sequence analysis. TheITS1–5.8S–ITS 2 rDNA was amplified 
using ITS1 (3′-TCC-GTA​GGT​- GAA-CCT-GCG-G-5′) and 
ITS4 (3′-TCC-TCC-GCT​TAT​- TGA-TAT-GC-5′), as forward 
and reverse primers as described by White et al. (1990). The 
sequencing findings were analyzed using the web-based basic 
local alignment search tool (BLAST) application, available at 
the National Center for Biotechnology Information (NCBI) 
website (http://​www.​ncbi.​nlm.​nih.​gov/​BLAST). The obtained 
data were then compared with the NCBI/Gene bank database. 
The Maximum Likelihood approach was employed to infer the 
evolutionary history, utilizing the Tamura–Nei model (Tamura 
and Nei 1993). Evolutionary studies were performed with the 
Mega-X software, following the methodology outlined by 
Kumar et al. in 2016 (Kumar et al. 2016).

Biomass production of the Aspergillus sp. Iro‑1 
under submerged conditions

To investigate microbial growth and substrate breakdown, 
the chosen microorganisms were cultivated in 250 ml Erlen-
meyer flasks, each containing 100 ml of media and 0.1 g of 

http://www.ncbi.nlm.nih.gov/BLAST
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feather keratin. The flasks were inoculated with a suspen-
sion of fungus that was 5 days old and had a concentration 
of 2 × 106 spores per milliliter. A basal solution was utilized 
in the experiment, including the following composition 
expressed in grams per liter (g/l): the experimental solu-
tion consisted of the following components: 0.1 potassium 
dihydrogen phosphate (KH2PO4), 0.01 calcium chloride 
(CaCl2), 0.1 iron (II) sulfate heptahydrate (FeSO4.7H2O), 
and 0.005 zinc sulfate heptahydrate (ZnSO4.7H2O). The pH 
of the solution was measured to be 7.5. The experimental 
control group included just of the basal mineral solution and 
keratin substrate, devoid of any microorganisms (Kumawat 
et al. 2017). The fungal cultures underwent filtration using 
Whatman filter paper No. 1. The filtrate was utilized as a 
source of unrefined enzymes for the keratinase assay.

Keratinase assay

The fungal strain Aspergillus sp. Iro-1 (Accession no. 
OQO80047) was cultivated on a potato dextrose agar 
medium at a temperature of 30 °C. The keratinolytic activity 
was conducted using the methodology outlined by Gradisar 
et al. (2000), with feather keratin as the substrate. The reac-
tion mixture consisted of 1 ml of a 28 mM tris–HCl buffer 
with a pH of 7.5, 100 µl of crude enzyme, and 5 mg of 
keratin powder. The incubation process is conducted at a 
temperature of 37 °C for duration of 1 h, while ensuring con-
tinuous agitation at a speed of 160 rpm. A volume of 0.5 ml 
of trichloroacetic acid (TCA) solution with a concentration 
of 10% was introduced to halt the enzymatic reaction. The 
mixture was afterwards stored at a temperature of 4 °C for 
duration of 30 min. TCA was introduced prior to incubation 
to establish control. Following centrifugation with a force 
of 14,000 g for a duration of 15 min, the absorbance of the 
supernatant fluid was quantified at a wavelength of 280 nm. 
The unit (U) of keratinase was operationally defined as a 
0.01 rise in absorbance under the specified assay conditions 
(Gradišar et al. 2000).

where n is the dilution factor; 4 is the final reaction volume 
(ml); 10 is the incubation time.

Optimization of physical parameters for fungal 
keratinase production

The optimization of pH and temperature for keratinases 
production and feather degradation was performed by one 
variable at a time approach (OVAT). The fungal spores 
inoculated in the minimal basal media at the pH (6–10) and 
the temperature (25 °C to 50 °C) for 7 days were examined 
(Anbu et al. 2008).

U = 4 × n × A280∕ (0.01 × 10)

Biodegradation of feathers

The determination of feather degradation by Aspergillus 
sp. Iro-1 was conducted using the weight loss method. The 
feathers that had been pre-treated were afterwards utilized in 
the fermentation broth. The feather degradation analysis was 
conducted using the methodology provided by Tarun et al. 
(2017), with slight modifications (Kumawat et al. 2017) in 
basal salt medium containing (g/ l) NaCl, 0.5; MgCl2.6H2O, 
0.1; CaCl2, 0.06; KH2PO4, 0.5; and K2HPO4, 0.5; feather, 
1.0. The degradation rate was analyzed after every alterna-
tive 5 days till day 30. The chicken feathers were obtained 
from the fermentation broth and subjected to filtration using 
Whatman No. 1 filter paper. Subsequently, they were rinsed 
twice with distilled water, dried at a temperature of 50 °C, 
and their weight was measured. The quantification of keratin 
biodegradation was accomplished by calculating the dispar-
ity in residual dry weights between a treated sample and its 
corresponding control (keratin devoid of fungal inoculation) 
after a period of 30 days. The calculation of feather deterio-
ration percentage is determined by

where F = feather weight after fermentation, W = feather 
weight before fermentation.

Scanning electron microscopy (SEM)

The utilization of scanning electron microscopy (SEM) 
is employed for the examination of the microscopic deg-
radation pattern observed in chicken feathers. The feather 
incubated with the fungal strain Aspergillus sp. Iro-1 was 
recovered from the culture media after 21 days. The SEM 
analysis for other keratin substrates such as horse hair, (Călin 
et al. 2017) human hair, (Gurung et al. 2018) was performed 
at day 21. The deteriorated feathers were washed twice with 
distilled water, followed by dehydration using acetone, and 
then air-drying. Subsequently, the specimens were affixed 
to the supports utilizing double-sided carbon tape. The 
specimens were dispatched to North Eastern Hill University 
(NEHU), located in Shillong, for scanning electron micros-
copy (SEM) investigation.

Result

Collection of soil samples

The keratinolytic fungal strains were isolated from soil 
samples collected from the different poultry sites around 

Percent feather degradation % = W − F∕W × 100
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North-East India (Fig.  1). The sample sites include as 
follows:

S1- College road, Silchar (District: Cachar, State: Assam, 
Coordinate: 24°48′59.0″N/92°47′19.9″E).
S2- Irongmara, Silchar (District: Cachar, State: Assam, 
Coordinate: 24°41′20.4″N/92°44′30.5″E).
S3- Dharmanagar (District: North Tripura, State: Tripura, 
Coordinate:24°22′41.6″N/92°09′25.6″E).
S4- Buragoan, Guwahati (District: Kamrup, State- 
Assam, Coordinate-26°06′37.6″N/92°42′26.7″E).
S5- Mahur (District: Dima Hasao, State: Assam, Coordi-
nate: 25°09′29.7″N/93°07′22.9″E).
S6- Hawaipur (District: West Karbi Anglong, State: 
Assam, Coordinate: 25°51′32.1″N/92°58′05.3″E).

S7- Borapani (District: East Khasi hills, State: Megha-
laya, Coordinate:25°40′36.8″N/91°55′39.7″E).
S8- Dimapur (District: Dimapur, State: Nagaland, Coord
inates:25°54′49.3″N/93°43′21.4″E).
S9- Haflong (District: Dima Hasao, State: Assam, Coord
inate:25°07′47.2″N/93°01′26.9″E).

Screening of isolates for protease activity

Upon the screening of fungi on skim milk agar medium and 
keratin agar medium, the isolate showing higher zone of 
hydrolysis was the media that was screened and named as 
Aspergillus sp. Iro-1(Fig. 2). Then the selected isolate was 
carried forward for further degradation studies. Keratinolytic 

Fig. 1   Different sites of the feather dumping sites in the North-Eastern region, India (S1-S9)
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activity of fungi was detected as clear zones around the col-
ony after incubation for up to 96 h at room temperature.

Molecular identification

The sequences produced from the process of sequencing 
were subjected to analysis. The contig was generated by 
aligning the forward and reverse sequences, and then the 
resulting sequences were submitted to the NCBI BLAST 
database for analysis. A BLAST search was conducted on 
the sequences to compare them with the NCBI-Gene Bank 
database. The findings indicated that the isolate exhibited a 
greater proportion of identification with Aspergillus flavus 
(96.84%) and Aspergillus oryzae (96.54%). The isolate was 
named as Aspergillus sp. Iro-1 (Accession no. OQO80047) 
as it possessed greater similarities with Aspergillus species. 
The construction of the phylogenetic tree (Fig. 3) was per-
formed with the Mega-X software. The phylogenetic analy-
sis of the organism indicated a greater degree of similarity 
with Aspergillus flavus and Aspergillus oryzae.

Fig. 2   Hydrolysis zone diameters of Aspergillus sp. Iro-1 strains on 
skim agar plate and keratin agar. The values represent mean ± S.E.M 
of three independent experiments

Fig. 3   Phylogenetic tree analysis of the Aspergillus sp. Iro-1 with the related strains
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Optimization of conditions for keratinase 
production

The optimization of conditions for keratinases production 
was found to show maximum keratinase production between 
pH (7–8). The optimized pH was found to be at pH-8.0 after 
which the keratinase production tends to decrease. The opti-
mal temperature was at 30 °C (Fig. 4).

Feather degradation

The measurement of feather degradation was conducted by 
assessing the state of the feathers following a fermentation 
period of 5, 10, 15, 20, 25, and 30 days of incubation. An 
increase in the percentage of feather deterioration was seen 
as the duration increased. The data shown in Fig. 5 indicate 
that around 49.5% of the feathers had degeneration by the 
30th day. The texture of the control feathers and the feathers 
treated with Aspergillus sp. Iro-1 on the 30th day is depicted 
in Fig. 6. The degradation of barbs, barbules, and rachis was 
observed on the 30th day. The initial weight of the control 
flask was 1 g, it was kept without any fungal inoculation 
and its weight remained unaffected throughout the incuba-
tion days.

SEM analysis

The investigation using a scanning electron microscope 
(SEM) was conducted to verify the destruction of feathers by 
the fungus Aspergillus sp. Iro-1. The micrographs illustrate 

the degradation of both the rachis and barbs of the feather, 
indicating the progressive deterioration and weakening of 
its structural integrity. Figure 7A–C demonstrates that the 
feathers that were not subjected to any treatment maintained 
their structural integrity. However, the feathers that were 
treated with the isolate exhibited degradation in both barbs 
and barbules (Fig. 7D and F), as well as corrosion in the 
rachis (Fig. 7E).

Fig. 4   The keratinase production at different pH (A) and temperature (B);it was found that the keratinase production was higher at alkaline pH 
and temperature of 30 °C. The values represent mean ± S.E.M of three independent experiments

Fig. 5   The percentage of feather degradation with the increase in 
incubation days. The values represent mean ± S.E.M (n = 2)
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Discussion

Keratinolytic fungi possess the capability to inhabit various 
keratin-based substrates, where they enzymatically degrade 
and utilize these substrates as carbon and nitrogen sources. 
The keratinolytic property of microorganism was determined 
through their ability of feather degradation and higher yield 
of keratinase production. The current study is the first report 
for the isolation and identification of keratinolytic fungus 
from the poultry dump sites from North-Eastern region of 
India.

The fungal strains isolated from the sites were screened 
through primary and secondary screening processes. The 
strain showing higher zone of hydrolysis on both skim milk 
agar medium and keratin agar medium was selected for the 
biodegradation of feather. The strain showing higher hydro-
lytic zone on both the media was identified (molecular iden-
tification) and named as Aspergillus sp. Iro-1 (Accession 
number OQO80047). The potential fungal strain was iso-
lated from the poultry waste disposal sites of North East, 
India (Assam). Similar study was carried out to isolate vari-
ous other keratinolytic fungi from different regions of India 
which included Scopulariopsis brevicaulis from poultry 
farm soil at Namakkal (Anbu et al. 2005), Trichophyton 
sp. HA-2 from feather dumping soil in India (Anbu et al. 
2008), Chrysosporium queenslandicum TKKASb from 

poultry farm house soil of Rajasthan (Kumar et al. 2017), 
Aspergillus parasiticus from poultry soil (India) (Anitha 
and Palanivelu 2013). Similar study was carried out by Devi 
et al. 2021, where keratinolytic fungi were isolated from 
Loktak Lake, Manipur (India). The keratinolytic fungal iso-
lates were found to be under the following genera: to six 
genera: Trichoderma harzianum, Curvularia lunata, Cur-
vularia affinis, Poitrasia circinans, Fusarium oxysporum, 
Chrysosporium mephiticum, Chrysosporium lucknowense, 
Westerdykella dispersa (Agrawal et al. 2021).

The screening of the keratinolytic fungi was carried out 
through primary (skim milk agar) and secondary screen-
ing (keratin agar medium) and the isolate showing higher 
zone of hydrolysis was further carried forward for molecular 
identification. Similar study for the screening of other kerati-
nolytic fungi was reported for the fungi, Aspergillus niger 
(Maria et al. 2013). The keratinase assay was performed 
as described by Mazotto et al. 2011 using keratin (feather) 
powder as substrate and the absorbance was calculated at 
280 nm and the increase in 0.01 in absorbance was calcu-
lated to be one unit of keratinase enzyme (Mazotto et al. 
2011). The similar keratinase assay was reported for micro-
organisms such as Scopulariopsis brevicaulis (Anbu et al. 
2005), Trichophyton sp. HA-2 (Anbu et al. 2008), Candida 
parapsilosis (Duarte et al. 2011), Bacillus subtilis SLC 
(Cedrola et al. 2012), and Bacillus aerius NSMk2 (Bhari 
et al. 2021).

The optimization keratinase production from the selected 
isolate was optimized at different conditions of pH and tem-
perature. The optimum temperature for keratinase produc-
tion was found to be at pH-8. The optimum pH of 8.0 was 
similar to the keratinase from Trichophyton sp. HA-2 (Anbu 
et al. 2008), Aspergillus flavus strain K-03(Kim 2010), 
Pseudomonas sp. LM19 (Mohamad et al. 2017), Bacil-
lus licheniformis ALW1 (Abdel-fattah et al. 2018), Bacil-
lus cereus HD1 (Yahaya et al. 2022). The study suggests 
that the keratinase production is inducible process as it gets 
secreted in presence of the keratin rich substrate. The pos-
sible reason for higher keratinase production at alkaline pH 
could be the properties of keratinase enzyme which tend to 
be stable at alkaline pH, thus aid in feather degradation as 
well. The optimized temperature for the Aspergillus sp. iro-1 
was found to be at 30 °C and the similar result was found 
for the keratinase production for Aspergillus sp. DHE7 (El-
ghonemy and Ali 2017).

The degradation study also validated the feather degrad-
ing properties of the fungus, Aspergillus sp. Iro-1 which 
was investigated through weight loss method which was 
further morphological validated through SEM analysis. It 
was observed that around 49.5% of the feathers underwent 
degradation by the 30th day, accompanied by minor corro-
sion in the rachis. The experiment revealed that on the 42th 
day, the feather had undergone complete degradation. The 

Fig. 6   Feather texture at 30th day. A Control flask (without fungus). 
B Treated with Aspergillus sp. Iro-1
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findings were corroborated by the experiment conducted by 
Muhsin et al. (2001), which revealed that the degradation 
of chicken feathers (32%) occurred when they were incu-
bated with Aspergillus flavus in a liquid culture medium 
for a period of 3 weeks, utilizing feathers as the substrate 
(Muhsin and Hadi 2002). Masood et al. 2021 reported that 
74% of feather degradation was observed at 30th day of 
incubation when the feather was treated with Aspergillus 
flavus (Masood et al. 2021). The other study supporting our 
data demonstrated a 46.40 ± 2.50% degradation of feathers 
by the fungus Chrysosporium queenslandicum after 24 days 
of incubations and the morphological changes in the feather 
were validated through SEM analysis (Kumawat et al. 2017). 
Similarly fungal species Aphanoascus keratinophilus and 
Chrysosporium tropicum strains after 8th weeks of incuba-
tion showed around 60–75% and 50–70% degradation of 
feather, respectively (Bohacz et al. 2020). The feather deg-
radation study was also carried out by Trichophyton ajel-
loi and it was found that 58% of feather degradation was 

observed after 42 days of fungal inoculation (Bohacz 2022). 
In congruence to the above discussed studies, our study is 
the first to report the isolation of keratinolytic fungi from the 
poultry dumped sites covering the North-Eastern region of 
India for their potential in degradation of poultry feather at 
optimized conditions.

Conclusion

The proliferation of the poultry industry contributes to the 
accumulation of feathers waste, which leads to solid waste 
problem. The management strategies utilized for keratinous 
substrates, including landfilling, burning, steam pressure 
boiling, and strong alkali or acid hydrolysis, not only result 
in adverse environmental consequences but also necessitate 
substantial energy consumption. Moreover, these method-
ologies result in the deterioration of specific essential amino 
acids. Hence, it is imperative to choose effective strategies 

Fig. 7   Scanning electron microscope image of control (A–C) and treated feather (D–F) by Aspergillus sp. Iro-1
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for the appropriate management of these keratinous wastes. 
The microbial degradation of keratinous substances through 
keratinases represents a cost-effective and environmentally 
responsible method for efficiently managing keratinous 
wastes. This technique ensures environmental safety, waste 
management, and the creation of valuable resources such as 
peptides and amino acids. The present study for the first time 
demonstrated the isolation and identification of Aspergillus 
sp. Iro-1 from the poultry dumping sites around North-East 
India and the potential of this strain in degrading the kerati-
nous substrates. The findings of this study could be of great 
importance as this wild fungus Aspergillus sp. Iro-1 could 
effectively degrade the feathers and can be used in the man-
agement of feathers wastes, thereby minimizing the risk of 
environmental pollution.

Acknowledgements  We would like to acknowledge Late Prof. Sanjeev 
Kumar, Assam University, Silchar for his excellent contributions in 
completing the work.

Author contributions  IG: conceptualization, experimentation, data 
analysis, data interpretation, data validation and writing the original 
draft, RR: writing and editing, BCP: writing and editing, DK: editing 
and reviewing, PP: conceptualization of the work, SK: conceptualiza-
tion of the work; AB: conceptualization, editing and reviewing.

Funding  The work was funded by GBP-National Institute of Hima-
layan Environment under IERP with research grant no- GBPI/
IERP/18–19/04.

Data availability  All datasets generated or analyzed during this study 
are included in the manuscript.

Declarations 

Conflict of interest  All authors disclosed no conflict of interest.

Ethics approval  Not applicable.

Consent to publish  All the work reported in the manuscript is original 
and has not been submitted in any other journal. The copyright of the 
manuscript is authorized to the journal by the authors upon acceptance 
for publication.

References

Abdel-fattah AM, El-gamal MS, Ismail SA, Emran MA, Hashem AM 
(2018) Journal of Genetic Engineering and Biotechnology Bio-
degradation of feather waste by keratinase produced from newly 
isolated Bacillus licheniformis ALW1. J Genet Eng Biotechnol 
16(2):311–318. https://​doi.​org/​10.​1016/j.​jgeb.​2018.​05.​005

Agrawal S, Nandeibam J, Devi I (2021) Danger of exposure to keratino-
philic fungi and other dermatophytes in recreational place in the 
northeast region of India. Aerobiologia (bologna) 37(4):755–766. 
https://​doi.​org/​10.​1007/​s10453-​021-​09719-2

Anbu P, Gopinath SCB, Hilda A, Lakshmi T, Annadurai G (2005) 
Purification of keratinase from poultry farm isolate- Scopulari-
opsis brevicaulis and statistical optimization of enzyme activity. 

Enzyme Microbial Technol 36:639–647. https://​doi.​org/​10.​1016/j.​
enzmi​ctec.​2004.​07.​019

Anbu P, Hilda A, Sur H, Hur B, Jayanthi S (2008) Extracellular kerati-
nase from Trichophyton sp. HA-2 isolated from feather dumping 
soil. Int Biodeterior Biodegradation 62:287–292. https://​doi.​org/​
10.​1016/j.​ibiod.​2007.​07.​017

Anitha TS, Palanivelu P (2013) Purification and characterization of an 
extracellular keratinolytic protease from a new isolate of Aspergil-
lus parasiticus. PROTEIN Expr Purif 88(2):214–220. https://​doi.​
org/​10.​1016/j.​pep.​2013.​01.​007

Bagewadi ZK, Mulla SI, Ninnekar HZ (2018) Response surface 
methodology based optimization of keratinase production from 
Trichoderma harzianum isolate HZN12 using chicken feather 
waste and its application in dehairing of hide. J Environ Chem 
Eng 6(4):4828–4839. https://​doi.​org/​10.​1016/j.​jece.​2018.​07.​007

Ben Elhoul M, Zaraî Jaouadi N, Bouacem K, Allala F, Rekik H, Mechri 
S, Khemir Ezzine H, Miled N, Jaouadi B (2021) Heterologous 
expression and purification of keratinase from Actinomadura viri-
dilutea DZ50: feather biodegradation and animal hide dehairing 
bioprocesses. Environ Sci Pollut Res 28:9921–9934

Bhari R, Kaur M, Singh RS (2021) Optimization and validation of 
keratinase production by Bacillus aerius NSMk2 in a stirred tank 
reactor using response surface methodology. SN Appl Sci. https://​
doi.​org/​10.​1007/​s42452-​021-​04629-x

Bohacz MM (2022) Optimization of conditions for feather waste 
biodegradation by geophilic trichophyton ajelloi fungal strains 
towards further agricultural use

Bohacz J, Korni T, Kitowski I, Ciesielska A (2020) Degradation of 
chicken feathers by Aphanoascus keratinophilus and Chrys-
osporium tropicum strains from pellets of predatory birds and its 
practical aspect. Int Biodeterior Biodegradation. https://​doi.​org/​
10.​1016/j.​ibiod.​2020.​104968

Călin M, Constantinescu-Aruxandei D, Alexandrescu E, Răut I, Doni 
MB, Arsene ML, Oancea F, Jecu L, Lazăr V (2017) Degradation 
of keratin substrates by keratinolytic fungi. Electron J Biotechnol 
28:101–112. https://​doi.​org/​10.​1016/j.​ejbt.​2017.​05.​007

Cedrola SML, de Melo ACN, Mazotto AM, Lins U, Zingali RB, 
Rosado AS, Peixoto RS, Vermelho AB (2012) Keratinases and 
sulfide from Bacillus subtilis SLC to recycle feather waste. World 
J Microbiol Biotechnol 28(3):1259–1269. https://​doi.​org/​10.​1007/​
s11274-​011-​0930-0

Duarte TR, Oliveira SS, Macrae A, Cedrola SML, Mazotto AM, 
Souza EP, Melo ACN (2011) Increased expression of keratinase 
and other peptidases by Candida parapsilosis mutants Increased 
expression of keratinase and other peptidases by Candida par-
apsilosis mutants. Braz J Med Biol Res. https://​doi.​org/​10.​1590/​
S0100-​879X2​01100​75000​11

El-ghonemy DH, Ali TH (2017) Optimization of physico-chemical 
parameters for hyper keratinase production from a newly isolated 
Aspergillus sp. DHE7 using chicken feather as substrate- optimi-
zation of physico-chemical parameters for hyper keratinase pro-
duction from a newly isolated A. https://​doi.​org/​10.​7324/​JAPS.​
2017.​70923

El-ghonemy DH, Ali TH (2021) Biocatalysis and agricultural biotech-
nology effective bioconversion of feather-waste keratin by thermo-
surfactant stable alkaline keratinase produced from Aspergillus sp. 
DHE7 with promising biotechnological application in detergent 
formulations. Biocatal Agric Biotechnol 35:102052. https://​doi.​
org/​10.​1016/j.​bcab.​2021.​102052

Gradišar H, Kern S, Friedrich J (2000) Keratinase of Doratomyces 
microsporus. Appl Microbiol Biotechnol 53(2):196–200. https://​
doi.​org/​10.​1007/​s0025​30050​008

Gurung SK, Adhikari M, Kim SW, Bazie S, Kim S, Lee HG, Kosol S, 
Lee HB, Lee YS (2018) Discovery of two chrysosporium species 
with keratinolytic activity from field soil in korea discovery of two 
chrysosporium species with keratinolytic activity from field soil 

https://doi.org/10.1016/j.jgeb.2018.05.005
https://doi.org/10.1007/s10453-021-09719-2
https://doi.org/10.1016/j.enzmictec.2004.07.019
https://doi.org/10.1016/j.enzmictec.2004.07.019
https://doi.org/10.1016/j.ibiod.2007.07.017
https://doi.org/10.1016/j.ibiod.2007.07.017
https://doi.org/10.1016/j.pep.2013.01.007
https://doi.org/10.1016/j.pep.2013.01.007
https://doi.org/10.1016/j.jece.2018.07.007
https://doi.org/10.1007/s42452-021-04629-x
https://doi.org/10.1007/s42452-021-04629-x
https://doi.org/10.1016/j.ibiod.2020.104968
https://doi.org/10.1016/j.ibiod.2020.104968
https://doi.org/10.1016/j.ejbt.2017.05.007
https://doi.org/10.1007/s11274-011-0930-0
https://doi.org/10.1007/s11274-011-0930-0
https://doi.org/10.1590/S0100-879X2011007500011
https://doi.org/10.1590/S0100-879X2011007500011
https://doi.org/10.7324/JAPS.2017.70923
https://doi.org/10.7324/JAPS.2017.70923
https://doi.org/10.1016/j.bcab.2021.102052
https://doi.org/10.1016/j.bcab.2021.102052
https://doi.org/10.1007/s002530050008
https://doi.org/10.1007/s002530050008


Archives of Microbiology (2024) 206:99	 Page 11 of 11  99

in Korea. Mycobiology 46(3):260–268. https://​doi.​org/​10.​1080/​
12298​093.​2018.​15147​32

Hernández-Martínez R, Gutiérrez-Sánchez G, Bergmann CW, Loera-
Corral O, Rojo-Domínguez A, Huerta-Ochoa S, Regalado-
González C, Prado-Barragán LA (2011) Purification and char-
acterization of a thermodynamic stable serine protease from 
Aspergillus fumigatus. Process Biochem 46(10):2001–2006. 
https://​doi.​org/​10.​1016/j.​procb​io.​2011.​07.​013

Kim J-D (2010) Purification and characterization of a keratinase from 
a feather-degrading fungus, Aspergillus flavus strain K-03. Myco-
biology 35(4):219. https://​doi.​org/​10.​4489/​myco.​2007.​35.4.​219

Kumar S, Stecher G, Tamura K (2016) MEGA7: molecular evolu-
tionary genetics analysis Version 7.0 for bigger datasets. Mol 
Biol Evol 33(7):1870–1874. https://​doi.​org/​10.​1093/​MOLBEV/​
MSW054

Kumawat TK, Sharma A, Bhadauria S (2017) Chrysosporium queens-
landicum: a potent keratinophilic fungus for keratinous waste 
degradation. Int J Recycl Org Waste Agric 6(2):143–148. https://​
doi.​org/​10.​1007/​s40093-​017-​0162-x

Li Q (2021) Structure, application, and biochemistry of microbial 
keratinases. Front Microbiol 12(June):1–14. https://​doi.​org/​10.​
3389/​fmicb.​2021.​674345

Maria A, Couri S, Damaso MCT, Beatriz A (2013) International Bio-
deterioration & Biodegradation Degradation of feather waste by 
Aspergillus niger keratinases: comparison of submerged and solid-
state fermentation. Int Biodeterior Biodegradation 85:189–195. 
https://​doi.​org/​10.​1016/j.​ibiod.​2013.​07.​003

Masood S, Hussain A, Javid A, Bukahri SM, Ali W, Ali S, Ghaffar I, 
Imtiaz A, Amin HMA, Salahuddin H, Inayat M, Razzaq S, Kaf-
ayat F, Rafiq H, Yasmeen M, Muneeb M, Sattar S (2021) Fungal 
decomposition of chicken-feather waste in submerged and solid-
state fermentation. Brazilian J Biol 83:1–8. https://​doi.​org/​10.​
1590/​1519-​6984.​246389

Mazotto AM, Coelho RRR, Cedrola SML, de Lima MF, Couri S, Para-
guai de Souza E, Vermelho AB (2011) Keratinase production by 
three Bacillus spp. using feather meal and whole feather as sub-
strate in a submerged fermentation. Enzyme Res 2011:1–7. https://​
doi.​org/​10.​4061/​2011/​523780

Mckittrick J, Diego S, Bodde SG, Diego S, Yang W (2012) The struc-
ture, functions, and mechanical properties of keratin. https://​doi.​
org/​10.​1007/​s11837-​012-​0302-8

Mini KD, Paul MK, Mathew J (2012) Screening of fungi isolated from 
poultry farm soil for keratinolytic activity. 3(4):2073–2077

Mohamad N, Phang LY, Abd-Aziz S (2017) Optimization of metallo-
keratinase production by Pseudomonas sp. LM19 as a potential 
enzyme for feather waste conversion. Biocatal Biotransformation 
35(1):41–50. https://​doi.​org/​10.​1080/​10242​422.​2017.​12800​31

Muhsin TM, Hadi RB (2002) Degradation of keratin substrates by 
fungi isolated from sewage sludge. Mycopathologia 154(4):185–
189. https://​doi.​org/​10.​1023/A:​10163​35623​534

Odetallah NH, Wang JJ, Garlich JD, Shih JCH (2003) Keratinase 
in starter diets improves growth of broiler chicks. Poult Sci 
82(4):664–670. https://​doi.​org/​10.​1093/​ps/​82.4.​664

Parmar BN, Trivedi SH (2021) Production of microbial keratinase 
using newly isolated strain of Stenotrophomonas maltophilia 

its characterization and applications. Kuwait J Sci 48(4):1–14. 
https://​doi.​org/​10.​48129/​KJS.​V48I4.​9973

Qiu J, Wilkens C, Barrett K, Meyer AS (2020) Microbial enzymes 
catalyzing keratin degradation: classification, structure, function. 
Biotechnol Adv 44(March):107607. https://​doi.​org/​10.​1016/j.​biote​
chadv.​2020.​107607

Shalaby MM, Samir R, Goma FAZM, Rammadan MA (2021) 
Enhanced fusidic acid transdermal delivery achieved by newly 
isolated and optimized Bacillus cereus Keratinase. Biotechnol 
Reports. https://​doi.​org/​10.​1016/j.​btre.​2021.​e00620

Sutoyo, Subandi, Ardyati T, Suharjono (2019) Screening of kerati-
nolytic fungi for biodegradation agent of keratin from chicken 
feather waste. IOP Conf Ser Earth Environ Sci. https://​doi.​org/​
10.​1088/​1755-​1315/​391/1/​012027

Tamura K, Nei M (1993) Estimation of the number of nucleotide sub-
stitutions in the control region of mitochondrial DNA in humans 
and chimpanzees. Mol Biol Evol 10(3):512–526. https://​doi.​org/​
10.​1093/​oxfor​djour​nals.​molbev.​a0400​23

Wang B, Yang W, McKittrick J, Meyers MA (2016) Keratin: structure, 
mechanical properties, occurrence in biological organisms, and 
efforts at bioinspiration. Prog Mater Sci 76:229–318. https://​doi.​
org/​10.​1016/j.​pmats​ci.​2015.​06.​001

White TJ, Bruns T, Lee S, Taylor J (1990) Amplification and direct 
sequencing of fungal ribosomal rna genes for phylogenetics. Aca-
demic Press, Inc

Yahaya RSR, Phang LY, Normi YM, Abdullah JO, Ahmad SA, Sabri S 
(2022) Feather-degrading Bacillus cereus HD1: genomic analysis 
and its optimization for keratinase production and feather deg-
radation. Curr Microbiol 79(6):1–15. https://​doi.​org/​10.​1007/​
s00284-​022-​02861-1

Yue XY, Zhang B, Jiang DD, Liu YJ, Niu TG (2011) Separation and 
purification of a keratinase as pesticide against root-knot nema-
todes. World J Microbiol Biotechnol 27(9):2147–2153. https://​
doi.​org/​10.​1007/​s11274-​011-​0680-z

Yusuf I, Garba L, Shehu MA, Oyiza AM, Kabir MR, Haruna M (2020) 
Selective biodegradation of recalcitrant black chicken feathers by 
a newly isolated thermotolerant bacterium Pseudochrobactrum 
sp. IY-BUK1 for enhanced production of keratinase and protein-
rich hydrolysates. Int Microbiol 23(2):189–200. https://​doi.​org/​
10.​1007/​s10123-​019-​00090-4

Zhang J, Su C, Kong XL, Gong JS, Liu YL, Li H, Qin J (2022) Directed 
evolution driving the generation of an efficient keratinase variant 
to facilitate the feather degradation. Bioresour Bioprocess. https://​
doi.​org/​10.​1186/​s40643-​022-​00524-4

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds 
exclusive rights to this article under a publishing agreement with the 
author(s) or other rightsholder(s); author self-archiving of the accepted 
manuscript version of this article is solely governed by the terms of 
such publishing agreement and applicable law.

https://doi.org/10.1080/12298093.2018.1514732
https://doi.org/10.1080/12298093.2018.1514732
https://doi.org/10.1016/j.procbio.2011.07.013
https://doi.org/10.4489/myco.2007.35.4.219
https://doi.org/10.1093/MOLBEV/MSW054
https://doi.org/10.1093/MOLBEV/MSW054
https://doi.org/10.1007/s40093-017-0162-x
https://doi.org/10.1007/s40093-017-0162-x
https://doi.org/10.3389/fmicb.2021.674345
https://doi.org/10.3389/fmicb.2021.674345
https://doi.org/10.1016/j.ibiod.2013.07.003
https://doi.org/10.1590/1519-6984.246389
https://doi.org/10.1590/1519-6984.246389
https://doi.org/10.4061/2011/523780
https://doi.org/10.4061/2011/523780
https://doi.org/10.1007/s11837-012-0302-8
https://doi.org/10.1007/s11837-012-0302-8
https://doi.org/10.1080/10242422.2017.1280031
https://doi.org/10.1023/A:1016335623534
https://doi.org/10.1093/ps/82.4.664
https://doi.org/10.48129/KJS.V48I4.9973
https://doi.org/10.1016/j.biotechadv.2020.107607
https://doi.org/10.1016/j.biotechadv.2020.107607
https://doi.org/10.1016/j.btre.2021.e00620
https://doi.org/10.1088/1755-1315/391/1/012027
https://doi.org/10.1088/1755-1315/391/1/012027
https://doi.org/10.1093/oxfordjournals.molbev.a040023
https://doi.org/10.1093/oxfordjournals.molbev.a040023
https://doi.org/10.1016/j.pmatsci.2015.06.001
https://doi.org/10.1016/j.pmatsci.2015.06.001
https://doi.org/10.1007/s00284-022-02861-1
https://doi.org/10.1007/s00284-022-02861-1
https://doi.org/10.1007/s11274-011-0680-z
https://doi.org/10.1007/s11274-011-0680-z
https://doi.org/10.1007/s10123-019-00090-4
https://doi.org/10.1007/s10123-019-00090-4
https://doi.org/10.1186/s40643-022-00524-4
https://doi.org/10.1186/s40643-022-00524-4

	Isolation, identification, and molecular characterization of potential keratinolytic fungus sp. from Southern Assam: relevance to poultry wastes and its biological management
	Abstract
	Introduction
	Materials and methods
	Collection of soil sample
	Feather collection and pretreatment
	Extraction of keratin from feathers
	Isolation of keratinolytic fungi
	Screening of keratinolytic fungi
	Identification of selected isolate
	Morphological features
	Molecular identification of the selected isolate

	Biomass production of the Aspergillus sp. Iro-1 under submerged conditions
	Keratinase assay
	Optimization of physical parameters for fungal keratinase production
	Biodegradation of feathers
	Scanning electron microscopy (SEM)

	Result
	Collection of soil samples
	Screening of isolates for protease activity
	Molecular identification
	Optimization of conditions for keratinase production
	Feather degradation
	SEM analysis

	Discussion
	Conclusion
	Acknowledgements 
	References




