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Abstract: The poultry business is quickly growing and generates millions of tonnes of feather waste each year. The justifiable use
of keratinaceous byproducts is required due to the widespread production of industrial wastes that contain these materials. Many
studies say that the chemical treatment of keratin waste is an eco-destructive method since it produces secondary contaminants.
Keratin waste may be effectively treated by using keratinase, a digestive enzyme produced by a range of microorganisms
(bacteria and fungi). The treatment of the resistant pollutant keratin as well as the production of the commercially significant
enzyme keratinase are two advantages of the new and environmentally beneficial method of microbial degradation of keratin
waste. In this work, fungal species are isolated, described, and potentially used to break down waste chicken feathers through
submerged and solid-state fermentation. Aspergillus (A.) flavus was recognized and described as an isolated fungus. In a 30-day
study, it seemed that A. flavus in submerged and solid-state fermentation processes lowered the weight of the feathers by 74 and 8
percent, respectively. In submerged fermentation, the growth media's pH was raised from 4.8 to 8.35. Therefore, it is advised to
use keratinolytic microorganisms to treat keratinaceous wastes in order to get remediation advantages on both sides.

IndexTerms - \Poultry industry, Aspergillus flavus, Biodegradation, Economical bioremediation.

INTRODUCTION

Due to the high concentration of hydrogen and disulfide bonds in keratin, a structural protein that is insoluble, fibrous, and
stubborn in nature. The integuments of many vertebrates, including fish, reptiles, birds, and mammals, include compact keratin,
which ranks third in nature after chitin and cellulose due to its abundance (Kreplak et al., 2004; Bragulla and Homberger, 2009;
Mckittrick et al., 2012; Meyers et al., 2008; Lange et al., 2014; Huang et al., 2015). Due to the existence of many disulfide (S-S)
cross-linkages, keratin proteins are resistant to chemical and/or mechanical disintegration (Korniowicz-Kowalska, 1997b). Only
keratinolytic microorganisms and some insects, such as moths, are capable of degrading keratin effectively because they secrete
keratinases, which may work in tandem with other enzymes to break down complicated cross-linked bonds in keratin. (Lange et
al., 2016; Jin et al., 2017).

protein demands in Pakistan's population are being efficiently met by more than 25,000 poultry farms. The consequence of
chicken processing facilities is a significant volume of poultry waste (Abedullah and Bukhsh, 2007; Hussain et al., 2015; Khan et
al., 2015). Each year, waste from slaughtering chickens totaling four million tonnes is collected (Onifade et al., 1998; Gousterova
et al., 2005). However, it must be handled because this waste is linked to a number of infections. Typically, dirt is burned or
disposed of with poultry manure (Suzuki et al., 2006; Ghaffar et al., 2018). Only a few research have examined the degradation of
fungal keratin, whereas most have concentrated on the production of keratinase by bacteria (Gupta and Ramnani, 2006; Brandelli
et al., 2010; Korniowicz-Kowalska and Bohacz, 2011; Gupta et al., 2013; Sahni et al., 2015). In the environmentally friendly and
cost-effective treatment of keratin waste, fungal keratinases may be a key component (Gradisar et al., 2005; Huang et al., 2015).
Keratinases are produced by filamentous fungi employing two different fermentation processes. Solid-state fermentation (SSF)
and submerged fermentation (SmF) are examples of these fermentation processes (Battaglino et al., 1991; Krishna, 2005).
According to Subramaniyam and Vimala (2012), SmF provides more than 75% of the total enzymatic output, which plays a
significant role in the manufacturing of enzymes on an industrial scale. For microorganisms that require high moisture
concentrations for development, the SmF technique is more suited (Subramaniyam and Vimala, 2012). Microbes are cultivated
using the SSF method on a wet and solid medium (Pandey, 2003; Holker and Lenz, 2005; Mitchell et al., 2006). The goal of the
current study was to identify, characterize, and use keratinolytic fungi for the treatment of chicken (keratin) waste using SmF and
SSF methods. This was done in consideration of the remarkable therapeutic characteristics of fungi.

MATERIALS AND METHODS

Collection of samples and establishment of a pure culture of a keratinolytic fungus strain

Decaying feathers from feather-dumping sites in the region of Kasur were gathered in order to isolate keratinolytic fungi. Applied
and Environmental Microbiology Laboratory, Department of Wildlife and Ecology, University of Veterinary and Animal
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Sciences, Lahore (Ravi Campus, Pattoki), Pakistan received the collected samples and processed them here. Isolation of fungal
strains was done through Keratin Bait Technique. The isolated fungal strain was then pure cultivated.
Species identification
Based on macroscopic and microscopic characteristics, fungi in pure culture were morphologically recognized. The fungal
colony's macroscopic characteristics, including form, size, colour, and texture, were examined by colouring the fungus with
lactophenol-cotton blue. Microscopic characteristics such as septation of hyphae, phialides, vesicles, and conidiophores were
visible.
The isolation of the fungus was identified molecularly.
By using 18S rRNA gene sequencing, the pure cultivated keratinolytic fungal isolate was subsequently recognized at the
molecular level (Jing et al., 2015; Saini et al., 2015). The required sequence was derived from the forward and reverse sequences,
and the sequence editing was done using Bio-Edit sequence alignment editor version 7.0.9.0 (Tom Hall, Ibis Biosciences,
Carlsbad, California). Using the Clustal W program of the Molecular Evolutionary Genetics Analysis (MEGA 6) software from
GenBank were arranged beside the most similar recovered sequence (Tamura et al., 2013). According to Saitou and Nei (1987),
the Neighbor-Joining technique was utilized to determine the evolutionary history. In the bootstrap test (100 repetitions),
duplicate tree percentages were mixed with closely related taxa next to the branches (Felsenstein, 1985). The evolutionary
distances used to determine the phylogenetic tree's branch lengths were in the same units as the scaled-down tree's branch lengths.
According to Tamura and Nei (1993), the evolutionary distances were computed using the number of base substitutions per site.
The gamma distribution was used to display the rate difference between locations (shape parameter = 1). The total number of
places and data points in the final dataset was 734.
Optimizing the fungal isolates growing conditions
The fungal isolate was inoculated on Malt Extract agar (MEA) following molecular analysis, and it was cultured at 280C for 14
days. Then, many factors were optimized, including temperature, pH, inoculum size, and incubation time. For the purpose of
temperature optimization, fungal spores were cultured for 7 days at 20, 30, and 400C on Petri plates with MEA. At each
temperature, a different number of colonies appeared. For pH optimization, the number of colonies on each petri plate was
counted after 7 days of incubation at 280C with pH 5, 7, and 9. By inoculating petri plates with 0.1, 0.2, 0.3, 0.4, and 0.5 mL of
fungal spores and incubating at 280C for 7 days, colonies were counted to determine the ideal inoculum size. The number of
colonies was counted every day for a period of five days after the inoculated petri plates were incubated at 280C.
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Figure 1. Optimization of pH for the fungal strain by using M EA.
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Figure 2. Optimization of pH for the fungal strain by using MEA.

Feather degradation ability of fungal isolates under SmF and SSF

The ability of the fungal isolate to degrade feathers in SmF and SSF was assessed using dried feather meal (2% wi/v) as a growth
substrate and basal salt medium had the following composition (gm per liter): K2HPO4, 1; KH2PO4, 0.46; MgS04.7H20, 0.05;
H20, 1000 ml). Basal medium and feather meal were used to make the inoculum as a source of carbon and energy. 100 ml of the
autoclaved media was added to a sterile 250 ml Erlenmeyer flask along with 1 g of feather meal. Through the use of a sterile
inoculating loop, fungal spores were inoculated into the medium. pH was kept at 4.8 and the flask was incubated at 280C. After
14 days, the maximum growth was seen. For all subsequent tests, a fungal inoculum was created using this culture.

To completely remove moisture, feathers were properly cleaned with distilled water and then oven dried at for some time. The
experiment was carried out in sterile 250 ml Erlenmeyer flasks with 100 ml of basal medium and 1 gm of sterile feathers. After
being autoclaved and cooled, flasks containing medium and feathers were inoculated with fungal spores. Six sets of flasks with
medium inside were inoculated with 0.5 ml of the fungal spores and incubated at pH 4.8 and 280C. Triplicates of each experiment
were carried out. The control flasks did not have any inoculation. For solid-state fermentation, flasks were incubated at 280C
under static conditions whereas for submerged fermentation flasks were incubated at 280C, 110 rpm for 30 days. Feathers were
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dried for some hours at 800C to eliminate moisture and weighed to measure the degree of deterioration caused by the isolated
fungal strain under solid state and SmF. Weight variations were seen in each pair of flasks.
STATISTIC EVALUATION
Using General Linear Model (GLM) techniques and a factorial layout, the data were analyzed using a Completely Randomised
Design (CRD). Duncan's Multiple Range (DMR) test was used to separate the means with the aid of SAS 9.1 for Windows (SAS
Institute Inc., 2002). At P < 0.05, differences between means were deemed significant.
RESULTS
Isolation of a pure culture of keratinolytic fungal strain
The goal of the current investigation was to separate a keratinolytic fungal strain from feather byproducts. The isolated strain was
pure cultivated, and its phenotype and genotype were further determined.
Species identification
On the MEA medium, the isolated fungal strain showed maximal growth in 3 days. The colony was spherical in shape and had a
powdery texture. Its colour was olive green with white margins. It was possible to see rough spiny conidiophores containing
vesicles by colouring the fungal hyphae. The vesicles were globose, the hyphae were non-septate, the conidia were terminal, and
the vesicles were covered in loosely radiating uniseriate phialides. Conidia were immediately linked with vesicles and there were
no metulae.
The fungal isolate was identified molecularly
BLAST search of its 18S rDNA nucleotide sequence showed that it belonged to the Aspergillus genus and had a 98% similarity
with Aspergillus flavus (ATCC 16883).
Optimizing the fungal isolate's growing conditions
Most colonies were seen at pH 5 (Figures 1 and 2). The fungal strain displayed varying growth in response to changes in
temperature, pH, inoculum size, and incubation time. At 280C, the fungal strain exhibited the fastest development (Figure 3). The
fungal strain was then incubated at 28, 29, 31, and 320C to get the best temperature. At 280C, most colonies were visible (Figure
4). Utilizing previously optimized parameters, the inoculum size was optimized, and maximal growth was seen at this size (Figure
5). The highest number of fungal colonies were seen after 3 days of incubation at the ideal temperature, pH, and inoculum size.

EVALUATION OF FEATHER DEGRADATION IN SMF AND SSF BY FUNGAL ISOLATES

The use of keratin as a substrate is crucial for determining how well bacteria can break down keratin. This study evaluated the
keratinolytic capacity of fungal isolates to break down chicken feathers. As time went on, keratin degradation activity rose but
feather weight decreased. In both fermentation procedures, different amounts of feathers deteriorated throughout the course of
successive days. Feather loss varied dramatically between SmF and SSF. Feathers initially weighed 1 g during SmF. After the
incubation period of five days, the feather-reduction process was begun. No decrease was noticed in the initial five days. The
largest level of feather loss, or 74%, was seen on day 30 during the incubation period. The feathers' weight was reduced by a
maximum of 0.74 g. The findings revealed that keratinolytic activity rose with time: 30 days are more than 25 days, 20 days, 15
days, 10 days, and 5 days. A 0.2% drop was seen throughout the first 5 days of SSF. The largest level of feather loss, or 8%, was
visible on the 20th day of incubation. After 20 days, there was no change in the feather degradation until the 30th day of
incubation. On day 20, there was an 8% drop in featherweight at its greatest. The findings demonstrated that keratinolytic activity
increased with time: 20 days are longer than 15 days, 10 days, and 5 days. As keratin was broken down by A. flavus in SmF and
SSF, the pH shifted from acidic to alkaline. The pH rises as keratin breakdown releases S, N, and O ions as well as a number of
other chemicals. On the day (30th day) when the greatest feather degradation was seen, the pH in SmF increased noticeably to
8.35 (control pH = 4.8). The maximal pH in SSF was 7.81 (control pH = 4.8) on the day that the largest feather degradation was
visible (20th day). Results indicated that pH rose as keratinolytic activity rose (Figures 6 to 9).

DISCUSSION

The goal of the current investigation was to assess the ability of A. flavus to break down keratin in SmF and SSF. To test if a
keratinolytic fungus species could degrade chicken feathers (keratin) under both conditions (SmF and SSF), it was isolated from
chicken feather waste. The isolated strain was recognized as A. flavus visually, and molecular characterization revealed a stronger
similarity to A. flavus. The isolated fungus possessed the morphological characteristics listed below, including a green colour,
uniseriate phialides, and globose conidia. These characteristics nearly matched the findings of Hedayati et al. (2007), who said
that A. flavus is either uniseriate or biseriate and ranges in colour from yellow to green. Globose to subglobose in shape is
conidia.

At pH 4.8 and 280C, this isolated fungal strain grew at the fastest rate; at 400C, activity was reduced. According to Samapundo et
al. (2007), the isolated fungus thrived at a temperature within the range of A. flavus. The highest level of keratinolytic activity,
according to Cai and Zheng (2009), was recorded at 280C. According to Kote et al. (2009), pH 5 was the pH at which A. flavus
was most active. In comparison to other fungal species, A. flavus is regarded as an exceptional generator of keratinase (Friedrich
et al., 1999). With shaking conditions for bacteria and static conditions for fungus, SmF is mostly employed for keratinase
synthesis (Riessen and Antranikian, 2001; Nam et al., 2002). Keratinase synthesis in the solid form is very briefly discussed in a
few papers (De Azeredo et al., 2006; Esawy, 2007). In a 30-day study, the keratinolytic capability of submerged and solid-state
fermentation was evaluated. Feather degradation of keratin by A. flavus in SmF has received a small number of reports, while
fungal keratin degradation in SSF has received even fewer. According to the findings, A. flavus had 9 times more keratin
degradation in SmF than in SSF. According to the majority of investigations, microorganisms degrade SSF materials more
quickly than SmF. According to Mazotto et al. (2013), A. niger's keratinolytic activity was 7 times higher in SSF than in SmF.
The outcomes of the current study, however, were wholly unexpected. After 5 days of incubation, the keratinolytic activity in
SmF began, and it grew with time, reaching 4 weeks. At day 30 of the incubation phase, chicken feather deterioration peaked
(74%). According to Korniowicz-Kowalska (1997a), the loss of substrate is an obvious indicator of keratinolytic activity. In the
current investigation, keratinolytic activity on chicken feathers by A. flavus in SmF was almost twice as high as its activity in
Muhsin and Hadi's (2002) study. The strain utilized in the current investigation may be characterized as strongly keratinolytic
based on this percentage. According to Kunert (2000), highly keratinolytic microorganisms are those that can break down keratin
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by more than 40% in just 60 days under submerged circumstances. Chrysosporium articulatum strain demonstrated 63.7% feather
loss after 42 days in liquid culture, according to Bohacz (2017). This deterioration is also less than what A. flavus is already
producing. While A. flavus had poorer keratinolytic activity in SSF, i.e., 8%, a strain of Chrysosporium keratinophilum displayed
weaker Keratinolytic activity, i.e., 35%. The 20th day had the highest level of degrading activity; after that, it remained constant.
The least amount of keratin breakdown in SSF has ever been documented. The degradation of keratin is characterized by a change
in pH. Evidently, the pH of the post-liquid culture media also showed a notable rise (4.8 to 8.3). In solid-state keratin
fermentation, pH also tended to be more alkaline. pH variations and keratinolytic activity were directly correlated. The pH rose as
keratinolytic activity did, indicating an alkaline state. In the early stages of SmF, pH was low (6.7), and at this pH, less
keratinolytic activity was seen. Additionally, Cai and Zheng (2009) noted that less keratinolytic activity occurred at low pH. On
the day of peak keratinolytic activity in liquid culture, a maximum pH of 8.3 was noted. According to Cai et al. (2008), the pH
level of the medium rose to 8.5 during the synthesis of keratinase. Degradation of keratin, the release of keratinase, and the
substantial amounts of ammonia, sulphur, and other substances are what cause the pH to move towards alkalinity (Saparrat et al.
2007). According to Kaul and Sumbali (1999), fungi with higher keratinolytic activity have a tendency to make the post-culture
medium more alkaline than fungi with lower keratinolytic activity. Both Hasija et al. (1990) and Elades et al. (2010) showed
similar pH changes.
The generation of keratinase, an important industrial enzyme, and the effective breakdown of feather waste may both be
accomplished using A. flavus, it has been determined. Future research is needed to investigate restorative process kinetics at pilot
and commercial scales for the practical application of keratinolytic fungus. The current investigation was carried out on a lab
scale.
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