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Abstract 
Valorizing chicken feather agro-wastes nowadays is imperative, if these wastes 
are disposed of without treatment, they could contribute to environmental 
problems. Conventional methods of processing chicken feathers such as land-
filling, chemical treatment and burning are costly, non-time consumable and 
are toxic to the environment. Microbial hydrolysis, on the contrary, is now 
considered the main environmental-friendly recycling alternative. Hence, the 
aim of this study is to isolate keratinolytic bacteria with efficient feather hy-
drolysis, to optimize some of the physical parameters that could affect both 
bacterial growth and consequently its degrading ability. Results demonstrated 
an efficient feather degrading ability of newly identified Bacillus sp. D4 strain 
isolated from chicken feathers under optimal mesophilic temperature 37˚C, 
pH 8.0 and 106 CFU/mL cell size inoculum, interpreted by highest keratin ac-
tivity (55.0 ± 1.35 U/mL) and (54.3 ± 1.5 U/mL) respectively and higher total 
protein content in the cell free supernatant of 0.65 mg/mL. Beyond these pa-
rameters values, a moderate enzyme activity was observed at 40˚C (35.1 ± 2 
U/mL), 25˚C (30.1 ± 2 U/mL), similarly at the initial pH 7.5 (52.3 ± 2 U/mL), 
pH 9.0 (49.0 ± 1.2 U/mL) and pH 10.0 (38.2 ± 1.35 U/mL). Bacillus sp. D4, on 
the other hand, was not able to tolerate high alkaline pH value 11.0 nor acidic 
pH 4.0 and 5.0 and high temperature of 55˚C, correspondingly low enzyme 
activity was noted (19.0 ± 1 U/mL). 
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1. Introduction 

Sustainable consumption and production promote the building of a green econo-
my, quality of life, and long-term recovery for the planet. In contrast, unsus-
tainable linear production and consumption have led to environmental imbal-
ances, climate change, biodiversity extinction, solid waste accumulation, green-
house gas emissions, and other environmental disasters. Sustainable develop-
ment has criminalized this unsustainable behavior and made unsustainable pro-
duction and consumption patterns more sustainable. This ensures sustainable 
returns with positive effects for both the environment and individuals, modeling 
a green development strategy that transforms the concept of linear production 
and consumption into circular production and consumption. Working in a 
closed-loop, this strategy renders a product’s waste raw materials recycle able 
with innovative technology, resulting in economically valuable materials that 
contribute to the improvement of the local economy and the elimination of un-
employment while simultaneously ensuring zero pollution [1]. 

Poultry feathers are considered a growing and annoying waste, and in many 
countries, they are disposed of as environmental waste, which constitutes a bur-
den on landfills in addition to slowing their decomposition. 

With increased poultry production, an intense discharge of feather wastes into 
the environment will be associated. Although the amount of poultry wastes is 
relatively low compared to other animal wastes; however, feather waste man-
agement poses more attention and inquires the development of a right efficient 
way of reusing poultry feathers and finding the right and effective way to reuse 
and recycle waste poultry feathers in the future. Feathers constitute about 5% - 
7% of the chicken weight and they are the main by-product waste estimated for 
about several million tonnes discarded annually [2]. They are the most ubiquit-
ous and cheapest byproducts with unique properties of warmth retention, sound 
isolation, high flexibility and compressibility and very low density, in addition, 
they are composed of about 90% of keratin as the structural protein [3]. All these 
features together add to the chicken feather wastes potential applications in dif-
ferent industrial, agricultural and food fields. As feathers are usually mixed with 
blood and meat [4], therefore their storage is quite important, since they are 
usually collected and stored in an abundant area before treatment, thus increas-
ing the risk of microbial growth and infections, and may become greater envi-
ronmental pollutants due to their keratin recalcitrant property [5]. Therefore, 
many attempts recently have been made for converting chicken feathers wastes, 
either naturally or chemically treated, into potent heavy metals removal, or ab-
sorbent agent from industrial wastewaters, or used as fertilizers, in bedding ma-
terials and as feed stocks; however, the process management of feathers wastes 
depends mainly on the country sanitary and landfilling outlines as well as on the 
poultry industrial companies and finally on the consumers. In addition, keratin, 
with its water insolubility, high physical and chemical treatment resistance ex-
plained by the formation of recalcitrant polymers hardly degraded by the com-
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mon proteolytic enzymes naming trypsin and pepsin, increases the burden on 
practicing chicken feather waste processing [6]. 

It was noted that microbes associated with the chicken feathers could be a po-
tent keratin degrading source to be used in poultry industries [7] by secreting 
different proteolytic and keratinolytic enzymes. Numerous microorganisms, in-
cluding bacteria, fungi and actinomycetes, have been isolated from different ke-
ratin-rich environments and have been used as keratin degrading materials [8]. 
Quite a few bacteria have been screened and identified from keratin-rich envi-
ronments particularly poultry feathers and have been tested for their potential 
keratin degrading activity [9], due to their ease of growth and their ability to 
produce new keratonyltic enzymes with unique characteristics of optimal pH 
ranging from 5.5 [10] to 12.5 [11] and an optimal temperature from 30˚C [12] to 
100˚C [13]. Bacillus strains with keratinolytic activity prevailed over any other 
bacterial genus, they were considered as the first peptidases with keratinolytic 
activity [14]. 

Despite the interest in the microbial keratin enzyme hydrolysis, however, the 
mechanism is not yet fully understood. It was noted that a synergistic enzymatic 
activity occurs leading to keratin degradation [5] [15] [16]. Disruption of the 
keratin structure by keratinases is an essential step in breaking down keratin, 
mainly by disrupting the disulfide bridges in the keratin structure by disulfide 
bond reductases and intracellular cysteine dioxygenase [5]. In nature, these me-
chanisms occur with the assessment of auxiliary proteins, like lytic polysaccha-
ride monooxygenases (LPMOs) [5]. Other studies, however, reported that some 
peptidases with keratin degrading activity do not require the assistance of disul-
fide reducing enzymes. For example, Pillai et al. [17] isolated a serine protease 
from Bacillus subtilis P13 with reductase and keratinase activities capable of de-
composing feathers. On the other hand, He et al. [18] indicated the presence of 4 
enzymes isolated from Bacillus subtilis involved in keratin hydrolysis. All these 
findings indicated that keratin degradation can be done successfully with micro-
organisms; indeed, the aim of many researchers recently is to implement the 
microbial conversion of feathers into value-added products in most poultry 
companies. 

Therefore, the aim of this manuscript is to isolate keratinolytic bacteria with 
efficient feather hydrolysis, to optimize some of the physical parameters that 
could affect both bacterial growth and consequently its degrading ability. 

2. Materials and Methods  
2.1. Bacterial Isolation from Chicken Feathers 

Collected chicken feathers (white and white/black) from a poultry farm located 
in Dhruma, Riyadh, Saudi Arabia, were washed from any impurities and debris 
several times with sterile distilled water. Washed feathers were then used for the 
bacterial isolation with two methods: 1) Direct swabbing on the feather skin 
surface with 0.1% tween 80; 2) Washing 0.1 g of feathers with 0.1% tween 80 
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with agitation for 30 min. 0.1 mL of the resulting suspension was inoculated into 
tryptic soy agar plates (TSA). Plates were incubated at 37˚C for 18 - 24 hrs. 

2.2. Screening of Proteolytic Bacteria 

Presumptive keratinolytic isolates were selected, identified based on their mor-
phology, and gram staining, were screened preliminary for proteolytic activity 
when inoculated on skimmed milk agar plates (8% skimmed milk and 2% agar). 
The bacterial isolate with the highest clear zone (halo zone) measured in mm 
was considered as the most effective degrading isolate and was selected for fur-
ther keratinolytic analysis, where it was cultured in 500 mL liquid feather me-
dium (FM) composed of the following (w/v): 0. 5 g MgSO4, 0.05 g KH2PO4, 0.005 
g FeSO4, 0.05 g CaCl2 0.25 g yeast extract and 5.0 g of washed chicken feathers 
(CF). Cultures were then incubated in a rotary shaker (180 rpm) for 4 days at 
37˚C, centrifuged at 10,000 rpm for 10 min at 4˚C, and the supernatant was 
stored at 4˚C for further analysis. 

2.3. Bacterial Identification with DNA Sequencing 

All four keratin degrading isolates obtained on skimmed milk agar plates were 
identified based on the sequence of the 16srRNA gene. First, the DNA was ex-
tracted following the instructions of the pure link mini prep genome kit (Invi-
trogen, USA). Both DNA concentration and quality were determined using the 
Genova nanodrop (Italy). The product was amplified by PCR using the universal 
primer set 1429R (5’-AAGGAGGTGATCCAGCCGCA-3’) and 24F  
(5’-AGAGTTTGATCCTGGCTCAG-3’) [19]. A total volume of 25 μL PCR reac-
tion was carried in Genepro thermal cycler (Bioer, China); using the GoTaq 
green Master Mix (Promega, USA) 12.5, 0.125 μL of each of the primers forward 
and reverse of 10 µmol concentration, 10.25 μL of RNAse DNAse free water and 
2 μL DNA. The cycling parameters were as follows: initial denaturation for 2 
min at 94˚C followed by 35 cycles of 94˚C for 15 sec, 63˚C for 1 min as for the 
annealing of each primer, 72˚C for 2 min and a final elongation step at 72˚C for 
5 min. the amplified product was observed on 1.5% agarose gel electrophoresis 
where samples were compared to the positive strain Bacillus subtilis ATCC 6633 
showing all bands at about 1500 bp. 

2.4. DNA Sequencing 

PCR products were then purified using Qiagen QIA 250 Qiagen purification kit 
(Germany) and sequenced using the applied biosystem sequence analyzer (Spain). 
According to the manufacturer’s instructions, ABI PRISM® BigDyeTM Termina-
tor Cycle Sequencing Kit (version 3.1) was used with the same set of primers 
previously applied in the amplification reactions 1429R and 24F. The National 
Centre for Biotechnology Information (NCBI-BLAST) software was used to 
identify the DNA sequence identity, accession numbers were given and the evo-
lutionary relationship between the 16S rRNA genetic marker of the standard 
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strain used as a positive control.  

2.5. Phylogenetic Tree 

Phylogenetic analysis of the isolate in study was performed by the neighbor 
joining method using the Mega X [20]. The 16S rRNA gene sequence of the pre-
sumptive strain was compared to the National Center for Biotechnology Infor-
mation (NCBI) GeneBank using BLAST (Basic Local Alignment Search Tool). 

2.6. Optimization of the Bacterial Feather Degradation  

The ability of the selected isolate to degrade the chicken feather was optimized 
according to the determination of significant parameters influencing the process 
particularly the size of the bacterial inoculum, incubation time, temperature and 
the pH. Each parameter was observed and optimized independently (one varia-
ble at a time) during 4-day culture carried out in 50 mL 2% (w/v) liquid feather 
medium, where feathers are the sole keratin substrate. Cultures were all incu-
bated in a rotary shaker at 180 rpm and readings of the best feather hydrolysis 
activity were performed at 280 nm. Following each culture condition, the culture 
broth was centrifuged at 10,000 rpm for 10 min at 4˚C, and the supernatant was 
collected as the crude enzyme to be used for subsequent analysis. 

First different inoculation size of 106 CFU/mL and 109 CFU/mL of overnight 
cultured feather degrading bacterium were used to determine the best degrading 
activity. Following the inoculum size determination, the crucial parameters, 
temperature and pH were evaluated. As such different incubation temperatures, 
ranging from 25˚C to 55˚C, were performed. Similarly, different pH values from 
the initial pH (7.5) ranging from 4.0 to 11.0 were applied, always for optimal 
bacterial chicken feather degradation. 

2.7. Keratinase Activity Assay  

Keratinase activity was determined according to Gradisar et al. [21] with slight 
modification. Where 1 mL of the crude enzyme was diluted in 2 mL Tris HCl 
buffer (0.05M, pH8) and then 10 grams of feather powder were added as the ke-
ratin substrate. The mixture was incubated at 37˚C for 1 h in a water bath (GFL, 
Germany). The enzymatic activity was stopped by adding 2 mL of 20% triclo-
roacetic acid (TCA), centrifugation was applied again at 10,000 rpm for 10 min, 
and the absorbance of the obtained supernatant was recorded at 280 nm and 
compared to the control mixture (20% TCA and the crude enzyme), where 0.01 
increase of corrected absorbance at 280 nm with the control was considered as 1 
unit (U/mL) of keratinase activity under the experimental conditions. 

2.8. Feather Hydrolysate and Soluble Protein Determination 

Further to optimal culture conditions determination, feather hydrolysate was 
obtained and was subjected to autoclaving at 121˚C for 15 min. The sample was 
centrifuged and its total protein concentration was quantitated according to 
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Bradford method by extrapolating from the standard protein curve constructed 
of different bovine serum albumin concentrations [22]. A stock solution of bo-
vine serum albumin (BSA) 1 mg/mL was prepared and a two-fold serial dilution 
was performed using a 96 microtiter well plate. Briefly 100 μL of BSA were add-
ed to 100 μL phosphate buffer solution (PBS) and then 100 μL were serially di-
luted. The first well was used as the positive control and the last well as the nega-
tive control. All wells were inoculated with 30 μL of the treated hydrolysate. 
Plates were read at 595 nm and the experiment was repeated 3 times. Statistical 
analysis (ANOVA) was performed with accepted significance p < 0.05. 

3. Results 
3.1. Bacterial Isolation and Screening of Feather Degrading  

Activity 

In total six bacterial isolates were obtained: five bacterial isolates from direct 
swabbing (D1, D2, D3, DT3 and D4) and one from tween-80 washing method 
(W1). All isolates were purified on nutrient agar plates and screened for their 
feather degrading activity on skimmed milk plates. Almost all selected isolates, 
except for D1 and D2, exhibited a clear inhibition zone of 50 mm diameter for 
D3, 60 mm for both DT3 and W1 and 63 mm for D4 (Figure 1). Hence, D4 was 
considered as the most effective keratinolytic bacterium upon which further 
analyses were performed. 

3.2. Bacterial Identification 

16SrRNA partial analysis of the bacterial isolates, particularly with hydrolysis ac-
tivity (D4, W1, and DT3) were given the following accession number MZ701911, 
MZ701912, MZ701913 except D3 strain, which in comparison to the NCBI gene 
bank, revealed to belong to the Bacilli sp. the neighbor joining phylogenetic tree 
of the strains in study indicated their location in the branch comprising Bacillus 
amyloliquefaciens, Acinetobacter varaiabilis, Bacillus pumilus and Bacillus me-
thylotrophicus (Figures 2(a)-(d)). 
 

 
Figure 1. Keratin hydrolysis represented by measured halo zones on skimmed milk agar, 
where D4 presented the highest clear zone (63 mm) followed by DT3 (60 mm) and D3 
(50 mm). W1 is not shown. 
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3.3. Effect of Size Inoculum, Temperature and pH on Keratin  
Hydrolysis and Keratin Activity 

Results from the present study, indicated that the bacterial size inoculum had a 
negative effect on the feather degradation. Higher degradation activity was observed 
with lower inoculum size. Bacillus sp. D4 when inoculated with 106 CFU/mL  
 

 
(a) 

 
(b) 

 
(c) 
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(d) 

Figure 2. (a) Phylogenetic tree indicating a position of D4 isolate with the accession 
number (MZ701911) within Bacillus genus based on 16S rDNA was found to be 97.8% 
similar to Bacillus Amyloliquefaciens strain NCCP-48. Phylogenetic tree was built with 
the neighbor-joining method (Mega X) from the relationships of 16S rDNA sequences 
between the isolate and closely related type strains. The bar represents the evolutionary 
distance. (b) Phylogenetic tree indicating a position of D3 isolate within Acinetobacter-
genus based on 16S rDNA. Phylogenetic tree was built with the neighbor-joining method 
(Mega X) from the relationships of 16S rDNA sequences between the isolate and closely 
related type strains. The bar represents the evolutionary distance. (c) Phylogenetic tree 
indicating a position of W1 (MZ701913) isolates within Bacillus genus based on 16S 
rDNA. Phylogenetic tree was built with the neighbor-joining method (Mega X) from the 
relationships of 16S rDNA sequences between the isolate and closely related type strains. 
The bar represents the evolutionary distance. (d) Phylogenetic tree indicating a position 
of DT3 (MZ701912) isolates within Bacillus genus based on 16S rDNA. Phylogenetic tree 
was built with the neighbor-joining method (Mega X) from the relationships of 16S 
rDNA sequences between the isolate and closely related type strains. The bar represents 
the evolutionary distance.  
 
compared to 109 CFU/mL revealed the highest keratin degrading activity, ob-
served by a higher viscosity in the medium (Figure 3). 

Temperature and pH had different patterns on the chicken feather (CF) de-
gradation. It was noted that with increased temperature D4 had a negligible hy-
drolysis activity. The optimal keratin enzyme activity was observed at 37˚C (55.0 
± 1 U/mL) followed by moderate activity at 25˚C (30.1 ± 2 U/mL) and decreased 
gradually with higher incubation temperatures 35.3 ± 2.1 U/mL at 40˚C, 23.1 ± 1 
U/mL at 45˚C, beyond this temperature particularly at 55˚C low or no bacterial 
growth was observed and hence low enzyme activity was recorded (19.0 ± 1 
U/mL) (Figure 3 and Figure 4). 

pH, on the other hand, indicated a considerable degrading activity with slightly 
alkaline values. D4 Bacillus sp. exhibited both highest activity and soluble protein 
content at pH 8.0 (54.3 ± 1.5 U/mL) (0.65 mg/mL) when compared to the initial 
pH 7.5 (52.34 ± 2 U/mL) and 0.53 mg/mL soluble protein content, then decreased 
gradually with pH 9 (49.4 ± 1.2 U/mL), pH 10 (38.2 ± 1.35 U/mL) and pH 6.7  
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Figure 3. Effect of temperature on Bacillus sp. D4 feather degradation. Efficient feather 
hydrolysis was observed at 40˚C and 37˚C and decreased gradually at 45˚C and 55˚C as 
well as 25˚C. 
 

 
Figure 4. pH effect on Bacillus sp. D4 feather hydrolysis activity. Where optimal degra-
dation activity was recorded at pH 8.0 and pH 7.5 and decreased with higher pH values 
(9.0, 10.0). No and or low bacterial growth was observed at pH values (4.0, 5.0 and 11.0). 
 
(23.0 ± 1 U/mL). Oppositely, pH 11.0, 4.0 and 5.0 showed low significant enzy-
matic activity explained by a non-remarkable bacterial growth (Figure 5 and 
Figure 6). 

4. Discussion 

Although feathers are rich in amino acids, and hence their hydrolysis can serve 
as a good protein source for animal nutrition and or for microbial growth, how-
ever, their excessive presence, considered as waste, contributes to environmental 
pollution which requires a quick efficient degrading process. Recently, the focus 
is on using natural keratinophilic microbes due to their low cost, ease of growth, 
their good yield of keratinases and the formation of non-toxic byproducts  

40℃
37℃/ 

pH 
7.5/ 
1% 

inocul
um

25℃
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Figure 5. Temperature effect vs the enzyme activity in cell free supernatant. Optimal ac-
tivity was observed at the mesophilic temperature 37˚C followed by moderate activity at 
40˚C and 25˚C respectively and decreased significantly with higher temperature values of 
45˚C and 55˚C. 
 

 
Figure 6. pH influence on keratin enzyme activity. Higher activity was obtained at pH 8.0 
and the initial pH 7.5, beyond these values enzyme activity decreased particularly at pH 
9.0, 10.0 and 6.7. Low enzyme activity was observed at pH 11.0 and the acidic pH 4.0 and 
pH 5.0 (19.0). 
 
[23] [24]. However, the mechanisms behind this degradation still require further 
studies. As reported by Nnolim et al. [25], keratinolysis can be catalyzed by a 
single keratinase, or more efficiently, in synergy with other enzymes such as dis-
ulfide reductases to breakdown the disulfide bond, peptidases and trypsin [26]. 

Previous studies indicated that microorganisms such as bacteria, fungi and ac-
tinomycetes have the ability to degrade these wastes by secreting keratinolytic 
enzymes [7].  

Many keratinolytic bacteria have been isolated with a different feather- 
degrading activity determined by mainly the enzyme yield and activity [27], 
therefore, enzyme optimization is crucial, due to strain variability. In the present 
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study, a novel keratinolytic bacterium (D4) was identified from chicken feathers 
by DNA sequencing as Bacillus sp. derived from Bacillus amyloliquefaciens, 
showed a significant keratinolytic activity measured by the largest halo zone (63 
mm) on skimmed agar plate and an estimation of extracellular kertinase activity. 
Results revealed an optimal feather degrading activity at a slightly alkaline pH 
8.0 (54.3 U ± 1.5 U/mL) from the initial pH 7.5 (52.3 ± 2.0 U/mL), 37˚C (55.0 ± 
1 U/mL) incubation temperature and 106 CFU/mL bacterial concentration. Ba-
cillus sp. D4 when inoculated with 106 CFU/mL compared to 109 CFU/mL re-
vealed the highest keratin degrading activity, observed by a higher viscosity in 
the culture medium (Figure 3). Nonetheless, an increase beyond these optimal 
levels has been reported to impact negatively on extracellular keratinase secre-
tion by microorganisms [23]. The hydrolysis activity of the strain in study Bacil-
lus sp. D4 was noted to decrease gradually with pH 9.0 (49.4 ± 1.2 U/mL) and 
10.0 (38.2 ± 1.35 u/mL), in agreement with Gupta and Ramnani [28] who re-
ported that most bacterial degrading activity occurred at alkaline pH from 6.0 to 
9.0. Similarly, B. pumilus GRK actively induced feather hydrolysis between pH 
8.0 and 12.0 [29]. Oppositely, pH 11.0 and the acidic pH values (4.0 and 5.0) in-
hibited the bacterial growth and hence low enzymatic activity was recorded. This 
could be explained by an increased ammonium release due to amino acid or 
peptide deamination from keratin degradation which in its turn caused an in-
crease in the pH value. Previous studies, on the other hand, reported increased 
keratinase activity by Bacillus sp. at acidic pH 4.0 and 5.0 where particularly 
doubled keratinase activity was observed at pH 5.0 [25] [30]. 

Temperature too was found to highly influence the bacterial keratinolytic ac-
tivity, where higher growth rate accompanied by efficient feather hydrolysis was 
observed at the mesophilic temperature 37˚C (55.0 ± 1.5 U/mL), supported by 
Akhter et al. [31] who demonstrated that higher bacterial growth rate was rec-
orded with mesophilic temperature between 37˚C and 39˚C. However, moderate 
hydrolytic activity of Bacillus sp. D4 was found with the studied incubation 
temperatures in the following order 40˚C (35.3 ± 2.1 U/mL) > 25˚C (30.1 ± 2 
U/mL) > 45˚C (23.1 ± 1 U/mL), whereas non-remarkable bacterial growth con-
sequently low enzyme activity was observed at 55˚C (19.0 ± 1 U/mL). This find-
ing was consistent was with the findings of Gupta and Ramnini [14] Daroit and 
Brandelli [32] who suggested that efficient bacterial keratinolytic activity was 
observed at mesophilic temperatures ranging between 25˚C - 37˚C. Other stu-
dies, on the contrary, indicated efficient feather degradation at increased tem-
perature between 45˚C and 70˚C [13] [33]. A similar trend was observed for the 
total protein content (0.65 mg/mL) in the cell free supernatant under the alka-
line pH 8.0 compared to the initial pH 7.5, thus alkaline conditions could pro-
mote keratin feather hydrolysis, liberating as such quantifiable soluble proteins 
[34]. Based on these initial findings, the isolated Bacillus sp. D4 confirmed its 
keratinolytic potential on day 4, at 37˚C, pH 8.0 and 106 CFU/mL inoculum size, 
mainly against raw chicken feathers (1%) (w/v) as the sole keratin substrate in 
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the culture medium, however; more elaboration in our coming work will be ap-
plied to study further the enzyme optimal conditions, and activity as well as its 
purification, together with the use of co-cultures of the best keratinolytic isolates 
(D4 and DT3) to improve both feather decomposition, keratinase yield and ac-
tivity. 

5. Conclusion  

Bacterial biodegradation of feather waste is a green technology method compati-
ble with the 17 Sustainable Development Goals where a balance is achieved be-
tween economic growth and decent work for all as well as environmental protec-
tion from pollution solid waste. The present work demonstrated Bacillus sp D4 
has proven highly efficient in keratin biodegradation of raw chicken feathers in a 
short period of time while revealing the optimum medium conditions, and this 
strain offers a promising of hope its importance in converting waste keratin into 
valuable products used in biotechnology and multiple industrial fields. 
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