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. wastes were hydrolysed into organic liquid fertilizer
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Published: 05 Sep 2024 subtilis. With the optimized bioprocess parameters

such as 10 ml inoculum volume, incubation
temperature at 37 °C, agitation rate at 175 rpm for the
incubation of degradation medium at 8.5 pH value
with 12.5 g of chicken feathers separately, 12.5 g of
fresh solid fish separately and 12.5 g of combined
waste of chicken feathers and fresh solid fish waste
separately,  bio-hydrolysation was  established.
Incubated flasks were observed at the different time

intervals of the 1% day, 4™ day, 8" day, and 121 day

and samples were collected after the 12th day.
Corresponding collected samples were filtered and
centrifuged. The supernatants obtained were analysed
to determine nitrogen content as 7500 mg/L, 4240
mg/L, and 6104 mg/L, phosphorous content as 1295
mg/L, 2100 mg/L, and 1850 mg/L, potassium content
as 4710 mg/L, 5608 mg/L, and 5300 mg/L, total
amino acid content as 4.38%, 2.15%, and 3.96% and
total antioxidant capacity as 190 pg/ml, 240 pg/mi
and 228 pg/ml, respectively. Thus, the liquid fertilizer
was produced by an eco- friendly approach through
microbial degradation.
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Introduction

In industrial processes through a biotechnological approach, the cultivation of microorganisms in
nutritional media is essential and of economic importance to aid their growth. Preparing the media using
organic nitrogen sources is more expensive (Subosa et al., 2016). Therefore, the detection of novel
sources of low-cost primary source of nitrogen for microbial culture media is an important approach in
industrial and biotechnological research (Salamony et al., 2024). One of the cost-effective approaches to
producing low-cost primary sources of nitrogen media is the byproducts of protein hydrolysis (Ali et al.,
2021). Moreover,bioactive peptides resulting from animal proteins are known for their biotic action and
helpfuleffects on plants (Moreno-Hernandez et al., 2020)

The global production of chicken feathers is regarded as a major source of bioactive
peptides and amino acids (Romero-Garay, 2022). On the other hand, the presence of amino
acids, soluble proteins, and peptides in hydrolysate promotes the growth of microorganisms
in the rhizosphere, which enhances nutrient uptake and utilization from the soil. Hydrolysate
enhances soil's water-holding capacity, C/N ratio, and mineral content (Bhari et al., 2021).

However, the old protein extraction methods such as acid-base and high-temperature
treatments have many restrictions, including high energy involvement, unmanageable process,
denaturing of amino acids, reduced product quality, and decline in the development of
microorganisms (Sharma et al., 2022; Chen et al., 2022; Li, 2021). In the present world,
microbial degradation of keratin waste into value-added products has appeared as an alternate
green environmental technology that helps in financial development and eco-friendly
sustainability (Shen et al., 2022; El-ghonemy and Ali, 2021; Li et al., 2020; Huang et al.,
2020).

Bacterial and fungal keratinolytic microorganisms were utilized by many researchers
(Mini et al.,, 2017; Zhang et al., 2016) to degrade chicken feathers because it is an
environmentally friendly process (Fang et al.,, 2017; Daroit and Brandelli, 2014).
Hydrolyzation of chicken feathers was previously reported by many researchers using B.
megaterium KC405251 (Igtedar et al., 2017), B. subtilis DB 100 (Zaghloul et al., 2011) and B.
amyloliquefaciens K11 (Yang et al., 2016). The hydrolyzed products of chicken feathers
exhibit antioxidant properties (Wan et al., 2015).
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One hundred million tons of fish are harvested worldwide per year and about fifty
million tons of fish are rejected as processing waste (Hassan and Heath, 1986; Kim, 2011a).
Ecofriendly organic fertilizer can be produced from the rejected fish waste using various
methodologies (Kim, 2011b). Nitrogen, phosphorus, and Potassium are abundantly available
in fish waste. The presence of Nitrogen supports leaf, protein, and chlorophyll development.
Phosphorous promotes root, flower, and fruit development. Potassium helps in stem and root
growth and protein synthesis (Kim and Lee, 2009). The microbial hydrolysation of solid fish
waste could be achieved and used for the production of organic liquid fertilizer for plant
growth (Eguchi et al., 1998; Gao et al., 2006; Gildberg, 1992). Based on the literature,
Bacillus flexus and Pseudomonas stutzeri were previously reported for the production of
liquid organic fertilizer solid fish waste (Rishitha and Muralidhara Rao, 2019). Only limited
studies have been established for the production of liquid organic fertilizer from the
combined waste material of fresh solid fish waste and chicken feathers waste by bio-

hydrolysation.

The hydrolysis of chicken feathers and fish waste into organic fertilizer via bacterial
fermentation with B. licheniformis and B. subtilis has not received much attention. The
current work investigates the use of chicken feathers and fish waste to produce liquid

fertilizer by fermentation using B. licheniformis and B. subtilis.

Materials & Methods

Materials

All chemicals and solvents used in the present work to hydrolyse chicken feathers and
fish waste were analytical grade and bought from Sisco Research Laboratory (SRL) in
Mumbai, India. Fresh solid fish waste (gills, fins, head, tail, bones, viscera) and chicken
feathers were gathered from Chidambaram's local fish markets and chicken stores in Tamil
Nadu, India. Bacillus licheniformis (MCC No0-2297) was obtained from the National Centre
for Microbial Resources (NCMR), Pune, Maharashtra. Bacillus subtilis was received from

Annamalai University's Microbiology Department in Chidambaram.
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Methods

Bacterial culture
The nutrient agar (NA) medium (beef extract 3.0 g, peptone 5.0 g, agar 20.0 g, NaCl

0.5 g, and 1000 ml of distilled water) has been prepared and autoclaved for 20 minutes at
121 °C at 15 psi pressure. After autoclaving, the medium was allowed to cool before being
transferred to petri plates and solidified. After burning, the sterilized inoculating loop was
allowed to cool. A little amount of each bacterial strain (B. licheniformis and B. subtilis) was
selected and streaked over the appropriate petri plates with solidified nutritional agar medium.
The plates were incubated at 37 °C for 24 hours and checked for growth (Arbia et al., 2013).

Preparation of Raw Material

Chicken feathers collected from the local chicken shops were cleaned with tap water
to remove blood, other impurities, and micro-organisms. The cleaned chicken feathers were
pretreated by washing with warm water and soap solution. The pretreated feathers were dried
in an oven at 121°C for 5 min and cut into 1.5-2.5 cm long fibres (Figure 1). Fresh solid fish
waste collected from local fish markets was cleaned in running water to remove impurities
and cut into a size of less than 5 mm x 5 mm and autoclaved at 121 °C with 15 psi pressure
for 20 minutes. After autoclaving, the fish oil was extracted from the fish waste using hot

water.

Bio-Hydrolysation of Chicken Feathers by Co-cultivation of B.

licheniformis and B. subtilis

The degradation medium (Glucose-3 g, KH2PO4-0.7 g, KoHPO,-1.4 g, MgS04-0.1 g,
NaCl-0.1 g, distilled water-250 mL) was prepared. 12.5 g dried chicken feathers with reduced
length were taken in 500 ml Erlenmeyer flasks along with degradation medium at the pH
value of 8.5. Three Sets of Erlenmeyer flasks of 500 mL capacity were autoclaved with 250
mL of degradation medium and chicken feathers. After autoclaving, the flasks were cooled.
The bacterial cultures (B. licheniformis and B. subtilis) were introduced (10 mL) into the
conical flasks containing degradation medium with chicken feathers under aseptic conditions
and one flask was kept as control without inoculation. The conical flasks containing slurry
with inoculation and without inoculation were incubated in a temperature-controlled shaker at

37 °C and at 175 rpm for 12 days. After 12 days, the fermented feather hydrolysate was
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filtered through Whatman No.1 filter paper. The filtered isolates were centrifuged at 10,000
rpm for 10 mins. 1% lactate was added to the supernatant for the purpose of storage. The

supernatant was analysed for the presence of nutrients required for plant growth.

Bio-Hydrolysation of Solid Fish Waste by Co-cultivation of B. licheniformis

and B. subtilis

The medium (Glucose-3 g, KH2P04-0.7 g, K:HPOs-1.4 g, MgS0:-0.1 g, NaCl-0.1 g
and distilled water-250 mL) applicable for the degradation of solid fish waste was prepared.
Solid fish waste of 12.5 g with the reduced size was taken in 500 mL Erlenmeyer flasks
containing 250 mL of degradation medium with pH value of 8.5. Six Erlenmeyer flasks with
500 mL capacity were autoclaved with 250 mL of degradation medium and solid fish waste
with reduced size. After cooling the autoclaved flasks, the bacterial strains (B. licheniformis
and B. subtilis) were inoculated (10 mL) into the conical flasks containing degradation
medium with solid fish waste at reduced size under aseptic conditions and one flask was used
as control without inoculation. The control flask and inoculated flasks were incubated in a
shaker by maintaining constant temperature of 37 °C at 175 rpm for 12 days. After 12 days,
the fermented solid fish waste hydrolysate was filtered through filter paper with Whatman
No.1l. At 10,000 rpm for 10 mins, the filtered isolates were centrifuged. For storage, 1%
lactate was added to the supernatant. The nutrients available for the plant growth in the

supernatant was analysed.

Bio-Hydrolysation of Chicken Feathers and Solid Fish Waste by Co-

cultivation of B. licheniformis and B. subtilis

The appropriate medium was prepared and used for the degradation of chicken
feathers and solid fish waste (Glucose-3 g, KH2PO4-0.7 g, K:HPOs-1.4 g, MgSO4-0.1 g,
NaCl-0.1 g, distilled water-250 ml). 12.5 g of dried chicken feathers with reduced length and
solid fish waste with the reduced size were engaged in 500 mL Erlenmeyer flasks containing
degradation medium at the pH value of 8.5. Three Sets of Erlenmeyer flasks of 250 mL
capacity were taken and autoclaved with 250 mL of degradation medium in the presence of
dried chicken feathers with reduced length and solid fish waste with the reduced size. The
autoclaved flasks were cooled. 10 mL bacterial cultures (B. licheniformis and B. subtilis)
were inoculated into the conical flasks containing degradation medium with chicken feathers
at the reduced length and solid fish waste at the reduced size under aseptic conditions and one
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flask was considered as control without inoculation. The slurry containing in conical flasks
with inoculation and without inoculation were incubated in a rotary shaker with the
temperature controlled at 37°C and at 175 rpm for 12 days. After 12 days, the digested feather
and solid fish waste hydrolysate was filtered using Whatman No.1 filter paper. For 10 mins,
the filtered isolates were centrifuged at 10,000 rpm. Lactate with 1% was introduced in to the
supernatant for the storage purpose. The presence of nutrients in the supernatant was analysed
for plant growth.
Statistical Analysis

Experiments conducted in the present research work were in triplicates. The nitrogen
content, phosphorous content, potassium content and total amino acid content results
observed from the present study were subjected to one way analysis of variance (ANOVA).
With the usage of the statistical analysis, the standard deviation was analyzed and computed
for the three final values obtained from the present study and the values were found to be less

than 5% of mean values.

Results and Discussion
Bio-Hydrolysation of Chicken Feathers by Co-cultivation of B.

licheniformis and B. subtilis

The hydrolysation of washed and dried raw chicken feathers with reduced length
using the bacterial cultures (B. licheniformis and B. subtilis) was established in batch mode.
The impact of bioprocess parameters such as of 10 mL inoculum volume, incubation
temperature at 37 °C, agitation rate of rotating shaker at 175 rpm during the incubation of 500
mL Erlenmeyer flasks containing 250 mL of degradation medium at the pH value of 8.5 with
dried chicken feathers at the reduced length of 1.5 cm to 2.5 cm on hydrolysation was studied.
Incubated flasks were observed for the hydrolysation at different time intervals such as 1% day,
4" day, 8™ day and 12" day after inoculation (Figure 2). With these optimised bioprocess
parameters, the hydrolysed solution of dried raw chicken feathers was filtered and
centrifuged. After centrifugation, the supernatant was analysed to determine nitrogen content
as 7500 mg/L, phosphorous content as 1295 mg/L, potassium content as 4710 mg/L, total
amino acid content as 4.38% and total antioxidant capacity as 190 pg/mL.

From the result, it was observed that the digestion of chicken dried raw feathers was
found to be increased with increase in the incubation time. The increase in incubation time

may increase the activity of microorganisms (Swetlana and Jain, 2010). The presence of dried
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chicken feathers may also act as a nutrient apart from digestion medium for the microbial
growth and thereby increases the digestion rate. The same types of result were previously
reported for the treatment of dried chicken feathers using B. licheniformis and B. subtilis
(Mousavi et al., 2013).

Bio-Hydrolysation of Solid Fish Waste by Co-cultivation of B. licheniformis

and B. subtilis

The solid fish waste of 12.5 g with the reduced size was hydrolysed using the
bacterial cultures (B. licheniformis and B. subtilis) in batch process. The effect of various
bioprocess parameters such as 10 mL size of inoculum volume, incubation temperature at
37 °C, rate of agitation in rotating shaker at 175 rpm during the incubation of Erlenmeyer
flasks (500 ml) containing degradation medium of 250 ml at the pH value of 8.5 with the
solid fish waste of the reduced size on bio-hydrolysation was conducted. Incubated flasks
were detected for the hydrolysation after inoculation at the different time intervals of 1%tday,
4" day, 8" day and 12" day (Figure 3). By maintaining these bioprocess parameters, the
hydrolysed solution of solid fish waste was filtered and centrifuged. After filtration and
centrifugation, the supernatant was collected to determine nitrogen content as 4240 mg/L,
phosphorous content as 2100 mg/L, potassium content as 5608 mg/L, total amino acid
content as 2.15% and total antioxidant capacity as 240 pg/mL.

According to the results of bio-hydrolyzation, the digestion of solid fish waste
increased as the incubation contact time increased (Hassan and Heath, 1986). The increased
incubation period may increase bacteria' contact time with fish waste. The presence of solid
fish waste may also serve as a nutrient for microbial strain growth, increasing digestion rate.
A similar pattern of results was previously reported for the treatment of solid fish waste using
B. licheniformis and B. subtilis (Kim, 2011).

Bio-Hydrolysation of Chicken Feathers and Solid Fish Waste by Co-

cultivation of B. licheniformis and B. subtilis

Using the bacterial cultures (B. licheniformis and B. subtilis) in batch mode, the
washed & dried raw chicken feathers with reduced length and solid fish waste with the
reduced size was digested and hydrolysed. With the influence of various biochemical process
parameters such as inoculum volume size of 10 mL, incubation temperature of 37 °C, shaking
speed of agitation in rotating shaker at 175 rpm for the incubation of Erlenmeyer flasks (500

mL) having the degradation medium of 250 mL at 8.5 pH value with the chicken feathers and
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solid fish waste, bio-hydrolysation was established. For the bio-hydrolysation study,
incubated flasks were analysed after inoculation at the different period of intervals such as 1%
day, 4" day, 8" day and 12" day (Figure 4). By keeping these bioprocess parameters, the
hydrolysed solution of digested medium with washed & dried raw chicken feathers with
reduced length and solid fish waste with the reduced size was filtered and centrifuged. The
collected supernatant after filtration and centrifugation was allowed to determine nitrogen
content as 6104 mg/L, phosphorous content as 1850 mg/L, potassium content as 5300 mg/L,
total amino acid content as 3.96% and total antioxidant capacity as 228 pg/ml.

As per the result obtained from the bio-hydrolyzation, the digestion of chicken
feathers and solid fish waste was found to increase with increase in the incubated interaction
time (Hassan and Heath, 1986). The increase in interaction time may increase the contact
time of microorganisms with the chicken feathers and solid fish waste and increase in the
number of collisions that occur between the molecules (Swetlana and Jain, 2010). The
existence of chicken feathers and solid fish waste may also act as nutrients for the microbial
strains growth and thereby increases the bio- hydrolysation reaction rate. As per the literature,
the results obtained from the present study was found to have similar trend of the results
previously reported for the treatment of chicken feathers and solid fish waste using bio-
hydrolysation (Mousavi et al., 2013; Kim, 2011).

Conclusion

From the present investigation, fresh solid fish waste and chicken were feathers
collected from local fish markets and chicken shops were effectively utilised and converted
into organic liquid fertilizer by bio-hydrolyzation using B. licheniformis and B. subtilis. The
production of organic liquid fertilizer is depending on the hydrolysation and digestion of
fresh solid fish waste and chicken feathers. With the optimised bioprocess parameters, the
samples collected from the hydrolysed solution of dried raw chicken feathers separately, fresh
solid fish waste separately and combined waste material of fresh solid fish waste and chicken
feathers waste separately were filtered and centrifuged. After filtering and centrifuging the
corresponding hydrolysed solution, the supernatant was analysed to determine the nitrogen
content phosphorous content, potassium content, total amino acid content and total
antioxidant capacity. The results obtained from the present investigation revealed that the bio-
hydrolysation of fresh solid fish waste and chicken feathers was found to be increased with

increase in incubation time. The present investigation concluded that the fresh solid fish
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wastes and chicken feather wastes were efficiently hydrolysed using B. licheniformis and B.

subtilis to attain the organic liquid fertilizer through environmentally friendly approach.
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Figure caption:

(a) Dried chicken feathers at the reduced length (b) Raw solid fish waste

Figure 1. (a) Dried chicken feathers at the reduced length (b) Raw solid fish waste.

(a) First day (b) Fourth day (c) Eighth day (d) Twelfth day

Figure 2. Bio- hydrolysation of dried chicken feathers on (a) First day (b) Fourth day (c)
Eighth day and (d) Twelfth day
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(a) First day (b) Fourth day (c) Eighth day (d) Twelfth day

Figure 3. Bio- hydrolysation of Raw solid fish waste on (a) First day (b) Fourth day (c)
Eighth day and (d) Twelfth day

(a) First day (b) Fourth day (c) Eighth day (d) Twelfth day

Figure 4. Bio- hydrolysation of dried chicken feathers and Raw solid fish waste on (a) First
day (b) Fourth day (c) Eighth day and (d) Twelfth day



