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Abstract

The study aims to investigate the effectiveness of chicken feather hydrolysate for promoting the growth
of Spinacia oleracea L., a commonly consumed leafy green vegetable. An earlier isolated and identified
keratinolytic bacterial species Bacillus tropicus was utilized for the preparation of chicken feather
hydrolysate through submerged fermentation. Minimal media which was supplemented with chicken
feather was used for the preparation of hydrolysate. The bacterial strain degraded chicken feather within
4 days of incubation after which the feather hydrolysate was collected and tested to check plant growth
promoting activity through the seed germination trials and greenhouse study. Upon characterization
of feather hydrolysate, it was found that the hydrolysate was a cocktail of Nitrogen, Phosphorus and
Potassium (NPK) as well as other micro elements needed for plant growth. Four different concentrations
of feather hydrolysate were employed for both the seed germination and greenhouse study which
ranged from 25% (v/v), 30% (v/v), 35% (v/v) and 40% (v/v) including a control group (CN) which was
not supplemented with feather hydrolysate. The hydrolysate supplementation brought about plant
growth in all the four test concentrations with 35% (v/v) giving the highest result of 14 cm and 27.6
mg/g for tested parameters like plumule length and total chlorophyll content, respectively. The same
concentration supported maximum seed germination and highest radicle extension for the germination
studies as well. This study investigates the efficacy of chicken feather hydrolysate in promoting spinach
growth, elucidating its potential as a fertilizer.
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INTRODUCTION

Protein hydrolysates, derived from
organic sources, are pivotal in sustainable
agriculture, enriching soil fertility, stimulating
plant growth, and mitigating the need for synthetic
fertilizers. Scientific evidence supports the efficacy
of protein hydrolysates containing amino acids,
dipeptides, and oligopeptides in enhancing plant
growth significantly by providing stress defense,
improving photosynthesis, increasing biomass
and fruit yield and also acting as precursors of
hormone and phytochemical synthesis.! The most
commonly exploited sources for the production of
bioactive peptides (protein hydrolysates) are plant,
animal and fungus. Plant and animal-based protein
hydrolysates are procured mostly from waste or
from byproducts generated during the growth,
harvesting or consumption of plant and animal-
based food products.? Out of the different sources
of protein hydrolysates, animal-based protein
hydrolysates are more in the focus of research as it
is an eco-friendly and sustainable source of protein
hydrolysate. Additionally, the number of livestock
related waste materials is increasing in the phase
of earth and usage of waste from livestock leads
to the valorization of waste as well.

Utilization of animal-based protein
hydrolysates in agriculture dates to more than 50
years due to its properties like eco-friendliness,
sustainability and soil enrichment potential.?
Among these alternatives, feather hydrolysate,
derived through the enzymatic breakdown of
poultry feathers, has emerged as a promising
candidate. The major reason for widespread usage
of chicken feather hydrolysate can be attributed
to the structural composition of chicken feathers
which consist of 80-90% of keratin protein.*
The keratin protein once broken down by
keratinolytic or proteolytic enzymes can release
bioactive amino acids beneficial for plant growth
promotion. Plant roots are capable of absorbing
amino acids and smaller molecules and exogenous
application of feather hydrolysates have proven
to be beneficial for plant growth especially those
plants with higher nitrogen demand.® Plant roots
absorb about 5% of protein hydrolysate which is
directly used for various anabolic and catabolic
processes of the plants. For instance the protein
hydrolysate produced by the degradation of

chicken feather keratin protein by a newly isolated
bacterial strain Bacillus aerius NSMk2 improved
the overall growth of Mung bean and also improve
beneficial microbes in the soil.! Amendment of
conventionally used organic manures such as
vermicompost with feather hydrolysate have
proved to increase the growth rate of tomato
plants leading to improved growth rate and
higher yield.>* The rest of the protein hydrolysate
which remains in the soil will be exploited by soil
microbes which is then made available to the
plants via plant microbe interaction.®

Spinach is a very important crop produced
and marketed globally. Many parts of the world
have a rich cultivation of spinach due to its high
nutritional value. Spinach trade of around 30.1
million USD globally.” The plant contains almost
246.60 mg/100 g of nitrogen, 46.80 mg/100 g of
phosphorus, 121.24 mg/100 g of potash, micro
elements like calcium, iron, and vitamins like
A and K.®2 As the economic value of spinach is
exponentially increasing, the rate of its farming,
harvesting and marketing needs to be expanded.
This study centers on the evaluation of feather
hydrolysate as a plant growth-promoting factor,
emphasizing its potential efficacy.

MATERIALS AND METHODS

Chemicals and media

All the chemicals, reagents, and media
used for the study were obtained from Nice
Chemicals Pvt. Ltd., Kochi.

Collection of samples

Seeds of Spinacia oleracea L. required
for the experiment were acquired from Indian
Institute of Horticultural Studies (IIHR), Bangalore.
The seeds variety procured were of ARKA anupama
which is a fast-growing seed variety developed in
IIHR. Chicken feathers required for the experiment
were obtained from a local slaughterhouse, S.G.
Palya, Bangalore. Chicken feathers were collected,
washed, dried and stored for future use.

Isolation of keratinolytic bacteria

The keratinolytic bacterial strain
employed for current study was isolated from
poultry waste dumping soil, Russell Market,
Shivajinagar, Bangalore (12.9850° N, 77.6059° E).
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The isolated bacterial strain was characterized
through Gram staining and biochemical methods.
Based on 16S rRNA sequencing, the strain was
identified as Bacillus tropicus LS27. The sequence
data has already been submitted to GenBank
(accession number OM108144).°

Preparation of protein hydrolysate

Protein hydrolysate was prepared by
supplementing minimal media with chicken
feathers as the only source of carbon and nitrogen.
The media used for the preparation of feather
hydrolysate was earlier optimized in the work
of Liya et al. 2023 which was followed in the
present study to prepare a fresh batch of protein
hydrolysate.® The minimal media (MM) consisted
of (g/L) of K,HPO, (0.3), KH,PO, (0.4), NaCl (0.5)
and chicken feathers (10 g) pH 7, the media was
inoculated with 5% (v/v) of overnight bacterial
culture and incubated for 4 days. After 4 days of
incubation, the feather hydrolysate was obtained
by filtering out the undigested feather residues
and collecting the liquid. The obtained liquid was
labeled as feather hydrolysate which is stored at
4°C until further use.

Effectiveness of feather hydrolysate as a liquid
fertilizer

Feather hydrolysate prepared from
bacterial degradation of chicken feathers was
tested to evaluate the effectiveness of it as a liquid
fertilizer. The tests were performed according to
the protocol mentioned in the work of Gurav et al.
2020 with some modifications.'® Several tests were
performed to determine the properties of feather
hydrolysate which included examination of its
color, odour, pH, electrical conductivity, presence
of pathogens and estimation of total NPK, Iron
(Fe), Calcium (Ca), Sulphur (S), Manganese (Mn),
Copper (Cu), Lead (Pb), Cadmium (Cd), Chromium
(Cr), Nickel (Ni).

In vitro toxicity assessment of feather hydrolysate

The toxicity test, adapted from Walter
et al.’* with some modifications, was followed
for toxicity assessment of feather hydrolysate.
Absorbent cotton was impregnated with 15 mL
of different concentration of feather hydrolysate
namely 25% (v/v), 30% (v/v), 35% (v/v) and 40%
(v/v) and placed in Petri dishes. Twenty green

gram seeds were added per dish and incubated for
24 hours at 25°C in darkness. Green gram seeds
are quick growing seeds which give out radicles
within 24 hours and are suitable to check for in
vitro toxicity studies. Post-incubation, parameters
such as germination potential (GP), relative seed
germination (RSG), relative root growth (RRG),
and germination index (Gl) were determined as
follows:

GP (%) = (germinated seeds/total seeds)
x 100.

RSG (%) = (germinated seeds in treatment/
germinated seeds in control) x 100.

RRG (%) = (average radicle length in
treatment/average radicle length in control) x 100.

Gl (%) = RSG x RRG / 100.

Preparation and compositional analysis of potting
mixture

The testing of feather hydrolysate as a
plant growth promoting factor was assessed in a
greenhouse plant growth trial experiment. For the
preparation of potting soil a potting mixture was
prepared by adding red soil, cocopeat and sand
in the ratio 2:2:1. The potting mixture was tested
for Nitrogen, Phosphorus and Potassium (NPK)
content according to the standard protocols by
Food and Agricultural organization (FAO) 2018.%2
Apart from NPK, the pH of the soil as well as
organic carbon content was also tested.

For the estimation of organic content
of the potting mixture, weight loss method
was used. About 5-10 g of potting mixture was
weighed and dried in a hot air oven at 105°C for
4 hours. After drying in a hot air oven, 0.01 g of
dried sample was weighed and transferred to a
silica crucible to incinerate it in a muffle furnace
at 400°C for 4 hours. The weight of the sample
(0.01 g) after drying in a hot air oven was labeled
as W.. The weight of the sample after incinerating
in the muffle furnace was labeled as W,.”* The
percentage loss of weight in the sample was
calculated and is determined as the amount of
organic carbon in the sample.

Available organic nitrogen (N) in the
potting mixture was calculated using the Kjeldahl
method with some modification.'* Available
phosphorus (P) in the potting mixture sample
was calculated using Oslens’ method.* Organic
phosphorus in the sample was extracted using
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Ammonium Fluoride (NH,F) and Hydrochloric
acid (HCI). The blue-coloured compound formed
during the addition of Stannous Chloride (SnCl,)
once it reacts with extracted organic phosphorus
was estimated spectrophotometrically at 660 nm
and the result was expressed as Kg/ha of sample.
The total available potassium (K) in the sample was
determined with the help of a Flame photometer.'
From 25 g of sample, organic potassium was
extracted using Ammonium Acetate (NH,CH,CO,).
The potash in the filtrate was determined with a
flame photometer and the result was expressed
as Kilogram/hectare (Kg/ha) of sample.'’

Greenhouse study

Plant growth promoting activity of feather
hydrolysate in promoting Spinacia oleracea L.
growth was assessed. The experiment was laid out
in randomized block design.*® Autoclaved soil-filled
pots, each measuring 25 cm in width and 20 cm
deep, were utilized for the experiment. A total of 20
treatment groups, including 4 concentrations (25%,
30%, 35% and 40% (v/v)) of feather hydrolysate,
and 1 control group were established. Each
treatment and control group consisted of triplicate
pots, ensuring experimental reliability. Over a
four-week period, the experiment was conducted
in the greenhouse facilities of CHRIST (Deemed
to be University) in Bangalore, under natural light

|

Minimal media
supplemented with
feather

. Isolation of
keratinolytic strain

Figure 1. Preparation of chicken feather hydrolysate (FH)

Degradation of
feather in media

Feather hydrolysate
received after filtration of

conditions. Prior to planting, 1 kg of sterilized soil
was added to each pot. The treatment groups
received the designated concentration of feather
hydrolysate, while the control groups received no
supplementation. Throughout the study, plant
growth parameters such as plumule length and
chlorophyll content which are directly related to
the vegetative growth and productivity of spinach
were monitored and recorded each week for 4
weeks. The results were represented as mean +
standard deviation.

RESULTS AND DISCUSSION

Preparation of feather hydrolysate

The feather hydrolysate required for
the experiment was prepared using chicken
feathers. The optimum incubation time for the
degradation of chicken feathers was 4 days. After
the incubation, a considerable amount of chicken
feathers were degraded which was examined
visually by the disintegration of the intact structure
of chicken feathers. The transparent media turned
to be opaque after the degradation of chicken
feathers due to the breakage of protein leading to
the dissolution of amino acids, oligopeptides and
dipeptides. The process of feather degradation
and the final feather hydrolysate obtained after
degradation is depicted in Figure 1. A keratinolytic

media
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bacterial strain named as Kocuria rhizophila p3-3
was found to degrade 52% of chicken feathers
with 4 days of incubation time leading to the
generation of feather hydrolysate.’ Bacterial
isolate Bacillus aerius NSMk2 showed hydrolysis
of chicken feather in minimal salt medium with 5
days of incubation producing nutrient rich feather
hydrolysate.? The results of feather degradation
align with the earlier reports of feather hydrolysate
preparation indicating the effective production
of feather hydrolysate by the incorporated
keratinolytic bacterium Bacillus tropicus utilized
for the present study.

Characterisation of feather hydrolysate
The filtrate received after separating
undegraded chicken feather from the media is

Table 1. Overview of compositional analysis of chicken
feather hydrolysate

Parameters Values

pH 7.12

Colour Colourless
Odour Odourless
Electrical conductivity  0.44 dms-1
Total Nitrogen 0.65% (v/v)
Total Phosphorus 0.002% (v/v)
Total potash 0.006% (v/v)
Copper 1.70 ppm
Iron 23.26 ppm
manganese 1.49 ppm
Calcium 0.005 % (v/v)
Sulphur 0.001% (v/v)
Lead, Cadmium, Absent
Chromium, Nickel

Pathogens Absent

termed as feather hydrolysate which consist of
amino acids, oligopeptides and dipeptides along
with the cultured bacterial cells. Amino acids such
as cysteine, valine, methionine, phenylalanine,
isoleucine, lysine and proline are present in
the feather hydrolysate which was estimated
and quantified in the previous work of Liya and
Umesh 2023.Y7 This feather hydrolysate will
come under the category of liquid biofertilizer
whose characteristics properties were tested to
know the nature and composition of nutritional
content of the liquid fertilizer. The results of the
analysis have been consolidated in Table 1. The
results revealed that the pH of the hydrolysate is
suitable for application in soil as it comes under
the neutral range which will not alter the natural
pH of the soil/potting mix. The fertilizer was free
of pathogens and heavy metals and was also
odourless and colourless. Total NPK content of the
hydrolysate was found to be 0.658% (v/v). Trace
amounts of copper, iron, manganese, calcium and
sulfur were also revealed in the elemental analysis
of feather hydrolysate. Liquid fertilizer exhibits
superiority over other forms of fertilizer due to
its high potential to improve crop yield, improving
overall growth of the plant, storage and ease
of application.?* Application of chicken feather
hydrolysate alone and chicken feather hydrolysate
along with the fermentative bacterial culture
showed the highest growth rate for Zea mays and
Corchorus olitorius, respectively.?? Chicken feather
hydrolysate produced by fermentation activity of
Pseudomonas aeruginosa C1M strain, supported
maximum growth of spinach as was reported by
the works of Saba et al.?® In the current study,
the nutritional composition analysis of feather

Figure 2. Green gram seed germination enhanced by feather hydrolysate
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hydrolysate revealed the presence of NPK needed
for plant growth as well as trace amounts of other
beneficial nutrients suggesting the applicability of
hydrolysate as a liquid fertilizer.

Germination Study

Green gram seeds were used for assessing
the toxicity of chicken feather hydrolysate. The
seeds put in 35% (v/v) concentration of chicken
feather hydrolysate showed maximum growth of
radicle upto 1 cm within 24 hours of incubation
followed by 40% (v/v) which showed radicle

16 -
14 -+
12 -
10 -
8 -

Length in cm
[ SO S e
1 1

o
1

week 1 week 2

week 3

growth around 0.8 cm. The concentration of
feather hydrolysate upto 40% was found to be
non-toxic to seeds. Radicle growth upto 0.5 cm
and 0.6 cm was observed for 25% (v/v) and 30%
(v/v), respectively. Control group of seeds which
was put in distilled water instead of feather
hydrolysate showed equal radicle growth length
up 0.5 cm with the 25% (v/v) concentration.
Figure 2 provides a visual representation of radicle
growth of green gram soaked in above mentioned
individual concentrations of feather hydrolysate in
comparison to the control. Using the measurement

week 4

Concentration of FH (%(v/v))

(a) Effect of feather hydrolysate on plumule length of spinach

30 -

- NN
W O W

wn

Total Chlorophyll content (mg/g)
) =

Concentration of FH (%(v/v))

(b) Effect of feather hydrolysate on total chlorophyll content of spinach
Figure 3. Graphical representation of influence of feather hydrolysate (a) plumule length and (b) total chlorophyll

content
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Table 2. Estimation of germination of green gram seeds under the influence of feather hydrolysate (FH)

Parameters Concentration of FH (% (v/v))
estimated

25 30 35 40 control
Germinated 16/20 19/20 20/20 20/20 20/20
seeds (no.s)
Average radicle 0.5 0.6 1.00 0.8 0.5
length (cm)
GP % 80 95 100 100 100
RSG % 80 95 100 100 100
RRG % 100 120 200 160 100
Gl % 80 114 200 160 100

of radicle length from each of the test and control
group, germination index (GP%), relative seed
germination (RSG%), relative root growth (RRG)
and germination index (Gl) was calculated which
is summarized in Table 2. Germination percentage
was equal for 35%, 40% as well as the control
group which was followed by 30%. Seeds in 20%
concentration and control seeds showed least seed
germination percentage and all other calculated
parameters when compared to test groups as well
as control. The major reason for this is because
of the least concentration of feather hydrolysate
when compared to the other test groups while
in the control group the natural germination
environment favored the seed germination. Even
though the germination percentage was equal for
35%, 40% and control, the presence of growth
promoting factor in the test groups elevated the
growth of radicles leading to more length gain of
radicle length in test groups than in control groups.
Similar results were observed in the work of Kaur
et al. where higher concentration of feather
hydrolysate supported maximum mung bean
seeds germination.'® Relative seed germination
rate has reached upto 193.3% for poultry based
manure which is a representation that feather
hydrolysate can contribute to seed germination
regardless of plant growth.? In line to the findings
of present study, wheat seed germination and
seedling growth were facilitated by chicken feather
hydrolysate.?

Determination of NPK content of potting mixture

The effect of feather hydrolysate on the
growth of spinach was tested by adding feather
hydrolysate to soil in which the spinach seeds

have been sown and germinated. The potting
mixture consisted of red soil, cocopeat and sand
mixed in a specific ratio which was tested for its
NPK content. The pH of the potting mixture after
its preparation was 7.5, available nitrogen in the
potting mixture was estimated to be 113 Kg/ha,
available phosphorus content was found to be
8.4 Kg/ha and available potassium content was
estimated to be 1792 Kg/ha. Apart from NPK
content the amount of organic carbon in the
potting mixture was also estimated and it was
found to be 4.8% (w/w).

Spinach plant is a quick growing plant
which gets adapted to soil conditions especially
sandy soil. The pH of the potting mixture is well
enough to support plant growth as previous
reports suggest that the optimum pH for the
healthy growth of spinach ranges between 6
and 7.5.%¢ The potting mixture prepared in the
current study consists of an estimated nitrogen
content of 113 Kg/ha which is beneficial for the
growth of spinach. This result is supported by the
experimental results from the work of Ekinci et al.
2019 which reports higher leaf area, leaf number,
Stem diameter, leaf and root fresh and dry weight
with an addition of 150-200 kg/ha of nitrogen.?
Phosphorus content of the potting mixture was
estimated to be 8.4 Kg/ha. Earlier studies on
the yield and seed setting potential of spinach
on the influence of phosphorus reports that a
maximum of 31.68 Kg/ha of phosphorus is enough
to produce good yield of spinach and further
seed setting.?® In the current study, the amount
of phosphorus present in the potting mixture is
efficient enough to support spinach growth which
could also be elevated by the addition of feather
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hydrolysate supplement. Significant amounts of
NPK in the potting mixture is advantageous for
growth of spinach as the interactive effect of NPK
improved total phenolic content, total antioxidant
activity, total flavonoid content and total vitamin ¢
content of spinach.? Biochars which consist mainly
of carbon have been found to support the growth
of spinach even in heavy metal contaminated soil.*°
In addition to NPK, the availability of carbon in
the potting mixture is a desirable factor for plant
growth.

Growth enhancement of spinach by feather
hydrolysate

Spinach plants require a considerable
amount of nitrogen and other bioactive compounds
for its healthy growth. Feather hydrolysate being a
mixture of amino acids and bioactive compounds
is sufficient to support plant growth. Application
of chicken feather hydrolysate has proved to
increase the growth of spinach in all the test
groups starting from the lowest concentration till
the highest concentration in consideration. The
test groups showed better growth performance
than the control group with 35% (v/v) of the
feather hydrolysate supplemented group being
the highest promoter of spinach growth. Under
this concentration, the plant acquired a plumule
length of 14 cm at the end of 4 weeks and a
total chlorophyll content of 27.6 mg/g. From
20% concentration, plumule length and total
chlorophyll content increased steadily till 35%
concentration after which the values declined
for 40%. This is majorly because of the presence
of excessive amounts of amino acids around
the roots of the plants which caused toxicity to
the plant leading to lesser nutrient absorption
than the lower concentrations. Amino acids
contain nitrogen. Excess of nitrogen in around
the plant root causes inhibition of amino acid
uptake via active transport causing building up
of nitrogen and burning of roots.*® Thus, the
current study provided an insight into the effective
concentrations of feather hydrolysate for plant
growth promotion with 35% (v/v) selected as
the optimum concentration to support growth of
spinach. The graphical representation of plumule
growth and total chlorophyll content for the plant
over the 4 weeks of experimentation is given in
Figure 3.

Feather protein hydrolysate has been
found to complement chemical fertilizers leading
to improved plant growth. For instance, use of
feather protein hydrolysate along with chemical
fertilizer have shown to improve leaf area, dry
weight, and chlorophyll content in mung beans
compared to the control plants.?! Greener plants
with increased leaf biomass, leaf number and plant
length were observed when treated poultry feather
waste was used as an agent for plant growth
promotion.3***In a study conducted by Gurav et al.
2020, feather hydrolysate concentration 20% (v/v)
provided to crops like Brinjal and Chilli through
root drenching displayed better plant growth
with increased plant height and early flower
setting suggesting that higher concentrations of
feather hydrolysate supports plants in diverse
means.'® Higher concentrations of chicken feather
hydrolysate have been found to be beneficial for
plants like tea plants but found to be phytotoxic
to some fruiting plants after repeated application
of hydrolysate.3*3*

CONCLUSION

Spinach is a cash crop whose production
can be increased by advanced fertilization
and agricultural techniques. Chicken feather
hydrolysate which are usually left out as waste
material could be valorised so that plant growth
promoting factors like amino acids, oligopeptides
and dipeptides could be generated from the waste
which could serve as a nutritional supplement for
the growth of plants. The potential of an earlier
isolated keratinolytic bacterial strain Bacillus
tropicus to degrade chicken feathers and produce
feather hydrolysate have been experimented
in this study; to test out the effectiveness of
protein hydrolysate to support spinach growth. It
was found that feather hydrolysates at different
concentrations can promote plant growth by
increasing total plumule length and chlorophyll
content leading to increased productivity. The
current study gives a preliminary insight into
preparation and application of feather hydrolysate.
Further study on changes in phytochemical
content as well as biochemical stress response
upon feather hydrolysate addition can bring about
more addition to the existing knowledge.
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