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Abstract

Purpose This study assessed novel keratinolytic bacteria for feather valorization to yield feather hydrolysates (FHs) to
cultivate vegetables.

Methods Bacterial degradation of feather was determined through production of keratinase. Corchorus olitorius (Jute
mallow), Celosia argentea (Cockscomb), and Amaranthus caudatus (Pendant amaranth) were grown with FHs through
soil-less and pot experiments. Nitrogen and amino acid contents of FHs were determined, and the effects on soil microbes
and fertility were studied.

Results Aguamicrobium defluvii and Bacillus safensis degraded feather with keratinolytic activities of 45.2 and 56.7 U/ml,
respectively. FHs improved seed germination by 1.29-1.67 folds and vigor index by 2.13-3.87 folds. In pot experiments,
50-100% FHs improved growth over control, while 100% FHs performed better than NPK in C. olitorius and C. argentea. In
A. caudatus, NPK performed comparatively with 100% FHs. The FHs had nitrogen contents of 12.60-13.16% with abundance
of glycine, alanine and leucine. FHs improved soil nitrogen content (27.91-37.21%) and organic carbon (24.11-29.46%) at
28 days, and stimulated soil microbial growth by 10'-102,

Conclusion The significant plant growth promotion and improved soil fertility demonstrated by FHs suggest their potential
application as biofertilizers to promote sustainable agricultural production. To our knowledge, this represents first report of
keratinolytic strain of Aquamicrobium defluvii and use of FHs to promote growth of C. olitorius, A. caudatus and C. argentea.
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Statement of Novelty

The two bacterial isolates degraded chicken feather to pro-
duce nitrogen and amino acid-rich feather hydrolysates,
which enhanced growth of vegetables and improved soil
fertility. The keratinolytic Aquamicrobium defluvii being
reported here for the first time adds to the growing list
of bacteria that can effectively valorize poultry feather in
producing feather hydrolysates. The work is impactful as
it showed potential applications of the feather hydrolysates
to engender sustainable vegetable production. Herein, the
use of feather hydrolysates to promote growth of Corcho-
rus olitorius, Celosia argentea, and Amaranthus caudatus
is reported for the first time.

Introduction

Agricultural food production currently depends largely
on the use of fertilizer for the purpose of enhancing food
production to feed the rapidly growing world population,
and at the same time to boost the production of healthy
foods like fruits and vegetables, whose demand is on the
rise over the past two decades [1]. The use of chemical fer-
tilizers is being discouraged in modern agricultural prac-
tices due to their high production cost and environmental
problems associated with their production and applica-
tion. Excessive use of chemical fertilizers is not only cost
intensive but also leads to their gradual entry into water
systems through rain water and seepage to contaminate
groundwater, which can induce serious risks to human and
animal health [2, 3]. However, replacement of chemical
fertilizers with eco-friendly biofertilizers or slow release
nitrogenous organic fertilizers could be a better option to
increase agricultural productivity [4] within the scope of
a more sustainable development.

Several organic wastes have been investigated and uti-
lized as fertilizers and for soil enhancement [5]. Microbio-
logical transformation of organic nitrogenous wastes under
controlled conditions yields products of high economic
value, some of which are used to improve soil properties
for cultivation of plants and as important ingredient for
animal feed formulations [6]. Apart from obtaining prod-
ucts of commercial value, the practice is also considered
as a suitable approach for waste management and recycling
[7, 8], which promotes bio- and circular economy [9, 10].
Among such wastes that can be valorized into high-end
products are poultry feathers that are known to be rich in
structural proteins [11, 12].

The consumption of chicken in human diet is on the
increase in recent times, which has led to the environmen-
tal discharge of closely 8.5 million tons of poultry feather
wastes annually from the poultry meat production [13].
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In Nigeria, about 932.5 metric tons of poultry wastes are
discharged annually from various poultry farms. The dis-
posal, utilization and management of poultry wastes have
always been a serious concern due to their high recalci-
trant keratin content [14]. Feather contains approximately
15% nitrogen on a dry weight basis and its recalcitrant
nature results into slow rate of decomposition and nitro-
gen mineralization in the soil [13]. The stability of keratin
and its resistance to microbial degradation are due to the
tight packing of the protein chain either in a-helix (hair
a-keratin) or B-sheet (feather p-keratin) structures [15, 16].

The traditional physical and chemical methods for the
treatment of feathers such as burning, land filling, steam
pressure cooking and strong alkali or acid hydrolysis are
laborious, expensive, non-ecofriendly and damage their bio-
technological values. Hence, the development of ecofriendly
method for their degradation that will ensure the produc-
tion of products of high economic value becomes imperative
[17]. Biodegradation of feathers by keratinolytic microor-
ganisms is an efficient, cost-effective, and environmental
friendly method for bioconversion of feather wastes into
nutritionally rich feather hydrolysates [18] and production of
multi-applicable keratinases [11]. The technology has been
considered as a biotechnological means of keratinous wastes
valorization. Feather hydrolysate (FH) is rich in ammonia,
peptides, amino acids and other important products [19].
It can act as slow release nitrogen (N) organic fertilizer to
boost agricultural food production [20, 21]. It can stimu-
late soil microbial activity which will in turn facilitate the
assimilation of nutrients by plants for better growth [22].

Vegetables are edible parts of certain plants that include
leaf, stem and roots that are usually cooked or eaten raw
[23], and are indispensable components of balanced human
diet [24] due to their nutritional importance and health-pro-
moting abilities [25]. They are good sources of fiber, miner-
als and vitamins and WHO has recommended consumption
of 400 g/day of fruits and vegetables to prevent non-com-
municable diseases [26] such as cancer, heart attack, stroke,
hypertension, birth defects, cataracts and diabetes [24].
There are different strategies to improve the phytonutrient
constituents of vegetables and their bioactivities and these
include nanoagriculture and organic farming [6, 25, 27, 28].
Vegetables and fruits are so important that the year 2021 was
declared as the international year of fruits and vegetables
(IYFV) by General Assembly of the United Nations [29] to
raise awareness about the benefits of fruits and vegetables
to promote good health and wellbeing towards achieving the
SDGs of UN [30].

In Nigeria, among the widely cultivated and consumed
vegetables are Corchorus olitorius (Jute mallow), Celosia
argentea (Cockscomb), and Amaranthus caudatus (Pendant
amaranth). The leaf of jute mallow is the edible portion,
while the shoots of cockscomb and pendant amaranth are
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eaten when cooked. They are annual vegetables that mature
in 4-6 weeks. The vegetables are consumed when cooked
for their nutritional values and may also be exploited for
ethnobotanical purposes. For instance, amaranth can be used
to treat diabetes and inflammation, while also possessing
immunomodulatory, anthelmintic, anti-androgenic, diuretic
and laxative properties [31]. Corchorus olitorius is the most
important vegetable in southwestern Nigeria [32] and it is
useful in the treatment of fever, anaemia, chronic cystitis,
cold and tumours [33]. Celosia argentea also possesses
antipyretic, anti-inflammatory and antioxidant activities and
often used to treat gastrointestinal disorders [34]. Being part
of the staple food in Nigeria, the production of these veg-
etables needs to be enhanced for their numerous nutritional
and medicinal benefits.

Feather valorization is a continuous biotechnological
endeavour, whereby new microorganisms are sought for
degradation of the keratin to produce high-end products.
Recently, we reported the first demonstration of Bacillus
safensis to degrade feather, efficient production of multifunc-
tional keratinase for destaining, dehairing and fabrication
of nanoparticles [34-39]. Therefore, the present study was
aimed at utilizing novel keratinolytic bacterial isolates to
degrade feather to produce feather hydrolysates that can be
deployed as biofertilizers in the cultivation of some widely
consumed vegetables in Nigeria; namely Corchorus olito-
rius, Celosia argentea and Amaranthus caudatus. Herein,
we report the first isolation of keratinolytic strain of Aqua-
microbium defluvii that efficiently degraded chicken feather
to produce nutritionally rich feather hydrolysate. Till date,
there is no report on the evaluation of feather hydrolysates
on the growth of Corchorus olitorius, Celosia argentea and
Amaranthus caudatus.

Materials and Methods
Preparation of Substrates and Media

Chicken feather wastes and soil samples were obtained from
feather dump site of LAUTECH Teaching and Research
poultry farm, Ogbomoso, Nigeria. The soil sample was col-
lected in a clean polythene bag and stored under ambient
conditions until further use. Feathers were washed using
tap water to remove soil and debris, and the clean feathers
obtained were dried in hot air oven at 75 °C. The dried feath-
ers were chopped into pieces, milled and then sieved using
60-mesh particle size. The feather powder was kept under
ambient conditions for further studies. The minimal medium
for the isolation of keratinolytic bacteria was compounded
from the keratin powder as follows (g/1): NaNOs;, 2; NaCl,
2; KH,PO,, 2; MgSO,, 0.05; FeSO,.7H,0, 0.1; CaCO;,
0.1; keratin substrate, 20; and agar—agar, 20. The medium

was sterilized at 121 °C for 15 min, and then fortified with
0.05 g/1 of sterile nystatin to inhibit fungal growth [35].

Isolation of Keratinolytic Bacteria

The keratinolytic Bacillus safensis LAU 13 previously
reported for the degradation of feather [35] was obtained
from the culture collection of Laboratory of Industrial
Microbiology and Nanobiotechnology, LAUTECH, Ogbo-
moso. New keratinolytic bacterial strain was isolated from
soil sample collected from the same site where the feather
wastes were obtained. One gram of soil sample was dis-
persed in 9 ml of sterile distilled water. Aliquot of 0.5 ml
was inoculated into the minimal medium for the selective
growth of bacterial isolates using the pour plate method; the
plates were incubated at 37 °C for up to 3 days. Thereafter,
distinct colonies observed through morphological features
were sub-cultured on yeast extract agar plates to obtain pure
cultures. The pure cultures were stored on agar slants of
yeast extract agar and minimal selective medium for further
use [35].

Biochemical and Molecular Characterization
of the Isolate

The biochemical tests, viz., Gram staining, motility, indole
production, methyl red, Voges Proskauer, citrate utilization,
sugar utilization, spore staining, catalase, oxidase, coagu-
lase, urease, hydrogen sulphide, and hydrolysis of starch
was carried out according to the methods of Brenner et al.
[40]. The molecular characterization of the best newly iso-
lated bacterium was carried out using 16S rRNA analysis.
Genomic DNA was isolated from pure culture of the bacte-
rial isolate using the Quick-DNA™ Fungal/Bacterial Mini-
prep Kit (Zymo Research, Catalogue No. D6005). The 16S
target region was amplified using OneTag® Quick-Load®
2X Master Mix (NEB, Catalogue No. M0486) with 16S-27F
(5-AGAGTTTGATCMTGGCTCAG-3") and 16S-1492R
(5"- CGGTTACCTTGTTACGACTT-3") as the forward and
reverse primers, respectively. The amplification was carried
out under the following conditions: 95 °C for 5 min, fol-
lowed by 25 cycles of 95 °C for 1 min, 50 °C for 30 s and
72 °C for 1.5 min, and finally 72 °C for 5 min. The ampli-
fied products were run on a gel to separate the fragments
using the Zymoclean™ Gel DNA Recovery Kit (Zymo
Research, Catalogue No. D4001). The extracted fragments
were sequenced in the forward and reverse direction (Nima-
gen, BrilliantDye™ Terminator Cycle Sequence Kit V3.1,
BRD3-100/1000) and purified (Zymo Research, ZR-96 DNA
Sequencing Clean-up Kit™, Catalogue No, D4050). The
purified fragment was analyzed on the ABI 3500Xi Genetic
Analyzer (Applied Biosystems, ThermoFisher Scientific)
and the sequences obtained were browsed in the database
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of the National Centre for Biotechnological Information
(NCBI) (http://blast.ncbi.nlm.nih.gov) via the blastn option
[41] for possible matches. This was followed by the deposi-
tion of the sequences in the GenBank (www.ncbi.nlm.nih.
gov/genbank) under accession number OM281847.1. The
phylogenetic tree of the isolate with the closely related spe-
cies was constructed using MEGA 11.0 [42].

Determination of Keratinolytic Activity of Bacterial
Isolates

Activity of keratinase produced by the bacterial isolates was
determined by the modified method of Cheng et al. [43].
The pure culture of each of the keratinolytic organisms
was used for inoculum development by inoculating into a
medium consisting of 1% keratin substrate and 0.2% yeast
extract at pH 7.5. The culture was incubated at 37 °C and
100 rpm for 24 h. Feather degradation was carried out in the
fermentation medium (minimal medium without agar and
nystatin) [35] using 5% inoculum size. The cultures were
incubated at 37 °C at 100 rpm for up to 7 days. Crude kerati-
nase (0.5 ml) obtained at 24 h-interval was incubated with
1.5 g of feather powder suspended in 2 ml phosphate buffer
(pH 7.5, 40 mM). The control experiment consisted of buffer
and feather powder only. The reaction mixture was incubated
at 40 °C for 3 h at 100 rpm. At the end of incubation, the
reaction was quenched by adding 2 ml of 10% trichloroacetic
acid (TCA). Centrifugation was carried out at 5000 rpm for
15 min at room temperature (30+ 1 °C) to remove precipi-
tated substrate. The increase in absorbance at 280 nm of the
filtrate of the test sample relative to that of the control which
is a measure of release of protein was converted into kerati-
nase units (1 U=0.01 absorbance increase for 1 h reaction
time [35]. All the tests were performed in replicates.

Bioconversion of Chicken Feather into Feather
Hydrolysates

This was investigated by growing the keratinolytic isolates
in fermentation medium for 4-5 days on the basis of when
highest keratinolytic activities occurred for the two iso-
lates. Feather degradation was carried out in the fermenta-
tion medium (minimal medium without agar and nystatin)
[35] using 5% inoculum size. The cultures were incubated
at 37 °C at 100 rpm for up to 7 days. Thereafter, content of
the whole flask was collected, centrifuged at 5000 rpm for
20 min and the supernatant was heated at 60 °C for 30 min to
kill the bacterial culture. The non-heated and heated super-
natants served as crude keratinase and feather hydrolysate,
respectively which were used without further purification.
The experiments were performed in triplicates.
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Determination of Ammonium Nitrogen and Amino
Acid Composition of Feather Hydrolysates

To determine the ammonium nitrogen content, feather
hydrolysate of 100 ml was added into 5 ml of borate buffer
(pH 9.5) inside distillation flask. The distillate was collected
inside conical flask containing 5 ml of indicating boric acid
solution. Ammonia in the distillate was titrated against
standard sulfuric acid (0.02 N) until the solution turned
pale lavender. The blank was titrated in the same way using
distilled water.

Ammoniacal nitrogen (mg/L)=A — B X %, where A is
volume of sulfuric acid used for sample; B is volume of
sulfuric acid used for blank, and V is volume of sample
taken for test.

The amino acid composition of feather hydrolysates such
as tryptophan, cysteine, methionine, phenylalanine, glycine,
valine, tyrosine, lysine, leucine, and serine was determined
using liquid chromatography. Protein was extracted from the
feather hydrolysates using the methods of Saleethong et al.
[44], in extraction buffer (30.0 mmol/L Tris—HCI (pH 8.0),
0.1 mmol/L EDTA, 6.0 mmol/L ascorbic acid, 5.0 mmol/L
MgCl,, 1% polyvinyl pyrrolidone, 0.02% 2-mercaptoethanol,
and 1% glycerol). The extracted protein was hydrolyzed in
6 M HCl under vacuum at 105 °C for 24 h. The amino acid
analyses were done by reversed-phase LC (Model Hitachi
L-8900) with pre-column derivatization with AccQ-fluor
reagent, as indicated by manufactures (Water Corporation,
Milford, MA).

Evaluation of Feather Hydrolysates as Biofertilizers
for Vegetable Seed Germination in Soil-Less
Experiment

The feather hydrolysates (FH) were evaluated for the biofer-
tilizing effects on three leafy vegetables: Corchorus olito-
rius var. corete potagere, Celosia argentea var. cristata,
and Amaranthus caudatus var. hemera in soil-less petri dish
experiment. The vegetable seeds were procured from Farm
Help Agrostores, Moniya, Ibadan, Oyo State. The hydro-
lysates were graded into different concentrations (25, 50,
75, and 100%) by diluting the stock with tap water. The
experiment involved planting of five vegetable seeds on
1 g of cotton wool placed inside 9 cm-diameter petri dish.
Immediately after planting, the petri dish was flooded with
10 ml of each of the graded concentrations. For the control
experiment, immediately after sowing, the petri dish was
flooded with equal volume of tap water only. The dishes
were arranged using completely randomized design (CRD)
with four replicates. The experiment was held under ambi-
ent conditions where light was accessible and carried out
for 7 days. It was thoroughly monitored and irrigation was
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done on daily basis using 5 ml of each concentration of FH
and water for the experiment and the control, respectively.

Determination of Growth Characteristics

The numbers of germinated seeds (minimum radicle length
of 2 mm) were noted every day. At the end of 7 days of
growth, seedlings were uprooted and parameters such as
shoot height, root length, seed germination percentage, seed-
ling vigour index and germination rate index were deter-
mined. Metric rule was used to determine the shoot height
and root length. The germination rate index was determined
according to the method described by Esechi [45]. The vig-
our index and germination percentage were calculated as
follows:
Number of germinated seeds

Germination percentage = x 100
Hnatior per g Number of seeds planted

Vigour index = (mean of shoot height + mean of root length)

X germination percentage

Germination rate index (GRI) =T Ly@2 8,
where G1 is the germination percentage after one day of
sowing; G2 is the germination percentage after two days
of sowing, G3 is the germination percentage after 3 days of
sowing, and Gx is the germination percentage after x days
of sowing.

Evaluation of Feather Hydrolysate as Biofertilizer
for Vegetables Grown in Pot Experiment

A modified method of Madisa et al. [46] was used in
this study. It was carried out at the Botanical Gardens,
Department of Pure and Applied Biology, LAUTECH
Ogbomoso, Oyo State, Nigeria with geographical coor-
dinates 8° 8' 0' North, 4° 16' 0" East between January and
March, 2021, where the soil samples were obtained. The
soil is sandy loamy which belongs to alfisols and classi-
fied locally as Gambari soil series [47]. Pot experiment
was set up to evaluate the plant growth promoting effects
of feather hydrolysates on the three leafy vegetables Cor-
chorus olitorius, Celosia argentea and Amaranthus cau-
datus by considering different concentrations (25, 50,
75, and 100%). The experiment was conducted using 1
L capacity transparent polythene bag filled with 250 g of
soil sample obtained from the study site. Ten seeds were
planted per pot at an average depth of 1-2 cm. Immedi-
ately after planting; pots were flooded with 20 ml of each
of the graded concentrations of FHs. For positive control
experiment, each pot was treated with 2 g of inorganic
NPK fertilizer (15:15:15) 5 days before planting, while the

negative control pot was free of fertilizer. Both the positive
and negative control pots were flooded with equal volume
of tap water immediately after planting.

Subsequently, all pots were irrigated with 10 ml of water
every day except the test experiment pots that were irrigated
with their corresponding FH concentrations every 7 days
instead of water to serve as booster doses. Pots were per-
forated at the base to allow excess water to drain out and
they were arranged under a net. The experiment was a ran-
domized complete block design with four replicates. Seed-
lings were later thinned to maintain three stands per pot two
weeks after planting and the vegetables were further grown
for two weeks before harvesting. Thereafter, shoot length
and root length of harvested vegetables were measured. To
determine the fresh weight, the total weight of the shoot por-
tion of plants/pot was taken. The same plants were dried at
60 °C for 8 h to determine the dry weight. The values were
expressed as means.

Determination of Ammonium Nitrogen, Total
Organic Carbon and Microbial Properties of Soil

Composite soil sample (0-20 cm depth) was taken from
three different points of the site and analyzed to determine
the ammonium nitrogen using standard laboratory proce-
dures outlined by Mylavapus and Kennelley [48]. Total
organic carbon was estimated as described by McLeod
[49]. One gram of soil sample was added with 10 mL 1 N
K,Cr,0,, the flask was swirled gently to disperse the soil in
the solution. Twenty milliliter of concentrated H,SO, was
added to the mixture and swirled immediately. The flask
contents was heated until 135 °C for 30 s after cooling in
a fume cupboard, it was diluted to 200 mL with deionised
water. Twenty five milliliter of the sample was added with
3 drops of ferroin indicator and titrated with 0.4 N FeSO,.
As the end point was approached, the solution turned green-
ish and final changed to a dark green. At this point, ferrous
sulphate was added drop wisely until the colour changed
sharply from blue-green to reddish-grey. Two blanks (with-
out soil) were run similarly to standardise the FeSO, solu-
tion. The total organic carbon was calculated thus:

3N(1—§)

Total organic carbon(%) = W

where N =Normality of K,Cr,0; solution; T= Volume of
FeSO, used in sample titration (mL); S = Volume of FeSO,
used in blank titration (mL); W = Weight of sample used (g).

Microbial loads of the composite soil sample before (day
0) and after the experiments (day 28) were enumerated. The
soil sample was serially diluted in sterile water, and then
inoculated into nutrient agar and potato dextrose agar plates
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followed by 24 h and 48 h incubation for the enumeration of
bacterial and fungal load, respectively.

Statistical Analysis

Data obtained were analyzed using SPSS statistical package
version 20. Values were expressed as means + SD, and eval-
uated for significant difference through ANOVA (p <0.05)
and Duncan’s multiple range test.

Results and Discussion

Isolation and Characterization of Keratinolytic
Bacteria

The previously isolated Bacillus safensis LAU 13
(KJ461434) displayed remarkable keratin degrading abil-
ity as earlier documented [35]. It produced the most potent
keratinolytic activity as the feather substrate was almost
completely degraded. In addition, among the newly iso-
lated bacteria from the screened feather dump site in the
present study, a particular isolate designated as FH 20 dis-
played high feather degradation. It was a short rod, gram
negative, motile, non-spore forming and aerobic bacte-
rium. It was positive to catalase and oxidase but nega-
tive to coagulase test. The novel keratinolytic strain was
identified as Aquamicrobium defluvii FH 20 with accession
number OM281847.1 (Fig. 1). It has 97.60% homology
with Aquamicrobium defluvii TLA-7 (KU163265.1) iso-
lated from landfill stabilization pond in Greece [50].
Keratinolytic microorganisms are found in the envi-
ronment, and several authors have reported the isolation

Fig. 1 The phylogenetic tree
showing the relationship
between FH 20 and other
closely related species (values 16
in the tree nodes indicate the
extent of genetic variation
among the species)

0.1

1.00 000
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of multitude of keratinolytic bacterial species. However,
larger proportion of them are found to be confined to
Gram-positive bacteria including Bacillus, Lysobacter,
and a few strains of Gram-negative bacteria, viz., Vibrio
and Xanthomonas [7, 15, 51]. However, there is no evi-
dence of keratin degradation by a member of the genus
Aquamicrobium. This study therefore represents the first
reference on the keratin degrading ability of a member of
the genus Aquamicrobium.

Species of Aquamicrobium are gram negative and aero-
bic bacteria capable of degrading thiophene-2-carboxylate,
petroleum, polychlorinated biphenyls, biphenyl, and cyh-
alofop-butyl. Their isolation from polluted environments
such as sewage treated factory, active sewage sludge and
biological filters have been reported [52]. Aquamicrobium
defluvii is an hydrocarbon degrading bacterium that was
first isolated from activated sewage sludge in Germany
[53]. The first petroleum-degrading strain Aquamicro-
bium defluvii W13Z1 which was isolated from petroleum-
contaminated drill cuttings was reported by Wang et al.
[54]. Members of the genus Aquamicrobium have potential
applications in livestock wastewater treatment facilities to
degrade organic pollutants [55], herbicide [56], dye and
bioelectricity generation [57]. However, few species have
been recently reported from pathological investigations,
such as Aquamicrobium lusatiense [58], Aquamicrobium
terrae [59]. However, this is the first report of the isolation
of keratinolytic Aquamicrobium defluvii for the treatment
of keratinous waste.

'0K0840671.1 Aquamicrobium terrae strain huné 16S ribosomal RNA gene partial sequence

0EOU305598,1 Uncultured Aquamicrobium sp. clone 5-C 16S ribosomal RNA gene partial sequence
%9(8553001 Uncultured Aquamicrobium sp. clone ABWWTP-1 16S ribosomal RNA gene partial sequence
0I'<UC488623,1 Aquamicrobium defluvii strain SU3 16S ribosomal RNA gene partial sequence
D'UKU163266,1 Aquamicrobium ahrensii strain TLB-12 16S ribosomal RNA gene partial sequence
0I£U163265.1 Aquamicrobium defluvii strain TLA-7 16S ribosomal RNA gene partial sequence

OM281847.1 Aquamicrobium defluvii strain FH 20 16S ribosomal RNA gene partial sequence
L'DIVIH806386.1 Aquamicrobium defluvii strain DSM 11603 16S ribosomal RNA gene partial sequence
%%3853424.1 Aquamicrobium sp. I-A 16S ribosomal RNA gene partial sequence

MK290904.1 Aquamicrobium sp. strain A3 16S ribosomal RNA gene partial sequence
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Keratinolytic Activities and Course of pH
of the Bacterial Growth

The keratinolytic activities (KA) of the two bacterial strains,
Aquamicrobium defluvii FH 20 and B. safensis LAU 13 cul-
tivated on feather substrate through submerged fermenta-
tion are as shown in Fig. 2. Aquamicrobium defluvii FH 20
produced KA in the range of 19.5-45.2 U/ml, whereas the
KA values recorded for Bacillus safensis LAU 13 were in the
range of 29.4-56.7 U/ml. The latter produced its maximum
KA (56.7 U/ml) at 96 h of fermentation, while the maximum
KA value (45.2 U/ml) obtained for the former organism was
achieved at 120 h. The course of pH during the hydrolysis
of feathers by the two bacterial species rose from the initial
value of 6.0 to reach maximum value of 8.3 during 120 h of
fermentation.

In many previous studies, similar KA values of some spe-
cies of bacterial have been reported. For instance, Lateef
et al. [35] reported KA of 50.4 U/ml for B. safensis LAU
13 isolated from a feather dump site using feather waste as

[35] and pH 7.5-9.7 for Bacillus cereus [7] during the deg-
radation of chicken feather.

Ammonium Nitrogen Content and Amino
acids Composition of the Feather
Hydrolysate

The ammonium nitrogen content of liquid FH resulted
from the feather degradation by Bacillus safensis LAU 13
and Aquamicrobium defluvii FH 20 were 13.16 +0.22 and
12.60 +£0.15% (w/v), respectively. Analysis of amino acids
profile of the FHs revealed the presence of essential and non-
essential amino acids (Table 1). This reflects the proteina-
ceous nature of the FHs and also indicates the hydrolysis of

Table 1 Amino acids compositions of the feather hydrolysate

Amino acids Bacillus safensis LAU  Aquamicrobium

13 defluvii FH 20
keratin substrate. Using casein as the substrate, Alahyaribeik (mg/g) (mg/g)
et al. [60] reported maximum KA of 50.41 and 35.41 U/ml Glver 2 862011 280015
. . . . . 00+0. oU+0.
after 48 h of fermentation by strains of B. licheniformis and yCI,ne - -
. . . . Leucine 2.52+0.08 4.20+0.08
B. pumilus respectively using feathers as substrate. The shift )
. . . . . Phenylalanine - 0.02+0.01
in pH during keratinase production corresponds with the )
. . . Cysteine 0.06+0.01 0.03+0.01
report of Gupta and Ramnani [15], that environment with pH )
. . . . Lysine - 0.04+0.01
of 6 to 9 favors keratin degradation by most microorganisms. Turosi 1872005
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feather substrate by the microorganisms. The FH resulted
from feather degradation by B safensis LAU 13 is richer
in glycine (3.86 mg/ml), alanine (3.45 mg/ml), and leucine
(2.52 mg/ml) than cysteine, tryptophan, and methionine.
In the same vein, the FH obtained through Aquamicro-
bium defluvii FH 20 have some similarities in amino acids
compositions. It consisted of leucine (4.20 mg/ml) and gly-
cine (3.80 mg/ml) in larger quantities than phenylalanine,
cysteine, lysine, tyrosine, and tryptophan that were present
in very small amounts.

The nitrogen contents of the feather hydrolysates in the
range of 12.60-13.16% corroborate the findings of Gurav
et al. [28] that reported the presence of 8.03% Kjeldhal nitro-
gen content in the feather hydrolysate resulted from degrada-
tion by Chryseobacterium sp. RBT, whereas 15.36% (w/v)
nitrogen content was obtained for the FH of Bacillus sp.
CL18 [6]. Calin et al. [62] reported 15.5 and 15.0% (w/w)
for ammonium nitrogen feather hydrolysates of Trichoderma
atroviridiae and Trichoderma asperellum, respectively. The
richness of FHs in amino acids is supported by evidences in
the literature. Recently, Hendrick et al. [63] reported amino
acid contents of valorized chicken feather by Chryseobac-
terium cucumeris FHNI1 as arginine (3.44%), phenylalanine
(3.59%), glycine (3.68%), leucine (4.41%), histidine (4.54%),
valine (4.63%), aspartic acid (4.75%), serine (5.19%), glu-
tamic acid (5.86%), and proline (6.08%). Others included
hydroxyproline (0.01%), methionine (0.43%), tryptophan
(0.86%), cysteine (1.11%), and lysine (1.13%). The differ-
ences in types and amounts of amino acids might be attrib-
uted to the differences in the keratin degrading ability of the
isolates. Authors have reported that the richness in amino
acids of keratin hydrolysates potentiates their application as
biofertilizer to boost agricultural crop production [11, 64].

Fig.3 The effects of feather
hydrolysates on the seedling
growth of the vegetables after
7 days

C. olitorius

e

FH 25%

Feather hydrolysate of
B. safensis

Feather hydrolysate of
A. defluvii
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They enhance soil fertility and microbial activity which in
turn stimulate plant growth and metabolism [65].

Effects of FHs on the Seed Germination and Seedling
Growth of Vegetables in Petri dish

The feather hydrolysates enhanced the germination char-
acteristics and seedling growth of Corchorus olitorius,
Amaranthus caudatus and Celosia argentea seeds (Fig. 3)
after seven days of cultivation. B. safensis FH at all con-
centrations demonstrated potent growth-promoting activi-
ties on the vegetable seeds by obtaining highest values for
their growth characteristics such as shoot height (SH), root
length (RL), germination percentage (GP), vigor index
(VI), and germination rate index (GRI) over their respec-
tive controls. Optimal performances were produced at dose
of 25% FH with germination rate of 100, 86.67 and 50% for
C. olitorius, A. caudatus and C. argentea, respectively rep-
resenting 1.67, 1.63 and 1.57-fold improvement compared to
control (Table 2). Conversely, significant lower germination
rates of 60, 53.3 and 26.67% were recorded in the control
experiments for C. olitorius, A. caudatus and C. argentea,
respectively. Seeds treated with 25% FH of B. safensis
demonstrated improvement in vigour index of C. olitorius,
A. caudatus and C. argentea by 3.87, 3.40 and 2.33-fold,
respectively compared to the control experiments.

Similar results on growth promotion were obtained on the
vegetable seeds treated with feather hydrolysate of Aqua-
microbium defluvii FH 20 (Fig. 4). In C. olitorius, the best
treatment (FH at 50%) boosted the seed germination (93%)
against control (80%), and also produced 2.34 and 1.26-fold
improvement in vigour index and germination rate index,
respectively (Table 3). However, it was observed that 25%

A. caudatus

C. argentea

Control
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Table 2 Effect of B. safensis Treatments SH (cm) RL (cm) GM % VI GRI

LAU 13 feather hydrolysate

on the seed germination and Corchorus olitorius

Zi;‘ilrii“nfe‘f;owm in soil-less 25% 24640360  179+026°  100.00+£0.00°  425.00+19.14  86.67+5.77¢
50% 2204053 1.11+0.31%® 86.67+11.55° 286.88+44.07° 68.89 +1.92°
75% 1.96+0.34° 1.43+0.38° 80.00+0.00°  271.20+30.81%  64.11+7.50°
100% 1.52+0.37° 1.26+0.52° 80.00+0.00"  222.40+33.21° 53.34+5.77°
Water 1.04+0.25% 0.79+0.31° 60.00+0.00°  109.80+23.26 36.87 +3.64*

Amaranthus caudatus
25% 2.76+0.32¢ 0.69+0.11° 86.67+11.55°  299.01+29.91° 47.22+26.16"
50% 1.87+0.13° 0.73 £0.05° 60.00+0.00°  156.00+3.46° 21.67 +0.00*
75% 1.70+0.10° 0.52+0.07° 60.00+0.00°  133.20+4.08° 20.67 +0.00?
100% 1.28+0.20 0.43+0.07° 60.00+0.00°  102.60+4.20° 20.67 +0.00*
Water 1.20+0.31 0.45+0.15 5333+11.55*  87.99+10.36 19.34+2.31°
Celosia argentea

25% 2.06+0.21¢ 1.09+0.35¢ 50.00+10.00°  157.50+33.14¢ 17.2+0.70¢
50% 1.11+031*  091+0.21° 50.00+10.00°  101.00+34.01° 9.99 +0.90°
75% 1.01+0.61° 0.86+0.26° 20.00+28.28°  37.40+6.00° 6.67 +4.72°
100% 1.01+0.71° 0.26+0.67° 20.00+28.28"  25.40+4.30 6.67 +4.72°
Water 1.74+0.82% 0.79+0.67 26.67+9.31% 67.48 +4.54* 4.5+0.70°

Values with the same superscript within a column are not significantly different (p <0.05)

SH shoot height, RL root length, VI vigour index, GM germination, GRI germination rate index

Fig.4 The effects of feather
hydrolysates on growth of the
vegetables at 28 days in some
pot experiments

% FH

0% FH

B. safensis
-t
s,

Control
5

A. caudatus

FH performed optimally on A. caudatus and C. argentea
with germination rate of 66.67 and 60%, respectively corre-
sponding to 1.67 and 1.29-fold improvement when compared
with the control experiments. Also, the 25% FH treatment
produced 3.38 and 2.13-fold improvement in vigour index
for A. caudatus and C. argentea, respectively.

At optimal levels, vigour index of 157.50-425.00, and
205.34-331.32 were obtained in vegetables treated with
feather hydrolysates of B. safensis and A. defluvii, respec-
tively compared to 60.00—145.61 obtained in the con-
trol experiments (Tables 2 and 3). Authors have reported
improved seedling growth of tomato [62] upon treatment
with feather hydrolysates. However, Kshetri et al. [66]

C. olitorius

C. argentea

T Eage BN NN
= S =Snlls o

Y

\

.

reported improved vigour index of 458.7-677.3 for garden
pea treated with 5-100 X dilution of FH produced by Strep-
tomyces sp RCM-SSR-6 compared to 343.07 recorded for
the control experiment. The undiluted and 2 X dilution FHs
produced vigour index of 217.3 and 247.5, respectively. The
study concluded that high concentrations of FH inhibited
vigour index of garden pea due to concentration effects.
Furthermore, Gurav et al. [28] reported positive impact of
FH produced by Chryseobacterium sp. RBT on the seed
and seedling growth of Solanum melongena and Capsicum
annuum.

Cotl
NPK
o FH

759

C. argentea

The increase in germination and other agronomic param-
eters by the FH may be due to the absorption and utilization
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Table 3 Effect of

. . . Treatments SH (cm) RL (cm) GM % VI GRI

Aquamicrobium defluvii FH

20 feather hydrolysate on the Corchorus olitorius

“;z(vivﬁfrlglg?{‘;’i:“;j;jﬁﬂ‘;% 25% 1494022 057£017°  86.67+11.55  178.54£1510°  53.34£577°

£ 50% 2.24+0.26¢ 131+0.12°  9333+11.55°  331.324+38.21¢ 76.67+15.28°
75% 1.97+0.33¢ 1.09+0.32° 80.00 +0.00* 244.80+37.24° 51.11+8.39*
100% 1.64+0.27° 1.36+0.28° 80.00 + 0.00? 240.00 +46.19° 5556 +7.70°
Water 1.00+0.21*  0.77+0.25 80.00 + 0.00? 141.60 + 14.09* 42.22+3.85

Amaranthus caudatus
25% 2.39+0.13¢ 0.69+0.12° 66.67+11.55°  205.34+42.38° 25.56+6.73°
50% 1.71+£0.08°  0.58+0.12" 60.00 +0.00° 137.40+1.04° 15.67 £0.00*
75% 1.70+£0.09°  0.47+0.11 60.00+0.00° 130.20 +5.67% 15.67+0.01%
100% 1.67+0.11°  0.52+0.08" 60.00+0.00° 131.40 +5.67 15.67+0.02°
Water 1.08+0.62*  0.44+0.27 40.00+0.00° 60.80+5.67" 15.67 +0.03?
Celosia argentea

25% 3.09+0.09°  2.08+0.14° 60.00+0.00° 310.20+5.58° 30.00+0.00°
50% 1.40+0.11*  0.36+0.52 53.33+11.55 93.86+17.51% 14.34+2.31°
75% 1304022  0.37+0.132 46.67+11.55* 77.94 +15.62° 13.00+2.31%
100% 1.10+£0.39*  0.33+0.16 46.67 +11.55% 66.74 + 8.44% 11.67 +1.67°
Water 1.76 +0.61° 1.36£0.53" 46.67 +23.09° 145.61 +55.11° 12.09 +4.76*

Values with the same superscript within a column are not significantly different (p <0.05)

SH shoot height, RL root length, VI vigour index, GM germination, GRI germination rate index

of nitrogen and other nutrients by the seeds [65]. These
potentiate the application of FH as a sustainable and alterna-
tive tool to promote and improve organic farming [6]. While
the use of protein-rich hydrolysates including feather hydro-
lysates in sustainable horticulture has been advocated [67],
there is paucity of information on the evaluation of effects
of feather hydrolysates on Corchorus olitorius, Amaranthus
caudatus and Celosia argentea until now. In addition, the
feather hydrolysates can find useful applications in soil-less
cultivation of vegetables. Feather hydrolysates have been
considered as superior biofertilizer in agro-industrial enter-
prise [22].

Effects of Feather Hydrolysates as Biofertilizer
on Vegetables Grown in Pot Experiment

The feather hydrolysates generated after the degradation
of feather by both B. safensis and A. defluvii enhanced the
growth of the vegetables (Fig. 4) after 28 days of cultivation.
Plants treated with 100% FH of B. safensis displayed higher
shoot height (SH), root length (RL), fresh weight (FW) and
dry weight (DW) compared to other treatments except plants
treated with NPK fertilizer that showed similar growth char-
acteristics (Table 4). It was observed that the plant growth
promoting activity of the FH is dose dependent as the opti-
mum activity was obtained on plant treated with highest FH
concentration. More so, 100% FH of A. defluvii produced
positive effects on all the vegetables (Table 5). Noteworthy
that it was in A. caudatus alone that the application of NPK

@ Springer

fertilizer performed comparatively or higher than the 100%
FH of both B. safensis and A. defluvii (Tables 4 and 5).

The application of FH produced by A. defluvii at 75 and
100% significantly increased fresh weight of C. olitorius
compared with the negative control and NPK applica-
tion. However, in B. safensis FH, application only at 100%
was significantly higher than the NPK application. In C.
argentea, 100% application of A. defluvii FH produced sig-
nificant higher fresh weight than NPK application, while at
the same concentration; FH of B. safensis produced similar
result with NPK application. Generally, the applications of
FH at 25, 50, 75 and 100% produced better fresh weight than
the negative control (water) in all the vegetables except for
25% applications of FH of B. safensis on A. caudatus and C.
argentea (Tables 4 and 5).

Authors have documented quite a number of findings
reporting positive effect of feather hydrolysates on the
growth and yield performance of some agronomic crops. For
instance, Sobucki et al. [6] reported a significant improve-
ment in the growth of lettuce plant cultivated in plastic pot
with FH over the urea treated lettuce plant cultivated under
the same conditions. Similarly, Kucinska et al. [68] reported
a positive plant growth promoting effect of feather hydro-
lysate on cucumber plant cultivated inside plastic pot. More-
over, application of FH had been reported to facilitate seed
germination and plant growth through rapid nutrient uptake
[65]. The contributions of feather hydrolysates in terms
of nutrient provision stimulate plant growth. Hence, the
feather hydrolysates as obtained in this study have potential
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Table 4 Effects of feather Treatment RL (cm) SH (cm) FW (2) DW (2)
hydrolysate of Bacillus safensis
LAU 13 on the growth of Corchorus olitorius
vegetables in the pot experiment 6.25+0.53 6.68 +0.59° 1.16+0.21° 0.60+0.03*
NPK 13.35+0.60° 22.63+10.45® 7.01+1.27% 2.33+0.18
100% 16.35+0.60° 21.98+14.28° 7.99+7.12° 2.33+1.10°
75% 12.55+0.60° 16.78 +7.23% 5.46 +0.60° 2.02+0.25%
50% 11.35+0.60° 12.45+0.29° 3.52+0.01° 1.78+0.21%
25% 10.35+0.60° 11.45+0.29° 2.34+0.19° 1.69+0.21%
Amaranthus caudatus
Water 6.32+2.43¢ 7.76 +2.44% 2.03+0.12° 0.65+0.02°
NPK 12.78 +0.61¢ 15.53+1.43° 7.21+0.05° 1.67+0.06°
100% 7.01+1.78° 10.43+2.16° 3.04+1.02° 0.71+0.06°
75% 4.13+2.01° 6.11+1.28° 2.14+0.07° 0.31+0.02
50% 4.13+2.30° 6.01£2.34% 2.01+1.32° 0.29 +0.08*
25% 291+1.21° 431+2.15% 1.97 +0.06 0.19+0.04*
Celosia argentea
Water 431+0.17° 621+1.17° 1.91+0.08° 0.17 +0.03?
NPK 6.01+1.32° 10.31+2.15¢ 420+ 1.54° 0.89+0.04°
100% 6.13+0.27° 12.34+5.31°¢ 4.48+1.35° 0.89+0.05°
75% 5.14+0.18° 11.12+4.21¢ 428+1.41° 0.66+0.03°
50% 4.41+0.91° 6.87+3.10° 1.93+1.332 0.18+0.01?
25% 1.84+0.51° 3.27+237° 1.13+1.14% 0.15+0.02
Values with the same superscript within a column are not significantly different (p <0.05)
SH shoot height, RL root length, FW fresh weight, DW dry weight
Table 5 Effects of feather Treatments RL (cm) SH (cm) FW (2) DW (g)
hydrolysate of Aquamicrobium
defluvii FH 20 on the growth of Corchorus olitorius
vegetables in the pot experiment Water 3.98+0.41° 531+2.13 1.84+0.03% 0.78 +0.04¢
NPK 4.10+1.22° 8.56+2.12° 2.43+1.35* 1.15+0.16*
100% 6.18+£0.45¢ 13.31+3.22¢ 5.61+1.88° 2.32+£0.45°
75% 4.61+£0.25° 9.55+2.14° 3.87+0.74° 1.81+£0.33
50% 2.97+0.38 4.63+0.29 2.69+0.02° 1.16+0.22°
25% 2.17+0.09* 3.51+0.59* 2.51+0.21° 1.15+0.18
Amaranthus caudatus
Water 4.85+1.50° 5.73+1.97 1.72+0.23 0.51+0.03
NPK 12.50+0.71° 13.65+0.68° 6.19+0.19° 1.09+0.01°
100% 11.93+1.51° 13.60 +1.65° 6.84+0.70° 1.51+0.70°
75% 11.05+£3.27° 1225 +1.61° 4.38+0.95% 0.85+0.18*
50% 8.25+1.52° 9.48 +1.38" 3.24+0.85 0.80+0.08*
25% 7.28 +1.07 833+1.13* 2.18+0.25 0.40+0.01?
Celosia argentea
Water 5.00+2.97 5.38+1.93 1.16+0.09* 0.16+0.02°
NPK 6.88+0.10° 8.65+0.10° 3.54+0.02° 0.30+0.01°
100% 6.18 +2.56 11.33+7.28° 5.83+1.04° 0.69+0.15°
75% 6.09+0.55 8.45+2.56° 4.62+0.01° 0.57+0.11
50% 5.95+1.45 8.01£2.86 2.37+0.27° 0.29 +0.50°
25% 5.33+0.35% 7.10+3.64% 1.38+0.13 0.20+0.01?

Values with the same superscript within a column are not significantly different (p <0.05)

SH shoot height, RL root length, FW fresh weight, DW dry weight
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application as organic fertilizer for the cultivation of agro-
nomic crops for sustainable agricultural food production. To
the best of our knowledge, these reports are the pioneering
efforts at evaluating the impacts of feather hydrolysates on
C. olitorius, A. caudatus and C. argentea that are widely
consumed in Nigeria.

Effect of Feather Hydrolysates on the Soil Nutrients
and Microbiota

The total organic carbon and nitrogen contents of the soil
used for the cultivation were found to be 2.24 and 0.43%,
respectively while the results of the microbial analysis before
(day 0) and after applications of FH and NPK (day 28) are
as shown in Table 6. Application of B. safensis LAU 13 and
A. defluvii FH 20 feather hydrolysates at 100% improved
soil fertility both in terms of total organic carbon and nitro-
gen content. The treatment with B. safensis FH enhanced
the total organic carbon and nitrogen contents to 2.90 and
0.59%, representing 29.46 and 37.21% improvement, respec-
tively. Similarly, A. defluvii FH increased total organic car-
bon and nitrogen content of the soil to 2.78 and 0.55% with
improvement of 24.11 and 27.91%, respectively. However,
NPK fertilizer application increased the initial value of total
organic carbon and nitrogen content of the soil to 2.37 and
0.61%, respectively. The increased total organic carbon
might be due to booster application of FHs and contribu-
tion of microbial biomass in the confined pot environment.
Applications of FH and NPK fertilizer consider-
ably improved the soil microbial loads. For instance,
at 100% application, B. safensis FH used for Corcho-
rus olitorius cultivation increased the bacterial and fun-
gal loads in the range of 4.85x 10>—1.14 x 10* cfu/g
and 1.15x10°—1.13 x 10* cfu/g, respectively while
the FH of Aquamicrobium defluvii used for the cultiva-
tion of Celosia argentea increased the bacterial and fun-
gal loads in the range of 4.29 x 10>-2.51 x 10* cfu/g and
1.39x 10°—1.33 x 10* cfu/g, respectively. Generally, FHs
application increased microbial growth by 10-100 folds.

The application of feather hydrolysates performed better
at increasing the organic carbon of the soil for soil amend-
ment. Jain et al. [69] described feather hydrolysate produced
by Streptomyces sampsonii GS 1322 as an excellent soil
amendment strategy to improve the fertility of barren soil
for growth of wheat. Nurdiawati et al. [20] have posited that
feather hydrolysate being rich in organic carbon represents
a potent way of enriching soil organic matter. The increased
microbial loads recorded for soils treated with NPK ferti-
lizer was almost equivalent to the FH treated soils due to
available inorganic nutrients. The improved microbial loads
of the FH-treated soils by factor of 10'=10? are attribut-
able to improved levels of organic matter in the treated soil
which stimulates soil microbial activities. Jain et al. [69]
reported improved microbial activities in a barren soil that
was amended with feather hydrolysate. The nutrients sup-
plied by FH serve as stimulant for microbial growth in the
amended soil [22], and various reports have shown the
improved growth of beneficial microbes such as phosphate
solubilizers, nitrogen fixers and siderophore producers fol-
lowing the application of feather hydrolysates [2, 21]. Ker-
atin hydrolysates are nutrient-rich organic materials that
can be exploited as slow release nitrogen fertilizer and as
biostimulant capable of increasing microbial activities in the
soil [64]. Similarly, Bhari et al. [22] reported that the appli-
cation of protein hydrolysates as organic fertilizer improved
soil ecosystem and microbial populations. In the same vein,
the findings of Kaur et al. [21] indicated the enhancement
of growth of mung beans, improvement of soil fertility and
microbial activity upon soil treatment with feather hydro-
lysate of Bacillus aerius NSMKk2.

Conclusion

In this study, Bacillus safensis LAU 13 and a newly iso-
lated Aquamicrobium defluvii FH 20 displayed potent
keratinolytic activities, and degraded chicken feather to
produce feather hydrolysates that were rich in amino acids.

Table 6 Effects of feather hydrolysates on the soil microbiota in the pot experiment

Organism  Vegetables  Bacterial Bacterial Bacterial Bacterial ~ Fungal load  Fungal Fungal load  Fungal load
load load after load load before load after after FH after NPK
before water-only after FH after NPK  application ~ water-only application  application
application  application  application  application (cfu/g) application  (cfu/g) (cfu/g)
(cfu/g) (cfu/g) (cfu/g) (cfu/g) (cfu/g)

B. safensis  C. olitorius ~ 4.85x10? 6.13%10? 1.14x10* 1.09x10*  1.15x10° 1.20%10° 1.13x10*  1.02x10*
A. caudams 395x10°  406x10°  701x10°  721x10° 133x10°  141x10°  1.01x10°  1.97x10*
Cargentea 456x10°  471x10°  120x10°  155x10° 115x10°  126x10°  125x10¢  121%10°

A. defluvii  C. argentea 4.29x10? 5.81 %102 2.51%10° 2.11x10°  1.39%10° 1.47%10° 1.33x10*  1.12x10*
C.olitorius  341x10°  3.10x10°  1.02x10°  652x10° 3.67x10>  3.84x10°  6.67x10°  6.12x10°
A caudatus 274100 2.83x10°  174x10°  167x10° 774x10°  798x10>  274x108  212X10°
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The application of FHs in soil-less petri dish experiments
involving Corchorus olitorius, Celosia argentea, and
Amaranthus caudatus seeds enhanced seed germination,
germination percentage, vigour index and other growth
characteristic over the control. Similarly, the growth of
the vegetables in pot experiment was positively affected
by FHs as they displayed higher shoot height, root length,
fresh weight and dry weight over the fertilizer and water
treated seedlings in C. olitorius and C. argentea particu-
larly at 100% dose. The fertilizer only performed better
than 100% FH in A. caudatus. The treatment with the FHs
improved nitrogen content, organic carbon and microbial
activity in the soil. Further research will be needed to
determine the long-term benefits and limitations of FHs
applications on the production cycle of plants and soil
characteristics for large scale adoption.

The remarkable poultry feather bioconversion displayed
by novel Aquamicrobium defluvii FH 20 and Bacillus
safensis LAU 13 represents a biotechnological means of
keratinous wastes valorization. Hence, the significant plant
growth-promoting ability demonstrated by the FHs herein
indicates their potential application as organic nitrogen-
rich fertilizer representing eco-friendly viable substitute
to synthetic chemical fertilizer. The study can contribute
immensely to the implementation of strategies to enhance
sustainable vegetable production to meet the targets of UN
on the production and consumption of fruits and vegeta-
bles for promotion of good health.
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