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Abstract

In the integration of the circular economy, keratin hydrolysis is essential for preventing keratin accumulation in the
environment and offers opportunities for utilising the resultant protein hydrolysate. Keratin hydrolysate can serve as an
alternative nitrogen source for microbial cultures, and thus promote cost-effective production of commercially valuable
metabolites such as biofuels, vitamins, organic acids, pigments, and polysaccharides. Considering the amount of keratin
waste generated annually, particularly chicken feathers, exploring alternative approaches for utilising keratin hydrolysate

could stimulate further research.
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Introduction

Advances in the global market, along with an increase in the
number of industries in diverse sectors, have contributed to
an increase in industrial waste generation. Among them, the
animal production industry generates substantial amounts of
organic waste that requires extensive treatment. In particu-
lar, attention has been paid to keratinous materials generated
from wool production and, on a larger scale, from the meat
industry in the form of hooves, horns, and chicken feathers
(Silva 2018).

The compact conformation and high molecular stability
of keratin render it a recalcitrant material. Incineration is
not an ecologically attractive alternative, and the disposal
of protein waste in landfills can lead to uncontrolled anaero-
bic degradation and the release of ammonia and hydrogen
sulphide (de Menezes et al. 2021). In this context, keratin
hydrolysis by chemical or biological approaches offers a
means to prevent its accumulation in the environment, and
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the resulting keratin hydrolysate can potentially be utilised
for various purposes, including as a biofertiliser and supple-
ment for animal feed (Silva 2018; de Menezes et al. 2021).

In this discussion, in addition to these widely reported
applications, more attention will be paid to the use of kera-
tin hydrolysate to improve the production of other commer-
cially valuable compounds, including vitamins, glutathione,
organic acids, butanol, pigments (prodigiosin), and polysac-
charides (xanthan gum). In 2020, the global production of the
major types of keratin waste (wool and feathers from geese,
guinea fowl, ducks, turkeys, and chickens) was estimated
to be approximately 12 million tons (Chen et al. 2022). The
keratinous material derived from this waste could serve as
an inexpensive supplement to microbial growth media to
obtain products of high commercial value. Several studies
have reported similar findings.

Implementation of hydrolysed keratin in
culture medium

A comparison of sheep wool hydrolysate, commercial tryp-
tone peptone, and protease peptone for the production of
hyaluronic acid (HA) using Streptococcus zooepidemicus
ATCC 35246 has been reported (Arslan and Aydogan
2021). The bacterial culture containing sheep wool peptone
exhibited the best HA production, followed by media with
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tryptone and protease peptone, yielding HA concentrations
of 3.54, 2.58, and 2.47 g/L, respectively. In media contain-
ing molasses and chicken feather peptone (CFP), Ozdal and
Kurbanoglu (2019) reported improved citric acid produc-
tion by Aspergillus niger. Among diverse peptones (4 g/L),
the highest amount of citric acid was detected in the cul-
ture medium containing CFP, followed by the media with
casein and Bacto peptones, with yields of 45.7%, 30.1%,
and 34.6%, respectively (Ozdal and Kurbanoglu 2019).
Chicken feather hydrolysate has been investigated as a
nitrogen source for ethanol and butanol production. Butanol

Table 1 Examples of metabolites produced using keratin hydrolysate
as an additive in culture media for microorganisms

Microorganisms ~ Keratin ~ Keratin Metabolites Refer-
sources hydrolysis  produced ences
Saccharomyces Donkey Enzymatic Vitamin Hassan
cerevisiae strain ~ hair hydrolysis ~ B-complex et al.
ATCC 64712 hydroly- (2020)
sate
Streptococcus Sheep  Chemical  Hyaluronic Arslan
zooepidemicus wool hydrolysis  acid and
ATCC 35246 hydroly- (acid and Aydogan
sate alkaline) (2021)
Aspergillus niger  Chicken Acid Citric acid  Ozdal
MO-25 feather  hydrolysis and Kur-
hydroly- banoglu
sate (2019)
Clostridium Chicken Alkaline Butanol Branska
beijerinckii feather  hydrolysis et al.
hydroly- (2020)
sate
Lactobacillus Chicken Alkaline Lactic acid Ghar-
reuteri LHR14 feather  hydrolysis walova
and L. casei hydroly- etal.
CCDM 198 sate (2018)
Rhizopus oryzae  Chicken Acid Lactic acid  Taskin
TS-61 feather  hydrolysis etal.
hydroly- (2012)
sate
Saccharomyces Chicken Acid Glutathione Taskin
cerevisiae feather  hydrolysis (2013)
hydroly-
sate
Recombinant S. Chicken Microbial  Glutathione Qiu et al.
cerevisiae feather  culture (2014)
hydroly- (Tricho-
sate derma
atroviride
F6)
Pseudomonas Chicken Acid Rhamno- Ozdal
aeruginosa OG1  feather  hydrolysis  lipid bio- et al.
hydroly- surfactant ~ (2017)
sate
Xanthomonas Chicken Acid Xanthan Ozdal
campestris MO-03 feather  hydrolysis gum and Kur-
hydroly- banoglu
sate (2018)
Serratia marces-  Ram Acid Prodigiosin  Kurbano-
cens MO-1 horn hydrolysis glu et al.
peptone (2015)
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production from chicken feather and wheat straw hydroly-
sates has been achieved using Clostridium species. Clos-
tridium beijerinckii strain NCIMB 8052 produced 4.6 g/L
of butanol (Branska et al. 2020). In a study involving Sac-
charomyces cerevisiae, Serna-Cock et al. (2018) found that
despite the best ethanol production being achieved using
media containing urea (58.12 g/L), chicken hydrolysate
emerged as a suitable substitute for conventional nitrogen
sources in fermentative media (46.91 g/L ethanol produc-
tion). Therefore, keratin hydrolysate has been proposed as
an alternative and an inexpensive nitrogen source for bio-
fuel production.

Taskin (2013) reported improved glutathione (GSH) pro-
duction by S. cerevisiae when chicken feather hydrolysate
(20 g/L) was used as an amino acid source, achieving a
maximum GSH production of 271 mg/L, followed by fish
peptone (255 mg/L), tryptone-peptone (215 mg/L), and con-
trol culture (126 mg/L). Hassan et al. (2020) used donkey
hair hydrolysate as an additive in the culture medium to pro-
duce vitamins B1, B2, and B12 using S. cerevisiae ATCC
64712. Table 1 summarises the metabolites produced using
keratin hydrolysate.

Advantages and disadvantages of obtaining
keratin hydrolysate

Recycling of keratin waste is in high demand owing to the
large quantities of keratinous waste generated annually. Ker-
atin hydrolysate is a valuable product derived from keratin
hydrolysis using chemical (acid and alkaline) or biological
(microbial/enzymatic) methods.

Chemical hydrolysis of keratin yields low-molecular-
weight components; however, this approach is not rec-
ognised as an environmentally friendly treatment, as it
requires high-molarity acid/alkaline solutions and waste-
water neutralisation (Shestakova et al. 2021; de Menezes
et al. 2021). Microbial hydrolysis depends on the selection
of non-pathogenic keratinolytic microorganisms for keratin
degradation. Furthermore, some of the produced keratin
hydrolysate is consumed by microorganisms during growth.
Complete keratin degradation via hydrolysis conducted
using isolated keratinases (cell-free enzymes) remains a
challenge (Shestakova et al. 2021; de Menezes et al. 2021,
Menezes et al. 2023). However, the biological degradation
of keratin is more sustainable than chemical treatments as it
does not require the use of harmful chemicals (de Menezes
et al. 2021; Shestakova et al. 2021).

Overall, keratin hydrolysis can contribute to solving
environmental issues related to keratin-rich waste disposal
and offers opportunities for the utilisation of the result-
ing hydrolysate. In addition to the commonly proposed
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applications, this discussion offers perspectives on the use
of keratin hydrolysate as an inexpensive nitrogen source in
microbial cultures for producing metabolites. This discus-
sion may stimulate further investigations into the applica-
tion of this animal biomass.
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