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Abstract
The physiological activity of hydrolyzed keratin derived from feathers was previously unclear. We examined the physi-

ological activity of hydrolyzed keratin and the underlying mechanisms involved. When hydrolyzed keratin was administered 
to cultured mammalian cells, it exhibited low toxicity and enhanced resistance to oxidative stress. It was determined that 
hydrolyzed keratin does not directly scavenge reactive oxygen species. Instead, it activates cells and upregulates the expres-
sion of antioxidant enzymes and glutathione. Furthermore, biochemical experiments using cultured cells revealed that the 
increase in antioxidant activity occurs via the ERK MAP kinase pathway. Additionally, experiments with the model organism 
Caenorhabditis elegans demonstrated that hydrolyzed keratin boosts antioxidant enzyme expression and extends both overall 
and healthspan. These results suggest that hydrolyzed keratin can enhance endogenous antioxidant activity. Hydrolyzed kera-
tin is expected to be used in cosmetics such as hair care and skin care products, and it is also expected to improve the value 
of feathers.
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1. Introduction

Keratin, a prominent protein found in the outer layer of the 
skin and constituting the body’s outermost layer, is one of 
the three major cytoskeletal filaments in higher eukaryotes. 
With its dense fibrous structure, keratin provides both struc-
tural support and protection for various bodily components 
including hair, nails, horns, hooves, wool, feathers, and the 
epidermis1, 2). Wool keratin hydrolysate, for example, has 
demonstrated a reduction in the oxidative capacity of cat-
ion radicals and has exhibited antibacterial activity against 
various bacterial strains such as Escherichia, Staphylococcus, 
Pseudomonas, Candida, and Aspergillus strains3). These find-
ings highlight the effectiveness of keratin hydrolysate against 
diverse bacteria and suggest the retained biological activity of 
keratin hydrolysate peptides.

Avian feathers, similar to wool and hair, are predominantly 
composed of keratin, believed to have evolved from reptil-
ian scales. The microfibrils constituting the internal cortex of 
wool and hair showcase regularly arranged keratin proteins 
forming an α-helical structure. Conversely, feather keratin, 
rich in serine, proline, glycine, and cysteine, adopts a β-sheet 
structure contributing to its flexibility1, 4, 5).

Feathers have become a problem as a residue due to the 
increasing global consumption of chicken meat6, 7). Although 
keratin is difficult to utilize as food due to its robust structural 

nature, the discovery of bioactive substances derived from 
feathers is expected to enhance their value, thereby increas-
ing utilization and reducing waste. Partially purified feather 
hydrolysate (PPFH), generated through enzymatic digestion 
with Chryseobacterium sp. kr6, has been recognized for its in 
vitro removal of reactive oxygen species8). It has become pos-
sible to decompose insoluble feathers using alkali efficiently. 
Hydrolyzed keratin, produced using alkali from feathers, is 
expected to have the similar hair repair effects as wool keratin 
protein, which has been reported to have hair care effects and 
is also used in hair care products9). However, the physiologi-
cal effects of hydrolyzed keratin have not been fully clari-
fied. In this study, we examined the physiological activity of 
hydrolyzed keratin and the underlying mechanisms involved.

2. Materials and methods

2–1. Cell culture
HaCaT cells (AddexBio technologies) were cultured in 

Low Glucose Dulbecco’s modified Eagle’s medium (DMEM; 
Nacalai Tesque) supplemented with 10% fetal bovine serum 
(Nichirei) and penicillin/streptomycin (Nacalai Tesque) in an 
incubator containing 5% CO2 at 37°C.

2–2. Worm
All Caenorhabditis elegans (C. elegans) were maintained 

on nematode growth medium (NGM) plates at 20°C and fed 


