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We successfully powderized keratin fibers under mild
conditions. Wool keratin was hydrolyzed in a binary system,
consisting of a higher alcohol phase and an alkali aqueous
solution phase.

Keratin is a protein, and a component of human hair, wool,
feathers, and nails. In recent years, some composite materials
for traumatotherapy, cell scaffolds, and drug delivery have been
prepared using keratin powder and films.1 It is difficult to powd-
erize keratin fibers, because keratin protein contains cysteine
cross-links. Keratin powder prepared by traditional alkali hy-
drolysis methods under heating are degraded in the preparation
procedures.2 In recent studies, this powderization has been
achieved by some reduction methods,3 enzyme hydrolysis meth-
ods,4 and mechanical grinding methods.5 However, complicated
processes or toxic substances are used in these methods. We
found that wool keratin easily powderized by alkali hydrolysis
in a higher alcohol/water binary system. The wool fibers dis-
persed in the higher alcohol phase are hydrolyzed by the dis-
solved alkaline component. The alcohol improves the swelling
ability of the keratin fibers.6 In this study, we show the advantage
of mild binary phase method over the traditional hydrolysis
method. The effects of the molecular structure and the amount
of the alcohol component on grinding efficiency are also studied
to determine optimum conditions for powderization.

Wool fibers were sonicated in a binary system consisting of
an octanol phase and a NaOH aqueous solution phase (60:40,
wt/wt) for 25min at 298K and agitated for 5min, as shown in
Figure 1.7,8 The aqueous solution phase was separated from
the higher alcohol phase in the sonication process and dispersed
in the octanol phase as spherical droplets in the agitation process.

A change in wool fiber morphology is shown in Figure 2. The
wool fibers covered with cuticle scales transformed into plate-
shaped particles 59mm in diameter.9 The size of the keratin pow-
der is larger than that of the wool fiber, because the precipitated
keratin powder aggregates, when the dispersed wool is neutral-
ized by HCl aqueous solution. The dispersed wool prepared by
the binary phase method does not have a smell, whereas that pre-
pared by a traditional hydrolysis method possesses an irritating
smell due to volatile sulfur components. Elemental analysis
and IR spectra showed that keratin degradation was inhibited
in the binary phase method.9 All characteristic IR absorption
bands of the particles prepared by the binary phase method are
approximately consistent with the bands of the wool fibers,
whereas the N–H deformation band of the particles prepared
by the traditional hydrolysis method is 33 cm�1 higher than that
of the wool fibers. In the particles prepared by the binary phase
method, the sulfur component is 2% lower compared with that of
the wool fibers. On the other hand, in the particles prepared by
the traditional hydrolysis method, the components of sulfur,
nitrogen, and carbon are more than 2, 6, and 8% higher com-
pared with those from the wool fibers. These results imply
that the keratin powder prepared by the binary phase method
exhibit loss of the cysteine cross-links, but is not degraded
seriously.

Hydrolysis without serious degradation is realized by adding
higher alcohols, especially octanol. Figure 3 shows the effects of
the alkyl chain length and the composition of the alcohols on the
state of the treated wool keratin. The keratin particles or fibers
are observed in four different states, i.e., powdery state, coexis-
tence state, transparent state, and fiberous state. In the powdery
state, the keratin fibers were completely powderized. This state
was achieved when the higher alcohol phase with a C8–C12
alkyl chain was separated from the water phase. In the coexis-
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Figure 1. A schematic illustration of powderization of wool
keratin by the binary phase method.
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Figure 2. SEM images of wool fibers (a) and keratin
powder (b).
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tence state, both powder particles and fibers were mixed in the
precipitates. The transparent state was the clear single phase in
which finely broken particles were dispersed in the medium.
This state was observed when the medium contained 60%
ethanol. When the hydrolysis occurred in the alkali aqueous
solution or alcohol, the wool fibers were not powderized at all,
and remained in the fiberous condition. These results show
that a binary system consisting of a higher alcohol phase and
an alkali aqueous solution phase is suitable to powderize wool
fibers.

Why are the keratin fibers powderized completely in the
binary system? We suppose that the higher alcohol improves
the swelling ability of the wool fibers.6 Higher alcohol osmoses
into the wool fibers through the cuticle–cuticle intercellular
region, and enhances the mobility of the keratin molecules.
The addition of higher alcohol inhibits the degradation of the
keratin protein. According to elemental analysis and IR spectra,
the composition of carbon, hydrogen, and nitrogen in the keratin
powder is almost the same as that of the wool fibers. The
mechanism of inhibition by the higher alcohol is not clear at
present. The effects of the higher alcohol on the conformation
of the keratin protein and cell membrane complexes should be
studied to show the inhibition mechanism.
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Figure 3. Effects of the alkyl chain length and the composition
of the alcohols on the state of the treated wool keratin. The ker-
atin particles are obtained in four different states, i.e. powdery
state (}), coexistence state ( ), transparent state (I), and fiber
state (�). The grey region is in the binary systems consisting
of a higher alcohol phase and a water phase.
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