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Description

Technical Field

[0001] The present invention relates to a method for manufacturing processed fibers bleached and/or dyed, the
processed fiber, a method for suppressing damage to animal fibers, and a method for processing animal fibers.

Background Art

[0002] The texture and hue of a fiber product made of animal fibers are important factors in determining the product
value. The texture of animal fibers is expressed as "tender", "smooth", "frictional feel", or the like, and it is thought that
animal fibers have the most excellent texture when these fibers are collected and no chemical treatment other than
scouring isperformed.Also,with regard to thehue, dyeing isperformed inaccordancewithpurposes, andwhenavividhue
such as white or extremely light color to light color is required, it is necessary to bleach fibers prior to dyeing. Thus,
conventionally, oxidative bleaching by hydrogen peroxide or reductive bleaching by hydrosulfite or sodium bisulfite has
been performed. However, these types of bleaching require long-term heating and an alkali agent, and thus fibers are
damaged, causing deterioration of unique textures such as tenderness and frictional feel of animal fibers.
[0003] In viewof this, attemptshavebeenmade todevelopableachingmethodbywhich the texturedoesnot deteriorate
and sufficientwhiteness is obtained. For example, a bleaching sub-agent (Patent Literature 1) containing a polycarboxylic
acid-based polymer and an amine-based compound, and a treating method by means of an alkaline protease, hydro-
xyalkyl phosphine, and derivatives thereof (Patent Literature 2) have been proposed. However, it cannot be said that they
sufficiently suppress deterioration of the texture and maintain sufficient light resistance.
[0004] Also, a method applying an ultraviolet absorbing agent (Patent Literature 3), a method applying a lower
phosphorous acid and a lower phosphate to animal fibers (Patent Literature 4), amethod applying a fluorescent whitening
agent to animal fibers (Patent Literature 5), and the like have been proposed for improving the light resistance of animal
fibers. However, their effects are not necessarily sufficient, and the textures are harmed, and their safetywith regard to the
human body may be also a concern.
[0005] On the other hand, conventionally, methods for providing fibers with the properties of an animal-derived protein
by combining the animal-derived protein and animal fibers have been proposed (Patent Literatures 6 to 8). For example, it
has been reported that use of sericin together with a dichlorotriazine-based compound provides fibers with durability and
shape stability (Patent Literature 6); that in shape fixing, clothmade of animal protein fibers is soaked for absorption into a
solutionof acollagenproteinderivativeandafibroinproteinorakeratin solution, and thereby, the textureand touch feel are
maintained (Patent Literature 7); that the physical properties of a protein fiber product is improved and the color of the
protein fiber product is deepened by soaking the protein fiber product in an animal hair protein aqueous solution and a
bridging agent (Patent Literature 8); and the like.
[0006] However, it has not previously been known that a keratin hydrolytic product has the effect of suppressing
deterioration of the texture and the light resistance of animal fibers caused by bleaching and/or dyeing.

Citation List

Patent Literature

[0007]

Patent Literature 1: JP 2005‑146442A
Patent Literature 2: JP H11‑172580A
Patent Literature 3: JP H2‑242970A
Patent Literature 4: JP H5‑156573A
Patent Literature 5: JP 2001‑518919A
Patent Literature 6: JP2004‑44055A
Patent Literature 7: JP H1‑280074A
Patent Literature 8: JP H6‑341058A

[0008] Further, the following prior art documents JP 2008 280326A, JPH11139940A and JPH07 300771A disclose the
treatment of animal fibers with hydrolysed keratin.

Summary of the Invention
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Problems to be Solved by the Invention

[0009] The present invention relates to providing amethod for manufacturing processed fibers, the processed fibers, a
method for suppressing damage to animal fibers, and amethod for processing animal fibers, where a unique texture and
light resistance of animal fibers are kept and a desired hue is realized even if the animal fibers are bleached and/or dyed.

Means for Solving the Problem

[0010] Asa result of intensive studies in light of the above-described issues, the inventors of the present invention found
that when soaking animal fibers in a hydrolyzed keratin solution both before and after bleaching and /or dyeing the animal
fibers, processed fibers with a desired hue are manufactured, while damage to the processed fibers is suppressed and
while the original texture and light resistance of the animal fibers are kept.
[0011] The present invention is further defined in the claims 1‑7.

Advantageous Effects of the Invention

[0012] According to the method for manufacturing processed fibers, the method for suppressing damage to animal
fibers, and themethod forprocessinganimal fibers, inaccordancewith thepresent invention, fiberdamageoccurringwhen
bleaching and/or dyeing animal fibers is suppressed or repaired, and processed fiberswhere strength and light resistance
are kept without impairing a unique texture of the animal fibers are manufactured. Also, because a hydrolytic product
obtained by hydrolyzing naturally derived keratin protein is used, the method according to the present invention is
implemented substantially safely to the human body, the environment, and the like.

Brief Description of Drawings

[0013]

FIG. 1 shows SDS-PAGE of a hydrolyzed keratin.
FIG. 2 shows photographs of cotton-like fibers before and after methylene blue dyeing.
FIG. 3 shows ATR-FTIR spectra of Embodiments 5 to 7 and Comparative Example 3.
FIG. 4 shows ATR-FTIR spectra of Embodiments 11 and 12 and Comparative Example 3.
FIG. 5 shows photographs of cotton-like fibers before and after methylene blue dyeing.

Description of Embodiment

[0014] A method for manufacturing processed fibers of the present invention is one of the methods for manufacturing
processed fibers with bleaching and dyeing animal fibers and has the step for soaking the fibers in a hydrolyzed keratin
solution.
[0015] In the present invention, animal fibers are thoseanimal fibers used in spinning, and the form thereofmaybe short
fibers, long fibers, spun yarn, knitted fabric, woven fabric, felt, or the like, and may be apparel products such as clothes,
bedding, cushions, and stuffed toys.
[0016] The animal fibers include anyone of sheep wool, cashmere, mohair, camel hair, llama, alpaca, vicuna, angora,
mink, and silk. These animal fibers may be used alone or in combination.
[0017] The processed fibers of the present invention are obtained with bleaching and/or dyeing the above-described
animal fibers, and thus, the processed fibers encompass bleached fibers, dyed fibers, and bleached and dyed fibers.
[0018] In the present invention, bleaching is performed in order to increase the whiteness of animal fibers and is
performed with an aqueous solution of hydrogen peroxide and a surface active agent, an aqueous solution of hydrogen
peroxide and sodium silicate, or the like. Also, dyeing is performedwithout particular limitation with a liquid flowmethod, a
jiggermethod, abeammethod, a cold pad-batchmethod, apad steammethod, a pad rollmethod, a continuousmethod, or
the like, and a suitable dye and a suitable dyeing method may be selected in accordance with the type of animal fibers.
[0019] In the present invention, the hydrolyzed keratinsmaybeahydrolytic product obtainedbydecomposing a keratin-
containing raw material or a keratin extracted from the rawmaterial under a reduction condition or the like by acid, alkali,
peroxide, an enzyme, or the like, and themethods are all known (for example, see JP 2005‑247692A, JP 2006‑124341A,
JP 2008‑247925A, and JP H6‑116300A). Among them, hydrolytic products with an alkali or a peroxide are preferable.
[0020] Considering the sorption and permeability of the hydrolyzed keratin to fibers, the number average molecular
weight of this hydrolyzed keratin, measured through gel filtration analysis, is 3,000 or less, and more preferably 2,000 or
less, and is 150 or more, more preferably 200 or more, and more preferably 300 or more. Also, the number average
molecular weight thereof is preferably 10,000 to 130, more preferably 8,000 to 130, more preferably 5,000 to 130, more
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preferably 3,000 to 150, more preferably 2,000 to 200, and more preferably 2,000 to 300.
[0021] In hydrolysis by an alkali or peroxide, the keratin-containing raw material may be directly decomposed.
[0022] In alkaline hydrolysis, an alkali metal hydroxide such as sodium hydroxide or potassium hydroxide, an alkaline
earthmetal hydroxides such as calciumhydroxide, or an alkaline compound such as ammonia is used, and in general, it is
preferable to process the keratin-containing raw material at a concentration of 0.1 to 0.8 mol/L, preferably at a
concentration of 0.2 to 0.5 mol/L, in general, at 20 to 120°C, and preferably for 0.1 to 72 hours.
[0023] Also, hydrolysis by a peroxide (oxidative hydrolysis) is performed by a peroxide such as hydrogen peroxide,
performic acid, and peracetic acid, and in general, it is preferable to process the keratin-containing raw material at a
concentration of 1 to 10%, preferably at a concentration of 3 to 8%, in general, at room temperature to 100°C, and
preferably for 30 minutes to 48 hours.
[0024] Also, this hydrolytic productmay be cationized, silylated, acylated, or alkyl cationized so as to form derivatives of
thehydrolyzed keratin, and thesederivativesmayalsobeusedas longas theeffects of thepresent invention areobtained.
[0025] Examples of the keratin-containing raw materials include hairs of animals such as birds, sheep, horses, pigs,
alpacas,mohair, angora, and cashmere, andamong these, feathers obtained frombirds or sheepwool is preferable, and it
is particularly preferable to use feathers. Although it is possible to use any feathers such as down, feathers, and small
feathers obtained from land birds such as chickens, quails, and turkeys, and water birds such as geese, call ducks,
domestic ducks, European ducks, Peking ducks, and eider ducks, in particular, feathers of water birds are preferable.
[0026] In the present invention, examples of preferred hydrolyzed keratins include hydrolyzed keratins derived from
sheepwool or feathers, hydrolyzedkeratinsderived from feathersaremorepreferable, andalkalinehydrolyzedkeratinsor
oxidatively hydrolyzed keratins derived from feathers are even more preferable.
[0027] Examples of hydrolyzed keratin solutions include aqueous and ethanol solutions, and aqueous solutions are
preferable.
[0028] It is possible to blend, as appropriate, into this hydrolyzed keratin solution, lipid components such as a chelating
agent, ametal salt, ceramide, and fatty acid esters, an organic acid such as citric acid or ascorbic acid, a nonionic surface
active agent, a cationic surface active agent, an amphoteric surface active agent, higher alcohols, lower alcohols, animal
and vegetable oils, silicone oils, natural polysaccharides, an animal or plant extract, a hydrolytic product derived from
animals or plants and derivatives thereof, a pH regulator, an antiseptic agent, and the like, in a range of not impairing the
effects of the keratin.
[0029] In viewof increasing theanimal fiber’s protective function and recovering function, andsuppressingdeterioration
of the texture caused by an increase in the sorption amount of the hydrolyzed keratin into fibers, the concentration of the
hydrolyzed keratin in the hydrolyzed keratin solution is preferably 0.01 mass% or more, more preferably 0.03 mass% or
more, more preferably 0.05 mass% or more, and more preferably 0.1 mass% or more, and preferably 1 mass% or less,
more preferably 0.7 mass% or less, and more preferably 0.5 mass% or less. Also, the concentration thereof is preferably
0.01 to 1mass%,morepreferably 0.03 to 0.7mass%,morepreferably 0.05 to0.7mass%ormore, andmorepreferably 0.1
to 0.5 mass%.
[0030] From the viewpoint of suppressing deterioration of the protective function and the recovering function for animal
fibers caused by denaturation by heat or a decrease in the osmotic force, the animal fibers are preferably soaked in the
hydrolyzed keratin solution, in general, at 30 to 80°C for 20 to 60minutes, and aremore preferably soakedat 40 to 60°C for
30 to 60 minutes.
[0031] The animal fibers are soaked in the hydrolyzed keratin solution in a pretreatment process before a bleaching
processand/oradyeingprocess, and inapost-treatment processafter ableachingprocessand/oradyeingprocess, and it
is the invention to implement both the pretreatment process and the post-treatment process. For example, when dyeing is
performed subsequent to bleaching, it is preferable to perform the soaking process twice, before the bleaching and after
the dyeing, or three times before the bleaching after the bleachings (before the dyeing), and after the dyeing.
[0032] In the processed fibers of the present invention obtained thus, fiber damage due to bleaching and/or dyeing is
suppressed or repaired. Namely, in the processed fibers of the present invention, the unique texture (for example, the
touch feel) of animal fibers is kept in spite of the bleaching and/or dyeing, and the strength and the light resistance are kept
without being reduced.
[0033] Therefore, when bleaching and/or dyeing animal fibers, themethod including the step for soaking these fibers in
the hydrolyzed keratin solution serves as amethod for suppressing damage to the fibers in bleaching and/or dyeing. Also,
themethod, including thestep for soaking theanimal fibers in thehydrolyzedkeratin solution, beforeandafter thefibersare
bleached and/or dyed, serves as a processing method for suppressing the damage to the fibers.
[0034] The present method for suppressing damage to animal fibers and the present method for processing animal
fibers areuseful for protecting theanimal fibers frombleachingand/or dyeingand for keeping the texture of the fibers, or for
keeping the light resistance.
[0035] Note that in the present invention, "texture" refers to the material feel felt when a human touches the material,
such as the touch feel, skin feel, or comfortability of feel, and the unique texture of the animal fibers refers to the
"tenderness", "smoothness", "frictional feel", "suppleness", "softness", "sturdiness", "bulkiness", or the like.
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[0036] Also, "light resistance" refers to resistance against deterioration caused by light (yellowing or decoloring of
fibers).

Embodiments

[0037] Hereinafter, the present invention will be more specifically described according to embodiments. However, the
present invention is not limited to these embodiments.

<Evaluation Method>

1. Dyeing (light resistant) fastness testing method

[0038] The dyeing (light resistant) fastness of fibers was measured in conformity with JIS L 0842, the third exposure
method. The higher the grade obtained through this test is, the higher the fastness is.

2. Fiber damage testing method: Alkaline solubility method

[0039] The alkaline solubility of fibers was measured in conformity with JIS L 1081, alkaline solubility method. The
smaller the value obtained in this test is, the less damaged the fibers are.
[0040] 3. Fiber damage testing method: Coloring method (methylene blue method)
[0041] Thefiber damagewasdetermined in conformitywith JIS L1081, coloring (methylenebluemethod). Thedamage
level is determined bymeans of a color concentration because undamaged fibers turn light blue and damaged fibers turn
deep blue.

4. ATR-FTIR testing method

[0042] ATR-FTIR spectra of fibers were recorded with a PerkinElmer Spectrum One FTIR spectrophotometer,
manufactured by PerkinElmer, Inc., provided in Universal ATRSampling Accessory. Themeasurements were performed
under the condition that the accumulation number was 16 and the resolution was 4 cm‑1, and 4000 to 400 cm‑1. In the
obtained spectra, a peak for sulfonic acid was obtained at 1040 cm‑1. This sulfonic acid was derived from cystine in the
fibers, and the cystine underwent cleavage due to excessive oxidation of cystine and changed into sulfonic acid. Thus, the
lower the peak at 1040 cm‑1 is, the lower the content of sulfonic acid is; indicating that excessive oxidation of fibers in the
bleaching process has been suppressed.

5. Yarn elasticity test

[0043] Single yarn tensile strength and elongation ratio weremeasured in conformity with JIS L 1095, spun yarn testing
method.

6. Panelist evaluation (sensory evaluation)

[0044] Panelist evaluation was performed on specimens. 25 panelists who had many opportunities to evaluate
cashmere fibers in business touched specimens freely and evaluated the touch feel with the following criteria, and
average values were obtained.

Evaluation criteria

[0045]

5: Excellent
4: Good
3: Fair
2: Poor and
1: Bad.

7. Electrophoresis

[0046] SDS-PAGE electrophoresis was observed using a ready-made gel (e-PAGEL manufactured by ATTO COR-
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PORATION). Dyeing was performed with Coomassie brilliant blue, and decoloring was performed with 10% acetic acid.

8. Gel filtration chromatography

[0047] Column for gel filtration: AsahipakGF‑510HQ and AsahipakGF‑310HQmanufactured by SHOWADENKOK.K.

Moving phase: CH3CN/H2O(45/55) + 0.1% trifluoroacetic acid (TFA)
Flow rate: 0.5 ml/min
Column temperature: 40°C
UV detection condition: 215 nm
Standard sample: catalase (Mw 230,000), aldolase (Mw 158,000), cow serum albumin (Mw 68,000), ovalbumin (Mw
45,000), chymotrypsinogen A (Mw 25,000), cytochrome C (Mw 12,500), insulin (Mw 5,808), bacitracin (Mw 1,400),
Gly-Gly-Gly-Gly-Gly-Gly (Mw 360.3), Gly-Pro-Ala (Mw 243), and Phe (Mw 165).

Production Example 1: Production of sheep wool-derived solubilized (non hydrolytic) keratin

[0048] 300mLof an 8Murea solution (pH: 9.5) containing 0.05M tris and 0.1Mdithiothreitol was added to 10 gof sheep
wool and stirred at 4°C for 24 hours. Thereafter, 7.5 g of sodium sulfite and 18 g of sodium tetrathionate dihydrate were
added and stirred at 4°C for 24 hours. After undissolved substanceswere removedby centrifugal separation, the pHof the
mixture was adjusted to 5.2 with hydrochloric acid, and sheep wool-derived solubilized, but not hydrolyzed, keratin was
produced.

Production Example 2: Production of feather-derived solubilized (non-hydrolytic) keratin

[0049] The sheepwoolwas changed to feathers, and feather-derived solubilized keratin, not hydrolyzed,was produced
similarly to Production Example 1.

Production Example 3: Production of sheep wool-derived oxidatively hydrolyzed keratin

[0050] Soaking10gof sheepwool in hydrogenperoxidewater for threehours in order to oxidize it. Thereafter, the sheep
wool was hydrolyzed by adding ammonia. Unreacted hydrogen peroxide and undecomposed substanceswere removed,
and sheep wool-derived oxidatively hydrolyzed keratin was produced.

Production Example 4: Production of feather-derived oxidatively hydrolyzed keratin

[0051] The sheep wool was changed to feathers, and feather-derived oxidatively hydrolyzed keratin was produced
similarly to Production Example 3.

Production Example 5: Production of sheep wool-derived alkaline hydrolyzed keratin

[0052] 100 g of 1.3% sodium hydroxide solution was added to 10 g of sheep wool and reacted at 120°C for 20 minutes.
After cooling to room temperature, the pHwas lowered to by hydrochloric acid, and the product was left for one night. After
undecomposedsubstanceswere removedbycentrifugal separation, thepHof themixturewasadjusted to5.6with sodium
hydroxide, and sheep wool-derived alkaline hydrolyzed keratin was produced.

Production Example 6: Production of feather-derived alkaline hydrolyzed keratin

[0053] The sheep wool was changed to feathers, and feather-derived alkaline hydrolyzed keratin was produced
similarly to Production Example 5,
FIG.1shows the results ofmolecularweight analysiswithSDS-PAGEfor keratinsproduced inProductionExamples1 to6.
With the feather and sheep wool-derived solubilized keratins, bands with a molecular weight of 10,000 or more were
confirmed, whereas with the feather and sheep wool-derived hydrolyzed keratins, only bands with a molecular weight of
10,000or lesswere confirmed.Basedon this, the feather and sheepwool-derived solubilized keratins are found to contain
keratin molecules with molecular weight of 10,000 or more, and the feather and sheep wool-derived hydrolyzed keratins
contain only keratin molecules with a molecular weight of 10,000 or less.
[0054] Also, the resultsofmolecularweightmeasurement throughgel filtrationmolecularweightanalysis for thekeratins
produced in Production Examples 3 to 6 are listed in Table 1. Those keratins are found to contain keratin molecules with
numberaveragemolecularweight of about 1000, regardlessofwhether thekeratin-containing rawmaterial is derived from
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and the hydrolysis method.

[Table 1]

Keratin-containing Raw Material Hydrolysis Method Average Molecular Weight

Production Ex. 3 wool oxidation 725

Production Ex. 4 feather oxidation 927

Production Ex. 5 wool alkaline 1248

Production Ex. 6 feather alkaline 783

Embodiments 1 to 4, and Comparative Examples 1, 2 (keratin treatments before and after bleaching)

(Embodiment 1)

[0055] Pretreatmentwasperformedby soaking cashmerehairs in anaqueous solution containing 0.1% feather-derived
oxidatively hydrolyzed keratin produced in Production Example 4 at 40°C for 60 minutes. Thereafter, the hairs were
soaked in a diluted solution of 35%hydrogen peroxide water with the concentration of 20 cc/L at a liquid ratio of 1: 20, and
were bleached at 60°C for 1 hour. After bleaching, the hairs were soaked in a 0.1% hydrolyzed keratin solution, at a liquid
ratio of 1: 20 at 40°C for 60minutes. Thehairswere sufficientlywashedwithwater and thendried, and thus feather-derived
oxidatively hydrolyzed keratin treated hairs were produced.

(Embodiment 2)

[0056] Feather-derived alkaline hydrolyzed keratin treated hairs were produced similarly to Embodiment 1, where the
feather-derivedoxidatively hydrolyzedkeratinwaschanged to the feather-derivedalkalinehydrolyzedkeratin produced in
Production Example 6.

(Embodiment 3)

[0057] Sheepwool-derived oxidatively hydrolyzed keratin treated hairswere produced similarly toEmbodiment 1,while
the feather-derived oxidatively hydrolyzed keratin was changed to the sheep wool-derived oxidatively hydrolyzed keratin
produced in Production Example 3.

(Embodiment 4)

[0058] Sheepwool-derivedalkalinehydrolyzedkeratin treatedhairswereproducedsimilarly toEmbodiment1,while the
feather-derived oxidatively hydrolyzed keratin was changed to the sheep wool-derived alkaline hydrolyzed keratin
produced in Production Example 5.

(Comparative Example 1)

[0059] Sheepwool-derivedsolubilizedkeratin treatedhairswereproducedsimilarly toEmbodiment 1,while the feather-
derived oxidatively hydrolyzed keratin was changed to the sheepwool-derived solubilized keratin produced in Production
Example 1.

(Comparative Example 2)

[0060] Feather-derived solubilized keratin treated hairs were produced similarly to Embodiment 1, while the feather-
derived oxidatively hydrolyzed keratin was changed to the feather-derived solubilized keratin produced in Production
Example 2.

(Results)

[0061] The resultsof thefiberdamage testandaveragevaluesofpanelist evaluations (touch feels) onEmbodiments1 to
4 and Comparative Examples 1, 2 are listed in Table 2. Compared with Comparative Examples 1, 2, where hydrolyzed
keratin treatment was not performed, in Embodiments 1 to 4, where the hydrolyzed keratin treatment was performed, the
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fiber damage caused by bleaching was suppressed and deterioration of the unique texture of cashmere fibers was
suppressed.

[Table 2]

Keratin Treatment Fiber
Damage

Touch
FeelProcessing Agent When

Emb. 1 Feather-Derived Oxidatively Hydrolyzed Keratin Before and After Bleaching 16.3 3.3±0.9

Emb. 2 Feather-Derived Alkaline Hydrolyzed Keratin Before and After Bleaching 15.7 3.2±1.0

Emb. 3 Wool-Derived Oxidatively Hydrolyzed keratin Before and Aft er Bleaching 16.0 2.9±0.7

Emb. 4 Wool-Derived Alkaline Hydrolyzed Keratin Before and After Bleaching 16.0 3.3±0.9

Com. Ex. 1 Wool-Derived Solubilized Keratin Before and Aft er Bleaching 17.3 2.5±0.8

Com. Ex. 2 Feather-Derived Solubilized Keratin Before and After Bleaching 16.4 2.7±0.9

Unprocessed - - 11.9 4.5±0.7

*unprocessed: cashmere hairs not bleached and without keratin treatment

[0062] FIG. 2 shows photographs of cotton-like fibers of Embodiments 1 to 4, Comparative Examples 1, 2, and
unprocessed cashmere fibers, before and after the methylene blue dyeing. The fiber damage is evaluated on color
concentrations because undamaged fibers turn light blue and damaged fibers turn deep blue. As shown in FIG. 2,
ComparativeExamples1, 2weremoredeeply colored thanunprocessed fibers.Embodiments 1 to 4weremore light in the
color than Comparative Examples 1, 2, and in particular, Embodiments 1, 2 were equivalent to the unprocessed fibers in
the color. Thus, Embodiments 1 to 4 suppressed, also according to the methylene blue dyeing method, fiber damage
caused by bleaching, as is similar to the alkaline solubility method.
[0063] According to the results of fiber damage level and touch feel, the hydrolyzed keratins with an averagemolecular
weight of 10,000 or less are found to effectively suppress fiber damage caused by bleaching.

Embodiments 5 to 7 and Comparative Example 3 (keratin treatment before bleaching) (Embodiment 5) not according
to the invention

[0064] Pretreatment was performed by soaking cashmere hairs whose place of origin was different from those used in
Embodiment 1 in a 0.5% feather-derived oxidatively hydrolyzed keratin solution, at a liquid ratio of 1: 20, at 40°C for 30
minutes. Thereafter, the hairs were soaked in a diluted solution obtained of 35% hydrogen peroxide water with the
concentration 20 cc/L, at a liquid ratio of 1: 20, and were bleached at 60°C for 1 hour. The hairs were sufficiently washed
with water and then dried to produce hydrolyzed keratin treated hairs.

(Embodiment 6) not according to the invention

[0065] Hydrolyzed keratin treated hairs were produced similarly to Embodiment 5, while the hairs were soaked in a
feather-derived oxidatively hydrolyzed keratin solution, at 60 °C.

(Embodiment 7) not according to the invention

[0066] Feather-derived alkaline hydrolyzed keratin treated hairs were produced similarly to Embodiment 5, while the
hairs were soaked in a feather-derived oxidatively hydrolyzed keratin solution, at 80 °C.

(Comparative Example 3)

[0067] Cashmere hairs similar to those used in Embodiment 5 were soaked in a diluted solution of 35% hydrogen
peroxide water in the concentration of 20 cc/L of, at a liquid ratio of 1: 20, and were bleached at 60°C for 1 hour. The hairs
were sufficiently washed with water and then dried; thus keratin untreated hairs were produced.

(Results)

[0068]
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1) The results of fiber damage test on unprocessed hairs, Embodiments 5 to 7, and Comparative Example 3 are listed in
Table 3. Compared with Comparative Example 3, in Embodiments 5 to 7, the fiber damage was smaller, revealing the
suppression of the fiber damage caused by bleaching.

[Table 3]

Keratin Treatment

FiberDamageProcessing Agent Temperature When

Emb. 5 Feather-Derived Oxidatively Hydrolyzed
Keratin

40°C Before Bleaching 25.7

Emb. 6 60°C Before Bleaching 28.1

Emb. 7 80°C Before Blea ching 30.3

Com. Ex. 3 - - Before Bleaching 31.7

Unprocessed - - - 19.0

*unprocessed: cashmere hairs not bleached and without keratin treatment

2) FIG. 3 shows ATR-FTIR spectra of unprocessed hairs, Embodiments 5 to 7, and Comparative Example 3. The un-
processed hairs showed no peaks for sulfonic acid at 1040 cm‑1, whereas Embodiments 5 to 7 and Comparative Ex-
ample 3 showed peaks for sulfonic acid at 1040 cm‑1, and thus, it was suggested that excessive oxidation caused by
bleaching occurred. However, compared with Comparative Example 3, Embodiments 5 to 7 had weaker peak intensi-
ties at 1040 cm‑1, and thus, it was suggested that excessive oxidation caused by bleaching was suppressed.

Embodiment 8 (keratin treatment after bleaching)

(Embodiment 8)

[0069] Bleached cashmere hairs were soaked in a 0.1% feather-derived oxidatively hydrolyzed keratin solution, at a
liquid ratio of 1: 20, at 40°C for 60 minutes. After the hairs were sufficiently washed with water, they were dried, and
hydrolyzed keratin treated hairs were produced.

(Results)

[0070] The fiber damages and light resistant fastnesses of Embodiment 8 and the bleached cashmere hairs are listed in
Table 4. In Embodiment 8, the fiber damagewas smaller than the bleached cashmere hairs, suggesting the recovery from
the fiber damage. Also, the light resistant fastness increased, suggesting the increased light resistance.

[Table 4]

Keratin Treatment Fiber
Damage

Light
Resistant
Fastness

Processing Agent Temperatur e When

Emb. 8 Feather-Derived Oxidatively Hydro-
lyzed Keratin

40°C After Bleach-
ing

62.6 4 or mor e

Un-processed - - - 71.2 3 to 4

*unprocessed: bleached cashmere hairs without keratin treatment

Embodiments 9 to 10 (keratin treatment after bleaching and dyeing)

(Embodiment 9)

[0071] Bleached and dyed cashmere hairs were soaked in a 0.5% feather-derived oxidatively hydrolyzed keratin
solution, at a liquid ratio of 1: 20, at 60°C, for 20minutes. The hairswere sufficiently washedwithwater and then dried, and
thus, hydrolyzed keratin treated hairs were produced.
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(Embodiment 10)

[0072] Hydrolyzed keratin treated hairs were produced similarly to Embodiment 7, while the hairs were soaked in a
feather-derived oxidatively hydrolyzed keratin solution, at 80 °C.

(Results)

[0073] The light resistant fastness of Embodiments 9 and 10 and the bleached and dyed cashmere hairs are listed in
Table 5. Embodiments 9 and 10 showed increased light resistant fastness.

[Table 5]

Keratin Treatment Light Resistant
FastnessProcessed Temperature When

Emb. 9 Feather-Derived Oxidatively
Hydrolyzed Keratin

60°C After Bleaching and Dyeing 3 to 4

Emb. 10 80°C After Bleaching and Dyeing 3 to 4

Unprocessed - - - 3

*unprocessed: bleached and dyed cashmere hairs that did not undergo keratin treatment

Embodiments 11 and 12 (keratin treatments before and after bleaching)

(Embodiment 11)

[0074] Pretreatment was performed by soaking cashmere hairs used in Embodiment 5, in a 0.1% feather-derived
oxidativelyhydrolyzedkeratin solution, at a liquid ratioof 1: 20, at 40°C, for 60minutes.Thereafter, thehairsweresoaked in
a diluted solution of 35% hydrogen peroxide water having a concentration of 20 cc/L, at a liquid ratio of 1: 20, and were
bleached at 60°C for 1 hour. After bleaching, the post-treatment was performed by soaking the hairs in a 0.1% feather-
derived oxidatively hydrolyzed keratin solution, at a liquid ratio of 1: 20, at 40°C, for 60minutes. The hairs were sufficiently
washed with water and then dried, and thus hydrolyzed keratin pre/post-treated hairs. were produced.

(Embodiment 12)

[0075] Hydrolyzed keratin treated hairs were produced similarly to Embodiment 9, while the hairs were soaked in a
feather-derived oxidatively hydrolyzed keratin solution, at 30 °C.

(Results)

[0076]
1) The results of fiber damage test and average values of panelist evaluations are listed in Table 6 regarding unprocessed
hairs, Embodiments 11and12, andComparativeExample3.ComparedwithComparativeExample3, inEmbodiments 11
and 12, the fiber damage was smaller. Also, the light resistant fastness increased. The touch feel evaluation through
panelist evaluation revealed suppression of the deterioration of touch feel in Embodiments 11 and 12. Thus, animal fiber
spun yarn with an excellent hue and keeping the unique texture and light resistance of the fibers was obtained.

[Table 6]

Keratin Treatment Fiber
Damage

Light
Resistant
Fastness

Touch
FeelProcessing Agent Temperature When

Emb. 11 Feather Derived
Oxidatively Hydro-
lyzed Keratin

40°C Before and After Bleaching 19.1 4 or more 3.1 ±0.8

Emb. 12 30°C Before and After Bleaching 28.3 4 or more 3.2 ±0. 9

Com. Ex. 3 - - Before and After Bleaching 31.7 4 2.4 ±0.6
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(continued)

Keratin Treatment Fiber
Damage

Light
Resistant
Fastness

Touch
FeelProcessing Agent Temperature When

Unprocessed - - - 19.0 4 or more 4.2 ±0.8

*unprocessed: cashmere hairs not bleached and without keratin treatment

2) FIG. 4 shows ATR-FTIR spectra of unprocessed hairs, Embodiments 11 and 12, and Comparative Example 3. The
unprocessed hairs showed no peaks for sulfonic acid at 1040 cm‑1, whereas with Embodiments 11 and 12 and Com-
parative Example 3 showed peaks for sulfonic acid at 1040 cm‑1, and thus, excessive oxidation seems caused by
bleaching. However, compared with Comparative Example 3, Embodiments 11 and 12 had weaker peak intensities at
1040 cm‑1, and thus, excessive oxidation caused by bleaching seems suppressed.

Embodiments 13 and 14 (keratin treatments before and after bleaching and dyeing)

(Embodiment 13)

[0077] Pretreatment was performed by soaking cashmere hairs used in Embodiment 5, in a 0.1% feather-derived
oxidativelyhydrolyzedkeratin solution, at a liquid ratioof 1: 20, at 80°C, for 30minutes.Thereafter, thehairsweresoaked in
a diluted solution of 35% hydrogen peroxide water with the concentration of 20 cc/L, at a liquid ratio of 1: 20, and were
bleached at 60°C for 1 hour. After bleaching, dyeingwas performed by a 0.03%acidic dye. post-treatment was performed
on the bleached and dyed cashmere hairs by soaking the hairs in a 0.1% feather-derived oxidatively hydrolyzed keratin
solution, at a liquid ratio of 1: 20, at 80°C, for 30minutes. The hairswere sufficiently washedwithwater and then dried, and
thus hydrolyzed keratin pre/post-treated hairs were produced.

(Embodiment 14)

[0078] Hydrolyzed keratin treated hairs were produced similarly to Embodiment 13, while the hairs were soaked in a
0.5% feather-derived oxidatively hydrolyzed keratin solution.

(Comparative Example 4)

[0079] Cashmere hairs similar to Embodiment 5were soaked in a diluted solution of 35%hydrogen peroxidewater with
the concentration of 20 cc/L, at a liquid ratio of 1: 20, and were bleached at 60°C for 1 hour. After bleaching, dyeing was
performedbya0.03%acidic dye. Thehairswere sufficientlywashedwithwater and thendried, and thus, keratin untreated
hairs were produced.

(Results)

[0080] The fiber damage and light resistant fastness of Embodiments 13 and 14 and Comparative Example 4 are listed
in Table 7. Compared with Comparative Example 4, in Embodiments 13 and 14, the fiber damages were small, revealing
the suppression of the fiber damage. Also, the light resistant fastness increased, revealing the increase in the light
resistance.

[Table 7]

Keratin Treatment Fiber
Damage

Light
Resistance
Fastness

Processing Agent Temperature When

Emb. 13 Feather Oxida-
tively Hydrolyzed
Keratin

80°C Before and After Bleaching and Dyeing 22.6 3 to 4

Emb. 14 80°C Before and After Bleaching and Dyeing 26.6 4 or more

Com. Ex. 4 - - Before and After Bleaching and Dyeing 29.3 3

Embodiment 15 and Comparative Example 5 (keratin treatments before and after bleaching (spun yarn))
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(Embodiment 15)

[0081] Pretreatment was performed by soaking spun sheep wool yarn in a 0.1% feather-derived oxidatively hydrolyzed
keratin solution, at a liquid ratio of 1: 20, at 40°C. for 60 minutes. Thereafter, the hairs were soaked in a diluted solution of
35% hydrogen peroxide water (20 cc/L solution), at a liquid ratio of 1: 20, and were bleached at 60°C for 1 hour. After
bleaching, post-treatment was performed by soaking the hairs in a 0.1% feather-derived oxidatively hydrolyzed keratin
solution, at a liquid ratio of 1: 20, at 40°C, for 60minutes. The hairswere sufficiently washedwithwater and then dried, and
thus, hydrolyzed keratin treated spun yarn was produced.

(Comparative Example 5)

[0082] The spun sheepwool yarnwas soaked in a diluted solution of 35%hydrogenperoxidewater (20 cc/L solution), at
a liquid ratio of 1: 20, andwasbleached at 60°C for 1 hour. The yarnwas sufficiently washedwithwater and then dried, and
thus bleached sheep wool spun yarn was produced.

(Results)

[0083] The yarn strength and yarn elongation are listed in Table 8 regarding the raw yarn, Embodiment 15, and
ComparativeExample5.ComparedwithComparativeExample5,Embodiment15showednearly equivalent values to the
raw yarn before bleaching, and thus, yarn properties in the embodiment less changed in spite of the bleaching.

[Table 8]

Keratin Treatment Yarn
Strength
(g)

Yarn
Elongation
(%)

Processing Agent Temperature When

Emb. 15 Feather-Derived Oxidatively Hy-
drolyzed Keratin

40°C Before and After
Bleaching

258.7 10.7

Com.Ex. 5 - - Before and After
Bleaching

267.5 9.7

Raw Yarn - - - 252.0 12.9

*raw yarn: spun yarn not bleached and without keratin treatment

Embodiments 16 to 20 and Comparative Examples 6 to 10 (keratin treatments before and after bleaching (spun yarn))

(Embodiment 16)

[0084] Hydrolyzed keratin treated cashmere spun yarnwas produced similarly to Embodiment 15,while the sheepwool
yarn was changed to cashmere yarn.

(Embodiment 17)

[0085] Hydrolyzed keratin treated silk spun yarn was produced similarly to Embodiment 15, while the sheep wool yarn
was changed to silk yarn.

(Embodiment 18)

[0086] Hydrolyzed keratin treated alpaca spun yarn was produced similarly to Embodiment 15, while the sheep wool
yarn was changed to alpaca yarn.

(Embodiment 19)

[0087] Hydrolyzedkeratin treatedmixedspunyarnwasproducedsimilarly toEmbodiment15,while thesheepwool yarn
was changed to mixed yarn of 80% mohair and 20% sheep wool.
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(Embodiment 20)

[0088] Hydrolyzed keratin treated angora spun yarn was produced similarly to Embodiment 15, while the sheep wool
yarn was changed to angora yarn.

(Comparative Examples 6 to 10)

[0089] Animal hairs similar to Embodiments 16 to 20 were soaked in a diluted solution of 35% hydrogen peroxide
water(20 cc/L solution), at a liquid ratio of 1: 20, and were bleached at 60°C for 1 hour. The hairs were sufficiently washed
with water and then dried, and thus keratin untreated spun yarn was produced.

(Results)

[0090] The yarn strength and yarn elongation of the raw yarn of animal hairs, Embodiments 16 to 20, and Comparative
Examples 6 to 10 are listed in Table 9. By bleaching, the yarn strength and the yarn elongation tend to decrease. However,
the keratin treatment is found to suppress a decrease in the yarn strength and also the yarn elongation.

[Table 9]

Count Yarn Strength (g) Yarn Elongation (%)

Cashmere Raw Yarn 2/20 390.5 11.8

Emb. 16 2/20 392.9 11.2

Com. Ex. 6 2/20 323.7 10.1

Silk Raw Yarn 2/60 911.0 9.0

Emb. 17 2/60 904.5 9.0

Com. Ex. 7 2/60 893.0 9.0

Alpaca Raw Yarn 2/24 554.0 16.1

Emb. 18 2/24 599.4 15.6

Com. Ex. 8 2/24 524.0 14.3

Mohair Wool Raw Yarn 1/24 265.9 18.3

Emb. 19 1/24 277.9 15.9

Com. Ex. 9 1/24 239.9 15.4

Angola Raw Yarn 2/24 419.4 14.7

Emb. 20 2/24 406.3 14.1

Com. Ex. 10 2/24 346.5 13.2

* raw yarn: spun yarn not bleached and without keratin treatment

(Embodiment 21)

[0091] Pretreatment was performed by soaking cashmere hairs in a 0.1% aqueous solution containing commercially
available hydrolyzed keratin (averagemolecularweight of 1,000), at a temperature of 40°C, for 60minutes. Thereafter, the
hairswere soaked in a diluted solution of 35%hydrogenperoxidewater (20 cc/L solution) at a liquid ratio of 1: 20, andwere
bleachedat 60°C for 1 hour. After bleaching, the hairswere soaked in a 0.1%hydrolyzed keratin solution, at a liquid ratio of
1: 20, at 40°C for 60 minutes. The hairs were sufficiently washed with water and then dried, and thus hydrolyzed keratin
treated hairs were produced.

(Comparative Example 11)

[0092] Hydrolyzed collagen treated hairs were produced similarly to Embodiment 21, while the hydrolyzed keratin was
changed to a commercially available hydrolyzed collagen (average molecular weight of 1,000).
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(Comparative Example 12)

[0093] Hydrolyzed silk treated hairs were produced similarly to Embodiment 21, while the hydrolyzed keratin was
changed to commercially available hydrolyzed silk (average molecular weight of 1,000).

(Results)

[0094] The results of fiber damage test (alkaline solubility method) and the light resistant fastness of Embodiments 21
andComparativeExamples11and12are listed inTable10.ComparedwithComparativeExamples11and12 treatedwith
hydrolyzed collagen and hydrolyzed silk, Embodiment 21 treated with hydrolyzed keratin had the least fiber damage and
the highest light resistant fastness.

[Table 10]

Hydrolyzed Protein Treatment Fiber Damage Light Resistant Fastness

Processing Agent When

Emb. 21 Hydrolyzed Keratin Before and After Bleaching 22.8 4 or more

Com. Ex. 1 1 Hydrolyzed Collagen Before and After Bleaching 27.5 4

Com. Ex. 1 2 Hydrolyzed Silk Before and After Bleaching 24.5 4

[0095] FIG. 5 shows photographs of cotton-like fibers, before and after methylene blue dyeing on Embodiment 21,
Comparative Examples 11 and 12. The fiber damage is evaluated with a color concentration because undamaged fibers
turn light blue and damaged fibers turn deep blue. According to FIG. 5, Comparative Examples 11 and 12 were more
deeply colored than unprocessed fibers. Embodiment 21wasmore lightly colored thanComparativeExamples 11and12.
This suggests that with Embodiment 21, in the evaluation with the methylene blue dyeing method as well, fiber damage
caused by bleaching was suppressed similarly to the alkaline solubility method. Thus, the hydrolyzed keratin, among
hydrolyzed proteins, effectively suppressed fiber damage.

Claims

1. A method for manufacturing processed fibers with bleaching and/or dyeing animal fibers,
performing a soaking step for soaking said animal fibers in a solution of hydrolyzed keratin having a number average
molecular weight of 150 to 3000, asmeasured by gel filtration molecular weight analysis, wherein the soaking step is
performedbothbefore andafter bleachingand/or dyeing, andwherein theanimal fibers areoneormore selected from
the group of sheep wool, cashmere, mohair, camel hair, llama, alpaca, vicuna, angora, mink, and silk.

2. The method according to claim 1, wherein, in the soaking step, the solution of the hydrolyzed keratin is an aqueous
solution of hydrolyzed keratin having a concentration of 0.01 to 1 mass%.

3. The method according to claim 1 or claim 2, wherein the hydrolyzed keratin is one derived from feather.

4. The method according to any one of claims 1 to 3, wherein the hydrolyzed keratin has a number average molecular
weight of 300 to 2000, as measured by gel filtration molecular weight analysis.

5. The method according to any one of claims 1 to 4, wherein the animal fibres are spun yarn.

6. A processed fiber manufactured according to the method in one of claims 1 to 5.

7. The method according to any of claims 1 to 5, wherein damage in animal fibers due to bleaching and/or dyeing is
suppressed by the soaking step.

Patentansprüche

1. Verfahren zur Herstellung von verarbeiteten Fasern durch Bleichen und/oder Färben von Tierfasern,
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Durchführen eines Einweichschritts zum Einweichen der Tierfasern in einer Lösung aus hydrolysiertem Keratin, das
ein zahlenmittleres Molekulargewicht von 150 bis 3000, gemessen durch Gelfiltrations-Molekulargewichtsanalyse,
aufweist, wobei der Einweichschritt sowohl vor als auch nach demBleichen und/oder Färben durchgeführt wird, und
wobei die Tierfasern eine oder mehrere ausgewählt aus der Gruppe von Schafwolle, Kaschmir, Mohair, Kamelhaar,
Lama, Alpaka, Vikunja, Angora, Nerz und Seide sind.

2. Verfahren nach Anspruch 1, wobei die Lösung des hydrolysierten Keratins in dem Einweichschritt eine wässrige
Lösung aus hydrolysiertem Keratin ist, die eine Konzentration von 0,01 bis 1 Masse-% aufweist.

3. Verfahren nach Anspruch 1 oder Anspruch 2, wobei das hydrolysierte Keratin aus Federn abgeleitet ist.

4. Verfahren nach einem der Ansprüche 1 bis 3, wobei das hydrolysierte Keratin ein zahlenmittleres Molekulargewicht
von 300 bis 2000, gemessen durch Gelfiltrations-Molekulargewichtsanalyse, aufweist.

5. Verfahren nach einem der Ansprüche 1 bis 4, wobei die Tierfasern gesponnenes Garn sind.

6. Verarbeitete Faser, die nach dem Verfahren in einem der Ansprüche 1 bis 5 hergestellt wird.

7. Verfahren nach einem der Ansprüche 1 bis 5, wobei Schäden an Tierfasern durch Bleichen und/oder Färben durch
den Einweichschritt unterdrückt werden.

Revendications

1. Procédé permettant la fabrication de fibres traitées avec blanchiment et/ou teinture de fibres animales,
la réalisationd’uneétapede trempagepour tremper lesdites fibresanimalesdansunesolutiondekératinehydrolysée
présentant un poids moléculaire moyen en nombre de 150 à 3000, tel qu’il est mesuré par analyse du poids
moléculaire par filtration sur gel, ladite étapede trempageétant réaliséeà la fois avant et après le blanchiment et/ou la
teinture, et lesdites fibres animales étant une ou plusieurs fibres choisies dans le groupe constitué par la laine de
mouton, le cachemire, le mohair, les poils de chameau, le lama, l’alpaga, la vigogne, l’angora, le vison et la soie.

2. Procédé selon la revendication 1, à l’étape de trempage, ladite solution de kératine hydrolysée étant une solution
aqueuse de kératine hydrolysée présentant une concentration de 0,01 à 1 % en masse.

3. Procédé selon la revendication 1 ou la revendication 2, ladite kératine hydrolysée étant une kératine dérivée d’une
plume.

4. Procédé selon l’une quelconque des revendications 1 à 3, ladite kératine hydrolysée présentant un poidsmoléculaire
moyen en nombre de 300 à 2000, tel qu’il est mesuré par analyse du poids moléculaire par filtration sur gel.

5. Procédé selon l’une quelconque des revendications 1 à 4, lesdites fibres animales étant du filé.

6. Fibre traitée fabriquée selon le procédé selon l’une des revendications 1 à 5.

7. Procédé selon l’une quelconquedes revendications 1à5, undommage causéaux fibres animales par le blanchiment
et/ou la teinture étant supprimé par l’étape de trempage.
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