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Evaluation of Cysteic Acid in Bleached Hair Using Infrared Spectroscopy
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Abstract: In hair-bleaching treatment, it is well-known that disulfide bond in keratin fiber is oxidatively
cleaved to generate cysteic acid. In the present study, we examined cysteic acid generation behavior in human
hair fiber based on infrared spectroscopy. It was suggested from a result of attenuated total reflection (ATR)
method that the amount of cysteic acid increases linearly with square root of bleaching time, and the cysteic
acid generation in the hair is a diffusion-controlled reaction. As the analysis part of the hair by the ATR
method is cuticles, this diffusion-controlled behavior seems to occur mainly in the A-layer and exocuticle with
higher disulfide crosslink density and slower diffusion rate of hydrogen peroxide. In addition, it was found out
that cysteic acid generation in cortex is also diffusion-controlled because the amount of cysteic acid obtained
by KBr method increases linearly with square root of bleaching time similarly to the results of ATR method.
In an IR microscopic measurement using synchrotron radiation source, it was revealed that the amount of
cysteic acid generated by bleaching is even within the cortex. From this result, it was suggested that the

diffusion-controlled behavior for cysteic acid generation in the cortex is caused by controlling the diffusion of

hydrogen peroxide from cell membrane complex into cortical cell.
(Received 31 August, 2015; Accepted 24 November, 2015)
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Fig. 1 An optical micrograph of a cross-section for
hair samples. The center of hair cross-section,
O, was determined as the center of the ellipse
(drown by broken line) fitted to its shape. In
IR microscopic experiment, the depth from
hair surface for the measurement point, A,
was calculated and normalized from the
lengths of OB and AB.
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Fig. 2 Infrared absorption spectra obtained by ATR
method : (---) untreated, (—) bleached for 480
min. The straight dashed line between 1800
and 980 cm™ is the baseline defined for the
bleached hair.
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2%, 7T I/FR10005RFEM ) 3EREDOT AT A ¥
BEGLIENTIVBOMEI VAL B >TVD
TENS, RUHMEZIIZIZObITRICERD LN
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Fig. 3 ATR spectra for the untreated and bleached
hairs normalized based on the peak of
1650cm™ being set to 1. Times of bleaching
are indicated in a square in the figure.
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Fig. 4 Infrared absorption spectra for the untreated
and bleached hairs obtained by KBr-tablet
method. The spectra was normalized based
on the peak of 1650 cm™ being set to 1. Times
of bleaching are indicated in a square in the
figure.
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Fig. 5 Determination of loo. The value of 6o was
defined as the peak height at 1040 cm™ from
the straight baseline between 1020 and
1060cm™.
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LTEREINTWAS[27,28]. Crank IZHRMAEFEZ LD
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Fig. 6 Relationships between /o0 and square root of

bleaching time, 7'*: (@) ATR method, (&)
KBr-tablet method.
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Fig. 7 Infrared absorption spectra for the cross-
sectional slice of untreated hair obtained by
IR microscopic method. The values of
normalized depth of measurement point, D,
corresponding to each of spectra are as
follows: (a) 0.04, (b) 0.13, (c) 0.22, (d) 0.31,
(e) 040, (f) 049, (g) 0.58, (h) 0.67, (i) 0.76, (j) 0.85,
(k) 0.94.
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Fig. 8 Infrared absorption spectra for the cross-
sectional slice of bleached hair for 480 min
obtained by IR microscopic method. The
values of normalized depth of measurement
point, D, corresponding to each of spectra are
as follows: (a) 0.04, (b) 0.13, (c) 0.22, (d) 0.31,
(e) 040, (f) 049, (g) 0.58, (h) 0.67, (i) 0.76, (j) 0.85,
(k) 0.94.
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TwhbEEZONA. —J, 010<D<1IZBITH A
RZ P VIZOWTIEINVT v 7 ZHY T LR S
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