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Diversification and individualization are pursued to fulfill the increasing human desire
for beauty. There are many methods to change human appearances; of these, a permanent
wave is often applied to improve beauty. A permanent wave uses physical and chemical
methods to break and reform the bonds of natural hair. Thus, research into the optimized
conditions for permanent waves is necessary to minimize hair damage and improve the
efficiency of the treatment. The object of this study is to examine the effect of varying the
alkalinity (8%, 12%, and 16%) of the permanent wave treatment on the wave efficiency,
degree of hair damage via tensile strength, and degree of hair protein release. The results
indicate that the treatment with the highest alkalinity (16%) is more effective than that
with 8% alkalinity; however, the degree of hair damage when treated with the 16%
alkalinity wave is higher than with the 8% alkalinity wave. Additionally, hair proteins

increasingly dissolve with increasing alkalinity of the permanent wave.
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INTRODUCTION

In modern times, people create diverse hairstyles to express
their personality and beauty. These hairstyles often require
treatments such as permanent waves, dyeing, and bleaching
(Kim et al., 2009). The easiest way to create a hairstyle is via a
permanent wave. Currently, the most commonly used method
is the ‘two-step permanent’ method. Generally, the first agent
comprises thioglycolic acid (or its salts), which is a reducing
agent, cysteine, acetylcysteine, and alkali, while the second
agent comprises oxidizing agents (eg., NaBrO,, KBrO,, H,0,,
etc.) (Song, 2006). The reducing agent reduces cystine to
cysteine (-SH) by breaking the S-S cystine bonding in the hair.
The oxidizing agent then forms a wave by creating new S-S
cystine bonds by oxidizing the reduced hair. The mechanism
of wave formation is shown in Fig. 1 (Nelson & Cox, 2000).

Due to the necessity of permanent waves, a variety of
permanent agents, tools, and equipment have been developed
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in the cosmetology industry. However, repetitive permanent
wave treatments can cause chemical and physical damage to
hair. In terms of chemical damage, dyeing and bleaching are
most detrimental to hair; previously damaged hair can be
an obstacle to freely creating a permanent wave. In addition,
physical forces such as combing are also imposed on hair
during permanent wave winding (Lee, 2000). In terms of hair
characteristics and damage, hair quality varies depending on
personal aesthetic preferences and regular hair management.
For permanent wave treatments, the permanent agent
and duration of treatment must be varied depending on
the condition of the hair. Since it is very difficult to restore
damaged hair, it is best to prevent the damage. Hair salons
should also suggest correct hair management methods at
home to minimize hair damage (Shin & Yoo, 2004). There
are advantages and disadvantages to all of the current hair
damage evaluation methods. In general, the methods can
be classified into either a morphological approach, which
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Fig. 1. Schematic representation of permanent wave production. S, sulfur; H, hydrogen.
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Fig. 2. Procedure for permanent wave.

includes photographing the surface of hair, measuring the
protein release, or evaluating hair elasticity by measuring
its tensile strength, or a chemical approach, which involves
chemical analysis of the hair components (Kim, 2005).

A wide variety of permanent wave agents are commercially
available, and those that comprise ammonium thioglycolate,
L-cysteine, L-cysteine hydrochloric acid, and cysteamine are
particularly popular. However, most of these wave agents do
not indicate their alkalinity on the label. Studies such as this
are essential to determine the effect of alkalinity on hair.
Therefore, this study evaluates the effect of alkalinity on the
efficiency of a reducing agent toward wave generation and
hair damage.
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MATERIALS AND METHODS

Samples and Reagents

For this study, healthy hair of women aged 30~40 years who
have not chemically treated their hair with either a permanent
wave or dye was used. Sample hairs were collected by binding
the hair 70 mm away from the scalp. To minimize error, a
magnifier was used to select hairs with uniform thickness.
Each hair was fixed at the upper end with 10 g of silicon
and cut to be 160 mm long. To remove pollutants and
contaminants, the hair was washed with warm water using a
weakly acidic shampoo and then rinsed in tepid water. After
air-drying, the hair was sealed and stored in a desiccator with
a relative humidity of 65% to avoid contamination.

For the first permanent wave agent, thioglycolic acid salt and
NH,OH were acquired from Aldrich Co., Ltd. (St. Louis, MO,
USA). The water used during the experiment was redistilled
after being deionized. The first permanent wave agent was
made by mixing ammonia (8 mL, 12 mL, or 16 mL) with
thioglycolic acid salt (8 mL) and distilled water (80 mL). The
second agent (ie., the neutralization agent) comprised a 6%
H,0, solution.

Test Methods

The permanent wave was wound around no. 10 rods with
a coating of the first agent on the sample hair. The hair
was rinsed after 40 min of drying in air. After applying the
second agent and leaving it for about 10 min, the rods were
removed. The sample hair was rinsed with warm water, acid-
rinsed, and then air-dried. The hair treatment tools used
included common no. 10 rods, rubber bands, end paper,
and a rattail comb. To check the wave form of the hair, it was
photographed using a digital camera (x1,000,000, Samsung,
Seoul, Korea). Experimental procedure was briefly appeared
in Fig. 2.
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Table 1. Chemical composition of permanent wave agent A, B, and C
Permanent wave treatment agent
Product Remark
A B ©
Reducing agent Thioglycolic acid (8 mL) Thioglycolic acid (8 mL) Thioglycolic acid (8 mL)
Ammonia (8 mL) Ammonia (12 mL) Ammonia (16 mL)
Distilled water (80 mL) Distilled water (80 mL) Distilled water (80 mL)
Oxidizing agent 6% H,0, 6% H,0, 6% H,0,

Table 2. Wave formation with different permanent wave agents

Category B, (cm) A, (cm) C;(%) Average (%)
Thioglycolic acid (8 mL) 22 20 9.09 12.12
Ammonia (8 mL) 19 13.64
Distilled water (80 mL) 19 13.64
Thioglycolic acid (8 mL) 22 18 18.18 22.73
Ammonia (12 mL) 17 22.73
Distilled water (80 mL) 16 27.27
Thioglycolic acid (8 mL) 22 15.5 29.55 31.82
Ammonia (16 mL) 15 31.82
Distilled water (80 mL) 14.5 34.09

Measurement of Length Strain

To assess the curl formation, the length of the curl was
measured from the end of the silicon treatment to the hair
end using digital calipers after the treatment was complete
(Lee, et, al., 2009). The length of hair before and after the
permanent wave treatment was measured and calculated
based according to the following equation:

By — Apy
Cr(%) = ("“’37”“] x 100 (1)
W
where C; refers to curl formation and B, and A, are the
hair measurements before and after the wave treatment,
respectively (Moon et al., 2010).

Measurement of Tensile Strength

To evaluate the hair damage, the tensile strength of the hair
(ASTM D 751) was measured using a universal test machine
(Instron Model 5543, Instron, Massachusetts, USA). The
tensile strength of hair was measured by slowly extending the
hair using a compression tester. The tensile strength of 2 cm
long sample hairs, which were fixed at each end, was measured
at a stretching speed of 30 mm/min speed at 24°C and 40%
relative humidity. From the chemically treated group, 10 hairs
were randomly sampled and assessed. The measured values
are stated as meantstandard deviation. To determine the
significance of the mean, the Student’s t-test was performed.

Scanning Electron Microscope Observations
To observe the hair damage, the hairs were labeled on a
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specimen mount, platinum-coated for 20 min, and then
observed using a scanning electron microscope (x1,000, JEOL
JSM-820, Jeol, Tokyo, Japan).

Release of Protein

After the permanent wave, the hair was immediately washed
and dried. The sample (0.25 g) then soaked in 0.1% NaOH
(50 mL) for 50 min and filtered. The filtered solution was
measured at 320 nm using a ultraviolet-visible spectroscopy
(UV-VIS) spectrophotometer to determine the amount of
protein released from the hair via a pre-prepared standard
curve.

RESULTS AND DISCUSSION

Wave Efficiency

To assess the effect of ammonia concentration on the wave
efficiency and hair damage, hair samples were treated
in diverse manners and the resultant hair damage was
determined. The first permanent wave agent comprised
thioglycolic acid, ammonia, and distilled water, while
hydrogen peroxide was used as the oxidizing agent. The
compositions of the permanent wave agents are stated in
Table 1.

Using these compositions, a permanent wave was performed.
After measuring the wave efficiency, tensile strength,
and protein release and observing the hairs via scanning
electron microscope, the effect of ammonia concentration
on the hair damage was determined. To observe the shape
of the permanent wave, the sample hairs were treated
with a permanent wave then air-dried for 24 hours and
photographed using a digital camera. After measuring each
sample using a World Standard scale (300 mm, Sanyo, Tokyo,
Japan), the results were tabulated in Table 2. According to this
data, the raw sample was 22 cm long. When the permanent
wave treatment was applied with the first agent containing
8 mL, 12 mL, or 16 mL of ammonia, the length decreased
to 19.3 cm, 17.0 cm, and 15.0 cm, respectively. Therefore,
when only 8 mL of ammonia was used, no significant length
difference was observed; however, when 16 mL was added,
the wave was significant. In other words, when 16 mL of
ammonia was used, the most significant result was obtained
with 31.82% C,. When 8 mL of ammonia was added, 12.12%
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C; was obtained. However, it has been confirmed that as the
concentration of ammonia increases, the hair becomes more
vulnerable to damage.

Fig. 3 reveals the wave efficiency of hair when 8 mL, 12 mL,
and 16 mL of ammonia, respectively, was added. The wave
efficiency shown in Fig. 3A is relatively low at 12.12%, while
those shown in Fig. 3B and C were 22.73% and 31.82%,
respectively. Therefore, the wave efficiency was highest in
Fig. 3C, which reflects the results with 16 mL of ammonia.
Wave efficiency is closely related to the permeability of
the permanent agent; therefore, epidermis permeability
becomes an important factor. Since swelling, which opens
the epidermis, increases as the alkalinity increases, the wave
efficiency also improves (Song, 2005).

Hair Damage

Fig. 4 shows the tensile strength results with varying amounts of
ammonia added to the first agent. Before chemical processing,
the tensile strength of the hair was 1.2 N/hair. After treatment
with a permanent wave solution containing 8 mL, 12 mL, and
16 mL of ammonia, the tensile strength decreased to 1.1 N/
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Fig. 3. Wave efficiency of hair treated with solutions with various alkalinities.
(A) thioglycolic acid (8%), ammonia (8%), (B) thioglycolic acid (8%),
ammonia (12%), (C) thioglycolic acid (8%), ammonia (16%).

Tensile strength (N/hair)
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Fig. 4. Tensile strength of hair treated with solutions with various
alkalinities.

hair, 0.77 N/hair, and 0.72 N/hair, respectively. In other words,
even though there was not a significant difference, the tensile
strength of the hair decreased as the amount of ammonia
increased because the hair was damaged with increase in
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Fig. 5. Scanning electron microscope images of hair treated with solutions with various alkalinities (x1,000).

Table 3. Protein release of hair treated with solutions with various —e— None treatment
alkalinities 20 - —4— 8% NH,OH
—=— 12% NH,OH
Sample Base 8ml 12 ml 16 ml 4
2 —+— 16% NH,OH
Optical density 0.17 1.0 1.12 1.42
0.18 1.12 1.20 1.48 157 —
Q
0.18 115 1.22 1.50 2 K./r/kf/j/"/‘
0.20 119 1.28 152 8 404
o
0.21 1.20 1.30 1.53 2
Average 0.188 1.132 1.224 1.49 <
0.5 A
.. .——-.—.’_‘.——_.
alkalinity. 0.0
To observe the morphological changes of the hair surface after o 1 5 3 4 5 6

treatment with solutions containing 8 mL, 12 mL, and 16
mL of ammonia, hairs were randomly sampled and observed
using a scanning electron microscope (Fig. 5). The surface
of the hair cuticle in a control group revealed a regularly

Experiment times

Fig. 6. Absorbance of protein solution released from hair treated with
solutions with varying alkalinities.
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overlapping, closely adhered pattern. With the permanent
wave treatment, as the alkalinity of increased, slightly looser
patterns were detected on the surface of the hair cuticle.
Measuring the release of protein from a hair is a good method
to evaluate hair damage (Lee et al., 2011). Using this method,
the hair damage is evaluated based on protein content after
being treated with permanent wave solution. In other words,
a greater amount of protein released indicates increased hair
damage. Accordingly, as the amount of ammonia increased,
the amount of protein released increased as well (Fig. 6). For
example, when 8 mL, 12 mL, and 16 mL of ammonia was
added, the average protein release was 1.132, 1.224, and 1.49,
respectively (Table 3). Therefore, it was confirmed that more
ammonia resulted in increased protein release.

CONCLUSIONS

The results of this study are applicable for permanent
waves in the beauty industry. In this study, the effect of the
concentration of ammonia on hair damage and the resultant
morphological changes were examined. The following
results were obtained: In terms of wave efficiency, the sample
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treated with a solution containing 16 mL of ammonia was
more effective than that treated with a solution containing
8 mL of ammonia. When 8 mL, 12 mL, and 16 mL of
ammonia was used, the tensile strength of the hair was 1.1
N/hair, 0.77 N/hair, and 0.72 N/hair, respectively. In other
words, even though there was not a significant difference, as
the concentration increased, the tensile strength declined.
According to observations of the hair cuticle when 8 mL, 12
mlL, and 16 mL of ammonia was added, a partially loose and
inflated hair cuticle was observed with 8 mL of ammonia;
at 16 mL, the hair cuticle was slightly loose with a partially
damaged pattern. As more ammonia was added, the UV-
VIS absorbance of the protein released increased from 0.188
for untreated hair to 1.49 when 16 mL of ammonia was
added. Therefore, it is confirmed that increased ammonia
concentration results in increased release of protein.

Based on these results, it is necessary to further reduce hair
damage and maintain healthy hair by accurately diagnosing
the hair condition and examining the ammonia concentration
of permanent agents when changing hairstyles using chemical
agents in the beauty industry.
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