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The water content of skin was determined using a FT near infrared (NIR) spectrometer. NIR 
diffuse reflectance spectra were collected from hairless mouse, in vitro, and from human inner 
arm, in vivo. It was found that the variation of NIR absorbance band 1450 nm from OH vibra- 
tion of water and 1940 nm from the combination involving OH stretching and OH deformation, 
depending on the absolute water content of separated hairless mouse skin, in vitro, using the 
FT NIR spectrometer. Partial least squares regression (PLSR) was applied to develop a cali- 
bration model. The PLS model showed good correlation. For practical use of the evaluation of 
human skin moisture, the PLS model for human skin moisture was developed in vivo on the 
basis of the relative water content of stratum corneum from the conventional capacitance 
method. The PLS model predicted human skin moisture with a standard errors of prediction 
(SEP) of 3.98 at 1130-1830 nm range. These studies showed the possibility of a rapid and 
nondestructive skin moisture measurement using FT NIR spectrometer. 
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INTRODUCTION 

Skin covers the entire body and protects it from various 
types of external stimuli and damage as well as from 
moisture loss. The softness and pliability of skin are the 
main characteristic factors for protecting the body and 
assisting in motion (Obata and Tagami, 1990). These 
factors are dependent on the amount of moisture con- 
tained in the outermost layer of skin, the stratum corneum 
(SC). Changes in the water content of the SC have 
important consequences for the functional properties of 
human skin. Therefore, it is very important to maintain 
sufficient moisture in the SC for healthy skin. 

Water levels in the superficial layers of the human skin 
are of utmost importance in determining many of its pro- 
perties. A wide variety of techniques have been developed 
for measuring stratum corneum water content, including 
electric conductance (Courage, 1994; Martinsen et al., 
1995; Salter, 1998; Tagami, 1994), transepidermal water 
loss (TEWL) (Potts, 1986), and spectroscopic principles- 
attenuated total reflectance (ATR) fourier transform infrared 
or ATR-FTIR (Lucassen et aL, 1998; Prasch et aL, 2000; 
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Wichrowski et aL, 1995) or confocal raman spectroscopy 
(Caspers et aL, 2001). Unfortunately all of these techniques 
have limitations. Electric conductance devices are easily 
influenced by the amount of electrolytes in the skin and by 
the contact area of the surface of the probe on the skin. 
TEWL is extremely environment-sensitive and requires 
several minutes of equilibration time for stable readings. 
ATR-FTIR measurements depend on the ambient condi- 
tions and are restricted to the uppermost stratum corneum, 
and the method is neither rapid nor portable. 

In the near infrared, water molecules show two clear 
absorption bands at 1450 nm and 1940 nm. The water 
absorption bands that are most prominent in the NIR 
region are due to overtones and combinations of the 
fundamental vibrations active in the NIR range arising 
from hydrogen covalent bonds. The amplitudes are 
sufficiently high for them to be easily identifiable in the 
spectrum of the human skin. 

NIR spectroscopy has the following advantages for 
biomedical applications. First, it is a noninvasive and 
nondestructive analytical technique. Second, one can use 
fiber optics for in vivo measurements. Third, it is possible 
to monitor not only the surface of biological tissues but 
also their insides because NIR light penetrate into the 
tissues (Egawa et aL, 2003). 

The uses of near-infrared reflectance spectroscopy 
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related to skin moisture have been reported (Rigal et aL, 
1993; Martin, 1993; Sowa et aL, 1999; Libnau et aL, 
1994). In vitro or in vivo, they showed the good correlation 
between water content and NIR absorbance in addition to 
advantages of NIR analysis over other measurements 
(Walling and Dabney, 1989; Martin, 1998). These studies 
were performed with conventional NIR instruments with 
integrating sphere or moving grating, which are hard to 
move and handle for practical use. According to recent 
overview on NIR spectroscopy of skin (Heise, 2000; 
Kumar and Schmitt, 1997), diffuse reflectance spectra 
were recorded with the use of optical fiber probe and were 
valuably used for clinical diagnostics. 

In this study, the rapid and nondestructive method for 
determination of the water content in SC was developed 
by using a FT NIR spectrometer with a fiber-optics probe. 

MATERIALS A N D  M E T H O D S  

FT NIR spectrometer 
We used a MPA T M  FT NIR spectrometer (Bruker Optik 

GmbH, Germany). This system is equipped with a tungsten 
halogen lamp and a Ge diode detector. NIR reflectance 
spectra were collected over the 12000-4000 cm ~ spectral 
region at 4 cm -~ interval using a fiber-optics probe. The 
fiber-optics probe permits the direct measurement of 
solids and powders by diffuse reflectance. The probe 
uses a bifurcated (Y-shaped) fiber bundle to illuminate the 
sample and collect the diffusely scattered light. Each 
sample was obtained by averaging 16 scans. All of the 
hairless mouse skin spectra were recorded as log (l/R) 
with respect to a reference standard made of teflon. A 
standard ceramic was used as a reference for human skin 
spectra. NIR spectra were collected by using the OPUS 
software (Bruker Optik GmbH, Germany). 

Hairless mouse skin 
Dorsal skin from two hairless mice (8 weeks) was used. 

The epidermis parts were separated from the dermal 
tissues and were cut into 8 pieces. The pieces were 
labeled A to H. The labeled skin pieces were weighed and 
soaked for 1 h so that they would contain a maximum 
amount of water. After that, the skin samples were placed 
in the desiccators charged with silica gels. After 24 h, the 
skin samples were dried in an oven at 50~ during 22 h, 
75~ during 7 h, and 105~ until they were of constant 
weight. NIR spectra of each piece of skin were acquired 
by using the FT NIR spectrometer with reflectance fiber- 
optic probe right after every weighing. 

Through this procedure, the 157 NIR spectra of the 
hairless mouse samples with various ranges from 4.55% 
to 85.87% were acquired by using the FT NIR spectro- 
meter. 

Repeatability test 
When acquiring NIR spectra of hairless mouse skin, 

repeatability tests of spectral measurement were imple- 
mented for the FT NIR spectrometer. Ten consecutive 
spectral measurements were acquired by using the fiber- 
optic probe. The coefficient of variation (%) was calculated 
in the 1150-1700 nm, and 1150-2250 nm wavelength range. 

Human skin 
To develop a PLS model for the determination of human 

skin moisture using the FT NIR spectrometer, 80 NIR 
spectra were collected from the arms of 2 persons. A ca- 
pacitance method using Comeometer CM 825 (Courage- 
Khazaka, KSIn, Germany) was used for reference values 
for the relative water content of human skin. The relative 
water content for all of the samples ranged from 24.3 to 
67.3. NIR reflectance spectra and reference values using 
the Comeometer CM 825 were acquired at the same 
sites on the arms. 

Evaluation of NIR model 
The samples were divided into a calibration set for 

modeling and a prediction set for the evaluation of the 
developed model. The prediction set consisted of samples 
that were not used for the calibration set. Each developed 
NIR model was evaluated as the standard errors of 
calibration (SEC) for the calibration set and the standard 
errors of prediction (SEP) for the prediction set. 

n ^ 2 n ^ 2 

s c= d = , s P= d = n 

where ~,~ is the NIR predicted value, y~ is the reference 
value, n is the number of data spectra, and p is the 
number of used factors. 

RESULTS A N D  D ISCUSSION 

Hairless mouse skin 
Fig. 1 shows the water content changes of hairless 

mouse skin, depending on time. Since the hairless mouse 
skin was first soaked in water for 1 h in order to acquire a 
data set with a broad water content range, every second 
point had the highest water content. We acquired the 
hairless mouse skin samples with various water content 
ranges from 4.55% to 85.87%, and the near infrared 
reflectance spectra of the hairless mouse skin samples 
were collected. 

F1- NIR spectra of hairless mouse skin were collected in 
the 12000-4000 cm 1 spectral range. For finding OH band, 
we transformed from wavenumber (cm 1) to wavelength 
(nm) by using the OPUS software (Bruker Optik GmbH, 
Germany), Only five NIR spectra were presented for the 
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Fig. 1. Water content changes of hairless mouse skin, depending on time. S* means after soaking 1 h in water. 

Fig. 2. NIR spectra of hairless mouse skin by using the FT NIR spectrometer 

clear comparison as shown in Fig. 2. The huge band at 
1450 nm and 1940 nm in the spectrum is the first overtone 
of OH band stretching of water and the combination band 
involving OH stretch and OH bend. Although the water 
band changes depending on the water content were cleady 
observed, it is difficult to use a classical univariate cali- 
bration method for water content of skin because of domi- 
nant scattering effect on NIR spectra from skin surface. 

Partial least squares (PLS) regression was used for the 
development of a calibration model for the water content 
of skin, which is a powerful multivariate calibration method 
used elucidate the correlation between NIR absorbance 

and concentration of interest, even in the complex system. 
The Unscrambler ~ (Camo, Norway) was used for PLS 
modeling. We investigated the 1150-2250 nm, which 
contain OH band at 1450 nm and 1940 rim, and 1150-1700 
rim, which contain only OH band at 1450 nm. Derivative 
techniques were used to remove or suppress constant 
background signals and to enhance the visual resolution 
before PLS modeling. To develop a robust model, several 
conditions, such as first and second derivatization, were 
considered. When first derivative spectra with 1150-2250 
nm wavelength range were used, the better calibration 
result was acquired with a SEC of 6.65% and a SEP of 
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Table I, Calibration results of the water content of hairless mouse 
skin using the FT NIR spectrometer. 

Spectral range Spectral No. SEC SEP 
(nm) treatment factors (%) (%) 

1150-2250 
none 3 6.98 7.04 
1D 3 6.65 6.74 
2D 3 6.55 7.50 

1150-1700 

none 3 6.92 7.18 
1D 3 6.13 6.91 
2D 2 6.53 7.23 

6.74%, as listed in Table I. Fig. 3 shows the scattering plot 
showing the good correlation between NIR value and 
water content using the best PLS model. Overall, the 
calibration of water content of hairless mouse skin was 
successfully performed by the FT NIR spectrometer. 

Repetability test 
The coefficient of variation (%) was calculated by 

obtaining the NIR spectra of hairless mouse skin 10 
times. The average of CV (%) in the region from 1150 to 
1700 nm and in the region from 1150 to 2250 nm was 
2.12% and 1.39%, respectively. The CV (%) was low and 
spectral treatment such as derivatives could be applied 
for complementary measures. 

Human skin 
The FT NIR spectrometer was applied for the deter- 

mination of the water content, which is an important factor 
for healthy skin, of the stratum comeum layer of human 
skin. We used the conventional capacitance method for 

Fig. 3. Scattering plot showing correlation between the NIR value and 
the water content of hairless mouse skin using the 1150-2250 nm range 

the reference value and investigated the correlation 
between the NIR value and the reference value. 80 NIR 
reflectance spectra were acquired from the inside of the 
arm of 2 persons. Fig. 4 shows the human skin spectra. 
All of spectra were separated in to two sets for the 
development of PLS modeling and the evaluation of the 
PLS models. PLS regression was performed in the same 
method as used for the hairless mouse skin moisture 
calibration. Three regions, 1130-1830 nm, 1200-1670 nm, 
and 1380-1600 nm, were used to find a robust model. 
Also, to enhance the spectral features, derivative tech- 

Fig. 4. NIR spectra of human skin by using the FT NIR spectrometer 
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Table I1. Calibration results of the water content of human skin 
using the FT NIR spectrometer 

Spectral range Spectral No. SEC SEP 
(nm) treatment factors (%) (%) 

1130-1830 

none 7 3.82 3.98 

1D 2 5.52 6.17 

2D 2 4.65 7.21 

1200-1670 

none 6 4.35 4.90 

1D 3 5.06 7.35 

2D 3 4.56 9.20 

none 2 7.43 6.53 

1380-1600 1D 1 6.95 7.50 

2D 3 4.90 9.63 
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Fig. 5. Scattering plot showing correlation between the NIR value and 
the corneometer value using the 1130-1830 nm range 

niques were used. The calibration result is listed in Table 
II. The calibration model with Iogl/R spectra was better 
with a SEC of 3.82 and a SEP 3.98. Fig. 5 represents the 
scatter plot showing good correlation between the NIR 
and reference values. 
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