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Noninvasive glucose monitoring development is critical for diabetic patient continuous moni-
toring. However, almost all the available devices are invasive and painful. Noninvasive methods
such as using spectroscopy have shown some good results. Unfortunately, the drawback was that
the tungsten halogen lamps usage that is impractical if applied on human skin. This paper
compared the light emitting diode (LED) to traditional tungsten halogen lamps as light source
for glucose detection where the type of light source plays an important role in achieving a good
spectrum quality. Glucose concentration measurement has been developed as part of noninvasive
technique using optical spectroscopy. Small change and overlapping in tungsten halogen results
need to replace it with a more convenient light source such as LED. Based on the result obtained,
the performance of LED for absorbance spectrum gives a significantly different and is directly
proportional to the glucose concentration. The result shows a linear trend and successfully detects
lowest at 60 to 160 mg/dL glucose concentration.
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1. Introduction

Diabetes is a disease prior to glucose concentration
level fluctuation in human blood. A number of tech-
niques and technologies have been introduced to de-
tect the glucose level both optically and non-optically.

fCorresponding author.

The quality of a light spectrum is measured using an
optical device called a spectrometer. The four major
system components in a spectrometer system are
the light source, sample preparation, interferometer
and infrared detector. When two light beams which
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have traveled different paths meet, this will produce
an interference pattern.' Light is an important com-
ponent for collecting the spectrum using spectroscopy
technique. Some basic properties of the sample can be
determined by the wavelengths and amount of light
absorbed by the sample at each wavelength.
Denoting A as absorbance value, € as absorp-
tivity, ¢ as path length and c as concentration. The
formula Beer-Lambert Law given in Eq. (1) is
useful to determine the amount of light absorbed

A =ce (1)

Tungsten halogen lamp is most commonly used as
the light source for the spectrometer setup. Most
available devices for glucose monitoring require
extracting of blood from diabetic or physical con-
tact to human body.?* Many researchers have tried
to develop a noninvasive glucose monitoring device
by using light intensity and spectrum to measure
human biological properties.> This approach
would provide a safer and a more convenient
method to monitor and control diabetes.” The
in vitro measurement of glucose in human physio-
logical fluids is of great importance in clinical di-
agnosis of metabolic disorders.

Different research groups around the world have
been proposing near-infrared (NIR) glucose detec-
tion due to its higher penetration depth to the
skin for quantitative analysis.” Tungsten halogen
interferometry is the active type of light source for
interferometry used in making an absolute mea-
surement.® Light emitting diode (LED) can be used
to improve and simplify the white light problem.’
Hence, a study on LED and tungsten halogen
characteristic is carried out to test whether an al-
ternative light source can do better and improve the
performance. A study of LED in human skin has
been proven that at wavelength 970 to 10,600 nm
can penetrate into the dermis of skin layer.'”

2. Experimental Design

An Arcoptic spectrometer with InGaAs photodiode
detector was used in the setup. This setup was
performed with the NIR spectrometer calibrated
for measurements within the range of 900—2500 nm.
The NIR spectrometer came with software to display
the spectral measurement result in real time. The
software performs Fourier Transform to convert
the recorded interferogram to a spectrogram. For
reference measurement, a NIR spectrometer

equipped with tungsten halogen as the light source
providing 360-2500 nm spectral range was also pre-
pared. This allows a comparison analysis with the
LED. A possible method of analyzing and predict-
ing glucose concentration was suggested between
wavelengths 1100 and 2450 nm.'! The selected LED
with center wavelengths of 1200 nm was explored in
this experiment to see their effect on the glucose
sample. The LEDs were chosen based on the NIR
range and availability in the market in the form
where the diode is encapsulated in a round clear
5 mm diameter epoxy casing. Furthermore, there is
also research at wavelength of 1100-1380 nm which
showed the possibility of glucose detection.'? For
the purpose of quantitative analysis, four levels of
glucose concentrations were proposed to be tested in
the experiment. 0.5 of a-d-glucose powder from
Sigma Aldrich was dissolved in 100 mL of deionized
water to form 0.09 M standard solution. 60-160 mg/
dL with an interval of 10 mg/dL of glucose level
solutions were prepared by dilution process using a
pipette. The glucose concentrations chosen have
physiological relevance to the human body. This
experiment was used to link the optical NIR utiliz-
ing LED to glucose concentration.

2.1. Reflectance technique

Reflectance relies on the focused projection of the
spectrometer beam into the sample where it is
reflected, scattered and transmitted through the
sample. 1cm path length is used for the setup. A
special holder is designed to make sure the path
length remains the same in all the experiments.

A bifurcated fiber probe is used as a waveguide in
the experiment. The basic setup in using the bifur-
cated fiber probe is one of the bifurcated ends need
to be connected to a light source, such as tungsten
halogen light, while the other is connected to the
NIR spectrometer and the sample. In this setup, the
light will travel through the first bifurcated end to
the distal end of the probe. The probe has one and
six fiber configurations for source and reflection,
respectively. The reflected light from the sample
will then travel from the distal end to the second
bifurcated end and into the spectrometer for anal-
ysis. This is illustrated in Fig. 1.

In exploring the LED light source in reflectance
method, the LED configuration as shown in Fig. 2
has been proposed in order to make sure the light
covered the cuvette surface. The setup also needs to
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Fig. 1. Reflectance setup using LED as the light source.

be fixed this way in order to eliminate the back-
ground in this experiment. The LEDs have to be
placed in a circle of diameter 1 cm to make sure all
the light travels without being blocked by the
holder itself. 1.32V power is required to turn on
the LED.

A9
®

Detector

Fig. 2. LED configuration.

3. Results and Discussion

Figure 3 shows examples of NIR absorbance spec-
trum using a LED1200E with light reflected
through the cuvette. The majority of the spectral
variations observed in Fig. 3 are the result of glu-
cose concentration variations. We obtained 11
readings of glucose in aqueous from 60 to 160 mg/
dL with an interval of 10 mg/dL.

The InGaAs detector in the spectrometer was
able to collect the spectrum from the LED1200E
with a central wavelength of 1200 nm. There are
significant differences when glucose concentration
was varied and this will help in data analysis by
using the chemometric model.

Figures 4(a) and 4(b) are purposely magnified
to visualize the increment of each absorbance
spectrum. The result shows that the absorbance
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Fig. 3. Absorbance spectrum with various glucose concentrations.
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Fig. 4. Absorbance spectrum for LED1200E with (a) glucose
range of 110 to 160 mg/dL.

spectrum is directly proportional to the glucose
concentration and thus implies the Beer—Lambert
Law. It has been said that, the increment in the
absorbance spectrum is due to the increased amount
of light absorbed by the glucose molecule in the
sample. Referring to the dotted region (wavelength
1226 nm), the minimum absorbance spectrum is
0.07 AU and the maximum absorbance spectrum is
0.31 AU.

The data collected using tungsten halogen as the
light source are shown in Fig. 5. The overall ab-
sorbance spectrum generated produced overlapping
output for different glucose concentrations. Refer-
ring to the dotted region (wavelength 1080 nm), the
minimum absorbance spectrum is —0.015 AU and
the maximum absorbance spectrum is 0.016 AU.

The results obtained in Fig. 4 shows significantly
different absorbance spectrum of glucose concen-
tration but the results in Fig. 5 shows some over-
lapping and minimum change in absorbance

- 130me/dL

140me/dL

150me/dL 160mg/dL

(b)

concentration range of 60 to 100 mg/dL (b) glucose concentration

spectrum. The obvious change in the absorbance
spectrum is useful in chemometric analysis for glu-
cose prediction.

Result from LED is undeniably excellent com-
pared to tungsten halogen. This is due to difference
in total power output of both light sources. Tung-
sten halogen absolute power at 1200 nm is 31.6 mW
while combination of 3 LED 1200nm produces
37.8mW (12.6 mW/LED). Combination of LED
source produces higher radiant power density thus
higher amount of photon emitted to the sample.

The challenge in in vitro glucose detection is to
detect low level of glucose concentration. In our
case, the glucose concentration is 60-160mg/dL
with an interval of 10 mg/dL. According to Burns
an increment of 10 mg/dL of glucose concentration
contribute only to an increment of less than 10 uAU
in the absorbance spectrum.'® The absorbance
spectrum shown in Fig. 5 produced an overlapping
output due to the minimal change in absorbance. In
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Fig. 5.

order to overcome the overlapping spectrum pro-
duced by tungsten halogen, the LED was explored
and found to give a good-quality spectrum. The
maximum absorbance spectrum is 0.31 AU and
the minimum absorbance spectrum is 0.07 for
LED1200E and proved the obvious change in the
absorbance spectrum.

4. Conclusion

LED1200E is capable to measure low-range glucose
concentration which is 60-160 mg/dL. It is observed
that LEDI1200E produces significantly different
absorbance spectra when a difference of 10 mg/dL
in glucose concentration is measured. Tungsten
halogen can be used to collect the glucose spectrum
in order to identify the specific wavelength that
react to glucose vibration, but LED1200E is more
convenient to use in the prediction of glucose level.
Thus, LED can be considered as the better light
source for glucose detection than tungsten halogen
lamp due to the stability of its light intensity.
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