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 The present paper describes the results of experimentation, carried out on 
intralipid phantoms and human whole blood mixed intralipid phantom samples 
to measure various concentration of glucose. In this technique, the amplitude 
modulated ultrasonic waves were applied to excite the samples. As a result, different 
constituent molecules oscillate at their specific response frequency depending upon 
their physical and chemical properties. These typical signature specific oscillations 
are detected using infrared techniques. The output response signal is in the form of 
modulated light signal. It carries information about the concentration of the different 
constituents. This resultant output signal data is collected using infrared detector. 
The signal acquiring algorithm detects the glucose specific signature signals to 
extract the information about the glucose concentration level in different types of 
human whole blood mixed intralipid phantoms. Hence, this method provides a new 
technique for the design of amplitude-modulated ultrasound & infrared technique 
based noninvasive glucometer.

Key words: Intralipid phantom, Human whole blood, Noninvasive, 
Amplitude modulated ultrasound, Infrared technique.

 Diabetes and its related complications 
are prominent nowadays. More than 140 million 
people worldwide suffer from it. As it is reported1-3, 
this number will increase up to 300 million by the 
year 2025. The disease develops due to either lack 
of the hormone insulin created by pancreas in the 
organism or inability of cells to accept it. These 

two mechanisms cause two kinds of diabetes (I and 
II respectively). It could lead to increased amount 
of glucose in blood resulting in coma and even 
death of an individual. That is why determination 
of glucose content in blood and skin is of great 
importance. Currently, glucose diagnostics had 
been carried out mostly by finger prickling. 
Such unpleasant procedure can prevent diabetic 
patients from monitoring the glucose content as 
often as necessary. In order to avoid psychological 
problems, novel non-invasive, in particular, optical 
methods should come into practice4-6.
 Many optical approaches have been 
suggested: infrared absorption7,8, near infrared 
scattering7,9, Raman spectroscopy7,10, fluorescent7,11, 
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thermal gradient spectroscopies7,12, polarimetric7,13, 
polarization heterodyning14, photonic crystal15, 
photoacoustic7,16, photothermal17, optical coherence 
tomography (OCT) techniques7,18 and ultrasound-
modulated optical technique19. However, all of 
them suffer from the lack of sensitivity within 
the physiological range of glucose (100-500 mg/
dl). The major difficulty in optical technique 
based blood glucose sensor is associated with the 
very low intensity signal produced by glucose 
molecules6, 20, 21. The present paper describes 
the role of amplitude-modulated ultrasound and 
infrared techniques for detection of glucose 
in Intralipid based samples. Intralipid is an 
intravenous nutrient consisting of an emulsion 
of phospholipids micelles and water. Intralipid is 
turbid, having strong absorption bands in the visible 
region of the electromagnetic spectrum. Intralipid 
is readily synthesizable as well as available in 
market; and could be reliably used as phantom for 
tissue simulating experiments22.

MATERIALS AND METHODS

Preparation of Tissue Phantom
 Phantoms which resemble the optical 
characteristics of the biological tissues (human, 
animal) were used to perform various experiments. 
These phantoms find application in (i) testing, 
(ii) optimizing, (iii) comparing, and (iv) Quality 
optimization for recently developed instruments. 
Tissue based phantoms were prepared for daily and 
robust experimentations. Phantoms of eminence 
properties are required for various lab investigation 
purposes.
 To match the optical characteristics 
of phantom with that of tissues it is required to 
consider following parameters:
(a) Understanding of key physical and  
 chemical properties of the tissues  
 involved.
(b) The magnitude of scattering angle degree  
 phenomenon.
(c) Relation between absorption coefficients,  
 scattering coefficient, and anisotropy  
 coefficient of the tissue. 
 In this current work the tissue phantom 
by means of optically related to human finger were 
prepared as described in Ref.23, 24.

Preparation of Intralipid Phantom and intralipid 
based whole blood samples
 The water medium based tissue phantoms 
like Intralipid (sterilized) had been utilized here 
for resembling biological tissue complex based 
optical properties. Obtainable as 10%-Intralipid 
and 20%-Intralipid- (10% lipid signify 10 g of lipid 
for every 100 ml of suspension). The constituents 
of 10%-Intralipid in a 1000 ml container according 
to the maker had been shown in Table 2.
 Variation in optical property of Intralipid 
occurs from bottle to bottle. Hence, standardization 
& calibration of the Intralipid sample before 
experimental work is essential23, 24.
 The intralipid phantom had been designed 
to mimic the scattering and absorption properties 
of the human finger in the near-infrared domain. 
Whereas absorption is accounted for the direct use 
of intralipid mixed whole blood samples25. Both 
components are mixed to mimic the blood–tissue 
compound and are inserted into a sample holder. 
During the experimentation following three 
physiological parameters have been explored:
(a) The concentration of glucose is varied  
 and controlled in intralipid based tissue  
 phantoms by direct addition of glucose in  
 the range of 500 to 1500 mg/10ml.
(b) Whole blood from healthy and diabetic  
 subjects were collected in vacuum-based  
 blood collecting vials where K

2
EDTA is 

 present as anticlotting agent 
(c) Deoxygenating is induced through  
 nitrogen bubbling of the whole blood  
 samples for 45 minutes. The variability of  
 the hematocrit and oxygen concentrations  
 hinders the glucose induced effect in  
 the output data. This property indicates the  
 impact of physiological changes on the  
 acquisition of the glucose signature based  
 signals.
(d) Phosphate buffer solution (PBS) has been  
 used to maintain the pH level of the whole  
 blood samples during the experimental  
 procedures.

EXPERIMENTAL

 To determine the role of amplitude 
modulated ultrasound and infrared techniques the 
pilot study for detection of glucose in Intralipid 
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based samples were performed.  
 A 940nm IR LED light was chosen as the 
light source because the wave-length dependence 
of the optical coefficient of the human blood 
is known. The infrared light (max.5milli watt) 
delivered to the sample has been used here. Fig.1 
describes the block diagram of the experimental 
system. The experimental system had been 
based on amplitude modulated ultrasound wave 
(standing wave) and near infrared (IR) system. 
The generator block provides square wave pulses 
to the light source (IR LED). Light from the IR 
LED is directed to the sample holding unit. The 
modulator unit is supplied with modulating sine 
wave and high frequency carrier waves to generate 
amplitude modulated signals. The ultrasound 
transmitter unit is connected to receive such 
amplitude modulated signal from the modulator 
unit. The ultrasound transmitter unit passes these 
signals to the sample holder unit, which detects the 
magnitude and frequency of amplitude modulated 
ultrasound wave (standing wave). The directions of 
the light and ultrasound waves were perpendicular 
in their orientations. The infrared light beam is 
illuminated over the ultrasonic focus zone to obtain 
the maximum value of the amplitude modulated 
ultrasound light signal. The resultant signal as 
acquired by the detector undergoes processing for 
result verifications.
The effect of Amplitude Modulated Ultra Sound 
wave (standing wave) on molecules in Intralipid 
phantom medium and its optical detection 
  The presented investigations 
aimed to enhance infrared technique for non-
invasive blood glucose detection by Amplitude 
modulated ultrasonic manipulation of body fluid 
specially blood constituents. Hybrid approach of 
this principle has the potential of new measurement 
concepts for use in non-invasive detection of 
glucose concentration in the human whole blood. 
 Amplitude modulated ultrasonic force 
provides the benefits to determine the molecule 
specific infra red typical signatures in the target 
area. The variation in frequency controls the 
molecular location with reference to the sensitivity 
in the infrared domain26-32.
Ultrasonic manipulation of molecules in 
Intralipid phantoms
 When amplitude modulating ultrasonic 
standing waves are applied to the liquid medium,   

resultant radiation waves got generated, which 
cause variations in between the suspended 
molecules26-28.  The suspended molecules were 
subjected to thinning phenomenon due to the 
impact of the acoustic pressure generated over it.  
The thinning phenomenon occurs specially in the 
nodes of the standing wave (Amplitude Modulated 
Ultra Sound wave)26, 31, 32. 
 The material property, speed of ultrasonic 
sound, mass density of the medium and its 
components determines the way of force which 
has been governed by the compressibility factor. 
The coefficient factor called as acoustic contrast 
were used to express this relation26. Depending 
upon their physical property the molecules 
attains a specific position in the sound field. The 
dimension factor prevails here, bigger molecules 
faces stronger attractions26, 31, 32. 
 The oscillations generated between these 
molecules depend on their physical property and 
the magnitude and degree of force involved in the 
ultrasound waves26-32. The infrared light sensor 
picks up these molecular oscillating changes 
and the output signal is acquired. The pressure 
amplitude expresses the antinodal and nodal values 
two times over a distance of a unit wavelength. 
Specific molecules attain a position dependent 
acoustic potential energy due to their presence in 
the sound field which causes a discontinuity in the 
propagating phase27, 31, 32.  
  When the ultrasonic wavelength is larger 
compared to the molecular diameter, the ‘primary’ 
radiation force (F

r
) acts on the molecular volume 

(V
c
) positioned from the pressure node at a distance 

(z). It had been calculated from the gradient 
function of the molecular acoustic potential 
energy26-32. It had been expressed as:

...(1)
 The peak acoustic pressure amplitude 
denoted as (P

o
) and l represents the sound 

wavelength in the liquid medium of the tissue 
phantom, where compressibility has been expressed 
as l

w
 26-32. This phenomenon has been expressed as:

       ...(2)

 Where b
c 
 indicates the compressibility 
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of the intralipid phantom based whole blood 
molecules, r

c
 and r

w
 represents the molecular 

density and the suspending phase (blood medium) 
respectively26-32.
 Secondary forces27-32 drive the concentrated 
molecules to the local minima of the pressure 
amplitude, within the pressure nodal planes, to 
give regions of molecule concentration that appear 
as columns of clumps striated at half-wavelength 
separations26-32.
Acquisition of absorption spectra
 The intrinsic property of the substances 
used to vary the intensity of the light path by a 
specific wave number. The Lambert-Beer Law has 
been applied assuming light absorption as (A) and 
wave number as (v). The equation is as follows:

A (v) = -log I (v) / I
o
 (v) ...(3)

 Here I
0 

represents the intensity of the 
surrounding medium, I denotes the intensity 
at the specific wave number v of the valid 
measurement26,31,32.
Spectral data for wavelength selection and 
transducer properties
 The absorpt ion band of  glucose 
molecule superimposes with the absorption of 
the water molecules. The situation becomes more 
complicated due to the varied nature of the human 
blood and its biological tissues optical property. 
For this reason wavelength characterization must 
be specific and glucose detection oriented33, 34. 
Water coefficient of absorption and the molecular 
extinction coefficients of skin pigment like 
melanin, hemoglobin in oxygenated form are 
described in Figure 2. Tissue optical property 
changes the wavelength that depends largely 
on the concentration of water, oxy-hemoglobin, 
hemoglobin, skin pigments like melanin, etc. The 
absorption pattern of these biologically active 
absorbers is less sensitive in the near infrared and 
red wavelength spectrum. All biological cells and 
tissue are apparently transparent in the wavelength 
region of 700nm to 1100nm. This spectral region 
has been referred as optical window. The light 
penetration also increases within this spectral 
band33, 34.
 In Fig.no.3, the absorption spectral pattern 
of glucose and water molecule at wavelength 
1037nm is illustrated33, 34.

 The absorption pattern of oxygenated 
haemoglobulin and deoxygenated haemoglobulin 
in the wavelength spectra of 1000nm to 1200nm 
are different. But this dissimilarity pattern is 
lower in the range of 900nm to 980nm as seen 
in the absorption phenomenon graph in the red 
and near infra red spectral regions in fig.4.35. 
Blood oxygenation concentrations vary the 
light absorption profiles35, 36. Taking in to the 
phenomenon of the tissue optical window, the 
wavelength around 940nm had been considered. 
The ultrasonic transducers utilized here (transmitter 
and receiver) operate at the frequency of 40 kHz. 
With capacitance of 2000pF, 20Vrms capacity for 
maximum input voltage and sensitivity of 67dB @ 
40 ± 1.0 kHz.
 The IR light source of 940nm and 
40 kHz ultrasound transmitter is utilized for 
our experimentations. All tissue phantom 
based experiments were conducted using this 
experimental setup.
Signal Processing Algorithm
 The resultant output signal had been 
processed through the indigenous algorithm for 
data analysis and result interpretations. The Fast 
Fourier Transform (FFT) based algorithm had been 
used for measuring the various concentration of 
glucose in Intralipid phantoms and human whole 
blood mixed Intralipid phantoms of healthy and 
diabetic subjects.
Clinical status of Subjects
 The subjects were five non-diabetic 
subjects (normal healthy) adults (three male, two 
female, aged 33.8±4.2 years, of height 164.8±8.8 
cm, weight 56.6±13.1 kg, and a random BGL of 
94 ±10.0 mg/dl), and five diabetic subjects (three 
type-I male, two type-II male, aged 42.3±11.9 
years, of height 159.6±7.9 cm, weight 50.1± 14:5 
kg, and a random BGL of 377 ± 50 mg/dl). The aim 
of the experiment were explained to the subjects 
and consent were obtained after confirmation that 
they fully understood the course of the experiments. 
The IMS-BHU ethical committee approved the 
study. 

RESULT AND DISCUSSION

 At present, various techniques are 
available for non-invasive blood glucose 
determinations. Research related to tissue optical 
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properties had increased due to innovations in 
the fields of tissue modeling, better signal to 
noise ratios instruments, invitro experiments, etc.  
Matthias Kohl et al.,37 described the experimental 
and theoretical investigations for the existence 
of glucose effects upon the optically sensitive 
scattering medium. Matthias Kohl et al.37 explain 
the presence of glucose induced effects on the 
scattering tissues. The glucose sample in higher 
amount than the biological levels has been needed 
for obtaining the considerable glucose induced 
effects in the tissue phantoms. Zuomin Zhao et al.38 
discussed the efficacy of the photo acoustic method 
to detect 100mg/dl of glucose concentrations 
in tissue phantoms and whole blood samples. 
Zemansky MW et al.39 demonstrated that the NIR 
pattern of glucose molecules as compared to water 
molecules varies by ±20% at 905nm, 1550nm. 
Alexey N. Bashkatov et al.40-42 reports the use of 
higher amount of scatters in phantoms to mimic 
the real life biological tissues. Matti kinnunen et 
al.,41,42 determines the property of glucose molecule 
at 1064nm and 532nm in pig blood and intralipid 
phantom samples. The optical property of glucose 
indicates instrumentation with high accuracy 
and precision were needed. Our paper shows the 

utilization of amplitude modulated ultrasound and 
IR technology to enhance the glucose detection 
capability.
The experiments were performed on three 
stages. 
Stage I
 Invitro experimentation on different 
concentration of dextrose (glucose) with Intralipid 
phantom were performed.
 In this stage the effect of various 
concentration of dextrose (glucose) with intralipid 
suspension had been evaluated with amplitude 
modulated ultrasound and infrared technique 
unit. Peak to peak voltage amplitude value 
had been plotted as obtained by the FFT of the 
observed signal. The voltage amplitude values 
start increasing when concentration of Dextrose 
(glucose) concentration had been increased from 
0 mg to 1500mg in the intralipid phantoms. 
Stage II 
 Table No: 4 shows the Invitro experiments 
on different healthy human whole blood mixed 
intralipid phantom samples.
Stage III
 Table No: 5 shows the Invitro experiments 
on different diabetic human whole blood mixed 

Table 3. Invitro experiments on different concentration of dextrose with Intralipid phantom.

S No. Medium Frequency (kHz) Amplitude (mV)

1. Intralipid suspension as Blank (0.03dl) 16.45 6.7
2. Intralipid suspension (0.02 dl) + 0.01dl of dextrose 16.45 7.9
 (Glucose) solution which is taken from the stock 
 preparation of 500 mg of glucose in 0.l dl of 
 distilled water  
3. Intralipid suspension (0.02 dl) + 0.01dl of dextrose (Glucose)  16.45 8.5
 solution which is taken from the stock preparation of 
 1000 mg of glucose in 0.l dl of distilled water  
4. Intralipid suspension (0.02 dl) + 0.01dl of dextrose (Glucose) 16.45 10.1
 solution which is taken from the stock preparation of 1500 mg 
 of glucose in 0.l dl of distilled water

Table 2. Setting used for the experiment

Parameter Value

1. Infrared LED operating wavelength. 940nm
2.Ultrasound Operating frequency 40.0±1.0kHz
3.Interval between two readings 09sec
4.Total Time 10min

Table 1. Showing Different constituents of 10% 
Intralipid suspension23,24

(Soybean oil or glycine max) 100 g 107.88 ml
Lecithin from egg yolk 12 g 11.64 ml
Glycerin (C

3
H

8
O

3
) 22.50 g 17.84 ml

Water (H
2
O) 861 g 862.66 ml

Total Volume 995.5 g 1000 ml
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Table 4. Invitro experiments on different healthy human whole blood mixed intralipid phantom samples

S. Medium Frequency  Amplitude  Random *BGL mg/dl 
No.  (kHz) (mV) value as measured 
    by established 
     invasive procedure

1. Intralipid suspension (0.02 dl) +  16.45 22.0 102.0
 0.01dl  of whole blood sample of    
 Healthy Subject 1   
2. Intralipid suspension (0.02 dl) +  16.45 17.6 98.0
 0.01dl of whole blood sample of    
 Healthy Subject 2   
3. Intralipid suspension (0.02 dl) +  16.45 23.7 85.0
 0.01dl  of whole blood sample of    
 Healthy Subject 3   
4. Intralipid suspension (0.02 dl) +  16.45 20.4 92.0
 0.01dl of whole blood sample of    
 Healthy Subject 4   
5. Intralipid suspension (0.02 dl) +  16.45 25.8 90.0
 0.01dl  of whole blood sample of    
 Healthy Subject 5   

* BGL= Blood Glucose Level

Table 5. Invitro experiments on different diabetic human whole blood mixed intralipid phantom samples

S. Medium Frequency  Amplitude  Random *BGL mg/dl 
No.  (kHz) (mV) value as measured 
    by established 
     invasive procedure

1. Intralipid suspension (0.02 dl) +  16.45 38.3 285.0
 0.01dl  of whole blood sample of    
 Diabetic Subject1   
2. Intralipid suspension (0.02 dl) +  16.45 32.9 298.0
 0.01dl of whole blood sample of    
 Diabetic Subject2   
3. Intralipid suspension (0.02 dl) +  16.45 36.5 282.0
 0.01dl  of whole blood sample of    
 Diabetic Subject3   
4. Intralipid suspension (0.02 dl) +  16.45 39.3 300.0
 0.01dl of whole blood sample of    
 Diabetic Subject4   
5. Intralipid suspension (0.02 dl) +  16.45 37.4 299.0
 0.01dl  of whole blood sample of    
 Diabetic Subject5   

* BGL= Blood Glucose Level

intralipid phantom samples.
 In II and III stage different healthy and 
diabetes subjects blood samples with the intralipid 
phantom as blood tissue compound is evaluated 
using amplitude modulated ultrasound and infrared 

technique unit respectively. Peak to peak voltage 
amplitude values had been plotted as obtained by 
the FFT of the observed signal. At the same time, 
when the signals were recorded using amplitude 
modulated ultrasound and infrared technique unit, 
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Fig.1. Block diagram of the Experimental System

Fig.  2. Water coefficient of absorption and the molecular 
extinction coefficients of skin pigment like melanin, 
hemoglobin in oxygenated form are described here33

Fig. 3. The absorption spectral pattern of glucose and 
water molecule at wavelength 1037nm is illustrated34

Fig. 4. Absorption pattern of Oxy-Hemoglobin and Reduced Hemoglobin at Red and NIR region35
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Graph 1. Graphical plot of different concentration of dextrose with Intralipid phantom

the invasive blood glucose determination had 
also been performed. The corresponding voltage 
amplitude and invasive blood glucose level is 
recorded.
 In stage I, II and III, the trend that had 
obtained indicates that voltage amplitude values 
of the signal increases with increase in dextrose 
(glucose) concentration. It indicates that increase 
in dextrose (glucose) concentration changes the 
optical character of the medium, thereby altering 

the sample’s photon distribution. This in turn serves 
to change the energy density of the light source, so 
varying the amplitude modulated ultrasound based 
light signal accordingly.

CONCLUSION

 Glucose measurements using amplitude 
modulated ultrasound and infrared technique were 
conducted in Intralipid and human blood samples to 

Graph 2. The graphical plot of healthy human whole blood mixed intralipid phantom samples

Graph 3. The graphical plot of different diabetic human whole blood mixed intralipid phantom samples
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ascertain how glucose affects the optical properties 
of Intralipid  and human blood samples at 940nm. 
It had been found that the glucose-induced 
change in the peak-to-peak values of the signal 
was significant in Intralipid and human blood 
samples. In the FFT response of the signals, the 
voltage amplitude variation of Intralipid and human 
blood samples (both diabetic and nondiabetic) was 
noteworthy. The results demonstrate the capability 
of the amplitude modulated ultrasound and infrared 
technique unit used in studying dextrose (glucose)-
induced absorption pattern changes in the Intralipid 
and human blood mixed phantom samples. Thus, 
this technique proved to be potential methodology 
for noninvasive blood glucose monitoring in the 
near future.
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